
tions substantially above or below the 
horizontal (30" to 45", for example). 

These acoustic observations suggest 
that a change in the location of the sound 
source over a vertical angle span from 
horizontal to  45" above or  below the 
horizontal is associated with a change 
from 45 to 60 psec in the delay of the 
external ear's secondary reflection after 
the primary impulse. Experiments on the 
ability of Eptesicus fuscus to  perceive 
changes in the time of occurrence of 
echoes of sonar signals much like those 
emitted in this vertical angle experiment 
indicate an echo delay acuity of about 1 
ILsec (12). Since vertical angles spanning 
45" are accompanied by external ear 
echo delay changes of 15 psec, the bat 
ought to  be able to perceive a vertical 
angle change of 3" if its 1-psec, echo 
delay acuity applies to external ear  ech- 
oes also. Thus, there is good correspon- 
dence between the vertical angle acuity 
demonstrated in Fig. 1 and the acuity 
expected if the external ear  secondary 
reflection is, in fact, perceived as  a de- 
layed reflection of the sonar echo arriv- 
ing directly at the ear canal. 

Such a correspondence suggests that 
the tragus functions as  a reflecting sur- 
face in generating acoustic cues for verti- 
cal localization of sonar targets by Epte- 
sicus ~ U S C U S .  The tragus produces a sec- 
ond, slightly longer path for sound to 
travel along to the ear canal, in effect 
simulating a second opening leading to 
the tympanic membrane. The neural 
mechanisms of vertical localization in 
this bat must involve cells specialized for 
responding to secondary reflections with 
delays of 45 to 60 psec, and they may 
make up one of the many nuclei of the 
lower auditory system. It is not entirely 
clear what roles time- and frequency- 
domain representations of echoes play in 
vertical localization: does the auditory 
system "observe" the timing of nerve 
spikes to evaluate these reflections, or 
does it observe peaks and nulls in the 
composite spectrum of primary and sec- 
ondary signals? The echo delay discrimi- 
nation experiments (12) indicate that the 
former is likely. 
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Type A Behavior and Elevated Physiological and 

Neuroendocrine Responses to Cognitive Tasks 

Abstract. &ualitatively distinct patterns of cardiovascular and neuroendocrine 
responses were observed in male college students during mental work and during 
sensory intake task performance. During mental work, Type A (coronary-prone) 
subjects showed greater muscle vasodilatation and more enhanced secretion of 
norepinephrine, epinephrine, and cortisol than Type B subjects. During sensory 
intake, Type A hyperresponsivity was found for testosterone and, among those 
subjects with a positive family history of hypertension, for cortisol. As a demonstra- 
tion of combined cardiovascular, sympathetic nervous system, and neuroendocrine 
hyperresponsivity to spec8c  cognitive tasks in Type A subjects, this study breaks 
ground in the search for mechanisms mediating the increased coronary disease risk 
among Type A persons. 

It is now generally accepted that the 
Type A behavior pattern is an indepen- 
dent risk factor for acute coronary 
events, and there is also extensive evi- 
dence that Type A persons show more 
severe and extensive coronary athero- 
sclerosis on coronary arteriography (I).  
Studies of Type A persons documenting 
both cardiovascular and catecholamine 
hyperresponsivity to  a variety of behav- 
ioral challenges have led to  the hypothe- 
sis that such hyperresponsivity repre- 
sents a mechanism for the expression of 
excess coronary events and atheroscle- 
rosis among Type A persons (2). Rarely 
are both cardiovascular and catechol- 
amine responses assessed in the same 
study, and the secretion of other neuro- 
endocrine substances in response to  be- 
havioral challenge among Type A and B 
subjects has not been assessed at  all. 
Although available studies lack consist- 
ency regarding which response measures 
are enhanced among Type A persons, 
they, and not the Type B's, have been 
the ones to  show hyperresponsivity. For  
example, during work on an impossible 
jigsaw puzzle in the presence of loud 
noise, Type A subjects showed exces- 
sive norepinephrine but not epinephrine 
secretion (3); during a competitive televi- 
sion "pong" game with harassment, 
however, they showed hyperrespon- 
sivity only in epinephrine secretion (4). 
Some studies of cardiovascular respons- 

es to behavioral challenge have found 
hyperresponsivity in systolic blood pres- 
sure, heart rate, or both among Type A 
subjects (5). These studies have used a 
wide variety of behavioral challenges 
with varying types of incentive and ha- 
rassment. 

