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Arm ergometry exercise testing is a valua 
method used in the evaluation and management of patients 
with both cardiac disease and lower limb impairment. The 
purpose of this study is to provide information concerning 
the physiologic responses of normal healthy subjects to arm 
ergometry relative to age and gender, which could serve as 
a standard for comparison. Eighty healthy subjects (age 22 
to 59 years) cycled at 75 to 80 rpm (on a bicycle adapted for 
arm ergometry) starting at a power output of 10 W, 
increasing at 10 W/2 min until exhaustion. 

Sixty subjects were ciassitied on the basis of age into 
three groups, each with 10 men and 10 women. Men 
achieved signilicantly (p < 0.001) bigher power output 
(95 f 25 W) and oxygen consumption (20.7 I 3.9 mi/hg per 
min) than did women (56 f 19 W and 15.5 f 3.1 mvkg per 
min, respectively). The heart rate response to total 

Exercise testing continues to be a widely applied and useful 
method for evaluating and managing patients with cardiac 
disease. Although various protocols employing treadmill and 
bicycle exercise testing are available (I), they have limited 
utility among individuals with vascular, neurologic or ortho- 
pedic conditions that preclude lower limb exercise. Arm 
ergometry exercise testing has proved a valuable alternative 
in such patients, particularly in those with coronary artery 
disease (I-9). Moreover, unlike dipyridamole testing, it has 
the potential ability to provide information regarding the 
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functional level of stress required to induce myocardial 
ischemia. However, to date, there are no well defined or 
widely accepted arm ergometry exercise testing protocols 
from which data concerning functional capacity can be 
derived. Such information would provide waluable indexes 
for use in diagnostic exercise testing, exercise training and 
possibly the estimation of prognosis. 

Previous studies (5,10,11) that attempted to define re- 
sponses to arm ergometry exercise have been limited by 
small numbers of subjects and heterogeneous study groups, 
and they have employed protocols that may not be applica- 
ble to patients with coronary artery disease. Therefore, in 
the present study we attempted to 1) assess the physiologic 
responses of a well defined subject group, relative to age and 
gender, to an arm ergometry protocol previously demon- 
strated (6) to be reliable and widely applicable in testing 
patients with both coronary artery disease an 
impairment; and 2) establish a formula from which oxygen 
requirements during this protocol could be reliably pre- 
dicted. 
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scale just before exercise. 

try after a 3 h fast, having r 

adapted for arm ergometry 
ed with an elec- 
main a constant 

Exercise was begun at a power output of 10 W for 2 min, 
10 W increments every 2 min until the test was 
All maintained a handle speed of 75 to 80 rpm, 

which was ch to maximize the dynamic component of 
this exercise. rt rate and a 12 lead electrocardiogram 
(ECG) were obtained at rest, at the end of each 2 min, 
immediately after cessation of exercise and every 3 min 
during a 9 min recovery period. Continuous heart rhythm 
monitoring was done throughout the test, and a rhythm 
strip was recorded at the end of each minute of exercise. 
Blood pressure was recorded at rest an 
exercise by a single observer using a c 
eter. 

All subjects exercised until exhaustion, which was de- 
fined as the point at which a cranking speed of 75 rpm could 
no longer be maintained. Although angina, ischemic ST 
segment responses and complex ventricular arrhythmias 
were also defined as end points for exercise, none of these 
events occurred in any subject. 

Variable 

Povler output IW) 95 + 30 
eart rate (beatshinl I64 + 19 

$5 of mrximal predicte art rate 909 10 
25.2 2 5.2 
18.0 2 4.9 
S.I 2 1.3 

C&/kg per min): RPP = heart rate x systolic blood pressure product: iroz = 
oxygen co~s~rn~t~[)~. 

re used for analysis as 
of maximal heart rate 

d P test was used to test 
en. One-way analysis 

s test, was used to 

and age were combined in a factorial design to determ 
a gender-age interaction was present in the analysis of 
exercise variables. The prediction equations for oxygen 
consumption were derived by multiple regression analysis. 

