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Background: Guidelines recommend high-intensity continuous ex-
ercise to reduce peripheral muscle dysfunction in patients with
chronic obstructive pulmonary disease but acknowledge that inter-
val exercise might be an equally effective alternative that is better
tolerated by patients.

Objective: To assess whether interval exercise is no less effective
than high-intensity continuous exercise and whether it is tolerated
better by patients with severe chronic obstructive pulmonary dis-
ease.

Design: Randomized, noninferiority trial.
Setting: Publicly funded rehabilitation hospital in Switzerland.

Patients: 98 patients with severe chronic obstructive pulmonary
disease, with or without recent exacerbations.

Intervention: 12 to 15 supervised interval or high-intensity contin-
uous exercise sessions (over 3 weeks) followed by exercise at home.

Measurements: Health-related quality of life determined by using
the Chronic Respiratory Questionnaire (CRQ) (scores from 1 [most
severe impairment] to 7 [no impairment]) after 5 weeks and num-
ber of unintended breaks during supervised exercise.

Results: Both groups experienced large improvements in health-
related quality of life (increase of CRQ total scores of 1.00 [SD,

0.98] for the interval exercise group and 1.02 [SD, 1.05] for the
continuous exercise group). Adjusted between-group differences
between the interval exercise group and the continuous exercise
group (-0.05 [95% CI, —-0.42 to -0.32] for CRQ and 1.1 meters
[Cl, -25.4 to 27.6 meters] for 6-minute walking distance) were
within the a priori defined boundaries of noninferiority (0.5 for
CRQ and 45 meters for 6-minute walking distance). Twenty-one
(47.9%) patients using interval exercise and 11 (24.0%) patients
using continuous exercise were able to adhere to the protocol
(difference, 23.9 percentage points [Cl, 5.0 to 42.8 percentage
pointsl; P = 0.014). The median number of unintended breaks
lasting 1 minute or more was 2 (interquartile range, O to 16) for
patients in the interval exercise group and 11 (interquartile range, 2
to 26) for patients in the continuous exercise group (P = 0.023).

Limitations: The study focused on initiation of exercise and not on
outpatient or home-based maintenance of exercise.

Conclusions: Clinicians and patients can choose either of the 2
exercise plans to initiate physical exercise.
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Low exercise capacity is an important systemic manifes-
tation of advanced chronic obstructive pulmonary dis-
ease (COPD) associated with poor health-related quality of
life, exacerbations, and death (1-4). Physical exercise,
therefore, represents an important element of COPD man-
agement (5, 6). If performed under supervision during res-
piratory rehabilitation, exercise training improves health-
related quality of life and may improve prognosis (7-9).

Dyspnea and leg fatigue limit the ability of patients
with COPD to exercise, and patient response to exercise is
highly variable (10). It is challenging to find endurable
exercise programs that are still effective. Current guidelines
recommend endurance exercise at constant and high inten-
sity (=70% of maximum exercise capacity) (11, 12). For
example, if a patient achieves 100 watts in an incremental
exercise test, workload would be set at 70 watts for the
entire exercise session of at least 20 minute’s duration.
Strong evidence from randomized trials shows that patients
achieve clinically important improvements of health-
related quality of life and exercise capacity with a contin-
uous exercise protocol (13-16).

However, patients with severe COPD are often unable
to tolerate continuous exercise (17), which can be frustrat-
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ing for them and can limit their long-term adherence to
exercise programs. Effective alternatives to continuous ex-
ercise are required to offer this important intervention to
more patients with COPD. The American Thoracic Soci-
ety and the European Respiratory Society state, on the
basis of 2 randomized trials (18, 19), that interval exercise
may be an alternative. The benefits of interval exercise may
be similar to those of continuous training, but this method
is associated with less dyspnea (11, 12).

Although studies indicated that interval exercise is well
tolerated (18—-21), evidence about its effectiveness relative
to continuous exercise is inconclusive; previous trials had
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Context

Exercise training improves quality of life in patients with
chronic obstructive pulmonary disease, but many of these
patients cannot tolerate continuous exercise. The effects
of intermittent exercise are not known.

Contribution

The authors randomly assigned 100 inpatients with chron-
ic obstructive pulmonary disease in a 3-week respiratory
rehabilitation program to receive either high-intensity con-
tinuous exercise or high-intensity exercise alternating with
low-intensity exercise (interval exercise). After 5 weeks,
the 2 groups had similar respiratory symptoms in daily
activities and 6-minute walking distance, but the interval
exercise group adhered better to the exercise protocol.

Cautions

The study focused on initiation of exercise and not on
outpatient or home-based maintenance of exercise.

Implications

For pulmonary rehabilitation, interval exercise is as effec-
tive as continuous high-intensity exercise and is better tol-
erated.

