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ABSTRACT

An exaggeraled pressor response o specilic physical  stressors has
been supgesied as possible predictors lor the development ol luturc
hypertension.  This study compared the cardiovascular responses (O the
PWC 140, cold pressor test (CPT), and isometric hand grip (IHG), to
cvaluate the consistency in the blood pressure responsc among thesc
physical stressors.  Eighteen resting normotensive males (mean age 233
1.7 yrs.) were classilied as cither normotensive at exercise (ASBP<45
mmHg, and ADBP<i0 mmHg), or cxercise hyperiensive (ASBP=245 mmHg, or
ADBP>10 mmHg) on the basis of their blood pressure responsc o the first
stage of the Canadian Acrobic Fitness Test (CAFT) for their age group.
Subjccts were administered a 6-min PWC 140 bicycle crgometer test, a
120 sec CPT (forcarm and hand immersion), and a 120 secc IHG at 30 %
MVC. Systolic blood pressure (SBP), diastolic blood pressure (DBP), mcan
arterial pressure (MAP), heart rate (HR), stroke volume (SV), cardiac
output (CO), and cjection fraction (EF) were recorded cvery S scconds
during a onc min resting period, during exercise, and for 3 min post
cxercise using a Finapress 2000 BP monitor and BoMed bioimpedance
cardiac monitor. Delta scores (pcak cxercise - rest) were calculated for cach
variable. Data werc analyzed using a 2-way factorial ANOVA for cach
exercise und recovery variable.  Linear regression analyses were calculated
o determinc the siope of the SBP and DBP response to the CPT and IHG.
The results ol this study indicate that; 1) there were no significant
differences between the two groups lor the cardiovascular responscs to the
PWC 140, IHG, and CPT with the exception of a greater CO and SV in
normotensives on the PWC 140, and 2 higher HR in cxercise hypertensives
on the CPT: 2) the ecxercise hypertensives had a greater rate of incrcase in
SBP and DBP than thc normotensives over the first 90 seconds of the CPT;
3) there was no consistent pattern in the individual responses to the CAFT,
CPT, and IHG with respect to ASBP. It was concluded that within the
context of this study, the blood pressure responses to dynamic exercise,
isometric cxercise, and cold stress were not consistent among the subjects
and tests. These inconsistent responses may be due to the different
mechanisms involved in the response to cach of these physical stressors.



INTRODUCTION

Esscntial hypertension is one ol the secrious health concerns ol our
lime. For years it has been Kknown that hypertension is a leading

contributor 1o cardiovascular discase. It is one ol the primary sk factors

associated with heart attack, stroke, heart and kidney flailure, and s one of

the leading discases linked 1o premature death and disability in Canada

(Canada Blood Pressure Survey, 1989).

It is ecstimated that 15 o 25 percent of individuals in the western
world are hypericnse (Kaplan, 1986). In Canada alone, lwo miliion adults
aged 20-69 ycars arc thought to be afflicted with the diseasc (Foder,
1980).  Persons with hypertension face the risk ol developing
cardiovascular abnormalitics 20 years carlier than their normotensive
counterparts (Kaplan, 1983). Onc ol the major concerns is that
hyperiension may lie asymptomatic for several yecars beforc any sign of
cardiovascular dysfunction is cvident. It has been estimated that of those
who arc hypertense, seventy-five percent are unaware of their condition
or arc nol being trcated for the discasc (Kaplan, 1986). At present, there
is no mcthod of predicting an individual's risk of developing hypertension
other than through repeated resting and ambulatory blood pressure
readings. However, a number of tests that clicit a pressor response have
been suggested as possible predictors for the development of future

hypertension.

The Cold Pressor Test (CPT) which involves the immersion of an
extremity in ice water, has long been used to evaluate the cardiovascular

system's response lo physical stress. Several studies (Ohlsson &

3]



Henningsen, 1982: Menkes ct al., 1989; Kasagi ct al. 1995), have
demonstrated that the strength ol Lthe pressor responsc is greater in
hyperiensives than in normotensives when cxposed o the cold pressor
lest.  Rescarch by Wood et al., (1984), found that normotensives who show
an cxaggerated response to the CPT arc more fikely to develop fulure
hypertension than individuals who respond normally, suggesting the

polential usc of the CPT as a prediclor lor hypertension.

Similar work has been reported using isomelric excrcise to elicil a
pressor response.  Several studies have cvaluated the cardiovascular
responsc 1o the isomctric hand grip (Laird et al.,,}1979; Cantor ct al, 1987).
Again hypertensives demonstrated an cxaggerated cardiovascular

responsc Lo isometric cxercisc when compared 1o normotensives.

These [lindings have lead researchers to believe that  an exaggerated
cardiovascular response 1o the CPT or isometric exercisc in normotensive
individuals may be a predictor of the future development of sustained

hypertension.

Research by Wilson and Meyer (1981), Jackson, Squires, and Beard,
(1983), and Dlin ct al., (1983), examined the usc of blood pressure in
response to dynamic exercise as an carly prediclor for the future
devclopment of hypertension.  These studies reported differences in the
cardiovascular response to aerobic cxercise between hypertensives and
normotensives.  In addition, normotensives who possessed an exaggerated
response to dynamic exercise were more likely 1o develop resting

sustained hypertension than normal responders during a follow-up.
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Although there has been considerable rescarch into the blood

pressurc response to acrobic exercise, a standardized protocol  had not
been developed.  Jeué ct al,, (1991) quantilied the blood pressure response
to @ sub-maximal stepping excreise using the Canada Acrobic Fitness Test
(CAFT). Individuals were classilied according to their blood pressure
response following the first three-minute stage (Stage A) of the CAFT, for
their age group and gender. An incrcasc in systolic blood pressure 2 45
mmHg (or = 10 mmHg diastolic) over their resting value was classificd as
an cxaggeraled responsc.  This test could provide a simple tool 1o identily
individuals who may be al an incrcased risk [or the devclopment of

hyperiension.

Each of these physical stressors have been used o assess an
individuals risk of developing [uture sustained hyperiension based on
their ability to place an increased demand on the cardiovascular system.
[t has been indicated that hypertensives have a greater responsc 1o Lhese
physical stressors than normotensives duc primarily to an increased
sympathctic tone typically found in hypertensives (Julius, 1990).  As well,
it has been rcported that normotensive individuals who have an
exaggerated response to physical stressors also have an increased
sympathetic tone which is magnified at exercise. Thus these cxaggeraled
responders are thaught to be in a 'transitional stage' and arc morc likely to
develop hypertension in the future than those who exhibit a normal

response to physical stressors.

It is ecvident that although each of the physical stressors outlined
above place an increased demand on the cardiovascular system, the

mechanisms pgoverning these responses appear lo be different. However, it
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would be expected that those individuals who show an cxaggerated
response Lo onc of these stressors would show a similar responsc 0
another stressor.  An cxamination of the current rescarch appears o
indicate that the hemodynamic responsc in individuals with an
cxaggerated blood pressure responsc Lo excrcise may in fact differ from
individuals with a normal bilood pressure responsc (o exercise.  As far as it
can be determined, no study has compared the blood pressure response o

the CPT, isometric hand grip, and dynamic exercisc in thc same individuals.

The purposc of this study was lo compare the cardiovascular proliles
to dynamic exercise (PWC 140), isometric cxercise (hand grip), and cold
pressor lests among individuals who are:

1) normotensive at rest and al cXercise;

2) normotensive at rest but hypertensive at exercise;
as classifiecd on thc basis ol their blood pressure response to Stage A ol the
CAFT.

METHODOLOGY

This study was approved by the Human Research Ethics Committee

of the University of Ottawa.

Subjects

Eighteen normotensive male volunteers who met the following
criteria served as subjects for this experiment:

1) between the ages of 20 and 35;

7) resting blood pressure below 140/90 mmHg;

3) non-smokers;



6
4) body mass index < 27 kgim?2;

5) not currently taking any medication that may alter cardiovascular

function.

Subjects were sclected according to their resting blood pressure and
their blood pressurc response to Stage A ol the Canadian Acrobic Fitness
Test (CAFT) ftor their age group. All subjects were classilicd into one of the
following two catcgorics:

1) normolensive at both rest and exercise;

2) normotensive at rest, hypertensive at cxercise;

The criteria used for determining a hypertensive response 1o
exercise was an increase of 45 mmHg systolic and/for an increase of 10
mmHg diastolic in response to Stage A of the CAFT, recorded on (wo

separate occasions.

Apparatus

Heart rate, systolic blood pressure, diastolic blood pressure, and
mean arterial pressure were monitored using the Finapres 2300 blood
pressurc monitor (Ohmeda, Missisauga, Ont). The Finapres 2300 is a non-
invasive, continuous blood pressure monitor based on the Penaz technique
(Penaz, 1973). The technique invoives the measurcment of changes in
vascular volume within the finger. A photoplethysmograph, consisting of a
light source and a photoelectric cell are incorporated into an inflatable
finger cuff which is placed around the [inger. A constant blood volume is
determined by the photoplethysmogram and becomes a 'set point' for a
servo loop. As the photoplethysmogram varies from the 'set poinl' , the

pressure is increased or decrecased to maintain the set point. The resulling



culf pressure is measured by an cleclronic  pressurc transducer and
displayed as the arterial pressure.  Blood pressure measured by the
Finapres 2300 has been strongly corrclated (0.98) Lo intra-arterial  blood

pressure (Hartman & Basscenge, 1989).

Cardiac output, stroke volume, and cjection fraction were monitored
using the BoMed NCCOM3-R7 cardiac monitor (BoMed Manulacturing Lid.,
Irvine, CA, U.S.A.). The BoMed operales on a bioimpedance model.  Since
the plasma within the blood is an clectrically conductive substance within
the body, the impedance of tissue can be measured to give mecasures of
volumc and velocity. The increasc in blood volume and blood velocity
during systolic upstroke contribute to the change in bioimpedance. The
accuracy of the BoMed has been compared to the widely accepted
thermodilution procedure (r=.88). However, as with thermodilution, the
average cxpected error can be # 15 to 20% (Becarnstein, 1986). All
cardiovascular variables were collected and stored on a Tawung TCS 7000,

personal computer (Tatung Co., Taipei).

Resting blood pressure and blood pressure recordings following each
stage of the CAFT were measured using a sphygmomanometer (Tycos,
Arden North Carolina). Isometric hand grip was performed on a
dynamometer constructed from an air pressure gauge (H.O. Trerice Co.,
Detroit Michigan) connected by surgical tubing to a rubber squeeze bulb.
The PWC 140 was performed on a Monark Ergomedic 818 E bicycle
ergometer (Monark, Sweden). Cadence during the PWC 140 was

maintained using a Seiko SQM 349, quartz metronome (Seiko, Japan).