Mason has proposed that a given 
neuroendocrine substance does not re- 
spond to a behavioral challenge in isola- 
tion but as one component of a broad 
array of multiple, concurrent responses; 
in addition, different types of challenge 
may elicit different patterns of neuroen- 
docrine response (6). On the basis of 
Mason's suggestions (6), on theorizing 
by Lacey and Lacey (3, and on our 
findings of muscle vasodilatation during 
mental work behavior and muscle vaso- 
constriction during sensory intake (a), 
we have proposed that these two behav- 
iors are associated with qualitatively dis- 
tinct patterns of both cardiovascular and 
neuroendocrine response, and that en- 
hanced expression of these patterns 
could explain the increased risk of coro- 
nary heart disease among Type A per- 
sons (9). Accordingly, we evaluated a 
broad range of cardiovascular and neuro- 
endocrine responses among Type A and 
B subjects during mental arithmetic 
(mental work) and reaction time (sensory 
intake) tasks. The Type A subjects were 
hyperresponsive on both cardiovascular 
and neuroendocrine measures. The pat- 
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Table I .  Cardiovascular and neuroendocrine responses (change from baseline) during performance of mental arithmetic and reaction time tasks 
among Type A and B subjects. Each value represents the mean + standard error of the mean. N.S., not significant. 

Response 

Cardiovascular 
Heart rate (beatimin) 
Systollc blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
FBF (ml per 100 ml per rnlnute) 
FVR (100 mlimln) 

Neuroendocrine 
Norepinephrine (pgiml) 
Epinephrine (pgiml) 
Cortlsol (kg per 100 ml) 
Prolactln (ngirnl) 
Testosterone (ngiml) 

Mental arithmetic 

N.S. 
N.S. 
N.S. 
.02 
.01 

.05 

.05 
,006 
N.S. 
N.S. 

Reaction time 
-- 

A (N = 11) B (N = 10) PI 

+2 i 1 N.S. 
+6 i 2 N.S. 
+7 i 2 N.S. 
-0.1 ? 0.1 N.S. 
+6.1 i 3.2 N.S. 

+37 ? 2 0  N.S. 
+ I5  + 19 N.S. 
-0.6 + 1.0 N.S. 
+ 1.2 2 0.7 N.S. 
-0.2 + 0.9 .05 

*Two-tailed t-test or analysis of covariance with baseline as covariate; criterion a = .05 

tern of such hyperresponsivity was not 
general, however, but specific for certain 
responses, as well as  for the two types of 
behavioral challenge. 

Subjects were 31 male undergradu- 
ates. Both the structured interview and 
the Jenkins Activity Survey (JAS) (10) 
were used to categorize subjects as  Type 
A or B. To  ensure the greatest possible 
confidence in assessment of this mea- 
sure, only those categorized as A 
( N  = 11) or B ( N  = 10) by both tech- 
niques were included in the final sample. 
None were taking any medication and all 
abstained from coffee and smoking for at 
least 4 hours before being tested. A 19- 
gauge butterfly needle was placed in a 
superficial arm vein, after which subjects 
rested in a comfortable chair for 1 hour. 
At this point transducers, electrodes, 
and blood pressure cuffs were attached 
to permit recording of blood pressure 
(BP) (by a Roche Arteriosonde), heart 
rate, and forearm blood flow (FBF) (by 
venous-occlusion plethysmography and 
a mercury-in-Silastic strain gauge). 
These variables were recorded simulta- 
neously at  1- to 1%-minute intervals 
throughout subsequent 20-minute base- 
line and task periods. Forearm vascular 
resistance (FVR) was also calculated 
(11). Continuous, integrated blood sam- 
ples were obtained throughout baseline 
and task periods with a continuous exfu- 
sion pump (Cormed), ensuring that no 
episodic secretory bursts of any hor- 
mone were missed because of blood- 
sampling technique. Measures were av- 
eraged over 7-minute intervals. The 
blood samples, representing three 7-min- 
ute epochs for both baseline and task 
periods, were spun down, and the plas- 
ma was frozen at  -40°C until subsequent 
assay. Catecholamines were assayed by 
a radioenzymatic technique (12). Corti- 
sol, prolactin, and testosterone were as- 