—The Editors

methodological limitations and were small (22). Because of
perceived better tolerability of interval exercise, random-
ized trials should be explicitly designed to show that inter-
val exercise is no less effective (clinical noninferiority) (22).
Thus, the aim of our trial was to assess whether interval
exercise is no less effective than high-intensity continuous
exercise in patients with severe COPD and whether patient
tolerance of the interval exercise protocol is superior to that
of continuous exercise.

METHODS
Design Overview

We conducted a randomized, controlled noninferior-
ity trial to compare the effects of interval exercise with
those of high-intensity continuous exercise in patients with
severe COPD. We previously described the detailed study
protocol (23) and report this trial following the recommen-
dations of the extended Consolidated Standards of Report-
ing Trials (CONSORT) statement for noninferiority and
equivalence trials (24).

Setting

The trial took place in a public rehabilitation clinic,
Klinik Barmelweid, in Aargau, Switzerland. The ethics
committee of the Kantonsspital Aarau, Aargau, Switzer-
land, approved the study protocol, and all study partici-
pants provided written informed consent.

www.annals.org

Participants

We screened patients admitted to the respiratory med-
icine unit and included consecutive patients following in-
clusion criteria similar to those of previous respiratory re-
habilitation trials (7): COPD as defined by FEV,-FVC
ratio less than 70% of predicted, FEV, less than 50% of
predicted after bronchodilation corresponding to Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
stage III to IV (5), and German as first or daily language.
Exclusion criteria included cardiovascular, musculoskeletal,
or neurologic disorders that inhibited physical exercise or
the performance of exercise tests (6). We also excluded
patients who had received a diagnosis of cancer (excluding
skin cancer) within the past 2 years and were undergoing
treatment.

Randomization and Interventions

A third party not involved in the execution of the trial
(DatInf GmbH, Tuebingen, Germany) provided online
central randomization using a computerized minimization
procedure, thereby ensuring concealment of randomization
(25). Stratification variables were exercise capacity (6-
minute walking distance < 300 or = 300 meters), the
presence of affective disorders (Hospital Anxiety Depres-
sion Scale scores < or = 8), stability of pulmonary condi-
tion (stable or exacerbation within the last 8 weeks), and
the need for oxygen at rest (Pao, < 55 mm Hg or = 55
mm Hg).

Patients followed an inpatient respiratory rehabilita-
tion of approximately 3 week’s duration that included 12
to 15 exercise sessions. On weekdays, patients usually par-
ticipated in 1 exercise session. Twelve physical therapists
worked with an approximately equal number of patients
from both treatment groups. Apart from exercise, the re-
habilitation program was identical for both groups and
included breathing therapy, relaxation therapy, guided
walking tours, and patient education (23). At discharge,
physiotherapists prescribed home-based exercise for each
patient. Patients with cycle ergometers at home were in-
structed to exercise for at least 20 minutes per day. If no
cycle ergometers were available, daily walking, swimming,
or stair climbing was prescribed.

High-Intensity Continuous Exercise

Patients randomly assigned to this intervention exer-
cised on electromagnetically braked cycle ergometers (Er-
gometrics 900S, Ergoline, Bitz, Germany) with a target
workload of 70% or more of maximum exercise capacity
(Figure 1). This exercise protocol has been used in earlier
respiratory rehabilitation trials (7). To determine maxi-
mum exercise capacity, patients pedaled unloaded for 3
minutes at 20 watts to warm up. Then, we used increments
of 7.5 watts per minute until patients had to stop because
of symptoms or cardiovascular stopping criteria. In each
exercise session, patients completed a warm-up period of 2
minutes at 20% of maximum exercise capacity, high-inten-
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Figure 1. Exercise protocols.
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sity exercise for 20 minutes, and a run-out phase of 2
minutes (gradual decrease from 70% to 0%). If patients
could not sustain the workload because of perceived dys-
pnea (modified Borg [26] ratings > 5 on a scale from 0 to
10) or because heart rate exceeded safety limits, physical
therapists let patients rest for 1 minute before continuing
in the assigned phase. If patients had to rest more than
twice per session, physical therapists lowered the workload
by steps of 10% of baseline maximum exercise capacity for
the following exercise sessions. If workload was too low
(modified Borg ratings < 3 or patients or physical thera-
pists considered the workload to be too low), physical ther-
apists increased the workload by steps of 10% of baseline
maximum exercise capacity.

