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ABSTRACT 

F i f ty -one  h e a l t h y  men, 18 - 19 y e a r s  o f  a g e ,  w i t h  t70 rgan ic r r  T wave a b e r r a -  

t i o n s  (group T )  were compared t o  112 c o n t r o l s  of  t h e  same age  w i t h  normal 

e l e c t r o c a r d i o g r a m s  (Group A -+ B). Group T had i n c r e a s e d  h e a r t  ra te  and h i g h e r  

s y s t o l i c  and d i a s t o l i c  blood p r e s s u r e s .  T h e i r  lower p h y s i c a l  work c a p a c i t y  

could be  f f exp la ined7f  i n  m u l t i v a r i a t e  a n a l y s i s  by t h e i r  s h o r t e r  h e i g h t ,  smaller 
h e a r t  volumes and lower t o t a l  hemoglobin ( t h e  l a t t e r  n o t  c o n s t i t u t i n g  a s i g n i -  

f i c a n t  d i f f e r e n c e  between t h e  g r o u p s ) .  M u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  

t h a t  d i f f e r e n c e s  i n  h e a r t  ra te ,  s y s t o l i c  blood p r e s s u r e  and blood volumes ex- 

p l a i n e d  d i f f e r e n c e s  between s u b j e c t s  w i t h  and wj thou t  p r imary  T wave a b e r r a -  

t i o n s .  These variables are a l l  in f luenced  by changes i n  sympa the t i c  d i s c h a r g e ,  

whereas no v a r i a b l e  r e p r e s e n t i n g  performance or  body dimensions c o n t r i b u t e d  t o  

t h e  e x p l a n a t i o n .  

INTRODUCTION 

A low T wave wi thou t  concomitant  ST d e p r e s s i o n ,  a no tch  i n  t h e  T wave which 

may become i n v e r t e d ,  o r  a b reak  i n  t h e  t r e n d  of  t h e  T wave ampl i tude  from V 1  

t h rough  V 6  are o f t e n  a c c i d e n t a l  f i n d i n g s  i n  t h e  e l e c t r o c a r d i o g r a m s  (ECGs) Of 

young men who are o t h e r w i s e  h e a l t h y  and wi thou t  any s i g n s  or h i s t o r y  of h e a r t  

d i s e a s e  (1, 9 ,  13) .  These T wave changes have been r e p o r t e d  t o  occur  i n  

o r g a n i c  h e a r t  d i s e a s e  (3 ,  13, 18) and have,  t h e r e f o r e ,  sometimes l e d  t o  d i s -  

ablement  when found i n  young a p p a r e n t l y  h e a l t h y  peop le  (7 ,  14,  1 5 ) .  

It was i n d i c a t e d  i n  two ear l ier  s t u d i e s  ( 1 ,  At terhBg,  J-H & Malmberg, P ,  

unpub l i shed)  t h a t  young men w i t h  such  T wave a b e r r a t i o n s  o f  a n  770rganicrf  t y p e  

had i n c r e a s e d  sympa the t i c  t o n e  and d i f f e r e d  from s u b j e c t s  w i t h  normal ECGs re- 
g a r d i n g  some an th ropomet r i c  d a t a .  The aim o f  t h i s  s t u d y  was t o  f u r t h e r  cha rac -  

t e r i z e  s u b j e c t s  w i t h  t h e s e  T wave a b n o r m a l i t i e s  and e l u c i d a t e  p o s s i b l e  c a u s e s  

of  t h e  a b e r r a t i o n s  and t h e i r  f u n c t i o n a l  s i g n i f i c a n c e .  
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MATERIAL 

S u b j e c t s  18 - 19 y e a r s  o f  age  w i t h  T wave a b e r r a t i o n s  and a random sample 

of  s u b j e c t s  o f  t h e  same age and w i t h  normal ECGs were s e l e c t e d  from a m i l i t a r y  

i n d i c t i o n  c e n t e r  as d e s c r i b e d  i n  d e t a i l  i n  p a r t  I o f  t h i s  s t u d y  ( 2 ) .  The s e -  

l e c t i o n  c r i t e r i a  were t h e  T wave a b n o r m a l i t i e s  mentioned i n  t h e  i n t r o d u c t i o n  

and r e p o r t e d  earlier ( 2 ) .  The ECG a b e r r a t i o n  was t h e  o n l y  f i n d i n g  and bo th  

g roups  were h e a l t h y  w i t h o u t  o t h e r  s i g n s  or h i s t o r y  of  h e a r t  d j s e a s e .  The sub- 

jects  were d i v i d e d  i n t o  t h e  f o l l o w i n g  g roups :  

Group T s u b j e c t s  w i t h  T wave a b e r r a t i o n s  at  rest and d u r i n g  o r t h o s t a s i s ,  

( n  = 5 1 ) .  

The normal ECG group A + B, n = 112, which was subd iv ided  i n t o :  

Group A: s u b j e c t s  w i t h  normal ECGs i n  t h e  s u p i n e  p o s i t i o n  and d u r i n g  

o r t h o s t a s i s  ( n  = 8 4 ) .  

Group B: s u b j e c t s  w i t h  normal E C G s  i n  t h e  s u p i n e  p o s i t i o n  bu t  T wave 

a b e r r a t i o n s  d u r i n g  o r t h o s t a s i s  ( n  = 2 8 ) .  