Procedure

Introductory  Session
After arrival at the laboratory, the subjects were bricled on the
nature ol the study and were given a letter of information outlining the
requirements of the study.  Subjects were asked to comply to the [lollowing
instructions lor the cxperimental session:
1) refrain from physical activity on day of the experimental session:
2) refrain {rom catfeine for 6 hours prior to the cxperimental session:
3) cat a light mcal 4 hours prior 1o tesling;

4) have at least 8 hours of sleep the night before testing.

Subjects were then asked to complete and sign the PAR-Q, und
consent form. Subjects then remained scated, resting for 10 minutes, alter
which resting blood pressure was taken using a sphygmomanomeler.
Following an additional 5 minute rest, a resting hecarl rate was tuken along

with a resting blood pressure verificalion.

Upon completion of the PAR-Q, consent form and resting blood
pressure rccordings, subjects were administered the CAFT according a
modified protocol (Jetté ct al.,, 1991). Heart rates were laken between 5-
15 seconds following completion of Stage A, and blood pressure was
measured by sphygmomanometer between 15 and 45 seconds following
the completion of the stage. If heart rates were below the predetermined
ceiling values, the subject performed stages B and C. Heart rates and
blood pressures were again recorded as described above following stages B
and C. The CAFT was used to classify the subject's blood pressure

response to exercise, and to determine a predicted VO2 max.
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A series ol questionnaires were then completed by the subject,

Questionnaire material included demographic  data, personal  and family

blood pressure history, and lilestyle information.

Maximum voluntary contraction (MVC) on thc isometric hand grip
dynamometer was then determined.  Subjects, using their dominant hand,
and placing their arm unsupported at their side at a 90° angle, were asked
to perform three trials with a onc minute rest between trials.  The average

of the best two trials was recorded as his MVC,

Subjects were then initiated to a 120 sccond (continuous) cold
pressor test (CPT). In a scaled position, subjects immersed their dominant
hand and forcarm, up to their elbow, in a basin of ice-water (2°-4°) for a

period of 120 scconds.

Following the completion of the cold pressor test, subjects were
initiated to the PWC 140 test on the bicycle crgometer. During the [irst
three minutes of the test, subjects cycled at a rate of 60 rpm, in cadence
with a metronome, during which time the tension was adjusted (beginning
at 1 kpm), to achieve a steady state heart rate of 140 beats per minute.
Subjects continued to pedal at this intensity for the remainder of the 6-
minute test. Heart rate was monitored throughout the test using a Polar

Vintage XL (Polar USA Inc., Stamford Ct.) heart rate monitor.

Experimental Session
Subjects, upon arrival at the laboratory, remained seated for 10
minutes after which, resting blood pressure was measured and verified

again following an additional 5-minute rest. Stage A of the CAFT was then
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rc-administered o conlirm  the subject's blood pressure response  at

cxercise.

Subjcets were then required 1o rest (scated) lor 15 minutes during
which time the subject was prepared for the isometric hand grip test.  The
Finapres 2300 blood pressure cuff was placed around the middic phalange
of the third linger on the non dominant hand. The hand was positioned at
hecart level and held in place using a sling to support the arm. A towl ol
cight clectrodes were carciully positioned on the subject for monitoring ol
cardiac variables. The [first clectrode was attached at the interscction of a
line cncircling the root of the neck with the f{rontal plane, The sccond
clectrode was placed 5 cm directly above, The next electrode was attached
at the mid-axillary linc at the xiphoid process level. The flinal clectrode
was placed dircctly 5 cm below. This procedure was repeated [or the

opposite side of the body.

The subjects then performed the isomectric hand grip test.  Subjects
were required to maintain 30% of MVC for a period of 120 scconds using
his dominant hand. A pgauge was placed within the subjects view, with his
30% MVC clearly indicated to ensure that this level was maintained.
Cardiovascular measures were recorded for one minute prior to the test,

throughout the duration of the test, and for three minutes following the

test.

Following a 15-minute seated rest, the subject then performed the
CPT as described above. Cardiovascular variables were again monitored
for one minute prior to, during, and for three minutes following the CPT.

Following a 15 minute seated rest, the subject then completed the PWC



140 test as described ubove.  Cardiovascular responses were monitored for

onc minute prior to, during, and for threc minutes [ollowing the test

Statistical Analysis

Delta scores (A) were calculated for heart rate (HR), syslolic blood
pressure (SBP), and diastolic blood pressure (DBP), for cach stage ol the
CAFT. AHR was calculated by subtracting the resting HR from the ten
sccond HR taken 5 - 15 scconds following cach stage {converied to
beats/min). ASBP and ADBP were calculated by subtracting the resting
blood pressure from the blood pressure taken 15 - 45 seconds following
cach stage. Al variables for the CAFT were analyzed using a (wo-way
factorial analysis of variance (ANOVA) to determine il there were any
diflerences (p<.05) between the groups (exercise normolense, cXcrcise

hypertcnse).

Exercise delta scores (A) were also calculated for all cardiovascular
variables during the PWC 140, IHG, and CPT, by determining the change
from rest to peak level at exercise. Resting values were calculated by
taking the average of the 15-45 second period prior (o exercise. Peak
exercisc values were determined by taking the peak response during
exercise. Total systemic resistance (TSR) was calculated using the formula
TSR=MAP/CO * 79.92 (Eliot, 1988). Recovery delta scores were determined
by subtracting the resting response from the recovery response (calculated
by averaging the last 15 seconds of recovery). All variables were analyzed
using a two way ANOVA to determine if there were any ditferences (p<.05)

between the two groups (exercise normotense, exercise hypertense).

11



Lincar regression analyses were perlormed lor SBP and DBP on cuch
subject during the THG and CPT to determine the slope of these responses,
Group mcans were calculated for cach test and a t-test was performed to
determine iI there were significant differences (p<.05) between the proups.
All statistical analysis was performed using the Stalsview 401 statistical

package for Macintosh computers.

RESULTS

The cighteen subjects who participated in this study were classilicd
as cither normotensive al exercisc or exercise hyperiensive on the basis of
their blood pressure response to stage A of the CAFT. As a result, 10
subjects were classified as exercisc normotensive and 8 as exercise
hypertensive. The mcan age and physical characteristics of the subjects
are shown in Table 1. There were no signilicant differences belween
groups for age, height, weight, body mass index (BMI), waist to hip ratio
(WHR), sum of skinfolds (SOS), percent body fat, predicted VO2 max, and

isometric maximum voluntary contraction (MVC).

There were also no significant differences for resting heart ratc (58.8
+6.8 bpm; 59.5 +7.8 bpm), resting systolic blood pressure (123.8 +5.8
mmHg; 124.8 +3.5 mmHg) or resting diastolic blood pressure (80.4 3.5
mmHg; 82.1 5.1 mmHg) between the normotensives and exercise

hypertensives respectively (Table 2).

The mean systolic and diastolic blood pressure responses to stages A,
B, and C, of the CAFT are shown in Figures | & 2. The mean delta scores

(post stage - resting) for heart rate (AHR), systolic (ASBP) and diastolic
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(ADBP) blood pressures in response to slages A, B, and C, ol the Canadian

Acrobic Fitness Test (CAFT) were calculated for cach group and arc
presented in Table 2. The excrcise hypertensives had a signilicantly
highcr AHR in response lo stage A (p=.023) and stage C (p=.050) ol the
CAFT, in rclation to thc normotensives. The cxercise hypertensives also
had a significantly higher ASBP in responsc to stage A (p=.0009), stuge B
(p=.0007), and stage C (p<.0001) as well as a pgreater ADBP in responsc to
stage B (p=.043) of thc CAFT.

The mecan systolic (SBP), diastolic (DBP) and mean (MAP) blood
pressurcs, heart rate (HR), cardiac output (CO), stroke volume (SV), cjection
fraction (EF), and total systemic resistance (TSR), in response to the PWC
140, isometric hand grip, and coid pressor tests lor each group are shown
in Table 3. Significant differences were found between groups on CO
(p=.016) and SV (p=.017) for the PWC 140, with thc normotensives
eliciting the greater response. The exercise hypertensive subjects had a
greater HR response to the CPT (p=.025). No other differences were found
between groups on the PWC 140 or CPT. Also, no significant differences
were found between groups with respect to the variables for the isometric

hand grip.

Mecan delta recovery data for all cardiovascular variables in response
to the PWC 140, IHG, and CPT are presented in Table 4. Delta scores were
calcutated by subtracting the average of the last 15 seconds of recovery
from the resting value (average of 15-45 seconds prior to exercise) for
cach variable. There were no significant differences found between

groups.
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Regression analysis was performed to determine the slope ol the SBP

and DBP responses lor cach subject on the CPT and isometric hand grip at
the 90th sccond of exercise (Table 5). A t-test was performed to

determine il there were any significant dilferences in slopes between the
groups (Table 5). The cxercise hypertensives had a greater rale ol
increase (stope) than the normotcnsives (Figures 10 & 11) on the CPT for
both SBP (p=.0001) and DBP (p=.008). Therc were no significant
differcnces between groups on slope lor both SBP and DBP on the isometric

hand grip.

The individual systolic blood pressure response for cach test is
presented in Table 6. Subjects were initially classified as cither
normotensive or cxercise hyperiensive based on their blood pressure
response to the CAFT as described above. Individuals were then classilied
as cither cxaggerated responders or normal responders to the 1HG and CPT.
An exaggerated SBP response on the [HG was a ASBP = 45 mmHg. On the
CPT an cxaggerated response was a ASBP 50 mmHg. As a result, 60% of
the exercise normotensive responders 1o the CAFT, responded with a
normal blood pressure to the isometric hand grip, and 50% responded with
a normal blood pressure to the cold pressor test (Figure 2). Of the
cxaggerated responders to the CAFT 25% had an exaggerated responsc 10
the isometric hand grip, and 37.5% had an exaggerated responsc to the cold

pressor test.

DISCUSSION

Therc is general agreement that hypertensives have a higher

cardiovascular reactivity to physical stressors than normotensives.  As
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well, it has been suggested that normotensives who exhibit an exaggerated
blood pressure response to dynamic exercise (Wilson & Meyer, 1981, Jeltd,
ct al, 1991), isometric exercise (Cantor et al.,, 1987, Chancy & Eyman,

1988), or the cold pressor test (Hines & Brown, 1936; Kasagi ct al., 1995)
are more likely to develop futurc sustained hyperiension.  However, no
study has assessed the cardiovascular response Lo these thrce physical
stressors in the same individuals,  As such, the purposc of this study was
to comparc the cardiovascular responses to submaximal dynamic exercisc
(PWC 140), submaximul isometric cxercise (IHG), and the cold pressor tests
(CPT) in normotensive individuals classified as cither normal or
exapgerated responders “on' the basis of their blood pressure response (o
the CAFT. The results of this study indicate that 1) there were no
significant diffcrences between groups with respect to their cardiovascular
response to the PWC 140, IHG, CPT (with the exception of CO and SV on the
PWC 140 and HR on the CPT); 2) subjects classified as exercise

hypertensive showed a steeper rate of increase over the first 90 seconds of
the CPT; 3) there was no consistency in the individual blood pressure
classification (normal or exaggerated) to the CAFT, CPT, and IHG with

respect to their ASBP.

