
Cardiovascular and Metabolic 
Responses to Upper- and Lower- 
Extremity Exercise in Men With 
Idiopathic Parkinson's Disease 

Background and Purpose. The aerobic capacity of individuals with Parkin- 
son's disease (PD) has not been characterized. This study (1) compared 
maximal exercise performance in individuals with and without PD, 
(2) compared exercise performance during upper- and lower-extremity 
exercise, and (3) described submaximal exercise responses. Subjects. Eight 
men with PD (PD group) and 7 men without PD (control group) 
participated. Methods. Subjects performed a lower-extremity ergometer 
test (LE test) and an arm-cranking ergometer test (AC test). Peak oxygen 
consumption, heart rate, respiratory exchange ratio, and power, as well as 
submaximal values of oxygen consumption and heart rate for each power 
level, were recorded. Results. No differences were found between the 
groups for either test. Peak power was less for the PD group than for the 
control group for both tests. Submaximal heart rate and oxygen consump 
tion were higher for the PD group than for the control group. Conclusion 
and Discussion. We conclude that individuals with mild to moderate PD 
can be tested with both exercise protocols to a peak exercise capacity and 
that there are differences in upper- and lower-extremity peak power and 
submaximal responses between persons with and without PD. [Protas EJ, 
Stanley RK, Jankovic J, MacNeill B. Cardiovascular and metabolic re- 
sponses to upper- and lower-extremity exercise in men with idiopathic 
Parkinson's disease. Phys Ther. 1996;76:34-40.1 
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T 
he disability and immobility that occur with idio- 
pathic parkinsonism or Parkinson's disease (PD) can 
contribute to cardiovascular deconditioning. Decon- 
ditioning and decreased endurance in the individual 

with PD have been discussed, but not documented.'.' In a 
series of 10 patients with PD in whom fitness level was 
classified, 4 patients were considered to have low fitness, 5 
patients had fair fitness, and only 1 patient had average 
fitness.:' In addition, both heart rate and blood pressure 
responses during light isometric exercise have been shown to 
vary in individuals with PD compared with responses in 
individuals without PD." 

Standardized exercise tests to maximum capacity with tread- 
mills or ergometers are used to measure cardiovascular 
conditioning or f i t n e ~ s . ~ - ~  These tests involve progressive 
increases in exrrcise until the individual can no  longer 
maintain the exercise.' The peak oxygen consumption 
(peak~o, )  and the peak heart rate (peakHR) reached 
during exercise are used to define the level of cardiovascular 
conditioning and to prescribe exercise. The peak values 
achieved may vary with the type of exercise performed and 
the amount of muscle mass engaged in the a~t iv i ty .~  

Although PD influences extremity and spine musculature, 
not all areas are affected equally. Muscular rigidity affects the 

proximal musculature first, especially around the shoulders 
and neck, and may progress to the facial muscles and the 
ex t remi t ie~ .~  Body regions that have displayed symptoms 
longer tend to be more severely involved. Symptoms may 
vary unilaterally, between extremities, and between the up- 
per and lower extremities." Oxygen consumption (vo,) and 
heart rate responses to submaximal exercise are increased in 
individuals with PD when the more affected extremities are 
being used.I0 Thus, multiple testing strategies using both 
upper- and lower-extremity tasks should be examined. 

There is a need to objectively document the physiologic 
responses of individuals with PD during stanclardized exer- 
cise testing procedures in order to prescribe aerobic exer- 
cise. The purposes of this study, therefore, were (1) to 
compare maximal exercise performance in individuals with 
and without PD; (2) to compare exercise performance 
within and between these groups during two different exer- 
cise testing protocols, one using bicycle ergometry and the 
other using arm-cranking ergometry; and (3) to describe 
submaximal exercise responses. We hypothesized that the 
neuromuscular involvement seen in individuals with PD will 
influence (1) exercise responses when compared with indi- 
viduals without PD and (2)  responses to upper-extremity 
exercise compared with those to lower-extremity exercise. 
We also hypothesize that early involvement of the shoulders, 
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Table 1. 
Characteristics of Subiects With Parkinson's Disease 

