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In a number of studies (1-4) we have 
found that subjects presenting a particular 
overt behavior pattern which we have labeled 
Type A (characterized chiefly by excessive 
drive and conflict against time, other persons 
and/or various challenging situations) are 
significantly more prone to the future inci- 
dence of clinical coronary heart disease than 
subjects exhibiting a converse behavior pat- 
tern (Type B).  Having identified the en- 
hanced coronary-proneness of such subjects, 
we now are attempting to discover the pos- 
sible biochemical and biophysical abnormali- 
ties of such individuals which might account 
for their apparent relative vulnerability to 
future clinical coronary artery disease. 

Since emotional stress of almost any vari- 
ety might be expected to involve the hy- 
pothalimo-pituitary-adrenal system, we have 
interested ourselves in the study of the integ- 
rity of this system in Type A subjects. In  
our first study ( 5 )  relevant to the com- 
ponents of this system, we found that the 
average daily excretion of 17-HOCS of the 
Type A subjects was the same as that of the 
Type B subjects. However, in our second 
study (6) we observed that when fully de- 
veloped Type A subjects (k, subjects who 
exhibit extreme competitive drive and experi- 
ence constantly an overwhelming sense of 
time urgency) were challenged with large 
doses of ccvrticotropin (ACTH) , most of them 
excreted significantly less 17-HOCS than 
Type B subjects. This last suggested to us 
that these Type A subreactors might have a 
deficit in their “adrenal reserve.” Such a pos- 
tulated deficit in turn suggested the possibili- 
ty that these individuals might be subject to 

1Aided by grants from the National Heart and 
Lung Institute (HE001 19), Tarrant County Heart 
Association and Parke, Davis Company. 

a previous long standing as well as a possible 
contemporary excess discharge of ACTH. 
We, therefore, thought it would be useful to 
measure the plasma ACTH and cortisol levels 
of a group of fully deve2oped Type A sub- 
jects and compare them with those of a group 
of fully developed Type B subjects ( i e . ,  
subjects who exhibit no competitive drive, 
and are totally free of any sense olf time 
urgency), The results of this study are re- 
ported below. They suggest that Type A sub- 
jects during their working hours do secrete 
more ACTH than Type B subjects. 

Methods. Nine fully developed Type A and 
10 fully developed Type B volunteer male 
subjects, who appeared to be in excellent 
health, cooperated in this study. Six heparin- 
ized blood samples (collected in ice-chilled 
tubes) were obtained from most of the volun- 
teers during their waking hours (k, 7:OO 
a.m., noon, 3:00, 5:OO and 9 :OO p.m.). The 
blood samples obtained at  9:OO a.m., noon 
and 5:OO p.m. were drawn in our laboratory. 
Those obtained at 7:OO a.m. and 9:OO p.m. 
were drawn at  the subjects’ homes and that 
obtained at 3 : O O  p.m. a t  their place of work. 
The plasma of these samples was obtained as 
quickly as possible after the blood had been 
drawn, and was stored in the frozen state. 
Later, an aliquot of each plasma sample was 
sent in the frozen state to the laboratory of 
Drs. S. A. Berson and R. S. Yalow where the 
ACTH content of each plasma sample was 
measured according to their methodology 
( 7 ) .  The remaining aliquolt of each plasma 
sample was analyzed for its cortisol content 
according to the method of Stewart, Albert- 
Recht and Osman (8).  Each 7:OO a.m. sam- 
ple was also analyzed for its plasma choles- 
terol concentration (9). 

Results. There was, as Table I illustrates, 

68 1 



T
A

B
L

E
 I

. 
Pl

as
m

a 
A

C
'T

H
 a

n
d

 C
or

tis
ol

 I
'a

lu
es

 o
f 

T
yp

e 
A

 a
nd

 T
yp

e 
B

 S
ub

je
ct

s.
 

i:
O

O
 a

.m
. 

9:
00

 a
.m

. 
N

oo
n 

3:
OO

 p
.m

. 
5:

oo
 p

.m
. 

