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ABSTRACT

v

Hlthodological Factors Inflﬁnnﬁing the
Effect of Aerobic Fitness on Reactivity
To Psychosocial Str.ss. '

Thomas G. Brown

J

- Two experiments examined the impact of aerobic fitness
_Ypon re‘ctivity in a centcxt where the influcnc; of :ubj;ct
. aex, stressor intensity, and the effort of verbalization were
jystématically explored. In Experiment 1, 17 males and 20
females wnre\lolqpted based on aerobic fltnp;s, with 8 males
“ and 9 ;emgles assigned tO'lhe h?gh fit gopup, and 9 males and
9 females assigned to the low fit group.ISUbjéct: were ., .
'!xposcd to a high and a low intensity laboratory psychoiéctal
str;ssor. Heart rate was 6oﬁitorvd during stressors and in
recovery, while cognitxv. ratings were collected after both
stressors. Hiqh fit males had lowtr heart ratol,in';.covory
than low fit dalls (p <.05), while stressors weraes
*:difflr-ntiatcd by cognitive report (p< .0@1), In Experiment
2, 9 high fit and 12 low fit ;alcn were exposed to a high
1ntnnsiéy stressor and a control, no-ltkcss v-rbalization
task. Siqniiicant differences were found in heart rato during
the str.ssor bctwncn tasks, while difflr.nc-s in blood
pressure appeared in recovery. Cognitive allgrlqnnt
,diffur-ntiafod the tasks (p< .001). Thase experiments

‘support the hypothesis that aerocbic fitness attenuates
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* reactivity during recovery from plyc;onocial stress.
Cardiava‘cular r-;ctivity ual'fpund to result from the ‘
‘cognitive ch;llcngp 64 the p;ychOIchal stressors. However,
the cognitive-appraisal of high or low intensity stressors
was noé,roflcctod by cdrrosponding'lcvils of cardiac
response. Future work on the pn;chuloqical effect of fitness
might explore the 1nfiuonc- o; othb; stressor-related
factori, for example stressor modality,.ns‘unll as’ further

'

clarifying the impéct of subject sex on reactivity.
. .

’
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General Introduction o

‘The behavioral community has b-cot'u’il;\torlstod in
asrobic exercise for its possiblu-hcalth and lifc--;’\hhnncing
benefits (Martin & Dubbert, 1982). Aercbic -x.;'ci.lc is )
char:actcri ze& by rhythmic contractions of lirq- muscle groups
that increase heart r'at- to betwesn 60 and 967.6 of"an

_individual ‘s maximal heart rifte. With the p‘rop.r inéonsity.

duration and fr-qunnéy of training,- 1mprovcm-nt's in

ki .
lowered blood pressure "at rest and during exercise, may occur

1 )

in as little as six weeks (Nadel, 19835). Individuals exposed

cardio'\/uqular -ffictcnéy. such as rqcl/acud heart rate and

fo psychological or behavioral challenge (ie., psychosocial
stress) experience changes onA a vnri‘oty phyliolodic
paramenters, including heart rate and blood pressure (Manutl:k &
Krantz, 1984). The physiological adaptations with aerobic
fitness have led to the. cx;:lorataion of whether improved
fitness might also attenuate the cnrdio'vascul'ar responses tg
psychosoci al stress. However, attempts to determine whether
‘fitness dampens th; responses to psychosocial stress hpv- .
raised allmany questions a; have been answered.

To date, :uppc;rt for the ruactivity—\modorating
proport‘ics of aerobic fitness falls into two distinct .

categories: studies where aerobic fitness attenuates cardiac

reactivity during a ltrQIsor". and those where aerobic fitness

A}

~y

"has been found to histen cardiac recovery following

i

t/n’fmination of a stressor. Support for the former finding

rd

. ' V3
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comes from two correl ation'al -tudinl and one employing a
rcp.atnd mouur.s design. Holmes and Roth (1984) found that

trained -ubjcctl, as compared to untrain-d had lmpllcr
i

heart rat. responses during laboratory ltrclsor:, but no

dx#fnrnnccs at 435 :cconds into rocavory. Hull, Young, and .