No. of Years Since Hoehn and 
Subject No. Age (y) Diagnosis Yahr Stage 

1 5 9 6.0 2.0 
2 63 3.0 2.0 
3 5 8 12.0 2.5 
4 5 1 2.5 2.0 
5 64 6.0 2.0 
6 67 15.0 2.0 
7 73 14.0 3.0 
8 5 6 10.0 2.5 

X 61.4 8.56 2.25 
SD 6.9 4.87 

Table 2. 
Modified Hoehn and Yahr Scale" 

Stage Description 

0.0 N o  signs of disease 

1 .O Unilateral disease 

1.5 Unilateral and axial involvement 

2.0 Bilateral disease, without impairment of balance 

2.5 Mild bilateral disease, with recovery on pull test 

3.0 Mild to moderate bilateral disease; some postural 
instability; physically independent 

4.0 Severe disability; still able to walk or stand unassisted 

5.0 Wheelchair bound or bedridden unless aided 

neck, and axial ~nusculature can decrease upper-cxti-eniity 
peak values and increase submaxinial efforts. 

Method 

Subjects 
Eight luell with a diagnosis of PD for at least 1 year were 
recr~~i tcd  from local rieurology clinics and support groups 
for persons with PD. The characteristics of the subjects with 
PD are shown in Tablr I. The sl~bjects and their physicians 
(lid not report a history or other chronic r~euromuscular, 
musculoskeletal, or carcliopulrnonary disease. All s~~hjec ts  
except one were regularly taking at least three antiparkinso- 
nian medications, including carbidopa/levodopa, deprenyl, 
and one othrr doparninergic medication (eg, amanladine, 
pergolide). Orie subject was taking only carbidopa/levodopa 
and deprenyl. Only two of the si~bjects (s~~Pjects 4 and 8) 
were employed full- or  part-time. All sllbjects were in stage 
2.0 or  3.0 ofthe Hoehn and Yahr disability scale as described 
in Tal~le 2." Two subjects (subjects 4 and 8) engaged in 
I-rgular arrobic exercise. The rest were relatively sederitary 
except for participation in once-weekly flexibility exercise 
groups. Seven men who were siniilar in age to the PD group, 
had no history of chronic ne~~romuscular,  musculoskclrtal, 

or cardiopulmonary discasc, and had sclf-rcported activity 
and exercise levels comparable to the PD group were re- 
cruited in the community to act as a comparison group. The 
subjects' physicians were called to veritji their medical his- 
tory. The nature, purposc, and risks of thc study were 
explained verbally and in writing to the subjects before 
obtaining written consent to participate. 

I 
lnstrurnentation 
A11 electronically braked bicycle ergometer' was used for a 
progressive, incremental, cycling test (LE test). An electron- 
ically braked arm ergometert was used for an arm-cranking 
test (AC test). A computerized gas analysis system was used tp 
collect and analyze expired gases during exercise.: TNe 
system consists of' a mouthpiece, a two-way breathing valve, a 
rolling seal spirometer, an oxygen analyzer, and a carbon 
dioxide analyzer. The system was calibrated with known gas 
concentrations and volumes prior to each test. Heart rates 
and rhythms were recorded on ;i chart recorder-.' A standard 
CM5 chest lead was used. 

I11 separate studies, the test-retest reliability of the p e a k ~ 0 2  
;und peakkiK measures was assessed. The first study exaniinecl 
the reliability of the A(: test in three individuals without PD 
over a 4week period. The second study examined the 
reliability of the LE test in four individuals with PD over a 
4-week period. A two-way ;in;~lysis of variance yielded values 
frorri which the intraclass correlatiori coefficierlts (IC(:[3,1]) 
were calcl~lated.''."' The 1C:Cs were .92 for p e a k ~ 0 2  alld .94 
[or peakHR for the A(: test ant1 .97 for both p e a k ~ 0 2  and 
peakHR during the LE test. 