All subjects had a normal blood pressure at rest (C 140190 
mm Ng) and ECG. No complications occurred during arm 
ergometry testing. For the 60 subjects of the study group, 
peak exercise data are outlined in Table 1. 

a 
ar 
en 

women (60.2 k 10 kg, p < 0. en achieved a signifi- 
cantly higher power output than did women (95 2 25 versus 
56 + 19 W, p < 0.001) and had greater peak oxygen 
consumption (20.7 r 3.9 versus 15.5 + 3.1 ml/kg per min, 
p < 0.001). These findings were also present when men and 
women of each age group were analyzed separately (p < 
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Table 2. Response to Exercise Relative to Age and Gender 

Group A Group 0 Group C 
(age 20 to 29 yr) (age 30 to 39 yr) (age 40 to 59 yr) 

G (n = 20) M (n = IO) F (n = IO) G In = 20) M (n = 10) F tn = 101 G (n = 20) M (n = IO) F (n = 10) 

Power output (WI 81 235 103 + 34* 58 k 18 82 2 25 99 + 21* 652 14 64 2 261 83 2 16*t 44 + 20t 
V02 (ml/kg per mitt) 18.5 + 4 21 k 3.5* 15.9 2 2.8 17.5 -+ 4.7 20 2 c* 15.1 + 2.4 18.3 f 4.5 21.2 + 3* 15.5 + 4 
%maxHR 8629 92 + 8* 81 2 6 92 + 9 95 + -lo* 89 t 8 91 r IO % 2 9* 86 + IO 
HRhfET 33 -c 7 30 + 6* 35 -c 7 34 f 8 31 *7* 37 + 8 31 26 28 + 4* 36 2 6 
% max HRIMET 17 2 4 16 5 3* 18 + 4 19 r 4 16 c 4* 20 + 3 18 -+ 4 16 r 2* 20 k 4 

*p c 0.001 men versus women: tp < 0.02 group C versus groups A and B. Values are mean values + SD. F = female; G = total group: WR = heart rate: 
M = male; % max = percent of maximal predicted; other abbreviations as in Table I. 

0.001). Additionally, men reached a greater mean peak heart 
rate than did women (170 + 20 versus 158 * 18 beatslmin, 
p c 0.001) (Table 3). To evaluate the cardiac response to 
total body work, peak heart rate was divided by the peak 
MET level to yield a heart rate/MET index for each subject 
in the study group. In every age group, the heart rate/MET 
index for men was significantly lower (p C 0.001) than that 
for women. 

The only significant diflrence found among the age 
groups was that older subjects (group C) exercised to a 
significantly lower power output (p < 0.02) than did younger 
subjects (groups A and B). This difference remained when 
men and women were analyzed separately. Of note, the 
subjects in group C exercised to a similar oxygen consump- 
tion and percent maximal heart rate as did those in groups A 
and B, despite reaching a significantly lower peak power 
output. Because maximal heart rate is known to decline with 
age, the cardiac response to total body work among different 
age groups was evaluated by using the percent maximal 
heart rate/MET index rather than the heart rate/MET index. 
NO significant differences in the percent maximal heart 
rate/MET index were found among the groups. 

Tuble 3. Heart Rate Response at Each Stage of Arm Ergometry 

stage (WI Men (beats/mitt) Women (beatslmin) 

10 109 + I5 128 f 20 
20 116 + 18 137 ? 18 
30 120 2 18 139 + 20 
40 123 + 18 140 + I7 
50 131 f 19 143 r I8 
60 140 + 17 152 + I7 
70 IS0 +- I5 1600 I8 
80 IS9 r 14 164 + I3 
90 163 2 13 

100 l66k II 
110 174 + I5 
120 I79 t I4 
I30 179 f 30 

Values are mean values f SD. 

ultiple regression analysis was 
used to derive prediction equations for the oxygen require- 
ments at each stage of exercise. This demonstrated that 
power output and body weight together in a regression 
model were important predictors of oxygen req~ireme~~~. 
Because of the curvilinear nature of the relation of oxyge 
consumption with power output, an exponential term for 
power output was included in the regression model. Separate 
regression analyses were done for men and women to 
control for the influence of gender 
tion versus power output relation. 
were significant at p < 0.0001 (Fig. 
that the number of subjects completing each stage decreased 
with increasing powe 

Data from the 20 ional subjects who constituted the 
validation group were used to assess the accuracy of the 
oxygen consumption prediction equations. Table 4 shows 
the percent difference between measured and predicted 
oxygen consumption at each stage of power output for men 

Figure 1. Plot of the relation between oxygen consumption (VO,) 
(ml/mitt) and power output (W) at each exercise stage among men. 
The numbers in parentheses refer to the number of subjects com- 
pleting each stage. The regression equation for the relation is noted 
above. The solid line represents a calculated regression line for men 
weighing 80 kg. 