METHODS 

The procedure has  been d e s c r i b e d  i n  d e t a i l  ear l ier  ( 2 )  and i n c l u d e d  a 

s t a n d a r d i s e d  o r t h o s t a t i c  test as well as an e x e r c i s e  t e s t  (18, 20 ) .  The load 

g i v i n g  a h e a r t  rate (HR) of  170 beats /min ( W  170)  was used as a measure o f  t h e  

p h y s i c a l  work c a p a c i t y .  HR was c a l c u l a t e d  from a 30 seconds '  ECG r e c o r d i n g .  

Blood p r e s s u r e s  (BP) were measured by a s c u l t a t i o n  w i t h  a c a l i b r a t e d  c u f f  on 

t h e  r i g h t  upper a r m  by t h e  same person th roughou t  t h e  whole s t u d y .  A s i n g l e  

e s t i m a t i o n  of  t h e  t o t a l  amount o f  hemoglobin (TW) was determined by Sjo-  

s t r a n d ' s  a l v e o l a r  CO method and blood volume (BV) was c a l c u l a t e d  from a p e r i -  

p h e r a l  Hb c o n c e n t r a t i o n  e s t i m a t i o n  w i t h  c o r r e c t i o n  o f  body h e m a t o c r i t  by a 

f a c t o r  of 0.91 ( 6 ) .  Heart volume (HV) was measured i n  t h e  s u p i n e  p o s i t i o n  

( 1 1 ) .  Body s u r f a c e  area and body volume were c a l c u l a t e d  a c c o r d i n g  t o  Sendroy ti 

Cecch in i  and Sendroy and C o l l i s o n  (16 ,  1 7 ) .  

The d i f f e r e n c e s  between group means were t e s t e d  f o r  s i g n i f i c a n c e  u s i n g  

S t u d e n t ' s  t - t e s t .  The r e l a t i o n  between v a r i a b l e s  was s t u d i e d  w i t h  l i n e a r  re- 

g r e s s i o n  a n a l y s i s  and i n  t h e  a n a l y s i s  of s i g n i f i c a n c e  of d i f f e r e n c e s  between 

r e g r e s s i o n  l i n e s  cova r i ance  a n a l y s i s  was a p p l i e d .  I n  t h e  a n a l y s i s  of  mu l t i -  

v a r i a t e  r e l a t i o n s  a sometimes h i e r a r c h i c a l  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.  
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RESULTS 
Cumulative d i s t r i b u t i o n  c u r v e s  for some anthropometr ic  data.  I n  f i g u r e s  

1 - 4 t h e  cumulat ive d i s t r i b u t i o n s  of HR a t  rest ,  SBP a t  res t ,  HV and W 170 

f o r  groups  T ,  A and B are p r e s e n t e d .  The curves  show a normal d i s t r i b u t i o n  

w i t h  a p a r a l l e l  displacement  t o  each o t h e r .  The d i s t r i b u t i o n  curves  f o r  group 

B were g e n e r a l l y  c l o s e r  t o  t h e  group T curves  t h a n  t o  t h o s e  of group A ,  how- 

e v e r .  

HR supine, 

cumulativ % Fig .  1 .  Cumulative d i s t r i -  
b u t i o n  of HR a t  rest i n  t h e  
groups A ( n  = 84), B ( n  28) 
and T (n  5 1 ) .  

HR supine, beats/min 

S i x t e e n  p e r c e n t  of group T and 6 % of group B had a HR a t  rest of 90 

beats /min or more, whereas none i n  group A reached t h a t  HR l e v e l  ( F i g .  1 ) .  

SBP supine, 
cumulative % Fi.g. 2 .  Cumulative d i s t r i -  
100 b u t i o n  of SBP a t  rest i n  t h e  

groups  A ( n  = 8 4 ) ,  B ( n  28)  
and T (n 5 1 ) .  

- * = A  
. . n = B  
-=l 

40 
d ,  

0 120 140 160 180 
SBP supine , mm Hg 
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Twenty percent  of group T had a SBP o f  145 mm Hg o r  more compared w i t h  3 % i n  

group A and 6 % i n  group B ( F i g .  2 ) .  Twelve percent  i n  group T had a SBP of  

more t h a n  145 mm Hg and one s u b j e c t  had 175 mm Hg. Only one s u b j e c t  i n  group A 

had a SBP more than 145 mm Hg (170 mm Hg). The cumulat ive d i s t r i b u t i o n  curves  

f o r  h e i g h t ,  DBP and BV showed similar t r e n d s  as t h o s e  r e p o r t e d  above,  i . e .  t h e  

group B curves  were c l o s e r  t o  t h o s e  of  group T than  group A.  

HV, cumulative % 

HV, I 

W,,,, cumulative % 

Fig .  3. Cumulative d i s t r i -  
b u t i o n  of  HV i n  s u p i n e  
p o s i t i o n  i n  t h e  groups  A (n = 
8 4 ) ,  B ( n  = 28)  and T (n  = 
51) .  

F ig .  4. Cumulative d i s t r i -  
bu t ion  of  W 170 i n  t h e  groups 
A (n = 8 4 ) ,  B (n  = 28)  and T 
(n = 51) .  