Interval Exercise

The target workload for this group was 50% (high-
intensity intervals) and 10% (low-intensity intervals) of
short-term maximum exercise capacity as determined by a
steep ramp test (27, 28). The steep ramp test is an incre-
mental cycle ergometer test in which patients pedal cycle
ergometers unloaded for 2 minutes and then at increments
of 25 watts every 10 seconds until they cannot maintain a
pedaling frequency above 50 pedals per minute or their
heart rate exceeds the limit set by the normal incremental
exercise test. We used the steep ramp test because workload
for interval exercise can be underestimated if it is based on
normal incremental exercise tests (28). Fifty percent of
short-term maximum exercise capacity corresponds, on av-
erage, to 90% to 100% of normal maximum exercise ca-
pacity (27). We chose a work—recovery ratio of 1:2 that
prevents high lactate accumulation and is well tolerated by

81 8| 5 December 2006 | Annals of Internal Medicine | Volume 145 * Number 11

patients (28). In each session, patients had a warm-up
period of 2 minutes at 10% of the short-term maximum
exercise capacity and then exercised for 20 minutes al-
ternating between high-intensity intervals for 20 sec-
onds and low-intensity intervals for 40 seconds (Figure
1). Patients also had a slowdown period of 2 minutes
before completing the training session. We adjusted the
exercise load for each patient individually if workload
was too high or too low as described earlier; physiother-
apists lowered or increased the workload by steps of
10% of short-term maximum exercise capacity, but the
length of intervals remained constant (23).

Outcomes and Measurements

Our primary outcome for effectiveness was the differ-
ence from baseline in Chronic Respiratory Questionnaire
(CRQ) scores 5 weeks after randomization as measured by
the self-administered German-language version (29, 30)
with standardized dyspnea questions (31). The CRQ is a
widely used instrument in respiratory rehabilitation and
measures dyspnea, fatigue, emotional functioning, and
ability to cope with COPD (7, 32). Domain and total
(average of domains) scores are presented on a Likert-type
scale from 1 (most severe impairment) to 7 (no impair-
ment). We selected assessment at 5 weeks after randomiza-
tion as the primary outcome for the CRQ because the
recall period is 2 weeks, and its questions concern impair-
ment associated with activities of daily living in the home
environment.

Patients also completed the self-administered German-
language version of the Hospital Anxiety Depression Scale,
with depression and anxiety domain scores from 0 (no
depression or anxiety) to 21 (most severe symptoms of
depression or anxiety) (33). In addition, they rated their
health state on the feeling thermometer (34), a validated
preference-based instrument with marked intervals from 0
(worst health state equals dead) to 100 (perfect health).
The feeling thermometer is increasingly being used as a
global estimate of the effect of interventions, including res-
piratory rehabilitation (35, 36).

We used 3 exercise tests to measure changes of exercise
capacity. Six-minute walking distance was measured twice
at the beginning and once at the end of the inpatient re-
habilitation according to established criteria (37). We used
the best of the first 2 six-minute walking distances as the
baseline value. Patients completed the steep ramp test and
an incremental cycle ergometer test to measure anaerobic
and aerobic exercise capacity, respectively (23). Physicians
from the respiratory medicine unit and physiotherapists
from other units of the hospital who supervised these ex-
ercise tests were not involved in the supervision of exercise
sessions and therefore were blinded to group assignment.

Our primary outcome for tolerance of exercise proto-
cols was the number of unintended breaks lasting 1 or
more minutes during the inpatient rehabilitation, which
were recorded by physiotherapists on the clinic’s routine
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exercise diary. In addition, cycle ergometers were con-
nected to a computer to monitor exercise sessions (Er-
gosofeeling Thermometer Plus, Ergoline-Schiller Reomed
AG, Dietikon, Switzerland), and we obtained detailed elec-
tronic recordings from each exercise session, including the
duration of exercise (in minutes), workload (in watts), and
heart rate. We did not compare symptom ratings or heart
rate between groups as a measure of exercise tolerance be-
cause these variables were used to guide adjustment of ex-
ercise intensity and thus were ineligible as outcome mea-
sures.

Follow-up Procedures

Patients had a follow-up assessment at the end of the
inpatient rehabilitation (after 3 weeks) and after 5 and 12
weeks. The analysis of the CRQ (main outcome), Hospital
Anxiety Depression Scale, and feeling thermometer was
based on the 5-week assessment during which patients
were in their home environment for 2 weeks; analysis of
exercise capacity and tolerance was based on the baseline
and 3-week follow-up data. A future report focusing on
long-term outcomes will include results of the 12-week
assessment and 1-year follow-up data.

