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Forty-two college age students enrolled 1n a Personal
Health class at V1rg1n1a Tech w1th exerc1se capac1ty g 16 NETs
and d1astol1c blood pressure (DBP) react1v1ty to the cold pressor
test g 5 mm Hg were randomly assigned to either an 1ntervent1on
group or a control group. The 1ntervent1on group was asked to

part1c1pate 1n an aerobic exerc1se sesslon 4 d/wk for 8 weeks,
cons1st1ng of walk1ng/jogg1ng for 30 mlnutes at or near the1r
target heart rate range (75-85% of heart rate reserve).

There were no s1gn1f1cant differences between groups in
terms of 1n1t1al fitness levels and any blood pressure (BP) and
heart rate (HR) basellne or react1v1ty measures. After the

tra1n1ng program, the average 1ncrease 1n exerc1se capac1ty for

the 1ntervent1on group was s1gn1f1cantly greater (H=1.7, SEH=0.3)
than the control group (H=0.6, SEH=0.2, p;.05). No s1gn1f1cant

dlfferences were observed in BP and HR basel1nes at the post-

1ntervent1on cold pressor test. Controll1ng for pre-1ntervent1on

react1v1ty levels by using ANGOVAs, the post-1ntervent1on
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react1v1ty scores were found to be unaffected by group E
ass1gnment. HR recovery to the cold pressor test (ln the f1rst
m1nute) was s1gn1f1cantly faster 1n the 1ntervent1on group at
post—1ntervent1on (p<.05).

No relat1onsh1p was demonstrated between reported
compl1ance to exerc1se and changes 1n f1tness (1.e. submax1mal
pred1cted METs). Thus, an analys1s of 8 subjects known to comply
w1th the exerc1se protocol (1.e. 26 sess1ons attended, 87x
compl1ance) compared to the 34 rema1n1ng subjects was completed.
A s1gn1f1cant group effect was revealed 1n the mod1f1cat1on of
DBP react1v1ty (p<.05) but not SBP or HR react1v1ty. Based upon

the or1g1nal exper1mental analys1s, results from the aerob1c
tra1n1ng study do not support the hypothes1s that aerob1c f1tness
moderates CVR to env1ronmental stress. However, the re—analys1s
compar1ng known exerc1se compl1ers to all others d1d support the
hypothes1s that aerob1c f1tness reduces DBP react1v1ty to the‘

cold pressor test. These f1nd1ngs suggest a potent1al role of
aerob1c f1tness 1n mod1fy1ng CVR to env1ronmental stress.
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CHAPTER I 4
1 Introduct1on

Twent1eth century culture has brought about dramat1c changes
1n the valuat1on of phys1cal f1tness. Today aerobic exerc1se 1s
often cons1dered to be an essential 1ngred1ent for both physical
and mental health. Desp1te the flour1sh1ng exerc1se movement,
however, many people rema1n 1nact1ve and demonstrate l1ttle
concern toward exerc1se and nutr1t1on. A chron1c d1sease
assoclated with a sedentary lifestyle has become the main threat
to health today: coronary heart dlsease (CHD). This d1sease 1s
undeniably complex 1n its etiology mak1ng both treatment and
study a compl1cated and challeng1ng task.

Since the 1970s, approx1mately flfteen prospectlve
ep1dem1olog1cal stud1es have been reported regarding the
relat1onsh1p between 1nact1v1ty and CHD. The majority have
1nd1cated an lnverse relat1onsh1p between myocardial infarction
(MI) and phys1cal act1v1ty. Aerobic exerc1se has been found to
improve blood l1p1d profiles, decrease blood pressure, decrease
welght, and alter hormonal responses wh1ch result 1n reduct1on of
r1sk for CHD (D1msdale, Alpert, & Schneiderman, 1986).

‘
A spectrum of variables--genet1c, dietary, environmental,
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behav1oral, and soc1ocultural——1nteract 1n unknown proport1ons to
1nfluence the d1sease process (we1ss, 1986). However, the well-
documented factors account for only 50x of the known cases of
d1sease (Jenk1ns, 1976). Thus 1t 1s necessary to cont1nue 1n the
explorat1on for add1t1onal var1ables 1nfluenc1ng the development

A
and progress1on of CHD.

There 1s some ev1dence that card1ovascular react1v1ty (CVR)
to env1ronmental stressors 1s l1nked to the atherosclerot1c
process and poss1bly CHD. A major port1on of one’s l1fet1me 1s
spent act1ng and react1ng to the env1ronment w1th profound
1nfluence on the card1ovascular system. To obta1n a true r1sk
prof1le, measurement of parameters assoc1ated w1th
the card1ovascular systm under dynam1c cond1t1ons of phys1cal
and psycholog1cal challenge (”stressors") 1s appropr1ate although
often only stat1c (rest1ng) measures are used.

An1mal models have demonstrated that cynomolgus monkeys fed
a moderately atherogen1c d1et that were ”h1gh" heart rate
react1ve to a laboratory stressor (threat of capture) had
s1gn1f1cantly more coronary artery atheroscleros1s than their

P
“low” reactor counterparts (Manuck, Kaplan, & Clarckson, 1983).

There were no d1fferences 1n basel1ne HR, BP, and serum l1p1ds
1mpl1cat1ng a CVR—atherosclerot1c assoc1at1on. In a p1oneer
study of r1sk factors for CHD, CVR to the cold pressor test

‘
(1mmers1on of hand 1n cold water) was a more powerful pred1ctor
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for CHD than any of the trad1t1onal r1sk factors (Keys et al.,
1971). In this twenty year prospective study, CVR was def1ned as
d1astol1c blood pressure (DBP) increases of greater than 20 mm Hg
1n response to the cold pressor test. One proposed mechan1sm
l1nk1ng excessive pressor responses to d1sease 1s that a hyper-

responsive cardlovascular system promotes arterlal 1nJury through
hemodynamic forces, such as turbulence and shear stress (Manuck
et al., 1983). Although d1rect causal1ty cannot yet be inferred,
ev1dence for a linkage between CVR to phys1cal and psycholog1cal
stressors and CHD 1s accmulat1ng.

It 1s commonly known that cardlovascular response to

exerc1se 1s altered by an aerob1c fitness tra1n1ng program
° (Blomqv1st & Stal1n, 1986). Some important adaptat1ons occur

w1th fltness such as reduct1on of heart rate and blood pressure
at rest and exerc1se, higher oxygen consumpt1on and higher
cardlac output during exerc1se. What 1s not known 1s whether
these CV adaptat1ons to exerclse general1ze to other

env1ronmental stressors. Exerc1se programs are commonly used for
stress management due to a bel1ef that aerobic f1tness results 1n
decreased anx1ety as well as improved cop1ng resources desp1te
l1m1ted support1ng data (D1msdale, Alpert, & Schne1derman, 1986).
The quest1on remalns to be answered as to the consequences of E
aerobic fitness on CVR to physical and psycholog1cal stressors

and the poss1ble phys1olog1cal mechan1sms beh1nd any changes.
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The potent1al for aerob1c f1tness as a modulator of CVR to
behavioral stressors 1s of paramount importance in its cl1n1cal
1ntervent1on poss1b1l1t1es for CHD. The lack of data 1n th1s
area warrants further research.

The current research literature exam1n1ng aerob1c f1tness
and CVR has a number of methodological problms which prevent
clear interpretation of their f1nd1ngs. A number of cross-
sectlonal studies suggest that CVR to stressors may be reduced by
an aerobic fitness tra1n1ng program. However, self-selection
factors used to define th1s parameter l1m1t the usefulness of
these f1nd1ngs. Other studies have ut1l1zed an experimental
design 1n wh1ch the variable of aerobic fitness 1s actually
changed through the study. Unfortunately, these experimental
studies either fa1led to assess CVR directly or ut1l1zed
stressors other than the CPT. The purpose of th1s study is to
rect1fy these methodolog1cal concerns by man1pulat1ng the
independent variable of aerob1c fitness and observ1ng changes 1n
the dependent measures of BP and HR durlng the cold pressor test.
Thus, the study 1s des1gned to determine 1f part1c1pat1on 1n an
aerobic f1tness tra1n1ng program results 1n a reduction 1n CVR to
the only known stressor pred1ct1ve of CHD.

Ho: There 1s no difference 1n CVR (SBP, DBP, HR) to the
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cold-pressor test between 1nd1v1duals who complete an
8—week aerobic f1tness tra1n1ng program and those who
do not.

H1: Ind1v1duals rece1v1ng the aerob1c tra1n1ng w1ll
exper1ence a reduct1on 1n CVR at the post-

1ntervent1on assessment.

S1gn1f1cghge of the gtugy

Presently, there has been relat1vely l1ttle research deal1ng
w1th the effects of aerob1c fitness on CVR to non—exerc1se
stress. If aerob1c f1tness can be shown to decrease CVR 1n a
sample of bas1cally healthy 1nd1v1duals, then there w1ll be
pos1t1ve 1mpl1cat1ons for both the pr1mary and secondary
prevent1on of CHD. The results of th1s study therefore w1ll have
1mpl1cat1ons for the use of aerob1c f1tness tra1n1ng programs to
mod1fy CVR 1n both healthy and cl1n1cal populat1ons. The results
may also enhance our understanding of the mechan1sm by wh1ch
aerob1c fitness h1nders the development and progress1on of CHD.

Another r1sk factor for CHD, the Type A behav1or pattern,
1s also bel1eved to be med1ated by CVR (Resenman et al., 1975).
The Type A behav1or pattern 1s character1zed by a sense of t1me
urgency, compet1t1veness, and host1l1ty. Recent research
suggests that Type A 1nd1v1duals tend to react w1th greater

1ncreases 1n BP and HR to laboratory stressors. There 1s also

ev1dence that aerob1c f1tness may have some benef1c1al effect 1n
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lower1ng self—reported Type A behav1or (Blumenthal, 1980).
Hence, aerob1c tra1n1ng may have value 1n moderat1ng both the
cogn1t1ve—behav1oral as well as the phys1olog1cal react1v1ty
component of the Type A behav1or pattern.
0gl1m1tg;1ggs

The follow1ng del1m1tat1ons were 1ncorporated 1nto the
des1gn of the study:

1. The subjects were 1nd1v1duals of college—age.
2. The aerob1c fltness tra1n1ng program consisted of

runn1ng 30 m1nutes 4 times per week for a per1od of 8
weeks.

3. The dependent measures of CVR were the changes 1n SBP,
DBP, and HR from rest1ng, baseline measurement to peak
measurement dur1ng the cold pressor test.

4. The cold pressor test was the only stressor used.
L1mjtgt1og5

The follow1ng l1m1tat1ons may have affected the outcome of
th1s study:

1. The process of beg1nn1ng an exerc1se program may have
led to a decreased CVR v1a changes in trad1t1onal
cardlovascular dlsease rlsk factors, social network or
behavior wh1ch may confound the parameter of aerob1c
f1tness.

2. Subjects were taken from a volunteer pool of college



Students.

3. Subjects d1d not fully comply to the aerob1c f1tness
tra1n1ng program.

Def1n1t1ons and symbols that are essent1al to understand1ng
f

th1s study are as followszcold pressor test

1. Ag;ggjg_E1;ge55: adaptat1on of the card1ovascular
system to repeated phys1cal stress 1n terms of
reduct1on of heart rate and systol1c blood pressure at
rest and exerc1se, and increased oxygen

consumpt1on, cardiac output. and oxygen extraction
from the blood dur1ng exerc1se (Matthews et al.,
1986).

2- cheneee-1n the
phys1olog1c card1ovascular measurable(s) under
1nvest1gat1on 1n response to a spec1f1ed st1mulus
(Matthews et al., 1986).

3. Qg1g;E;g;5g;_1gs;: 1mmers1on of the hand (or foot) 1n
1ce water (0-3 C.) for one minutes 1n order to el1c1t a
vasoconstr1ct1ve response (Matthews et al., 1986).

The follow1ng assumpt1ons were made by the 1nvest1gator:
1. The control subjects d1d not alter the1r exerc1se

hab1ts dur1ng the study.
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2. SP and HR are relatively stable measures for predicting
CVR dur1ng the cold pressor test. (

§!m§£!

Excessive CVR to environmental stressors may play an
lmportant role 1n the development of CHD. Evidence that certain
people at 1ncreased r1sk for CHD (1.e. Type As) respond to
psychosoc1al stressors with he1ghtened CVR and that CVR
promotes the pathology of CHD (through hemodynamic and
neuroendocr1ne responses) has tentatively been established.
Still in doubt, however, 1s the lssue of whether aerobic f1tness
can alter th1s hyper-responsivity of the cardlovascular system to
stress. W1th the substant1at1on of such a hypothesls, a powerful

f
1ntervent1on techn1que for physical as well as psychosoc1al
stressors could be establlshed and possibly ut1l1zed to control
the number one k1ller today: coronary heart disease.
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CHAPTER II

REVIEW OF THE LITERATURE

There is a strong belief today that aerobic fitness

results 1n decreased stress and anx1ety, as well as 1mproved
cop1ng resources; however, little evidence exists wh1ch supports
such a concept (Matthews et al., 1986). Several research

questions seem to be 1nherent in th1s area: (1) Does aerobic
fitness lead to decreases in HR and BP responses to non—exerc1se

stressors? (2) If present, what physiological mechanisms could
account for such decreased reactivity? (3) Does aerobic fitness

lead to 1mproved morale and cop1ng w1th stressors? This study

focuses on the effects of aerobic fitness on CVR, an area which

clearly exhibits the need for further research, by addressing the

first and most basic question above.

One of the earliest studies to consider the relationship

between aerobic f1tness and CV response to psychosocial stressors

failed to demonstrate any association between these variables

(Cox, Evans, & Jam1eson, 1979). Like many other studies, th1s

research used college-aged subjects who were 1n1t1ally tested for

9
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aerob1c f1tness level. Because an 1ncrease in HR has been found
to be a cogn1t1ve stress response independent of physical
stressors (Bl1xx, Stromme, and Ursin, 1974), th1s was the chosen
measurement of react1v1ty. Several psychosocjal stressors were
presented to the subjects, the most d1ff1cult of wh1ch was the
Stroop Color and Word Test. Th1s task 1nvolved nam1ng the colors
of ink in wh1ch the names of colors were printed 1n rapid
successlon (Stroop, 1935). There was no ev1dence that aerob1c

fltness was related to magnitude of HR response to psychosocial
stress; however, those w1th high levels of f1tness recovered more
qu1ckly (Cox et al., 1979).

The prev1ous f1nd1ngs of Cox et al. (1979) were l1m1ted to
a s1ngle response modallty narrowlng the overall scope of
react1v1ty. Thus, to obtaln an 1ntegrated p1cture, Sinyor and
his colleagues (1983) compared react1v1ty to psychosoc1al a

stressors w1th slmultaneous mon1tor1ng of card1ovascular (HR),
b1omechan1cal (catecholamlnes), and subject1ve (self-reports of
arousal and anx1ety) 1nd1ces. Paid male volunteers from ages 20-
30 years were recruited and d1v1ded 1nto tralned and untra1ned
groups of 15 subjects each. Fitness level of each subject was
est1mated by a b1cycle ergometer test, and three tasks of
psychosoclal stress were employed: mental ar1thmet1c, a

quest1on-answer series, and the Stroop Color and Word Test. From
basel1ne measurements both groups 1ncreased 1nd1st1ngu1shably 1n
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HR during the stressors with the trained group returning to

4 normal levels more quickly (S1nyor et al., 1983). This discovery

replicated the previous report of Cox et al. (1979) linking
aerobic fitness with increased physiological recovery from
psychosocial stress.