Procedure 
Sl~bjects were instructed to refrain from eating for ;it least 3 
hollr-s prior to testing and t o  refrain from drinking liquids 
for 1 ]lour prior to testing. Subjects with PD were instructrd 
to take their medications upon arrivillg at the laboratory. 
While the subjects waited for the rnedicatio~ls to take effect, 
the testing procedures were explained arid they read and 
signed consent forms. The exercise tests were perfor~~lrcl 
between 45 and 90 minutes after the nnedicatiorls were taken. 
This should be an optimal range fin reaching a peak plasnna 
levodopa l e ~ e l . : ~ , ~ ~  This procedure lnininlized niotor fl~lctll- 
ations in response to medicatio~ls during testing. 

After giving informed consent, each subject was allowed a 
short time for practice aritl to become familiar with the LE 
and AC: tasks. The subject was given instructions on how to 
signal tlie i~~vestig;itors when he  reached fatigue. The sub- 
ject's skin was cleansed with alcohol, arid electrodes were 
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applied to the clavicle, manubrium, and fifth rib. The subject 
was randomly assigned to either LE or AC as the first test. 
After placing the mouthpiece of the breathing apparatus 
between the lips and teeth, the subject was instructed to 
maintain a tight seal around the mouthpiece. The subject 
was observed- during testing to ensure that the seal was 
maintained. A noseclip was placed so that no air could be 
breathed through the nostrils. 

For the LE test, each subject was given a l-minute warm-up 
pedaling at a 20-W power level to become accustomed to the 
test situation. The resistance on the bike was increased every 
2 minutes by 20-W increments, beginning at 40 W, until the 
subject met our established criteria for peak exercise. The 
subject was encouraged to complete the last f~lll 2-minute 
stage. Following the test, the subject continued cycling 
without resistance as a cool-down. 

For the AC test, each subject was given a l-minute warm-up 
with no resistance, followed by increases in resistance at 10-W 
increments every 2 minutes until the subject met our criteria 
for peak exercise. We encouraged the subject to complete 
the last 2-minute stage. The subject continued to arm crank 
without resistance as a cool-down for another 2 to 3 minutes. 

After completing the first test, each subject was allowed to 
rest prior to attempting the second test. When the heart rate 
returned to preexercise values and at least 20 minutes had 
elapsed, the subject was set up for the second test. 

A standard open-circuit method was used to collect expired 
gase~.~%xpired gases were analyzed every 20 seconds during 
exercise. Oxygen consumption, carbon dioxide exhaled 
( ~ c o , ) ,  and the respiratosy exchange ratio (RER, where 
RER=v<:o,/vo,) were recorded during the last 20 seconds 
of each 2-minute stage as the values representing the rneta- 
bolic responses to that power level. Heart rates were ob- 
served continuously on the chart recorder during the last 20 
seconds of each exercise stage. These values were extrapo- 
lated to the minute values in beats per minute. 

The effort was considered to reach a peak value during the 
last stage if the subject reached two out of three of the 
following criteria: (1) volitional fatigue, (2) 210  beats of 
age-predicted maximum heart rate for cycling or arm crank- 
ing, and ( 3 )  an RER value of >1.0. These have been 
suggested as criteria for maximal exercise for older sub- 
j e c t ~ . ' " ~  The age-predicted maximal heart rate for cycling was 
estimated as 220 - age.4 The age-predicted maximal heart 
rate for the AC test was estimated as 90% of the age- 
predicted heart rate for cycle e r g o m e t r y . ~ e a k ~ o , ,  peakHR, 
peak respiratory exchange ratio (peakRER), and peak power 
(peakP) were the highest values achieved during the last 
stage of exercise. All subjects reached at least two out of 
three of these criteria during testing for both tests. 