sayed by radioimmunoassay with com- 
mercial kits. We compared cardiovascu- 
lar and neuroendocrine responses of 
Type A and B subjects using the mean of 
the three baseline epochs versus the 
mean level obtained across the three task 
epochs. Responses were compared with 
t-tests, except for systolic and diastolic 
BP and FVR, for which analysis of co- 
variance (baseline as  covariate) was used 
because of baseline differences and the 
presence of significant correlations be- 
tween baseline and response magnitude. 
The mental work task was serial subtrac- 
tions of 13 from 7683, with a small prize 
at  the end of the study (6 months later) to 
the subject with the highest subtraction 
rate. A choice reaction time task with 
warning-respond signal pairs presented 

J A S  Type  A score 

Fig. 1. Diastolic blood pressure and cortisol 
responses to the reaction time task as a func- 
tion of Type A score on the Jenkins Activity 
Survey (JAS) in subjects with (----) and 
without a positive family history (- - - -) of 
cardiovascular disease. Higher scores reflect 
increased Type A behavior. 

every 1 to 1 % minute was used to induce 
sensory intake. Subjects were tested at 
the same time of day on two separate 
occasions, 1 week apart, with half the 
subjects performing the mental work 
task first. 

Type A subjects exhibited hyperre- 
sponsivity, but only on certain measures 
and only during certain tasks (Table 1). 
During mental arithmetic, FVR de- 
creased nearly three times as much for 
Type A as  for Type B subjects, indicat- 
ing a greater active muscle vasodilata- 
tion. In contrast, heart rate and blood 
pressure did not differ between groups. 
During mental arithmetic, Type A sub- 
jects showed greater increases than Type 
B subjects in norepinephrine, epineph- 
rine, and cortisol but not in prolactin and 
testosterone. 

During the reaction time task, the only 
significant difference between groups 
was an increase in testosterone among 
Type A subjects. Katkin et  al. (13), 
however, found that among subjects 
with a positive family history (+FH)  of 
cardiovascular disease, Type A (JAS- 
defined) subjects showed vasomotor hy- 
perresponsivity during a reaction time 
task relative to Type B subjects; in the 
absence of a + F H ,  Type A subjects 
were, if anything, hyporesponsive. 
Therefore, we evaluated the Type A/ 
+ F H  (defined as  myocardial infarction, 
angina, o r  hypertension in a parent or 
sibling) interaction with respect to  car- 
diovascular and neuroendocrine re- 
sponses to our reaction time task. A 
strongly significant [F(1, 27) = 8.3 1, 
P = .008] interaction effect was found 
for the cortisol response; a similar ten- 
dency for diastolic BP was not signifi- 
cant ( P  = . I  1). Only in the presence of a 
+ F H  ( N  = 7; relatives of six of these 
had hypertension) did Type A subjects 
exhibit hyperresponsivity relative to 
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Type B subjects (Fig. 1). Despite their 
cardiovascular and neuroendocrine hy- 
perresponsivity, Type A subjects per- 
formed no better on either task than 
Type B subjects. 

These findings suggest that young 
Type A men are not generally hyperre- 
sponsive to  environmental challenge, but 
are specifically hyperresponsive only in 
certain physiological responses and only 
as a function of the type of challenge and 
genetic predisposition. 