Another investigation by Hull, Young, and Ziegler (1984)

also divided subjects by degree of fitness without manipulating

the variable of aerobic fitness. Four stressors were

administered to the men and women aged 21-66 years: (1) a film

dep1ct1ng industrial accidents, (2) the Stroop Color and Word
Test, (3) the cold pressor test, and (4) exercising on a
treadmill to exhaustion. The results showed no preferential
generalization of fitness effects to the active psychological
tasks with relative HR demonstrating a reduction only to exercise
in fit subjects (Hull et al., 1984). These f1nd1ngs were similar
to those of Cox et al. (1979) and Sinyor et al. (1983) in that

fit 1nd1v1duals seemed to react no differently than unfit

individuals to psychosoc1al stress, but their rate of recovery
was not considered.

In an attempt to correct some of the methodological
problems w1th these previous studies (1.e. no control for initial
differences in baseline HR and "ce1l1ng" effect of intense

‘
stressors), Holmes and Roth (1985) assessed pulse rates during a

baseline period, three times during a mild memory stressor, and
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after a recovery per1od of two extreme f1tness groups. H1ghly
fit subjects evinced less of a pulse rate response (approx1mately
7 bpm) dur1ng the stress 1nd1cat1ng a decreased CVR. Unl1ke
other research, however (Cox et al., 1979), no d1fferences were
observed 1n recovery poss1bly due to the low level of stress

‘
used. Th1s vary1ng response depend1ng on the 1ntens1ty of the

stressor m1ght br1ng speculation of the 1ntens1ty of stress at
wh1ch aerob1c f1tness mod1f1es CVR dur1ng the stress response

(1.e. h1gh stress may decrease react1v1ty dur1ng recovery;

whereas low stress may decrease react1v1ty dur1ng the stress
1tself).

_

Because the only study to f1nd a decrease 1n HR dur1ng
behavioral stress used very small groups (n=10) of f1tness
extremes and assessed only HR (Holmes and Roth, 1985), another
group of researchers dec1ded to substant1ate these f1nd1ngs by
d1v1d1ng their 174 subjects 1nto three self-reported f1tness

groups (L1ght, 0br1st, James, & Strogate, 1987). Both HR and BP

responses to a m1ld exercise task, a react1on-t1me task, and the
cold pressor test were measured. The results 1nd1cated that the
more f1t subjects showed less of a HR and SBP response (1.e.

decreased B—adrenerg1c, sympathet1c nervous system response) to
the stressful behav1oral task (Light et al.,1987). No group

d1fferences were found 1n DBP responses to the cold pressor test

s1m1lar to Hull’s (1984) f1nd1ngs wh1ch po1nts to a possible
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decreased B—adrenerg1c st1mulat1on be1ng the factor wh1ch
decreases CVR 1n high level exerc1sers (Light et al., 1987).

Another study wh1ch focused on the sympathetic nervous
system act1v1ty 1nvolved 1n the card1ovascular response to stress
measured HR and T—wave ampl1tude (TWA) of high and low f1t

subject categor1es (Schulan, Scher, and Furedy, 1986). It was

hypothesized that due to 1ts ventr1cular or1g1ns, TWA should be
more sensitive to sympathet1c nervous systm fluctuat1ons than

HR. The results were cons1stent with the pr1or f1nd1ngs of Cox
et al., (1979), S1nyor et al., (1983), and Hull et al., (1984) 1n

reporting that HR response to a psychological stressor 1s not a

feature that rel1ably d1st1ngu1shes h1gh from low aerobic fitness
4

subjects. The THA d1d however, d1scr1m1nate h1gh from low

aerob1c fitness subjects during d1ff1cult but not easy tasks.

Thus, there appeared to be a "floor" effect present even 1n the
more predictive measure of THA. Eas1er tr1als d1d not produce
suff1c1ent card1ac changes to man1fest differences in the

sympathet1c st1mulat1on of the myocard1um (Shulan et al., 1986).

One of the critical issues developed 1n th1s l1terature 1s
the importance of establ1sh1ng a stable baseline pr1or to the

assessment of CVR. In te1r study of aerob1c f1tness and CVR,

Plante and Karpow1tz (1987) found that dur1ng the basel1ne

per1od, ant1c1patory anx1ety responses may have elevated HR to 6

such a h1gh level that CVR to psychosoc1al stressors was

_Y__'__________________________________.....................................................-----J



d1m1n1shed due to a “ce1l1ng effect". The authors caut1on future
researchers to establ1sh an adequate basel1ne before conduct1ng
the stressful procedures.

Another recent study based on the prem1se that exerc1se
tra1n1ng may decrease card1ovascular and sympathet1c responses to

non-exerc1se da1ly stress focused on BP and HR responses to the
cold pressor test of 1nd1v1duals w1th vary1ng levels of aerob1c
f1tness (Rogers, Bove, Squ1res, 8 Ba1ley, 1988). No change 1n HR
from rest to the cold pressor test was found, but the mean
arter1al pressure 1ncreased 1n all groups. Th1s 1ncrease,
however, was reduced 1n subjects engaged 1n card1ac

rehab1l1tat1on and low level exerc1se and further reduced 1n
well-tra1ned subjects. Such a f1nd1ng contrad1cts many of the
prev1ous stud1es 1n dmonstrat1ng an improved mean arter1al

response to non—exerc1se stress w1th tra1n1ng. Thus a tra1ned
1nd1v1dual may respond to cold stress w1th an attenuated r1se 1n
BP, produc1ng a more favorable rate pressure product (SBP x HR)

and reduc1ng myocard1al oxygen dmand (Rogers et al., 1988).
Once aga1n, the authors adv1se of the l1m1tat1ons of

the1r study po1nt1ng out that subjects volunteer1ng for an
exerc1se study are by def1n1t1on a select group, regardless of
degree of f1tness. E

Aerob1c f1tness and CVR stud1es have been l1m1ted by the ä
1ntens1ty of the stressor as well as great 1nd1v1dual var1at1ons Ä
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1n the stress response. To approach these problems, Claytor,
Cox, Howley, Lawler and Lawler (1989) ut1l1zed an 1ntense
stressor (1.e. electr1c shock) to compare subjects d1fferent 1n
CVR for d1fferences 1n aerob1c f1tness as well as compare tra1ned
versus untra1ned subjects for d1fferences 1n CVR. They found no
s1gn1f1cant d1fferences between the tra1ned and untra1ned groups
1n catecholam1ne levels or HR changes produced by stress (Claytor
et al., 1989). Th1s 1s cons1stent w1th the spec1f1c1ty of

tra1n1ng theory. Also, no d1fferences 1n f1tness levels were
found to account for d1fferences 1n CVR (Claytor et al., 1989).
These authors suggested focus1ng future research on only the most
react1ve of 1nd1v1duals.

The prev1ous stud1es all dealt w1th aerob1c f1tness 1n a
cross—sect1onal, stat1c manner 1n wh1ch subjects were strat1f1ed
by f1tness levels already ach1eved. Keller and Seragan1an (1984)
conducted some of the f1rst research man1pulat1ng the var1able of
aerob1c f1tness. The1r study demonstrated the 1mportance of

determ1n1ng the long1tud1nal effects a changed f1tness level may
have on CVR to psychosoc1al stress. In a powerful des1gn
feature, they random1zed 10 male and 10 fmale subjects rang1ng
between 17 and 40 years of age to one of three 10-week programs:

Eaerob1c exerc1se, mus1c apprec1at1on, or med1tat1on. Fluctuat1on 1
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I react1v1ty. At the beg1nn1ng of this 10—week per1od there were
no s1gn1f1cant differences among the groups’ responses to var1ous I

psycholog1cal stressors (s1x 5—m1nute tasks wh1ch are expla1ned
in deta1l by the study). However, by the s1xth week the exercise
group exh1b1ted much lower fluctuation of electrodermal act1v1ty
during stress (Keller & Seraganian, 1984). Th1s strong des1gn
could have been further enhanced by more d1rect measures of
phys1olog1cal reactivlty (Matthews et al., 1986).

The only other study using an experimental des1gn to
conduct the1r research was the Montreal Type A Intervention g
Project (Rosk1es, Seragan1an, Oseasohn, Hanley, 8 Collu, 1986).
Th1s 1nvest1gat1on randomly ass1gned 107 male managers deemed as
Type A by the Structured Interview to three 10—week treatment

groups: aerob1c exercise, we1ght-l1ft1ng, and stress-management.
0f all the available studies addressing the issue of AF and 1ts
relat1on to CVR, Rosk1es’ et al. (1986) dmonstrates the most
1mpress1ve research design. Subjects were randomly ass1gned to
each of the three cond1t1ons. To be included 1n the data
analysis, subjects 1n the exerc1se group were required to
part1c1pate in 27 of 30 scheduled exercise sess1ons.
Considerable effort was devoted to establ1sh1ng stable baseline
phys1olog1cal measurements and the order of stressors was

‘
counter-balanced across treatment groups. Results however, were

non—s1gn1f1cant. All treatment groups exper1enced a s1gn1f1cant
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reduction 1n CVR from pre to post 1ntervent1on assessment;

however, none of the treatments (aerob1c exerc1se, we1ght
tra1n1ng, stress management) was s1gn1f1cantly super1or to the
others. The primary explanat1on 91ven for this change in
reactivity was related to the effects of habituation to the test

l
s1tuat1on. In exam1n1ng the group aerobic exercise means more
closely, however, it appears that the pre—post DBP react1v1ty was
the most mod1f1able var1able (Pre-test: x:26.2, SD=14; Post-test:
x=21.4, SD: 13). Th1s suggests that aerobic fitness may have 1ts
greatest effect on DBP react1v1ty wh1ch 1s consistent w1th 1ts
importance 1n the Keys et al. (1971) prospective study of risk
factors for CHD. (

Regardless of these seem1ngly 1ns1gn1f1cant f1nd1ngs,
there are problems which this study d1d not confront wh1ch still
makes aerobic f1tness an important variable to 1nvest1gate 1n
terms of CVR mod1f1cat1on. F1rst there 1s the fact that although
the stressors were counterbalanced, they were not the same
stressors both pre and post-test. Th1s was planned to avo1d any
hab1tuat1on problems, but may have caused a new and larger set of
problems by making the results largely un-interpretable. Also,
1t 1s known that the only stressor d1rectly linked to CHD through
CVR 1s the cold pressor test (Keys et al., 1971), however, this
was not even one of the stressors presented 1n this study.

Finally, rather than using a random sample of apparently normal
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1nd1v1duals, th1s study focused on a very spec1f1c sample (1.e.
Type A 1nd1v1duals). This could have skewed the results by
contam1nat1ng the react1v1ty measures w1th some other factor
wh1ch may be present 1n th1s group.

Early stud1es focused on card1ovascular response 1n
1nd1v1duals w1th the Type A behavior pattern due to th1s behavior
pattern’s assoc1at1on w1th the development of CHD (Friedman and
Rosenman, 1959). S1nce most new cases of CHD were not fully

predlcted by the combination of standard r1sk factors (Jenkins,
1976; Keys et al., 1972; Rosenman, 1977), the Type A construct

7
ga1ned 1mportance 1n 1ts add1t1onal pred1ct1ve value for CHD
(Friedman & Rosenman, 1959). It 1s plauslble that spec1f1c
behav1ors of Type A 1nd1v1duals produce and sustain phys1olog1c
states assoclated w1th the patholog1cal processes of CHD
(Dembrosk1 et al., 1978). In 1978, Dembroski and h1s colleagues
attempted to establish the l1nk between Type A behav1or, arousal
of the card1ovascular system, and CHD through the use of
psychomotor performance challenges. Male volunteer college
students rang1ng 1n age from 18-22 years completed the Jenk1ns
Act1v1ty Survey (JAS) to determine behav1or pattern prior to
undergo1ng performance challenges. Three tasks were presented 1n
sequence to the subjects: (1) a reaction-t1me task, (2) an
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electronic telev1s1on handball game, and (3) a ser1es of
d1ff1cult anagrams. Results of th1s study 1nd1cated that the
degree of CVR (measured by HR and BP) 1n response to these
performance challenges was assoc1ated w1th the Type A behavior
pattern.

A subsequent study by Corse et al. (1982) us1ng both
healthy and CHD pat1ents as subjects, was based on this earl1er

1nvest1gat1on by 0embrosk1 and others (1978). They found greater
HR and BP elevat1ons 1n Type A 1nd1v1duals under challeng1ng

s1tuat1ons. Th1s further emphas1zed the potential role of CVR to
stressors 1n linking Type A behavior to CHD (Herd, 1981;

Williams, 1978).

In contrast to the negative 1mpact of Type A behav1or on
the card1ovascular system are the pos1t1ve adaptations brought

about v1a long—term aerobic cond1t1on1ng (Fox & Matthews, 1981).
Several ep1dem1olog1cal stud1es have found phys1cal act1v1ty to
promote protection aga1nst mortality related to CHD (Kannel &

Sorlie, 1979; Morr1s et al., 1980; Paffenbarger et al., 1978).

The unknown relat1onsh1p between Type A behavior, phys1cal
fitness, and CHD prompted another study us1ng Type A/B

class1f1cat1on as well as act1v1ty level 1n study1ng CV responses
to stressful tasks. By th1s time, however, stud1es had been

performed deal1ng w1th phys1olog1cal react1v1ty to psychosocial

stressors as a function of f1tness (Cox et al., 1979; Hull et
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al., 1984; S1nyor et al., 1983). None had dealt w1th the
1nteract1on between aerob1c f1tness and Type A/B d1mens1ons and
1ts 1mpact upon react1v1ty. S1xty—one college students were
categor1zed as Type A or B and f1t or sedentary and were
challenged w1th 5 very d1fferent stressors (Lake, Suarez,

Schne1derman, & Tocc1, 1985). Lake and her co—workers (1985)
found that the Type A and sedentary groups exh1b1ted h1gher BP
and HR responses 1n general. Sedentary Type As had a greater SBP
response than f1t Type As or both groups of Type Bs dur1ng an
1nterpersonal commun1cat1on stressor. The react1v1ty of f1t Type
As d1d not differ from e1ther group of Bs dur1ng th1s same task
poss1bly 1nd1cat1ng AF as a protect1ve mechan1sm aga1nst CHD.

The most recent study to exam1ne the relat1onsh1p between
Type A behav1or and CVR evaluated the long—term effects of
several Type A 1ntervent1on strateg1es (Schaeffer et al., 1988).
Counsel1ng, aerob1c exerc1se, and a br1ef stress awareness
workshop were evaluated s1ngly and 1n comb1nat1on for the1r
effects on the components of Type A behav1or (through the
structured 1nterv1ew) as well as CVR ( through a mental
ar1thmet1c challenge). After one year none of the groups
d1ffered on "global" Type A; however, the data suggested that the
benef1t of 1ntervent1on was dependent on the part1cular component
of Type A behav1or 1n wh1ch change 1s des1red (Schaeffer et al.,

1988). Host1l1ty and verbal compet1t1on was moderated by Type A
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counseling whether or not exercise was included in the

intervention; however, the anger-in component was most

effectively decreased by exercise. Although there was not a
significant reduction in CVR with any of the interventions, a
slight trend was found between aerobic fitness and a decreased
physiologic stress reactivity (Schaeffer et al., 1988).

äsmuanv
The current literature in this area fails to conclusively

demonstrate the potential modulating role of aerobic fitness on
stress—induced CVR. Early studies focused on Type A behavior and
CVR, whereas physical fitness was only a secondary consideration.