Data Analysis 
Medians and ranges were calculated for p e a k ~ o , ,  peakHR, 
peakRER, and peakP for both the PD and comparison 
groups during LE and AC tests. Nonparainetric analysis was 
used because the data for the PD group was skewed and did 
not meet the assumptions for parametric a i~a lys i s .~~  A Mann- 
Whitney UWilcoxo~~ rank-sum test was used to cornpare age, 
p e a k ~ o , ,  peakHR, peakRER, and peakP between the groups 
for both the LE and AC tests.IH A Wilcoxon matched-pairs 
signed-rank test was used to compare the LE and AC tests. An 
alpha level of .O5 was selected as the level of significance. 
Submaximal exercise data were plotted and presented de- 
scriptively for both the L.E ant1 AC tests. 

Results 
The median values and ranges are presented in Table 3. 
There were no diffesences between the groups on age, 
peak~o , ,  peakHR, or peakRER for either the LE test or the 
AC test. When comparisons were made between the LE and 
AC tests, only p e a k ~ o ,  was differeilt, with the value 
lower for the AC test than for the LE test for both groups 
(P=.01 for the PD group and P=.02 for the control group). 
The subjects' p e a k ~ o ,  during the AC test was 61.2% of the 
value observed for the PD group during the LE test and 
67.1% of the value observed for the control group during the 
LE test. The peakP achieved by the PD grolip during both 
the LE and AC tests was less (P=.02 for the LE test and 
P=.001 for the AC test) than the peakP achievc:d by the 
control group. 

In order to examine the subrnaximal exercise responses. the 
heart rates and VO, during four submaxinlal power levels for 
both the AC and LE tests were plotted (Figs. 1 and 2).  
Although no statistical analysis was conducted, the submaxi- 
ma1 heart rate and VO, values for the PD group appeared to 
be higher for both the AC and LE tests comparecl with the 
control group. 

Discussion 
The peak cardiovascular (peakHR) and rrletabolic ( p e a k ~ o ,  
and peakRER) responses to graded exercise were similar for 
the PD and control groups. The peakHR and peakRER 
achieved by both groups indicate that the subjects achieved 
the exercise endpoints required as our criteria for peak 
exercise. The p e a k ~ o ,  values for both groups art: compai-a- 
ble to maximal vallles appearing in the literatun: fat- oldel. 
men performing cycle ergometer tests."' We have also deln- 
onstrated that these values can be reliably reproduced on 
retesting. The criteria we used as exercise endpoillts and the 
p e a k ~ o ,  reflect maximal exercise performance in these 
subjects.7 This finding suggests that intlivid~~als with mild 
disability (Hoehn and Yahr stage 2.0 of PD) can be tested to 
selected exercise endpoints using standard exercise testing 
protocols and that the responses are similar to those in ail 
asymptomatic comparison group. Only one of our subjects 
was classified as being in stage 3.0,  in which there is greater 
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Table 3. 
Median Values and Ranges for Peak Exercise Responses in Individuals With and Without Parkinson's Disease 

I Parkinson's Disease Group (n=8) Control Group (n=7) 

Variablea Median Range Median Range 

Age (Y) 
PeakVo, [rnL/kg/min) 

LE 
AC 

PeakHR (bpm) 
LE 
AC 

PeakRER 
LE 
AC 

PeakP (W) 
LE 
AC 

I 
" P c a k ~ o , = ~ e n k  oxygen r o ~ ~ ~ u l ~ ~ p t i o l ~ ,  LE= hic,(.I<. rrgornetly. A<:=arn~ rra~~king. peak1 lK=prak Ilc;trr vale, peakREK- peak 1.cspi1-nto17 c x r l l a ~ ~ g e  ~ a t i o ,  pc:lkP=prak p(lw<.r. 
'S ig~~i f ica l~t l~  diffcr(.l~t li.0111 LE ( I ) =  .()I). 