Our findings have potentially far- 
reaching implications for understanding 
mechanisms underlying the increased 
coronary disease risk observed among 
Type A persons. The combination of 
catecholamine and cortisol hyperrespon- 
sivity among Type A subjects could be 
particularly important in the pathogene- 
sis of both coronary atherosclerosis and 
acute coronary events. Cortisol both 
stimulates catecholamine-synthesizing 
enzymes and inhibits a major catechol- 
amine-degrading enzyme, catechol 
methyltransferase, as well as  increases 
the sensitivity of adrenergic receptors to  
a given concentration of neurotrans- 
mitter (14). Hence, among Type A per- 
sons, the physiologic and metabolic ef- 
fects of any given level of sympathetic 
activation could be potentiated by con- 
comitant enhanced adrenocortical arous- 
al. That such a mechanism may play 
such a role in accelerated atherogenesis 
is supported by the observation among 
Air Force personnel that elevated serial 
plasma coritsol cohcentrations during an 
oral glucose tolerance test are associated 
with increased severity of arteriographi- 
cally documented coronary atheroscle- 
rosis (15). Since exogenous testosterone 
accelerates atherogenesis in rats (l6), the 
testosterone hyperresponsivity of Type 
A subjects during sensory intake could 
also play a role in atherogenesis. 

Prior s t u d ~ e s  (5) have found differ- 
ences between Types A and B in heart 
rate and blood pressure responses to  
tasks superficially similar to  those we 
have used. In nearly all cases, however, 
the tasks contained elements of both 
sensory intake and mental work, as well 
as some form of harassment. In addition, 
none of these studies have quantified 
peripheral hemodynamics so as to permit 
the drawing of sound inferences regard- 
ing specific mechanisms of pressor re- 
sponses. We did not harass subjects, and 
we used a sensory intake or mental work 
task that was relatively free from con- 
tamination by the other behavioral 
mode. We found a greater muscle vaso- 
dilatation for Type A subjects during 
mental work but no difference in BP 

responses. The relatively "pure" senso- 
ry intake and mental work tasks without 
harassment seem to have resulted in 
more specific differentiation of cardio- 
vascular responses of Types A and B. 
Thus, the greater muscle vasodilatation 
among Type A subjects attenuated any 
BP increase that might have resulted 
from their marginally greater heart rate 
increase. While our findings are in gener- 
al agreement with the observation of 
greater catecholamine response among 
Type A subjects in other studies (3, 4), 
our data represent, to  our knowledge, 
the first evidence of Type A hyperre- 
sponsivity with respect to  other plasma 
neuroendocrine measures. 

Neither Type A or B subjects showed 
the expected significant increase in FVR 
during the reaction time task, and the 
Type B subjects' small increase in FVR 
from resting levels was also not signif- 
icant. Subsequent studies (17) have 
shown that with more frequent presenta- 
tion of stimuli than every 1 to  1 % minute, 
a significant FVR increase is observed. 
Despite the lack of predicted FVR in- 
crease in this study, the greater testos- 
terone response of Type A subjects to  
the reaction time but not to  the mental 
arithmetic task supports the utility of our 
initial premise that these two behaviors 
would lead to different patterns of arous- 
al. Further studies will be required, how- 
ever, to  document that it is the sensory 
intake-rejection dimension and not an- 
other (such as  task difficulty or level of 
subject involvement) that is responsible 
for the differences in response pattern 
between the mental arithmetic and reac- 
tion time tasks. 

We have no ready explanation for the 
Type A-FH interaction, although it is 
clearly related to  hypertension; we have 
now replicated it with respect to  FVR 
and systolic B P  responses to  a different 
sensory intake task (17). Considering the 
relatively small number of subjects with 
+ F H  in our studies, some variability in 
the measures in which it is expressed is 
not surprising. Selecting subjects for this 
characteristic would ensure greater pow- 
er in studying the interaction. Its replica- 
tion in three separate studies provides 
strong evidence that this finding merits 
further investigation. 

To  the extent that the specific cardlo- 
vascular and neuroendocrine hyperre- 
sponsivity we have found in the labora- 
tory among Type A subjects during per- 
formance of mental work and sensory 
intake tasks also occurs among Type A 
persons when performing these ubiqui- 
tous behaviors in the real world, our 
findings could help to identify basic 

mechanisms mediating the increased risk 
of coronary heart disease among Type A 
persons. Such knowledge could be ap- 
plied to  the formulation of both pharma- 
cological and behavioral interventions 
designed to reduce the risk of such dis- 
ease. 
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