Statistical Analysis

Data entry and analysis were performed while re-
searchers remained blinded to group assignment (groups

were coded as 0 and 1) (38). We used the confidence
interval approach as recommended for equivalence and
noninferiority trials (39) to compare change scores (differ-
ence between baseline and follow-up) between groups. We
calculated unadjusted and adjusted (for stratification vari-
ables and variables with baseline imbalances) between-
group differences with their 95% Cls using linear regres-
sion analysis, with change of outcome measures as
dependent and group and adjustment variables as indepen-
dent variables. We established noninferiority of interval
exercise when the between-group differences and the lower
limits of 95% Cls were above the a priori—determined
boundaries of clinical noninferiority, which we set around
the minimal important differences (0.5 for CRQ [32], 45
meters for 6-minute walking distance [40], and 8 for the
feeling thermometer [41]). The CRQ, 6-minute walking
test, and feeling thermometer have served as role models to
develop various methods for estimating the minimal im-
portant difference. Thus, we were able to set our bound-
aries of noninferiority according to empirical studies. We
used intention-to-treat and per protocol analyses. In equiv-
alence trials, per protocol analysis may be more conserva-
tive because it unmasks differences between groups,
whereas intention-to-treat analysis may tend to favor

equivalence by blurring differences (39, 42—44).

Figure 2. Study flow diagram.

Excluded
GOLD stage 1 or 2 (n = 147)
GOLD stage 3 or4
Exercise not feasible because of
cardiovascular, musculoskeletal, or

Patients with COPD screened for
eligibility (n = 610)

neurologic comorbid conditions (n = 159)
Lung cancer or other tumors (n = 113)
Other reasons (n = 60)

No German language (n = 28)
No informed consent (n = 3)

A

Randomly assigned
(n =100)

A

Interval exercise (n = 49)

High-intensity continuous
exercise (n = 51)

A

Lost to follow-up (withdrew
informed consent) (n = 1)
Discontinued rehabilitation
(n=5)
Exacerbation: 3
Other reasons: 2

Lost to follow-up (withdrew
informed consent) (n = 1)
Discontinued rehabilitation
(n=6)
Exacerbation: 2
Other reasons: 4

Analyzed
Intention-to-treat
analysis (n = 46)
Per protocol analysis (n = 42)
Excluded from analysis
(no follow-up data) (n = 2)

Analyzed
Intention-to-treat
analysis (n = 48)
Per protocol analysis (n = 44)
Excluded from analysis
(no follow-up data) (n = 2)

COPD = chronic obstructive pulmonary disease; GOLD = Global Initiative for Chronic Obstructive Lung Disease.
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Table 1. Baseline Characteristics

Characteristic Interval Continuous
Exercise Exercise
Group Group
(n=48) (n = 50)
Age, y 69.0 (9.2) 68.9 (9.2)
Male, % 29 (60.4) 36 (72.0)
FEV,, L 0.87 (0.27) 0.89 (0.29)
FEV,, % predicted 34.5 (9.0) 34.1 (8.0)
Mean FEV,/FVC (SD)* 0.49 (0.19) 0.47 (0.21)
Exacerbation within last 8 wk, % 29 (60.4) 30 (60.0)
PaO,, mm Hg 57.1 (8.9) 59.5 (9.7)
Mean y since diagnosis (SD)* 9.4 (8.4) 9.2 (6.6)
Mean pack y (SD)t 51.4 (31.4) 54.1 (28.3)

Smoking, % 3 (6.3) 6 (12.0)

Mean body mass index (SD)t 25.4 (6.9) 24.0 (5.8)
Chronic Respiratory Questionnaire
Dyspnea 2.83 (0.90) 3.03 (1.05)
Fatigue 3.63 (1.15) 3.92 (1.28)
Emotional function 3.95 (1.20) 4.12 (1.24)
Mastery 4.03 (1.31) 4.16 (1.34)
Total score 3.61(0.98) 3.81(0.98)
Feeling thermometer 53.1(17.9) 52.9 (18.7)
Hospital Anxiety and Depression Scale
Depression domain 7.71 (4.03) 7.45 (3.91)
Anxiety domain 7.13 (3.64) 6.81 (4.36)
6-min walking distance, m 312.8 (107.9) 332.4 (116.0)
Short-time maximum exercise capacity, W  106.3 (48.8) 119.6 (53.5)
Maximum exercise capacity, W 53.2 (26.5) 50.6 (19.0)
Medication, %
Short-acting B-agonist 37 (77.1) 37 (74.0)
Long short-acting B-agonist 44 (91.7) 43 (86.0)
Anticholinergic bronchodilators 26 (54.2) 28 (56.0)
Inhaled steroid 38 (79.2) 39 (78.0)
Oral steroid 27 (56.3) 21 (42.0)
Theophylline 8(16.7) 7 (14.0)
Antibiotics 12 (25.0) 4 (8.0)
Anabolic steroid 2(4.2) 1(2.0)
Comorbid conditions, %
Cardiovascular 25 (52.1) 32 (64.0)
Endocrine 13 (27.1) 8 (16.0)
Musculoskeletal 7 (14.6) 6(12.0)

* Data missing for 6 patients (2 in interval and 4 in continuous exercise group).
1 Data missing for 3 patients (1 in interval and 2 in continuous exercise group).

Finally, we analyzed exercise tolerance by comparing
the number of breaks between groups using the Mann—
Whitney U test and the proportion of patients achieving
target exercise using the chi-square test.