«

Zliglnr ¢ 1984) rcporf:.d rcduc.d diastolic rctponscmrtu

ltr;llors in older fit subjects, but no differences in
recovery over a 10-mi nute periods Holm.; and McBilly (198%5)
found that previously untrained subjects, when exposed to _a
13-weak aercbic exercise program, -xpnr‘icnccd reduced

hﬁfr:: rnt: Fnsponsgs dur’ing str.ssorvl asﬁomparcd/ﬁ their
pretest response. Hc;w-vur, no recovery data was reported.
Evidence in lupp;:rtl: of the second rolation_ship,ﬁ namely that
fitness alters recovery, comes from three correlational
studies. Cox, Evans and Jamieson (1979) found that heart rate
rn'covnr.d -i'gniﬂ:antly faster from laboratory \strussors five
minutes following stressor termination in traincd‘ sub jects
than in untrained controls. Sinyor et al. (169;) reportead
quiﬁ‘;ant‘ di*#-r;.nc'.s between trained and untrained = ~

1

subjects at one minute into recovery, while Hollander and

. Seraganian (1984) found fastor‘l cardiac recovery with greater

fitness in the 3 minutes following stressor termination. In

these studies, no fitness effects were found during stressor "
- > ' -

presentation. Althodgh both sets of findings support the )

’hypothni- that aerobic fitness moderates reactivity to-

psychosocial stress, the precise nature in which this

T

relationship is expressed is unclear. | ’
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. The_lhﬁk“of consensus in the literature has rgii.d a
number of methodological 1lru-|,rFfr;t; differences in the
intonsi:; of stressor across studies may influence ;h.n the
effacts éf fitness upon reactivity appear. Cox et al.,
(1979, Hollandcr and Seraganian (1984), and 8S8inyor et al.,
(1993) all rdport-d heart rate increases of approximately 25
beats per minute above baseline during strnssnr*brns-ntation.
In contrast, Holmes & Roth (1984) reported increases of
approximately 15 beats per minute. They suggest that the use
of a more intense stressor could result in an ‘arousal
ceiling’ in all subjects during exposure to tég stressor.
Thfs ceiling could effectively ;ask differences in the
magnitude of r-aétivity between treatment g}oups, but allow
differences in\:ardiaé reactivity to appear in recovery. In
contrast, stressors yielding smaller increases in heart rate
might result in r-actfvity differances from the influence of
fitness appearing during stressors presentation only.
Therefore, a-rub{c fitness may a;t-nu;tc cardiac responses to
stress, but the intensity of the stressors used in these
studies could influlnsn the precise temporal manifestation of
ghik effect. However, no study to date has sought to test
this hyposhesis by systematically exploring the influence of
stressor intensity upon r.a;tivity.

A second mathodological concern is whether sex

difjpéﬁnccs influence rcactfvity. !6 related

psythophysiological literature, sex differences have been

seen to consistently influence the ggrdiovancular and

t
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sub jective responses to psychosocial stressors
(Ffankunhauscr, et al., 19783 McDougall & Dembroski, 1981;
Lawler & Schmied, 1986).

However, in the %1tn.ll literature, the findings are
unclear. The work of Cox, Evans and Jamieson (1979) revealed

that sex did not influence heart rate response. Hull et al.

.01984), though including both male and female subjects, did

not systematically aﬁdrcls sex nffé;ts. Nevertheless, it is
suggestive é&at research yielding reduced reactivity during
ntrﬁfsors were conducted using only female subjects (Roth &
Holmes, 1984;-Roth & McBGilley, 1985), while much of the work
reporting attenuation in r.coécry used males (Sinyé: ’t al.,
1983; Binyof'ct ai.; 1986). Overall, the impact of sex '
differences upon reactivity does not seem to‘han been
adequately addressed.

A‘third muthodolqgical issu- conccrns‘th. degree to
which the reactivity in response io stressors is due to
physiological rather than psychological demands (Mathews et
al. 1984). For oxampf.. speech patterns have been
invclgigatcd as a’source of increased cardiovascular activity
(Friedmann, et al., 1982). The rapid and significnﬁt increase

in blood pressure with normal verbalization has.led these

authors to specul ate that aerobically fit. people may

* axperience relatively less cargiovipcular reactivity as a

result of the physical effort of talking than less fit
pecple. This would parallel the more sfficient

cardiovascular responses of fit over unfit individuals to any
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- ta dif#or.ncc# in methodology between studies, as well ad

il

given 1nf¢nsity of physical activity (Nadel, 19835; Mathaws

and Fox, 1976). As much of the work has relied on stressor
tasks ?cquiring some physical activity along uith‘coqnlttvo

chnlfénq., a tautology of measurement may exist; that is, to

»

‘what degree are fitness-rel ated d}f{orcncns in reactivity

simply a‘rcflnction of the cardiovascular efficjency in work

) -~

that determines fitness in the first place? ﬁatu,
clarification of the degree to which rqacti;;ty }ofl-cgi both
physiological and psychophysiological processes remains to 5.
lyst-mat{calfy adqrns;-d. |

Several quthors (Mathews et al. 1984; Manuck & Krantz,
1984) have suggested thﬁt'prggrcss in psychophysiological
reactivity research may be achieved from greater attention
improvod experimental control. The present two-part study
F-prosents an’ attempt to clarify the influence of a nusber of
methodological variables in the study 6f fitness. The first
experiment explored the influence of fitness upon
psychosocial reactivity in a context where the impact of
stﬁ-ssor intensity and sex differences could be
systematically addressed. The second experiment tried to

parcel out the physical versus psychological desands of a

laboratory psychosocial stressor.