Comparison between groups  A and,B. There were no d i f f e r e n c e s  i n  h e i g h t ,  

weight ,  HV, THb, BV o r  Hb between t h e  two c o n t r o l  groups A and B (Table  1 ) .  

Group B,  however, had on t h e  average  10.4 beats /min.  h i g h e r  HR t h a n  group A 

w h i l e  a t  rest (Table  2 ) .  The i n c r e a s e  i n  HR d u r i n g  o r t h o s t a s i s ,  as well as t h e  
o r t h o s t a t i c  H R ,  was s i g n i f i c a n t l y  l a r g e r  ( p <  0.01)  i n  group B. SBP i n  t h e  

s u p i n e  p o s i t i o n  was also an average of 5 . 7  mm Hg h igher  i n  group B than  i n  
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group A .  There was no d i f f e rence  between the  groups regard ing  o r t h o s t a t i c  SBP 

or DBP a t  rest and during o r t h o s t a s i s  or regarding SBP f a l l  and DBP inc rease  
during o r t h o s t a s i s .  

Group B had lower W 170 than group A (Table 3)  w i t h  a d i f f e rence  of 20.1 W 

(Table 3 ) .  No d i f f e rence  w a s  found between the  groups i n  HR a t  t h e  end of  
exe rc i se  while  t h e  decrease i n  HR a f t e r  exe rc i se  was slower i n  group B. 

Comparison between group T and group A + B. The s u b j e c t s  i n  group T were on 
t h e  average 3.2 cm shor t e r  than the con t ro l s  (Table 1 ) .  There were no 

d i f f e rences  i n  weight or THb. Mean HV and BV were smaller i n  group T ,  whereas 
HB concent ra t ion  was higher .  

On t h e  average,  mean HR a t  rest was 9.6 bea ts  higher  and SBP and DBP i n  t he  

supine pos i t i on  was 10.9 and 4.3 mm Hg, r e spec t ive ly ,  higher  i n  group T. 

During o r t h o s t a s i s  the increase  i n  mean HR i n  group T was not s i g n i f i c a n t l y  
d i f f e r e n t  from t h e  inc rease  i n  group A + B whereas SBP decreased more and DBP 

increased less i n  group T ( p c 0 . 0 5  and (0.01 r e s p e c t i v e l y ) .  
The o r t h o s t a t i c  HR and SBP were higher i n  group T whereas t h e  s ign i f i cance  

of  d i f f e rence  i n  DBP between a l l  the  groups observed w h i l e  a t  rest disappeared 
during o r t h o s t a s i s .  

Table 1 .  Some anthropometr ic  da t a  f o r  the  con t ro l  groups wi.thout ( A )  and 
w i t h  ( B )  T wave abe r ra t ions  during o r t h o s t a s i s ,  f o r  t h e  t o t a l  con t ro l  group 
(A + B)and fo r  t h e  group w i t h  T wave abe r ra t ions  both a t  rest and during 
o r t h o s t a s i s  (group T) . 
Variable  Group A Group B s ign .  of  Group A+B Group T s ign .  o f  

mean SD mean SD d i f f .  mean S D  mean SD d i f f .  

Height 180.2 6.6 179.3 6.3 n . s .  180.0 6.5 176.8 7.0 pc0.01 
cm 

Weight 
kg 

HV 
1 

THb 
g 

BV 
1 

Hb 
g/ 1 

68.5 10.1 67.2 9.5 n . s .  

0.789 0.150 0.742 0.121 n . s .  
n=84 n=28 

724.8 90.7 705.6 79.9 n . s .  
n=67 n=25 

5.67 0.75 5.52 0.62 n . s .  
n=67 n=25 

140.9 9.2 140.6 7.5 n . s .  
n=67 n=25 

68.2 9.9 66.8 8 .8  n . s .  

0.777 0.145 0.730 0.120 pCO.05 
n=112 

719.6 87.9 694.5 111.6 n . s .  
n=92 n=29 

5.63 0.72 5.25 0.89 ~ ~ 0 . 0 5  
n=92 n=29 

140.8 8.7 146.0 9.5 p<O.Ol 
n=92 n=29 

Physical work capac i ty  was lower i n  group T w i t h  a d i f f e rence  t o  the  con- 

t r o l  group A + B o f  17.2 W (Table 3 ) .  Both groups f in i shed  t h e  exe rc i se  t e s t  
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a t  t h e  same HR but  HR immediately af ter  t h e  test  i n  recumbent p o s i t i o n  and 10 

minutes a f te rwards  was h igher  i n  group T. There were no d i f f e r e n c e s  between 

group T and group B r e g a r d i n g  W 170 and HR a f t e r  e x e r c i s e .  

Simple l i n e a r  r e g r e s s i o n .  W 170 was c o r r e l a t e d  t o  h e i g h t ,  weight ,  HV, THb 

and BV i n  both c o n t r o l  group A + B and group T (Table  4 ) .  There were no s i g n i -  

f i c a n t  d i f f e r e n c e s  found i n  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  between t h e  groups.  