Blood Pressure Response To The CAFT

Jetté ct al., (1991), examined the blood pressure response 1o a
submaximal stepping cxercise (CAFT) to develop provisional norms for the
immediate post-exercise blood pressure response to help identify .
individuals who may be at an increased risk for developing hypertension.
Based on their results, an increase in systolic blood pressure = 45 mmHg

(mean = | SD) or an increase in diastolic blood pressure 2 10 mmHg to the



lirst stage ot the CAFT, was classilied as an cxaggerated responsc.
Applying these criteria to this study, ten resling normolensives  were
classified as exercise normotensive and cight were classilied as  excreise
hypertensive.  The cxercise hypertensives exhibited a  significantly  higher
ASBP, ADBP, and AHR for all stages of the CAFT with the exception ol ADBP
al stage A&C and AHR atl stage B, all of which showed a similar trend
(p>05 < .10). Thus, the results from this study indicate that in a relatively
young, healthy and fit group, a large proportion of the subjects will show
an cxaggerated blood pressure response to moderate dynamic exercise.  In
fact, 45% of the normotensive subjects in (his study cxhibited an

exaggerated blood pressurc response (o moderale  dynamic  exercisc.

Several studics have indicated that normotensive individuals who
demonstrate an  cxaggerated blood pressurc response lo dypamic  eXereise
may bec at an incrcased risk for the development of sustained hyperiension
(Davidoft ct al., 1982; Dlin ct al., 1983; Jewté ct al, 1991). As an cxumple,
Dlin et al., (1983), cvaluated the blood pressure responsc ol 150
normotensive individuals seventy-five of whom were cxaggerated
responders to submaximal bicycle crgometry. The best predictor for the
development of future hypertension (average follow-up of 5.8 yrs), wuas an
cxaggerated  blood pressure response to bicycle crgometry. However, nol
all studies have agreed that the blood pressurc response lo dynamic
exercise is a valuable predictor of future hypertension (Fixlar et al., 1983;

Goble & Sheiken, 1991).



Hemodynamic Comparison of Normotensives

vs. Exercise Hypertensives

A comparison of the cardiovascular response  of normotensives and
cxercise hypertensives to the PWC 140, [HG, and CPT indicated that therc
were no  signilicant differences between groups during cxercise with the
exception of ACO and ASV on the PWC 140, and AHR on thc CPT, or during
recovery. The normotensives had a greater ACO and ASV in response 1o Lhe
PWC 140 whercas thc cxcreise hypertensives elicited a grcater AHR in
response to the CPT, although there was no difference in SBP. The greater
ACO and ASV by the normotensives on thc PWC 140 appcars o contradict
previous rescarch which indicates that it is the young hypertensives who
lypically demonstrate a greater cardiac output in’ response to dynamic
excrcise as a result ol their hyperkinctic circulation (Julius & Conway,
1968; Lund Johansen 1991). The incrcased cardiac output in these
individuals has been reported to be primarily a result of an clevated heart
rate and stroke volume in relation to a given workload and has been
attributed to an increased sympathetic tone coupled with a decreased

parasympathetic tone (Julius, 1990).

Our study produced similar results in response to the CAFT whcré
heart rate was clevated in cxercise hypertensives in response (o a
standardized workload. With respect to the PWC 140, however, it should
be noted that individuals were not working at a predetermined workload.
Instead, subjccts were evaluated in response to a set heart rate of 140
bpm. Therefore, since hcart rate was controlled for, the lower cardiac
output in the exercise hypertensives would be a result of a decreased

stroke volume. This may be an indication of increased left ventricular
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hypertrophy (LVH) which has been lound in individuals who arc at an
increased risk for the development of sustained hypertension (Devercux ct
al., 1991). In luct, some studies have indicated an increased LVH may be
present in individuals long before an clevation in resting systolic blood
pressure is cvident (Mahoney et al, 1988, ).  Furthermore, LVH huas been
associated with an increased exercise SBP (Junz ¢t al,, 1995). An increased
LVH also results in a deercased left ventricular capacity and has been
associated with a decrcase in stroke volume and cardiac output,  Thus, it
would be cxpected that combined with the increcased sympathetic activily,
the decreased LV function which may be present in these cexercise
hypertensives would resuit in these individuals working at a lower
relative workload than thc normotensives.  Although this was observed in

this study, the difference was not significant.

While it might be expected that physical fitness is associaled with
LVH, Janz ct al (1995) found that after correcting lor buody composition,
none of the physical fitness parameters (pcak V02, peak work, and
maximal grip strength) were not associated with LV mass.  As well, these
physical parameters were not associated with resting systolic blood
pressurc.  As such, it was concluded that physical fitness is not an
important predictor of LVH or resting SBP. However, peak systolic blood
pressure was associated with LVH.  While there were no dilferences in
resting SBP or physical fitness between the normotensives and cxereise
hypertensives in this study, the ecxercise hypertensives did have a greater
increase in blood pressure in response to Stage A of the CAFT. This may be
an indication of an increased LVH in thesc individuals placing them at an

increased risk for the future development of hypertension.
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Thc‘curdim'asculur responses Lo the CPT, however, were quile
different than that of thc PWC 140. The cxercise hyperiensives had a
greater AHR o the CPT than the normotensives along with an increased
ASV and ACO (p>.05 < .10). This could indicate the hyperkinetic state
typical of thc pre-hypertensives reported by others (Hines, 1940 Kasagi ct
al., 1995). The initial response to the CPT s generally characterized by an
incrcuse in both HR and blood pressure.  However, resulls from this study
and other work done in our laboratory (Liu, 1994) have shown an initial
decrease in both SBP and DBP over the first 5-20 seconds of the CPT,
followed by an increasc typically reporied by others. This obscrvation
which has not been reported cisewhere.-The decreased SBP and DBP was
cvident in both the normotensives and exercise hypertensives, although
the exact mechanism responsible for this response is still not clear.
Inercases in HR and SBP typically reported in response to the CPT arc said
to be a result of an immediate increase in sympathetic activity (Scals,
1990). This increased sympathelic activity may be duc in part to the cold
sensation, or lecling of pain associated with cold exposure (Scals, 1990).
Individuals who have an increased cardiovascular reactivity to the CPT
may have an incrcased sympathetic tone, resulting in their response to be
clevaled in comparison to a normotensive individual. This could in fact be
an indication of thc hemodynamic changes which may place these
individuals at an increased risk for the development of hypertension

(Kasagi et al., 1995).
SBP and DBP response to CPT & I1HG

To examinc the blood pressure response to the CPT and IHG, linear

regression slopes for SBP and DBP over the first 90 seconds for both the



CPT and IHG were calculated. Results indicate that individuals who were
classilicd as excrcisc hypertensive on the basis ol their blood pressure
response o the CAFT had a stecper rate of incrcase for both SBP and DBP
on the CPT. This may indicate a similarity in blood pressure responsc in
cxaggerated responders ~to.~the, .CAFT and the blood pressurc response over
the first 90 scconds of the CPT. Thus, it appears from these results that
thc blood pressurc of cxercise hypertensives may in fact increase al a
steceper ratc on the CPT, although no significant dilferences werc observed

at the sccond minute of cxercisc.

Other studies have reported a difference in the rate ol increase
(siope) in blood pressure, in response to cxercise (Lund-Johansen, 1988),
and cold stress (Hines, 1940) betwcen normotensives and hypertensives.
Hypertensives have been shown to have a stecper increase in blood
pressure in response lo a stimulus, possibly duc lo an cxaggerated
sympathetic tonc (Conway, 1984; Julius 1990). However, Fagus ct al.,
(1989), reported a gradual decrease in sympathetic activity after the [irst
60 scconds of the CPT. This may provide a possible explanation lor the
results in this study in which a significant difference in the ASBP responsc
was obscrved after 90 seconds of thc test, but not at the 2-min point. The
drop in sympathetic activity may have been slightly greater in the exercise
hypertensive group and could have masked the differences by the end of
the test. Thus, it could be that those who have an initial exuggerated
response to the CPT, may have an exaggerated sympathelic lone, which

could place them at an increased risk of developing hypertension. .

Although there was a difference between groups on the ASBP

response to the CPT, similar results were not observed on the THG. The



initial response to isomelric exercise is a decrcased vagal tonc as 4 result
of dccrcused parasympathetic activity (Freyschuss, 1970).  The deercased
parasympathetic activity increcuses HR and blood pressurc over the [irst

minute ol isometric excreise (Mitchell et al,, 1983).  Further increascs arc
then a result of increased sympathetic activity (Mark ot al., 1985). Thus,
the differences in the SBP responsc to the CPT and IHG may be duc in part

to the different central control mechanisms governing the responsc.

Individual ASBP classification in response to the
CAFT, CPT and IHG.

The primary purposc of this study was lo dctermine il an individual
classifiecd on thc basis of their blood pressure response to the CAFT, would
exhibit a consistent blood pressurc classification in response 1o the CPT,
and IHG. A closer evaluation of the individual systolic blood pressure
responses indicates that there is no apparent consistency in the pressor
response to the CAFT, IHG, and CPT. Individuals wcre initially classificd on
the basis of their blood pressure response to stage A of the CAFT, with an
increasec of 45 mmHg systolic, or 10 mmHg diastolic resulting in an
cxaggerated response (Jetté et al,, 1991).  Using recently collected data
from our laboratory (Liu, 1994) individuals werc classilied as exercise
hypertensive on the [HG and CPT if their ASBP increased by I SD above the
mean, as previously done by Jewé et ab., (1991) for the CAFT. This
resulted in an increase of 45 mmHg on the IHG and 50 mmHg on the CPT
being considered an exaggerated response.  Using this criteria, only 2
individuals were normal responders to all three physical stressors, while
none were classified as cxercise hypertense on all three stressors (Table 6).