Most of the research completed in the area of aerobic fitness
examined pre—defined groups in terms of fitness without

manipulating the variable over a period of time. Only two

studies have utilized an experimental design with AF as the

independent variable. One study did not measure CVR directly

through HR or BP. The second study was restricted to Type A

individuals and did not utilize the cold pressor test, the only
documented stressor for CHD risk. Further experimental studies
are needed with careful attention to selection of the
environmental stressor and use of appropriate CVR outcome

measures. Only in this manner will it be possible to elucidate
‘

intervention techniques likely to be the most effective in T
reducing CVR to environmental challenges. Due to the important Et
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role exercise plays in modifying so many risk factors for CHD
(blood lipids, hypertension, obesity), its role in modifying CVR,
yet another potential risk factor for CHD, should be fully
explored.
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1
THE EFFECT OF AN AEROBIC TRAINING PROGRAM ON CARDIOVASCULAR

REACTIVITY TO THE COLD PRESSOR TEST

Chr1st1na Berglund
Douglas R. Southard
W1ll1am G. Herbert

(ABSTRACT)

Forty-two college age students enrolled 1n a Personal
Health class at V1rg1n1a Tech w1th exerc1se capac1ty ; 16 METs
and d1astol1c blood pressure (DBP) react1v1ty to the cold pressor
test g 5 mm Hg were randomly ass1gned to e1ther an 1ntervent1on
group or a control group. The 1ntervent1on group was asked to
part1c1pate 1n an aerob1c exerc1se sess1on 4 d/wk for 8 weeks,

cons1st1ng of walk1ng/Jogg1ng for 30 m1nutes at or near their
target heart rate range (75-85% of heart rate reserve).

There were no s1gn1f1cant d1fferences between groups 1n
terms of 1n1t1al f1tness levels and any blood pressure (BP) and
heart rate (HR) baseline or react1v1ty measures. After the
tra1n1ng program, the average 1ncrease 1n exerc1se capac1ty for
the 1ntervent1on group was s1gn1f1cantly greater (M=1.7, SEM=0.3)
than the control group (M=0.6, SEM=0.2, p_g.05). No s1gn1f1cant

d1fferences were observed 1n BP and HR basel1nes at the post-

1ntervent1on cold pressor test. Controlling for pre-1ntervent1on

24
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reactlvity levels by using ANCOvAs, the post—1ntervent1on
reactlvity scores were found to be unaffected by group
asslgnment. HR recovery to the cold pressor test (ln the f1rst
mlnute) was signiflcantly faster in the lnterventlon group at
post-1ntervent1on (p<.05).

No relationship was dmonstrated between reported
compllance to exerc1se and changes ln fitness (1.e. submaximal
predlcted METs). Thus, an analysis of 8 subjects known to comply
wlth the exerclse protocol (1.e. 26 sess1ons attended, 87x
compllance) compared to the 34 remalning subjects was completed.
A s1gn1f1cant group effect was revealed 1n the modification of
DBP reactivity (p<.05) but not SBP or HR reactivity. Based upon
the or1g1nal experimental analysls, results from the aerobic
tra1n1ng study do not support the hypothesls that aerobic f1tness
moderates CVR to envlronmental stress. However, the re-analysis

comparlng known exercise compllers to all others d1d support the
hypothesis that aerobic fitness reduces DBP react1v1ty to the
cold pressor test. These f1nd1ngs suggest a potential role of
aerobic f1tness ln modlfying CVR to environmental stress.
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Intrggggtion

Cardiovascular reactivity (CVR) to environmental stressors
may be etiologically involved in the pathogenesis of coronary
heart disease (CHD) (1). Repeated elicitation of the stress
response involving excessive heart rate (HR) and blood pressure
(BP) responses to environmental stress may promote arterial
damage directly via hemodynamic shear forces and indirectly via

the associated increases in serum cholesterol and neuroendocrine
responses (2). Individuals exhibiting the most pronounced

psychophysiologic reactivity (i.e. hyper-reactors) to behavioral
stress may be at greatest risk (1). Animal models developed from
cynomolgus monkeys fed a moderately atherogenic diet have
supported this hypothesis. Those who were "h1gh" HR reactors to

a laboratory stressor (threat of capture) had significantly more
coronary artery atherosclerosis than their "low" reactor

counterparts (3). Since there were no differences in pre-

treatment HR, BP, and serum lipids, the findings suggest an

association between cardiovascular reactivity (CVR) and

atherogenesis. In one prospective study involving a human

population, those with 20 mm Hg or greater diastolic blood

pressure (DBP) increase to the cold pressor test (immersion of 1
the hand in ice water) were found to be 2.4 times more likely to ä

26
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manifest CHD in a 23 year follow—up study (4). Thus, there is

some empirical evidence for a linkage between CVR to

environmental stimuli and the development of CHD.

Although it is commonly accepted that physical exercise
results in positive adaptations in aerobic fitness (i.e.

1 reduction of HR and BP at rest and exercise; and higher VO2 and

cardiac output during exercise), generalization of its modulating

effect to other stressors has not been well documented (5). Most

of the research has examined predefined groups in terms of

aerobic fitness. One study reported that differences in aerobic

power did not affect or account for differences in CVR to an
environmental stressor (6). Several of these studies have
reported no reduction in the magnitude of reactivity in the "fit"

group, but demonstrated a faster return to baseline following
stressor termination (7,8,9). However, other studies controlling

for pre—treatment differences in HR and the "ceiling" effect

which occurs upon exposure to intense stressors, have

demonstrated that subjects with higher exercise capacities

experience a decreased HR response to a mild memory stressor.

They also exhibit a decreased HR and SBP response but not DBP

response to the cold pressor test (10). The most recent eross-

sectional study of CVR to the cold pressor test found that mean

arterial reactivity blood pressure was reduced in aerobically

trained subjects in a dose—response manner (11).
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Only three studies have utilized an experimental design
with aerobic fitness as the independent variable. Keller and

Seraganian (12) reported a decline in electrodermal reactivity, a
measure of autonomic nervous system function, by the sixth week
of a 1O week aerobic training program. The other two studies
focused on CVR but in individuals possessing the Type A behavior

pattern due to the association of this behavior with the

development of CHD (13). Such individuals tend to experience

more extensive CVR under challenging, competitive circumstances

which may form the physiological link between the Type A behavior

pattern and the development of CHD (14,15,16). In the Montreal

Type A Intervention Project all treatment groups (aerobic

exercise, weight lifting, and stress management) experienced a

significant reduction in CVR to a variety of stressors; however,

the results were attributed to test-retest habituation (17).

Also utilizing aerobic exercise as a Type A intervention,

Schaeffer et al. (18) found no significant reduction in CVR after

one year.

A number of methodological problems, however, are present
in these experimental designs. None of these studies used the
cold pressor test, the only stressor documented to be associated

with the development of CHD in humans (4). One study did not

measure CVR directly through HR or BP (12) while the others were

restricted to Type A individuals (17,18). In addition, several
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studies made no attempt to ensure that subjects exhibited even

modest levels of CVR to the experimental stressors (12,18).

In summary, the inconsistent findings noted in the studies
above prevent conclusive statements regarding the ability of
aerobic exercise to modify CVR to environmental stressors.
Physical activity is thought to decrease CHD risk by improving

blood lipids, decreasing BP, and reducing weight. Its role in

reducing CVR, another possible risk factor for CHD should be

explored more fully. This study utilized an experimental design
to manipulate the variable of aerobic fitness. The direct
effects of an aerobic training program were measured through HR
and BP responsivity to the only known predictor of CHD, the cold
pressor test. DBP responsivity was the parameter of focus due to
its predictive relationship to CHD in the prospective study by

Keys et al. (4). Thus, this study was designed to test the

hypothesis that aerobic training will lower DBP reactivity to the

cold pressor test.

Metnodolggy

Qesism
Subjects randomly assigned to the intervention group

received an 8 week aerobic training program. Control subjects

were asked to maintain their usual levels of physical activity.

Assessment of CVR to the cold pressor test and level of aerobic
fitness were performed pre and post—intervention.
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Subject;

Forty—two college age students were selected from a group
of volunteers enrolled in Personal Health classes in the Fall of
1988. Subjects were awarded up to five percentage points of
extra credit for participation in this experiment. To

participate in the study, subjects were required to be: (1) 17-
23 years of age, (2) normotensive (i.e., BP < 140/90 mm Hg), (3)

free of significant orthopedic problems, (4) free of diabetes,

Raynaud’s Syndrome, or cardiovascular disease.

Procgdgrgs

The pre-intervention assessment was performed in three
f

parts. Part I involved a mass testing session in which subjects
completed an informed consent form and a health history form to
provide information concerning possible physical limitations to
participation in the study. Part II entailed a pre—intervention
assessment which served as both an orientation to the laboratory
environment as well as a screening procedure to eliminate those

subjects with a DBP response g 5 mm Hg. The subject was seated

quietly in a video-monitored room while HR and BP was taken each
minute by an automated BP monitor (Model S0—700A, Industrial &
Biomedical Sensors Corporation). A stable baseline was

considered to have been established when DBP had not changed more
than 5 mm Hg. These three readings were averaged and utilized as
the baseline level to which BP readings during the cold pressor
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test stressor were compared. The subjects were then administered
the cold pressor test to determine CVR. After receiving verbal

instructions via an intercom system from the experimenter, the
subject immersed his or her left hand in ice water (0-3 C) for
one minute with HR and BP being recorded at approximately 50
seconds into the task. During the task the subject received

feedback regarding the amount of time remaining every 15 seconds.

The subject was allowed to withdraw his or her hand from the
water while HR and BP continued to be monitored at 1 minute

intervals. Reactivity scores were calculated by subtracting

average baseline levels from the peak level during the cold
pressor test. Finally, a graded exercise treadmill test was
given to estimate the subjects’ baseline exercise tolerance and
determine target heart rate (THR) range for exercise training. A

submaximal fixed HR of 150 bpm was used to determine a predicted

MET value for comparisons in this study. Those with DBP

reactivity ; 5 mm Hg and an exercise tolerance > 16 METs

(predicted) were eliminated from the study.

The third part of the assessment was initiated immediately
prior to randomization and consisted of a second cold pressor
test for those who met the initial reactivity and fitness

requirements. The same protocol was followed with several

modifications: a) instructions were read to the subjects for

standardization purposes, b) the subjects received no time
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feedback from the experimenter, c) and the recovery readings were
monitored until the subject’s DBP was within 5 mm Hg of the
initial reading or a minimum of three readings. A total of 44
subjects maintained DBP reactivity g 5 mm Hg and were
subsequently randomized to either the intervention or control

« group. In anticipation of a slightly greater number of drop—outs
in the intervention group, 24 subjects were randomized to the
intervention group while 20 were assigned to the control group.

All subjects were instructed to keep a log of all exercise
performed during the intervention period. Individuals in the

intervention group were also asked to participate in a group

aerobic exercise session led by the first author 4 days/wk for 8
weeks. Each session lasted 40 minutes consisting of 5—m1nute
warm·up and cool—down periods, and walking, jogging, or running

for approximately 30 minutes at or near their THR range. The THR
range was calculated by estimating maximum heart rate and

calculating the THR range of 75—85x HR reserve using the Karvonen

method (19). Subjects in the control group were asked to

maintain their usual level of physical activity throughout the
duration of the study.

During the 8 week training portion of the study, nine

exercise sessions were offered each week to accommodate various

scheduling difficulties. Intervention subjects were asked to

attend a total of 4 sessions each week; however, not all subjects
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intervention group were unable to complete the study due to
injury and illness. After the 8—week training period, the cold
pressor test was again administered in both groups to determine
if there were any reductions in the magnitude or duration of CVR
post—intervention.

Test—retest reliability estimates for CVR to the cold
pressor test were calculated by two methods. A 1 week test-
retest reliability was determined by comparing SBP, DBP, and HR
from the screening to pre—intervention assessment. An 8 week
test—retest reliability was determined by comparing pre to post-
intervention measures for the control group only.

~ Statistical analyses included a series of t—tests for each
of the dependent measures on SBP, DBP, and HR. Independent t-
tests were calculated across groups on pre—intervention measures
of aerobic fitness and CVR to determine any mean differences

immediately pre-intervention. The main analysis compared change
scores representing pre—intervention to post—intervention

reductions in CVR to the cold pressor test. This procedure

utilized analysis of covariance (ANCOVA) to adjust for any pre-
intervention differences in CVR. Significance was set a priori

at an alpha level of .05.

Resglts

The average age in both the intervention and control
groups was 20 years. The control group was composed of six males
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males and fourteen females while the intervention group had seven
males and fifteen females. Pre—1ntervent1on mean predicted METs
at a submaximal heart rate of 150 bpm in the intervention group
(6.8 g 1.9) and control group (7.3 ; 1.4) were not significantly

different.

The 1-week and 8-week reliability estimates for CVR scores

ranged from .47-.68 with HR demonstrating the least consistency

at one week and DBP the least consistency at eight weeks.

Overall, the measures of CVR appear to be only moderately

reliable with no clear evidence of a degradation effect over an

8 week interval.

In order to quantify and determine any changes in aerobic

fitness, independent t-tests were used to analyze submaximal MET
levels pre and post—intervention. The average increase in METs

for the intervention group was significantly greater (M=1.7,

SEM=0.3) than the control group (M=0.6, SEM=0.2, p <.05). This

demonstrates that the intervention group experienced some y

training effect although there is no way to determine the extent
motivation played in changing aerobic fitness.

Mean baseline and change (reactiv ty) scores during the
pre and post-intervention cold pressor tests are presented in

Table 1. No significant group differences were observed at the

outset of the study on any BP and HR baseline (SBP: t=-1.46, p

>.05; DBP: t=-0.64, p >.05; HR: t=-1.36, p >.05) or reactivity
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measures (SBP: t=—0.21, p >.05; DBP: t=-0.13, p >.05; HR: t=-

1.56, p >.05). The intervention group, however, demonstrated a

non—significant trend toward higher baseline SBP and HR measures

as well as slightly higher HR reactivity. The BP and HR
baselines at the post—intervention cold pressor test once again

exhibited no significant group differences (SBP: t=—1.41, p >.05;

DBP: t=—0.21, p >.05; HR: t=-1.03. p >.05); however, the trend

for slightly higher SBP and HR measures in the intervention group

remained. Controlling for pre-intervention reactivity levels in

an ANCOVA, the post—intervention reactivity scores were found to

be unaffected by group assignment (SBP: F(1,1)=O, p>.O5; DBP:

F(1,1)=.02, p >.05; HR: F(1,1)=.57, p >.05).

The only finding of statistical significance was revealed
by ANCOVAs generated on the post-intervention recovery data.

Recovery was assessed at each minute after the cold pressor test

by taking the differences in the CVR measures from the baseline

(i.e. one minute recovery — baseline, two minute recovery -
baseline, etc.). Using the pre-intervention recovery as the

covariate, ANCOVAs were generated on all three CVR parameters for
each minute of recovery. All the findings for SBP and DBP were

‘
non—significant. Only the first minute recovery HR was found to

i

be significantly better in the exercise group rebounding

approximately 5.8 bpm below their baseline (F(1,1)=8.70, p <.05).

_____________________________________......................................---------------4
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Table 1: Pre and Post-Intervention Basel1ne# and React1v1ty+
Measures in the Interventlon and Control Group

Lgtgrvggtion gontggl

M ä M §·Q
Pre-baseline 119.0 12.6 113.5 12.0
Pre-reactlvity 13.6 10.5 13.0 8.2Post-baseline 119.0 12.0 113.8 11.8
Post—react1v1ty 11.1 9.3 10.7 7.2

Pre—basel1ne 71.6 6.7 70.2 7.8
Pre—react1v1ty 20.8 11.8 20.3 11.3Post-baseline 71.4 10.8 70.8 7.6Post—react1v1ty 16.6 10.8 .16.0 8.1

HR Mggsgre;

Pre—basel1ne 75.2 12.5 70.5 9.5
Pre—react1v1ty 11.8 10.0 7.1 9.1Post—basel1ne 75.8 10.4 71.8 14.3Post-react1v1ty 5.9 7.6 4.8 10.0

# Basellne = average of three restlng measures
+ React1v1ty = Peak — Basel1ne
Note: BP measured in mmHg, HR 1n beats per minute.
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There was a significant relationship between baseline METs
and pre—intervention baseline DBP and HR indicating that those
with higher submaximal predicted METs exhibited lower entry DBP
and HR measures (DBP: r=—.3i, p <.05; HR: r=—.50, p <.O5).
However, there was a lack of relationship between change in METs

~ and change in CVR in the intervention group from pre to post-
intervention (SBP: r=-.02, p >.05; DBP: r=.11, p >.05; HR: r=

-.27, p >.05). In addition, there was no relationship between

reported compliance to the aerobic fitness training program in
the intervention group and improvement in METs (r=.06, p >.O5) or
reduction in CVR (SBP: r=.27, p >.05; DBP: r=—.17, p >.05; HR:
r=—.22, p >.05).

