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The purpose of this study was to test the significance of differences between 
cardiopulmonary responses to wall-pulley arm exercise and to bicycle ergometer 
leg exercise. The heart rate responses were greater for arm exercise than for 
leg exercise at comparable external work rates or energy cost levels. The 
systolic blood pressure responses and myocardial oxygen cost were greater for 
arm exercise at given external work loads, but not at comparable energy cost 
levels. The clinical and theoretical significance of these results is discussed. 

Key Words: Blood pressure, Exercise test, Heart rate, Oxygen consumption, Phys
ical therapy. 

Evidence indicates that the increase in heart rate 
(HR) and systolic blood pressure (SBP) per unit of 
increase in work performed is greater for arm work 
than for leg work.1-6 This physiological phenomenon 
is potentially important when arm exercise is per
formed by patients with ischemic heart disease. Heart 
rate and SBP, when expressed as the pressure-rate 
product, are better predictors of cardiac effort or 
myocardial oxygen cost (M o2) than are measure
ments of total oxygen cost, tension-time index, or 
cardiac output.7 Activity levels of patients with is
chemic heart disease are routinely established after 
graded exercise-tolerance testing using only the lower 
extremities.8-10 Specific activity intensities are ex
pressed as metabolic equivalent (MET) and HR 

levels. One MET is the average resting oxygen con
sumption (3.5 ml O2 ∙ kg-1 ∙ min-1). These guidelines 
are applicable when rhythmic leg exercise is being 
prescribed, but may not be appropriate for arm ex
ercise. 

The purpose of this study was to examine the 
significance of differences in HR, SBP, and M 02, 
measured at progressively increasing MET levels, 
between wall-pulley arm exercise and bicycle ergom-
eter leg exercise. Wall-pulley exercise was chosen as 
the arm exercise, because it is relatively easy to stan
dardize and because the equipment is readily avail
able in physical therapy departments. Bicycle ergom-
eter exercise was chosen because it is representative 
of a standard method of graded exercise-tolerance 
testing.8 

The basis for using HR and MET values to pre
scribe intensity of exercise has been discussed previ
ously.8-10 Several studies have established that the 
pressure-rate product is the best predictor of 
M o2.7,11-13 

Differences have been reported in circulatory re
sponses to arm and leg work. At a given oxygen cost 
or MET level, HR and SBP have been reported to be 
higher in response to arm work than to leg work.1-3,6 

Recent studies using arterial catheterization have 
demonstrated greater SBP responses during arm than 
leg work.5,6 Clausen and Trap-Jensen, for example, 
reported a SBP of 195 mmHg for arm exercise at 75 
watts, in contrast to 170 mmHg for leg exercise at an 
intensity of 100 watts.5 Blood pressure was monitored 
in the femoral artery during arm work and in the 
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brachial artery during leg work. The location of these 
catheters influenced the results of this study. Femoral 
pressures will be higher than brachial pressures be
cause of increased hydrostatic pressure in the upright 
position, and because of an increasing pressure-wave 
amplification in the more peripheral artery.14,15 

Aortic pressures have been monitored during arm 
and leg cranking of a bicycle ergometer in the upright 
position.3 In this study the peak average in SBP of 
five subjects was 133.8 mmHg during arm work, in 
contrast to 113.8 mmHg during leg work at similar 
levels of oxygen uptake. Brachial or femoral blood 
pressures were not monitored. 

When blood pressure has been monitored at the 
brachial artery, SBP responses to arm exercise have 
been consistently reported to be higher than SBP 
responses to leg exercises at the same kg ∙ m ∙ min-1 

work load.1-3,5,6,16 When comparisons are made at 
identical energy cost levels, however, brachial pres
sures have differed very little.2,16 

Currently, no studies have examined the energy 
cost or cardiac effort of wall-pulley exercises. The 
statistical or clinical significance of differences in 
peak SBP responses to arm versus leg work has not 
been determined when blood pressure has been mon
itored at the brachial artery during exercise at com
parable energy cost levels. Therefore, a study was 
needed to test the significance of differences between 
HR, brachial SBP, and M o2 responses to arm and 
leg work. 