The r e g r e s s i o n  l i n e s  fo r  W 170 as t h e  dependent v a r i a b l e  i n  Table  4 were a l l  

s i g n i f i c a n t l y  d i f f e r e n t  between group A + B and group T,  w i t h  a lower physical. 

c a p a c i t y  i n  group T a t  a given h e i g h t ,  weight ,  HV, THb or BV, but  t h e r e  were 

no d i f f e r e n c e s  r e g a r d i n g  t h e  s l o p e s ,  however. 

The r e l a t i o n s h i p  between HV and h e i g h t ,  weight ,  body s u r f a c e  and volume, 

THb and BV is given i n  Table  5 .  There was no c o r r e l a t i o n  between HV and BV i n  

group T .  I n  a d d i t i o n ,  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  c o r r e l a t i o n  

c o e f f i c i e n t s  between t h e  group T and group A + B. HV as a f u n c t i o n  o f  THb i n  
group T had a s i g n i f i c a n t l y  smaller s l o p e  than  i n  group A + B. HR a t  rest was 
n e g a t i v e l y  c o r r e l a t e d  t o  h e i g h t  i n  group A + B and t o  W 170 f o r  both c o n t r o l s  

and group T (Table  6 ) .  HR w a s  numerical ly  h igher  i n  group T f o r  a given W 170 

( ~ ( 0 . 1 0 ) .  The HR i n c r e a s e  dur ing  o r t h o s t a s i s  was not r e l a t e d  t o  h e i g h t  o r  

p h y s i c a l  work c a p a c i t y  i n  e i t h e r  groups but  n e g a t i v e l y  c o r r e l a t e d  t o  HR a t  
rest i n  t h e  groups B and T and t o  DBP a t  rest i n  c o n t r o l  group A .  

Table  2. Heart rate, s y s t o l i c  and d i a s t o l i c  blood p r e s s u r e s  a t  rest and 
dur ing  o r t h o s t a s i s  f o r  t h e  c o n t r o l  groups wi thout  ( A )  and wi th  ( B )  T wave 
a b e r r a t i o n s  dur ing  o r t h o s t a s i s ,  f o r  t h e  t o t a l  c o n t r o l  group A + B and f o r  t h e  
group w i t h  T wave f i n d i n g s  both a t  rest and dur ing  o r t h o s t a s i s  ( T I .  

Group A Group B Group A+B Group T 
n=84 
mean 

H R ,  s u p i n e ,  beats /min 63.0 
s i g n .  o f  d i f f .  

SBP, supine  mm HG 124.3 
s i g n .  o f  d i f f .  

DBP, supine  mm HG 73.2 
s i g n .  o f  d i f f .  

H R ,  s t a n d i n g  b e a t s h i n  80.7 
s i g n .  o f  d i f f .  

SBP, s t a n d i n g  mm Hg 124.3 
s i g n .  of d i f f .  

DBP, s t a n d i n g  mm Hg 80.7 
s i g n .  o f  d i f f .  

n=28 
SD mean 
10.4 73.4 

p io .  001 

11.8 130.0 
p 0.05 

7.7 76.4 
n . s .  

11.7 96.5 
p<o. 00 1 

10.8 128.4 
n.s.  

8 .2  82.9 
n . s .  

n=112 
SD mean 
1 1 . 1  65.6 

9 .9  125.7 

8.4 74.0 

10.2 84.6 

9 .2  125.3 

6.4 81.3 

n=51 
SD mean SD 
11.5 75.2 15.2 

p<O.OOl 

ptO.OO1 

ptO.O1 

11.6 136.6 13.5 

8.0 78.3 6.9 

13.2 93.4 16.0 
pto.001 

p<o . 00 1 
10.6 133.9 12.4 

7.8 82.6 7.1 
n . s .  
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Table 3. Phys ica l  work c a p a c i t y  (W 170) and h e a r t  ra te  dur ing  and a f te r  
e x e r c i s e  for t h e  c o n t r o l  groups without  (A) and wi th  (B) T wave a b e r r a t i o n s  
dur ing  o r t h o s t a s i s ,  f o r  t h e  t o t a l  c o n t r o l  group A + B and f o r  t h e  group w i t h  T 
wave a b e r r a t i o n s  both a t  rest and d u r i n g  o r t h o s t a s i s  (group TI. 

Group A+B Group T i n = l l 2  n=51 
Group A Group B 
n=84 n=28 
mean SD mean SD lmean SD mean SD 

W 170 W 174.1 34.7 154.0 36.2 (169 .1  36.0 151.9 34.6 
s i g n .  of  d i f f .  PLO.01 I pco.01 

HR a t  h i g h e s t  e x e r c i s e  168.1 7.3 168 7 6 .6  
load  b e a t s h i n  
s i g n .  of d i f f .  n . s .  

HR immediately a f te r  102.6 14.2 112.8 14.3 
exercise i n  recumbant 
b e a t s  /min 
s i g n .  o f  d i f f .  p40.01 

HR 10' a f te r  e x e r c i s e  79 .5  9.1 85.6 10.1 
i n  recumbant b e a t s h i n  
s i g n .  o f  d i f f .  P(O.01 

168.3 7.1 169.2 7 .2  

n . s .  