In fact ol thosc individuals who had an exaggerated response to the CAFT,
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75% had a normal responsc to the IHG and 62.57% had a normal response 1o
the CPT (Figurc 2). As such, the results from this study indicates that
there is no consistency among the blood pressure response to these three

physical siressors,
Conclusions

The resulis {rom this study indicate thal in a relatively young,
healthy and fit group, a large proportion (45%) of the subjects will show an
cxaggerated blood pressurc response to moderate dynamic exercise
(CAFT). However, the pressor responsc lo dynamic exercise, isometric
excrcise, and cold stress is not consistent among subjects and tests.  When
individuals werc classilied as exaggerated responders on the basis ol their
blood pressurc response to dynamic cxercisc (CAFT), they did not
necessarily respond in the same manner on the other physical stressors.
This may be duc to the different physiological mechanisms which are
involved in cach of these physical stressors. As well, there may be
individual differences in response lo these physical tests. Thus, the usc of
a combination of thesc physical stressors to assess an individual's
susceplibility to sustained hypertension may be more approprialc.
Prospective rescarch could help to determine which of these the three
physical stressors (or combination of physical stressors) would be most
offective in assessing an individual's risk for the development of suslained

hypertension.
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Table 1. Mean age and physical characterists of subjects (+ SD).

Normolensives Excreise Hypertensives
Age (yrs) 23.1 (£ 1.2) 23.5(x 2.3)
Height (cm) 179.6 (£ 5.1) 174.7 (= 9.0)
Weight (kg) 72.5 (£ 4.5) 728 (£8.1)
BMI (wi/ht?) 2.5 1.7 23.8 (£ 1.7)
WHR 0.82 (£ 0.04) 0.85 (£ 0.03)
Sum of Skinfolds (mm) 258 (£ 4.5) 290 (£8.1)
% Body Fat 117 (£ 2.03) 129 (£ 2.9)
VO» Max (mL/kg min) 58.2(x 1.4) 55.6 (+4.6)
MVC (kPa) 91.9 (= 12.7) 89.9 (£ 14.2)

Work (watts/kg) 2.7 (£0.2) 24 (=07

M



Table 2. Mean delta (A) blood pressure® and heart rate®* response to

the Canadian Aerobic Fitness Test (CAFT).

Normotensives

Exercisc Hyperlensives

HR Rest (beits/min)

SBP Rest (mmHg)

DBP Rest (mmHg)

ASBP (Stage A) t

ADBP (Stage A)

AHR (Stage A)

ASBP (Stage B) T

ADBP (Stage B) T

AHR (Stage B)

ASBP (Stage C) ¥

ADBP (Stage C}

AHR (Stage C)

W

58.8 (£ 6.8)

123.8 (+ 5.8}

80.4 (£ 3.5)

27.6 (£ 9.5)

0.6 (£7.0)

33.0 (¢ 13.3)

34.8 (= 7.0)

0.2 (7.7

58.8 (£ 16.1)

40.8 (x4.4)

0.6 (7.7)

73.8 (£ 8.7)

59.5 (= 7.8)

124.8 (£ 3.5)

82.1 (£ 5.1)

47.8 (= 11.0)

6.8 (£ 8.5)

47.8 (= 11.1)

51.8 (% 10.3)

10.0 (= L1.1)

73.3 (£ 16.1)

54.3 (x 3.2)

8.9 (£ 9.6)

86.9 (+ 17.0)

* Deltu scores (A) were calculated by subtracting subjects resting blood pressure
from the blood pressure taken 15-60 scconds following cach stage.

%% Delta scores (A) for heart rates were calculated by subtracting the subjects resting HR

from the heart rate taken 5-15 seconds following each stage (converted to bpm).

+ Indicates a significant difference (p<.05) found between groups.



Table 3. Mean delta scores* for the PWC 140,

isometric hand grip and cold pressor tests.

PWC 140 Isometric Hand Grip Cold Pressor Test
Normolensive Exercise Nonnotensive Exercise Normotensive Exercise

Hypertensive Hypertensive Hypertensive
ASBHP (inmlig) 9.2 {= 16.5) 88.2(x 214 403 (= 16.2) 32.5 (= 10.0) H.1 (= 20.1) 496 (= 23.6)
ADBP (mmilg) 393 (= 13.2) 344 (2 12.5) 277 (= B.2) 233 (= 7.6) 3B7170) 327 (x 150)
AMAP (mmllg) 5.3 (= 13.2) 146.5(= 13.1) 32779 27.5(79) 368 (£ 164 378 (= 182)
AHR (beats min) 73.2 (= 10.6) 778 (x93) 219 (= 13.0) 17.5(x7.0) t 16.0 (x 6.0) 275129
ACO (1. min) 175 (2-18) 11737 0.4 (= 0.7) 0.6 (+ 0.8) 0.5 (= 0.5) 1.6 (= 1.7)
ASYV (ml) + 711 (= 193) + 422 (= 18.6) 09 (87 0.5 (x 4.6) 52 (+ 10.5) 7.2 (+ 12.6)
ALF (i) 150 (= 11.49) 16.2 (+ 16.5) 35(x42) 38 (+3.8) 13 (x33) 533 (4.5

678.7 (x 232.2) 8357 (£ 228.3) -315.0 (+ 185.5) -2644 (= 247.8) 18 (2 194]) -172.9 (+ 503.0)

ATSR (dynes-s-em™)

* Delta scores (A) were caleulated by subtracting subjects resling value from the peak value achieved at exercise.

+ Indicates a signilicant difference (p<.05) found between groups.
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Table 4. Mean recovery delta scores* for the PWC 140, isometric hand grip and cold pressor tests.

PWC 140 Isometric Hand Grip Cold Pressor Test
Normotensive Exercise Nomotensive Exercise Normmotensive Iixercise

Hyperiensive Hypertensive Hypertensive
ASBP (nuntlg) 193 (= 17.6) 12.5 (+ 26.1) 12.1 (= 15.0) 0.5 (+ 10.8) 52 (£ 17.8) 7.5 (& 12.6)
ADBP (mml1g) 17.9 (= 19.8) 108 (+ 16.3) 50(£76) 0.7 (+ 87) 6.6 (& 12.2) 4.6 (£ 5.6)
ANAP (mmlig) 182 (= 15.7) 11.1 (= 153) 68 (= 84) 1.2 (£ 83) 7.0 (x 12.4) 57 (= 70)
AlIR (beats min) 7.1 (= 12.3) 16.7 (= 7.2) .03 (x9.2) 1.8 (x63) 8777 87(9.1)
ACO (). min) 30{(=x 1.5 2.5 (£ 5.6) 0.2 (= 0.6) -0.2 (= 0.3) 0307 -0.3 (= -04)
ASV (inl.) 293 (= 21.6) 16.0 (x 28.5) 0.9 (+ 14.2) 1.0 (= 8.6) 14 (& 14.0) 0.5 (£ 1.6)
AL () 32¢(=114) 19 (= 6 19(x3.0) 07 (x 19) 0.2 (= 3.6) 0.7(x3.2)
ATSR (dyness-em®  -1958 (£ 106.5) -3272 (+ 228.5) 55.5 (2 110.8) 68.6 (= 161.7) 140.6 (+ 204.3) 2213 (+ 3743)

* Delta scores (A) were calculated by sublracting subjects resting value from the average recovery vaiue between 2:45 and 3:00

following excreisce.
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Table 5. Mean linear regression slopes for systolic (SBP) and diastolic
(DBP) blood pressures on the cold pressor and isometric hand

grip tests.

Normotensives Excrcise Hypertensives
Slope R- B Slope R=
Cold Pressor Test
SBP ¥ 0.23 0.81 0.57 (.96
DBP ¥ 0.19 0.91 0.35 (1.4
Isometric Hand Grip
SBP 0.18 0.73 0.22 (180
DBP 0.18 (.89 0.19 (.90

t Indicatcs a significant dillcrence (p<.05) found between the groups.



‘fable 6. Delta systolic blood pressure responses to the Canadian Aerobic
Fitness Test (CAFT)', isometric hand grip (IHG)?, and cold
pressor tests (CPT)>.

Subject Group* CAFTT IHG¥ CPT+
I Normolense 24 54 51
2 Normolense 16 46 36
3 Normolense 26 42 52
4 Ex. Hypertense 22 46 16
5 Ex. Hypertense 58 28 91
6 Ex. Hypertense 48 27 47
7 Normolense 34 18 16
8 Normotense 20 48 35
9 Normolense 12 32 52
10 Normotcnse 32 24 92
11 Normotense 38 41 29
12 Ex. Hypertense 56 36 68
13 Ex. Hypertensc 48 25 27
14 Normotense 40 73 40
15 Ex. Hyperiense 50 24 61
16 Ex. Hyperiense 50 24 46
17 Ex. Hypertense 46 49 42
18 Normolcnse 34 26 38

I An increase in systolic blood pressure = 45 mmHg or diastolic blood pressurc 2 10
mmhg in response to stage A of the CAFT was classified as an exaggeratcd responsc.

2 Anincrease in systolic blood pressure greater than 45 mmHg in response to the IHG
was classificd as an exaggerated responsc.

3 An increase in systolic blood pressure greater than 50 mmHg in responsc to the CPT
was classificd as an exaggerated response.

* Blood pressurc classification according to the CAFT.
+ Exaggerated responders in bold.



Figure 1. Mean systolic blood pressure response to the CAFT.
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Figure 3. Systolic blood pressure response to the isometric hand grip
(IHG), and cold pressor test (CPT), based on the blood pressure
classification to the Canadian Acrobic Fitness Test (CAFT).

IHG CPT
n 6 n
N 10
¢ 4 c

CAFT

N= norma! response to CAFT (A SBP < 45 mmHpg).

E = cxaggerated response o CAFT (A SBP > 45 mmHg).
n= normal responsc.

c= cxaggerated responsc.

33



REVIEW OF LITERATURE

2.1 Introduction

The purpose of this study was o examinc thc hemodynamic
rcsponse Lo three physical stressors in individuals who arc normotensive
at rest and exercise and individuals who arc normotensive at rest but
hypertensive at exercise,  The following review will provide a background
into: 1) the hemodynamics of cssential hypertension;  2) the control ol the
cardiovascular system; 3) the cardiovascular response 1o the cold pressor
test, isometric cxercise, and dynamic exercisc; 4) the usc of thesc lests in

the ecarly detection of hypertension.

Hyperiension was rccognized as a specific disecase around the
beginning of the twentieth century, shortly after the invention of the
sphygmomanometer.  Since the discovery ol hyperiension there has been a
vast amount of rescarch directed towards this phcnomenon in an atlempt
to understand it's hemodynamics and pathophysiology.  This research has
led to a greater understanding of the clements associaled with the discase.