9:
00

 p
.m

. 
Pe

ak
 le

ve
l 

Pl
as

m
a 

ch
ol

es
- 

te
ro

l 
A

C
T

H
 

C
or

ti
so

l 
A

C
T

H
 

C
or

ti
so

l 
A

C
T

H
 

C
or

ti
so

l 
A

C
T

H
 

C
or

ti
so

l 
A

C
T

H
 

C
or

ti
so

l 
A

C
T

H
 

C
or

ti
so

l 
A

C
T

H
 

C
or

ti
so

l 

C
as

e 
;\ge

 
H

t 
IY

t 
10

0m
l)

 
10

0m
l)

 
10

0m
l)

 
10

0m
l)

 
l0

0m
l)

 
10

0m
l)

 l
00

m
l)

 
10

0m
l)

 
10

0m
l)

 
10

0m
l)

 
10

0m
l)

 
10

0m
l)

 
10

0m
l)

 
10

0m
l)

 
10

0m
l)

 
(w

/ 
(n

gi
 

(&
I 

(n
gi

 
(/@I 

(n
gi

 
(a

! 
(n

gl
 

(f
ig

/ 
(n

g!
 

hL
R/
 

(n
gl

 
(P

ug
/ 

(n
gl

 
(PL

Lg
I 

1 
39

 
74

 
22

0 
29

5 
2 

35
 

72
 

17
8 

23
3 

3 
43

 
72

 
18

0 
30

0 
4 

50
 

72
 

17
1 

30
7 

5 
43

 
70

 
17

5 
29

5 
6 

46
 

69
 

16
8 

36
9 

7 
41

 
73

 
18

0 
31

2 
8 

42
 

70
 

l(
i0

 
28

0 
9 

47
 

75
 

19
5 

30
1 

A
v 

43
 

72
 

18
1 

30
1"

 
SE

 M
 

f
 10

.3
 

10
 

56
 

11
 

56
 

12
 

39
 

13
 

50
 

14
 

57
 

1.5
 

56
 

16
 

54
 

17
 

39
 

18
 

30
 

19
 

52
 

A
v 

48
 

SE
 M

 

65
 

67
 

71
 

69
 

73
 

69
 

69
 

70
 

71
 

70
 

69
 

I 5
5 

1 G
G 

16
3 

16
8 

17
4 

17
4 

1 G
O 

20
0 

19
2 

1'
70

 
17

2 

21
3 

18
2 

26
2 

1 7
7 

21
 8

 
22

5 
23

7 
21

 1 
24

8 
23

2 
22

 1 
2

8
.5

 

30
 

1'7
.0

 
48

 
13

.2
 

0 
21

.8
 

33
 

13
.8

 
11

0 
28

.5
 

58
 

27
.8

 
I2

0 
17

.0
 

GO
 

11
.0

 
62

 
20

.9
 

58
.1

 
19

.3
 

21
2.

6 
k2

.0
 

30
 

19
.5

 
20

 
20

.5
 

3 5
 

13
.2

 
48

 
24

.0
 

48
 

6.
8 

20
 

13
.1

 
62

 
26

.0
 

20
 

18
.0

 
-
 

23
.5

 
32

 
10

.5
 

35
 

17
.5

 
+

5.
0 

k
2

.0
 

-
 

32
 

25
 

35
 

35
 

15
 

78
 

90
 

44
.3

 
tl

O
.7

 

-
 

-
 

-
 

32
 

20
 0 

-
 

-
 

-
 

35
 

50
 

27
.4

 
5

8
.4

 

-
 

14
.5

 

13
.5

 
18

.5
 

34
.0

 
7.

0 
10

.0
 

15
.2

 
16

.1
 

t3
.3

 

-
 

-
 

-
 

9.
0 

17
.0

 
10

.8
 

-
 

-
 

-
 

13
.7

 
14

.2
 

12
.9

 
2

1
.4

 

A
 S

ub
je

ct
s 

30
 

1G
.8 

30
 

11
.3

 
30

 
18

.2
 

0 
11

.8
 

50
 

10
.8

 
35
 

28
.0

 

58
 

11
.5

 
35

 
10

.0
 

33
.5

 
14

.8
 

k
G

.0
 

k2
.2

 

-
 

-
 

B
 S

ub
je

ct
s 

32
 

17
.8

 
38

 
12

.5
 

0 
8.