We handled missing data as follows: If CRQ data were
not available at 5-week follow-up, we carried forward the
CRQ data from the 3-week follow-up assessment at the
end of the inpatient rehabilitation. Data were missing for 6
patients using interval exercise (all were included in per
protocol and intention-to-treat analyses) and for 4 patients
using continuous exercise (2 were included in the per pro-
tocol analysis, and all 4 were included in the intention-to-
treat analysis). We did not impute any data if neither the
3-week nor the 5-week assessments were available. The per
protocol and intention-to-treat analyses were based on pa-
tients with follow-up data. Four patients (2 from each
group) had no follow-up data and were excluded from all
analyses. In addition, for the per protocol analyses, 1, 1, 2,
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and 9 patients had missing CRQ, 6-minute walking dis-
tance, maximum exercise capacity, and short-term maxi-
mum exercise capacity data, respectively. For the intention-
to-treat analyses, in addition to the 4 patients without
follow-up data, 4, 5, 7, and 13 patients had missing CRQ,
6-minute walking distance, maximum exercise capacity,
and short-term maximum exercise capacity data, respec-
tively.

We conducted a sensitivity analysis of the per protocol
analysis to test our method of carrying forward CRQ scores
from the 3-week assessment to follow-up after 5 weeks for
patients with missing values (7 = 8). We used several im-
putations with chained equations to predict CRQ total
scores after 5 weeks based on available data and repeated
the adjusted between-group comparisons (ice and micom-
bine commands of STATA for Windows 8.2, College Sta-
tion, Texas).

For data on exercise tolerance (breaks and adherence
to protocol), physiotherapists completed all exercise proto-
cols. We had computerized recordings for 44 patients us-
ing interval exercise and 50 patients using continuous ex-
ercise.

We determined that a sample size of 44 patients in
each group would show the noninferiority of interval exer-
cise, assuming noninferiority margins of 0.5 in CRQ scores
and 45 meters in 6-minute walking distance between
groups, with 90% power at a significance level of 5% (1-
sided). With an assumed drop-out rate of 15%, the total
sample size increased to 104 (23). After 30 participants
were enrolled in each arm, we calculated the standard de-
viation of CRQ scores and found that data met our as-
sumptions. However, we noticed fewer drop-outs than an-
ticipated and, therefore, terminated recruitment after 100
patients. We performed all analyses using SPSS, version
12.0.1 (SPSS, Inc., Chicago, Illinois).

Role of the Funding Sources

AstraZeneca Switzerland, Boehringer Ingelheim Swit-
zerland, and the Klinik Barmelweid provided unrestricted
grants for this trial. These funding sources did not have
any influence on the planning, conduct, analyses, or pub-
lication of the trial or its results.

REsULTS

Between May 2004 and November 2005, 100 of 103
eligible patients agreed to participate in this study (Figure
2). One patient in each group withdrew informed consent
for unspecified reasons. Forty-three (89.6%) and 44
(88.0%) patients completed the inpatient rehabilitation in
the interval and continuous exercise groups, respectively.
Eleven patients did not complete the rehabilitation because
of COPD exacerbations (3 patients in the interval and 2
patients in the continuous exercise group); musculoskeletal
pain (2 patients in the interval and 1 patient in the con-
tinuous exercise group); and, in the continuous exercise

www.annals.org
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Table 2. Description of Physical Exercise Programs*

Characteristic

Inpatient rehabilitation
Median number of exercise sessions (IQR)
Length of individual exercise sessions, min
Average workload for all exercise sessions
High-intensity interval, W
High-intensity interval, % of maximum exercise capacity
Low-intensity interval, W
Low-intensity interval, % of maximum exercise capacity
Constant intensity, W
Constant intensity, % of maximum exercise capacity
Average heart rate for all exercise sessions
Dyspnea (score O to 10)
After 5 min of exercise
After 20 min of exercise
Work, kJ
Per session
Overall

Home-based exercise
Number of patients with home exercise, %
No home exercise
Any home exercise
Unstructured (e.g., walking or swimming)
Structured (e.g., cycle ergometer)
Median exercise sessions per week (IQR)
Median total number of exercise sessions 5 wk after randomization (IQR)

