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Abstract
EFFECTS OF AEROBIC EXERCISE ON

TYPE A PHYSIOLOGICAL HYPERREACTIVITY .

Barbara J. Hollander
Recent studies have‘suggested that Type A individuals may
be more susceptible to éoronary heart disease because of
their éxagerrated physiological -reactivity to challenge.
The ﬁresent study evaluated the efficacy of aerobic

exercise, which improves cardiorespiratory fitness, in

modifying physiological hyperreactivity to mental stress.

'Twenty—sixﬁhealthy, male, T}pe A hyperreactors were

randomly assigned to aerobic exercise or stress management
programs which met for 1 hour, 3 times weekly, for 6

weeks. Pre and post test sessions, in a-control Yed

laboratory setting, assessed: cardiorespiratory fitﬁess'

/7

by the estimated VO2 max level derived from the mean heart
rate obtained during the last two minutes of a submaximal
bicycle ergometer test;and;gﬁysiological reactivity by
measures of heart tate,\plcod pressure, epinephrine and
noreﬁ{nephrine sampledﬁthSf to, during, and followiﬁg
termination of two counterbalanced mental stress tasks.

After training, Group Exercise subjects demonstrated a

significant improvement in cardiorespiratory fitness, and
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a significant decline in heart rate reactivity dur}hg

recovery from mental stress, whereas, the non-exercising
control group remained unchanged. These findings suggest -

that aerobic exercise-.has potential as an intervention

technique in modifying physiological hyperreactivity

'mgnifested by Typé A individuals, which ma} lead to a

reduced risk for cotonary heart disease.

.
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The-Type A behavzor pattern, which'encompasses such '

characteristics as excessive achievement striwing,"

impatience, time urgency anq/gggressdveness. has recently

)

been established as an’independent risk factor for'

‘ n

h coronary heart disease (CHD) (Rev1ew Pénel on Coronary-'

Prone Behavior anduCoronary Heart Disease, 1981). An

increasing body of evidence'suggésts that €he’excessive',

sympathetic reactivity to chall\eng,e display‘ed b&-‘r&‘pe.n o

individuals may contribute to this increased risk. Type

As, when compared to- their more relaxed Type B

" counterparts, have been found to. exn&bit a greater rise of.

v
heartbrate, systolic and/or diastolic blood pressure, and

a

catecholamine secretion during exposure to laboratory
stressors (Dembroski; MawtDougall, & Shields, 1977{

Dembroski, MacDougall,‘Shields, Pettito, & TLushene, 1973;

Pittner & Houston, 1980). Although the exact

phésiological mechanisms mediating CHD are bresently a |

matter of speculation, results from animal studiesjsuggest

that ~sympathetic reactivity may be impldicated (Herd, 1978;

Schneiderman, 1978). However, given what is known, it is

i

possible to explore intervention strategies'that’may“
influence sympathetic reactivityi: One: possibility is

aerobic exercise, which over time produces physioloqical'

changes that improve cardiorespiratory fitness (Clausen,

1977). These include the following: a reouctiontin bea&t:

O e
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; rat; and blood prgssurd a£ rest ané during @iércise
) (Clausen, 1977); and an inc;eased oxygen t:anséqrt
Eapﬁcity of the‘circulatory system (Clausen, 1977).
. Siud{eS'have-shown(;hat these chandes also modify -
sympatheéic reactivity to.ﬂaih physical‘ahd‘psyégos&cial
' stress (Clausen, 1977; Cox,'Evan;,~&§Jh;§esqﬁx»1979ﬁj'
Keller, 1981). If it can be shown that the physiological
changes ﬁ;oduced by aerobic exgrcisg\also modify
- sympathetic reactivity in Type A inﬂividuals, this pgy'm
have important implications for future prospective )
. : .

research. ' '

. . - i
Type A Behavior Pattern : k\

— e e S e — s ayn ma— a—

. i
noted in the literature for nearly one hundred years.

OSier (1692) . first ;escribed the coronary patieﬁt aé 3
"keen and ambitious man, the indicator of whpse‘engin§s
are set at full speed ahead™. Other researchers added
attributes of aggressive tendencies, compqlsive étriving,

!

and hard-driving, goal-directed behavid; to this

‘description (Arlow, 1945; Dunbar, 1943; Gilbe$¥ 1949&*1\ \i

i
Menninger & Menninger, 1936). However, it was pot/until

: . .
/ the 1950s that two cardiologists, Meyer Friedman and Ray —

Rosenman, combined such attribu;es to form a behavioral

concept (Friedmanl& Rosenman, ; 1974). Coné¢erned that




ttaditfonal heart disease riek Eactors (e;c., smoking,
diet, exerciee:habite) could accodnt for only ha;ﬁ cf the
incidence of CHD, Friedman and Rosenman began to
systematically observe their patxents (Friedman &

Rosenman, 1974). They found that most of their goronary

patients under the age of 60 65 years exhxblted a certain-

~constellation of behavioral cngracterlstlcs now known as

the Type A behavior pattern (TABP) ( Friedman, 1978).-;

The TABP i defined as "an action<emotion complex that

-

can be observed in any person who is aggressively involved .

in a chronic, incessant struggle to achieve mo;e\and more

o v :
in less and less time, and if required to do so, jgainst

the opposing efforts of other things or other persons”.

~(Friedman & Rosenman, 1974). The major facets’of.TABP are
a chronxc sense of t1me urgency, a striving for grea@er
achlevement in both vocatlonal and axocat1onal‘endeavours,
~and an enhanced aggressxveness whzch,at tlm?ﬁ cén evolve
into compet1t1ve bostillty (Jenkins, 1979). Overt

A}

cnaracterlstics of these facets includé: explosiv%, Youd,

~

-terse, accelerated speech patterns- a hard-driving life

style, a tendency to be self-centered; polyphasic thoughts

L 3

and actions- an impatience with slow-moving events, a’

general appearance’ of hyperalertness and restlessness; an

obsesssion to continually prove self-worth by achieving
L

the m(axiﬁlﬁn number of goals in a minimal amount of ti}ne:
/ - . LY -
Q ' )
S, Ry
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and a compulsive attraction to cohpetition and challenge,
even in avocational pursuits (Friedman & Rosehman,‘l974).
"An intense exhibition of most of these characteristics' is
called Type A-i'behavio:. whereas, a less overt, less
.gxaggerated display is called Type A—2 behavior (Rosenman,
1978). A reldative absenée of Type A character{stics is

[ A

3alled'Typg B behavior. This is not a unique pattern,

rather, it is a lack of the extreme, intense tjpe of.-

responding seen.in the Type A. This is characterized by a .

more relaxed, easy-going life style with few signs of time
urgency, competitiveness, impatience and aggressive drive
(Rosenman, 1978)! An equal'distribution of Type A and

Type B characteristics is called Type X behavior. This

senman, 1978). .- <

Finally, it must be. emphasized that TABP is not

t

considered to be a trait, stress situation, or distressed’

response. - Rather , it is a style of overt béhavipr

elicited in susceptible pebple by situations in their -

<

’environmént that they perceive.§S€challengtng'(Rosenman,

1978). '

Assessment of Type A Behavior Pattern. The two most

common measures used to assess TABP are phe Structured

-

Interview (SI) (Rosenman, Friedman, Straus, Wurm,
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\kbéﬁtcbek; Hahn & Werthessen, '1964), and tée Jenkins
Activity Survey (JAS) ﬂJénkins, Rosenman, & Friedman,

-«

1967) . p <

The SI is a challenge situation consisting of
. - , X&
approximately 22 quesions which ar;\siigally administered

and subsequently evaluated by trained personnel. Several
questions are asked for tbe,specific content of their
sanswers (e.g. "How do you feel aboht waiting in lines,
Pank.lines, supermarket lines? When you play games with
‘people your own age, do you play for the fun of it, or are
you really in there to win?")., Others are designed, by
their manner of presentation, to eligit the
characteristics of TABP. For example, "Most people who .
}ork have to get hp fairly early in the morning - in your
particular case, uh-what-time-uh-do-you-uh, ordinarily uh-
uh-to-uh;uh-get—up?" A gggical Type A will interrupt and
answer prior to thd completion of this long, drawn-out
question. Other techniques used during the interview are:

swering; giving a

interrupting while the quQect is

. series of questions rapidly; and chail hging the accuracy

of a res?Onse fRosenman, 1978). During-the intgfview,
several nonverbal, over; behavioral Eharacterisgics are
also ﬁoted.‘ These include: voice quality, speech
hurrying, attitude, hgpeialertnessr gestures and
mbvemengs; facial expressions, and sighing‘(Rgsénman,

1,

«

v

>
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1978). Although the content of the respo‘nses is
cox_xsidered, assessment of TABP is primarily based upon the
foregoing specific psychomotor m;nﬂeiiéms observed during
the interview (Rosenman, 1978).'

- The JAS isl‘ a self-administered, -compﬁter«-scored
questionnaire of approximately 50 mult;ple-choié‘e
questions, similar to those used in the SI. It was
developed £0 provide a convenient and inexpensive

psychometric method of assessing TABP in large-scale

studies (Jenkins et al., 1967). The JAS scale is

standardized to have a mean of 0.0 and a standard

S

deviation of 10.0. Positive scores indicate TABP, whereas
o o
negative scores inﬁ;icate Type B behavior (Jenkins et al.,

1967).

Both measures appear to be reliable. For example, the
interview method was found to have a test-retest
reliability of 80% over a period of 12 to 20 months

{
(Rosenman, 1978). Similarly, interrater agreement on

several occasions has ranggd from 76 to 88% (Rosenman,

}

197K Test—retest correlations fQr the JAS ranged from
to .70 over a four year interval, and in one study,

.60

correlations between raters were approximately .70

(Jenkins, 1978).

The main criticism of both measures has been their

' subjective nature (Rosenman, 1978). Type A individuals
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‘.are often not awaré of their style of‘ behavior, which
. leads to inaccurate respgnses. However, the SI partially
. Eontrols for this subjectivity by basi;;;g assessment ‘mainly
on observed interview Eehavior, which is more difficult to
disguise than self-report (Rosenman, 1978). ,
To summarize, the SI and JAS are curx;ently the two
most utilized methods: for assessing TABP. Although both

methods are reliable, they are also, by virtue of their

gself~report forma,t,.‘ both vulnerable to deception. ,
5 ' ,Hové;vef, becausé the SI takes imtdb accoupt hard to ;

diéé(xise psychomotor cﬁaractéristi‘cs, it is felt to be the ﬁ
the more valid measure.

. Type A Behavior and Corofary Heart Disease

Epidemi'dlogical' evidence. Numerous studies have

i

verified that the TABP is an independent risk factor for

CHD (see Cooper, Detre, & Weiss, 1981; Dembroski, Weiss,

1 {

Shields, Haynes, & Feinleib, 1978 for reviews). Thé most
_"s'ignificant support for this association comes f?om the‘)"
Wgs_tern Collaborative Group Study (WCGS) conducted by
Rosenman et ?l. (1964). In this prospective study, 3,154 -
, initially well, middie-aged Americ;an men were-cl“assif‘ied

as Type A or 'B at intake, and t:h_en wvere followed for the

develow{ent of CHD over a 8.5 year period. Results showed ~

that Type As had ;n _éstimated" risk of developing CHD 2.37

times that of Type Bs (Rosenman, Brand, Jenkins, Fxr:iedman, .