The lack of a relationship between reported compliance to
exercise and changes in exercise capacity (i.e. submaximal
predicted METs) was alarming and suggested that the failure to
detect an effect of the aerobic fitness training program on CVR
might have been due to poor compliance to the training regimen.

To explore the possibility, 8 individuals from the intervention
group known to comply with the exercise protocol by direct

observation were compared to the remaining 34 individuals

including those in both intervention and control groups. This

analysis defined the intervention group as those subjects with at

least 87% compliance (a minimum of 26 on-site sessions attended)
who worked in their THR range and remained injury free. Once
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again ANCOVA using pre-reactivity measures as the covariate was
utilized for the data analysis. This analysis revealed a

significant group effect in the modification of DBP reactivity
(see Figure 1) (F(1,1)=5.82, p < .05) but not SBP or HR
reactivity (SBP: F(1,1)=.08, p > .05; HR: F(1,1)=1.34, p > .05).
However, all the post—intervention CVR means for the exercise
compliers were lower than those of the comparison group and
exhibited more impressive declines (see Table 2). Due to the
substantial difference in sample size, an F’-test generated by

the SAS independent t-test procedure was utilized to test the
hypothesis that the variances in both groups were equal for DBP
reactivity. The null hypothesis that the variances between the
two groups was equal could not be rejected (F’(7,33)=2.05, p

>.16); therefore the assumption of equal variances was met in the

ANCOVA.

This post—hoc analysis of exercise compliers versus all

others was also completed for the recovery data at minute

intervals. No significant differences were found except at the
third minute of DBP recovery (F(1,1)=5.02, p <.05); while there

was a trend for increased DBP recovery overall in the exercise
compliers.
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Table 2: Pre & Post—Intervent1on Baseline * and Reactivity +
Measures for Subanalysis

QmnuacsSBP
Mgasureg M §Q N §Q

Pre—basel1ne 118.7 5.2 115.8 2.1
Pre—react1v1ty 11.2 4.7 13.8 1.4Post-basel1ne 118.4 4.6 116.0 2.1Post—react1v1ty 10.1 3.2 11.1 1.4

Pre-baseline 71.5 2.7 70.8 1.2Pre—react1v1ty 20.1 3.4 20.7 2.0Post-basel1ne 73.5 5.3 70.6 1.3 ,Post—react1v1ty 10.2** 4.2 17.7 1.4
HR Megsgrgs

Pre—basel1ne 74.8 4.6 72.5 1.9Pre—react1v1ty 10.0 4.1 9.4 1.6
Post-basel1ne 80.2 3.8 72.4 2.1Post-reactivity 3.2 1.7 5.9 1.6

* Baseline = average of three resting measures
+ React1v1ty = Peak — Baseline
** p <.05 (compar1son across groups)
Note: BP measured in mmHg, HR in beats per m1nute.
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Djsggssign

Results from the analysis based upon the randomized groups
do not support the hypothesis that aerobic fitness moderates CVR
to environmental stressors. This is consistent with the reported
findings of Roskies and her colleagues (17) in the one study to
date which manipulated the variable of aerobic fitness and
directly measured CVR through HR and BP response. As some

previous studies have noted (7,9,8,17), aerobic exercise had

little to no affect on CVR to an environmental stressor (i.e. the
cold pressor test) despite the increased fitness level observed
in the intervention group. These results are in marked contrast

however, to the promising findings of Rogers and his colleagues
who found that reduction in mean arterial response to the cold
pressor test decreases linearly with increasing fitness level

(11).

Besides the obvious possibility that there may be no
relationship between CVR and aerobic fitness, there were several

methodological concerns that may have lowered the power of the
present study. Modest test-retest reliability of the outcome
measures and potentially low compliance to the exercise protocol
may have introduced variance obscuring any relationship between
aerobic fitness and CVR.

The fact that the cold pressor test exhibited only

moderate test-retest reliability lowers the study’s power to
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detect any influence aerobic fitness might have on CVR. Although
there is a trend toward specific hemodynamic responsivity to the
cold pressor test (i.e. increased DBP probably via an increase in
peripheral resistance), the assumption of within individual
consistency of physiological reactions to cold over time remains

· debatable (20). In addition, CVR to the cold pressor test can be
biased by levels of perceived challenge, previous experience, and
individual level of discomfort (20). Dembroski and Macüougall
(14) showed that the magnitude of response to the cold pressor
test can vary greatly for different methods of test presentation
to the subjects. Any habituation effect was hoped to have been
minimized by employing a screening cold pressor test. In
addition, a strict protocol of administration was designed to

minimize inter—test variation. However, such a procedure does
not address individual perceptions, expectations and coping

styles, which may have changed over time.

The issue of compliance is one of considerable importance
when implementing a training study. Roskies et al. (17) included
only those subjects who reached 90% participation in the exercise
sessions. In this study, however, the primary analysis was based
upon the "intention to treat" principle and thus included

everyone who received the intervention regardless of compliance

(except two subjects who dropped out of the study due to injury

and illness). Unfortunately, subjects reported completing only
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64% of the total number of sessions required and may have
included some over-reporting of exercise sessions completed at
home. Although the intervention group did experience a
clinically and statistically significant increase in submaximal
predicted METs, there was considerable variation in MET
improvement within the group. This could, in part, explain the
lack of a relationship between aerobic fitness (1.e. submaximal
predicted METs) and the variables of exercise compliance and CVR.

To examine the possible role non-compliance may have had
on the original analysis, a subgroup of known exercise compliers
was compared to all other participants. This selected group of
exercisers did indeed experience a reduction in DBP reactivity as
was hypothesized in this study. A major issue when dealing with
the findings of such a subanalysis is the operation of self-

selection factors. Although this study manipulated the variable
of aerobic fitness, those subjects who most readily complied may
have characteristics which resembled those of subjects in other

studies with higher fitness levels. For example, Rogers et al.
(11) demonstrated that individuals with higher levels of aerobic
fitness (i.e. marathoners versus medium—distance runners versus

cardiac rehabilitation patients) exhibited greater reductions in
mean arterial BP response to the cold pressor test. Due to

factors which may be difficult to define, participants who tend
to comply with exercise programs may possess an undefined
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attribute promoting CVR reduction. Possibly, those that really
complied also had expectations which prompted their improvement.
Although it is difficult to make definitive statements given the
design of this post—hoc analysis, the results certainly suggest
further research regarding the potential for aerobic fitness
training to decrease DBP reactivity to the cold pressor test.

Returning to the original analysis, the significantly

improved HR recovery of the intervention group was also

consistent with the findings of prior studies. Both Cox et al.
(7) and Sinyor et al. (9) demonstrated a similarly more rapid
return to baseline post-stress. Because neither study utilized
the cold pressor test or determined a stable baseline prior to
the stressor, the present study adds new support for this
perspective.

Results of this study do not support the hypothesis that
increased levels of aerobic fitness decrease CVR to environmental
stress when subjects randomized to exercise are compared to
controls. However, the reliability of the outcome measures and
questionable compliance to the aerobic training program may have
undermined the power of this study to support such a hypothesis.
A secondary analysis comparing known compliers to the exercise
protocol with all the others did support the study’s hypothesis.
The latter findings suggest that future experiments utilizing

aerobic training ensure strict compliance to exercise protocols.
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In addition, a variety of stressors should be utilized to obtain
a clearer picture of the impact aerobic fitness has on CVR to a
broad range of tasks (i.e. both active as well as passive coping
tasks).

Due to the fact that this study utilized healthy college

students, it is also important to complete future research

utilizing middle—aged and CHD populations. Rogers et al. (11)

demonstrated an attenuated arterial BP response to the cold
pressor test in cardiac rehabilitation exercisers as well as in
younger, healthier exercisers. The possible reduction in
myocardial demand resulting from this positive effect of exercise
may have an even greater impact in older populations.

Results from this study do not conclusively support the
hypothesis that aerobic fitness modifies CVR to environmental
stress. However, the re—analysis of known exercise compliers
lends support to the hypothesis that DBP reactivity to the cold

pressor test may be modified by an aerobic training program.

Thus, individuals adhering to an aerobic training program may

benefit in terms of decreased CVR to at least some types of non-
exercise stressors. Continued research in this area is necessary

before the potential role of aerobic fitness in modifying CVR to

stress can be clearly defined.
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CHAPTER IV

SUMMARY AND RESEARCH RECOMHENDATIONS

Summäil

This study was conducted to determine if participation in
an aerobic fitness training program reduces CVR (i.e. SBP,DBP,HR)
to environmental stressors (i.e. the cold pressor test).

Forty—four college age students were selected from a group

of volunteers to participate in this study. Pre-intervention
assessment was performed in three parts. Part I entailed all

subjects completing an informed consent form and a health history
form to provide information concerning possible physical
limitations to participation in the study. Part II entailed a
screening cold pressor test and exercise tolerance test. The
cold pressor test was administered first. After a stable DBP
baseline was achieved (i.e. DBP within 5 mm Hg for three

consecutive readings), the subject immersed his or her hand in
ice water for approximately one minute with HR and BP recorded at

approximately 50 seconds into the task. The subject was then
allowed to withdraw his or her hand from the water while HR and
BP continued to be monitored at one minute intervals. Reactivity
scores were calculated by subtracting average baseline levels
from the peak level during the cold pressor test. Finally a

49
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graded exercise treadmill test was given to estimate the
subjects’ baseline exercise tolerance. Those with DBP reactivity
; 5 mm Hg and predicted METs > 16 were eliminated from the study.

Part III of the assessment consisted of a second, more
standardized, cold pressor test for those who met the initial
reactivity and fitness requirements. Of the 44 subjects who
maintained DBP reactivity g 5 mm Hg, 24 were randomized to the
intervention group while 20 were assigned to the control group.

All subjects kept an exercise log of all physical
activities during the 8—week intervention period. The

intervention group was also asked to participate in an aerobic

exercise session 4 days/wk for 8 weeks which consisted of walking
or Jogging at or near their THR for 30 minutes. Subjects in the
control group were asked to maintain their usual level of
physical activity throughout the duration of the study. After
the 8—week training period, both groups were again administered
the cold pressor test and treadmill test to determine if there
were any reductions in the magnitude or duration of CVR post-

intervention as well as changes in exercise capacity.

The Statistical Analysis System (SAS) was used to conduct
the statistical analysis. Reliability estimates for 1—week and
8-week CVR to the cold pressor test showed the measures to be

only moderately reliable with no clear evidence of a degradation
effect over the 8 week interval.
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Independent t—tests were used to analyze sumaximal

predicted MET levels pre and post—intervention to quantify and

determine any changes in aerobic fitness. A series of

independent t—tests was conducted on each of the dependent

measures: SBP, DBP, and HR to determine any differences in
baseline or reactivity to the cold pressor test between groups.
ANCOvA’s were used to compare change scores representing pre-

intervention to post—intervention reductions in CVR to the cold

pressor test in order to adjust for any pre-intervention

differences in CVR. Recovery data (1.e. differences in CVR

measures from baseline at each minute of recovery) was also
analyzed using ANCOVAs to control for pre—intervention recovery

differences.

Finally, correlational analyses were used to determine any

relationships between pre—intervention METs and pre—intervention
ß

CVR in both groups combined and the relationship between change
in METs and change in CVR in the intervention group. Correlation

coefficients were also developed to determine any relationship
between exercise compliance in the intervention group and change

in METs as well as with change in CVR.

There were no significant baseline differences between

groups in terms of pre—intervention METs. The intervention group

experienced a clinically and statistically significant increase

in submaximal predicted METs in comparison to the control group
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thereby demonstrating a training effect. No significant group

differences were found on any BP and HR baseline or reactivity

measures on the pre-intervention cold pressor test. In addition,
no significant differences were observed in these same measures
at baseline during the post—intervent1on cold pressor test. The
ANCOVA procedures were all non—significant demonstrating that the

post—intervention reactivity scores were unaffected by group

assignment. The same analysis applied to the recovery data found
no significant differences for SBP and DBP. However, HR returned
to baseline more rapidly in the intervention group.

No significant relationships were found between pre-

intervention METs and pre-intervention CVR. Also, no significant

relationships were demonstrated in the intervention group between

change in METs and change in CVR, exercise compliance and change
in METs, as well as exercise compliance and change in CVR.

Due to the lack of a relationship between reported
compliance to exercise and changes in exercise capacity, a re-

analysis defining the intervention group as those 8 subjects who

had a minimum compliance rate of 87% (or 26 on—site sessions

attended) compared to all other 34 individuals in the study was
completed. The same ANCOVA procedures revealed a significant

group effect in the modification of DBP reactivity but not SBP or

HR reactivity. Analysis of this group’s recovery data revealed a

significantly better DBP recovery at three minutes.
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The overall results of this investigation which assumed a
treatment effect for all experimental subjects suggest that
aerobic fitness has no effect on CVR to the cold pressor test.
However, a re—analysis suggests that individuals known to complyi
to an aerobic fitness training program may experience a reduction
in DBP to the cold pressor test. It is known that aerobic
fitness decreases CVR to physical stress resulting in the
positive adaptations of a reduced HR and BP response. This
research does not discount the possibility that aerobic fitness

may also decrease CVR to environmental stressors (i.e. reduction
in DBP to the cold pressor test).

Several researchers have found aerobic exercise to have
little or no effect on CVR which would be consistent with the

primary results of this study (Cox et al., 1979; Sinyor et al.,
1983; Hull et al., 1984; Roskies et al., 1986; and Claytor et
al., 1988). This study did attempt to change apparent

methodological concerns in the few experimental designs
previously completed: the cold pressor test was used as it is
the only environmental stressor with a documented association to
the development of CHD in humans (Keys et al., 1971), CVR was

measured directly through the parameters of HR and BP, a general

population was used, and an attempt was made to ensure that all
subjects exhibited some level of CVR to the experimental
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stressor. These changes, however, did not appear to alter the
negative findings of previous experimental studies.

Several additional methodological concerns may have
limited the power of the present investigation to demonstrate a
relationship between aerobic fitness and CVR. The moderate

levels of test-retest reliability to the cold pressor test

demonstrated in this study may have lowered its power to detect
any influence aerobic fitness might have on CVR. The consistency

of the physiological reactions to the cold pressor test can be

biased by levels of perceived challenge, previous experience, and

individual level of discomfort (Buell et al., 1986) as well as
the method of presentation to the subjects (Oembroski &
MacDougall, 1986). This study employed a screening cold pressor

test and also established a strict protocol of administration;
however, it did not control for individual variance in coping

response styles or learning histories. Other possible mechanisms

to increase the reliability of the cold pressor test would be to

tape instructions to decrease differences in experimenter

presentation over time; improved climate control of the testing
environment; and control for diet, exercise, and drug intake

prior to testing.