105.1 14.8 110.7 18.1 

p<O. 05 

81 .3  9.7 86.3 12.5 

p<O.Ol 

SBP a t  rest was c o r r e l a t e d  t o  HR a t  rest i n  both groups (Table  6) and was 

s i g n i f i c a n t l y  h igher  i n  group T than i n  group A + B a t  cor responding  HR 

( ~ ~ 0 . 0 5 )  (F ig .  5 ) .  The SBP f a l l  dur ing  o r t h o s t a s i s  w a s  p o s i t i v e l y  c o r r e l a t e d  

t o  H R ,  SBP and DBP a t  rest i n  groups A and A + B but  f o r  groups T and B was 

p o s i t i v e l y  c o r r e l a t e d  only  t o  SBP a t  rest .  
DBP a t  rest was c o r r e l a t e d  t o  HR a t  rest only f o r  group T (Table  6 ) .  The 

DBP i n c r e a s e  was not  c o r r e l a t e d  t o  HR a t  rest whereas t h e  i n c r e a s e  was nega- 

t i v e l y  c o r r e l a t e d  t o  basa l  DBP f o r  all groups.  

Table 4.  C o r r e l a t i o n  c o e f f i c i e n t s  ( r )  and s i g n i f i c a n c e  o f  r f o r  phys ica l  
work c a p a c i t y  (W 170) and some v a r i a b l e s  i n  c o n t r o l  group A + B and i n  group T 
and s i g n i f i c a n c e  of  d i f f e r e n c e s  between t h e  r e g r e s s i o n  l i n e s .  

Regressions Group A+B Group T S ign .  of d i f f .  between 
groups A+B and T i n  

W 1 7 O = f (  ) r s i g n .  p <  r s i g n .  p< i n t e r c e p t  p( s l o p e  p 
Height 0.46 0.001 0.39 0.01 0.05 - 
Weight 0.44 0.001 0.40 0.01 0.01 - - 
HV 0.43 0.001 0.54 0.001 0.05 - 

BV 0.51 0.001 0.55 0.001 0.05 - 
THb 0.56 0.001 0.44 0.05 0.01 - 



Table 5.  C o r r e l a t i o n  c o e f f i c i e n t s  ( r )  and s i g n i f i c a n c e  of r f o r  h e a r t  
volume (HV)  and some v a r i a b l e s  i n  c o n t r o l  group A + B and i n  group T and 
s i g n i f i c a n c e  of d i f f e r e n c e s  between t h e  r e g r e s s i o n  l i n e s .  

Regres s ions  Group A+B Group T S i g n .  o f  d i f f .  between 
g roups  A+B and T i.n 

H V = f (  ) r s i g n .  pc r s i g n .  p< i n t e r c e p t  p< s l o p e  p< 

He i g h  t 0.21 0.05 0.39 0.01 - - 
Weight 0.54 0.001 0.60 0.001 - - 
Body s u r f a c e  0.48 0.001 0.56 0.001 - - 
Body volume 0.54 0.001 0.60 0.001 - - 
THb 0.67 0.001 0.44 0.05 - 0.05 
BV 0.59 0.001 0.34 - - 

Table 6 .  C o r r e l a t i o n  c o e f f i c i e n t s  ( r )  and s i g n i f i c a n c e  o f  r f o r  t h e  
f u n c t i o n s  HR,  SBP and DBP a t  rest, d i f f e r e n c e s  of H R ,  SBP and DBP between 
s u p i n e  and erect p o s i t i o n s  and some v a r i a b l e s  i n  t h e  g roups  A ,  B,  A + B and T. 

Regres s ions  Group A Group B Group A+B Group T 
n=84 n=28 n=l12 n=51 
r s i g n .  r s i g n .  r s i g n .  r s i g n  . 

HR s u p i n e  = f ( 1 
Height  -0.30 0.01 -0.02 -0.23 0.05 -0.09 

-0.29 0.01 -0.19 -0.33 0.001 -0.30 0.05 w 170 

HR i n c r e a s e  s u p i n e  - erect 
= f (  ) - 

Height  0.10 0.26 0.13 0.26 0.10 
W 170 -0.03 0.00 -0.08 -0.09 
HR s u p i n e  -0.19 0.10 -0.58 0.001 -0.18 0.10 -0.31 0.05 
DBP s u p i n e  -0.29 0.01 -0.25 -0.22 0.05 -0.14 

SBP s u p i n e  = f ( ) 
HR s u p i n e  0.30 0.01 0.32 0.10 0.36 0.001 0.44 0.001 

SBP f a l l  s u p i n e  -erect 
- = f (  1 

HR s u p i n e  0.30 0.01 0.05 0.26 0.01 0.11 
SBP s u p i n e  0.42 0.001 0.43 0.05 0.43 0.001 0.43 0.001 
DBP s u p i n e  0.20 0.10 0.30 0.24 0.05 0.11 

DBP s u p i n e  = f ( ) 
HR s u p i n e  0.11 0.14 0.14 0.28 0.05 

DBP i n c r e a s e  s u p i n e  - 
e r e c t  = f ( ) 

HR s u p i n e  0.11 0.27 0.00 0.09 
DBP s u p i n e  -0.43 0.001 -0.65 0.001 -0.48 0.001 -0.37 0.01 
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Table 7 .  P a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  ( b )  s t a n d a r d  e r r o r s  o f  b (SEb) 
and s i g n i f i c a n c e  o f  b f o r  t h e  p r e d i c t o r s  i n  h i e r a r c h i c a l  s t ep -wise  m u l t i p l e  
r e g r e s s i o n  a n a l y s i s  on W 170 f o r  t h e  t o t a l  m a t e r i a l  (g roup  T e n t e r e d  by 
f o r c e ) .  The c o n s t a n t ,  t h e  c o e f f i c i e n t  of m u l t i p l e  d e t e r m i n a t i o n  (R2) and t h e  
number of  deg rees  o f  freedom are g iven  f o r  t h e  r e g r e s s i o n  e q u a t i o n .  