Interval Continuous Difference P Value
Exercise Exercise
Group Group
(n = 48) (n =50)
13 (12 to 14) 13 (12 to 14)
22.5(2.1) 23.1(2.8) -0.6(—1.6t03.8) 0.22
50.5 (27.0)
98 (37)
6.8 (3.4)
14 (6)
30.0 (17.7)
57 (17)
106 (13) 109 (14) —3(-9to4) 0.37
3.2 (1.1) 3.4(1.3) —0.2 (-0.7t0 0.3) 0.38
3.6 (1.0) 3.6 (1.3) 0.0 (-0.5t0 0.5) 0.98
25.6 (14.6) 33.5(25.7) —=7.9(=16.5100.7) 0.071
325.8 (20.0) 430.0 (35.3) —104.2 (—221.7 to 13.4) 0.082
14 (29.2) 11 (22.0)
36 (70.8) 39 (78.0) 0.42
12 (33.3) 19 (48.7)
24 (66.7) 20 (51.3) 0.176
5 (1to 5) 5 (2 to 5) 0.162t
22 (14 to 23) 22 (16 to 23) 0.44+

* Values are means (SD) unless otherwise indicated. IQR = interquartile range.
T Mann—Whitney U test.

group only, chest pain, an accident, and newly diagnosed
lung cancer.

Table 1 shows the characteristics of study participants
at baseline. Sixty percent of patients with COPD were
referred after experiencing recent exacerbations, whereas
40% were in stable pulmonary condition. There were more
women and more patients with endocrine comorbid con-
ditions (mostly type 2 diabetes) in the interval group, and
more patients in the continuous exercise group had cardio-
vascular comorbid conditions. The number and length of
exercise sessions during the inpatient rehabilitation were
similar for both groups (Table 2). Workload in the interval
exercise group averaged 50.5 watts (corresponding to 98%
of maximum exercise capacity) for high-intensity intervals.
Patients using continuous exercise practiced, on average, at
30.0 watts (57% of maximum exercise capacity). Total
work performed was, at borderline statistical significance,
higher for the continuous exercise group than for the in-
terval exercise group (430.0 kJ [SD, 35.3] vs. 325.8 kJ
[SD, 20.0]). Most patients followed prescribed home exer-
cise, and the average number of total training sessions was
22 after 5 weeks.

Respiratory rehabilitation was effective in both groups,
with CRQ change scores similar to those reported in pre-
vious rehabilitation trials and exceeding the minimal im-
portant difference of 0.5 (Table 3). Figure 3 and Table 3
show the adjusted between-group comparisons (interval —

www.annals.org

continuous exercise group) for CRQ scores. On the basis of
per protocol analyses, differences between groups were be-
tween — 0.08 and — 0.01. Lower limits of the 95% Cls were
above the boundary of noninferiority for fatigue, emotional
function, mastery domain, and total scores. Lower limits of
the 95% ClIs just met the minimal important difference of 0.5
for dyspnea scores. The sensitivity analysis with imputed
CRQ total scores for patients with missing 5-week follow-up
data (derived from several imputations) showed almost iden-
tical results (difference between groups, —0.09 [95%
CI — 0.48 to 0.30]). Intention-to-treat analyses showed very
similar results, and all 95% Cls were above the boundary of
noninferiority (Table 3).

Improvements in exercise capacity were also substan-
tial for both groups. Increases from baseline to follow-up
ranged between 13.3% and 27.7% (Table 3). Improve-
ment in 6-minute walking distance was clinically noninfe-
rior for the interval exercise group compared with the con-
tinuous exercise group (Figure 4). Short-term maximum
exercise capacity favored interval exercise, whereas changes
in maximum exercise capacity were similar for both types
of exercise. Changes expressed by the feeling thermometer
were also clinically noninferior, and improvements in de-
pression and anxiety symptoms were similar.

Analyses of exercise tolerance were based on intention
to treat. Interval exercise was associated with statistically
significantly fewer unintended breaks of 1 minute or more.
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The median number of unintended breaks during the en-
tire inpatient rehabilitation was 2 (interquartile range, 0 to
16) for the interval exercise group and 11 (interquartile
range, 2 to 206) for the continuous exercise group (P =
0.023). Patients using interval exercise adhered statistically
significantly better to the planned exercise protocol than
patients with continuous exercise (47.9% versus 24.0%,
difference, 23.9 percentage points [CI, 5.0 to 42.8 percent-
age points]; P = 0.014).

DiscussioN

This randomized noninferiority trial showed that in-
terval exercise is no less effective than high-intensity con-
tinuous exercise for improving health-related quality of life
and exercise capacity of patients with severe COPD. Inter-
val exercise, however, was better tolerated, as expressed by
fewer breaks and better adherence to exercise protocols.

This randomized trial has several strengths. First, it
was designed as a noninferiority trial following rigorous
methodological standards, including per protocol and in-
tention-to-treat analyses (39, 42—44). Second, health care
staff supervising exercise tests were blinded to group allo-

cation. Third, our trial was larger than all previous trials
comparing the 2 exercise programs (18,19, 21) and was
sufficiently powered to answer the question of clinical non-
inferiority. Fourth, we considered important elements of
pragmatic trials aimed at informing clinical practice, in-
cluding comparison of 2 available interventions, enroll-
ment of a high percentage of eligible patients, and use of
outcomes important to patients (45).