METHOD 

Fifteen normal male subjects were studied. None 
of the subjects was specifically trained for cycling or 
wall-pulley exercise. Means and standard deviations 
for the age, height, and weight of these subjects are as 
follows: age, 30.2 ± 3.95 years; height, 175.1 ± 8.33 
cm (68.9 ± 3.3 in); and weight, 74.9 ± 14.99 kg (165.1 
± 33 lb). 

At the initial visit, the subjects were familiarized 
with the laboratory setting and with the purpose and 

procedure of the study. Each subject was randomly 
assigned to perform wall-pulley pulling or pushing 
exercises on the initial visit. Subsequent sessions were 
conducted to measure HR, SBP, and oxygen uptake 
responses to the remaining mode of wall-pulley ex
ercise and to bicycle ergometer exercise. 

Wall-pulley pulling was performed reciprocally at 
a rate of 30 cycles a minute for five minutes. Subjects 
started in a position of full elbow extension and 90 
degrees of shoulder flexion of both arms. Based on 
four counts a cycle, on count one the right arm was 
pulled to a position of approximately full elbow flex
ion and shoulder extension (hand to trunk), on count 
two the right arm was returned to the starting position, 
on count three the left arm was pulled to a position 
of approximately full elbow flexion and shoulder 
extension, and on count four the left arm was returned 
to the starting position. 

Wall-pulley pushing was performed in a similar 
manner. The starting position was full elbow flexion 
and shoulder extension with the hands on the antero
lateral side of the chest. On count one the right arm 
was pushed forward to a position of full elbow exten
sion and 90 degrees of shoulder flexion, on count two 
it was returned to the starting position, on count three 
the left arm was pushed forward to a position of full 
elbow extension and 90 degrees of shoulder flexion, 
and on count four it was returned to the starting 
position. 

Each exercise, wall-pulley pushing and pulling, was 
performed at the following five intensity levels: 4.5, 
7.0, 9.5, 12.0, and 14.5 lbs resistance. The wall pulley 
was a J. A. Preston Corp Model S-1510.* The weight-
plate holders weighed 8.6 lbs, and each additional 
weight plate weighed about 4.6 lbs. Given the me
chanical advantage of 2:1 in the pulley system, the 
amount of resistance was one-half the weight lifted 
plus the frictional resistance of the pulley system. 
Expressed as kg ∙ m ∙ min -1 of power required, the 
intensities were 65, 104, 140, 197, and 214. 

* J. A. Preston Corp, 71 Fifth Ave, New York, NY 10003. 

TABLE 1 
Means and Standard Deviations for Experimental Data for Wall-Pulley Pulling Exercise 

Exercise 
Level 

Rest (Standing) 
Exercise 

1 
2 
3 
4 
5 

No. 
Subjects 

15 

15 
15 
15 
15 
15 

METs 

1.08 ± 0.18 

2.89 ± 0.72 
3.15 ± 0.74 
3.66 ± 0.81 
4.25 ± 0.88 
4.75 ± 0.92 

HR 
(bpm) 

77.9 ± 1 1 . 9 

95.5 ± 12.0 
101.5 ± 12.4 
108.1 ± 16.1 
118.4 ± 15.2 
129.8 ± 19.2 

SBP 
(mmHg) 

125.9 ± 8.7 

133.9 ± 17.2 
137.2 ± 17.6 
140.1 ± 12.4 
144.1 ± 10.0 
146.3 ± 1 1 . 2 

Predicted 
M o2 

(ml/100gmLV) 

7.41 ± 2.15 

11.62 ± 3.21 
13.15 ± 3.01 
14.97 ± 3.95 
17.69 ± 3.51 
20.19 ± 3.74 
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TABLE 2 
Means and Standard Deviations for Experimental Data for Wall-Pulley Pushing Exercise 