VOa=693-(0.4xkg)+(3xW)+(0.05xW1J 
p<o.OOOl. r=0.9. SEE= 168 

10 20 30 40 50 60 70 60 90 100110120130140150160 

Power Output (W) 



demonstrated an abnormal 

T&B i~ergnc~~ ~etweea observed and ~a~~~~at~d ~xy~ea 
~ons~~~tion at ~acb stage of ~xe~c~s~ for the ~a~idat~o~ 
Group (II = 20) 

Mea Women 

Stage (W) % Iml/min) No. R tmllmin) No. 

10 4 15 8 5 
20 8 15 14 5 
30 4 15 Y 5 
40 2 15 3 5 
50 9 I5 I 5 
60 7 15 5 5 
.O 2 I5 13 5 
80 I I4 20 4 
90 3 13 

1 3 II 
110 IO 9 
120 3 5 
130 6 2 
140 6 2 
150 4 2 

No. = number of subjefts completing Ihat stage of exercise: 57r = ‘7r 
difference between the mean observed and mean calculated oxygen consump- 
lion at each stage. 

and despite our best rec~~it~e~t 
years of age was available for part 

t d~~~~~ exercise, reaching 90% of their 
heart rate. ilt is important to note that the 

peak heart rate am power output data reported here are 
those of the final 2 rain stage completed, 
always the ~~~ stale or beart rate atta~ 
analyses provide more useful ~~for~at~o~ in 
different age groups tested 
capacity for arm work tba 
absolute power obtest levclf a 
radians conctdr with those 
a~~ber of yogas mea f $6) 
vigorozs 25 W/stage protocol. 
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ing power output. However, there is a wide range in heart 
rate at each stage and a considerable overlap between 
successive stages. This is likely in part due to the variability 
of total body oxygen consumption among individuals of 
different weight at each stage during cycle ergometry. This 
is best demonstrated in Appendix Tables A and B, which 
show the influence of body weight on oxygen consumption 
(MET levels) at each power output. The peak heart rate 
among men was greater than that in women, although this 
difference may in part be due to how the peak heart rate in 
this study was determined, as mentioned. Therefore, the 
heart rate/MET index provides a more useful variable for 
comparison among different subjects. The lower heart rate/ 
MET index seen in men demonstrates that the chronotropic 
response to total body oxygen demand during arm ergometry 
is greater among women than among men of all age groups 
tested. This has also been found to be true in other studies 
(12,13) that evaluated the heart rate responses to other types 
of exercise testing in men and women. Possible explanations 
for these observations include gender-related differences in 
heart size, hemoglobin concentration and muscular condi- 
tioning. 

The response to arm ergometty testing among different 
age groups demonstrates that older subjects have a lower 
capacity for arm work than younger subjects, a finding that 
was consistent in separate analyses of men and women. 
Older subjects reached a lower peak power output, although 
peak oxygen consumption was similar to that in younger 
subjects. This apparent difference in mechanical efficiency 
among the older subjects may in part be due to differences in 
conditioning (that is, older subjects may be less active) and 
in upper body muscle mass and strength. 

Prediction of oxygen consumption. The regression equa- 
tions for predicting oxygen consumption from power output, 
as derived in this study, provide a reliable estimate of 
oxygen requirements during varying amounts of arm work, 
Use of the electronically braked bicycle at specified cycling 
speeds reduced the likelihood of potential variability be- 
tween stated power outputs that might exist using a mechan- 
ically braked ergometer. The small differences in observed 
and calculated oxygen consumption at each stage as derived 
from validation group data (Table 4) confirm that the regres- 
sion equations in Figures I and 2 can be applied reliably to a 
somewhat different cohort than the study group, The relation 
between oxygen consumption and power output does, how- 
ever, differ between men and women. Vander et al. (I I), too, 
noted such gender differences. Our study and others (1415) 
have found that it is important to include weight when using 
regression equations to determine the predicted oxygen 
consumption during arm ergometry work. However, SOme of 

the differences between men and women may be explained 
by the relative differences in the amount of that weight that 
is actually exercising mass. 

Study ~imi~tio~s, The aim of this study was to provide 
information concerning the physiologic responses to arm 
ergometry in normal healthy subjects that could serve as a 
standard for comparison. However, whether the p~cdictio~ 
equation for oxygen consumption at each power output can 
be applied with similar accuracy to patients on medication or 
with coronary artery disease is not known. There are data 
(16) to suggest that oxygen uptake during treadmill testing 
does differ between ormal subjects and patients wit 
nary artery disease, trt this has not yet been determ 
arm ergometry. 