Implementation of the interventions in clinical prac-
tice was associated with some limitations. Our study fo-
cused on the difficult initiation of physical exercise for pa-
tients with severe COPD during supervised rehabilitation,
not on long-term maintenance of exercise programs. Inter-
val and continuous exercise can be performed on any sta-
tionary bicycle, but optimal adjustment of exercise load
requires supervision. Studies focusing on the transition
from supervised rehabilitation programs to home-based or
fitness center—based exercise should explore how interval
or continuous exercise can be continued in the long term.

Three small trials (18-21) researching interval and
continuous exercise published since 1997 were identified
by a recent systematic review based on a comprehensive
literature search (22). Our data contribute to this litera-

Table 3. Comparison of Treatment Effects*

Outcome Per Protocol Adjusted
Difference in
Mean Changes from Unadjusted Adjusted Intention-to-Treat
Baseline (SD) Difference Difference Analysis
(95% ClI) (95% CI) (95% CI)
Interval Continuous
Exercise Exercise
Group Group
Primary
Chronic Respiratory Questionnairet
Dyspnea 1.25(1.19) 1.27 (1.14) —0.02 (—-0.52 to 0.48) —0.07 (-0.53 t0 0.38) —0.03 (—0.46 to 0.40)
Fatigue 0.94 (1.17) 0.86 (1.36) 0.08 (—0.47 to0 0.62) —0.02 (—0.41 to 0.37) —0.08 (—0.45 to 0.29)
Emotional function 0.89 (1.02) 0.96 (1.23) —0.07 (—0.55 to 0.42) —0.08 (—0.48 to 0.32) —0.10 (—0.48 t0 0.27)
Mastery 0.94 (1.19) 1.00 (1.36) —0.06 (—0.61 to 0.49) —0.01 (—0.46 to 0.45) —0.06 (—0.48 to 0.37)
Total score 1.00 (0.98) 1.02 (1.05) —0.02 (—0.46 to 0.42) —0.05 (-0.42 t0 0.32) —0.08 (—0.42 t0 0.27)
Secondary
Exercise testst
6-minute walking distance, m 42.3 (64.2) 37.8 (58.2) 4.5 (—21.7 t0 30.7) 1.1 (—25.4 to 27.6) 3.4 (—21.7 t0 28.6)
6-minute walking distance, % 18.3 (40.0) 13.3 (23.5) 5.0 (—9.0 to 19.0) 1.5 (—11.6 to 14.5) 2.2 (—10.0to 14.3)
Short-term maximum exercise capacity, W 23.8(32.4) 18.4 (32.3) 5.4 (—9.3t020.1) 8.3 (—6.8t023.4) 5.6 (—8.4t0 19.5)
Short-term maximum exercise capacity, % 27.7 (41.7) 17.7 (36.1) 10.0 (—=7.7 t0 27.6) 12.5 (—4.6t029.7) 9.0(—-7.31t025.3)
Maximum exercise capacity, W 8.5(12.0) 8.7 (10.4) —0.2(-49t04.7) 0.0(-=491t04.9) —0.3(=5.1t04.5)
Maximum exercise capacity, % 20.0 (26.2) 16.8 (21.8) 3.2(=7.1t013.5) 2.7 (—8.1t013.5) 2.0(—8.51t012.6)
Hospital Anxiety and Depression Scale§
Depression 2.05 (2.90) 2.93 (2.80) —0.88 (—=2.15 t0 0.39) —0.63 (—1.75 to 0.49) —0.58 (—1.65 to 0.49)
Anxiety 1.95 (2.22) 2.25 (3.09) —0.30 (—1.50 to 0.90) —0.07 (—1.15 to 1.00) —0.22 (—1.24 t0 0.80)
Feeling thermometer| 10.2 (16.7) 14.5 (14.6) —4.3(-11.7 t0 3.1) —03(-7.8t03.8) —09(-6.6104.7)

* Adjusted for sex, 6-minute walk distance, Hospital Anxiety and Depression Scale score, long-term oxygen, recent exacerbation, and cardiovascular and endocrine comorbid
conditions, Hospital Anxiety and Depression Scale change scores X —1. Positive numbers represent improvements. The number of patients included in intention-to-treat
analyses were 44 for the interval exercise group and 46 for the continuous exercise group for the Chronic Respiratory Questionnaire; 43 and 46 for 6-minute walking distance;
42 and 39 for short-term maximum exercise capacity; 43 and 44 for maximum exercise capacity; 44 and 44 for the Hospital Anxiety and Depression Scale; and 39 and 39

for the feeling thermometer.

T Number of patients with data for the Chronic Respiratory Questionnaire was 41 for the interval and 44 for the continuous exercise group.