bilateral involvement and postural instability. Perhaps a 
sample with a greater level of disability (ie, predominantly 
stage 3.0 and 4.0) would respond differently to these tests 
than nondisabled counterparts would respond. 

iZn individual's maximal oxygen consumption (~o ,n iax)  is 
used to describe fitness level and to prescribe exercise." This 
group of individuals with PD had at least fair to average levels 
of fitness when conipared with men of the same age with 
co~nparable activity levels. This finding does not suppoi-t the 
notion that PD will contribute to cardiovascular decondition- 
ing at a stage 2.0 disability level. The time since the onset of 
PD syniptolns varied from 2.5 to 15 years in this sample. This 
range may suggest that the length of time in which symptoms 
are apparent does not affect the fitness level in individuals 
with PD similar to those in our sample. In addition, all 
nle~rlbers of' the PD group participated in at least weekly 
flexibility exercise groups or regular exercise. Perhaps this 
activity is sufficient to maintain fitness levels in persons with 
PD in relation to elderly persons with similar ages and activity 
levels, especially sedentary older men. Further exploration of' 
the influence of sustained exercise on the level of fitness in 
people with PD is needed. 

Standard exercise testing protocols use running uphillx' or 
cycling." A progressive cycling protocol was selected for this 
study because of concern about balance problems in individ- 
uals with PD. Running uphill produces higher ~ o , m a x  and 
HR valites than cycling.x,",":' Consequently, the p e a k ~ o ,  
values in our study were somewhat lower than would be 
expected during running uphill for 60-year-old men. Al- 
though the estimate of maximuill exercise capacity offered 
by cycling is lower, this test may be more practical for the PD 
population and closer to the type of seated exercise fre- 
quently utilized in PD exercise programs.24 

Arm exercise produces lower ~ o , m a x  values than cycling. In 
younger populations, the tro,max during arm cranking is 
between 67% and 73% of the values obtained with cy- 
c l i n g . " ~ ~ ~ ' ~ l t h o u g h  the control group achieved 67.1% of 
the cycling value during the AC test, the PD group reached 
only 61.2%. Although we did not compare thcsc valuqs 
statistically, this finding suggests that the PD group was n d ~  
able t o  achieve VO, levels during upper-extreniity exercise 
that were as high as those achieved during lower-extre~niy 
exercise. The amount of VO, achieved during exercise 
depends on the muscle mass involved in the activity and the 
sitbject's level of fitness for arm work.'" The individuals with 
PD did not seen1 to 11e as fit for upper-extremity exercisd. 
This firldirlg could be related to slower reaction times, longer 
movement times, slower velocities, and poor coordination of 
upper-extremity moverrierit in individuals with PD compared 
with individuals without PD."."' Because many exercise 
programs recommenciecl for people with PD include both 
upper- and lower-extremity activities, the difference in re- 
sponse to upper-extremity exercise should be kept in mind. 
Clinicians may wish to use a separate AC test and prescribe 
arm cranking as an aerobic conditioning program for indi- 
viduals with PD. 