However, man ucstions relating to it's cause still remain unknown.
q

In the late 1930's and early 1940's some landmark obscrvations
were made in relation to hyperlension and external stressors. Hines and
Brown (1936), found that individuals with  hypertension exhibited an
excessive blood pressure response to a cold stressor. As well,

normotensives who showed an exaggerated response to the CPT were more
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likely 1o develop luture hyperiension (Hincs, 1940).  Shortly after, Levey
ct al., (1944), lound aculec cmuolional stress also clicited an excessive blood
pressurc  responsc  in hypertensive individuals, These carly rescarchers
opened the doors to various physical and cmotional stressors as  potential
tests to identily individual who may be at an increased risk lor the
development ol hyperiension.  Rccently, much interest has been dirccted
into the use of an cxaggerated blood pressurc response o exercisc in
normotensive individuals  as an carly predictor in the development of
sustained hypertension (Wilson & Meyer, 19815 Jeutd, Landry, Sydney, &
Blumchen, 1988; Jetté, Landry, & Sydney, 1991).

2.2 Hemeodynamics of Hypectension

Essentinl hypertension is generaily referred to as a sustained arterial
blood pressure increase of unknown cause.  While there may bc no dirccl
known causc there are scveral characteristics that arc common among

hyperiensives.

2.2.1 Early stages of hypertension

For rescarchers one of the biggest challenges in the study of essential
hypertension is to identify a starting phase in the disease. The
development of hypertension can begin at an carly age. The earliest stage
of hyperiension is often said to begin in carly childhood (Mahoney et al.,
1991). This early stage is often characterized by a hyperkinetic circulation
(Lund-Johansen, 1984). During this phase, cardiac index, hearl rate and
oxygen consumption are elevated whereas peripheral resistance is within

normal values when compared to normotensives (Lund-Jjohansen 1988).



This pattern is believed to be a result of an increcased sympathelic nervous

activity (Lund-Johansen, 1987).

Schicken ct al., (I986) investigated the mechanisms repulating
resting blood pressure in 264 children (9-18 ycars).  Individuals with the
highest blood pressure had a higher heart rate and cardiae index when
comparcd to children with the lowest blood pressure.  The older children
also had a Jower cardiac outpul and increased peripheral resistance than
the younger children.  Through cchocardiography, they observed an
increased left ventricular mass in those individuals with the highest blood
pressurc.  Thesc observations led them (o conclude thal hyperiension
develops {rom a hyperkinetic state in carly childhood to a statie ol lower

cardiac output and incrcased peripheral resistance al an older age.

This carly stage of hypertension is said to be a resull ol a
hyperkinetic circulation.  According to the concept ol 'whole body
autorcgulation' the theory of a hyperkinctic circulation would result in an
increased vascular resistance in order o protect the tissues [rom over
perfusion, thercby maintaining BP when CO subscquently fell (Lund-
Johansen, 1984, Conway, 1984). These studies, and others (Folkow 1982,
Page & Mc Cubbin 1983) indicate that thc increased blood pressure is
likely duc to medial hypertrophy of the arteriolar walls, resulting in an

clevation of total peripheral resistance.

2.2.2 Established hypertension

Several studies have documented the hemodynamic profiles of

cstablished hypertensives in adults (>40 ycars) and clderly patients.  The

REL



primary hcmodynamic disturbunce in  these individuals is an increased
total peripherul resistance as compared to  normotensive individuals
(Conway, 1984, Lund-Johansen, 1987). Al this stage of hypertension there
is a general decrease in the cardiac outpul and low to normal stroke
volume when compared 0 normotensives or  younger hyperiensives
(Lund-Johunsen 1980).  There is an incrcased wall to lumcen ratio, causcd
by ecxtensive medial vascular hypertrophy in developed hyperiensives
(Page & Mc Cubbin, 1983).  Studies using cchocardiography techniques
have shown an incrcased left ventricular wall thickness (Hammond ct al.,
[986), resuiting in  decreased left ventricular [illing time and compliance
among hypertensives (Lund-Johansen, 1987). As hypericnsion progresscs,
paticnts gencrally cxhibit an cnormous incrcase in total peripheral
resistance which can be morc than threc times greater than in

normotensives (Conway, 1984),

2.2.3 Summary

The development of hypertension may begin at a very young age.
Some but not all believe that early hypertensives are characterized by a
hyperkinelic circulatory state.  Typically in young hypertensives there is a
high cardiac output and a low to normal total peripheral resistance. As the
discasc progresses, therc is a shift from this hyperkinetic state to one of a
lower than normal cardiac output to an increased total peripheral

resistance which can be up to three times greater than in normotensives.



2.3 Cardiovascular Control

The cardiovascular system is a complex system comprised o lwo
major components; the heart, and an intricate network ol blood  vessels.
Together, these components work as a vehicle o deliver cssential nutrients
throughout the body. The control ol this system is governed by a nctwork
of mechanisms that has the capability to adapt to constant changes and

variations in an attempt to maintain  homcostasis,

2.3.1 Control of heart rate

Heart ratc is maintaincd spontancously through the rhythmic
discharge of thc AS node, in the abscnce of nervous or hormonal
influences.  However, thce sympathetic and parasympathetic nervous
systcm play primary roles in the rcgulation of hcart rate. [n general it can
be stated that an incrcase in sympathetic activity will cause an increase in
heart rate and force of contraction, while an increase in parasympathetic

activity will result in a decrease in the activity of the heart (Guylon, 1982).

Stimulation of the sympathetic nervous system results in the relcase
of norepinepherine at the sympathetic nerve endings which are located
around the heart with a concentration of sympathetic nerves located on
the left ventricle. The release of norepinepherine resulls in an increased
permeability of the fibbers to sodium and calcium resulting in an increased
heart rate (Vander et al.,, 1975). Stimulation of the sympathelic nervous
system has four main effects on heart rate. First, it increases the rate of §-
A nodal discharge. Second, it increases the excitability and rate of

conduction of the entire heart. Third, it increases the force and strength of

p



the contraction up to 100 pereent greater than normal.  Finally, it increases
the excitability of the A-V node, thus decrcasing the time of conduction

from the atria 0 the ventricles. (Guyton, (982},

The stimulation of the parusympathelic nervous system  has
essentially the opposite cffect.  The parasympathetic nerves (vagi) arc
located primarily around the S-A and A-V nodes.  An increasc in
parusympathetic  nervous activity resulls in the release of acetylcholine at
the vagal nerve endings. The result is a decrease in the excitability of the
S-A node, causing reduction in heart rate, as well as a decrcasc in the
activity in the A-V junctional [ibbers which results in a reduced rate ol
cardiac impulsc into the ventricles. At rcst, the parasympathectic sysiem
is the dominant control mecchanism up to a heart raic ol about 100 bpm

(Vander ct al.,, 1975).

The hormonal  inllucnce in the control of heart rate is also very

important.  The primary hormone that influences heart rate is epinephrine.

Elevated plasma levels ol cpinephrine sccreted by the adrenal inedulla
causes un increased activity of the heart, that could last up to ten times
longer than direct sympathetic stimulation due to its slow rate of removal

Itom the blood stream (Vander, et al., 1975).

2.3.2 Control of stroke volume

Stroke volume is mediated by both intrinsic (venous return) and
extrinsic (sympathetic activity) control mechanisms. As venous return is
increased more blood is pumped from the heart. The intrinsic control of

stroke volume is dependent on it's ability to regulate the strength of
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ventricular contraction to adapt to the incrcase in blood returning to the

heart. The result is that as venus return inercases, cnd diastolic volume
increases.  This increase is causes an incrcasc in the lension of the cardiae
muscle which increases stroke volume on the subscquent cycle,  The stroke
volume ultimately incrcases so that stroke volume is cqual o diastolic
filling.  This intrinsic mechanism is known as the Frunk Starling

Mechanism  (Sherwood, 1995),

The extrinsic control of stroke volume is regulated by sympathelic
aclivity.  An increase in sympathetic activity or clevated levels ol plasma
cpincphrine result in an increascd contractility of the heart.  Therclore, the
heart is abic to deliver a greater percentage of blood, resulling in a more
complete cjection.  Thus, although cnd diastolic volume remains the same
stroke volume incrcases resulting in a lower cnd systolic volume and an
increased cjection fraction.  Sympathetic stimulation also results in
vasoconstriction which increases venous return and thercfore causes a

further incrcase in stroke volume.

2.3.3 Control of cardiac output

Cardiac output is essentially the product of heart rale and stroke
volume. Thus, any factors which may influence cither heart rate or stroke
volume will also have an cffect on cardiac output. The factors which
control cardiac output are best illustrated in Figure | which also includes

those factors that influence both heart rate and stroke volume.



Figure

1.  Muajor factors influcncing cardiac output.
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2.3.4 Control

Arterial blood pressure is an intricate system that is regulated by

several

interrelated mechanisms.

of blood pressure

The two major systems that regulate

blood pressure can be divided into; 1) those mechanisms which are

responsible for the short term regulation of blood pressure and; 2) thosc

mechanisms that regulate the long term control of blood pressure.
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The first mechanism that s activated in the short term regulation ol
blood pressure is the barorcceptor reflex.  Barorceeptors arc fast acting
spray tvpe nerves thal arc located throughout walls ol large systemic
arteries, with the major regions located in the carotid sinuses and walls of
the aortic arch (Guyton, 1982).  Barorceeplors are  pressure  aclivated.
When an incrcase in arterial pressure is detected by the baroreceptors, an
excitation ol barorcceplor impulses results. These barorcceptor impulse
inhibit the vasoconstrictor center of the medulla and excite the vagal
center resulting in vasodilatation and a decreased heart rate which
decrcases blood pressure back towards normal values.  Thus, it is olten
said that the main function ol the barorcceptor system is 1o reduce the

daily variation in arterial pressure (Guyton, 1982).

Two hormonal mechanisms arc also involved in the short term rapid
control of arterial blood pressure, The norepinephecrinc/cpincphrine
vasoconstrictor mechanism causes excitation of the heart and constriction
of most blood vessels resulting in an increased blood pressure (Vander ct
al., 1975). These release of these hormones act in a similar fashion ol
direct sympathctic stimulation. However, they can remain in the

bloodstream for several minutles resuiting in a prolonged cllect.

There are several other factors that arc important in the short term
control of blood pressure.  These include the renin-angiotensin system,
atrial and pulmonary reflexes, vasopressin, salt/fluid imbalances ete. A
summary of the factors that affect arterial blood pressure arc ilfustrated in

Figure 2.



The primary mechanism responsible lor the long-term control  of
arterial pressurc is the rcnal-body fluid system.  The renal-body  fluid
system  essentiatly controls the excretion of water and salt from the body
via the kidncys. This controls the amount of extracclular luid volume
within the body, thereby controlling blood pressure through the
manipulation of blood volume. This is a very powerful mechanism, aided
by the renin-angiolensin system, aldosleronc system, and sympathetic
nervous system, 1t should be noted that this system only takes cllect
when the short tlerm systems cannot adequately maintain blood pressure

(Guytlon, 1982).