Straus, & Wurm{ 1975).

finding that when the major traditional risk factors of

- age, systolic bdood pressure, cholesferol %evel, and
~smoking were statistically controlled, the indépendené
Type A risk factgﬁ off CHD only decreaséd to 1.97
(Rosenman, Brand, Sholt + & Friedman,, 1976). Further
analyses, among men surviving their first coronary
episode, showed an assaciation between TABP and:reéurrence
of myocardial infarction. | The JQS score was found to be a
stronger ﬁredic;or of ngdﬁfarction than either smoking'or

serum cholesterol level {(Jenkins, Zyzanski, & Rosenman,

1976).

’

Framiqgham, another large-scale prospeétive study, has
. recently confirmed these findings (Haynes, Feinleib, &
Kannel, 1980). 'In both men and woﬁen, TABP was found to
~be associated with a twofold risk of CHD: Aga{n, this
association was independent of other standérd cdronary

L4 -

risk factors.

Relation to Coronary Atherogtlerosis. The association

between TABP and CHD .has been furthef~s€}engthened by
evidence suggesting that the behavior pattern contributes

. R ]
to the increased deye{opment of atherosclerosis.

! \
Postmortem findings from the WCGS revealed that Type A

subjects, regardless of cause of death, ‘exhibited

significantly greater degrees of apherosclerosié than did

/

Even more important was the

GO ) m‘:
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Type B (Friedman, Rosenman, Straus, Wurm, & Kositchek,
1968). 1In addition, coronary angiography studies have
also demonstrated a strong relation between TABP and

extent of atherosclerosis in the coronary “arteries

(Blumenthal, Williams, kong, Thompson, Jehkins, &

Rogsenman, 1978; 2Zyzanski, Jenkins, Ryan, Flessas, &
Everist, 1976), and a faster progression in‘the
devglopment of atherosclerotic plaques (Krantz, Sanmarpo,
Selvester, & Matthews, 1979). Although these
correlational studies are subject to selection bias, and
one reéent failure to replicate.has appeared (Dimsdale,

Hackett, Butter, & Block, 1980), there still réﬁainslsome

Eircumstantial evidence that TABP influences the

atherosclerotic process. +

Prevalence rate. The prevalence rate of TABP, in the

general population, is as yet unknown. The WCGS, which
was comprised of middle class, employed males over age 39
years, classified 50% of its sample as exhibiting TABP

(Rosenman, et al., 1964). Other studies using

subpopulations have found: 1)a higher prevalence in-white ———

than in blue-collar workers (How;rd,‘Cunningham. &

Rechnitzer, 1977); 2)no difference in. prevalence between

middle aged men and women when equated for education and

race, but a higher prevalence in Qdmen working full-time

compared to women working part-time or to housewives

3

e,

&-
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(Waldron, Zyzanski, Simekelle, Jenkins, & Tannebaum, 1977);
3) a higher prevalence in mainland U.S. than in Europe or
Hawaii (Zyzanski, 1§78): 4) a positive correlation between
prevalence and occupational status (Zy‘zans’k.i. 1978); and
S) a negative correlation between prevalence and younger
adults aged 20-25 year.s JZyzanski, 1978). foza, at

present, the highest concentration o'f‘TABP can be found in

| middle—aged Americans workirig in white-col lar .occupations.

In suminary, TABP is now recognized as a widespread,
independent risk facter for CHD in an important

suypulation of our society. Recently, the Nat‘ional

+ Heart, Lung, and Blood Institute organized a distinguished

-t

review panel to evaluate the accumulating evidence on the

associai:ion between TABP and CHD. Their conclusion was:

' "The review panel accepts the available body of scientific

evidence as demonstrating that type A behavior...is

associated with an increased risk of clinically apparent

CHD in employed, middle-aged U.S. citizens. This risk is’

greater than that imposed by age, elevated values of

" systolic blood pressure and serum cholesterol, and smoking?‘ '

and appears to be of the same order of magnitude as the

relative risk associated with the latter three of these

other factors." (Review Panel “on Coronary-Prone Beh?fw;ior :

and Coronary Heart Disease, 1981).

e
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Type A Beha\&kbr and Physiological Reactivity
N ' B 4 {
Physiological studies. In response to biochemical and

environmental challenge, Type As display enhanced
reactivity on a nu}nber of physiological dimensions
susgected of playing a 'rol'e in the pathogenesis of C!%D.
Initial investigations found differences in'biochemical
and neuro;andocrine- functioni_h‘g between middle-aged, male
Type A-1 (extreme Type A) and Type B §ubjects. In
contrast to their Type B counterpart's, Type A-1 subjects
exhibited: ' 1l)higher le\}els o‘f norepinephrine during
wor‘king ‘hours, and in response to a éompetit'ive co'ntest
(Friedman, Byers, Diamant, & Rosenman,~ 1975; Friedman, St.
George, & By‘ers, 196/0); 2)aq€elerated blood coagulation
(Friedman & Rosenman, 1959); 3)chronic elevation of
plasma cholesterol (Friedman, Byers, Rosenman, &’ Elevitch,
1970; Friedrﬁén & Rosenman, 1959); 4)increased serum
triglycerides before and after fat ingestion, witi’x
Qronou‘nced sludging of erythocytes during the postprandial
cycle (Friedman, Rosenman, & Byers, 1964); 5)greater
ir;sulenemia response to glucose challenge (Friedman et .
al., 1970); 6)higher serum levels of corticotropin
(FF‘iedman', Byers, & Rosenman, 1972); and 7)decreased
growth hormone response to arginine (Friedman, Byers,
Rosenman, & Nueman, 1971).

Investigations using contrived laboratory challenges

©x




have. also reporged‘differences in'physiologicaL
functioning between the behavior types. .AIthodgh né A-B
differences were obéerved during reg}ing baseline periodg;

. he . - ~‘A:{1“I'

when confronted by appropriately challenging or stressful

. tasks, Type As typically exhibitedhsignificantly greater '

increases in. plasma epinephrine or -norepinephrine, heart .

rate, and blood preésurg than their Type/B counterparts
(Dembroski et al, 1977; b?mbéoski e£-al, igié; Dembroski,
Macbhougall, ééﬁd, & Shielés} 1979; Friedmén et al., 1975;
Glass, Krakoff, Contrada, Hilton, Kehoe, Mannucci,
Collins, Snow, & Elting, 1980; Manuck, Craft, & Gold,
1978; . Pittner & HBuston, '1980; Van Egeren, 1979). ‘

The use of controlled laboratory tasks, in this type

of Study, has provided insight into the circumst7ﬂces -,

which-evoke the differential responding observed in Type
As. These events can be described as frustrating (Glass,
et al., 1980), difficult .(Dembroski et al., 1978;

Dembroski et al., 1979; Friedman et al., 1975), moderately

competitive (Dembroski et al., 1979; Glass et al., 1980), .

‘or requiring patience (Lundberg & Forsman, 1979). High
‘incentive or highly compe€fitive situations (Manucﬂ &

Garland, 1979; Glass.et al., 1980) did not yield A-B’

k-3

" differences. Under these conditions the Type Bs were
found to be as responsive as the Type As. It is also

noteworthy that two recent studies found TABP. to be

3
!
/

-
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131gniflcant1y correlated w1th greater blood pressute‘7

responsesﬁln anethesized patlents under901ng coronary

"bypgss surgery '(Kahn, Kornfeld, Frank, Hel ler, & Hoar,

1980;'Krentz. Arabian, Dav;a, & Parker{ 19§2). Tpese
results suggest that"the'overt behavioral charatteristics
observed in Type As mey predict rather than elicit &
heightened(fg;;ﬂb ogical responsiveness;

:A few }abora ory studies have failéo ro find any
difference in physiological reactvityggetweenithe'gehavior

types. In a choice-reaction time task, during which each

? > '
subject maintained control over the pace, no A-B

'differences were foynd in urinary catecholamines

(Frankenhauser, Lundberg, & Forsman, 1980). Lovallo and
Pishkin (1980) found no A-B dlfferences in heart rate and

blood pressure  following exposure to failure or

‘*uncontrollabie noise. Scherwitz, Berton and Leventhal

(1978) reported no A-B differences -in heart rate and blood

‘Pressure reactivity across a battery of tasks until

subjects were subdivided according to the number of self-
references (I, me, -my, mine) they made during the
Structured Interview. ‘Then, the highest levelsfof

systolic blood pressure during baseline and task

perfo:mance were found to occur in Type A individuals who.

made many self- references. These results~suggest that"

N

§
. Type As are not'un1formly more physiologically responsive

o
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than Type Bs, which might explain the fact wixy only s;me
Type Avin.dividuals develop CHD. They also underline tBe
i'm'por:-tance of continued rese‘arch into the envireonmental
variables which evoke A-B differences.

Nevertheless, there is a considerable body of research
that offers some support for ‘the idea that Type A and B
subjects, under specific ’seés of environmental
circumstances, differ in physiological arousal. When
ch‘alleng'ed, Type A individuals display excessive and
sustained leveis of defensive- physiological arousal
inappropriate to the demands of the situ;a‘tion.' At
pregsent, it is not clear whethe¢: the enhanced aggressive,
impatient, hard-driving characteristics of the TABP result
in é lower threshold for peréeiving challenge,  or whether
the TABP reflects an.vunderlying excessive sympathetic
response to environmental stress (Review Panel on Coronary
Prone Behavior and Coronary Heart Disease, '1981). r

" Defensive physiological arousal. Defensive
physiological arousal |is an adaptive response, which
prepare; the body for vigorous muscular activity in order
to stand and fight, or to run from physical dangeér

(Cannon, 1953). The ultimate source of energy for

muscular activity comes from the oxidation _of/ or more

of the foodstuffs (e.g. carbohydrates, fats, and proteins
. %

(Guyton, 1981}). Thup, a threatening situation createsA'an

A T
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increased dqﬁand by the muscies for oxygen and fuel to

-

- provide eﬁergy for ant;bipated strenuous aétivity.

The purpose of defeﬁsive'physiological arousal is to
mobilize the body's energy resources for massive-and quick
motor activity (Eliot, 1976). 1Initially, there is a "mass
discharge"” of the sympathetic nervous system throughout
the B6dy. Eﬁ}s is a simultaneous release of the
neurotransmiéggt norephinephrine from sympathetic nerve
endings that terminate on various organs (Guyton, 1981).
The overall effect of "mass action” is a rapid chahge.in
end-organ activity, which results in alterations in
metabolic processes and cardiovascular functioning
(Guyton, 1981). vayggﬁ'levefé are increased by more
rapid, and deeper breathing and by dilation of the

bronchial tubes. Fuel levels are also elevated by

increases in the release of glucose from the'liver, blood

glucose coﬁcentration, and glycogenolysis in muscle. To

speed ‘up the conveyance of these resources, the
circulation of the blood is increased by an acceleration
of heagt rate, and a rise in cardiac output and blood
pressure. Further, the blood supply is redistributed from
less' vital areas, such as the gastrointestinal tract, to
the active muscles, myocardium and brain (Guyton, 1981).
Although the effects of s§ﬂbathetic neurai pgtivation

on. end-organ activity are immediate, they are not long-

s
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éerm; This is because the sympathetic nerves havg a
limited gbility ‘B constantly relesse norepineﬁhriﬁe
(Guyton, 1981){ Therefore, in ‘'order to prolon? defg’sive
arousal, the sympathetic nervous system aLZo stimulates
the adrenal medulla to release epinephrine and
norepinephrine into the bloodstream. The effects of these
two catecholamines are functionally identical to direct
sympathetic innervation, except for a 20 to 30 sec delay
in onset, aﬁd a tenfold increase in duration (Guyton,
1981). The sﬁm of these effects allows a person to perform

vigorous physical activity for extended periods of time.