The PD group was unable to perforni to the same level of 
exercise as rated by maximum power when compared with 
the control group for either the LE or AC test, even though 
the peakvo, and peakHR were similar. This finding suggests 
poorer exercise efficiency in the PD group than in the 
control group. Exercise efficiency can be described as lower 
heart rate responses to specified rates of work." Figures 1 
and 2 show that the control group had lower submaximal 
heart rates than the PD group for each of four power levels 
during both the LE and AC tests. These differences ranged 
between 10 and 16.5 bpm during the LE test to between 19 
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Figure 1. 
Submaximal heart rates and oxygen consumption in response to four 
submaximal power levels for arm cranking in subjects with Parkinson's 
disease (PD group) and in subjects without Parkinson's disease (control 
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and 25 bpm during the AC test. The submaximal VO, values 
for both exercises and all power levels were also lower for the 
control group. Wilmore and Costill" suggested that aerobic 
conditioning lowers submaxi~nal heart rates at specified 
work rates. The differences in submaxirnal values and peakP 
were the only indicators of differences in exercise responses 
between these two groups. The PD-associated movement 
disorders of rigidity and bradykinesia can increase cardiovas- 
cular and metabolic responses to submaxirnal exercise by 
interfering with the exercise movement. All PD group s u b  
jects tested in this study had bilateral involvernent of all 
extremities with axial involvement. Although symptoms can 
vary from extremity to extremity, this finding suggests that 
stage-2.0 PD will lessen the efficiency of both upper- and 
lower-extremity exercise compared with exercise efficiency 
in persons without PD. 

C - - -  
.+ - 

e . 
0 - -. -F 

.,--- 

Another way to look at submaxi~nal responses is to plot heart 
rates against th.e same level of VO, rather than against power. 
Although both groups had similar heart rates at the same 
level of i ro2 during the LE test, the PD group consistently 
had higher heart rates with each level of submaxirnal VO, 

during the AC test. At submaximal VO, levels of 8.5 and 11.5 
mL/kg/min, for example, the PD group had heart rates of 
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Figure 2. 
Submaximal heart rates and oxygen consumption in response to four 
submaximal power levels for lower-extremity ergometry in subjects with 
Parkinson's disease (PD group) and in subjects without Parkinson's disease 
(control group). 

116 and 127 bprn compared with 101 and 112 bpm for the 
control group. The PD group had heart rates 15 bpm higher 
for the same level of metabolic demand. Because the upper 
extremities are frequently the first extremities to display 
symptoms, the higher heart rates may be related to a longer 
length of time that these muscle groups have had symp- 
t0111s.I~) Saltin and Landini0 observed that the most affected 
extremities in individuals with PD create higher heart rate 
and blood lactate values during exercise. 

An exercise prescription for enhancing cardiovascular fitness 
should be based on an individual's exercise ~apac i ty .~  An 
appropriate intensity is generally a heart rate that corre- 
sponds to between 60% and 85% of ~ o ~ m a x . ~  For the people 
with PD in our study, this would mean exercise-training heart 
rates of between 120 and 140 bpm maintained for 15 to 60 
minutes while riding the cycle ergometer. For AC exercise, 
corresponding heart rates would be between 116 and 128 
bpm. The different exercise responses to the upper- and 
lower-extremity activities add support to the notion that 
exercise interventions should include both upper- and lower- 
extremity exercises. Different training heart rates and inten- 
sities for upper- versus lower-extremity exercise should be 
included in the exercise prescription. In addition, the AC 
exercise used during our study required considerable in- 
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\olvenlent of the neck and trunk musculat~lre in order 
to stabilize for the acti~lty. Muscle involvement around the 
thorax and neck have been implicated in relation to airflow 
limitations in people with PD.2H Aerobic exercise training 
programs in asymptomatic elderly persons improves the effec- 
tiveness of ventilatiori during moderate exercise and enhances 
their maximal ventilatoly Perhaps exercise 
programs aimed at improving ventilation could affect some 
of the respiratvry limitations seen in individuals with PD. 

Conclusions 
We have demonstrated that individuals with PD can reach 
peak exercise using standard exercise testing protocols. The 
peak cardiovascular and metabolic responses of the PD 
group subjects were conlparable to those of the control 
group subjects, except for peakP in which the PD group 
reached lower levels for both the LE and AC tests. ~ e a k ~ o ,  
values during the AC: test were lower than p r a k ~ o ,  values 
during the LE test for both groups. Differences in submaxi- 
ma1 responses suggest that the PD group had lower efficiency 
during exercise and support the need for exercise condition- 
ing in all extremities. 