Figure 2. Major factors inlluencing blood pressure.
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2.3.5 Summary

The regulation of heart rate, stroke volume, cardiac output, and blood
pressure is a complex process that can be affected by many [actors both
intrinsically and extrinsically.  Each ol these lunclions are interrelated,
thercfore, a change in onc has a dircet impact on these other variables,
This is cspeciaily cvident when we examine the effcet o physical stressors

on the cardiovascular system.

2.4 Cardiovascul esponse to c

Several changes occur in the cardiovascular system in response o
physical stressors.  Dynamic cxercise, isometric exercise, and the cold
pressor test cach tax the cardiovascular system in a dilferent manner,
Given the different mechanisms that arc involved, cach ol thesc tests can
provide unigue inlormation regarding an individuals cardiovascular
fithess.  Although the mechanisms regulating the cardiovascular response
to these tests arc different, there may be some similarities that exist
between an individuals response on these stressors which could provide
somc insight into the state of ones cardiovascular system. Thus, the
combined results of each of these lests may provide a usclful information

for evaluating the carly onset of hypertension.

2.4.1 Cold pressor test

The cold pressor test (CPT) has been used for several decades as a

means of elevating blood pressures in the study of hypericnsion. The CPT
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involves the immersion of onc of the extremities in ice water for 2 period
of time typically ranging (rom 30 scconds to 3 minutes to clicit a pressor
response.  The CPT was lirst used by Hines and Brown (1936), in which
they observed a dramatic increase in both the systolic and diastolic
pressures of individuals, which  they hypothesized to be a result ol general
vascular constriction initiated through a ncurogenic rellex arc.  There is an
incrcase in sympathelic activity in responsc to the CPT. The initial
response to the cold pressor test is culancous vasoconstriction, increased
heart rate, and an increcased blood pressure (Lovallo, 1973). It has been
suggesied that individuals who clicit a high response to the CPT may have
a sympathetic predominance when exposed to stress whercas low

responders  have a parasympathetic predominance (LcBlanc, 1975).

Heart Rate

There is a gradual increasc in heart rate following exposurc to the
cold pressor test (Scals, 1990). This increasc is grcatest between 60 to 80
scconds lollowing immersion, after which heart rate tends to remain
constant (Zbrozyna & Krebble, 1985), or decreasc slightly (Greene et al,,
1965). The increases in heart rate are due to increased levels ol plasma

cpinephrine (LeBlanc, 1979).

Stroke Volume
There is little change in stroke volume in response to the CPT. Stroke
volume tends to remain constant or decrease slightly over prolonged

localized cold exposure (Greene, 1965).



Cardiac Output

The CPT clicits an incrcase in cardiae output in response (o the
increased heart rate.  This increase may be minimal ' the increase in heart
rate is coupled with the decreased stroke volume olien associated  with  the
CPT. The increases in cardine output usually peak by the [irst minute and

level off during prolonged cxposure (Greene, 1965).

Blood Pressure

Increases in both systolic and diastolic blood pressurc arc observed
following cxposurc to the CPT (Hines & Brown, 1936; Godden ct al.,, 1955;
Greene, 1965; LeBlane et al., 1975).  Observed increases in both systolice
and diastolic pressures have ranged from 10mmHg in normolensics
(Thomas ¢t al., 1982), to as much as in 40 mmHg in hypertensives (Hines &
Brown 1936). The incrcase in tlood pressure in responsc Lo the cold
pressor lest is primarily a result of increased levels ol norcpinepherine
causing widespread vasoconstriction (LeBlanc ct al.,, 1979). [t has been
suggested that the increases in the muscle sympathetic nervous aclivily
(MSNA) arc responsible for the increases in blood pressure (Fagius ct al,
1989). However, the extent to which MSNA effects biood pressure may be

influenced by the size of the arca that is exposed Lo the cold stimulus,

Total Peripheral Resistance
Exposure to the CPT induces widespread neural stimulation causing
peripheral vasoconstriction resuiting in a slight elevation in total

peripheral resistance (Green, ct al., 1965).

4 6



Use as a Predictor of Hyperiension

The carfy work of Hines and Brown (1936), provided the first
cvidence for the use of the cold pressor lest as a possible predictor of
hypertension,  They observed an increased blood pressure responsc Lo the
CPT in hyperiensives, and in somc normotensives they classified as
'hyperrcactors'.  They hypothesized that these 'hyperrcactors’ were in a
prchyperiensive state and would  likely devclop hypertension in  the
future. This hypothesis was later confirmed in a follow-up study (Hincs,

1940).

This innovative work on the CPT by Hincs helped pave the way lor
much rescarch in this arca. Several studies have since cxamined the
usclulness of the CPT in the prediction of hypertension. Wood ct al.,
(1984), lound that 71% of those who showed a hyperrcactive response Lo
the CPT later developed hyperlension, compared to only 19% of the normal
responders.  This finding suggested that there may be a relationship
between an cxaggerated BP response to the CPT and the future

development of hypertension.

A rccent study by Kasagi et al, (1995) further supports this
hypolthesis. Eight hundred twenty-four normotensive individuals were
exposed 1o the CPT during a 28 year prospective study. The relative risk
lor hyperreactors was 1.37 when compared to the normal reactors.
Systolic blood pressure during the CPT was found to be an independent
and significant predictor. Thus, they concluded that those individuals who
were classified as hyperreactors to the CPT were more likely to develop

sustuined hypretension. However, the effectiveness of the CPT as a
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predictor of future hypertension is not agreed upon by all (Greene, 1965

Thomas & Duszynski, [982).

2.4.2 lIsometric exercise

Isometric cxercisc involves primarily changes in muscle tension with
no change in muscle length.  An cxercisc pressor responsc resubls in a rise
in both systolic and diastolic pressures in responsc 10 isometric  exercise
that increases with the magnitude ol and duration of the contraction.  This
pressor response can be observed in sustained contractions as low as |5-
20% MVC (Lind ct al., 1964). Both hyperiensives and normolensives,
exhibit a pressor responsc with a greater incrcase typically scen among

hypertensives (Laird ct al., 1979).

Three possible mcchanisms were proposed as  possible cxplanalions
for the cardiovascular response to the isometric hand grip: 1) humorual, 2)
central drive 3) reflex activity, However, il appears that peripherai reflex
activity is the mechanism involved in the pressor response (Shepherd ct
al., 1981). Contraction of skeletal muscle during isometric cxcreise causes
changes in the efferent sympathetic and parasympathetic outputs o the
cardiovascular system that are in turn responsible lor increases in arlerial
blood pressure, heart rate, contractile state of the lelt ventricle, cardiuc
output and changes in the distribution of blood flow reflexly induced from
contracting skeletal muscle (Mitchell, 1983). Evidence also suggesls that
the reflex activity originates in the cxercising muscle due to the relcase of
anaerobic muscle metabolites, primarily potassium, which as a result alters
cardiovascular function (Shepherd et al., 1981). The increased cardiac

output appears to be the result of an increased heart rate with little or no
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change in stroke volumc (Palatini, 1988).  As well, there appears Lo be

little change in total peripheral resistance (Percz-Gonzales et al., 1981) in

response to  isometric exXereise.

Heart Rare

During isomctric exercise there is an immediate increase in hearl
ratc to accommodate the demands of the working muscle.  The initial
increase in heart rate during isometric cxcreise is duc primarily to vagal
withdrawal, without an incrcase in muscle sympathctic nervous aclivily
(Freyschuss, 1970). The magnitude of the increase at the onset of
contraclion varies with the pereentage of MVC (Shepherd ct al., 1981). The
increase in HR is lincar and appears to level off within 2 minutes of the

onscl ol exercise (Asmusscn, 1981).

Stroke Volume

During isometric cxcrcise, there is little or no change in stroke
volume possibly duc to the fact that there is no change in total peripheral
resistance and thereforc no change in the amount of venous blood
returning o the heart (Laird et al, 1979). Stroke volume has been
reporled lo remain constant  at moderate intensities (30%) (Laird et al.,
1979), but may decrease slightly at higher intensities (50%) (Lind et al.,
{981).

Cardiac Qutput

Since therc is little or no change in stroke volume, any changes in
cardiac output during isometric exercisc are a resull of the heart rate
response.  Cardiac output increases with isometric exercise, mediated by

the increase in heart rate (Palatini, 1994). The increase in cardiac output



is primarily dirccted through non-working muscle and body parts. since
the pathway to the working muscle is partially blocked by a localized

increase in  resistance  (Asmusscn, 1981).

Blood Pressure

Isomctric cxcrcise clicils an increase in both systolic and diastolic
blood pressure (Asmussen, 1981). A restriction in blood {low ta the
working muscle as a result of the muscular contraction causes an increusc
in blood pressurc in an altempt to maintain the blood supply by
overcoming the intramuscular pressure on the Jocal vessels (Lind ct al.,
1967). Since total peripheral resistance remains primarily unchanged
during isometric cxercise, the changes in blood pressure is primarily a
result of an increasc in cardiac output (Laird ct al.,, 1979). Blood pressure
increases lincarly with isometric cxercise and is affccted by the magnitude
and duration of the contraction. At modcrate intensitics (30% MVC), blood
pressure appears to peak by the second minute of exercise (Jones ct al.,

1986).

Total Peripheral Resistance

Total peripheral resistance remains unchanged during isometric
excreise (Laird et al.,, 1979; Pollock and Schmidt, 1979). Although some
rescarchers have reported localized increases in  peripheral resistunce
(Saito et al., 1990), reflex vasodilatation from baroreceptor stimulation

maintains total peripheral resistance (Martin ct al., 1974).

Use as a Predictor of Hypertension
The isometric hand grip has been used for scveral years in the

diagnosis of cardiac performance and in the diagnosis of hypertension. A



study by Cantor ct al., (1987) cxamincd thc usclulncss of the hand grip in
comparison to dynamic exercise in the diagnosis of hypertension in 140
males and 10 females. Their hypothesis was that the hand grip could
cvaluale the same puaramelers as dynamic cxercise yel is much casier and
less oxpensive to udminister.  OF the 150 subjccts involved 62 werc (ound
10 be normotensive and 88 were borderline hypertensive.  Following a 90
sccond isometric hand grip test at 30% MVC, the borderline hypertensives
had a diastolic pressurc 10 mmHg higher than the normotensives.
However, there was no signilicant difference in the diastolic pressures
following dynamic exercisc (Bruce Protocol).  The authors concluded that
the hand grip was more clfective in cvaluating diastolic blood pressurc

than was dynamic excreise.