Exercise 
Level 

Rest (Standing) 
Exercise 

1 
2 
3 
4 
5 

No. 
Subjects 

15 

15 
15 
15 
15 
14 

METs 

0.97 ± 0.15 

3.03 ± 0.82 
3.52 ± 0.83 
4.00 ± 0.93 
4.76 ± 0.98 
5.60 ± 1.31 

HR 
(bpm) 

74.6 ± 11.8 

96.9 ± 12.0 
103.4 ± 14.1 
111.5 ± 13.6 
119.9 ± 16.7 
131.1 ± 17.5 

SBP 
(mmHg) 

127.8 ± 10.6 

136.5 ± 14.5 
142.1 ± 11.5 
147.6 ± 14.0 
149.6 ± 17.2 
152.1 ± 18.9 

Predicted 
M o2 

(ml/100gmLV) 

6.95 ± 1.46 

12.13 ± 2.43 
14.21 ± 2.83 
16.74 ± 3.49 
19.07 ± 4.24 
21.49 ± 4 . 1 9 

A Quinton Model 844 bicycle ergometer† was used. 
All subjects exercised at no fewer than three resistance 
levels. Most subjects exercised at 200, 400, 600, 800, 
and 1,000 kg ∙ m ∙ min-1 loads. Some of the larger 
subjects were exercised at higher work loads to ensure 
that a HR of 75 percent of the predicted age-adjusted 
maximal HR was reached in no more than 25 minutes 
of bicycle exercise. Subjects exercised for five minutes 
at each intensity level and rested for one minute 
before proceeding to the next-higher intensity level. 
All five intensity levels for a given mode of exercise 
were performed in this manner during a single exper
imental session unless the subject wished to stop 
because of discomfort or unless the HR response 
exceeded 75 percent of the predicted maximal heart 
rate. 

The HR was monitored by a CM5 chest lead 
system. Systolic blood pressure was monitored by a 
Parks doppler ultrasonic system and a Godart auto
matic pump as described previously.17 Oxygen cost 
was monitored by the open-circuit system using a 
mixing chamber, a Tissot spirometer,‡ and Beckman 
gas analyzers (OM-11 and LB-2).** Expired gas was 

collected during the fourth and fifth minutes at rest 
and during the fifth minute of exercise for all intensity 
levels. The heart rate was monitored each minute and 
for 30 seconds after exercise stopped. All pressure-
rate calculations were based on HR during the last 10 
seconds of exercise at each intensity level. The SBP 
was monitored immediately (10-30 sec) after exercise. 
The M o2 was predicted from the regression equa
tion of Kitamura and associates: M o2 = 0.14 × SBP 
× HR × 1 0 2 - 6.3.7,17 

Individual correlation coefficients and regression 
equations were calculated for HR, SBP, and M 02 
versus METs for each mode of exercise. Overall 
estimates of correlation ( ) were obtained by calcu
lating the weighted average z values and converting 

to values. Differences between slopes of regression 
lines were tested by analysis of variance. 

RESULTS 

Means and standard deviations for METs, HR, 
SBP, and M o2 for wall-pulley pulling, wall-pulley 
pushing, and for bicycle ergometer work are given in 
Tables 1, 2, and 3, respectively. Weighted average z 
values, probability of these z values occurring by 
chance, and mean correlation coefficients for HR, 

† Quinton Instruments, 3051 44th Ave W, Seattle, WA 98199. 
‡ Warren E. Collins, Inc, 220 Wood Rd, Braintree, MA 02184. 
** Beckman Instruments, Inc, 3900 River Rd, Schiller Park, IL 

60176. 

TABLE 3 
Means and Standard Deviations for Experimental Data for Bicycle Ergometer Worka 

Exercise 
Level 

Rest (Standing) 
Exercise Load 

(KPM)b 

200 
400 
600 
800 

1000 

No. 
Subjects 

15 

7 
7 

12 
9 
6 

METs 

1.03 ± 0.22 

3.53 ± 0.53 
4.91 ± 0.71 
6.60 ± 1.29 
8.02 ± 1 . 1 5 
9.15 ± 1.78 

HR 
(bpm) 