References 
1 Stern PH, McDowell F, Miller JM, Robirlson M. Levodopa and physical 
therapy in the treatment of patients with l'arkinson's elisrase. Arch Phys Mrd 
KPhnbil. 1970;61:273-277. 

2 Schenk~nan M. Physical therapy internention for the ambulatory patient. 
In: Turnbull G,  ed . I'hysirnl T h a ( ~ p y  Ahnngrmm l (I' Parkin.son k I)isr~.w. New 
York, NY: Churchill Livingstone Inc; 1992:1:47. 

3 (:artel. JH, Nutt JG, Woodward WR. The en'ect of exercise on levodopa 
absorption. Nncro lo~ .  1992;42:2042-2045. 

4 Atnerican (:allege of Sports Medicine. Cuidrlznn Jir E"vercisr ?'rsring nn(l 
l'rrstnplion. 4th etl. Philadelphia, Pa: Lea & Febiger; 1991:60-63. 

5 Astrand PO. Hl~man physical fitness with special reference to agc ant1 sex. 
IJ/zy.\iol Kuo. 195(i;36:307-335. 

13 Shrout PE, Fleiss JL. lntraclass correlations: uses in assessing rater 
reliability. I'5ychol h l l .  197!1;86:420-428. 

14 Goerr CG, Thela11 ]A, MacLeod (:M, et al. HIoocI levodopr levels and t t e  

Unified Parkinson's Disease Rating Scale fi~nrtion: with ancl without cxe -- 
cise. N r u r o l o ~ .  1!)9:3;43:1040-1042. 

15 McKardle WD, Katch F1, Katch VL. lixrr,i\r P/iy.riology: I:'nrrLg, Nutrilion, 
ond Ilumnn I'rrfor?~znner. 3rd ed. Philadrlphia, Pa: Lea & Febiger; 1991:147. 

16 Shephard R. Phy.,irnl Ar~taily and Aging. Rockville, Mcl: Aspen Pul)lislic/-s 
Inc; 1987:83. 

17 Glass C;V, Hopkins KD. Slnlislicr~l Mr//~od.\ in I:'dvmlion and I'\yrhology. 21 11 
ed. Englcwood Cliffs, NJ: Prentice-Hall Inc; 1988:237-240. 1 
18 Siegal S, (:astellan NJ. Nonpc~mnlrlri~ .Ytr~li.slic~/r,r-lhcR~hnvio~nlScirnrr\. 2nd 
cd. New York, NY McCraw-Hill Inc; 1988:128-137. 

19 Bailcy D4, Shephard RI, Mirwald RL, McBride GA. A curwnt view of  
cardiorespil.atoy fitness levels in (:a~iadians. (;an Mrd Assoc J. 11)74;111: 
"-30. 

20 Bruce RA. Evaluation of functional capacity in patients with carr1iov;ls- 
cular disease. Gprialncs. 1957:12:517-528. 

21Iones NI., Makrides L, klitcbcock (:, et al. NOI-ma1 standards li)r ;In 
increrner~tal progressive cycle ergonletrr test. A m  Kn,  Rr.sf~ir Dis. 1985;131: 
700-708. 

22 Bcrgh U ,  Kanstrup IL, Ekbloln B. Maximal oxygen uptake tlur-ing 
exercise with various combinations of  am1 and leg work. ,I Appl f'/iy.,iol. 
197(i;41:191-196. 

23 Haa;ln Rl), (;ettman LR, Llpton SJ, rt al. Cardiorespiratory responses to 
arnl, leg, ancl combined arm and leg work on an air-braked ergolneter. 
J Cnrrlior Krhnb. 1983;3:689-695. 

24 Palmer SS, Mortimel- JA, Wrbstrr DL), e t  al. Exercise thr~.apv for Parkin- 
son's disease. Arch I'hys Mr(l Krl~nhil. l98(i;67:741-74.5. 