Potential pathophysioclogical processes. Research has
generated abundant evidence that defensive arousal can
also be triggered by psychosocial situations that are

perceived as threatening but do not requir® vigorous

muscular activity (Froberg, Karlsson, Levi, & Lidberg,o

1971; Levi, 1972; Méson, 1968). As a result, the
mobilized resources intended to support physical exertion

are not utilized, which in turn proldngs the

sympafhoadrénomedullary mediated changes in blood

chemistry and cardiovascular activity (Eliot, '1976). The
question then arises whether these unresolved, prolonged
changes contribute to the diyelopﬁent of CHD. ’
Thus far, there is only indirect evidence to support .

such a hypothesi%. Animal studies have demonstrated that

- o . -
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dominant animals allowed to actively cope with predictable -
. ’ . -4 ,

aversive emotional or physical stresébrs respond with
sustained sympathetic arousal (Schpeidermanr'19783. Such

stimuYation, if proionged,‘was,fouﬁﬂ to brodude various

@

cardiovascular patho;ogidS: These include; -elevated serum

L4

" cholesterel and decreased clotting time (Friedman &

*

Rosenman, 1959), increased arterial pressure (ﬁerd, Morse,

Kelleher, & Jones, 1969), myofibrilar degeneration
' <

¥

(Corley..M%uck, & Shiel, 197%), qrd atherosclerosis

(Henry, Ely/‘Stephens, Ratcliffe, Santisteban, & Shapiro,

~

Type A indiJidaals, when actively'coping yith
challenges in their environment, aiso have béen found to
respond with sustained sympathetic arousal. If one
assumes that over time these individuals wodld be prone t5
develop CHD, it becomes necessary to try to identify the
pahhways whereby such arousai“might lead Ito
pathophyéiological processes. One possibility is the
sympathetic catecholamines, wh{ch havejbeen‘associatgd

.

with daripous cardiovascular pathologies. For example,

N ./’ i . N ]
categilamines have been demonstrated, to cause anatomical

damade to the heart. Myocardial lesions have been

produced in animals by the administration of exogenous

<

‘sgmpathetic catecholamines, with the severity and extent

-

1

s

of the lesion vatyiné directly with the dose and rate of

-~ %
%
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admi;istration }Baft, 1974).' Si@ilar myocardial "lesions
were found 1n patients dylng after prolonged infusicon' of
norepinephrine foE shock, or of pheochromocytopa (an
gérénal med la tumour which secretes lérge amounts of

epinephrine and'norephinephrine) (Baft, 1974).

e

. atecholamines may alsd play an indirect role in the -.

velopment of'atherosclerogi:;t;yhis disease has been
found to be associateé‘with sustainied elevations of blooa
cholesterol (Rosenman et al., 1964). Catecholamine
release promotes the formation of lipids (fatty acids),
which are subsequently transported to active cells where
tg;y are oxidized to give eng;g{’ﬁﬁﬁﬁ;n, 1981). iSurplus
qlrculatlng‘llp;ds, not uglllzed in the production of
energy, are eventually taken up by the liver for
degradation (Guyton, 198l1)., One product of @his break-
down is cholesterol-rich low densit§ lipoproteins (Guyton,
1981). Although cholesterol is an essent&al ingredient to
every organ of the body, it also infiltrates arterial
lesions to form atherosclerq;ic plagues (Guyton, 1981).
Hypercholésterblemia has been found to enhance fhe
severlty of these leélong/QGuyton, 1981). A chronic lack
of utilization of mobilized llpids might eventually lead
to incrgyased cholesterol deposits in the walls of
arteries. . - N

x-

\JU4Q<Tgh a.stgong relation between TABP and severity

-
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of éthefosclerosﬁs has been gound,thete is no direct

™~
evidence of the possible_Egghanisﬁs which might mediate
] 18

é%ch an. associat;on. However, there is considerab%é;

circumstantial evidence that a number of sympathetigziiy
: — !

influenced reactiwity differences, potentially related to-
9

. increased development of-atherosclerotic plaques, exist

begween Type A and Type B .individuals. These include the
following: elevated ‘levels of free fatty acids, serum
triglycerides, and plasma cholesterol during normal

I/ .

working hoﬁrs'(Ffiedman & Rosenman, 1959; Friedman et al.,

1970); and enhanced rates of blood coagulation (Priedman &

Olewine, Jenkins, Rémsey, 2yzanski,_Thomas, & Hams, 1974),

and sludging of erythrocytes (Friedman et al., 1964).

Intervention —

. )
The Review Panel KCOronary-Prone Behavior .and
;- ;

Coronary Heart Disease (1 lf\Q?s stated that ."the goal of

-,

intervention should be a change in level (intensity) of

A}

the type A patt;rn or a specific subset of its components

aqd/or changes in ‘level of relevant physiologic
mediators®”. 'The prospect then‘ariées that an intervention

which modifieg the physiological hypeireaptifity

manifested by Type As might furthd&r our knowledge of the
behavior-bﬁysiology relationship, and thus ultimately
contribute- to the prevention of CHD. -One potential

- - | ‘

'Rosenman, 1959), aggregation of blood platelets . (Simpson, =

)
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intervention is aerobic exercise, which over time produces

o

'physiologi.cal c‘hanges that improve car\diorespi‘ratory

fitness. ' é

Exercise g:éscription. The American College of Sports

Medicine (1975) has suggested that the prescription of
exerci;e follow certain basic_guidelim-rs. These include;
type ‘of exercise, iﬁ;nsity, dtlxration, and frequency. \

Cardiorespiratory fitness is enhanced and_maint.gined
Sy gxercises which: l)involve large muscle groups in low
tension; 2)arﬁe high r?petiﬁion contractions of a rythmic
nature; and 3)employ the aerobic pathway as the primary
source of energy (American College of Sports Medic{ﬁe?
1975). Aerobig exercises such as walking, jogging, and
cycling all fulfill these criteria, _

The intensity of the exercise is the most important
factor in the exercise prescription (Mathews &- Fox, 1976).
A minimal level of exé:ciseinten'sifgkis requir‘ed to
ensure training effects_, wgeré'as a max?mal éafe intensity
should not be exceeded. Because the injtial fitness level

determines this range, this parameter should be

individually prescribed (Mathews & Fox, 1976). For

example, depending upon initial fitness level, exercise '

intensity should beggreat enough to raise the heart rate
by at least 60% from the resting value to the maximal

value (Mathews & Fox, 1976). Therefore, a young low fit °’

—_— . [
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male with a resting heart ¥¥te of .70 beats per minute and
a maximal rate of 195 beats per minute would aim to have
his heart rate reach 195=70 = 125 X 0.6 = 75+70=145 beats

per minute during exercise. On the other hand, if this

subfkct were highly fit, his target rate would be an

increase of 80% from the resting value to the maximal
value. Similarly, a maximal safe intensity can be
estabiished f;r each individual. Tables to calculate
individual exergise heart rate ranges can-be found in ‘de
Vries (1980). '

The duration of exercise is dependent upon two
factors: the eneréy source being developed; and the
intensity of the exercise (American College of Sports
Medicine, 1975; Mathews & Fox, 19725. During exercise,
instant eneérgy is produced in the muscle cells via
anaerobic glycolysis (Guyton, 19812; Angécabic oﬁtpu#

declines after 2-5 mim and is replaced by aerobic energy

‘derived from reactions requiring oxygen (Guyton, 1981).

<
This lag between the start of exercise and the response of

the aerobic system is the time needed for the heart q -

lungs to begin delivering the extra oxygen required r

aerobic reactions (Mathews & Fox, 1976). DeGelopment of

the aerobic pathway therefore requires that the exercise
be maintained.for at least 5 minutes to allow the -aerobic

system to become&the primary source of muscular energy.

G
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There is also an inverse relationship between duration 07”

exercise and its ‘'intensity (American College of Sports

. Medicine, 1975). 'Although cardiorespiratdry improvements .

have been obtained with high intensity-shoft duration

sessions, these are not recommended for the average

<

subject entering an exercise program (American College of
N

Sports Medicine, 1975). 1Instead, sessions of moderate.

durations 120 to 30 minutes) and moderate intensities (60

,to 70% of functional capacity) are advised for the first

few weeks of a program. As cardiorespiratory fitness

_improves, the duration-intensity level can be gradually

increased to 45 minutes at 80% of functional capacity
(American College of Sports Medicine, 1975). Regardless
of the duration-intensity level, each exercise session

should be ‘preceded by yarm-ué exercises of increasing

~intensity to prepare the body for vigorous activity.

Similarly,. each session should be followéd by cooling down

. exercises of decreasing intensity to avoid muscle problems

such as shxn spllnts (de Vries, 1980).

Although there is a positive relationship between

frequency of exercise and improvement in cardiorespiratory

fitness, between three to five sessions a week are
recommended. Research has shown that only slightly higher
gains in improvement are realized with six or seven

sessions per week, whereas injury rates increase (Pollock,

. []
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Gettman, Milesis, Bah, Durstine, & Juohnson,' 1977).
Improvement in cardiorespiratory fitness is m@st rapid
at the beginning of an exercise program wheh fiéness is
poorest; The greatest rate oflchange can be s;en between
6 and 10 weeks, after whicﬁ progress becomes slower as the

fitness level improves (de Vries, 1980). However,

generally the longer the program, the greater will be the

" improvement in fitness (Mathews & Fox, 1976).

Measurement of cardiorespiratory fitness. The maximal
rate at which oxygen can be consumed per minute (V02 max)

is considered to be the single most accurate measure of

bcardiorespi;gtory fitness (Mathews & Fox, 1976). This is

because V02 max is limited by the abilfgy of the lungs,
heart, -blood, and circulatory system to capture and
transpo:ﬁ,oxygén to active muécles (Clausen, 1977). Thus,
higher rates of V02 max reflect higher levels oé
cardiotespiiatory fitness as more energy can produced with
less demand on the sygtem (Cla%gen, 1977). -

Direct meésurement of VO2 ma® involves an individual

1 —

breathing into a gasometer while working to exhaustion on

a treadmill. This method requires sophisticated
equipment, trained staff, and can be hazardous to the
subject (Mathews & Fox, 1976). For these reasons, safer,

less expensive tests have been developed that estimate VO2

max from submaximal exercise data. These testq_&re based‘f

-
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upoﬁmtwo facts: 1l)that heart rate is }inearly related to
oxygen conbumption during,work requiring 56 to 1008 of V02
max (work is defined as force X distance,ythus 100
kilograms lifted 3 metres = 300 kilogram metres of work):;
"and 2)that there is a constant'maximal heart rate for any
given population (Mathews & Fox, 1976). Astrand and

Rhyhming (1954) used these facts to develop a nomograg////////

that estimates V02 max from heart rate attained during
submaximal exercise tests. For example, while pedalling a N
stationary bicycle (ergometer), an individual is given a '
‘,seties of increasing workloads at 2 min intervals.. The:
workload that elicits a preselected heart rate of between
120 and 150 beats. per minute is then maintained ; further
4min after whick the test is terminated. The mean heart ‘
ratzrfor £he last 2 min of the test is then applied to-the
nomogram to derive an estimated VO2 max (Astrand &
Rhyming, 1954). . 2
Al‘though‘rthis test is widely used, it h’as been
criticized for its level of ei}or which varies according
to the workload used during the last six minutes of tﬁe
submaximal test. Greater worklbads have smaller standard
errors of prediction. Thus, the errors of prediction are
larger with unfit individuals who require a smaller
workload to attain the criterion heart rate (de Vries,