77.2 ± 9.5 

99.3 ± 9.1 
115.2 ± 10.7 
128.8 ± 18.0 
149.9 ± 17.8 
154.2 ± 15.7 

SBP 
(mmHg) 

123.1 ± 12.4 

135.1 ± 16.4 
148.0 ± 17.3 
154.9 ± 16.6 
164.9 ± 20.2 
171.3 ± 17.5 

Predicted 
M o2 

(ml/100 gmLV) 

6.95 ± 1.77 

12.45 ± 2.61 
17.55 ± 3.57 
22.04 ± 5.67 
27.66 ± 6.73 
30.71 ± 5.43 

a Exercise loads used by small numbers of subjects are not included in this table. 
b See text. 
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TABLE 4 
Mean Correlation Coefficients for Experimental Data for Wall-Pulley and Bicycle Ergometer Exercise 

Exercise Modes 

Wall-Pulley Pulling 
HR vs METs 
SBP vs METs 
M O2 vs METs 

Wall-Pulley Pushing 
HR vs METs 
SBP vs METs 
M o2 vs METs 

Bicycle Ergometer 
HR vs METs 
SBP vs METs 
M 2O vs METs 

Weighted Average z 
Values 

2.114 
1.167 
1.843 

1.978 
1.159 
1.965 

2.746 
2.006 
2.433 

Probability of Values 

0.017 
0.121 
0.033 

0.024 
0.123 
0.025 

0.003 
0.020 
0.007 

Mean Correlation 
Coefficients 

0.971 
0.823 
0.951 

0.963 
0.821 
0.961 

0.992 
0.965 
0.985 

SBP, and M o2 compared to METs for each mode 
of exercise are presented in Table 4. 

A summary of the results of the multivariate anal
yses of variance is given in Table 5. The comparison 
of mean regression lines and equations for HR versus 
MET levels of all three exercises indicated that the 
slopes of the regression lines for upper extremity 
exercise were significantly different from the slope of 
the line for lower extremity work (Tab. 5, Fig. 1). The 
slopes of the regression lines for SBP versus MET 
levels were not different (Tab. 5, Fig. 2). The slopes 
of the regression lines for M o2 versus MET levels 
were also not different (Tab. 5, Fig. 3). 

Heart rate responses were greater during arm ex
ercise (wall-pulley) than during leg exercise (bicycle-
ergometer work) per unit increase in both external 
work load and oxygen uptake. Brachial SBP re
sponses to arm exercise were greater than responses 
to leg exercise per unit increase in external work load, 
but not per unit increase in oxygen uptake. Myocar
dial oxygen cost calculated from the pressure-rate 
product was greater for arm exercise than for leg 

exercise at given external work loads but not at 
comparable oxygen-uptake levels. 

DISCUSSION 

As expected, the slope of the linear increase in HR 
was steeper for rhythmic upper extremity work (wall-
pulley pulling and pushing) than for lower extremity 
work (bicycle ergometer). This agrees with the results 
of other studies and has been attributed to a smaller 
stroke volume during arm work than during leg 
work.1-6,16 At given oxygen-uptake values, the cardiac 
output is essentially equal for arm or leg work, but 
the HR is higher during arm work. This discrepancy 
is likely to be caused by decreased venous return 
resulting from a greater tendency for blood to pool in 
the lower extremities and by the development of less 
negative intrathoracic pressure during arm work than 
during leg work. 

Contrary to the results of most similar studies, our 
findings indicate that SBP did not increase more 
rapidly in response to arm than to leg work at com-

TABLE 5 
Multivariate Analysis of Variance: Comparisons of Slopes of Regression Lines 

HR vs METs 

F 
p 
df 

SBP vs METs 
F 
P 
df 

MVo2 vs METs 
F 
P 
df 

Overall Modes 

5.996 
0.014 
2, 13 

0.821 
0.535 
2, 13 

0.206 
0.818 
2, 13 

Wall-Pulley 
Pulling to Pushing 

1.012 
0.356 
1, 14 

0.008 
0.926 
1, 14 

0.048 
0.824 
1, 14 

Wall-Pulley 
Pulling to 

Bicycle Ergometer 

10.327 
0.006 
1, 14 

1.187 
0.295 
1, 14 

0.442 
0.523 
1, 14 

Wall-Pulley 
Pushing to 

Bicycle Ergometer 

8.373 
0.026 
1, 14 

1.110 
0.311 
1, 14 

0.128 
0.726 
1, 14 
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Fig. 1. Regression lines for HR versus METs of wall-
pulley and bicycle ergometer exercise. 

