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Abstract
Background-Exercise testing has
become an important tool in the diagno-
sis and treatment of restrictive lung dis-
ease. The reproducibility of variables
measured during exercise testing was

examined in subjects with stable restric-
tive lung disease.
Methods-Six subjects, who had never

previously undergone exercise testing,
each underwent three maximal incre-
mental exercise studies on a bicycle
ergometer conducted during a 28 day
period.
Results-Data collected at rest, before
exercise, were not significantly different
during the three study days. Com-
parison of results at the end of the exer-

cise tests from the three studies also
revealed no evidence of a significant
learning effect. Reproducibility of exer-

cise performance by subjects was

assessed by the coefficient of variation.
The mean within subject coefficient of
variation at the end of the exercise tests
was 5'6% for work rate, 7-9% for exer-

cise duration, and 9 5% for dyspnoea.
The mean within subject coefficient of
variation obtained at the end of the
exercise tests was 5-3% for oxygen

uptake (Vo2), 2-5% for oxygen saturation
(Sao,), 4-0% for heart rate (HR), 5.5%
for minute ventilation (VE), 5-8% for
respiratory frequency (f), and 4'6% for
tidal volume (VT). The mean within
subject coefficient of variation at 40%
and 70% of maximal work rates for Vo,
was 5-7% and 5-6% respectively, for
Sao, 13% and 1-5%, for HR 4*8% and
4 0%, for VE 6-3% and 6-6%, for f 101%
and 7S8%, and for VT 6X0% and 4-5%.
Conclusions-Variables measured dur-
ing clinical exercise testing in subjects
with restrictive lung disease are highly
reproducible. No significant learning
effect was found on repeated testing in
subjects who had never previously
undergone exercise testing.

(Thorax 1993;48:894-898)

Exercise testing in patients with restrictive
lung disease has become an important tool in
early diagnosis for assessing disability and
evaluating responses to treatment."2It is well
established that patients with restrictive lung
disease have impaired exercise tolerance, as

shown by reduced peak oxygen uptake (peak
Vo,) and reduced maximal work rate
(Wmax),' abnormal ventilatory responses,46
and a significant drop in arterial oxygen satu-
ration (Sao,) during exercise.'78 Despite the
diagnostic and prognostic implications
derived from these various responses, how-
ever, the reproducibility of these variables
measured during clinical exercise testing has
not previously been examined in these
patients. In order to assess its clinical signifi-
cance we therefore studied the reproducibility
of incremental exercise tests in patients with
restrictive lung disease. Both group mean and
individual patient reproducibility of variables
was assessed in patients with stable restrictive
lung disease undergoing repeated incremental
exercise studies conducted under identical
circumstances.

Methods
PATIENTS
Characteristics of the study population are
outlined in table 1. Subjects (five men and
one woman) were recruited from the out-
patient clinics of the Division of Respiratory
Medicine. All subjects had clinical, radio-
graphic, and pulmonary function testing evi-
dence of restrictive lung disease, but no
evidence of pulmonary restriction secondary
to chest wall disease, pleural disease, or respi-
ratory muscle weakness. Restrictive lung dis-
ease was the result of idiopathic pulmonary
fibrosis in three patients, sarcoidosis in two
patients, and scleroderma in one patient; two
were confirmed by open lung biopsy while
one was confirmed by transbronchial lung
biopsy. All subjects were clinically stable for
at least two months before entering the study
and had no rheumatological, neuromuscular,
cardiac, peripheral vascular, or any disease
apart from restrictive lung disease that might
impair exercise tolerance. None of the sub-

Table 1 Mean (SD) characteristics of the study
population (n = 6)

Age (y) 44(15)
TLC (1) 4-67(1-01)(68% predicted)
VC (1) 2-83(0 84)(57% predicted)
TLCO (% predicted) 57(22)
Kco (% predicted) 80(31)
FEV, 2-31(0-52)(63% predicted)
FEV,/FVC 83(8)

TLC-total lung capacity; VC-vital capacity; TLCO-
transfer factor; Kco-transfer coefficient; FEV-forced
expired volume in one second; FVC-forced vital
capacity.
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jects had previously undergone clinical exer-
cise testing.