T o t a l  m a t e r i a l  (g roups  A + B and T) 
P r e d i c t o r  b SEb t P 

Group T -8.2 5 .8  1.424 n . s .  
HV 85.1 28.0 3.040 0.01 
THb 0.098 0.036 2.698 0.05 
Height 1.06 0.45 2.34 0.05 

Constant  -157.5 
R2 0.40 
D f  115 

160- 

150- 

140- 

The f a l l  i n  SBP was p o s i t i v e l y  c o r r e l a t e d  t o  t h e  i n c r e a s e  i n  DBP d u r i n g  

o r t h o s t a s i s  i n  group A + B ( p  <0.001) whereas no such c o r r e l a t i o n  was found i n  

group T .  Otherwise t h e r e  were no c o r r e l a t i o n s  found i n  e i t h e r  group A + B o r  

group T between t h e  d i f f e r e n c e s  i n  H R ,  SBP and CBP when t h e i r  p o s i t i o n  was 
changed from s u p j  ne t o  erect. 

-GroupA+B 

---Group T 
-SE group A+B , 

SE groupT (/' , , 

SBP, mmHg 

Fig .  5.  Regres s ion  l i n e s  and SE f r o  
SBPat rest = f ( H R a t  r e s t )  i n  
g roups  A + B (n = 112, c o n t i n u o u s  
l i n e )  and T ( n  = 51, i n t e r r u p t e d  
l i n e ) .  Group A + B: y = 0 . 3 6 ~  + 103, 
Group T:  y =0.40x + 107. 

'"4 90 / 
6, ] I I I I I I 

40 50 60 70 80 90 100 
HR, beats/min 

Both THb and BV were c o r r e l a t e d  t o  body volume i n  a l l  g roups  b u t  t h e  r e -  

g r e s s i o n  1.ines had a s t e e p e r  s l o p e  i n  group T .  

Step-wise l i n e a r  m u l t i p l e  r e g r e s s i o n  a n a l y s i s .  The mean d i f f e r e n c e  i n  W 170 

between group A + B and group T can be expres sed  by what p a r t  group T c o n t r i -  

b u t e s  t o  v a r i a t i o n s  i n  W 170 i n  t h e  whole sample c o n s i s t i n g  o f  g roups  A + B 

and T .  With h i e r a c h i c a l  s t ep -wise  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  t h e  dichotom- 

i z e d  v a r i a b l e  g roup  T (I 1 i f  t h e  s u b j e c t  belonged t o  group T ,  o t h e r w i s e  = 0) 
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was entered  as the  f i r s t  p r e d i c t o r  g i v i n g  t h e  fo l lowing  equat ions  u s i n g  com- 

p u t e r  suppl ied  c o n s t a n t s :  W 170 = 169 - 17.1 x group T. The t va lue  f o r  t h e  

s l o p e  (b)  was s i g n i f i c a n t  ( p L O . 0 2 ) .  After t h e  o t h e r  v a r i a b l e s  HV,  THb a n d ,  

h e i g h t  had en tered  i n  t h a t  o r d e r ,  t h e  s i g n i f i c a n c e  of  b had d i s -  

appeared (Table 7 ) .  The o t h e r  competing v a r i a b l e s  were weight and HR a t  rest .  
1 . e .  t h e  d i f f e r e n c e  i n  W 170 between group A + B and group T could be s i g n i f i -  

c a n t l y  expla ined  by t h e  d i f f e r e n c e s  i n  body dimensions. 

group T 

The d i f f e r e n c e  i n  r e s t i n g  mean SBP between group T and c o n t r o l  group A + B 

was analysed i n  t h e  same manner. SBP = j25.7 + 0.383 x group T. The t -va lue  

f o r  b was 5.244 (p<O.OOl) .  Af te r  c o n t r o l  of  HR a t  rest t h e r e  remained a s i g -  

n i f i c a n t  d i f f e r e n c e  r e g a r d i n g  SBP ( t -va lue  f o r  b 
p <  0.001) i . e .  t h e  d i f f e r e n c e s  i n  SBP cannot be gA?@eTy expla ined  by d i f f e r -  

ences  i n  HR.  The competing v a r i a b l e s  of h e i g h t  and W 170 d i d  not  c o n t r i b u t e  

s i g n i f i c a n t l y .  The d i f f e r e n c e  i n  mean BV between t h e  groups remained s i g n i f i -  

c a n t  af ter  c o r r e c t i o n  f o r  body volume and HV ( t - v a l u e  f o r  b 
2.023, p<O.O5) i . e .  t h e  d i f f e r e n c e s  i n  BV cannot be entire$GO%pTained by 

d i f f e r e n c e s  i n  body dimensions. The o t h e r  competing v a r i a b l e s  were HR a t  rest 

and SBP a t  rest. 