parable energy-cost levels.1-3,6 Previous studies have 
indicated that exercise involving a large muscle mass 
will result in lower blood pressure values at equivalent 
work loads than will exercise involving a small muscle 
mass.3'418 This response is expected because, during 
exercise, the arterioles of inactive skeletal muscle 
constrict and arterioles of active skeletal muscle dilate 
to permit increased blood flow to active muscle. 

Fig. 2. Regression lines for SBP versus METs of wall-
pulley and bicycle ergometer exercise. 

Therefore, SBP during exercise at a given oxygen 
uptake should be highest in response to exercise with 
the smallest active and the largest inactive skeletal 
muscle mass. The wall-pulley exercises we used in
volved a smaller muscle mass than did bicycle-ergom-
eter exercise. Why were these expected responses not 
observed? The following provides a probable expla
nation. 

Åstrand and associates demonstrated large differ
ences in blood pressure responses monitored in the 
femoral artery during arm exercise versus leg exercise 
in 13 subjects.2 However, when blood pressures of 
three of these subjects were monitored in the brachial 
artery during arm and leg work, no differences were 
observed in the 4-to-10-MET intensity range. Ten 

Fig. 3. Regression lines for M o2 versus METs of wall-
pulley and bicycle ergometer exercise. 

METs was maximal arm work and 66 percent of 
maximal leg work for these subjects. 

Blood pressure differences between arms and legs 
may be magnified by monitoring pressures in the 
femoral artery and minimized by monitoring pres
sures in the brachial artery. This may be caused by 
increases in peripheral blood pressure wave magnifi
cation in inactive limbs.2,14,15 The constriction of 
blood vessels of resting skeletal muscle is likely to 
increase local blood pressure wave reflection and to 
increase peak local blood pressure. Therefore, peak 
femoral pressure would be higher during arm work 
than during leg work, even if aortic pressures were 
equal. Peak brachial pressures should be higher dur-
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ing leg work than during arm work if aortic pressures 
were equal. Because the blood pressure wave ampli
fication enlarges as the distance from the heart in
creases, this peripheral blood pressure wave magni
fication would be greater in the femoral artery during 
arm exercise than in the brachial artery during leg 
exercise. 

Given equal aortic pressure during arm and leg 
work, femoral pressure during arm work should be 
considerably higher than femoral pressure during leg 
work, and brachial pressure during leg work should 
be slightly higher than brachial pressure during arm 
work. Given that aortic pressure during arm work is 
higher than aortic pressure during leg work at equiv
alent oxygen uptakes, femoral pressure during arm 
work should be significantly higher than femoral 
pressure during leg work. Further, brachial pressure 
during arm work should be equal to or slightly greater 
than brachial pressure during leg work. The results of 
this study and of the studies of Åstrand2 and Beve-

gard3 are in agreement with this explanation. Further 
investigation into differences in peak peripheral blood 
pressures in resting versus exercising limbs is needed 
before this alternative hypothesis can be fully ac
cepted, however. 

The results of this study have clinical application. 
For instance, HR responses are more valuable than 
SBP responses as measures of relative cardiac effort 
involved in arm versus leg activities. Also, the high 
correlations between energy cost, or MET level, and 
HR, SBP, or M o2 indicate that MET levels provide 
a valuable index of the intensity of arm or leg work. 
The tables of MET levels generated in this study for 
wall-pulley exercises should be valuable for planning 
arm endurance exercises for patients with ischemic 
heart disease. Monitoring brachial blood pressure 
levels after arm endurance exercise will provide val
uable information about relative cardiac effort but 
may not provide absolute values that compare to 
those obtained during leg work. 
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