Pulmonary function was measured
(SensorMedics 2200) in each subject before
the start of the study. Forced expired volume
in one second (FEVy) and forced vital capac-
ity (FVC) were measured using recom-
mended techniques,9 lung volumes were
obtained by the helium dilution method, and
the carbon monoxide transfer factor (TLco)
was measured by the single breath technique.
In order to calculate percentage predicted,
the normal values of Morris and coworkers'0
were used for spirometry, those of Goldman
and Becklakel" for lung volumes, and those of
Burrows and coworkers for transfer factor.'2
The study was approved by the medical

ethics committee of the University of
Saskatchewan. All subjects gave informed
consent to the procedures, but none was
aware of the specific purpose of the study.

PROTOCOL
Before each exercise study FEVy and FVC
were measured with a pneumotachograph. At
least three well coordinated maximal efforts
were obtained and the highest value obtained
for each variable was recorded. The subjects
underwent a total of three exercise studies
which were conducted during a 28 day
period, each study separated by at least seven
days. Exercise was performed in an air condi-
tioned room and at the same time of day on
each occasion. The subjects were asked to
avoid strenuous activity on the day of testing
and food or caffeinated drinks in the preced-
ing two hours.

Testing was performed on an electrically
braked cycle ergometer (Godart) while the
subject breathed room air. After mounting
the cycle ergometer and being attached to the
mouthpiece, each patient rested quietly for
two minutes before starting to pedal. A nose
clip was used for all experiments. The initial
exercise work load was 15 W and was
increased by 15 W every minute of exercise
until exhaustion. With the use of speedome-
ter feedback each subject chose the pedalling
rate within a range of 50-70 rpm. All subjects
were instructed in an identical manner by the
same operator for all exercise studies. The
subjects were told that they should continue
to exercise until they could exercise no more.
No type of encouragement was offered and
no communication was made with the sub-
jects during the testing.

Electrocardiographic leads attached to the
chest enabled continuous monitoring of the
heart rate (HR) and electrocardiogram. Sao,
was monitored continuously by pulse oxi-
metry (Nellcor 200). The mouthpiece was
attached to a valve (Hans Rudolph Model
No. 2730). Inspiratory flow and volume were
measured by a standard inspiratory pneumo-
tachograph/transducer/demodulator/integra-
tor system using methods described
previously."3 The response of the system was
linear over the range of inspiratory flows
encountered in the study. The expired line
was connected to a seven litre mixing cham-

ber with baffles. Mean expired oxygen and
carbon dioxide were analysed with a mass
spectrometer (Airspec 2200). All equipment
was calibrated before and after each exercise
test. All signals were continuously displayed
in real time on an eight channel recorder
(Gould), and also stored on computer for
later analysis.

DATA ANALYSIS
Minute ventilation (W), tidal volume (VT),
respiratory frequency (f), HR, oxygen uptake
(Vo,), and carbon dioxide output (Vco,) were
calculated over the last 30 seconds for each
minute interval of exercise using standard for-
mulae.'4 W and VT were expressed at BTPS,
Vo2 and Vco2 were expressed at STPD.
Predicted peak Vo2 during exercise was calcu-
lated as'4:

Peak Vo, =
0.83 ht27 x (1 -0-007 age) x (1 - 0 25S)

where height (ht) is in metres and S is a fac-
tor taking account of gender (S = 0 for men
and 1 for women). Predicted peak HR was
calculated as'4:

Peak HR = 210 - 0-65 age (years)
Sense of dyspnoea was assessed by the

modified Borg scale'5 at the end of exercise.
All subjects were shown the Borg scale before
exercise and familiarised with the scale.
Subjects were then asked at the end of exer-
cise: "How difficult is your breathing?" and
asked to point with their finger to a number
on the scale.

STATISTICAL ANALYSIS
Data collected at rest, at two matched sub-
maximal work rates, and at the end of the
exercise test were used in the analysis. The
results used for the submaximal work rates
were from work rates that most closely
approximated 40% and 70% of Wmax from
each subject's first exercise test. Comparisons
were then made at matched work rates for the
remaining studies.