Another problematic issue which is regularly found in

training studies was compliance of the subjects to the exercise

regimen. All subjects were included in the data analysis (with
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the exception of two individuals who were dropped due to injury

and illness) even though the overall self-reported compliance

average was 64% or just under two—thirds attendance to the
required sessions. Roskies et al. (1986) utilized only data from

subjects with a 90% compliance rate. Thus, a subgroup of

exercisers known to comply to at least 87% of the protocol

requirements was analyzed to obtain a more accurate treatment

group.

The findings from this second analysis supported the

original hypothesis in terms of a reduction in DBP reactivity to

the cold pressor test. However, the findings must be accepted

with considerable caution. In such a subgroup analysis true
randomization no longer exists, and the operation of self-

selection may influence the results. Those 8 compliant subjects
may have had psychophysiological characteristics similar to

subjects in previous cross-sectional studies who exhibited higher

levels of aerobic fitness.

Finally, a significantly improved DBP recovery in the

intervention group was consistent with the findings of other
studies (Cox et al., 1979; Sinyor et al.,1983). This study adds

support to the findings of these other researchers who neither
utilized the cold pressor test nor determined a stable baseline

prior to stressor initiation. There is a need to analyze
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recovery as well as reactivity data to more thoroughly understand
the relationship between aerobic fitness and CVR.

Recommengetiege for Fuggge Reeeergb

The inconclusive findings demonstrated in this study
signifiesgthe need for further research into the area of aerobic

fitness and its effect on CVR to environmental stress. In

addition to the methodological concerns addressed in the present

study, its findings highlight several other significant areas of

interest.

First among these areas is the need for a standardized
cold pressor test. In order to secure accurate estimates of CVR

to environmental stress through this method, the reliability
estimates for the cold pressor test must be improved. A strict

protocol of administration which reduces individual variation to

the greatest extent possible needs to be employed to minimize

within subject variation in expectations and coping style.

The second issue which would hold importance in future

studies which manipulate the variable of aerobic fitness is

compliance to the exercise regimen. when adherence to the

training protocol is low, the power of the study to demonstrate a

relationship between aerobic fitness and CVR is greatly

diminished. All subjects need to comply to maximize the impact

of aerobic fitness on CVR reduction. In addition, an expectation
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of improvement factor may be present if subjects are led to

believe that exercise reduces CVR. To prevent this, the control
group could be given an alternate, and equally plausible, yet

non—functional activity in which to engage.

Finally, subject selection factors should be considered in
future research to enhance the power of the studies. The most

obvious method to increase power would simply be to increase the

total number of subjects. Subjects may be more likely to
demonstrate changes in CVR and aerobic fitness if they are more

reactive and less fit at the outset.

There are several issues requiring further research which

were not highlighted in this investigation. A variety of

stressors should be utilized to provide more insight into the

psychophysiological mechanisms related to a reduction in CVR
(i.e. both active as well as passive coping tasks). Also, the

different types of stressors and the mechanisms which lead to

reductions in CVR during the actual presence of a stressor versus

during recovery from a stressor need to be further delineated.
Another factor to be considered is the association between the

Type A behavior pattern and CVR. Decreased responses to stress

were demonstrated in fit Type As by Lake and her colleagues
(1985), but these decreases were not seen in aerobically trained

Type As by Roskies et al. (1986). It may be possible that the

A/B dichotomy becomes less pronounced with increasing fitness
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levels; however, further research into this area is necessary.
Using structured interview techniques and Type A surveys before
and after an aerobic fitness training program could enlighten the

researcher as to any changes which may occur in behavior patterns
as well as CVR with aerobic fitness.

' Stemming from this tie between CVR and coping style is the

ability to generalize fitness-related differences during

stressful situations in more naturalistic settings (Sinyor et

al., 1983). In order to achieve beneficial results in terms of

decreasing CVR to aid in the prevention of CHD, it must be

accomplished during everyday response to environmental stress.

Another area which requires further study deals with the
effects of acute exercise on CVR. One recent finding which is
promising reported a reduction in DBP responses across stressors
by as much as 48% and 40% at one and three hours post—exercise

respectively, with the strongest moderations in cold pressor test

reactivity (Ebsen & Prkachin, 1988). Future research should
administer varying intensities and durations of acute exercise to
individuals, and measure their CVR to stress at several time

intervals post—exercise (i.e. 1 hour, 3 hours, 12 hours, 24

hours). The effects of exercise withdrawal could then be

monitored to determine the time period of optimal protection for

the CV system from acute exercise. An exercise training study

using a protocol similar to the one in this current study, could
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be performed with the inclusion of a detraining component to

determine withdrawal effects on CVR of more prolonged exercise

training.

Results from this study do not conclusively support the

hypothesis that aerobic fitness modifies CVR to environmental

stress. However, the re—analysis of known exercise compliers

lends some support to the hypothesis that DBP reactivity to the /

cold pressor test may be modified by an aerobic training program.

Future research must address the concerns noted above before the

potential role of aerobic fitness in modifying CVR to stress can

be clearly defined.
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METHODOLOGY

Sggjggt Selection

Subjects were selected from a group of volunteers enrolled
in Personal Health classes in the Fall of 1988. Participation in
this study allowed the student to earn up to 5 percentage points
of extra credit in their Personal Health class. Extra credit was

awarded on the completion of the 3-hour assessment package and

compliance to the exercise training program. These points were
averaged into the final grade at the end of the semester after
the class grading curve had been established. The following

point allotment schedule was utilized.

Completion of 2-hour pre-assessment only: 0.5 points

Completion of pre + post-assessment and

80% compliance to exercise program: 3.0 points

90% compliance to exercise program: 4.0 points

100% compliance to exercise program: 5.0 points

As an example, an individual with an 85% average

(preliminary letter grade of B) might receive an additional five

points to reach an average of 90% (final letter grade of A-).

Alternatively, an individual with a 76% average (Preliminary

letter grade of C) might earn an additional 3.6 points to reach a

79.6% average (final letter grade of B-). This extra point

'
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system was similar in magnitude and procedure to that utilized by

the Psychology Department in their Introductory PsychologyT
classes.

To participate in the study, subjects were required to be:

1. 17-23 years of age.

2. Normotensive (i.e. < 140/90 mm Hg).

3. Free of significant orthopedic problems.

4. No history of diabetes, Raynaud’s Syndrme, or

cardiovascular disease.

A power analysis was calculated to estimate sample size.
Given an alpha level of .05, a beta level of .20, and an

estimated p and q of .33 and .13 respectively, a sample size of
approximately 22 subjects in each group was needed. Thus, to
achieve a power of 80% at the estimated intervention effect, the

overall number of subjects needed was 44.

Prggedurgs

Assessment was performed in three parts. Part I entailed

all subjects completing an informed consent form and a health

history form in a group testing format. The health history form

provided information concerning possible physical limitations to

y participation in the study.

Part II entailed an individual session in the Behavioral

Physiology Laboratory. Measurement of HR and BP were taken each
minute by an automated BP monitor (Model SD-700A, Industrial
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Biomedical Sensors Corporation). The BP cuff was placed on the

right arm and positioned just superior to the ante cubital fossa.
Each subject was seated quietly while HR and BP were determined

each minute. when DBP had not changed more than 5 mm Hg over a
period of three consecutive minutes, then a stable baseline was

‘
established. These three readings were averaged and considered

the baseline level to which readings during the stressor were

compared.

The subjects were then administered the cold pressor test
as the stressor to determine cardiovascular reactivity at the

outset of the study. The subject immersed his or her left hand
in ice water (0-3 degrees C) for one minute with HR and BP being

recorded approximately 50 seconds into the task. Then the

subject was allowed to withdraw his or her hand from the water
_ and sit quietly while HR and BP continued to be monitored at one

minute intervals. The elapsed time for this recovery was
recorded. Reactivity scores were calculated by subtracting

baseline levels from peak levels. Finally, a treadmill test was
given to estimate the subjects’ baseline exercise tolerance and
determine target heart rate range for exercise. A submaximal
fixed HR of 150 bpm was used to determine predicted MET values

for comparisons in this study. Those with DBP reactivity ; 5 mm

Hg and an exercise tolerance > 16 METs (predicted) were

eliminated from the study.
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The third part of the assessment consisted of a more

stringent CPT for those who met the initial reactivity and

fitness requirements. The same protocol was followed with
several modifications: instructions were read to the subjects
for standardization purposes, the subjects received no time

feedback from the experimenter, and the recovery readings were

monitored until subjects DBP was within 5 mm Hg of the initial

reading or a minimum of three readings.

Subjects were instructed to keep an exercise log of all
physical activities regardless of group assignment, and the

intervention group was also asked to participate in an exercise
session 4 d/wk for 8 weeks. Nine exercise sessions were offered

each week to accommodate various scheduling difficulties. Each
group session lasted 40 minutes and consisted of walking,
jogging, or running for approximately 30 minutes at or near their

target heart rate (THR) range. The THR range was calculated by

estimating maximum heart rate and calculating the THR range of
75-85% heart rate reserve using the Karvonen method. Subjects in

the control group were asked to maintain their usual level of
physical activity throughout the duration of the study.

After the 8-week training period, both groups were again

administered the cold pressor test to determine if there were any

reductions in the magnitude or duration of CVR. Subjects were
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debriefed regarding their study participation following the post-

intervention assessment.

Research Qaaign

A randomized control group pretest—posttest design was

used in this study. The subjects were randomly assigned to

either an experimental or control group.

Statistical Analyaaa

Baliability Estimate. To estimate the consistency of

measurement techniques which were used to assess the subjects’

test values, reliability estimates were calculated by comparing

baseline SBP, DBP, and HR from the screening to pre—intervention

assessments (1 week test-retest reliability) and using the data

from the control group from pre to post-intervention assessments
(8 week test-retest).

I gxternal Valjdity Earamatara. The subjects of this studyÄ
were volunteers who were randomly assigned to an experimental or

control group. The sampling procedure utilized allowed the

researcher to generalize to a college—aged population.

[gta;gal_yaljg1ty_Qa;amata;a. Variance was minimized in

this study by: (a) having a control group; (b) calibrating the

equipment prior to all testing; and (c) having the post-testing _

identical to the pretesting procedures. In addition, all Ä
psychophysiological assessments were performed by the same Ä

T
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researcher and assistant to minimize changes in

psychophysiological functioning associated with novel

interpersonal relationships.

Data Analyse;. Statistical analyses included a series of

t—tests for each of the dependent measures: SBP, DBP, and HR.

Independent t—tests were calculated on the pretest variables to

determine homogeneity of variance. The main analysis compared

change scores representing pre—intervention to post—intervention

reductions in CVR to the cold pressor test. This procedure
utilized analysis of covariance to adjust for any pre-

intervention baseline differences. Finally, a re—analysis of the
data using 8 individuals from the intervention group known to
comply with the exercise protocol by direct observation (1.e. a

minimum of 26 on—site sessions attended or 87% compliance) were

compared to the remaining 34 individuals. Significance was set a

priori at an alpha level of .05. All data was analyzed using the

Statistical Analysis System (SAS). The summary results for all

these measures may be found in Appendix B.

Statistical analyses revealed no significant differences

between groups in terms of age, sex, and entry submaximal

predicted MET levels. Analysis comparing the change in

submaximal predicted MET levels after the 8 week training program

found significantly greater increases for the intervention group.
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No significant differences were observed at the outset of
the study on any BP and HR baseline or reactivity measures.

Also, there were no differences between HR and BP baselines at

the post-intervention cold pressor test.

Analysis comparing the post-intervention reactivity levels

found the scores to be unaffected by group assignment.

A recovery analysis was generated on all three CVR

parameters for each minute of recovery. The findings for SBP and

DBP were non-significant. Only the first minute recovery HR was
found to be significantly better in the intervention group with a
more rapid return to baseline or below.

There was no relationship between baseline submaximal

predicted METs and pre—intervention CVR for either group. There

was also a lack of relationship between change in METs and change

in CVR in the intervention group. In addition, there was no

relationship between compliance to the aerobic fitness training

program and submaximal METs or compliance and change in CVR.

Utilizing data from a subgroup of known compliers, ANCOVA

revealed a significant group effect in the modification of DBP
reactivity but not SBP or HR reactivity. However, all the post-

intervention CVR means for the exercise compliers were lower than
those of the comparison group and exhibited greater declines.
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Conclgsion;

Based upon the overall results of this study, the

researcher concludes that aerobic fitness does not reduce CVR to

the cold pressor test. However, the results from an analysis of
known aerobic training compliers supported the hypothesis that

H aerobic exercise moderates DBP reactivity to environmental

stress.
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Tab1e of Subject Character1st1cs

1 E.>;a.m.s.a
Number 20 22
Age(Mean) 20 20
Sex 6 male 7 male

14fmmm 15fmmM
Pre—1ntervent1on submax1ma1 METs* 6.8 3 1.9 7.3 3 1.4

* mean 3 8.0.
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Table of Comparison of Auscultation to the Automated
Blood Pressure Monitor

Mgasure

1: 2 sg:
SBP .99 .56 .02
DBP .92 .08 .15

Note: Comparison of ambulatory blood pressure monitor toauscultation using mercury manometer and 5th phase DBP.# cd = coefficient of determination
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Table of Rel1ab1l1ty Estimates
(Pearson Correlat1on Coeff1c1ents)

One wegg Sggeggjng-Pre +

L Q

SBP React1v1ty .61 .0001

DBP React1v1ty .61 .0001

HR React1v1ty .47 .0004

SBP Reactivity .68 .001

DBP React1v1ty .51 .0207

HR React1v1ty .64 .0025

+ n=42

++ n=20

# Calculated us1ng control group only
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Table of Independent t—Test Results for Pre-intervention
Baseline Measures #

Mgasurg M SD t
§BP Baseline

Control 113.5 12.0
-1.46

Exercise 119.0 12.6
QßP ßgsgling

Control
_

70.2 7.8
-0.64

Exercise 71.6 6.7

I1B.Bas.61J.¤.a
Control 70.5 9.5

-1.36
Exercise 75.2 12.5

* Baseline = average of three resting measures
Note: All t—tests are non—significant at an alpha level of .05.
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Table of Independent t—Test Results for Pre-Intervention
ReactivityMeasuresMegsgge

M SD t
§QP Reactivitv

T
Control 13.0 8.2

-0.21
Exercise 13.6 10.5

QßP Reggtjvitv
Control 20.3 11.3

-0.13
Exercise 20.8 11.8

Control 7.1 9.1
-1.56

Exercise 11.8 10.0

Reactivity = Peak - Baseline
Note: All t-tests are non-significant at an alpha level of .05.
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Table of Independent t-Test Results for Post—Intervention
Baseline Measures *

Measgrg M SD t
SBP Bgseling

Control 113.8 11.8
-1.41Exercise 119.0 12.0

Control 70.8 7.6
-0.21Exercise 71.4 10.8

uI.Läas.e.lJ.¤e
Control 71.8 14.3

-1.03Exercise 75.8 10.4

# Baseline = average of three resting measures
Note: All t-tests are non-significant at an alpha level of .05.
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Table of Independent t-Test Results for Post-Intervent1onReact1v1tyHeasuresHeasure

H SD t
SBP React1v1ty

Control 10.7 7.2
-0.16Exerc1se 11.1 9.3

DBP React1v1ty
Control 16.0 8.1

-1.56Exerc1se 16.6 10.8
HR React1v1ty

Control 4.8 10.0
-0.40Exercise 5.9 7.6 ·

# Reactivity = Peak - Basel1ne
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Table of Independent t-Test Results for Pre 8 Post-Intervent1on
Submax1mal Pred1cted METs

@$.u.L¤ M S0 t
Control 7.3 1.4

1.00
Exerc1se 6.8 1.9

&Qs.1;.uEI.s
Control 7.9 1.4

-1.30Exerc1se 8.5 1.6

Control 0.6 0.9
-3.10 #

Exerc1se 1.7 1.4

=•= p < .05
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Table of Dependent t—Test Results for Pre to Post-InterventionD1fferences**