was 3.577, 

was 

With t h e  aim of s t u d y i n g  which of t h e  measured anthropometr ic  and func t io-  

n a l  v a r i a b l e s  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  d i f f e r e n c e s  between group T and 

group A + B ( b e s i d e s  t h e  T wave abnormal i ty) ,  when t h e  o t h e r  v a r i a b l e s  were 
c o n t r o l l e d ,  a m u l t i p l e  r e g r e s s i o n  a n a l y s i s  was performed on t h e  whole sample A 

+ B + T ( n  = 163) w i t h  t h e  dichotome v a r i a b l e  t as a dependent v a r i a b l e  ( t  = 1 

i f  t h e  s u b j e c t  belongs t o  group T,  o therwise  = 0 ) .  

Table 8. Par t ia l  r e g r e s s i o n  c o e f f i c i e n t s  ( b ) ,  s t a n d a r d  e r r o r s  of  b (SEb) 
and s i g n i f i c a n c e  of b f o r  t h e  p r e d i c t o r s  i n  s tep-wise m u l t i p l e  r e g r e s s i o n  
a n a l y s i s  on T wave a b e r r a t i o n s  f o r  t h e  t o t a l  material. The c o n s t a n t ,  t h e  
c o e f f i c i e n t  of m u l t i p l e  de te rmina t ion  (R2) and t h e  number of degrees  of 
freedom are given f o r  t h e  r e g r e s s i o n  equat ion .  

Tota l  material (groups A + B and T) 
P r e d i c t o r  b SEb t P 

SBP a t  rest 0.011 0.304 3.239 0.005 
BV -0.111 0.050 2.214 0.05 
HR a t  rest 0.006 0.003 1.725 n . s .  

Constant  -0.842 

D f  116 
R2 0.21 

The s u b j e c t s  w i t h  T wave a b e r r a t i o n s  (group T) d i f f e r e d  s i g n i f i c a n t l y  from 

t h e  o t h e r s  (group A + B) regard ing  SBP a t  rest, BV and HR a t  rest i n  order  Of  

188 



i n f l u e n c e  (Table  8 ) .  The o t h e r  competing v a r i a b l e s  were THb, h e i g h t ,  HV and W 

170 which d i d  not  c o n t r i b u t e  t o  f fexpla in*f  t h e  T wave a b e r r a t i o n s .  

DISCUSSION 

This  s tudy  showed s i g n s  of i n c r e a s e d  sympathet ic  d i s c h a r g e  i n  young asymp- 

tomat ic  men wi th  T wave a b e r r a t i o n s  of t h e  types  repor ted  t o  occur  i n  organic  
h e a r t  d i s e a s e .  They t h u s  have i n c r e a s e d  HR and SBP which confirm ear l ier  f i n d -  

i n g s  ( 1 ,  At te rhog ,  J-H & Malmberg, P ,  unpubl ished) .  

I n  a d d i t i o n ,  t h o s e  i n  t h e  c o n t r o l  group who evidenced T wave a b e r r a t i o n s  

dur ing  o r t h o s t a s i s  (group B) a l r e a d y  had higher  HR and SBP a t  rest and a 
l a r g e r  i n c r e a s e  i n  o r t h o s t a t i c  HR t h a n  t h e  s u b j e c t s  w i t h  normal ECGs a t  rest  

as wel l  as d u r i n g  o r t h o s t a s i s  (group A). Thus, a high sympathe t ic  tone  was 

a l s o  shown by group B. 

A changed v e g e t a t i v e  tone is t h e  probable  explana t ion  for both t h e  l a c k  of 

c o r r e l a t i o n  between HR a t  rest and body dimensions ( h e i g h t )  i n  ei.ther groups T 

or  B ,  and f o r  t h e  weak c o r r e l a t i o n  between HR a t  rest and p h y s i c a l  work capa- 
c i t y  i n  group T ,  whereas t h e  corresponding c o r r e l a t i o n s  i n  group A were normal 

(20). The changed v e g e t a t i v e  tone was a l s o  ev ident  from t h e  slower decrease  i n  
HR a f t e r  t h e  te rmina t ion  of  e x e r c i s e  i n  groups T and B. 

The curves  i n  group B f o r  t h e  cumulat ive d i s t r i b u t i o n  of  t h e  measured v a r i -  

a b l e s  g e n e r a l l y  show a c l o s e r  s i m i l a r i t y  t o  group T t h a n  t o  group A .  This a l s o  

i n d i c a t e s  that t h e  T wave a b e r r a t i o n s  i n  group T are not  s i g n s  of organic  

l e s i o n s .  There was not  any flskewnessff i n  t h e  cumulat ive f r e q u e n c i e s  of H R ,  HV 

and W 170 t h a t  might i n d i c a t e  t h e  occurrence of any subgroup i n  group T .  This  