The use of a progressive 2 mm/stage protocol may imply 
that measured oxygen consumption at each stage may not 
have been at steady state. However, the 2 mitt protocol was 
chosen to minimize the fatigue factor and maximize the 
cardiovascular responses during arm ergometry. The small 
standard error of the regression equations and the generally 
small prediction errors of oxygen consumption during 
each stage as shown in the validation group data imply that 
the possible lack of steady state does not confound our 
results. 

It must be realized that during arm ergometry exercise, 
varying muscie groups may be involved. Recruitment of 
torso muscle and stabilizing back, buttock and leg muscles 
during exercise may well affect peak heart rate, blood 
pressure, oxygen and power output. This mus- 
cle recruitment is easure, and its impact on the 
results of this study are acknowledged but not directly 
assessed. 

Conclusions. As the utility of arm ergometry exercise 
testing continues to grow, the need for a standard testing 
protocol becomes greater. These data provide additional 
information concerning the responses of healthy men and 
women of a broad age range to a clinically reliable arm 
testing protocol and should prove useful in diagnostic exer- 
cise testing and cardiac rehabilitation. 

We are grateful to the many men and women who gave their time and effort 
to participate as study subjects. We also thank Cindy Mangene for her 
assistance. and Katherine Seropian for her valuable skills in preparing the 
manuscript. 

ix 
The metabolic equivalent (MET) levels at various power output 

and body weight values calculated from the equations in Figures 1 
and ? are presented in Appendix Tables A and B for men and 
wcmen, respectively. The MET levels for men are extrapolated at 
weights ~59 kg and for women at weights ~32 kg and power outputs 
NO W because these are outside the range of body weight and 
power output values achieved in the men and women in the study 

group* 



Body Weight 

Ib kg 

loo 46 

110 50 

120 55 

130 59 

140 64 

150 68 

RIO 73 

170 77 

180 82 

190 86 

200 91 

210 96 

220 JOO 

eights 

Povver Output d M/j 

10 20 30 40 so 60 40 x0 90 IOJ! I PO 131 130 

4.5 4.7 5.1 5.5 6.0 6.5 7.1 1.8 8.S 9.3 JO.1 11.0 12.0 
4.0 4.3 4.6 5.0 5.4 5.9 6.4 7.0 7.7 8.4 9.2 JO.0 10.9 
3.1 3.9 4.2 4.6 5.0 5.4 5.9 6.4 7.1 7.7 8.4 9.2 IO.0 
3.4 3.6 3.9 4.2 4.6 SO 5.4 s.9 6.5 7.1 7.8 8.5 9.2 
3.2 3.4 3.6 3.9 4.2 4.6 5.0 S.S 6.0 6.6 7.2 7.8 8.5 
2.9 3.1 3.>: 3.6 3.9 4.3 4.7 s.1 5.6 6.1 6.7 7.3 8.0 
2.7 2.9 3.1 3.4 3.7 4.0 4.4 4.8 5.3 5.8 6.3 6.9 7.5 
2.6 2.3 2.9 3.2 3.5 3.8 4.1 4.5 4.9 5.4 5.9 6.4 7.0 
2.4 2.4, 2.8 3.O 1.3 3.6 3.9 4.3 4.7 5.1 5.6 6.1 6.6 
2.3 2.4 2.6 2.8 3.1 3.4 3.7 4.0 4.4 4.8 s.3 5.8 6.3 
2.2 2.3 2.5 2.7 2.9 3.2 3.S 3.8 4.2 4.6 5.0 5.5 S.9 
?.I 2.2 2.4 2.6 2.x 3.0 3.3 3.6 4.E) 4.4 4.8 S.2 5.7 
2.0 2.1 2.3 2.4 2.7 2.9 3.4 3.5 3.8 4.2 4.5 5.0 5.4 