F 2

1980). However, de Vries (1980) has argued that in order




to avoid undue risk to the subject, a known standard error

v

is acceptable. Overall, this technique has a correlation

of 0.74 with tests uiing the direct method of obtaining
V02 max. The advantages of the Astrand-Rhyming tesgt are
that only about fifteen minutes of a subject's éime is
required, little equipment is needed, and minimal risk to

the subject is encountered (de Vries, 1971). v

Physiological effects of aerobic exercise. A regular
program of aerobic exerd&se'causes'physiglogical changes
tthat teduée the relative stress placed.upon.the
cardiorespiratory system duriné physical work. Skeletal
‘huscle ad;ptations include: l)an ]nc;ease in
concentration of myoglobin which reéleases stored oxygen to
the mitochondria during muscle contraction (Patténgale &
Holloszy, 1967); Z{an increaseiin both the size and nd;ber
of mitochondria associated with -an increase in their
capacity to oxiqize glycogen and’fatty acids aerobically
(Oscai, Mole, & Holloszy, 1971); and 3)a greéter
utilization of fat as an energy source during exercise
(Mole, Oscai, & Holloszy, 1971). The result of these
skeletal muscle changes is'én increase in~thq capacity to
produce energy aerobically. -

Three major circulatory effects of training are
apbarent during‘poth rest and exércise. Thesé are: a

decreased heart rate; an increased-cardiac stroke volume;
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‘and decreased blood pressure (Clausen, 1977).  The first
two te;ult in maintaining the same cardiac output at fewer
xbeaés pe; minut; (Mathews & Fox, 1976). Two different
_mechanisms are felt to contribute to the reduction in
" heart raté; The‘lowering of the resting heart ratetis
‘likely a diréct effect éf training on the heart, witﬁ the.
the amount of decrea;e depehdent upon the V02 max, cardiac
outpﬁt and\sxroke volume attained duriné tx?ining
AClausen, 1977). During exercise, the reduction may
result from reduéed sympathetic stimulation of thé heart.
This is suggested because the fall in exercise heart rate
is closely related to a fall in sfmpathegic
*vasoconstriction‘ activity in the 'splanchnic-hepatic
vascular bed. Further, the extent ‘of both these
redﬁééions is related to a coné;hixané"inéfease in V02 max
(Clausen, 1977). Although not proven, it is felt that
unknown receptors exist ‘which respondoto the demand
imposed on the muscle metabolic system in proportion to
its maxim;l capacity. If the system cannot meet the
dsmand, the sympathetic sttem is.activated. The énpénced
oxid;tive metabolic cap;city, due to training, therefore,
might lessen this degree 6f activation (Clausen, 1?75).
The fact that training élso reduces plasma cahécholamine

levels, which are considered an index of sympathetic

nervous ‘system activity, gives some support 'to this idea

Ny
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(Winder, H;ston, Hagberg, Ehsani, &.McClane, 1979).

'In summary, aerobic exercise training improves the
oxidative metabolic capacity of the skeletal muscle cells,
and the oxygen transport capacity of the circulatory
system. As a result the body's VO2 max is enhanced, thus
demanding less change in metabolic pattern and circulatory
regulationcduring exercise.

Effects of aerobic exercise on emotional reactivity.

Regent research suggests that the physiological effects of

r.‘~

aerobic exercise also modify sympéthetfé\;gactivity to

'psychosocial stress. Cox et al. (1979) foundlﬁhat

cardiorespiratory fitness was unrelated to heart rate
resﬂpnse during a series of psychosdcial stressors, but
was posztively correlated with qu1ckei heart rate recovery
to baseline during a 5 min period imgedlately following
the étress session., Similarly, Keller (1980) found no
relationship between E{tnessvlevel‘ and skin coﬁductance
response during a psychosocial stressor, but a positive
relationship during recovery. The fitter recovered more .
guickly. Hollander (Note 1) further explored the
relationship between fitness level and sympafhetic
reactivity by monitoring both heart rate and'skin
conductance during exposure to a pséchosocial stressor.
Again fitness level was<ﬁnrelated to either pﬂ&sioldgical

response during stress, but was positively correlated in
~ " . f

- .
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both with the speed of recovery to baseline,
: One recent study examined the effects of 1erobic
’ exercise on TABP (Blumenthal, Williams, Williams Jr., &
Wallace, 1980). sSignificant reductions of the JAS type A
scale following completion of a ten week aerobic exercise
program were found only for Type A subjécts; Type Bs did
not show any change. Although phyéiological reactivity
was not examined, improved physiological functioning
(increased HDL, decreased cholesterol and blood presgsure) ’
was observed in both groups.

These findings of the beneficial effects of aerobic
exeréise suggest that it has potential as an intervention
technique in modifying the physiological hyperreactivity
.manifested by Type A individuals.

Present Study

’

¢ The present experiment was undertaken t§ explore the
ef fects ofba six week aerobic exercise program on
physiological reactivity to controlled laboratory
stressors in Type A subjects; Volunteers, who had
previods%y been identified as healthy Type As, were
further screened for physiologiéal hyperreactivity during
two challenging mental tasks, andhfor a level of
-cafdiorespiratory fitness below 90% for their age group.

Only individuals meeting the above criteria were included

.in the study. Subjects, initially matched on fitness

!
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level, were randomly assigned to either Group Exercise,
" which received aerobic exercise training, or Group Stress
“Managemeqt, which received Eraining in stress management
techniques. A previous si:ud'y by Brochocka (Note 2) feund
that stress management techniques had little effect in
reducing hyp#reactivity in Type As. Thus, it was felt to
be not only a suit;ble control for Qubjeét expectancy and
group 'participation, but would‘also é,é/rve as a check for

any habituation of physiologicaLﬁkeactivity due to
<

o

repeated exposure to psychosocial stimuii.

All subjects were individually tested pre and post
treatment. 1In each test session the subject first
received two of four counterbalanced mental stress tasks,
and then a submaximal ergometer test for cardzsrespiratory
fitness. Phys{ological reactivi;y was assessed by
. measures of heart rate, systolic and diastolic blood
pressure, norepinephrine and epinephrine sampled prior to,
during, and following termination of the stress tasks.
Cardiorespiratory fitness Qas assessed by £he estimated
V02 max,level derived from tpe mean-heart rate obtained

during the last two minutes of the ergometer test (Astrand

& Rhyming, 1954).

Three major questions were explored. First, would
Type A hyperreactors randomly assigned to an aerobig

exercise program improve in cardiorespiratory fitness. A

N A

o
Y] : . '
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sééond question wai derfﬁgd from the observathn that the

physiolqgical effects of aerobic exéercise appear to modify’

heart ratg reacttviiy to psycpoédcia% stress. Post
tteatmgnt, affer exposure to méntgljstress, wqpld Group
Exercise show a décline,in heart rate reactivity? A third
and similar aim of the preseﬁt study was to determine
- whether éost treatment Group Exercise would also show
declines -in biood pressure and qatechoiamine reactivity
during reco?ery from mental stffss.‘.

N
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Subjects were recruited from 550 male,'Englfgﬁ
speaking Bell Canade‘ﬁanagers in central Montreal: During
a three month recruitment period, each menagé} receive;
twomailings of a le‘tter (see Appendix A) th'at ipvi>'t:'ed him
to participate in a fesea;ch'stress management p;ogram.
Of the 70 volunteers, 56 were invited to an*inierview at
‘the Bell Medical Department, while 14 were asked to join a

lking list. The interview con31sted of a'@rief

-f“ipt1on of the study, and an inltial screenzng to
identify cand1dates who exhlbited l)no hlstory of heart

disease, hypertension and diabetes, as indicated on a
‘ ' (

personal data questionnaire, and the London School of .

Hygiene‘queshionnaire‘(see Rose, 1962); 2)an asympéomatic
resting 12 lead electrocardiogram (ECG); 3)a resting blooé

pressure below 145/90 mm Hg; and 4)a presence of TABP as

assessed by the Structured,K Interview (Rosenman, 1978). Of'

the 56 individua;s initially screened, 25 were

disqualified for the following reasoﬁe: nine reported a

history of chest pain or high blood pressure; one had an -

ECG which was not acceptable; thirteen did not exhibit

»TABP} and two were not available during the treatment

program period. the 31 remaining candidates weie then -

further screened at thgﬁnepartment of Psycholoéy.

W

-
ey

"



b J

»

vmatched on fit

1
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-

_ Concordia University to identify those who: 1) exhibited

« physiolqglcal hyperreactlvity in response to challenging

mental arithmetic and anagram tasks (at least a 20%
increaee over baseline, in at least three of Ehe following
measures; heart rate, systolic and diastolic blood
pressure, plasma epinephrine and norepineph;ine); and -2)an
absence of a high level ef cardiorespiratory fitness) (top
10% of thf population as measured by the Standardized Test

of Fitness (Fitness & Amateur Sport Branch of the

" Department of National Health & Welfare, 1979). Three

candidates did not meet the above criteria; one for
3‘ .
reactivity, and two for cardiorespiratory fitness. The

remaining 28 ubjects (mean age, 37.7 years), after being

i%gg% level, were randomly assigned to either
an aerobic exefcise or Strees management program. Prior
to the¢start,of the programs, one subject assigned to the

exercise group withdrew because of a broken leg. Before

participating in the study, all subjects were required to

read-and sign a Type A Project consent form (see Appendix

'B), and to make a $200.00 de9081t as a guarantee that at

least 75% of the treatment sessions would be attended;
The deposits were placed in a special interest bearing
account and were refunded with.interest if aptendangé

ebligatiqns were met., Any forfeited deposits were to be

.donatea anonymously to a charitable organization.’ All

A
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" Apparatus

subjects agreed to the deposit, and.all fulfilled

attendance requirements.  © ' : r

-

Experimental testing took place in a 3 & 3.5 n
\ 0 ‘.
temperature and humidity regulated electrically shielded

chamber (Spectrashield).” During the physiological

reactivity test, -a Vita-Stat microprocéssor based blood _

pressure monitor (model 900-S) displayed and printed"out -

heart ‘rate (HR), systolic blood pressure (SBP), and

diastolic blood prqﬂsure.XDBP). A 19 gauge butterfly

needle’ (Abbot-4550) and Becton-Dickinson evacuated tubes

(Vvacutainer) containing anticoagulant and antioxidant wgxe -

used to obtain blood samples. During the
cérdiorespiratory test, HR was monitored via a Beckman

dynograph (model R511A). The HR signal was recorded using

Andover Medical‘inc. Dyia-Trace ECG mdhigéi}ng electrodes -

" and processed through a Beckman cardiotachometer coupler

(quei 9857), which gave beat-to:beqt interval tr;;ings'
linearly propoftionél t? HR (20 bpm/cm). A Bodyguard
ergometer (model 990) and a Franz electric metronome
(model LM-FB~-5) were used fsr/fitneés tésting. ‘Additional
eqdipment<included_a;§ony (modgi TC630; ieel to reel tape

recorder ang heédﬁhones, a Kodak CérOusel (model 750A)

slide projector connected to an automatic timer, and a - -

Llyod's (model V182) cassette recorder.
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" aigit numbers were presented via the ~headphones. The

Psychosocial Stimuli ‘ .

* A battery of ‘four, three minute tasks-were used to
elcit physiological reactivity. Previous studies have

shown that Type A individuals respond to these tasks with

“Texcessive and sustained levels of physiological arousal.

To minimize order effect, the tasks were identically
counterbalanced for each group. _

Stroop Color-Word. A series of 80 color-word slides

were flashed at one sec intervals onto a screen facing the
subject. Each color-word ("red", "blue", "green®,
"yellow") was p}:inted in an incongruous color (red, blue;

green, yéllow). The task was to identify the color of the

print and not the word itself. For example, if the word

“"green" appreared printed in red, the correct answer was

"red". Random color-words were aimultangously heard order

over the headphones.