/

:
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. Experiment 1 s

The first experi explored whether stressor intensity

-

might influence the mannp%>in which fitness 1 1 moderated

.

cardiac raeactivity. Employing a within-subjeét désign,

subjects determined to be either of high or\low asrobic
fitness were prcsdhtcd both ashigh and low intensity
laboratory psychosocial stressor. Both consisted of ”
arithmetic problems, with those in the high intensity
stressor being more diff!éult, and therefore more cognitively
challesnging, than the problems in the low intensity stressor.
' Stressors were counterbalanced across subjects in their order
of ;ppoarancc. Heart r;to responses prior to, during and in
recovery ?ro& these stressors were obtained. As well,
lubioctlvc ratings of task difficulty were collected in order
to éonfirn ghat the stressors dirg porccivcd.diffc}nntly; By
’nanipulatlnq sirossor intensity, clarification of its
influence on.thc manner in which fitness aight moderate
reasctivity was attempted. For example, if the rationale
_provided by Holmes and Rogh (1984) was supported, exposure to
a high fntnnnity stressor might yield a ceiling effect in
,sardiac response., rciult{ny gﬁ a fitnuls_¢§foct emerging in

recovery. With a low—intensity stressor, however, the effect
.7 / v ,

‘

of training might emerge during the sirosuuriitsclf rather
than during recovery. R ¥
‘The second issue explored was whether a sex effect might -

R
be pr.t-qt in thg impact .of fitness on reactivity.. o
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Con;nquihtly, both high fit and low fit groups consisted of
similar numbers of male and female subjects. This arrangement ’
-permitted sys@cmattc, within—study comparison of the

influence of fitness in males and females. If this effect was

™

found to be critical, the interaction between fithnls lavel
and sex on reactivity might be #larificd.‘
Method | |

r

Males and females attending Concordia University, or ‘
their friends, were initially screened for age (between 18

and 40 years) and the absence of major health problems.
. ya .
Eligible subjects were furth’r¢qcr.¢ncd for aerobic fitness

level, as expressed by thr criteriar verbal r.pbrti of the
level of participation in obic training; resting ﬁoart
A\

rate;j and through VO max assessment from bicycle ergometry.
0 2 v
Thirty-seven subjects (mean age=25.8 years), divided into

four groups, were retained for participation: eight nglol lqd
eleven fcmalcs-wlfn assigned to‘th. low-¥it group (ie., VO
max. < 40 ml O /kg/mir{, little regular, participation {n ‘
aerobic trainiﬁq. and resting heart rate )76‘boats/nin), and"

nine males and nine females wete assigned to the high-fit L

group (ie., VO max >30 ml O /kg/min, regular participation
2 . 2 Y —
in aerobic training, and a resting heart rate of <70’///

3

beats/min). These fitness c?it-(ia follow those established by
Cooper (1981), whereby 50 ml O /kg/min or .
- 2 .

more is considered excellent or better for subjacts ag-d.ZU,:f/q s

years or older, and 49 ml 0 or less indicates a fitness
2 .

O [

\. - .
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level of 4air or worse. SBubjects were told that they would
undergo a series of mildly stressful ppycholoqicQI tasks for
which they would receive a free physical fitness .- assessment.

ratus and Stimuli

A standard Hartz sphygmomanometer was used to measure

‘

blood pressure for the initial health status screening, while
u.Bodygua;d bicycle ergometer (mod.; 998) , coupled yith a
Quinton &6-point ECG Monitor (mbdel &22A-MS) and Medi-Trace
silver chlorid; disposable electrodes to record heart rate,
was employed for the initial fitness screening procedure.
The cxpi}imcntnl room consisted 6§ a temperature and‘
hun!diiy-éontroll-d, electronically shielded chamber (385 cm x
333 cm,.Sp,ctralhiold). A 4-channel Beckman 3511A. Dynograph
pol ygraph a:: 3 Medi-Trace silver chloride disposable
electrodes were used to rlcaﬁq‘hnart rate during the
cxp.rlmcntal'scssionl, with th-;iXinl being processed -
through a Beckman (Type 9837) cardiotachometer coupler and
fed directly into an IBM-PC computer (Model 510@) for beat-
by;Buat data-logging. Subjective nppraila} of.thn'IQQQI of
task difficulty ;as obia!nod by a printed 10-point rating
scale, which:lubjtcks employed to rate task difficulty from 1
(sasy) to 1@ (very difficult). A SBony stereo taperecorder
(ﬁodol TC-63@) and Sony external speakers were employed to

~

, provide instructions and psychosocial stimuli.