Similar rcsults werc noted by Chancy and Eyman, (1988). Resting
blood pressures, and blood pressures during isometric and dynamic work
were cvaluated to determine the best predictor of hypertension within a
l4-ycar follow up. The isometric hand grip performed at 30% MVC, when
combined with resting mcasures was ablc to predict 88% of the

hypertensives and 80% of the normotensives.

2.4.3 Dynamic exercise

During dynamic ecxercise, there is increased oxygen to the working
muscles, an increased nced to dispose of waste products, and to regulate
temperature, resulting in widespread vasodilatation to increase blood flow
to the muscles. Vasoconstriction of the non-working muscles and the
splanchnic bed occurs simultaneously. The result is an increcased venous

return thercby incrcasing stroke volume. This increased stroke volume,
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accompanicd by an increased hearl rate produces an increased cuardiae
outpul (Palatini, 1988). The combination ol these [lactors produces a
change in blood pressure which is gencrally characterized by a rise in
systolic pressure with littie or no change in diastolic pressure.  The
magnitude of thesc changes is dependent on 1) the intensity ol the
exercise; 2) the individuals cardiovascular characteristics (i.c.. level of

litness).

Heart Rate

Heart rale increases dramatically at the onset of dynamic exercise
and platcaus as the oxygen demands of the working muscles are met.
[nitial incrcases in hecart ratec arc primarily a result ol a decreused
parasympathetic activity or vagal withdrawal (Rowell, 1986). Later
increases in heart rate (above 100 bpm) have been associated with
increcascs in sympathetic activity (Rowell, 1986).  Thus, vagal withdrawal
appears to be significant at lower cxercise inlensilies and during the carly
stages of intensc dynamic excrcise, whereas increases in sympathetic
aclivity are primarily responsible for grealer increases in heart rate al

higher ecxercise levels {(Rowell, 1986).

Stroke Volume

Stroke volume is determined by the rate at which blood is returned
to the heart through venous return (Patton ct al., 1989). Stroke volume
increases sharply at the onset of exercise, duc to an increase in vcnous
return.  Strokc volume incrcases lincarly with oxygen uptake until about
40% of V02 max. is reached, after which stroke volume incrcases only

slightly (Astrand & Rodahi 1970).

ts
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Cardiae Output

The onset ol dynamic cxcreise is characierized by o rapid increase in
cardiac outpul.  Cardiac output continues to risc during dynamic excrcisc
until a platcau or steady state is achieved.  Cardiac oulput increascs
lincarly with the oxygen demands of the body and will platcau once the
oxygen demands of the working muscle are met.  Cardiac outpul during
dynamic ecxercise can increase from a resting level of about 5 Umin, to

levels as high as 35 Umin. in trained individuals (Powers & Howley, 1990).

Total Peripheral Resistance

Initially there is little or no change in total peripheral resistance
during dynamic cxercise.  As cxercise progresscs, an increase in
sympathctic activity results in vasoconstriction of the non-working
muscles and viscera.  Within the working muscles, withdrawal of
sympathetic outllow to arterioles results in local vasodilatation.  As
exercise progresses, this vasodilatation is maintained and increased
through intrinsic metabolic control (autoregulation).  The overall result
may bc a slight decrcase in peripheral resistance lo accommodate the

oxygen demands of the working muscles (Powers & Howley, 1990).

Blood Pressure

The increased sympathetic activity during dynamic exercise resulls
in mass vasoconstriction in the non-working muscles and thus, an increuase
in blood pressure to accommodate the oxygen demands of the working
muscles (Palatini, 1988). Although there may be a slight decrease in
overall peripheral resistance and a decrease in diastolic pressure during

dynamic exercise, the increase in cardiac output results in an increase in
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systolic pressure well above resting levels,  Systolic blood  pressure

ipcreases as  coxercise intensity increases until oxygen demands arce mel.

Use as a Predictor of Hypertension

The usc ol dynamic cxercise in the prediction of hypertension is well
documented.  Many (Wilson and Meyer, 1981; Jackson ct al., 1983; Dlin cl
al., 1983; Tanji ct al., 1989} have found the bilood pressure response Lo
dynamic excreise (o be a strong predictor of {uture hyperiension, while
others (Fixlar ct al., 1985; Goble and Schicken, 1991) have not had the

Same  SUCCCSss.

Research by Wilson and Meyer (1981), provided cvidence for the usc
of dynamic excrcisc blood pressures in the prediction of hypertension,
Subjects (3395 males and 425 females) were cxposed to dynamic cxercisc
(Balke trcadmitl) administered over a 32 month period.  Results indicated
that the relative risk of developing sustained hypertension in individuals
who were normotensive at rest but hypertensive at exercise was 2.17 for
men and 3.33 for women when compared lo individuals who were
normotcnsive at both rest and exercise. They concluded that exercise
blood pressurc is a strong predictor for the later devclopment ol sustained

hypertension.

These findings have since bcen supported in several similar studies.
Jackson ct al., (1983), retrospective study on 4856 individuals found the
development of hypertension to be greater in those who werc exaggerated
responders to exercise (52%) when compared to normal responders (15%).
Dlin et al., {1983) also found an increased incidence of hypertension in

those with cxaggerated blood pressure responscs to ecxercise.  Following



subjects over an average of 5.8 years, they observed 10.6% ol the
exaggerated responders  develop hypertension  while none ol the controls

developed  hypertension  over the same  period.

Recently, Tanji ct al, (1989), cxamined the bloud pressurc responsc
o dynamic ecxercise using the Harvard Step Test.  Ninety-onc pereent of
the individuals diagnosed as cxercisc hypertensc developed  sustained
hypertension 10 years later. Only 1 of the 15 individuals who were
normotensive at exercisc developed hypertension over that samc  period.
As such, it appears that an cxaggerated blood pressure response Lo
dynamic cxcrcise may represent an carly stage in the dcvelopment ol
hyperiension, and may provide a mecans for the carly identilication of

individuals predisposed to hypericension.

2.4.4 Canadian Aerobic Fitness Test

Recently researchers have examined the blood pressure response 1o
the Canadian Acrobic Fitness Test (CAFT) (Jetté ot al., 1988; Jetté ct al.,
1991). The CAFT is a standardized sub-maximal test that consists of a
stepping scquence performed on two 20.3 c¢m steps in cadence with a six-
count musical rhythm that increases in tempo as the stages progress.
Blood pressures (measured by sphygmomanometer) and heart rate are
taken following cach stage. Therc are a possible three stages, with post
excrcise  heart rales determining whether or not individuals proceed to

subscquent  slages.

In a study by Jetté ct al. (1991), normative data was established 1o

identify individuals who have an abnormal response to the CAFT. Ninc

N
h



hundred cighty-six men and women between the ages of 20-69 were
cxamincd.  Crileria for inclusion in this study were blood pressures
<150/100 mmHg for males, and <16(/100 mmHg lor females.  They
concluded thal an incrcasc in systolic blood pressure of 45 mmHp (+1
standard deviation) or 10 mmHg diastolic in response to the lirst stage of
the CAFT constituted an cxaggerated response.  Using this criteria. as  many
as 500 000 Canadians could be identilicd as cxcrcisc hypertense (Jeuté cl

al., 1988).

Individuals with an cxaggerated blood pressure response to exereise
may be undergoing some of the cardiovascular changes associated with
hypertension and have a 2-10 times incrcased risk ol devecloping [luture
sustained hypericnsion (Wilson & Meyer 1981; Davidoff ct al,, 1982;
Jackson ct al., 1983). Thus, the CAFT could be effective in identilying
individuals who may be at risk, yet were not identified as such through

resting measures  alonc.

2.4.5 Summary

The CPT, isometric exercise and dynamic excrcise have cach been
shown to induce a pressor responsc, although the mechanisms that are
involved appear to be different. However, one would expect that
individuals who show a specilic response to one ol these stressors would

also show a similar response to the other slressors.

There appears to be some controversy over the usefuiness of
excrcise blood pressure in the prediction of future hypertension.  Although

many researchers have indicated an cxaggerated blood pressurc response



o exercise to be a strong predictor ftor tuture hypertension (Hines, 1941),
Wilson & Meyer, 19815 Juckson ct al,, 1983; Dlin ct al., 1983; Chancy &
Eyman, 1988; Tanji ct al., 1989 Jeud 1991) others have not (Greene, 1965;
Thomas & Duszynski, 1982; Fixlar ct al., 1985; Goble & Schicken, 1991).
However, it appears that excreise blood pressure measurements  may
indicate the possibility of prchypertensive changes that may bc in
progress long before they can be detected using resting mcasures.  With
further rescarch, exercise hypertension may provide a uscful tool in the

carly detcction of hypertension.
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APPENDIX 1

MEAN CARDIOVASCULAR RESPONSE TO THE PWC 140
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Appendix 1(a). Mean systolic blood pressure response to the PWC 140
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Appendix i(b). Mean diastolic blood pressure response to the PWC 140
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Appendix 1(c). Mean arterial blood pressure response to the PWC 140
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Appendix 1(d). Mean stroke volume In response to the PWC 140
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Appendix 1(e). Mean cardiac output pressure response to the PWC 140
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Appendix 1(f). Mean sjection fraction pressure responss to the PWC 140
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APPENDIX 2

MEAN CARDIOVASCULAR RESPONSE TO THE CPT



Appendix 2(a). Mean systoilc blood pressure response to the CPT
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Appendix 2(b). Mean diastolic blood pressure respones to the CPT
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Appendix 2(c). Mean arterial blood pressurs response to the CPT
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Appendix 2{e). Msan stroke volume response to the CPT
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APPENDIX 3

MEAN CARDIOVASCULAR RESPONSE TO THE IHG



Appendix 3(a). Mean systolic blood pressure responss to the tHG
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Appendix 3(b). Mean diastolic blood pressure respones to the iHG
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Appendix 3{d). Mean heart rate response to the |HG
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Appendix Xe).

Mean stroke volume response to the IHG
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Appendix 3(f). Mean cardiac output response to the IHG
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APPENDIX 4

LETTER OF INFORMED CONSENT



UNIVERSITE D'OTTAWA
UNIVERSITY OF OTTAWA

FACULTE DES SCIENCES DE LA SANTE
FACULTY OF HEALTH SCIENCES

CONSENT FORM FOR CARDIOVASCULAR RESPONSES TO THREE PHYSICAL
STRESSORS IN SUBJECTS CLASSIFIED ON THE BASIS OF BLOOD PRESSURE
RESPONSE TO THE CAFT

INVESTIGATORS: ADVISOR:

Lisa Holt & Darren Johnson Dr. Maurice Jetté

Faculty of Health Sciences Faculty of Health Sciences
School of Human Kinetics School of Human Kinetics
125 University 125 University

Ottawa, Ontarioc KIN 6NS Ottawa, Ontario K1N 6NS
Tel: 564-=9126 Tel: 564-9108

CHAIR OF FHS-HREC: Dr. F.D. Reardon, Chair
Faculty of Health Sciences

Human Research Ethics Committee

MNT 352, 125 University Pvt.