General Knowledge Quiz. This task consisted of 23
tape recorded questions and answers drawn from a 35 item
test designed by Schiffer, Heartley, Schulman and Abelman

(1976). The series of questions varied in difficulty,

with some appearing deceptively simple. Subjects were

1

given 5 sec toreply, after which the correct response was

heard ‘via the headphones, - ;

Digit Span. A'random series qf seven, eight or nine

- -
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_subject was required to corréctly repeat each séquence of

numbers within fi.ve seconds. Subjects were told that the
task was a subscale of the Wexler Aptitude and
Intelligence Séale, and that they would be tested until
ten conseCutive_ correct repetitions .occurred or three

{
minutes hdd elapsed.

Reaction Time. 1In this task, a red or green panel

light was flashed at varying intervals. The subject was

instructed. to dep'ress a telegraph key near his left hand

, only in response to the green panel light. The sequence

and timing of the lights was random, with interstimulus

intervals ranging f£rom 5 to 15 sec.

Treatments .

L 2

Aerobic exercise. Supervised sessions were held at

the Ville Marie Squash-Club, in central Montreal, four
times weekly for six consecutive weeks. ~ Each session

consisted o,f_the_fgllmiinngrotoco'l : 1)a 5 tol0 minwarm-

.up period of stretching and caliééthenics, 2)at least 20

min of walking or jogging, depending on fitness le"vel, and

2 o
3)a 5 to 10 min cooling dowh period of stretching and

calisthenics. Individual exercise intensities were
pre@cr ibed to'producﬂe elevations of H-R equal to 60-80%
from the resting value to the maximal value. -Subjects
were taught and encouraged to measure their own HR by

carotid or radial artery palpation. For the first week

P TS o MR A e A
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abouf) 50% of the subjects were walking only, but by the
sixth and final week, almost all subjects were joéging
continuously for more than 30 min.

Stfess Management. Two trained behavior therapists

led thesé‘seésions, which were held in a seminar room at
Bell Canada for one hour, two times weeklytfo} six
consecutivejweeks. A make-up session was offered weekly
for subjects unable to attend any of the scheﬂgled weeki;
sessions. The aim of the p#ogram was to develop skills in
handling everyday stress. This involved learning to;
l)identify cognitive, behavioral and physiological stress

cﬁes; 2)substitute relaxation for physical tension;

" 3)prepare for and confront a stress situation; and

4)evaluate and reinforce the successful use of the new
skills. Homework consisting of a stress diary and
relaxation practice was_assigned at the end of each
sesgion. This was considered an essential part of the
program in developing the new skills.
Procedure

Subjects were individually tested at two identical
evaluation sessions: before treatment (pre) and end of
treatment (post). To reduce variability in physiological
reactivity,— subjects were asked to abstain from the

following for at least one hour before each test session:

smoking, caffeine, alcohol, drugs, and strenuous activiéy.

/ R
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To allow for the diurnal variation of catecholamines, each .
subject was tested at the same time of day in both
sessions. 1In each session the subject first received two

of four counterbalanced psychosocial stress tasks, and

then a gsubmaximal ergometer test for cardiorespiratprx

!

fitness.

Upon arrival at the laboratory, compliance with the
tést testrxctions was noted. Non-compliance
conFraindicated testing and the appointment was then re-

cheduled, No subject: failed to comply. ‘After changing

into loose clothing and runnning shoes suitable’}xm/ —

o

pedalliné an ergometer, weight was recorded, “and ah

Informed Consent Form (see Appendix C) was read and
t NN‘\

.

signed. Following preparation of the skin with alcohol, \) '

HR electrodes were placed on either side of the back, just

above the shoulder blade, with a ground electrode on the

lower part of the sternum.

Physiological Reactivity Test. The subject then

entered a shielded testing room and was seated comfortably

in- a reclining chair behlnd a full- length privacy drape.

Following an explanation of the bldod sampling technique,

a butterfly needle with attached catheter (heparinized
between sample collections) was inserted into a right
forearm vein. An opening in the drape allowed exposure of

¥- a
the subject's right arm to facilitate blood sampling. At

]
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five prgdetermined times during the session, blood samples
were drawn off into evacuated tubes, which were

-imhediagely placed on ice. Next, an occluding blood
pressure cufg was wrapped on the upper left arm with its
microphone positioned over the brachial artery. At this
point,ithe subject was asked to relax and sit quietly for
a few minutes in order ‘that a baseline @easutéﬁént could

v

be made. Finally, the headphones were secured, and the

(/”//—\blood pressure monitor and cassette recorder were
//// activated. ' '

" puring the baseline period, the subject listened to
quiet guitar music while HR and BP were recorded each
minute. ' After 10 min, baseline was established by the’
first two consecutive re;éings that showed no variance

4 ) \ greaiér'than ifbﬁg and 5 mm Hg respectively. At this
time, the baseitne/b{god sample was drawn. ifter 30 min,
if baseline was not réached, a blood sample was taken and
the sessioﬂ YAS terminated. No subject failed to reach
baseline within 30 min. o

Following the baseline period, the tape-recorder was
activated and the following general instructions were

given:
You are now going to be presented with a series
of tasks that measure your ability to ﬁhink and

move quickly and accurately.” These tasks have
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been selected because they differentiate well

between successful and unsﬁccessful managers.

In this session you will be presented with two

challenges, randomly selected from a baftery of

six. For some of these tasks, we shall tell you

what the expected level of performance is for

successful managers, ;hile in others you will

simply be asked to do as well_;s you can. - '
Two, three minute stéess tasks, separated by a three
minute rest period were then administered. At the end of

the second stress task, there was a ten minute recovery

-

Y

period, after which the headphones, butterfly needle, and

IP cuff were removed. During the stress tasks and.

recovery, Hﬁ and BP were recorded each minute. Blood
samples were taken at the end of each stress task, and at
the second and fifth minutes of recovery. Plasma
epinephrine (E) and norepinephrine (NE) were assayed by an
independent lﬁboratdky using the radioenzymatic'method of’
Peuler~and Johnson (1975). This method”&imultaneously
converts E énﬂ NE to their corresponding labelled
metabolites (metanephrine and normetanephrine) by using a
catylzing enzyme in tQ? preignce of a radiocactive agent.
The labelled metabolites are then extracted and separated
by thin-layer cﬁ%omatography. The radioactivity

attributable to each catecholamine_is detérmineq Py

- L}

-

\
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scintillation counting. Catecholamine content in plasma
is expressed as the number of picograms/ml.

cardiorespiratory Fitness Test. The subject was then

seated on the ergometer. After adjusting the seat and
handlebars, the electrode leads were connected and the
palygraph was activated. A pedalling frequency of 50
cycles/min was established by a metronome pulse of 100
beats/min. Following a 1l min warn.\-up,' with no workload,

the workload on the ergometer was set at 1 kg, by

-tightening a frictional band. The test then consisted of

> O «
progressively increasing, every two min, the workload in 1

kg increments, until HR had reached 120 bpm. The workload
which attained this rate was then maintained for a further
4 mur\Nool;down period of pedalling with no workload

for 1 min, followed. This test, exclusive of the warm-up

‘and cool-down periods could last anywhere from 6 to 14 min

deﬁendiﬁg on level of cardiorespiratorj fitness.

‘Cardiorespiratory fitness (CF) levels were obtained by

applying work load and HR durind the final two min of the
test to the Astrand and Rhyming nomogram for est VO2 max
in liters/min. This value was then divided by the

subject's weight in kilograms to derive a final est VO2
max in ml/kg/min. B

b
Ppata Analysis

3

Heart rate, systolic and diastolic blood pressure,

a
o
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epinephrine and nore%inephrine measures were obtained from
the folleipg three points cin the record: 1l)basal (B);
2)the peak response elicited during the two stress tasks
(S); anﬁ 3)the fifth minute of recoveéy (R} Due to
within sdgject variability in basal physiological indices,

stress and recovery points were expressed as percentage

change from basal to better reflect the magnitude of

reactivity relative to resting level. Because the
variability in the scores within stress versus recovery
was ‘so disparate separate analyses of wvariance were

per formgg/fsr these périods.
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Results
-~

Individual subject's data for basal, stress and.

1

recovery periods for the two test sessions are contained

in the follow‘ing appendices: Appendix D) est VO2 max;
Appendix E) heart rate; Appendix F) systolic blood
pressure; Appendix G) diastolic blood pressure; Appendix
H) - e;pin’ephrine; and Appendix 1I) norepinephrine.
Appendix J contains the 1ist of counterbalanced mental
stress tasks used by each subject;

Figure 1 is provided to give a graphic description of

el each physiological variable reached during

basal, sttess and recovery peridds. It contains the grouﬁ

é/;:ns for the absolute values of heart rate, systolic and
diastolic blood pressure, epinephrine and norepinephrine.
Examination of the est V02 max measures revealed that
three subjects in Group Stress Management showed a 25% or
great';er improvement in cardiorespiratory fitness post
treatment. Personal communication revealed that du::ing th.e
treatment period each subject had begun some form of
- aerobic exercise. These subjects' Aata were therefore

excluded from statistical analysis.

Cardiorespiratory Fitness

FPigure 2 contains the group means for est VO2 max for °*

each test session. A 2X 2 (Groups X Sessions) repeated

measures ‘analysis of variance unwéighted-means solution

Y

-,
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o ~

(ANOVA) (Winer, 1971) revealed a significant Sessions
effect '(F(1,22)-4.3,2 <.05) and a significan; Groups X

Sessions interaction (F(1,22)=10.13, E<°°i) (see Table

3). The critical difference (cd) calculated for a Tukey

test re ealed that Pre scores for Group Stress Management '

were significantly higher than those of Group Exercise,
while Post scores did not differ (c,cf=3.74,'g<.01)2(‘
Mo‘reover, while -scores for Group ‘Stress Management
remained virtually unéhangéd from Pre to Post, Groupn
Exercise had significantly higher Post scores.

Physiological Reactivity

Heart Rate. ANOVA of Pre and Post basal heart rate

(HR) revealed no group differences. Both groups.

maintained approximately the same basal HR after treatment
as before treatment (see Table 2). Figure 3 contains the
group means for percent change from basal HR (A\HR) duri}i&
stress and recovery for each test session. ANOVA of Pre

and Post stress AHR found! no group differences. Both

groups showed a pronounced rise from basal levels in both ' °

test sessions (see Table 2). Fvigure 4 contains the groué

means for recovery ABHBR for each test session. ANOVA of

this period (see Table 3) revealed a significant Groups X

-Sessions interaction (F(1,22)=5.15,p «.05). ,T'ukey tests

(cd=10.15, P «<.05) indicated that there were no Pre,or' .

Post group differences. However, while scores for Groub

EY

3
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- o o
oo Table 1
“. " .Summary of Two-Way Repeated Measures
t, e Analysis of Variance on a
» . 3 . §
- Estimated V02 Max )
- ’ L - L
] - -
Source of Variance ss  df MS F P ,
s / ---------------- T TS ?
o Between Subijects- ?
Group 12416.83 1  12416.83 .94 - !
Error (between) 289596.07 22 13163.46
\ - -
Within Subjects ,
| | ‘SessT¥n 4446.99 1 4446.99 4.30 .05
] Group X Session  10504.02 1 10504.02 10.13 .01 L
) Error (within) 22803.27 22 }036.51 _
] -
. >e ' =} N “
., - .
" “- )- N
4 [ - 4 - '




Table 2
Means and Standard Errois for Heart Rate
during Pre and Post test sessions—for
Basal, Stress and hecovery perioés for

Groups Exercise -and Stress Management

GROUP EXERCISE GROUP ‘STRESS MANAGEMENT
Period Pre Post _ Pre ~ Post
Basal* ~  61.92 60.46 ° 65.55 62.27
- _ #2.54  #3.01 — +3.02 +2.74
SEress#* 41.31  30.84 ) 35.18  33.00
+5.31  +5.68 - +5.46  +6.59
Recovery**  10.31 0.00 . - 3.36 9.36
- © 44,12 +2.64 +2.17_ +5.28

* ' Measures expressed in bpm.
k¥ Measures expressed as percent change from basal.