Procedure

h Upon arrival to tho'laboratory, subjects were first

l
?

required to sign a consent form which also included a brief
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dgscriptiqn of the study’as well as a h;alth status
\ qu.stionnai%c. Bl ood pressure was then taken.

Psychosocial Stressor Task. The subject was seated in
an armcgair in & curtained-off portign of the enclosed
chamber. Three electrodes were - attached to the subject's
chest for heart rate monitoring. Taped 1nstruct{ons,w;}n
presented which ins;ructcd sub jects that they were to
undertake two tasks that would test their ability to answer
swiftly and correctly mathematical auostionl. A 18=minute
Balclinu period ensued with continuous h;art rate monitoring
‘employing the Beckman polygraph. Actual diqffll conputnr-f
lodginq of the heart rate occurred during the final 75 seconds

s

of this period, although only the last 3@ seconds were used

for baseline d.t-rminakion. The first task was then proncq&.d.
Briefly, tpo tasks consisted of a series 10 arithmetic
ﬁ;oblems (soe Appdndixal). which the subject was required to
ani&er. For example, subjects were asked to count backwards
from 100 by 3°'s, or were required to multiply a number by
another, to which th!y would thon-add‘ a th}rd. A brief
p.r;od"a4tor each problem, the solution was provid;d. The
tasks were either of low (eg. 2 st + 4):0or high d?ffi:uléy
(eg. 17 x 9 - 13), with 6ach_subjoct exposed to both. Order of
péns.ntation w;; counterbal anced within all groups: Heart
rate was recorded continuouﬁly during the task, as well as
during'tho 30-second recovery pnrioé following the

task. A 10-minute inter-trial waiting period ensued, with

"heart rate recorded during the final 7% seconds providingil

£

i
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baseline for the sccénd task. The second tg-k was then
presanted; with the same {ormné and.dnta—collncting procedure
as in the first trial, except that after the 30-second
rccuvnfy period, the session ended with the subjective rating
of task‘dif{iculty of both trials (see App-ndlk 2).

Aerobic Fitness Test. Following fh; psychosocial stress
session and a 20-minute rest period, the subject was |
weighed, seated on the bicycle ergometer and was then .
attached to the ECG apparatus. Using the Astrand-Rhyming o “
(19545'|ubmlxihal test for estimated maximal oxygen ;;take
(VO max), heart rates attained while pedalling at
pragrcssivcgy higher wurkloa@s (until'a criterion 13@
beats/min was attained) were ;ntorod ingo a nomogram. The -
resulting estimated VO max esxpressed in liters/min, when
divided by bodywnight,zqives an estimated oxygen uptake
expressed in relative units of ml/kg>min. ' .
Results  ~ ‘ ‘ | Y,
Table 1 contain; the mean heart rates for all groups for -
baseline (ie., the average of each 30-second baseline period
prior to each task), during the high and low intensity
stressors, and in period for sach task. Computer-assisted
digitization of heart rate allowed these means to be generated
in 10 second intervals f?om cardiac responses during the
entire duration of monitoring.
As shown in Figure 1, changes in heart rate from

baseline of about 12 beats per minute were observed for all

subjects in response to both high and low intensity stressors.

%,
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TABLE 1

Mean heart rate (+ standard érrar)ﬁat bas!lin.,/ﬂﬁ;ing. and
in recovery for high and low intensity stressors.

S S > T . s Y " G > G e S S —— A . okl S S S —— . — T — — — > — — — o - T —— Y o ———

‘ Haies Jchalns
Fit Unfit Fit Unfit
B -
Baseline 51.3+#4.6  75.1#13.1 61.0+7.6 B82.1+9.5°
During Strc;;ar
High Inténsity‘ 64.4+10.5- B7.7+10.5 75.4+4.9 91.611;-4‘
Low Intensity 67.5+10.2 B86.5+9.3 72.146.3  90.5+11.4
Dur%’g Recovery . j
High Intensity 50.9:&.3 80.4+12.7  61.3+8.1 60.1#12.6
Low Intensity 52.4+7.1 77.0+10.2 63.2+47.4 80.3+10.1

- —— —— " T ————— T T S — i f— " — > - ——— T — f— " T — A — T S5 " Y G_— U T T — W  V— ——
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The heart rate data was analyz¢d~-mployihg a repesated measurss
analysis of variance (Biomedical Data Progrfmt, Uﬁivirlity of
California, 1983). A one—-way ANOVA on baselinc.hnart rate
yielded r-liabll differences by fitness [(F(1,33) = 35.0,
p<@.00@11. During strcssoés, a three-way ANOVA (ie., }1tnlll X
iix Xx intensity) rendered a significant main #itnuss wffact
(F(1,33) =.42.6, p<0.0011. In recovery, significant fitnll;
(F(1,33) = 57.1, p<0.001] and sux“EF(1,33) = 4.5, p<@.@5] main
effects were ob;nrved. The differences in heart rate at
baseline between high fit and low fit subjects rcplicat;d
well-established differences between these groups (Mathews &
Fox, 1976). In order to evaluate cardiac response while
accounting for significant group differences at baseline, two

-

Approichcs were impioyedx an analysis of variance on change

" scores (ie., baseline heart rate subtract53<f{om stressor and

rccovgyy'h.art rate); and an analysis of covariance which
statistically parcels out the variability in hea}t rate due
to initial differences in basel}ﬁ.s. This allowed a
comparative analy;is of the data.