0 
20

 
23

.5
 

0 
13

.5
 

14
 

16
.2

 
GO

 
13

.2
 

32
 

14
.5

 
38

 
13

.2
 

40
 

10
.8

 
27

.5
 

14
.3

 
t6

.0
 

5
1

.3
 

30
 

22
 

25
 

35
 

5 0
 

45
 

60
 

75
 

90
 

48
 

2
7

.8
 

30
 

30
 

35
 

30
 

2.5
 

28
 

62
 

30
 

38
 

48
 

3.
5.

6 
2

3
.6

 

13
.3

 
1'7

.5
 

13
.2

 
11

.0
 

13
.2

 
26

.0
 

11
.3

 
12

.5
 

19
.5

 
1.

5.
5 

5
1

.6
 

12
.0

 
18

.7
 

6.
5 

14
.0

 
10

.2
 

11
.5

 

11
.0

 
8 .

0 
10

.9
 

11
.1

 
5

1
.1

 

8.
0 

25
 

12
.3

 
0 

11
.3

 
25

 
13

.0
 

35
 

8
.i

 
40

 
1.

5.
8 

20
 

21
.0

 
20

 
7 *

!I 
58

 
9.

2 
32

 
9

3
 

28
.3

 
12

.2
 

2
5

.3
 

2
1

.5
 

18
 

14
.5

 
18

 
11

.0
 

2-5
 

6.
0 

0 
14

.2
 

32
 

8.
9 

23
 

7.
5 

28
 

10
.7

 
0 

15
.0

 
38

 
12

.0
 

42
 

9.
3 

22
.4

 
10

.9
 

2
4

.5
 

2
1

.0
 

GO
 

18
 

28
 

38
 

15
 

15
 

50
 

65
 

36
.1

 
k7

.2
 

-
 

10
 

18
 

10
 

30
 

23
 

50
 0 32
 

21
.6

 
k

5
.G

 

-
 

-
 

7 .
O 

13
.4

 
16

.5
 

15
.0

 
15

.3
 

4.
3 

6.
8 

9.
0 

10
.9

 
k1

.7
 

-
 

17
.4

 
13

.8
 

1 .o
 

7.
9 

6.
0 

8.
0 

9.
6 

7.
1 

8.
9 

k1
.8

 

-
 

-
 

60
 

48
.0

 
30

.0
 

35
.0

 
11

0.
0 

58
.0

 
12

0.
0 

78
.0

 
90

.0
 

69
.Y

 
51

0.
6 

17
.9

 
17

.5
 

21
.8

 
16

.5
 

28
.5

 
34

.0
 

17
.0

 
12

.5
 

20
.9

 
20

.7
 

22
.2

 

32
 

19
.5

 
38

 
38

.0
 

35
 

13
.2

 
48

 
24

.0
 

48
 

13
.5

 
28

 
16

.2
 

62
 

26
.0

 
32

 
18

.0
 

38
 

23
.5

 
48

 
14

.2
 

40
.9

 
18

.9
 

k
3

.3
 

1
1

.5
 

aV
al

ue
 s

ig
ni

fi
ca

nt
lv

 g
re

at
er

 t
ha

n 
co

rr
es

po
nd

in
g 

va
lu

e 
of
 T

yp
e 

B
 s

ub
ie

ct
s:

 f
i 
./ 

.0
01

: 
fi

 <
 .0

2.
 

"
 



ACTH IN CORONARY-PRONE SUBJECTS 683 

considerable variation in both the plasma 
cortisol and ACTH levels not only between 
individuals of each group but also in the 
same individual during the day. 

The average plasma ACTH values of the 
Type A subjects, a t  each of the 6 time inter- 
vals were greater (see Table I) than those of 
the Type B subjects. Despite the fact that 
the differences in the respective means were 
not statistically significant by the T test ( i e . ,  
p < .1), at  any one of the 6 time intervals 
(ostensibly because of the great variation in 
the individual ACTH values of each group a t  
such time intervals), nevertheless, according 
to the binomial distribution theorem ( H o :  
p = S), the chances of observing 6 successive 
averages of Type A subjects to be greater 
than those of Type B subjects is of a very 
low probability ( p  < .002). This last fact 
strongly suggests that the type A subjects 
exhibited throughout their waking holurs a 
significant increase in their plasma ACTH 
values. In further support of this conclusion, 
was the finding that the average maximal 
plasma ACTH value of the day ( i e . ,  the 
“peak” value) was also significantly ( p  < 
.02) greater in the Type A than in the Type 
B subjects. 