means, f o r  example, t h a t  vasoregula tory  a s t h e n i a  (VA) can be excluded as a 
s i g n i f i c a n t  cause of  t h e  T wave a b e r r a t i o n s  i n  group T because p a t i e n t s  wi th  
VA g e n e r a l l y  have s u b s t a n t i a l l y  i n c r e a s e d  H R ,  abnormal HR r e a c t i o n  dur ing  

o r t h o s t a s i s  and a low W 170 (10 ) .  The cumulat ive d i s t r i b u t i o n s  a l s o  exclude 

t h e  c o n t r i b u t i o n  of w e l l  t r a i n e d  sportsmen,  which may have primary T wave 

a b e r r a t i o n s  ( 8 ) ,  a t  least  dur ing  t h e i r  most a c t i v e  t r a i n j - n g  per iods  ( 5 ) .  AS a 

r e s u l t  of  t h e i r  heavy phys ica l  t r a i n i n g  t h e y  can be expected t o  have a low HR 

a t  rest ,  en larged  HV and high W 170 (23)  and such a group could not  be i d e n t i -  
f i e d  i n  t h i s  material. Likewise,  o r g a n i c  h e a r t  disease caus ing  en larged  h e a r t  

volumes and low phys ica l  working c a p a c i t y  can be excluded as s i g n i f i c a n t  con- 

t r i b u t o r  t o  t h e  changed T waves. 

The c o r r e l a t i o n s  between W 170 (an i n d i r e c t  measure of s t r o k e  volume), HV 

and TW ( a  v a r i a b l e  r e f l e c t i n g  t h e  degree of  h a b i t u a l  p h y s i c a l  a c t i v i t y )  were 

performed s i n c e  t h e r e  normally is a r e l a t i o n s h i p  between t h e s e  v a r i a b l e s  (20).  

These r e l a t i o n s h i p s  are of  use  i n  d i f f e n t i a t i n g  between, f o r  example, a normal 
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and abnormal cause  o f  t h e  low p h y s i c a l  work c a p a c i t y  i n  a s u b j e c t .  A low 

p h y s i c a l  work c a p a c i t y  is p robab ly  normal f o r  t h a t  s u b j e c t  i f  a l s o  HV and THb 

are l o w .  

Thus,  group T had a lower W 170 t h a n  t h e  c o n t r o l s  bu t  t h i s  d i f f e r e n c e  cou ld  

be e n t i r e l y  exp la ined  by d i f f e r e n c e s  i n  t h e  body dimensions H V ,  THb and h e i g h t  

and was probably no t  t h e  r e s u l t  o f  h e a r t  d i s e a s e .  Th i s  conf i rms  an ear l ier  

f i n d i n g  t h a t  t h e  group d i f f e r e n c e s  i n  maximal work c a p a c i t y  between s u b j e c t s  

w i t h  and wi thou t  pr imary T wave a b e r r a t i o n s  are h e i g h t  dependent ( A t t e r h o g ,  

J -H & Malmberg, P ,  unpub l i shed) .  We have no e x p l a n a t i o n  why s u b j e c t s  w i t h  T 

wave changes are s h o r t e r ,  which is a r e c u r r e n t  f i n d i n g .  

Group T had a smaller BV t h a n  t h e  c o n t r o l  groups which cou ld  n o t  be ex- 

plaj-ned by d i f f e r e n c e s  i n  body dimensions.  S i n c e  t h e  Hb c o n c e n t r a t i o n  was i n -  

c r e a s e d  i n  group T and THb w a s  similar it is p robab le  t h a t  t h e  d e c r e a s e  i n  BV 

i n  group T can be e x p l a i n e d  by a plasma volume d e c r e a s e  due t o  i n c r e a s e d  

sympa the t i c  t one  ( 4 ,  2 2 ) .  

SBP was s i g n i f i c a n t l y  h i g h e r  i n  group T t h a n  i n  t h e  c o n t r o l s  a t  any g iven  

l e v e l  o f  HR and t h u s  d i f f e r e n c e s  i n  SBP between t h e  groups cou ld  n o t  e n t i r e l y  

be exp la ined  by d i f f e r e n c e s  i n  HR.  

The d i f f e r e n c e  between group T and t h e  rest of t h e  s u b j e c t s  cou ld  be ex- 

p l a i n e d  by m u l t i p l e  r e g r e s s i o n  a n a l y s i s  by d i f f e r e n c e s  i n  SBP a t  r e s t ,  BV and 

HR a t  rest, i n  that o r d e r  o f  i n f l u e n c e ,  i . e .  v a r i a b l e s  t h a t  can be i n f l u e n c e d  

by changes i n  t h e  s y m p a t h e t i c  t one .  On t h e  o t h e r  hand, no v a r i a b l e  r e p r e s e n t -  

i n g  performance o r  body dimension such as p h y s i c a l  work c a p a c i t y  and HV con- 

t r i b u t e d  t o  t h e  l f exp la in ing lv  o f  t h e  T wave f i n d i n g s .  

The r e s u l t s  imply t h a t  T wave changes o f  l lorganiclv t y p e  i n  asymptomatic 

young men have an o r i g i n  i n  changed v e g e t a t i v e  t o n e  f o r  t h e  m a j o r i t y  o f  sub- 

jects  and are no t  due t o  o r g a n i c  h e a r t  d i s e a s e .  
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