ßggsggg M SEM tV
Qgsgljgg §ßP Qiffeggngg

Control 0.30 0.56 0.53Exerc1se -0.08 0.70 -0.11

Control 0.65 1.65 0.39Exercise _ -0.18 1.66 -0.11

Control 1.25 3.23 0.39Exerc1se 0.56 2.23 0.25

Control -2.00 1.61 -1.24Exercise -2.59 1.53 -1.70

Control -3.70 2.18 -1.69Exerc1se -4.41 2.66 -1.66

Control -1.05 3.04 -0.35Exercise -5.27 2.13 -2.47*

*p< .05
** Difference = Post - Pre

Peak Difference = Peak post - Peak pre
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Sunmary ANCOVA Table for Post SBP React1v1ty

äggggg [ya 111 §§ gf E g>E
Group 0 1 0 .99

SBP React1v1t.y 1436 1 41.67 .0001*

* p < .05
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Sunmary ANCOVA Table for Post DBP React1v1ty

Group 1. 53 1 0. 02 . 88

SBP Reactivlty 1080.47 1 16.07 .0003*

* p < .05
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Sumary ANCOVA Table for Pest HR React1v1ty

Greup 26.49 1 0.57 .45
HR React1v1ty 1277.98 1 27.36 .0001*

* p < .05
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Summary ANCOVA Table for Post SBP Recovery
(One M1nute)

Group 10.39 1 .26 .6131

Pre SBP Recovery 1073.22 1 26.86 .0001 #

# P < .05
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Summary ANCOVA Table for Post DBP Recovery
(One M1nute)

Sggggg lypg 111 SS gf E g>E
·

Group 15.60 1 .37 .5441

Pre DBP Recovery 153.19 1 3.68 .0625

#p<.05
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Summary ANCOVA Table for Post HR Recovery
(One M1nute)

Group 344.98 1 8.70 .0054*
Pre HR Recovery 131.78 1 3.32 .0761

*p < .05
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Summary ANCOVA Table for Post SBP Recovery
Compllers v. Comparison

(One M1nute)

Group 1.52 1 0.04 .8340
Pre SBP Recovery 405.05 1 11.83 .0014*
Post SBP Reactlvity 28.10 1 0.82 .3707

*p < .05
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Summary ANCOVA Table for Post SBP Recovery
Compliers v. Comparlson

(Two Minute)

gggggg [ypg 111 $5 gf E p>F
Group 11.17 1 0.28 .5972
Pre SBP Recovery 0.06 1 0.00 .9683
Post SBP React1v1ty 675.27 1 17.17 .0002*

*p < .05
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Summary ANCOVA Table for Post SBP Recovery
Compllers v. Compar1son

(Three Minute)

Group 21.11 1 0.62 .4377
Pre SBP Recovery 579.61 1 16.90 .0002
Post SBP Reactivity 12.58 1 0.37 .5485*

p <.05



93Summary ANCOVA Table for Post DBP Recovery
Compllers v. Comparison(One M1nute). f >Group 136.67 1 3.06 .0883

Pre DBP Recovery 4.52 1 0.01 .7523Post DBP React1v1ty 185.32 1 4.15 .0487:
p <.05 _ l
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Summary ANCOVA Table for Post DBP Recovery
Compl1ers v. Compar1son

(Two M1nute)

Sogggg Type 111 SS gf E g>E

Group 220.42 1 2.78 .1039
Pre DBP Recovery 22.64 1 0.29 .5965
Post DBP React1v1ty 74.04 1 0.93 .3404

p <.05
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Summary ANCOVA Table for Post DBP Recovery
Compl1ers v. Compar1son

(Three M1nute)

Group 286.14 1 5.02 .0312*
Pre DBP Recovery 54.44 1 0.95 .3350
Post DBP React1v1ty 475.73 1 8.34 .0064*

p <.05
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Summary ANCOVA Table for Post HR Recovery
Compl1ers v. Compar1son

(One Hinute)

Souggg Type 111 §§ gf E g>E

Group .003 1 0.00 .9937
Pre HR Recovery 63.74 1 1.29 .2638
Post HR Reactivity 286.19 1 5.78 .0212*

p <.05
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Summary ANCOVA Table for Post HR Recovery
compl1ers v. Compar1son

(Two M1nute)

Source Type 111 55 gf E g>E
Group 20.44 1 0.53 .4691
Pre HR Recovery 0.55 1 0.01 .9048
Post HR React1v1ty 389.49 1 10.45 .0025 I

I p <.05
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Summary ANCOVA Table for Post HR Recovery
Compl1ers v. Compar1son

(Three Minute)

gggggg [ggg 111 S5 gf E g>E

Group 15.60 1 0.35 .5560
Pre HR Recovery 23.25 1 0.53 .4727
Post HR React1v1ty 602.02 1 13.62 .0007 *

p <.05 .
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Table of Relationship of METs to Reactivity(Pearson Correlation Coefficients)

Mgasure
LBgsgline METs to Pn;—1nt;rventign SEP Rgagtivity

Control .15Exercise -.22Both groups .14
Ea;eline MET; to Pre-intervgntion QEP Rgggtjvjty

Control .45 *Exercise .09Both groups -.31 #
Bg;elin; MET; tg Pn;—in;;nv;ntign 5R Rgactivity

Control .01Exercise -.26Both groups -.50 #
Change in METs - Qngng; in §§P Bgggtivity

Control -.36Exercise -.03
cnang; in EE]; - Qngngg jn QEP ßgggtivity

Control .44Exercise .11
Qngng; in ME]; - Qngng; in EB Regctivipy

Control .06Exercise -.27
# p < .05.
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Table of Relationship of Compliance to METs & Reactivity #
(Pearson Correlation Coefficients)

Measure
[XX

Compliance
Change in METs -.01
Change in SBP Reactivity .27

Change in DBP Reactivity -.17

Change in HR Reactivity -.22

* Change in Reactivity = Post Reactivity — Pre Reactivity#* Measures from exercise group only
n=22
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Pre- and Post-intervention Reactivity Means #

Measure M SEM
Prg—intervegtion

EE
Exercise 11.2 4.7
Comparison 13.8 1.4

Exercise 20.1 3.4
Comparison 20.7 2.0

E
Exercise 10.0 4.1
Comparison 9.4 1.6

Pos;-igtgrveggjgg

EE
Exercise 10.1 3.2Comparison 11.1 1.4
DE
Exercise 10.2 4.2
Comparison 17.7 1.4
E
Exercise 3.2 1.7
Comparison 5.9 1.6

Note: Reactivity = Peak - baseline.
Note: Exercise group = Known Compliers

Comparison Group = A11 Others
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Post—intervent1on RecoveryMeansMeasure

M gg

SQP Rgggvery
One Minute:

Control 5.8 5.9Exercise 5.2 9.7
Two Minute:

Control -0.7 4.4Exercise -2.4 9.1
Three Minute:

Control -2.7 6.5Exercise -2.8 8.0
DQP Beggygry
One Minute:

Control 0.4 7.1Exercise 1.2 6.2
Two Minute:

Control -1.4 6.7Exercise -0.5 5.6
Three Minute:

Control -0.6 4.2Exercise -1.0 6.4
HR Rgggyery
One Minute:

Control -1.1** 7.0Exercise -6.9 5.9
Two Minute:

Control -2.0 3.9Exercise -3.5 3.5
Three Minute:

Control -2.2 6.2Exercise -3.5 4.2

* Recovery = Recovery minute - baseline
** p g .05
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BEHAVIORAL PHYSIOLOGY LABORATORY
Division of Health and Physical Education _

Virginia Polytechnic Institute and State University

Informed Consent

, d¤ héféby V¤luntar‘ily agree and gdnggnt gg
participate in a testing program conducted by the personnel of the BehavioralPhysiology Laboratory of the Division of Health and Physical Education atVirginia Tech.

Title and Purpose of Study: The relationship between aerobic fitness andcardiovascular reactivity to stress. The purpose of this experiment is todetenmine if increasing the level of aerobic fitness modifies the body’sphysiological response to stress.

I voluntarily agree to participate in this testing program. It is my
understanding that my participation will include:

I. One hour of responding to a series of questionnaires asking you todescribe your typical manner of coping with stress and a brief health
questionnaire.

II. One 45 minute laboratory session consisting of a submaximal' treadmill exercise test as well as a brief test of cardiovascular
reactivity. This will include attaching a blood pressure cuff to your
ann and several ECG leads to your chest. The first part of the session
will include walking on the treadmill for a period of 10-14 minutes while
heart rate and blood pressure are monitored. The next part of the
session will consist of measuring your blood pressure and heart rate
while your left hand is emersed in cold water for three minutes.

III. One hour of participation in the Behavioral Physiology Laboratory.
This will entail a second cardiovascular reactivity session consisting of
a three minute emersion of your left hand in a cold water bath and
perfonmance of a visual-motor task.

IV. You may be asked to participate in an aerobic fitness program ~
reduiring you to engage in group exercise sessions for up to four timesper week for eight weeks. Exercise will consist of walking, Jogging, or
running for approximately 30 minutes at or near a target heart rate
calculated from the results of the fitness test. Each session will lastapproximately 40 minutes and will be conducted in a group format on
campus. Each subject will also be asked to keep a record of their
exercise related activities. Regardless of the level of aerobic training
you are assigned to during the course of this study, all participants
will be afforded the opportunity to participate in an introductory
exercise training course at the end of the study.

v. A reevaluation consisting of the procedures outlined in II and III
above.
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I understand that participation in this experiment may produce certain
l

discomforts and risks. These discomforts and risks include:
1. Local discomfort involving the left hand during emersion in coldwater. _
2. Risk of orthopedic injury related to participation in an aerobictraining program including but not limited to strains, sprains,delayed muscle soreness, and even the possibility of death.

Certain personal benefits may be expected from participation in thisexperiment. These include:

1. Knowledge gained about personal coping style and fitness level.
2. Physical benefits of participation in an aerobic fitness trainingprogram such as a decrease in resting heart rate and blood pressure,increase in oxygen consumption, and decreased weight.
3. Participation in this study will allow the student to earn up to 5percentage points of extra credit in their Personal Health class.

Extra credit which will be awarded based on completion of the 3-hourpre·assessment package, compliance to the exercise training program, and2—hour post-intervention assessment as follows:

Completion of questionnaire assessment only: 1.0 point
Completion of questionnaires, treadmill and

CVR pre-intervention assessments: 2.0 points
Completion of both pre + post-intervention

assessments and
80% compliance to exercise program: 3.0 points
90% compliance to exercise program: 4.0 points

100% compliance to exercise program: 5.0 points

These points will be averaged into the final grade at the end of thesemester after the class grading curve has been established.

For example: an 85% might = B; plus 5 points = 90% = A·
an 76% might = C; plus 3.6 points = 79.6%. B'

Appropriate alternative procedures that might be advantageous to you include:
1. Participation in other introductory training programs possiblyavailable through public or private health facilities.
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I understand that any data of a personal nature will be held confidential andwill be used for research purposes only. I also understand that these dnt;may only be used when not identifiable with ne.
I understand that I may abstain from participation in any part of the experinentor withdraw from the experiment should I feel the activities might be injuriousto my health. The experinenter may also terninata my participation should hefeel the activities might be injurious to ny healx.
I understand that it is my personal responsibility to advise the researchersof any preexisting medical problem that may effect ny participation or ofany sexual problems that might arue in the course of this experiment andthat no nedical treatment or compensation is available if injury is sufferedas a result of this research. A telephone is available which would be usedto call the local hospii for crergency service.
I have read the above statenents and have had the opportunity to ask questions.I understand that the researchers will, at any tina, answer my inquiriesconcerning the procedures usa in this experiment. A
Scientüic itquiry is indispensable to the advancement of knowledge. Yourparticipation in this experiment provides the investigator the opportunityto conduct maaningiul scientific observations designed to make significanteducational contribution. _

If you would like to receive the results of this investigation, please indicatethis choice hy narking in the appropriate space provided below. A cgpy ::177then be distributed to you as soon as the results are nade available by theinvestigator. Thank you for making this irportant contribution.

I request a copy of the results of this study.
Date

TimeParticipantSignature

Yitness AEI. Personnel

2:::1;;; Dj,;g·;·;g·g Christine 951-79OÖ

EER ßn Subjects Chairnan DF- Baffi Telephone %l·6?f}

Dr. Charles Warinz, Chairman, Institutional Review Board for ResearchInvolving Human Subjects. Phone 96l·5283.
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HEALTH STYLE QUESTIGNNAIRE

Name: ID¤:
Sex: Age: Phone:

Please circle year in school: 1 =Freshman 2 =So¤homore 3 =Junior 4 =Senior
Medical History

· Have you ever had: YES NCHeart disease or heart orcblems
Lung disease or difficulty breathing
Difficulty with cold hands or feet
Stroke
kidney disease
High cholesterol
High triglycerides
Diabetes
Raynaud’s syndrome
Any ooeratidns (Type/Date:

-

Have you ever had a blood bressure
reading above normal(140/90J?

Have you ever been diagnosed as
having hyoertension?

Please list any medications you are currently taking:

Are you allergic to any medications. drugs, or foods?

Has anyone in your family ever been diagnosed as having:
YES NC RELATIDNSHIP AGE AT DNSET

High blood pressure/Hybertension
Heart attack or heart disease
Stroke _Diabetes
Kidney disease

Health Habits
ND YES

Drink caffeinated tea, coffee.or soda ( J cuos/dayDrink alcohol ( J drinks/day _Add salt to meal before tasting ( J ( JSmoke cigarettes 1 J cigarettes/daySleeo hours/night



109 §

EXEFClSE H&DltS

During the past 2 months have you engaged in physical exercise? ( )Yes ( )NoIf YES, DlEESE list any öCClVlClES in wnlCn YOU DEFClClD&CEO during an EVEVEQEweek in the past month below (including any comoetitive, recreational, orleisure activities). Also include frequency and duration (or number oflaps, miles, sets, games, etc.) of the activity. BE SPECIFIC1!!1
Activity Frequency Duration

(times/week)

Do YOU n8VE any OVCnOOEdlC DFOOlEmS wnlCn mEY FESCVlCI YOUF &DlllCY toparticipate in a walk/Jog/run program? ( )Yes ( )No

If so, please explain?

Scheoule

Please check the most convenient days and times for availability tc
OaFClClDäCE ln EXEVCTSE SESSlOnSZ _

8-12am 12-ipm 1-5pm 5-5pmMONDAY
TUESDAY
WEDNESDAY
___lTHURSDAY _i__
FRIDAY

APE YOU wllllng to D3VClClD&CE ln an EXEVClSE Dfügfam
4 days/week for 8 weeks? ( )Yes ( )No

txt Your oommitmght to this study will have an impact on the results; pleaseconsider this carefully when answering the above question!
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PNC 170 MODIFIED BALKE TREADMILL TEST

Su¤J&C1Z I0#..____ Sex:
Age weight Test Admmistrator

Resting Hear: Rate Restmg Blood Pressure

STAGE DURATION TIME SPEED GRAOE HEART BL000 RPE
RATE PRESSURE

I 2:00 1-2 3.4 2.5 (
II 2:00 3-4 " 5.0 (
III 2:00 5-6 " 7.5 (
IV 2:00 7-8 " 10.0 (
V 2:00 9-10 “' 12.5 (
VI 2:00 11-12 " 15.0 (
VII 2:00 13-14 " 17.5 /
VIII 2:00 15-16 " 20.0 (
IX 2:00 17-18 “' 22.5 (
X 2:00 19-20 " 25.0 (
Recovery

2 m1n. ( _
4 min. (
6 min. (

,100/70/g0

FMZQOV G4?/70"_—'—"'T“
"“°

3.4mpn9*6*__°mm ME;-S:-——-—l.:__._...."‘j--;—————-——//1/00
*.63,51.8
/505.05.9/207.5
7.110.08.313,59_5
/0015_0
10-617.511.320.0
13.033,5

141:
go35_Q15_3

70.50 /00 /50 200 250 .366 3:0 .760 W/?77‘.S
300 600 700 /200 /500 /2700 ,7/00 ,29210 ,{gm·mi¤°”
$00 /S00 Ä/00 •Y700 3500 $700 $/.500 $700 }7zZOz_•MÄ‘^'

MET CAP/\C|TY:i_ml/min -§ kg = ml/kg.min ·§· 3.5 = ME75
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EXERCISE LOG

DAY ACTIVIQY
I

DURATION INTENSITY
(#miles,laps, (X max.HR
etc. & time) I or HR)

I
Monday I
IO /10 I

I
Tuesday I1./1. —
„..„...„,1 —

Thursday1

Friday I
1¤/1·-1 I

Saturday
10/1s

—
IO/1111
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Cardiovascular Reactivity Protocol - Screening
1. Seat subject toward left side of chair.
2. Measure arm circumference and record. Use appropriate cuffsize.