"
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Summary of Two-Way Repeated Measures

Table 3

Analysis of Variance on

Recovery Heart Rate

Source 0of Variance

50

ss  d4f MS
4
Between Subijects .
Group 17.28 1 17.28
Error (begtween) 3960.48 22 180.02
Within Subjects
.Session ' 55.31 1 55.31
_ Group X Session  792.80 1 792.80
‘” Error (within) 3383.38 22 153.79
--—: ------- Al ’,_. -------- D D GED G GRS T S G GuR ST W W J——-‘-- - -

.36

5.16
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Stress Management did not change from Pre to Post, Group
Exercise had significantly lower post scores (see Table
2).

Systolic Blood Pressure. Figure 5 contains the group

means for basal systolic blood pressure (SBP) for each
test éession. ANOVA of this perigd revealed a significant
. Sessions effect (F(l,22)=7.19, p «.05) (see Table 4).
Subsequent Tukey tests (cd=3.85, g<.01) i_x;diéated that
scores for Group Stress Management rémained unchanged from
Pre to Post, while Group Exercise had significantly highér
- 'post scores (see Table 5). Figure 6 contains the group
means for percent change from basal in SBP (A SBP) during
stress and recovery for each test session. ANOVA of‘ Pre
and Post stress ASBP’ revealed rio group,diffetenées. Both

-

groups exhibited a marked increase from basal levels in

both test sessions (see Table 5). ANOVA of Pre and E'-c;st
recovery A SBP found no group differenc_es. Both groups-
had essentially returned to bésil levels in both test
sessions (see Table 5). |

. ¥ '
Diastolic Blood Pressure. ANOVA of Pre and Post

basal diastolic blood pressure (DB?)‘revealed no group‘
differences. Bo?{n groups achieved approximately the same
scores in bo }t sessions (see Table 6). Figure -7
contains t group means for percent change from basal in

DBP (A DBR) during stress and fecovery for each test

L
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Summary’bf Two-Way

Table 4
. X

Y . :
Repeated Measures

Analysis of Variance on

. ‘ ' Basal Systolic Blood Pressure

Source of Variance

D G D W Gy S S D P S D P TS T S G ah

-

Between Subijects

Group_

Error (between)

WIthin Subijects

Session
Group X Session

Error (within)

546.29 5;7

4294.82:/%i .‘

161.
23.
" 493,

40
36
54

1
1
22

161.40

22.43

7.19
1.04

53

MS - E R
546.29 2.80 ~
195.22
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LA

B Table 5‘

‘ Means and’ Standard Errors for Systolic Blood Pressure
during Pre and Post test sessions for
Basal, Stress and Recovery peri;ds for

Groups Exercise and Stress Management

-~

GROUP EXERCISE . GROUP STRESS MANAGEMENT
Period ~ ° pPre  Post Pre  Post
Basal* 122,00 127.08 116.63 118.91
S +2.21  +3.20 +3.29 - +3.34
Stress*#* 24.00 - 16.38 22.64  20.64
+1.95 +2.61 . +3.03  +3.86 R
Recovery** -0.54 . 1.62 2.45 -0.10
+1,73  +1.52 41,46 +1.98

*  Measures expressed in mm Hg.
** Meagures expressed as percent change from basal.
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Means and Standard Errors for Diastolic Blood Pressure

Table 6

during Pre and Post sessions for
Basal, Stress and Recovery periods for

Groups Exercise and Stress Management

GROUP EXERCISE . GROUP STRESS MANAGEMENT

Period Pre  Post Pre  Post
Basal® 78.31  76.53 71.00 72.64
43.09  +3.50 43,17 +3.54

Stress** 24.77  23.08 o 24.45  25.45
| +3.48  +4.41 © . 42,41 +6.91
Recovery** °  1.85  1.00 3.18 -1.00
+1.72  +3.40 | +2.05 +1.66

* Measures expressed in mm Hg.
** Measures expressed as percent change from basal.

9
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session. ANOVA of Pre and .Post stress A DBP found no
group differences. Both groups showed a marked ‘rise
during stress in bf)th test sesgions (see Table 6).
Similarly, ANOVA of’ i’re .and Post recovery ADBP found no

group differences... Both groups were approaching basal

levels in both test sessions (see TabTe 6)

Epinephrine. ANOVA of Pre and Post ba epAnephrine

(E) revealed no group differences. Group Ex rcise

remained virtually unchanged from Pre to Post, while Group

Stress" Management ’showed sl ightly higher Post scores. (see

. Table 7). Figure 8 contains the group means for percent

change from basal E (AE) during stress and recovery.

ANOVA of Pre. and Post stress A E found no group

differences, with both groups showing a very pronounced

rise from basal (see Table 7). Due to a technical mishap

-two samples of recovery E from Group Exercise were lost.

ANOVA of Pre and Post recovery A E revealed no group

differences. 1In both test sessions Group Exercise had

returned below basal, while Group Stress Management
!

remained slightly elevated above basal (see Table 7) .

Norepinephrine. Figure 9 contains the group means
Y

for basal norepinephrine (NE) for each test session.
ANOVA of this period revealed a s«ignifif:ant Groups X
Sessions interaction (F(1,22)=4.39, p «.05) (see Table 8).
Tukey tests (cd=51.25, p<.05) indigated that Pre scores

T T Y T N
B e N L TR A NS yamae o
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aeans‘and Standard Errors

during Pre and Post tes

e

for Epinephrine

t sessions for

., ' Basalf Stress and Recovery periods for

Groups Exercise and Stress Management

o

- e P S S T o G - S, -

GROUP EXERCISE

Period Pre Post
Basal* | . 41.17 42.91

+5.90  +4.46

Stress**  102.46 .83.23
+19.28 +21.14

Recovery** -1.00 -2.10
+19.16 +14.91

D G D s TS e s i D s D G D G S ST YA S . g S B A e N S S D A S

* Measures expressed in pg/ml.
** Measures expressed as percent

| GROUP' STRESS MANAGEMENT
34.84 52.34

U 43,17 47.48

. 131.27  70.18
+37.44 +23.86

22.00 8.73

- T " - —— - S Y W S T D R S VD

change from basal.
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Table 8

Summary of Two~Way Repé;ted Measures

_Analysis of Variance on

L4

~Basal Norepinephrine

Source of Variance ss . df MS F P

- - - - - - - D S w00 s T A S e s S S D P S S 4 D S WS i S SR 0D SR D A (0 SIS T D e S S O S W
LY

Between Subiects

3 «
Group 544358;86° 1 543358.06 .88 -
Error (between) 1364939.50 22 620426.78
. R i ~
O_within Subjects - - L
Session ©  1414586.45 1 1414586.45 3.79 -

Group X Session 1634760.18 1 1634760.18 4.39 .03
Error (within) 8192376.60 22 . 372380.75
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"Table 9). Figure 10 contains the group means for percent

Vﬁ . | : o . 63

for Group Exercise were significantly higher than those of

Group Stress Management, while Post scores did not differ.

In addition, while scores for Group Exercise ‘did not

change from Pre to Poét, Group Stress Managemént had
significantly higher Post scores (cd=%1.05, p<.01) (see
change from basal NE (A NE) during stress for each test
session., ANOVA of this period (see Tablé 10) revealed a
significant Group effect . (F(1,22)=4.84, p <.05), a
significant Sessions effect (F(1,22)=19.75, p<.0l), and a
significant Groups X Sessions interaction (f‘(l,22)=4.83, )]
<.05). Tukey tests (cd=27.93, p .0l) indicated that Pre
scores for Grohp Stress Man_égement were significantly
higher than those of Group Exercise, while Post scores did

not differ. Scores for Group Exercise remained unchanged

LY

from Pre to Post, while Group Stress Management had

signficantly lower Post scores (see Table 9). Figure 11
contains the group means for recovery D NEgor each test
session. ANOVA’“og this period (sée Tab 1) revealed a
sig{lificant Sessions effect (F(1,22)=25.30, p <05). A:rugey

tests (cd=35.30, P«-01) indicated that scores £0f Group

.Exercise remained virtually the same from Pre to-Post,

whiie Group’ Str\s?:anagemeﬁt haci sigﬁificantly lower Post
le

scores (see 'i'ab }e
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Table 9
Means and Standard Errors for Norepinephrine
during Pre and Post test sessions for
Basal,?Stress and Recovery periods for

Groups Exercise and Stress Management

- S D G P I D L T R S T S D = - > W W ) W A D o S - P W D GED D " W S A D WD YD SV Y WD S B D VD
.

GROUP EXERCISE GROUP STRESS MANAGEMENT
- »
Period Pre Post Pre Post
Basal* 266.07 263.49 ‘ 207.67 279.15
+25.39  +16.82 : +19.49 +16.90
Stress** 23.38 7.77 ‘ 63.73- -17.54
+8.23  +6.14 +15.29  +6.34
Recovery**  3.62  1.38 " 39.64  1.45
, " +4.87° +71.55 f +15.79  +3.98
------------------------------- - -— ---.;--------

* Measures expressed in pg/ml.
** Measures expressed as percent change from basal.

!
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Table 10

66

Summary of Two-Way Repeated Measures

Analysis of Variance on

- - . e - o

Stress Norepinephrine

Between Squectg
Group

Error (between)

Within Subjects
Session
Group X Session

Error . {(within)

7485.88
34015.94

11381.34
2786.66
12680.36

22

22

7485.88 4.84 .05
1546.18

-

11381.34 19.75 ° .01
2786.66 4.83 .05
576.38 |
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Management (A) across the Pre and
Post test sessions.
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Summary of Two-Way Repeated Measures

Table 11

Analysis of Variance on

Recovery Norepinephrine

Between Subijects

Group

Error (between)

Within Subiects

Session

Group-X Session

Error (within)
L

ss daf MS
3881.39 1 3881.39
e
21636.45 22 983.48
4871.11 1 - 4871.11
3851.35 1 3851.35
-20214.97 22 918.86
&
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Discussion

’

‘ Type A hyperre;ctors :gndomly assigned to a six week
aerobic exercise program showed a significant improvement
in cardioqespiratory fitness. Moreover, after tiaining,
these subjecks‘displayed a significant decline in héart’
rate reactivity during recovery from mental stress. Iq
contrast, these measures rem#ined relatively unchanged in
the non-exercising controls. This enhanced‘heart réte.
recovery confirms previous findings that cardiorespiratory
fitness is associated with quick physiological recovery
from mental stress (Cox et al, 1979; Hollander, Note 1;
Kellet; 1980); Zimmerman and Fulton (198l) have suggested
ehhgriced heart’rate-recovery following mental stress is
not a.result of improved cardiorespiratory fitnedss but is
due to lower basal heart rates. The results of the
present study do not support this idea. Group Exercise
revealed no significant chaﬁge between Pre and Post basal
heart rate. The“observ;d chadges“in heart rate recovery,
therefore, appear independent of baseline differences.

The effects of aerobic exercise training did not
appear to modifyublood pressure and catecholamine

reactivity during recovery from mental stress. No group

aifferenceslwére observed for systolic and diastolic blood




decline in norepinephrine reactivity.