The usual circadian change in plasma cor- 
tisol concentration was observed in bo’th 
groups of subjects. Thus the average plasma 
cortisol level of the Type B subjects at 7:OO 
a.m. was 17.5 pg/lOO ml, a value almost 
twice that (8.9 pg/lOO ml) observed in these 
same patients 14 hr latter a t  9:00 p.m. Simi- 
larly the average plasma cortisol level of the 
Type A subjects was 19.3 pg/lOO ml at  7:OO 
a.m. and 10.9 pg/lOO ml at  9 : O O  p.m. On 
the other hand, a t  no time interval of the day 
was the average plasma cortisol of the Type 
A subjects significantly greater than that of 
the Type B subjects. Similarly the average 
“peak” or maximal plasma cortisol value of 
the Type A subject was not significantly diff- 
erent from that of the Type B subjects. 

As has been observed repeatedly before (1, 
10, 11 ) , the average plasma cholesterol (30 1 
mg/100 ml) of the Type A subjects was 
significantly greater ( p  < .001) than that 
( 2 2  1 mg/100 ml) of the Type B subjects. 

Discussion. As we have stated before (12 ) ,  

whatever the biochemical defects may turn 
out to be, which render Type A subjects 
relatively prone as a group to the early onset 
of clinical coronary heart disease, such de- 
fects, a t  any given instant in time, probably 
will be relatively subtle in degree. This is 
probably particularly the case when such 
subjects are studied years or even decades 
before they experience cardiac symptomatolo- 
gy. It is because of this difficulty in detection 
that we invariably choose for biolchemical 
studies only those subjects who exhibit the 
extreme development of either behavior pat- 
tern. 

In  the past, we have been able to detect 
under the above described circumstances, al- 
terations in the plasma cholesterol (1, 10, 
1 1 ) , triglyceride ( 10, 11) and lipoprotein 
spectra (13) of Type A subjects. In  addition 
we have observed various hormonal changes 
in these subjects such as (a) increased day 
time urinary excretion of norepinephrine (6) 
(b)  a postprandial hyperinsulinism ( 1 1) and 
(c) a diminished reserve of growth hormone 
(14). Finally we have observed ( 5 )  that the 
adrenal response to excess corticotropin was 
significantly reduced in the majority of fully 
developed Type A subjects. 

The present results suggest that f u l l y  de- 
veloped Type A subjects also differ from ful- 
l y  developed Type B subjects in that they 
appear to exhibit a higher Ievel of plasma 
corticotropin throughout their waking hours. 
This apparent chronic hypersecretion of 
ACTH may be due to a compensatory reac- 
tion to some block in adrenal function in 
these subjects. On the other hand it might be 
due to excess hypothalamic secretion of cor- 
ticotropin-releasing factor. In  either event, 
this hypersecretion of ACTH may explain 
why the average adrenal responses of Type A 
subjects to an excess of exogenous ACTH 
were significantly less than those of the con- 
trol Type B subjects. 

All thse slight to moderate hormonal (and 
lipid) alterations which we have observed in 
most fully developed Type A subjects appear 
to us to suggest that these individuals har- 
bor alterations (albeit only functional) in 
their hypothalamo-pituitary-adrenal system. 
This is not at all surprising when one consid- 
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ers the exquisite sensitivity of this same sys- 
tem to emotional stresses of various 
varieties-of which Type A behavior pattern 
one. 

Summary. The plasma corticotropin and 
cortisol concentrations of 9 coronary-prone 
(Type A behavior pattern) and 10 coronary- 
resistant (Type B behavior pattern) subjects 
were studied at  6 time intervals during their 
waking hours. The average plasma corti- 
cotropin content of the 9 Type A subjects 
was significantly greater during the total 
period measured than that of the 10 Type B 
subjects. The average daily peak value of 
plasma corticotropin of the Type A subjects 
also was found to be significantly increased. 
No significant differences were found in ei- 
ther the average or peak plasma cortisol val- 
ues between these 2 groups of subjects. 

The authors express their thanks to Drs. Berson 
and E’alow for their ACTH analyses of the plasma 
samples of these subjects. 
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