Employing change scores,‘no reliable differences between
high fit and low it subJocés o; between males and females
were found. Furthermore, differences between subjects’
cardiac change scores on the high and lo;'iﬁtensity
stressors w-r.,not'siqnificnnt. In :icovcry: no differences

in change scores were uncovered between high fit and low it

. subjects, between males and females, or in recovery between

high and low intensity stressors. Howcvir, a significant
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fitness x sex interaction emerged [F(1,33) = 4,456, p<@.031.
According to a Séh-ffi post hoc analysis, ;mploycd due to its
comparison flexibility and its capacity to accomodate un.vca
cell sizes, low it females had a' significantly higheg
recovery chahgc\lcoro compared to the other groupn4com61n.d
(pe@.0S). T :

. Assessment qf fhe contributgon o#‘#itqpss and sex to
heart rate during stressors and in ;ucovory, with the ‘
influence of baseline statistically removed (ie., ANACOVA .l.°
with baselines as covariate), yielded a siqniéicant'lcx X
fitness interactibn [F(1,32) = 5.0, p<@.03], with no other - '
significant main effects or interactions. Employ}ng a Scheffe
post hoc analysis }p<0.05), the source of the interaction was
due to high fit males having signiifcantly lower heart rate
dﬁqing recovery than low fit males. No differences in heart
rate with stress {intensity was found.

Cognitive ratings on the la—po;ng scale reliably
differentiated thc high ;ntlnlﬁty task from the low intensity
task [F(1,33) = 190.94, p<@.@011, with a mean rating for the
former of 7.4,‘ﬂhd 2.5 for tho latter. Other significant main

bl

effects or interactions were not significant.

ion '
Physical fitness and sex both played a’role in the

cardiac responses to psychosocial stressors. The heart rate

- *

of fit males returned towards baseline-more rapidly than
unfit males. Cardiac response to stress in femalws did not

reveal any dampening of response with fitness. During the

0

I lardd
Palar
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‘stressors, the groups were indistinguishable. Btressors of
high or low int-niity did not elicit dif*crunc.: in C;;Hiac
response. |

The faster cardiac rccovnqx from psyého:ocial stress in
high fit males, as opposed to response attenuation during
/ stress, replicates previous findings of this laboraéory‘
(Hollander % Sequanian, 19843 Sinyor et al., 1983);:7ﬁ6h1y
fit subjects may respond equally to a giQ-n stressor as low
fit sybjects, but their greater aerobic cypacity is correlatad
with more raﬁid recovery {rém stressors. In a model of
reactivity, referred to as the "rocurrcnt activation decl“
Manuck and Krantz (1984) have described thc physiological
changes due to psychological challenges as transient
deviations from a stable baseline lnvcl-of activation. Nhil!
they propose that individual di fferences may be nxprossod by
the magnitude qf the fcugc physiological aroulal to
psychosocial stress, our results suggest thatvtndividual $§
differences exist in the duration ;{ the aroused state.

The subjecfive ratings of the stressors indicated that
‘lubJICtI perceived the ltrcssbrs as being of ligﬁi#icantly
different difficulties. However, the failure to observe -
differences in cardiac r-activity as a function of perceived
task difficulty suggests that cardiac reactivity may be
influenced by.charaéf-ristics other than the subjective’
intensity of the stressor. )

This failure also made difficult a within-study

examination of the impact of fitness in the context of

-

\
. . N
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%ardiac response mlqnitud-.. )Hcm.vor, éhangos in heart rate
above baseline for both -t;inlorl are similar' to those
reported by Holmis and Roth (1984). Following their
rationale, this degres of elicited reactivity ;ﬁoﬁld not have
'bccnlaffcctod by their hypothosiz-d ceiling effect and should
have yielded a significant fitness effect during stressor
pr;scntation. Furthermore, these heart rate in:rnagcl are -
only about half the magni tude of ghosq rcpo(tcd by Sinyor et
al., (1983) that had also coincided with attenuation during
recovery. The present oSs.rQation of a fitness effect in
recovery therefore seems to wclﬁin the iﬁportaqcc of the
response magnifudc as an explanatory construct with regards
to whether reactivity lttcauation will occur during ltr.ll‘Dr.
in recovery. "
“While high fit and low fit males were distiniuish;bln in
/caédinc response i{n recovery from Itrlllqu in the analysis of
covariance, low fit females were different from all othcr’
gréhpl when change scores were used. This di:cr;pancy between
anal yses ldgg.sts that other factars may~havu obscured the
effects of fitness ig the female subjects. It is suggns#f@?
that the recovery heart rate following both ltrossor; in low
fit females was lower than bas.lin‘ levels. It is possiblc\
that the baseline of low fit femaled Qal artificially high.
ihus, uﬁilo the contribution of baseline heart rates on
reactivity was avo?agod b-tﬁncn groups Qh-n statistically
partialed out in ANACOVA, change scéros reduced