Body Weight Power output (WI 

lb kg JO 20 30 40 SO 60 70 80 90 100 110 120 130 

100 46 3.3 3.6 4.0 4.4 4.7 5.t s.4 5.1 6.0 6.3 6.6 6.8 7.1 

110 50 3.1 3.4 3.8 4.1 4.4 4.7 5.0 5.3 5.6 5.9 6.1 6.3 6.6 

120 55 2.9 3.3 3.6 3.9 4.2 4.4 4.7 s.0 S.2 5.5 5.7 5.9 6.1 

130 59 2.8 3.1 3.4 3.7 3.9 4.2 4,s 4.1 4.9 5.1 s.4 5.6 5.8 

I4O 64 2.7 3.0 3.2 3.5 3.8 4.0 4.2 4.5 4.1 4.9 S.1 5.3 5.4 

I50 68 2.6 2.9 3.1 3.4 3.6 3.x 4.0 4.2 4.4 4.6 4.x 5.0 5.2 

RIO 73 2.5 2.8 3.0 3.2 3.4 3.7 3.9 4.1 4.2 4.4 4.6 4.8 4.9 

170 77 2.4 2.7 2.9 3.1 3.3 3.5 3.7 3.9 4.1 4.2 4.4 4.6 4.7 

l&i 82 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.7 3.4 4.1 4.2 4.4 4.5 

190 86 2.3 2.5 2.7 2.9 3.1 3.3 3.5 3.6 3.n 3.9 4.1 4.2 4.3 

200 91 2.3 2.5 2.7 2.8 3.0 3.2 3.3 3.5 3.7 3.8 3.9 4.1 4.2 

210 96 2.2 2.4 2.6 2.8 2.9 3.1 3.2 3.4 3.5 3.7 3.8 3.9 4.1 

220 100 2.2 2.4 2.5 2.4 2.9 3.0 3.2 3.3 3.4 3.6 3.7 3.8 3.9 

I. Froelicher VF. Exercise and the Heart. Chicago: Year Book Medical. 
1987:lO. 

2. Shaw DJ. Crawford MS. Karliner JS. et al. Arm-crank ergometry: a new 
method for the evaluation of coronary heart disease. Am J Cardiol 
1974:33:801-5. 

3. Schwade J. Blomqvist G. Shapiro W. A comparison of the response to 
arm 2nd leg work in patients with ischemic heart disease. Am Heart J 
1$17;94:203-8. 

4. Balady 63. Weiner DA. McCabe CH. Ryan TJ. Value of arm exercise 
testing in detecting coronary artery disease. Am J Cardiol 1985:55:37-9. 

5. Blomqvist CG. Upper extremity exercise testing and training. Cardiovasc 
Clin 1985:15:175-83. 

6. Balady GJ. Weiner DA, Rothendler JA. Ryan TJ. Arm exercise-thallium 
imaging testing for the detection of coronary artery disease. J Am Coll 
Cardiol 1987;9:84-8. 

7. Hanson P. Pease M. Berkotf H. Turnipseed W, Dietmer D. Arm exercise 
testing for coronary artery disease in patients with peripheral vascular 
disease. Clin Cardiol I9881 l:70-4. 

8. Fletcher GF. Lloyd A, Waling JF. Fletcher BJ. Exercise testing in 
patients with musculoskeletal handicaps. Arch Phys Med Rehabil 1988: 
69:123-7. 

9. Goodman S. Rubler S. Bryk H. Sklar B. Glasser L. Arm exercise testing 
with myocardial scintigraphy in asymptomatic patients with peripheral 
vascular disease. Chest 19X9:95:740-6. 

IO. Franklin BA. Vander L. Wrisley D. Rubenfire M. Aerobic requirements 
of arm ergometry: implications for exercise testing and training. Phys 
Sport Med 1983:11:81-90. 

II. Vander LB. Franklin BA. Wrisley D. Rubentire M. Cardiorespirdlory 
responses to arm and leg ergometry in women. Phys Sports Med 
1984:12:101-6. 

12. Jones N. Campbell EJM. Clinical Exercise Testing. Philadelphia: WB 
Saunders. 1982: 115. 

13. Astrand PO, Rodahl K. Textbook of Work Physiology. New York: 
McGraw-Hill. 1970:354. 

14. Cotes JE. Allsopp D. Sardi F. uman cardiopulmonary responses lo 
exercise: comparisons between progressive and steady state exercise. 
between arm and leg exercise. and between subjects differing in body 
weight. Q J Exp Physiol 1%9:54:21 l-22. 

IS. Blair SN. Gibbons LW. Painter P. Pate RR, Taylor CB. Will 3. American 
College of Sports Medicine: Guidelines for Exercise Testing and Prescrip- 
tion. Philadelphia: Lea & Febiger. 1988.163.168. 

16. Roberts JM. Sullivan M. Froelicher VF. Genter F. Meyers J. Predicting 
oxygen uptake from treadmill testing in normal subjects and coronary 
artery disease patients. Am Heart J 1984:108:8:1454-60. 