Ottawa, Ontario K1N 6NS

Tel: 564~9128

Date: Name of Volunteer:

The title of this research is the "Cardiovascular response to
three physical stressors in subjects classified on the basis of
blood pressure response to the CAFT", The purpose of this study is
to examine the cardiovascular responses to three physical stressors
in young male volunteers, in order to improve the early prediction
of hypertension.

I understand that I will be asked to participate in a
preliminary and two experimental sessions lasting from 60 to 90
minutes. During the course of this study the following tests will
be administered:

1) The Canadian Aerobic Fitness Test,

2) Eysenk Personality Questionnaire,

3) The Cold Pressor Test,

4) Isometric Hand Grip Test, -

5) Physical Working Capacity at a heart rate of 140,

6) Lifestyle Questionnaire

There are minimal risks of discomfort associated with these
tests as utilized in this study. These are: localized discomfort in
the forearm such as a prickling or tingling sensation during the
two~minute cold pressor test; episodes of transient
lightheadedness, fainting, abnormal blood pressure, leg cramps and
nausea during the CAPT and PWC 140 tests; and local muscle fatigue
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during the isometric handgrip test. It is understood that I can
withdraw from the experiment at any time I may wish.

The confidentiality of my data will be maintained at all
times. only the principal investigators and the advisor will have
access to the data. My name will not appear on any data sheet but
will be identified by a coded number.

I_ MAY WITHDRAW this consent and can discontinue my
participation at any time without prejudice.

Signature of volunteer: Date:

Signature of witness:
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UNIVERSITE D'OTTAWA
UNIVERSITY OF OTTAWA

FACULTE DES SCIENCES DE LA SANTE
FACULTY OF HEALTH SCIENCES

LETTER OF INFORMATION

INVESTIGATORS: ADVISOR:

Lisa Holt & Darren Johnson Dr. Maurice Jetteé

Faculty of Health Sciences Faculty of Health Sciences
School of Human Kinetics School of Human Kinetics
125 University 125 University

Ottawa, Ontario K1N 6N5 Ottawa, Ontario KIN 6NS
Tel: 564=-9126 Tel: 564-9108

CHAIR OF FHS-HREC: Dr. F.D. Reardon, Chair
Faculty of Health Sciences

Human Research Ethics Committee

MNT 352, 125 University Pvt.

Ottawa, Ontario KIN 6NS

Tel: 564-9128

This project is submitted in partial fulfilment of the degree of
master of science in movement studies. The purpose of this study
is to examine the cardiovascular responses to three physical
stressors in young male volunteers, in order to improve the early
prediction of hypertension. This study will help to provide
insight into some of the risks associated with hypertension, and
some of the relationships that exist between physical stressors and
the mediating variable of parsonality. This study will add to the
existing knowledge regarding the early prediction of hypertension.

Participation in this study involves a preliminary session, and two
experimental sessions lasting between 60-90 min. each. You will be
asked to complete the sessions within a 5 day period with no more
than 48 hours seperating the experimental sessions. Total time
commitment for this study will be no longer than 4.5 hours.

Prelimi ;

You will be briefed on the purpose of the study, and the protocols
and procedures will be explained. You will be asked to sign an
informed consent form.

After 10 minutes of rest, your blood pressure will be measured with
a blood pressure cuff and verified 5 minutes later.

You will be asked to complete questionnaires regarding demographic
data, medical history, family medical history, lifestyle data and
a personality questionnaire.
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You w%ll complete the Canadian Aerobic Test of Fitness (CAFT). The
CAFT is a §ubmaxima1 test. It involves a maximum of three stages
of three minutes each of stepping at a predetermined rate. Blood

Pressure and heart rate measurements will be taken following each
stage of the test.

E imental Sessi 41

You will remain seated for ten minutes, after which your blood
pressure will be measured using a blood pressure cuff. Then
anthropometric measurements (height, weight, skinfolds, and girths)
will be taken. Skinfolds will be measured with calipers at four
sites: biceps, triceps, suprailiac and subscapular. Girth
measurements will be taken at the chest, waist, hips, and thigh.

You will repeat Stage A of the CAFT to verify the results of the
preliminary session.

Your maximum handgrip strength will be determined. ‘This will
involve three trials of five seconds each of a maximal hand grip.

You will then be initiated to the cold pressor test in which the
right forearm is immersed in ice water (2-5¢ C)} for two minutes

while cardiovascular responses are monitored continuously with the
BoMed and Finapres.

You will then be initiated to the PWC 140 test in which you will
pedal on a bicycle ergometer at a rate of 60 rpm for a six minute
period, while maintaining a heart rate of 140 bpm. Cardiovascular
responses will be monitored during the last minute of exercise and

for three minutes following the exercise bout with the BoMed and
Finapres.
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Your resting blood pressure and heart rate will be measured. You
will perform Stage A of the CAFT to verify Session I results.

You will then will perform the handgrip test for two minutes at 33%
MVC. Your heart rate and blood pressure will be monitored
continuously during this test with the BoMed and Finapres.

You will then rest seated for fifteen minutes. Then you will be
given the cold pressor test for two minutes. Heart rate and blood
pressure will be monitored with Finapres and BoMed.

You will then perform a test of physical working capacity at a
heart rate of 140 beats per minute. The test involves pedalling at
a constant rate at a workload that elicits a heart rate of 140 bpm.

The Finapres and BoMed will be used to measure heart rate and hlood
pressure.

There are minimal risks of discomfort associated with these tests
as utilized in this study. These are: localized discomfort in the



forearm such as a prickling or tingling sensation during the two-
minute cold pressor test: episodes of transient lightheadedness,
fainting, abnormal blood pressure, leg cramps and nausea during the
CAFT and PWC 140 tests; and local muscle fatigue during the
isometric handgrip test. It is understood that you may withdraw
from the experiment at any time.

The confidentiality of your data will be maintained at all times.
only the principal investigators and the advisor will have access
to the data. Your name will not appear on any data sheet but will
be identified by a coded number. All data will be stored in a
secured room. '

Your participation in this study is on the understanding that you
may withdraw your consent at any time without prejudice. All
information gathered during the investigation will be kept in the
strictest confidence.
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School of Human Kinetics
Faculty of Health Sciences
University of Ottawa

HYPER III STUDY

SUBJECT BP/HEALTH SCREENING

NAME: LAB #:
PHONE #: DATE:
ADDRESS:

. Has a physician ever said you have heart trouble?

Do you frequently have pains in your heart and chest?

Do you often feel faint or have spells of severe
dizziness?

Has a physician ever said that your blood pressure
was too high?

At present, are you taking medication for blood
pressure?

If yes, what medication?

Dosage:

Have either of your parents been told that they have
high blood pressure?

If yes, at what age?

If yes, did they or are they taking medication for
blood pressure?

If yes, what medication?

Dosage:

If yes, would it be possible to get in contact with
either/both of them?

YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
UNSURE
YES NO
YES NO



10,

11.

Do you suffer from any respiratory tract problem such

as Chronic Bronchitis, Asthma, or Emphysema?

YES

Have you ever had or are you now suffering from any

nervous disorder?

Have you ever suffered from kidney disease?

YES

YES

Do you suffer from a bone or joint problem which
either has been or may be irritated by an exercise

session?

YES

Do you know of a valid medical reason why you should
NOT be involved in either a regular excercise program

or an excercise testing session?

At present, are you taking any other type of

YES

medication, whether they are perscribed or "over the

counter"?

If yes, for what reason?

YES

what medication?

Dosage:

Signature:

NO

NO

NO

NO

NO

NO

Date:

August 1993
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School of Human Kinetics
Faculty of Health Sciences
University of oOttawa

Lifestyle Questionnraire

NAME: LAB f:

AGE: DATE:

1. Do you take part in REGULAR physical activity?

YES NO

If yes, then list Type(s), Amount Weekly, Duration and Intensity

Duration: refers to minutes per excercise session

Intensity: light= slight change above normal state
moderate= perspiration and breathing above normal
heavy= heavy perspiration and heavy breathing

Activity Ant. Weekly " puration Intensity"
2. When did you last receive a medical examination?
(month/year)
3. Please circle the MOST appropriate response
Smoker Ex-smoker Non-Smoker
If Smoker then Cigarettes Pipe Cigars Other

Amount smoked per day

Enter number of years as: an ex-smoker a smoker



4. Do you drink coffee? YES NO cups per day

Do you drink tea? YES NO cups per day

5. Alcohol Consumption

a)Presently or b} Ex-drinker
Occasionaly drinks

¢) Never drank

If a), then amount consumed in number of bottles/ounces per

week:

Beer: bottles Wine: ounces

Spirits ounces

August 1993
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School of Human Kinetics
Faculty of Health Sciences
University of Ottawa

HYPER III STUDY

EXERCISE
NAME: HEIGHT:
SEX:+ M _ F __ LAB #: WEIGHT:
PART A
CAFT.
DATE:
PRE-TEST
HR bpm SBP mm Hg
DBP \ mm Hg
TESTING
STAGE A ___ HR A ____ b\10s BP A \ \ mm Hg
\ \ mm Hg
STAGE B __ HR B _____ b\10s BP B \ \ mm Hg
STAGEC ___ HR C ____ b\l0s BPC \ \ mm Hg
V02 MAX: mL\kg\min
PART B
ISOMETRIC HAND GRIP
DATE:
Determination of MVC
Trial 1 __ Mean of trials:
Trial 2
Trial 3 30% MVC

August 1993



School of Human Kinetics
Faculty of Health Sciences
University of Ottawa

HYPER III STUDY

ANTHROPOMETRIC DATA
NAME: LAB #:

DATE: AGE: SEX: M F

RESTING BLOOD PRESSURE (mm Hg)

1) SBP mm Hg 2) SBP nm Hg
DBP \ mm Hg DBP \ mn Hg
3) SBP mm Hg 4) SBP mm Hg
DBP \ mm Hg DBP \ mm Hg

GIRTHS (cm)
WAIST: HIP:
CHEST: THIGH:

SKINFOLDS (mm)

TRICEPS: SUTRAILIAC:
BICEPS: SUBSCAPULAR:

Stage A CAFT Verification
SCREENING PRELIMINARY SESSION
SBP mmHg SBP mmHg
DBP __\____mmHg DBP ___\.____ mmHg
EXP SESSION I EXP SESSION II
SBP mmHg SBP mmHg
DBP \___mmHg DBP \__mmHg