significantly the absolute reactivity in unfit females as .

~—~
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o 1,?”?‘
compared to all other groups. Therefore, conclusions about
T

sex-based differences in the sffects of fitness at thiq,polnt\!
must be made with caution.

Differences in response attenuation with fitness between
ma{e: and f‘malcs have been observed in related work
RH;cDouqail & Dembroski, 1981). It has been argued that
certain situations may evoke different responses in females
than in males. Specifically, situations with a high degree of
interpersonal chaliingc elicit greater responses in females
than males as compared to psychomotor tasks. The magnitude of

' r.spoﬁses in the present study was approximately the same
for both &alns and females, even though the stressors s

employed did not have a high interpersonal component.

Expeariment 2 ' '

Introduction”

The second experiment focused on the degree to which
cardiovq;cqlgr responses to a psychosocial stressor in high
:fit-and low fit subjects might b-‘attributabln to the
physical &emands of the :trcisor. Male subjects, categorized
as either of high or low asrobic fitness, parEicipath In*tuo
cxp-rim;ntal tasks. One involved exposure to a high-.
intensity psychosocial strossor, the same task thgt was
nmpioy-d in Experiment 1. fh- second task, was osscntia&ly a
" control procedure. Rather than qinnrating.thuir own verbal
responses tq ;uthcntié questions, sybjncts simply repeated

recorded numbers that mimicked those required by the higﬁ-'

9
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intensity stroisor. This task required little cognitive
effort an& consequently, appreciably less psychosocial
challenge éhanvthat\of the high-intensity stressor. However,
th;,phylical‘cf¥qrt riquiroa for both tasks was similar. The
order of these tasks was count;rbalanccd across sub jects. In
addition to heart rate, blood pressure measures were

collected. Subjective ratings of the tasks were gathered in

~order to corroborate their impact. In this manner, direct '

comparison of reactivity between the groups due to.
verbalization and psychophysiolagical reactivity could pu
undertaken. Furthermore, by stat}ltically partialing out the
physiological demands of the stressor, a more valid picture
of the cfcht of fitness on psychophysiologic;l reactivity

might be achieved.

Method

’,

The procedures employed were the same as those of

Experiment 1, except for the following:

Sub jects
Nine high fit and 12 low fit males (mean age=
24.6? were recruited using the same selection crte;ril described
previously. ‘ ) -
Aoparatys N | .

A V!ta—Btag Automated B}ood Pressure Monitor (Model 9@0-

@

8), was added in order to increase the sensitivity of the

measurement of cardiovascular reactivity.

or



Procedure

The low-intensity st(lslor was replaced by a task Fhlt
roéuired simple rcpc%itlon’o§ a series of 1@ numbers ;r
number sequences (eg., "repeat after me: 1, 4, 7......") and
blood pressure recordings were taken each minute during the
full duration of the psychosocial stressor phase of th;
experiment, starting immediately after termination of the
initial iqgtructions.
Rcsulés

The heart rate and blood pressure means and standard
errors at baseline and in response to the sérclsors are
presented in Table 2. Average incr.asus‘ln‘hnart fatc with
stressors over basel ne, illuitratud in Figure 2, u‘ro‘
aparoximatcly 1@ bcai? per minut.. As in Experiment 1, g
repeated measures ANQVA -0f .heart rate and blood pressure was
undertaken on change from b;;clin-, as ucll as a repesated
measures ANACOVA, with the differences in baselines beween
groups statistically removed.