Statistical significance of group mean data
from the three experiment days was deter-
mined by repeated measures analysis of vari-
ance. The variability of subject results for the
three experiments was assessed from the
coefficient of variation. The coefficient of
variation was derived by dividing the standard
deviation by the mean.'6 Analysis of the Borg
scale was performed using Wilcoxon's signed
rank test'7; p < 0 05 was considered signifi-
cant. The results are shown as mean (SD).

Analysis of our data showed that the sam-
ple size was sufficient to detect a 10%
increase (0 -14 1/min) in peak Vo2 between the
first and third exercise studies with 91%
power.'8

Results
All subjects completed each exercise test
without any complications and no exercise
test was terminated by the physician. All data
collected for the study were used in the analy-
sis and no subjects were excluded.
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Table 2 Group mean (SD) values obtained at end of exercise

Test 1 Test 2 Test3 p*

Exercise duration (seconds) 433 (148) 434 (137) 444 (139) NS
Work rate (W) 118 (36) 120 (30) 120 (38) NS
VO2 (1/min) 1 39 (0-37) 1-41 (0-32) 1-39 (0-34) NS
VCO2 (1/mmn) 1-71 (0-49) 1-77 (0 37) 1-72 (0-43) NS
Vt (1/min) 60-9 (18-2) 65-3 (17-8) 64-9 (17-1) NS
VT (1) 1-7 (0-2) 1-7 (0 3) 1-7 (0 3) NS
f (breaths/min) 36 (9) 39 (12) 38 (10) NS
02 saturation (%) 86 (5) 85 (6) 83 (3) NS
HR (beats/min) 148 (9) 150 (5) 146 (12) NS
Borgscale 4-0 (0-6) 4-8 (1-5) 4-7 (1-5) NS

*p value for comparison of tests 1, 2, and 3 by analysis of variance; V2-oxygen uptake;
Vco2-carbon dioxide output; VE-minute ventilation; VT-tidal volume; f-respiratory
frequency; HR-heart rate.

Figure 1 Mean (SD)
values of the coefficient of
variation for V02, Sao2
andHR measured at rest,
at end of exercise, and at
submaximal work rates.

Figure 2 Mean (SD)
values of the coefficient of
variation for PE, VT, andf
measured at rest, at end of
exercise, and at
submaximal work rates.
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RESTING RESULTS
Analysis of group mean data collected at rest,
immediately before exercise, revealed that
spirometric values were not significantly dif-
ferent on any of the study days. The coeffi-
cient of variation for FEV, was 3-5% (range
0-4-10-8%) and for FVC was 3-4% (range
0 6-9 0%). The mean resting Sao2 was 95%
(range 90-99%). In addition, values obtained
at rest for Vo2, Vco2, VE, VT, f, Sao2, and HR
were also not significantly different among
the three separate studies.

EXERCISE RESULTS
Exercise performance was impaired in all
subjects. The mean (SD) peak Vo, was 55%
(10%) (range 41-68%) of the age predicted
normal value. The mean (SD) maximal HR
was 81% (5%) of predicted. All subjects
showed significant oxygen desaturation
(mean (SD) 11% (5%), range 6-21%). The
ratio of peak VE (mean of each subject's peak
VE obtained from the three exercise studies)
to FEV, was 28 (7) for the group (range
17-35). Four subjects discontinued exercise
because of leg fatigue, while two subjects
stopped because of dyspnoea. Table 2 lists
group mean data collected at the end of the
exercise test. There was no significant differ-
ence in exercise duration, work rate, or the
peak Vo2 at end of exercise among the three
studies. Vco2, W, VT, f, Sao2, HR, and Borg
scores also did not differ among the three
studies at end of exercise. In addition, there
was no significant difference in these variables
at 40% Wmax and 70% Wmax. The mean
work rate at 40% Wmax was 43 W and at
70% Wmax was 80 W.

EXERCISE VARIABILITY
The mean within subject coefficients of varia-
tion for Vo2, Sao2, and HR as a function of
work rate (% Wmax) are presented in fig 1.
Values obtained at rest and at end of exercise,
as well as those measured at 40% Wmax and
70% Wmax, are shown. The mean within
subject coefficients of variation at end of exer-
cise for Vo2 was 5-3% (5 3-9 5% throughout
exercise), for Sao2 was 2-5% (1 1-2 5%
throughout exercise), and for HR was 4 0%
(4-0-7-6% throughout exercise). The mean
within subject coefficient of variation for the
decrease in Sao2 during exercise was 17-3%
(not shown in fig).