25 Behbehani K, Knodraske GV, Tintner R, et al. Emluation of q~~antitative 
measures of upper extremity sprcd and coordination in heal~hy persons and 
in three patient populations. Arrli I'liys Med RPhobil. 1990;71: 106-1 11. 

6 Franklin HA. Exel-rise testing, training and arm ergornetry. .S/~(l,oris h+d. 26 pears JMS, l+zrkin,\o,l,k ~ ) i ~ , ~ , ~ ~  I/ , ,  M~~~~~~ ,, N~,,, yc,,-k, NY ()x~;,rd 
1985;2:100-111). University Press Inc; l992:26. 

7.lones NL, Oarnpbell EJM. f ~ l i n i ~ ~ ~ l l i x e r c i s ~  Tesling. 3rd ed. Philadelphia, Pa: 27 wilmore ,H, costill DL, ~ / ~ ~ , ~ i ~ ~ l ~ ~ ~  and lixrrcirr. ~;hampaigl,, 111: 
WB Saunders (:o; 1988:127, 130-132. Human Kinetics Publirhers Inc; 1994:221. 

8 Astrand PO, Saltin B. Maxilnal oxygen uptake ant1 heart I-ate in various 
28 E s t e n ~ ~ e  M, Huber M. DeTroyer A. Rrspirato~y muscle involvement in types of muscular activity. J Appl I'hysiol. 1961 ;I li:Y77-981. 
Parkinson's disease. N b;ngl J ,Wed. 1984;311:1316. 

9 Weinl-ich M, Koch K, Garcia F, Angrl KW. Axial verslls distal motor 
impair~~ienc in Parkinson's disease. N ~ i ~ r o l o g .  1988;38:540-545. 

10 Saltin B, Landin S. Work capacity, nnlscle strength, and SDH activity in 
hot11 legs of' hemipal-rtic patients and patirnts with Parkinson's disease. 
Smnd,]  (:lin Lnb lnursl. 1975;35:531-538. 

11 Fahn S, Elton RL, and Unified Parkinson's Disease Rating Scale 1)evrl- 
opmenr (hmmittee. Unified park ins or^'^ Discase Rating Scalc. In: Fah11 S, 
Mal-den (:D, Goldstein h.1, et al, eds. l?erm! I)c?irl~~~~,rnmtc. in  I'(~rkin.son :\ Ili.trc~sr, 
11. New York, NY: Mac~nillan; 1987:153-l(iS. 

12 B a u n ~ ~ a r t n r r  TA. Norr~i-refel-enced measurement: reli;~hility. In: Safiit 
MI, Wood TM, eds. i lJ~~rrsvrcrnn~~ (:onrr~~l.i in l'lzysysirnl I~;(lumlion and Lxmisr  
Scirncc Champaign, 111: Human Kinetics Publisht:~-s Inc; 1989:52-56. 

29 Makridrs L, Heigenhauser (21. Mc(:artnry N, et al. Physical training in 
young and olcler healthy subjects. In: Sutton JR,  Brock RM, eds. Sport.s 
Mrditinr jbr- Ihc Mnlu,rr Alhlrle. Indianapolis, lncl: Benchmark Press; 19x6: 
363-373. 

30 Hagberg JM, Allen WK, Scals DR, et al. A hemodynamic colnpariso~l of 
young and old endurance athletes during exercise. j Appl Plzv,\iol. 1985;58: 
2041. 

31 Prolas K J  Physiologic c h n ~ g e  and atlilptation to exercise it1 the cilhcr 
ad~llt. rn: (;uccione AA, ed. Gmrintrit Physirol T/rm{~py. St Louis, Mo: (:\.' ~ o k b "  
(:o; l993:53-45. 

40 . Protas et a1 Physical Therapy. Volume 76 . Number 1 . January 1996 

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/76/1/34/2632941 by guest on 23 April 2024