The two—-way analysis of chahq. scores during presentation
of the stressors uncovered a significant within main offﬁct
between the stressors employed [F(1,20) = 48.7, p<@. 9001, but
no significant fitness main effect or fitness x sérollor
intensity interaction. In recovery, na significant main
effects or interactions wc?c,r.v.alodi ’

\_NThu two-way ANACOVA performed on H;art rate during

stressor presentation produced a significant within factor

stressor intensity main effect [F(1;20) = 48.7, p<P.2008], but



TABLE 2 ‘

) . hY .
Mean heart rate and blood pressure (* standard error) at
baswline, during, and in recovery for high and low intensity

stressors. - - N e .
- ————— T —— —— o o 2 D e i o e ] s e e e o e e i e l——‘._f-..__..--_.__.__‘-._.-_...
. ‘ Fit ; Unfit
.« - ’ _ . Heart Rate g
Basel ine . 61.2+10.5 78.4+10.9
During High o §
Intensity Stressor 77.3+12.2 - 89.8+14.6
During Control
Stressor : 68.8+12.5 ‘ 84,0+14.4
Recovery High | N 4 ;
Intensity Stressar L 62.2¢11.7 . 80.4413.3
: \
Recovery Control - . "
Stressor 64.1+12.0 ' 77.9412.2
' Blood Pressure
-Basel ine Systolic 121.2+46.5 ’ 119.9+1
A Diastolic = 635.9+8.1 72.8+1
During High T v \ -
Intensity Systolic 126.7+17.9 129.3+13.1 :
Stressor Diastolic 71.6+416.7 76.2+414.9 >
qﬁgurinq ’ -
Control Systolic 126.9+11.7 121.7+14.6
Stressor _‘ Ditstolic . 71.9+410.3 75.0+14.6
Recovery . ; . )
High Systolic 127.6+11.6 125.5+12.4
? Intensity Diastolic 68.8+9.9 74.2+11.1
Stressor . '
Recovery Systolic . 120, 1+12.1 118.5+14.1
Control Diastolic 66.7+13.4 * 75.2+413.1
Stressor
n" o /f\/ ’
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as with change scores, no significant fitness main effect or

" fitness x stressor intensity interaction. In recovery, no

significant main effects or int.raction were found.:

Blood pressure at baseline, durinq the str.slors and in
recovery are pr,scntcd in Table 2, while changes from
Shll;inl are 111Lstrctod 16 Figures 3 and 4. Analysis of
blood pressure change scores during stressor presentation
revealed no significant main effects or interaction for
either systolic or diastolic measures. In recovery from
stressors, a significant within main effect of stressor
intensity was revealed for systolic blood prossuri (F(1,208) =
13.7, p<@.®@51. No other significant fitness main effects or
fitness x‘strcssor intensity inturnétion were uncovered for
;ystollc blood pressure. For diastolic blood pressure, no
significant main effects o} interaction were found.

Employing ANACOVA on systolic and diastolic blood
pressure during stressor presentation, as in the lnalysil’of
change ;COFDI' no significant main .f#q;ts or interactions
smerged. In r.covor;, significant systolic difference
appeared for the within m.ashre of stressor intensity
(F(1,20), p<@.003]. However, no other significant effects
were uncovered. l

SBubjective ratings, with a mean of fll and 6.2 for low .
and\?igh intensity stressors r;;poctivcly; broduccd a
liqnifléant two-way ANOVA on the Qiéhin measure of stressor
intensity [F(1,20) =102.7, p<@.208], with no other fitness .

main effect or interaction being revealed.
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Differences in reactivity 'in Exﬁirimnﬁ{‘z emarged
. \ T e ; ,
between the high intensity stressor and the control -

verbalization task during and, after stressors. As well, there

R

'_ was a lack of any significant change in cardiovascular’

’ activity from baseline during the control tlskxin all groups.

K3

Coupled with the reliable subjective differentiation between

the tasks, increases in cardiovnscul}rircactivitf appear to

4 .
be a function of the cognitive challenge of the task and not

simpfy the physical effort of voéalizatiéﬁ. Howaver, the 1ack
of a signifitant fitness n;iect rendered 1na?propriat¢

further scrutiny of the rosfdual r;;;tivity. with ’
vocalization dartialcd out. The flndinb that heart rate ‘
provided reliable differsnces butw‘bﬁ the task intnnlitins

during stress, whill blood prcssurc rlvcal.d differences in

~3racovery, suggests that a time lag may mark the sensitivity

of blood pressure mgasurnmcnt to psychosoc&nl stress.

9 /

ALY
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General Discussion
~7

The present attempt to address the methodological
variables that might have contributed to the inconsistencies
in pa-t,uo{: clarified some issues, while at the same time
raising further questions.

The present work supported past findings in which -
attenuation of reactivity was found during recovery from

3
psychosocial stress with greater aerobic fitness. This

v

" observation occurred in Expirimunt 1, but was)nof replicated

in Experiment 2. Differences in the experimental protocol
between the two phases of the present work may have resul ted
in this lack of consistency. In Experiment 1, two stressors
were employed that, in spite of their different cognitive

~ »

impact, resulted in fairly consistent levels of cardiac -

]

reactivity. Experiment 2, on the other hand, emqloycd two
Quite different tasks: a stressor that elicited significahf
levels of cardiovascular reactivity and similar cognitive
ratings as iéﬂExplrim-ntylg and a control, no-stress -
verbalization task that resulted in insignificant reactivity
and little cognitive impact. It is possible that the
influence of aercbic fitness Qm-rd;d\on the strength of the
‘two effectively equivalent repeated measurses in Expcrim.ntﬁl,
while the fitness .fflét was not robupt enough 19 Experiment
2 to occur with unly one actual stressor.