Figure 2 shows the mean within subject
coefficients of variation for VE, VT, and for f,
also as a function of work rate. The mean
within subject coefficients of variation for %
at end of exercise was 5-5% (5.5-7.5%
throughout exercise), for VT was 4-6%
(4.4-6-8% throughout exercise), and for f
was 5-8% (5-8-10-1% throughout exercise).

Figure 3 shows the mean within subject
coefficients of variation obtained at end of
exercise for exercise duration, the Borg score,
and for work rate. The mean within subject
coefficient of variation for exercise duration
was 7-2% (range 2-7-12-3%), for Borg scale
was 9-5% (range 0-26 9%), and for work rate
was 5-6% (range 0-13 6%). Individual results
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Figure 3 Mean (SD)
values of the coefficient of
variation for exercise
duration, Borg score, and
work rate measured at end
of exercise. c
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rate

for V versus Vo2 in the three tests are plotted
in fig 4 and show that the relationship
between VE and Vo2 is very similar in each
subject's three tests.

Discussion
The reproducibility of clinical exercise testing
in patients with restrictive lung disease has
not previously been examined. However,
numerous studies have examined the repro-
ducibility in normal subjects,'920 in patients
with congestive heart failure,2122 and in
patients with chronic airflow limitation.2''0
Garrard and Emmons19 found that values
obtained during exercise testing in normal
subjects were highly reproducible, although
some diurnal variation was seen. On the other
hand, in patients with stable congestive heart
failure Elborn et a12' found that exercise time
increased by 20% with repeated testing.

In patients with chronic airflow limitation
undergoing repeated walking tests Knox and
coworkers30 found a significant increase in
walking distances with repeated testing.
Swinburn et al,25 in patients with severe

chronic airflow limitation, found a 29%
increase in performance with cycle ergometer
testing between the first and fourth exercise
tests. Conversely, Brown et al,26 Cox and
coworkers,29 Silverman and coworkers,27 and
Muza et a128 found no significant learning
effect with repeated exercise testing, and vari-
ability in measured variables ranged from 3%
to 12%. More recently, Belman et a124 found
that, while the Borg scale ratings decreased
with repeated testing, other variables sta-
bilised after one or two practice attempts.
However, except for the Borg ratings, only
heart rate showed a significant change
between the first and second tests, and heart
rate showed no significant change between
the second, third and fourth tests.
Furthermore, no significant changes in oxy-
gen uptake, minute ventilation, tidal volume,
or respiratory frequency were seen between
the four exercise studies, so the data appear
to suggest that the reproducibility was good
and no learning effect, even after the first
study, was noted in these variables.

In view of the conflicting results in the lit-
erature for patients with other diseases, an
accurate assessment of the variability of exer-
cise testing in patients with restrictive lung
disease was needed. Our results, in clinically
stable patients who have not undergone pre-
vious cycle ergometer exercise testing, suggest
that reproducibility is high. The reproducibil-
ity we noted during exercise was similar to
the reproducibility we found in spirometric
tests obtained before exercise. We also found
no significant learning effect between the
three studies, suggesting that practice exercise
studies are not necessary in patients with
restrictive lung disease even if they have not
previously exercised on a cycle ergometer.
Our protocol approximates the environment
of clinical exercise testing laboratories and
therefore enables the results to be clinically
applicable.
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While measurements at maximal exercise
are important, it is often equally important to
examine variables measured during submaxi-
mal exercise, especially since many patients
will stop exercise well below expected maxi-
mum values.14 Comparison of our results,
measured at 40% Wmax and 70% Wmax,
shows that reproducibility at these submaxi-
mal levels of exercise parallels the repro-

ducibility of measurements made at end of
exercise. This suggests that, in addition to
generating reproducible end of exercise
measurements, measurements made at sub-
maximal levels of exercise may also be
used appropriately in evaluating the results of
clinical exercise testing in these patients.
From this study we have found that mea-

surements during clinical exercise testing in
subjects with restrictive lung disease are

highly reproducible and show no learning
effect with successive studies. Clinical exer-

cise testing can be reliably used to diagnose
and monitor patients with restrictive lung
disease.
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