3. Palpate brachial artery. Utilize correct cuff placement.Make sure cuff is snug.

4. Instruct subject to relax arm in comfortable position. Donot move!

5. Instruct subject regarding intercom/video system.

6. Instruct subject that several resting measurements will bemade followed by further instructions via intercom.
7. Instruct regarding ice bath for 1 minute. Ice bath will beuncomfortable, but there will be nothing unexpected. Secureverbal estimate of coping (scale of 1-7).

8. Inquire if any questions about procedure.

9. Instruct subject to remain still throughout testing. Turn onBP monitor. Flip switch down toward test, then up toward
cycle.

10. Leave room, close door.

11. If resting SBP greater than 130, return to room and resetcutoff to 180 mm Hg from 150 mm Hg.

12. Continue baseline readings until DBP is within 5 mm Hg on 3consecutive readings.

13. At the end of the third baseline reading, immediatelyinstruct subject to place left hand in ice bath up to andincluding wrist. Instruct subject that he will be asked tokeep hand in ice bath for 60 seconds and not to remove beforetold to do so.

14. Instruct subject of time remaining each 15 seconds.
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15. Instruct subject to remove hand from ice bath after next BPreading. Instruct subject to place hand on towel and remainstationary.

16. Continue to monitor BP until DBP within 5 mm Hg of averagebaseline.

17. Discontinue monitoring, return to subject, remove cuff anddebrief.

18. Save data in both hard copy and disk formats.
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Cardiovascular Reactivity Protocol - Pre-Intervention
1. Seat subject toward left side of chair. Insure towel is dry.
2. Use appropriate cuff size.

3. Palpate brachial artery. Utilize correct cuff placement.
Make sure cuff is snug.

4. Read baseline instructions:

what we want to do first of all is collect what we call
baseline information. That is, how your physiological reactionsare when you’re at ease and resting. So what we want you to dofor the next few minutes is just sit back quietly and relax.
Remember not to speak and to sit quietly with your arms in theproper position because movement interferes with the recording ofphysiological reactions. we will not be starting until you havehad a chance to settle in and become comfortable.

when I give you the signal, I want you to place your lefthand in the container of ice water to a point about two inches1 above your wrist and hold it there. I would like you to keep itthere for one minute. I will tell you when this is finished and
when to remove your hand.

Remember, when I say to, place your hand in the ice water,
and remain still. when I say to stop, gently take your hand out
and leave it on the towel. This will complete the procedure.
There will be nothing unexpected.

5. Secure verbal estimate of coping (scale of 1-7).

6. Inquire if any questions about procedure.

7. Turn on BP monitor. Flip switch down toward test, then up
toward cycle.

8. Leave room, close door.

9. If resting SBP greater than 130, return to room and reset
cutoff to 180 mm Hg from 150 mm Hg.

10. Continue baseline readings until DBP is within 5 mm Hg on 3
consecutive readings.
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11. At end of third baseline reading, immediately instructsubject: Please place your hand in the water now.
12. After 60 seconds, instruct subject:

Please withdraw your hand from the water, place hand on thetowel and remain stationary.

13. Continue to monitor BP for a minimum of 3 readings and untilDBP within 5 mm Hg of average baseline.
14. Discontinue monitoring, return to subject, remove cuff andinstruct subject:

0K, now I would like you to fill out the questionnaire aboutwhat you thought about during this task.
15. Save data in both hard copy and disk format.
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Raw Data Key

SSBP 1-3 = Screening SBP Baseiines

SSBP 4 = Screening Peak SBP

SSBP 5-7 = Screening SBP Recoveries

SDBP 1-3 = Screening DBP Baseiines

SDBP 4 = Screening Peak DBP
SDBP 5-7 = Screening DBP Recoveries

SHR 1-3 = Screening HR Baselines

SHR 4 = Screening Peak HR

SHR 5-7 = Screening HR Recoveries

METS = Maximal Predicted METs (Pre -Intervention)
PSBP 1-3 = Pre-Intervention SBP Baselines
PSBP 4 = Pre-Intervention Peak SBP
PSBP 5-7 = Pre-Intervention SBP Reccveries
PDBP 1-3 = Pre—Intervention DBP Baseiines
PDBP 4 = Pre-Intervention Peak DBP
PDBP 5-7 = Pre-Intervention DBP Recoveries
PHR 1-3 = Pre-Intervention HR Baselines

PHR 4 = Pre—Intervention Peak HR
PHR 5-7 = Pre-Intervention HR Recoveries
TSBP 1-3 = Post—Intervention SBP Baselines
TSBP 4 = Post-Intervention Peak SBP
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TSBP 5-7 = Post-Intervention SBP Recoveries
TDBP 1-3 = Post-Intervention DBP Baselines
TDBP 4 = Post—Intervention Peak DBP
TDBP 5-7 = Post—Intervention DBP Recoveries
THR 1-3 = Post-Intervention HR Baselines
THR 4 = Post-Intervention Peak HR
THR 5-7 = Post—Intervention HR Recoveries
POSTMETS = Maximal predicted METs (Post—Intervention)
COMP = Percent Compliance
METS 2 = Submaximal Predicted METs (Pre-Intervention)
POSTMETS2= Submaximal Predicted METs (Post—Intervention)
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RAW 0ATA

CVR AN0 AEROBIC FITNESS MEASURES

··--·····-················••·····'*•··••••••·•·•••··•·· GROUP=1 ·········—······-·•··--·—--·•---•·—-——-———-·-—----—-·--—

S S S S S S S S S S S S S SS S S S S S S 0 0 0 0 0 0 0 S S S S S S S M0 S B B 8 8 8 B B B B B 8 B 8 B H H H H H H H EB I E P P P P P P P P P P P P P P R R R R R R R TS 0 X 1 2 3 M 5 6 7 1 2 3 M 5 6 7 1 2 3 M 5 6 7 S
1 6 F 120 11M 119 122 121 112 110 71 70 70 85 72 70 69 77 76 80 77 8M 76 79 13.12 7 M 126 127 121 136 131 123 . 72 76 75 79 78 73 . 80 61 68 69 82 63 . 1M.33 8 F 118 117 117 12M 121 117 120 68 70 65 79 56 6M 70 73 69 73 7M 95 67 66 1M.9M 13 F 95 96 97 116 12M 100 105 73 71 73 108 89 85 86 90 89 83 91 70 80 81 11.25 15 M 1M3 1MM 1M1 1M7 135 135 . 76 73 76 90 77 79 . 85 90 9M 103 80 85 . 10.96 22 M 122 11M 116 125 129 12M . 59 69 65 86 73 68 . 71 7M 73 75 59 70 . 15.37 25 M 122 127 119 1M1 135 121 120 72 68 72 108 6M 76 73 70 75 72 69 65 71 67 IM.08 27 F 11M 102 113 133 119 112 110 83 77 78 107 88 83 77 8M 76 75 83 63 72 70 11.8

P P P P P P P P P P P P P P T T TS S S S S S S 0 0 0 0 0 0 0 P P P P P P P S S SO B 8 B 8 8 B 8 B B 8 8 8 8 8 H H H H H H H 8 B B8 P P P P P P P P P P P P P P R R R R R R R P P PS 1 2 3 M 5 6 7 1 2 3 M 5 6 7 1 2 3 M 5 6 7 1 2 3
1 119 113 108 123 117 109 112 79 81 7M 8M 73 72 77 86 83 86 86 79 81 87 116 113 1162 121 122 120 133 127 123 119 69 68 69 109 75 66 69 57 58 60 69 69 57 5M 117 113 1153 113 112 113 137 12M 118 116 77 78 79 105 76 71 73 8M 77 82 78 69 72 67 115 118 113M 96 103 97 126 152 107 102 65 68 69 98 91 8M 81 59 55 5M 7M 57 56 58 99 99 1035 13M 1M9 1M2 1M6 1M6 132 131 69 71 66 82 69 67 59 77 73 72 91 65 68 69 13M 139 1376 117 119 116 131 129 119 12M 71 68 70 9M 70 68 61 M5 55 M8 61 MM M7 M7 12M 119 12M7 135 12M 138 153 162 IM2 135 57 5M 59 107 66 61 50 7M 80 67 86 70 7M 70 131 12M 1258 110 115 113 138 1MM 126 119 82 83 8M 99 93 85 70 69 68 73 95 M8 53 63 102 109 109

P P
0 O
S S GT T T T T T T T T T T T M T RS S S S 0 0 0 0 0 0 0 T T T T T T T M C E M O0 B 8 8 8 B B 8 B B 8 8 H H H H H H H E 0 T E U8 P P P P P P P P P P P R R R R R R R T M S T PS M 5 6 7 1 2 3 M 5 6 7 1 2 3 M 5 6 7 S P 2 2 X

1 120 115 108 111 68 63 67 8M 65 67 67 77 83 80 75 79 80 75 12.1 . 7.M 7.6 22 127 125 117 117 6M 65 65 86 75 69 75 51 5M 55 60 M8 M9 52 12.7 . 9.8 8.3 23 1M1 126 116 120 7M 70 72 83 63 7M 6M 72 75 .73 72 71 73 70 12.M . 9.0 9.0 2M 116 118 96 98 71 70 72 93 79 80 68 65 63 6M 83 66 58 62 11.7 . 7.5 8.3 25 1M9 139 135 132 60 60 60 87 63 55 61 70 69 69 70 68 6M 6M 11.8 . 7.1 8.M 26 129 120 118 109 6M 61 59 85 61 67 65 55 55 55 58 55 53 57 1M.6 . 8.8 9.5 27 139 139 126 128 7M 70 7M 107 82 79 7M 53 59 51 6M 52 55 5M 15.0 . 9.2 10.6 28 129 118 109 101 70 79 78 93 85 79 76 72 80 73 93 61 63 63 15.6 . 8.0 10.0 2
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RAW DATA

CVR AND AEROBIC FITNESS MEASURES

------—-·—·••----•---·································· GROUP=1 ······---··--···-••·--·-··—··-—••----—----------·—--—---

S S S S S S S S S S S S S S
S S S S S S S 0 D D 0 0 0 0 S S S S S S S M

O S 8 B 8 B B B B B B B 8 B 8 B H H H H H H H E
B I E P P P P P P P P P P P P P P R R R R R R R T
S 0 X 1 2 3 U 5 6 7 1 2 3 U 5 6 7 1 2 3 U 5 6 7 S
9 29 F 103 102 103 119 111 99 102 78 73 78 99 71 73 73 7U 70 73 76 60 80 72 8.6

10 3U F 117 111 115 127 107 106 . 68 69 70 79 7U 70 . 78 81 87 66 71 73 . 10.6
11 36 F 123 106 107 120 106 110 . 82 83 8U 97 81 83 . 8U 8U 81 8U 73 81 . 11.2
12 38 F 91 10U 92 120 106 103 10U 60 6U 6U 89 71 70 60 77 82 82 77 78 80 77 10.9
13 39 M 130 133 13U IUO 133 131 . 88 BU 85 93 8U 82 . 83 78 81 81 77 85 . 13.0
1U U3 F 110 11U 112 129 116 118 119 77 82 79 95 73 76 79 96 95 93 9U 86 93 93 10.5
15 U6 F 107 113 90 125 126 109 111 66 66 6U 86 7U 6U 68 78 76 79 80 73 83 77 9.8
16 U9 F 110 112 112 108 113 . . 65 66 62 70 6U . . 6U 6U 66 78 69 . . 11.U

P P P P P P P P P P P P P P T T T
S S S S S S S D 0 0 0 0 0 0 P P P P P P P S S S

0 B 8 B B B 8 8 B B B B B B B H H H H H H H 8 B B
B P P P P P P P P P P P P P P R R R R R R R P P P
S 1 2 3 U 5 6 7 1 2 3 U 5 6 7 1 2 3 U 5 6 7 1 2 3
9 95 9U 97 118 109 99 99 66 67 67 98 76 71 69 72 79 80 79 66 81 77 109 113 106

10 118 117 113 12U 116 111 11U 69 73 73 91 67 69 72 68 73 73 77 70 72 7U 122 120 107
11 113 112 108 117 120 110 10U 76 72 72 89 81 71 75 6U 68 72 65 61 65 6U 95 108 101
12 10U 101 10U 121 115 106 100 67 69 63 92 79 75 73 76 77 78 88 76 81 82 107 102 99
13 125 126 122 12U 121 120 122 85 89 86 96 83 86 89 53 56 71 70 67 75 73 1U0 137 1351U 109 102 102 125 103 102 103 79 80 81 98 83 87 8U 66 66 68 71 69 65 71 107 102 103
15 118 119 113 121 125 115 122 67 6U 6U 72 68 67 67 75 7U 78 75 70 70 71 123 120 121
16 119 120 113 12U 125 115 112 65 68 68 8U 7U 59 71 8U 82 65 67 65 69 63 111 107 103

P P
0 0
S S G

T T T T T T T T T T T T H T R
S S S S 0 0 0 0 0 0 0 T T T T T T T H C E H 0

0 B B B B B B 8 B B B B H H H H H H H E 0 T E U
B P P P P P P P P P P P R R R R R R R T M S T P
S U 5 6 7 1 2 3 U 5 6 7 I 2 3 U 5 6 7 S P 2 2 X
9 120 112 105 102 75 70 73 93 76 7U 77 76 73 76 70 68 73 72 11.0 . 5.6 7.1 2

10 123 119 11U 111 76 76 72 81 76 73 73 91 96 97 98 100 93 93 10.2 . 5.9 5.9 2
11 117 110 11U 109 76 79 7U BU 76 7U 79 63 70 68 70 67 70 6U 11.U . 8.3 8.3 2
12 118 111 106 105 73 71 76 80 65 73 72 77 81 85 7U 80 78 75 10.8 . 7.1 7.2 2
13 1U1 138 13U 135 88 89 89 89 85 83 82 105 105 107 106 105 103 100 10.2 . 7.1 5.9 2
1U 117 102 101 101 78 7U 75 86 67 71 71 75 77 77 78 67 73 81 11.3 . 5.9 7.1 2
15 118 123 122 120 73 70 7U 83 72 69 70 79 82 90 76 76 77 86 11.1 . 5.6 7.1 2
16 113 11U 108 96 67 65 68 81 5U U5 6U 81 73 78 76 86 75 79 13.6 . 6.5 7.1 2
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CVR AND AEROBIC FITNESS MEASURES