One possible explanation for these findings is that
some physiological indices may have a shorter recovery
time course than others. For example, Hol lander (Note 1)
found a positive correlation between fitness level and -
speed of recovery to baseline in heart rate and skin
conductance, but a difference in time course between the
two meaﬁes. As the present study examined only
. fifth minute of recovery, earlier group di ences may
have been m}.ssed. Future studies seem- justified to
investigate this area.

A second possibility is that recovery in some
measures may be influenced by factors other than
improvement in cardiorespiratory fitness. In general, the
blood pressure recovery measures indicated that all
subjects had returned to bas‘al levels in both test
sessions. It is possible that this recovery was due'to a
physical mechanism of the circulation called "stress-
relaxation” which helps control arterial pressure (Guyton,
1981). A rise in arterial pressure initiates an
adaptation process in the smooth muscle fibres of the
arteries, “which guradually causes a progressive distention
of the vessels and a corresporiding decrease in preséure.
When th‘e 'stress on the system is removed, blood pre\‘sﬁsure

- immediately falls back to bashl lev,el‘.s '(Guyto“ri, 1981).
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r this mechanism.influenced Blood pressure recovery
ate in the present study is unknown. Furtﬁer elucidation
must await studies spécifically designed to examine this
issue.

The catecholamine recovery measures suggest that.

different factors may be affeéting epihephéine and

- norepinephrine activity during this period. Uréin, Baade

and Levine (1978) proposed that epinephrine activity is
related to active coping during tbe performance of a task.
Once the task has been completed thete is a pronounced
fall in activity. The present data tend to support this
idea. Epinephrine- recovery for both groups‘w;s
characterized by a rapiﬁ return tow;rds baseline after.
task completion. Norepinephrinebrecovery, on the other
hand, presented 4d different picture, which is betépt\dea;t
with by a discusg%on of overall norepinephrine reactivity.
Initially, there was a Pre basal difference betweep’éhe
groups, with Group Exercise thing significanply higher
levels than Group Stress Management. There is no
immediate explanation for this difference as the only .
factor differentiating, the t;o groups was group
assignment; Thus, any interpretation of findings must be
tempered with caution. Post treatment, Group Stress

Managemenﬁ displayed a. significant increase 1n basal

norepinephr}ne and significant declines in norepinephrine




reactivity during stréss and recovery, while Group

Exercise remained unchanged. Investigations have shown

that tasks involving muscular use éncregse norepinephrine «
concentrations (Polde?“Faggendahl, & Lisander, 1967;

Bsffman, Benson, Arns, Stainbrook, Landsberg, Young, & _
Gill, 1982; ziegler, Lake, & Kopin, 1977). The relaxation'.
téchnique taught to.Group Stress Management consisted of
altérnately tensing and relaxing groups of muscles. If
subjects in this group used th;s technique during the
restihg period, it is possiblg.that ingreas;d.basal
noéépinephrine post treatment was due to this factor. The‘
reason for the deciine in norepinephrine reactivity during-
'sﬁress and recovery is not clear. Ursig et al., (1978)
suggesteg that norepinephrine activity,. during cognitfvé
tasks, ﬁay be related to "“fear of failure"., It is
possible that stress management.;raining may have provided
a means of c¢ iﬁggwifh this fear. However, thig
conclusion must ‘remain speculative until future studies -

without the confound of baseline differences can be

conducted. ‘ ) <

In an extensive review of physiological adaptations’
to physical training Scheurer and Tipton (1977) found that

chronic exercise prograns, of ten weeks or longer,

resulted in a reduction in resting sympatheéic a&givity,; \

wheréas,“short periods of training p:oducengixed results.

| M
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. 8 i t.
Shorter training programs which significantly increased

est V02 max were found tu deerease; inergase or not change

-9 o

" resting sympathetic activity. The present results tend to

agree with thege\findings. After a six week training
program, Group Exercise displayed a significant increase

- S
in basal systolic blood pressure,wh{j} basal levels of

heart rate, diastolic bloodspresspre, epinephrine and

& . P

fnorepinephnine remained virtually uncﬁanged Future

0

”

¢ 8

sgudies should therefore conSLder these facts when
plannlng the length of exercise programs.

The use of contriVed 1aborat;}y mental stress tesks
to elicit physiological arousal has raised the questlon
whether repeated exposure to these imuli may result in
habitqation., In the present s udf. four of the
physioloé&cad perameters iﬁét~were followed, post
treatmenE, showeqd a marked redué}ion in reactivity during
stress. This was seen for heart rate, séstblic blood

pressure, epinephrin% and norepinephrine. These response

‘Qeciemepts were not attributed to habituation because only

-

one was significani,'ana none were hniform‘for eigher
groups or measures. A high degree ef-activation was still
;vident in at Eeaef three qf*the‘give measures for at
least one of the groups. The imégttence of this finding

is that this paradignm offé?s a relatively controlled,

5o . ‘
efficient and lnexpensive me;hod‘;g?explore physiological

*
’
A
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reaétivity‘compared to real life stress situations.

. It is of interest_toxnote\kpat subjectsiin\ﬁhe
preseﬁt study displayed a strong cor;xh\itment to treatment.
All subjects met the 75% attendgnce séguirementlof their
r?spective groups; with some attending 100% of the

. . o
. sessions. Attendance compliance must be considered an

‘important prerequisite if intervention techniques are to

hyperreactivity. ‘

Bne unexbecteq/probleh arose gt the beginning of the
study. 'Beforegbeiné randomly assigned to groups, subjects
w;;; qatéhed on cardiorespiraﬁory fitnese level based Sn
the results of their first ergometer tesé. which was done{

in the Screening Session. The results of the second

N s

5 rergomet?; test, which was done just as the subjects were
enteriné treatment, revealed that Group Stress Management
had significantly higher scores than Group Exercise. This
'variability may be related to error which occurs §n

:initial exposure to ergometric testing: De Vries (1971)
has;récommended thé; at least one previoug‘experience on
lthe ergometer'is rédﬁf?ed when this ‘test is to be used for
prediction of»esttvoz max. : o

A ‘second pgoblem was encountered post treatment.

Although all subjects had Been asked not to change their

. life-style duniné t:eatmenp,,th:ee subjects in Grbup

prove beneficial. in changing Type A physiological

P PP T 4
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Sttess Management began some form‘fof-aerobic‘ exercise.

Although no statistical analyses were performed, a visual

&

scanning of the data found a decline in recovery heart

rate reactivity in two of the subjects post treatment. No
other changeg\were apparent. It is suggested that future
studies carefully monitor 11fe-}style changes during

treatment to minimize potential confoﬁnds.

In conclusion, the present study demonstrates the’

. effectiveness of aerobic exercise in reducing heart rate

reactivity i/n Type A hyperreactors during recovery from

mental stress. Since Type As greater susceptibility to )

CHD might be due to their sustained physiological
hyperreactivity to challenge, these findings imply that
the physically fit may be less prone to develop CHD. When
act'ive]iy coping with challenges in their environment
physically fit Type As would recover more quickly to basal
levels, whereas, the physically unfit Type As would
contin‘ue to function at elevated levels. Repeated

expoSure to challénge situations might resv?,lt in the

development of cardiovascular pathologxes m the unfit..

Aerobic exercise might not only contribute to reduce the

‘ Type As hyperreactor's risk for CHD, but it might also

reduce the recurrence of myocardial infarction in those -

individuals who have suffered their first heart attack.

As the therapeutic benefits of reducing any aepect of

4
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phgﬁiongical hyperreactivity are potentially enormous,
thé short-term improvements produced by aerobic exercise

in the present study warrant further exploration.
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., .. Appendix A’

NG

Letter of -Invitation

[ 4
'

TO: All Bell Canada Managers,; 1060 ngversity, 800 Place
Victoria, 1080 Beaver Hall Hill

One of the most valuable assets to many organizations is
the aggressively competitive, hard-driving and ambitious’
employee. However, .although these attributes benefit the
company, they may exact a personal toll. For example,
recent studies have shown that these individuals are twice
as prone to coronary heart disease.

Several major companies, such as Metropolltain Life and
A.T. & T., have implemented stress management courses,
such as physical- fitness and behavior modification, which

-are designed to lessen the strain and tension on employees

while still maintaining their positive work attributes. -

Here in Montreal, a government financed research project, .

along these lines, is being conducted jointly by
Concordia, McGill, and the University of Montreal. This
study is an extension of two previous projects, done in
1979, using Bell managers.

The presént research wxll evaluate the effectiveness of
these two approaches in reducing coronary risk while
maintaining or even increasing, occupational productivity.

The programs are designed for male managers who are
currently free from heart disease, but are considered to
be at high risk because of their hard -driving life styles.

We are therefore asking for volunteers who would be
willing to be screened for participation in this project.
The programs, which are free of charge, will take place
over a 6 week period beginning around mid February 1982.
The physxcal fitness program will take place at the Ville-
Marie Squash Club, for one hour (including change and
shower) four times a week, with jogging shoes "provided, if
necessary. The behavior modification course will be held
in the Medical Library, 9th flr. Beaver Hall Hill, three

times a week for one hour. Time schedules wikl be

discussed with interested parties.

-~




R

4

'.Kppeﬂdix A (continued)

—

-

Those who wish to participate must agree to attend at
least 75% of the sessions, accept random ‘assighment to
either a physical fitness or behavior program, ‘and
participate in some testing before and er the programs.

All information about individual participants will be held’
in strict confidence by the Universities. Those who take
part, however, may have the results of .their own tests on
request at the end of thg study.

If you. are interested in knowing more about this research

project, you can contact Dr. D. Pomerantz in tle Beaver
Hall Medical Department at 870-8153,

-

Signed by D. Pomepantz '
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Appendix B

+

Type A Project Consent Form'

e
.

I agree to participate in the research project aimed at
reducing the risk of heart disease associated with being
Type A. I understand that the specific goal of treatment
is to reduce physiological reactions to emotional stress.
-I also understand that while the treatments used are
reasonable in the light of current knowledge concerning.
Type A, stress and heart disease, it is not proven that
they do, in fact, modify physiological reactivity and/or
coronary risk. .

l'

3.

My obligations to the project are:

To participate in 2 evaluation sessions (pre and post

treatment) similar to the screening session I have
already experienced. .
To acéept random assignment to either of the two
treatments (stress management or exercise).

To fulfill attendance requirements of the group to

-

which I am assigned.

For the exercise group, this means attendance at a
minimum of 18 sessions (of 24 offered) over a 6 week
period, plus 2 evaluation sessions.

" For the stress management group, this will be

attendance at a minimum of 12 sessions (of 18
offered) over a 6 week period, plus 2 evaluation
sessions.

Fer both groups, nonattendance duration cannot be
longer than one week.

Toﬂde9051t $200 as a guarantee of attendance. This
money will be deposited in a special interest-bearing
account and refunded to me with interest following
the final evaluation session, if attendance

-obligations were met® If not, the money will be_

donated anonymously to the Montreal Centre Aide

" Campaigf, and no receipt for income tax purposes will

be issued.




Appendix B (continued)

. The obligations of ‘the investigators are:

-

professional competence and ethics.

To keep all ‘individual results confiden
‘release them to the individual involw

To hold a General Meeting, after all results from the

project have been analyzed. At his-time,  the

findingg from both groups will be presented and.any

“ questiahs arising from the study will be answered.
& .

Date J ' - signature . ’
- Witness .
Please print your name here----- -

To conduct evaluation and treatment sessions with

and’ only



Apﬁendix o

Informed Consent Form

Informed Consent for Physical and Mental Tasks

As a participant in this experiment, you will perform a
graded exercise test on a bicycle ergometer.and several
mental tasks.