F Number of patients with data for the 6-minute walking distance was 41 for the interval and 44 for the continuous exercise group; number of patients with data for
short-term maximum exercise capacity was 38 for the interval and 39 for the continuous exercise group; 43 patients in the continuous exercise group had data.

§ Number of patients with depression and number of patients with anxiety who had data was 40 for the interval and 41 for the continuous exercise group.

|| Number of patients with data for the feeling thermometer was 35 for the interval and 36 for the continuous exercise group.
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Figure 3. Main comparison of health-related quality of life.

CRQ Domain Favors Favors Difference (95% Cl)
Continuous Interval
Exercise Exercise
(n=41) (n=44)
Dyspnea — - -0.07 (-0.53 to 0.38)
Fatigue — : —0.02 (-0.41 to 0.37)
Emotional
function I : -0.08 (-0.48 to 0.32)
Mastery . | -0.01 (-0.46 to 0.45)
Total score — — |— -0.05 (-0.42 to 0.32)
T T f T 1 T T T T
-1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

Adjusted Differences between

Change Scores

Adjusted for sex, 6-minute walking distance, Hospital Anxiety Depression Scale depression score, long-term use of oxygen, recent exacerbation, and
cardiovascular and endocrine comorbid conditions. CRQ = Chronic Respiratory Questionnaire.

ture. The effects of rehabilitation in our trial were similar
to those observed in the 3 studies (18-21), which indi-
cated that interval exercise could be an effective and toler-
able training alternative. The insignificant differences in
those trials, however, did not allow for the conclusion that
interval exercise is not clinically inferior to continuous ex-

ercise (39, 42—44). In our trial, clinical noninferiority was
defined explicitly, and the sample size was large enough to
assess whether 95% Cls were above the boundaries of non-
inferiority.

Although total work was substantially higher for the

continuous exercise group, there was no increased benefit.

Figure 4. Main comparison of exercise capacity.

Favors
Continuous Exercise

Exercise Test

Favors
Interval Exercise

Difference (95% Cl)

6-minute _| —
walking distance ' | 1125410 27.6)
T T T T T T T T T
-100 -75 50 -25 0 25 50 75 100
Meters
Maximum exercise | 0.0 (4.9 to0 4.9)
capacity | : 2104
T T T T T T T T T
-100 -75 -50 =25 0 25 50 75 100
Watts
Short-term maximum 8.3 (-6.8 t0 23.4)
exercise capacity
T T T T T T T T
20 -15 -10 -5 0 5 10 15 20
Watts

Adjusted Differences between
Change Scores

Adjusted for sex, 6-minute walking distance, Hospital Anxiety Depression Scale depression score, long-term use of oxygen, recent exacerbation, and
cardiovascular and endocrine comorbid conditions. The number of patients included in the per protocol analyses were 41 for the interval exercise group
and 44 for the continuous exercise group for the 6-minute walking distance, 38 and 39, respectively, for short-term maximum exercise capacity, and 41

and 43, respectively, for maximum exercise capacity.
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Thus, with the same number and duration of exercise ses-
sions as those in the continuous exercise group, patients in
the interval exercise group achieved similar improvements
in health-related quality of life, the main outcome in respi-
ratory rehabilitation trials, and exercise capacity. This in-
dicates that the short high-intensity stimuli (on average
98% of maximum exercise capacity) were effective in pro-
voking a response similar to that of a constant workload at
57% of maximum exercise capacity. The length of our
training session was limited to approximately 25 minutes, a
tolerable length for patients with severe COPD. It is pos-
sible, however, that patients could endure longer exercise
sessions with interval exercise than with continuous exer-
cise, allowing for an increase in training effects (20). This
hypothesis needs to be addressed in future studies.

The main CRQ follow-up assessment occurred after 5
weeks because items on the CRQ relate to activities in the
home. Patients also completed the CRQ after inpatient
rehabilitation (3-week follow-up), and we found even
larger changes for the interval exercise group compared
with the continuous exercise group (adjusted between-
group difference, 0.26 [CI, —0.11 to 0.63] favoring inter-
val exercise). Thus, interval exercise was clearly noninferior
at this stage.

Clinicians need to identify patients with COPD who
might benefit from respiratory rehabilitation. Some pa-
tients can tolerate continuous exercise at high intensity, but
our study and another study show that most patients with
severe COPD are not able to sustain a continuous exercise
protocol (20). For these patients, interval exercise repre-
sents an attractive alternative because it offers the same
benefit as high-intensity exercise but is better tolerated.
Clinicians can choose between interval and continuous ex-
ercise to initiate physical activity according to patient pref-
erence, allowing a larger proportion of patients with severe
COPD to improve their peripheral muscle dysfunction.
Our findings strengthen the evidence base for interval ex-
ercise and may lead the American Thoracic Society and
European Respiratory Society to strengthen their recom-
mendations for this protocol (19).
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