‘Strcssor intensity lpp;ars not to have a lignfficant

impact on the magnitude of cardiovascular reactivity.

Although stressor fntcni&ty was reflected in the goqnifivc
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' appraisals of the sér;slors ln:Expcrtm.nt 1, ;t dgd not
result in diffc}cncul in cardiac reactivity. In Experiment 2,
the higﬁ intensity stressor again elicited significant and
compaggblc levels of cardiac reactivity and cognitivo-ratingl
as in Experiment 1. However, significant cardiovascular
change above baseline. was not observed from a control task
with little cognitive impact 11.., with a mean coqnifiv.
rating of 1.1 compared to 2.5 of the low intpnslty’strol-or’
of Experiment 1). These obscrvatioq‘ suggest two important
characteristics of.these psychosocial stressors nmployod in
the laboratory. First, it is the stressor possessing some
dlq;ce of cognitive challenge, and not simply th; .
experimentallsituation, that provokes significant levels of
cardiuvgscular reactivity; and second, there seems to be no
simple relationship ﬁetueen cognitive appraisals of stressor
'iét;nsity and the coinciding magnitude of cardiac r.activity.
' The present work also did not provide support for the

ﬁmportance of stressor 1ntnnsity or magnitude of reactivity

in determining whether the influence of fitness might occur

‘"during stress or in recovery. Therefore, different

observations of the impact of fitness on cardi'ovascular
reactivity between laboratories may rgfl,;t qualitative
differ;nces of the stressors omgloynd. As well, these or
other qualitative factors may dotorm?h.lthc magni tude of
cardiovascul ar rnactivity. For Jﬁhmpln. response ltcr.otypy, )
or thu tendancy for individuals to respond in a unique nann.r

sp.cific to the provoking stimulus (Steptoe, 1984) may
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t -

overshadow stressor intensity.in determining the resulting

A}

magnitude of reactivity as well as when fitness might

]

influence reactivity. Future inquiry might attempt to

systematically study the importance of stressor modality in

psychosphysiological research.

. - * ¢

The influence of Qubjcct sex, based on the present work,
' remains uncicar.'lt is suggested that future work
continue to recruit subjects counterbal anced for sex. When . '
- p&isibl.. counterbalancing for experimenter sex and for
stressor modality might r.sulé in a clewarer picture of the

influnﬁco of sex differences on reactivity.

at
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g . Appendix 1
Beneral Instructions

We are asklng you to pcrform a pair of one ninutc tIIkI that
test your ability to rnspond accurately and quickly to
mathematical questions. Each task consists of a set of
questions you must answer verbally. Do as well as you can,
but if yoh make cFrorl, Just gont;nuc on. There will be a
several minute rest interval after these preliminary
instructions as well as a several minute rest pcfioq between

/

the two tasks.

L4

ﬁigh Intcnlity Stressor

1. Subtract 7 continuously fromm 100....10 Q.c....ltop!

2 P X T 4 15 e BBCeenee..78)}

3- 8)(6—9....-..,-5 IOC.-....-39!

4. Subtract 13-continuously from 435.....10 sec....stop!

5- 6"“9-12.-----.3 IIC.-...-.‘Z! , /

)
" 6. 27/3+a..l....5 -.c..;..-;17!

7'0 27+62— 12.-1-.5 '.C‘---..-.".7!

8. Subtract & continuously fromm 2ﬁﬂ.........10 SeC....stop!

Low Intensity Stressor ‘ )
1. Add 3 cqntinuausly to 25..ccesecs1 S@C.....utOp!

2. 3k 2+ 4..cu...S B@Ceeenen.. 10!
3. 4 X3 — 2¢cceesaS l.c......i.lé!
4. Subtract 2 continuously from 199.....10 sec....stop!

5. \5“.5*5.......5 .'c-'..t...u!
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7.
"8.
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Appendix ‘2

n‘l ' . {'
- Cognitive Rating

v -

We would like to get some indication of how difficult
you found the two tasks on a scdle from i to' 10, where 1 is

not challenging and 18 {s very challenging. Please circle one

-

A

of the numbers iogyoach task.

8

A 23 1.4 S & 7 8 ? 10

very vary
esasy . . difficult
9 ) ¢
- k‘ *
ey \
Task, 2
, Al
y 2
1 2 3 4 5 & 7 °8 9 18
* very . . " . very
oasy - ’ difticult
‘s