--—--·--·--—•-•--—•-•·-—-·•·---·•·—----······•········· GROUP=1 ·········-·-···-··—-——-——~—---··—---·-—--•--•--—~—-—----

S S S S S S S S S S S S S SS S S S S S S D 0 D 0 D 0 D S S S S S S S M0 S 8 8 B 8 8 8 8 B B 8 8 B 8 B H H H H H H H EB I E P P P P P P P P P P P P P P R R R R R R R TS 0 X 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 S
17 53 F 131 128 131 147 139 126 129 82 79 81 95 74 77 67 77 76 81 80 71 72 75 9.418 62 M 115 109 115 115 112 110 . 77 76 76 83 67 71 . 64 66 66 65 60 64 . 11.619 100 F 104 104 109 118 108 97 103 68 66 69 69 59 67 68 88 93 90 92 85 82 99 9.120 500 F 106 95 100 109 106 104 . 55 57 60 71 64 59 . 63 56 53 59 51 53 . 11.8

P P P P P P P P P P P P P P 1* 1*S S S S S S S D 0 0 D D D D P P P P P P P S S0 8 8 8 B B 8 B B B B 8 8 B 8 H H H H H H H B 88 P P P P P P P P P P P P P P R R R R R R R P PS 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2
17 94 93 96 108 98 95 98 68 66 71 82 69 69 69 81 80 77 100 75 81 75 96 9418 126 125 123 134 125 124 122 71 69 69 82 76 73 71 59 72 60 68 55 60 57 125 12219 108 106 113 117 111 110 111 59 60 61 76 58 52 55 76 89 81 91 78 93 81 114 11720 104 105 102 109 108 103 100 61 60 56 72 55 62 57 63 74 59 62 50 59 64 109 103

P P
0 O
S S GT T T T T T T T T T T T T M T RS S S S S 0 D 0 0 D 0 D T T T T T T T M C E M O0 B B 8 8 B 8 B 8 B B 8 B H H H H H H H E O T E UB P P P P P P P P P P P P R R R R R R R T M S T PS 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 S P 2 2 X

17 100 112 104 96 95 72 67 67 90 67 66 68 62 65 68 97 85 70 73 10.2 . 4.8 5.4 218 119 129 131 122 117 84 85 81 94 89 84 85 58 61 57 63 58 57 58 14.0 . 8.8 9.0 219 100 114 108 106 104 56 61 61 76 52 54 55 78 78 81 95 79 83 73 10.4 . 6.0 7.1 220 106 117 120 109 111 63 61 61 81 72 52 59 48 48 47 54 43 49 47 15.5 . 8.0 9.5 2
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RAW DATA
CVR AND AEROBIC FITNESS MEASURES

--·--——--—--•---~·------—~—--··········-•·············· GROUP=2 ··············---···-----·—-·----·--—·-·-----———---—·—-~

S S S S S S S S S S S S S S
S S S S S S S D D D 0 0 D D S S S S S S S M. 0 S 8 8 8 8 B 8 8 8 8 B B 8 8 B H H H H H H H EB I E P P P P P P P P P P P P P P R R R R R R R TS D X 1 2 3 Q 5 6 7 1 2 3 Q 5 6 7 1 2 3 Q 5 6 7 S

21 3 F 102 100 102 123 109 98 97 75 78 76 88 78 72 7Q 87 83 81 81 77 81 83 11.822 Q F 111 113 105 1Q1 152 111 107 69 7Q 70 91 83 78 83 78 76 76 106 51 60 75 6.623 9 M 121 121 112 126 12Q 112 115 63 6Q 66 86 67 63 60 7Q 73 86 81 7Q 7Q 67 13.62Q 16 F 108 112 107 11Q 110 101 10Q 69 6Q 67 78 62 61 62 66 70 68 91 72 70 68 11.625 18 M 128 123 127 137 12Q 126 . 62 57 57 83 62 6Q . 93 87 93 100 87 88 . 12.Q26 20 M 135 1Q0 1Q3 1Q3 1QQ 1Q1 128 77 82 77 92 78 77 80 89 92 92 9Q 91 89 79 10.327 26 M 100 11Q 109 137 IQ7 111 . 72 72 69 110 66 73 . 79 87 79 100 77 77 . 11.228 28 F 110 105 107 122 119 110 111 67 69 69 97 76 62 59 70 63 66 79 61 67 67 11.2

P P P P P P P P P P P P P P T TS S S S S S S D D 0 0 D D D P P P P P P P S SO 8 8 B 8 8 8 8 8 8 B 8. 8 8 B H H H H H H H 8 B8 P P P P P P P P P P P P P P R R R R R R R P PS 1 2 3 Q 5 6 7 1 2 3 Q 5 6 7 1 2 3 Q 5 6 7 1 2
21 110 11Q 106 125 110 103 103 80 81 83 86 77 77 76 86 8Q 87 85 76 81 81 128 11Q22 111 118 121 152 153 112 107 78 73 76 125 101 87 87 6Q 75 78 101 59 63 68 117 11323 115 112 113 131 126 125 121 6Q 65 66 8Q 68 65 6Q 75 73 67 77 78 7Q 69 109 1152Q 108 115 109 115 115 105 102 63 62 65 77 57 6Q 65 88 81 71 96 7Q 63 70 102 10825 12Q 12Q 131 135 132 1Q1 131 63 62 63 92 6Q 65 7Q 79 82 62 89 65 69 75 125 13226 IQ6 137 1QQ 157 15Q 150 1Q1 78 82 77 102 81 88 88 105 89 86 109 99 100 83 1Q2 1Q327 116 123 12Q 1Q9 15Q 127 130 78 73 77 113 78 8Q 76 61 59 60 83 53 59 59 116 11528 113 101 108 121 119 107 103 66 65 63 96 66 66 59 59 62 55 75 52 57 60 101 109

P P
0 O
S S G

T T T T T T T T T T T T T M T RS S S S S D 0 D D D D 0 T T T T T T T M C E M 00 8 8 8 8 8 8 8 8 B 8 8 B H H H H H H H E O T E U
B P P P P P P P P P P P P R R R R R R R T M S T PS 3 Q 5 6 7 1 2 3 Q 5 6 7 1 2 3 Q 5 6 7 S P 2 2 X
21 115 120 11Q 111 112 75 77 77 95 79 80 82 62 93 69 70 66 69 71 10.Q 73 3.8 7.Q 222 108 1Q9 150 117 112 75 72 70 111 80 71 67 75 78 78 91 68 76 76 10.8 80 Q.8 7.1 223 115 121 110 118 119 56 59 56 75 58 71 70 76 75 76 78 75 76 80 15.2 0 8.9 10.6 22Q 103 111 110 100 103 53 52 5Q 59 5Q 59 57 83 80 79 86 8Q 79 79 10.7 90 8.Q 7.1 125 128 138 136 138 . 58 61 58 78 57 59 . 91 8Q 85 97 91 8Q . 13.Q 100 8.3 8.9 226 133 152 135 138 137 71 68 67 86 69 70 59 72 75 7Q 89 69 69 77 13.2 50 Q.8 8.3 227 117 130 138 117 118 6Q 66 69 98 77 66 62 5Q 56 51 77 Q6 53 52 15.6 60 7.2 10.6 228 111 121 108 102 105 62 57 57 83 57 Q9 52 62 66 65 73 5Q 6Q 61 1Q.7 . 7.1 9.5 2
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RAW DATA

CVR AN0 AEROBIC FITNESS MEASURES

·—·•--··—---—·•-----—·----·-·--·--·-·--·---····-······· GROUP=2 ········—·--—----—--·-—--·-------·——~---—---—·--———----•

S S S S S S S S S S S S S S
S S S S S S S 0 0 0 0 0 0 0 S S S S S S S H

0 S B 8 B 8 8 B 8 8 8 8 8 8 8 8 H H H H H H H E
8 I E P P P P P P P P P P P P P P R R R R R R R T
S 0 X 1 2 3 Q 5 6 7 1 2 3 Q 5 6 7 1 2 3 Q 5 6 7 S

29 33 F 11Q 11Q 113 121 113 113 . 79 79 76 86 73 75 . 90 89 88 98 79 83 . 6.6
30 37 F 111 107 110 120 116 109 . 62 58 60 87 62 65 . 65 63 67 71 6Q 67 . 12.3
31 Q0 F 102 100 98 105 101 . . 67 71 70 79 71 . . 72 75 77 73 70 . . 13.Q
32 Q1 F . . . 123 115 116 . . . 82 92 76 85 . . . . 82 71 80 . 9.6
33 U2 F 109 110 115 119 118 117 . 68 69 71 72 70 71 . 89 91 100 96 88 9Q . 7.Q
3Q Q5 F 110 111 113 1Q1 132 116 11Q 83 80 81 110 91 80 78 76 77 78 9Q 69 76 77 12.3
35 Q7 F 109 109 116 133 108 107 . 7Q 73 72 96 78 7Q . 87 86 9Q 103 87 90 . 9.3
36 50 M 132 119 115 1Q3 150 130 123 90 89 85 91 91 80 83 87 8Q 87 93 75 90 85 9.0

P P P P P P P P P P P P P P 1* 1*
S S S S S S S D D D D 0 0 D P P P P P P P S S

0 B 8 B B B B 8 8 8 B B 8 B 8 H H H H H H H B 8
B P P P P P P P P P P P P P P R R R R R R R P P
S 1 2 3 Q 5 6 7 1 2 3 Q 5 6 7 1 2 3 Q 5 6 7 1 2

29 128 128 127 130 125 119 117 7Q 73 7Q 83 75 77 76 101 99 99 101 93 95 91 108 113
30 103 105 102 118 109 98 100 61 62 62 87 58 63 63 69 69 71 69 66 67 71 108 101
31 97 89 103 10Q 108 97 98 66 63 63 75 71 70 71 75 70 80 72 76 73 72 101 96
32 116 11Q 118 131 123 115 117 81 8Q 79 101 81 81 80 59 63 68 82 62 61 67 119 112
33 135 133 126 13Q 131 129 130 75 7Q 78 8Q 76 76 67 101 106 10Q 110 102 10Q 101 12Q 120
3Q 117 115 11Q 1Q7 12Q 116 11Q 75 75 73 107 72 7Q 77 80 76 72 86 63 71 69 119 12Q
35 119 119 117 138 121 115 112 65 67 67 87 7Q 68 66 90 92 9Q 1OQ 8Q 93 89 109 111
36 136 130 126 1QQ 162 137 133 83 81 78 98 88 78 72 70 62 56 82 Q7 Q7 53 131 128

P P
0 O
S S G

T T T T T T T T T T T T T M T R
S S S S S 0 0 D D D 0 0 T T T T T T T M C E M O

0 8 8 B 8 8 B B 8 8 B B 8 H H H H H H H E 0 T E U
B P P P P P P P P P P P P R R R R R R R T H S T P
S 3 Q 5 6 7 1 2 3 Q 5 6 7 1 2 3 Q 5 6 7 S P 2 2 X

29 112 121 108 106 108 76 78 78 92 79 77 82 91 93 97 96 92 88 96 9.7 23 3.8 Q.8 2
30 103 11Q 106 106 96 5Q 55 5Q 71 53 58 60 72 73 7Q 73 67 71 72 15.0 90 8.3 9.5 1
31 96 108 96 97 98 73 69 72 82 70 73 7Q 77 66 70 66 62 62 62 12.8 50 7.1 8.0 2
32 117 127 121 117 117 76 73 126 80 7Q 79 80 88 78 8Q 88 69 81 89 15.2 93 6.0 9.Q 1
33 123 129 12Q 119 125 70 72 71 78 77 70 65 102 87 99 9Q 92 88 83 16.8 93 5.6 8.3 1
3Q 117 138 12Q 118 112 86 88 88 111 9Q 83 9Q 83 8Q 85 89 68 76 79 13.2 97 8.Q 8.6 1
35 116 132 118 112 113 69 68 71 100 77 65 71 68 76 78 90 69 72 75 12.0 100 Q.3 5.9 2
36 12Q 155 1QQ 131 135 79 8Q 8Q 100 89 81 79 66 73 72 68 5Q 66 6Q 16.6 73 Q.8 9.5 2



I
125

RAW DATA

CVR AND AEROBIC FITNESS MEASURES

····-·-·-···-·······················•···••···•········• GROUP=2 ··--·······-···-··---•-•—--·•-—-·----·-—---·---·-~---•--

S S S S S S S S S S S S S SS S S S S S S D D D D 0 D D S S S S S S S MO S 8 8 8 8 B 8 8 B B B B B B B H H H H H H H EB I E P P P P P P P P P P P P P P R R R R R R R TS D X 1 2 3 M 5 6 7 1 2 3 M 5 6 7 1 2 3 M 5 6 7 S
37 5M F 99 96 99 109 108 10M 103 79 77 82 87 81 7M 7M 75 75 78 8M 62 78 73 10.638 55 M 129 130 130 130 128 129 . 71 76 72 83 73 6M . 71 66 73 71 62 67 . 12.539 57 F 108 10M 105 127 113 106 . 67 75 7M 85 61 73 . 89 8M 87 103 75 78 . 13.2MO 59 M 133 131 133 1M9 130 132 138 78 77 78 82 71 83 73 78 80 79 78 71 77 70 16.0M1 63 M 128 137 139 168 1M5 1M1 . 57 52 53 63 56 5M . 69 76 77 67 70 73 . 15.0M2 M00 F 106 113 113 12M 129 112 . 63 58 58 70 68 58 . 78 81 83 95 75 7M . 12.0

P P P P P P P P P P P P P P T T TS S S S S S S 0 D D 0 D D D P P P P P P P S S S0 8 B B 8 B 8 B B B B 8 B 8 8 H H H H H H H 8 8 8B P P P P P P P P P P P P P P R R R R R R R P P PS 1 2 3 M 5 6 7 1 2 3 M 5 6 7 1 2 3 M 5 6 7 1 2 3
37 103 108 110 118 118 113 107 73 7M 76 80 75 72 79 6M 69 80 91 66 73 70 109 110 10M38 137 132 130 130 136 126 135 73 75 7M 91 72 76 70 72 72 72 7M 72 73 70 13M 13M 13339 9M 10M 101 127 110 106 102 77 81 76 112 89 8M 83 66 71 66 99 57 66 66 10M 101 107MO 1M5 1M1 13M 137 1M6 13M 130 61 65 65 7M 65 66 69 65 68 6M 62 66 66 67 139 133 135M1 130 12M 128 1M5 1M8 125 13M 76 72 72 10M 68 69 68 67 67 65 75 62 63 6M 15M 1M5 151M2 121 125 129 130 139 118 11M 70 68 63 75 78 63 69 7M 73 7M 91 57 6M 63 120 108 11M

P P
0 0
S S GT T T T T T T T T T T T M T RS S S S 0 0 D D D D D T T T T T T T M C E M 0O B B B B 8 8 8 B 8 8 B H H H H H H H E 0 T E U8 P P P P P P P P P P P R R R R R R R T M S T PS M 5 6 7 1 2 3 M 5 6 7 1 2 3 M 5 6 7 S P 2 2 X

37 116 113 106 103 79 79 82 98 83 82 83 73 78 78 85 63 7M 70 11.5 80 6.8 8.3 238 136 139 128 136 67 66 66 77 6M 63 61 88 82 8M 88 86 8M 85 1M.8 87 9.0 9.5 139 129 115 107 107 8M 88 87 112 81 85 86 75 89 81 9M 73 79 73 10.M 100 5.8 7.1 1M0 IMM 1M2 132 133 77 79 79 82 80 75 7M 57 63 55 55 51 53 5M 18.2 100 9.8 11.8 1M1 152 156 150 1M5 7M 75 77 83 69 69 66 69 70 7M 8M 67 7M 69 16.2 30 9.5 9.5 2M2 118 125 9M 97 71 68 69 85 78 76 68 62 60 67 66 M9 51 5M 12.8 33 7.1 8.3 2