Explanation of Graded Exercise Test on Bicycle Ergometer
The work loads wlill begin at a level you can easily

accomplish and will be advanced in stages depending on
your wdo. 'k .capacity. We may stop the test at any time
because of signs of fatigue, or you may stop when you wish
to, because of personal feelings of fatigue or discomfort.
We do not wish you to exercise at a level which is
abnormally uncomfortable for you. Your heart rate will be
contlnuously monitored throughout this test via electrodes

_attached to your back.

Explanatlon of Mental Tasks

These tasks will involve presentation of audiovisual
materials as well as answering a variety of test
questions. These materials have been designed to eljcit
both subjective and physiological arousal. Although we
would appreciate your cooperation, we will terminate this
part of the session at any time, upon your request.

Explanation of Periodic Blood Sampling

This will be done by an experienced registered- nur\se and
will require only a single insertion.of -atiny needle at
the beginning of the session. Although this should cause
you little physical discomfort, we will stop the
experiment at-any time upon your request.

Risks and Discomforts !

There exists the pssibility of certain changes occuring
during the tests. They include abnormal blood pressure,
fainting, disorders of heart beat, and very rare instances
of heart attack. Every effort will be made to minimize
these by the pagliminary screening and by observations

during the testing., Personnel trained in Cardio-Pulmonary
Resuscitation ill be present to deal with unusual
situations should they arise.

-

Inquiries

.I& you have any doubts or'questions about the procedures

used in the graded exercise test or the mental 'tasks,
please ask us for further explanations,

«d
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Appendii- C (continued)

!‘:eedom of Consent
Your pe?fomance of the graded exercise t:est and the

\\mental tasks.is voluntary. You are free to deny consent

\ if you desire. " .
4

I‘have read this form and I understand the test procedures
and the pssible risks and discomfort involved. I conseQt
, to participate in these tests. I know of no medic&l
reason preventing me from participating ih this research.



- . ‘Appéndix D

- - Estimated VO2 Max

- LA
- GROUP EXAERCISE ]
t. .
Subject Pre Post
4
23 38.5 41.4
24 . 32.3 46.6 !
33 29.8 28.2
/ 58 34.8 - 48.3
;o 60 . 51.3 59.1 ,
. 65 - 28.0 28.9
; 80 40.4 43.0
: ] 84 41.5 * 46.9
! . 95 . 38.9 38.3
5 96 38.5 ¢ 40.4 -
o 261 44.5 48.7 ,
s 271 28.3 33.9
. . 661 © 31.3 ¢ 38.1
- GROUP STRESS MANAGEMENT
R Subject Pre Post
- 01 36.8 " 40.1
02 38.8 37.1
. 19 43.8 40.7
\55 _ 29 43.0 41.2
31 27.2 - °29,.6
) 40 52.1 41.2
. 45 33.6 36.2
50 63.7 59.3: o
66 39.1 39.1

321 53.3° . . 52.7°



Appendix E ' o

- “ | Heart Rate

Basal (B);;s;ress (S}, and Recovery (R) Periods

‘J\” v e -
1 .‘
. GROUP EXERCISE & -
) _ ' :
- Subject Pre Session , Post Session. -
B S R B s R
© 23 63 98 75 "74 111 75
24 : 52 73 57 . 62 68 58 '
33 74 106. 78 - 85 110 84 -
58 56 97 61 53 63 50
60 - 52 63 62 45 .57 46
- 65 72 82 69 52 73 52 .
80 L 58 90 60 60 95 65
84 - 61 103 67 55 95 60
95 50 71 43 49 49 44
96 Tm===.- 65 71 63 65 72 62
261 . 57 82 84 56 67 57
271 65 88 78 62 80 52
661 - 80 107 90 68 92 83
° o>
GROUP STRESS MANAGEMENT S
Subject Pre Session , Post Session ;
B S R B s R
01 71 98 . 70 71 93 74
" 02 70 95 68 56 92 63
16 84 118 83 72 88 77
19 63 88 67 66 82 60
29 68 91 71 58 104 63
31 55 77 S8, 56 67 89
40 62 69 59 58 ., 64 59
45 78 89 80 1 79 84 81
50 50 89 60 53 70 58
- 66 . 63 74 70 66 88 65
e’ 321 57 79 56 50, 71 .54
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Systolic Blood Pﬁsssure

Appendix F

Basal (B), Stress (S), and Recbvery (R) Periods

GROUP EXERCISE

Pre Session

B
125
120
119
109

119

134
124
" 110
128
129

133.

114
122

GROUP ‘STRESS MANAGEMENT
] .

s

149
148
153
137
140
177
173
142
152

4

157

158
139
139

a
R

120
124

119-

109
149
125
112
129

© 135

135
114

119

Pre Session

B
134
127
129

109"

122
103
104
119
104
120
112

S

163"

167
145
130
145
123
118

49
5

5
164

#

R
138
134
118
104
124
105

105

119
108
122

124

-]

-

Post Session

B- % &R
22 154 138
14 122 113
132 157 139

125 ~332° 124
1227 134 124

145 187 148

124 -167 129

104 125 °109
139 153 135
14Q 148 127
139 ,153 140
124 . x4 127
122 143 123

®
o

" Post Session

”~

‘B 8 -R

134 157 137

129 159 125
125 147 135

114 128 118
124 - 157 .128
100 155 83
103 118 103
115 128 118
115 127 114
132 150° 133

117- 147 ‘123
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Appendix G
~‘*‘ o ' ‘ Diastolic Biood Pressure
& v -~ X
s ¢ . . Lo
. Basal (B), Stress (S), and Recovery (R) Periods
. . ~  GROUP EXERCISE -t
- ‘ ., . A R 1
8 Subject Pre Session . Post Session
t . e .
" . B 8§ R ~ B 8§ R
23 "89 100 97 8O- 98 88
24 . 74 83 72 59 77 69
" '33 74 . 89 69 77 95 84
. 58 J 75 . 84 15 84 85 77
60 75 B89 79 ° 62 78 64
6 82 102 90 79 133 79
80 88 " 108 93 78 102 80
84 60 9% 58 63 73 67
- 95 78 94 79 79 89 78
96 98 122 98- 99 109 65
261 80 102 90 . 88 105 95
271 - 58 88 55 58 72 59
. 661 - 87 102 85 89 102 - 87
0 » )
. . o . o A _ 3
C _ GROUP STRESS MANAGEMENT
: Subject . Pre Session /Post Sesgsion
"‘4 - . . -
‘ ) B S R ’ B s R
\ ST © &g 104 90 .92 109 100
-02 ’ 17 92 79 . 82 99 74
' " 16 . 54 69 60 69 80 65
\ 19 73 83 67 .59 69 . 59
" .29 .74 92 19 77 89 80
| J31 ‘ s 89 79 74 143 68
», 40 : 54 73 55 65 72 .64
. ) 45 72 94 79 - 74 90 74
. S0 g 63 .87 60 50 63 - 49
. 66 . .72 8% 70 ,§4 95 , 85
321 77 98 87 73 93 75
1
= 3‘ \ ’ ' » .

. »
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Appendix H

Epinephrine

Basal (B), Stress (S), and Recovery (R) Periods

‘Subject

01
02.
16
19

29

40
45
50
66
321

e

GROUP EXERCISE

Pre Session

B s R B

36.00

32.70 69.60 33,00 - 23,
31.10 89.00 62.50 61.
73.70 73.80 %»40.50 50.
34.50 87.00 - . 52.
1620, 39.79 9.50 - 58.
10.90 32.80 25.00 l4.
68.10 182.80 70.00 '49.
64.10 96.50 30.20 54.
28.30  48.60 32.50 Sl.
71.70 53.20 20.30 18.
» 25.00 54.10 20.50 28.
42.90 84.20 27.90 54.

L4

'GROUP STRESS MANAGEMENT

Pre Session

B s R

8 - B
22.50 56.90 30.00 18.
50.10 71.40 128.00 8l.
70.60 71.80 63.30 32.
3%.40 18.80 23.40 . 48,
41.00 122.20 46.10 43.
49.40 62.50 26.60 41.
24.50 47.60 20.10 83.
40.70 124.30 3290 82.
26.60 105.30 39.60 51.
29.60 17.90-10.20 17.
38.80 144.40 30.00 74.

Post Session

57.00 42.80 40.

s R
52 64.28 71.85
49 32.29% -18.98
86 78.37 33.95
14 55.88 13.04
50 82.93. 53.51
97 106.41 89.93"
58 35.68 21.71
04 76.10 46.22
08 114.54 44.74
10 57.70 -
60 64.70 22.50
30 88.80 8.42
59 64.76 8%9.79

Post Session

s R
90 16.20 10.50
30 166.90 105.00
60 94.39 72.98
13 58.42%°54.02"
44 142.45 59.65
29 49.32 46.25
95 90.24 63.77
20 78.55 50.77
26 94.26 82.99
67 32.37 . 8.1l
85 113.08° 60.

) 1
3" y-
i.

102



Bashl (B), Stress (S), and Recovery (R) Periods

Subject

23
24
33
58
60
65 .
80

95’
96
261
271
661

Appendix I

Norephinephrine

GROUP EXERCISE

Pre Session

B
12577
264.0
180.2
242.0
500. 0
178.4
226;2
251

240%%
321.2
348.3
197.5

336.2 .

s

216.2
399.8
316.4
395.0
405.8
230.4
344.1
223 L 4
63,0
319.9
348.3
242.5
387.5

R

.219.6

228.4
185.8
319.5
455.4
247.2
208.3
257.9
219.3
290.7
336.6
209.9
298.2

N

103

Posat Session

B
233.8

293.0 -

300.0
279.1
267.4
256.6
228.9
225.5
242.9
306.7
242.0
142.1
407.4

GROUP STRESS MANAGEMENT

Pre Session

170.0
122
135.
136.0
322.2
183.3
288.9
234.5
223.1
235.8
233.5

s
247.3
261.2
294.2
170.5
312.3
338.3
348.0

274.1
332.1
614.5
401.3

. R

371.5
252.8

. 205.5

215.5.
278.2
348.1
275.6
229.4

380.7
.3

s
235.2
308.0
323.6
353.5
281.2
296.6
309.5

. 243.8

220.1
365.9
122.4
195.6

395.2

311.3
360.1
375.8

.143.7

3%0.1
323.1
207.3
210.3
274.5
174.9
204.2
151.0
346.7

Post Session

B

240.0
274.8
227.2
360.1
222.0
$® 233.8

271.2°

227.4
332.0
217.0

" 365.2

s
221.0
317.7
320.3
490.9
329.0
255.9
275.2
212.2
381.2
338.4

481.9

244.2
341.8
241.5
327.9
238.7
210.4
277.9
184.8
401.6
196.1
363.4 °
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Appendix J © .
Counterbalanced Mental Stress Tasks ‘ ’
C=Stroop Color-Word D=Digit Span
vE=General Knowledge Quiz F=Reaction Time -.
. P
GROUP EXERCISE .
* , Subject Pre . Post ‘
' - 23 DE. FC
W .24 co ., e .
L 4 > . * 33 . PC L DE .
. 58 -CD - BF . R
\ g Q EF cp . :
' ‘& EF cD - Y
. 80 FC DE
84 EF CD
95 CDh EF-
96 CD EF
.'i‘ ’ 261 FC DE
. ’ 271 EF (ods]
v ‘ 661 DE FC
GROUP STRESS MANAGEMENT - S
. X Subject Pre Post ‘
01 FC - DB - - e
o 02 EF CD
: : . 16 FC DE s
.o 19 Cb EF v *
29 EF CD :
: ; l\ 31 DE FC |
_ 40 FC DE , ‘
‘ 45 cD EF -
) . .50 ‘DB ‘PC .
. 66 EF o43) ) .
321 * DE FC - ) .
. ~
, ¥ - . T »\
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