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Abstract

Rationale: Current practice guidelines recommend pulmonary
rehabilitation as an adjunct to standard pharmacologic therapy
for individuals with moderate to severe chronic obstructive
pulmonary disease (COPD). Whether pulmonary rehabilitation
benefits all subjects with COPD independent of baseline disease
burden is not known.

Objectives: To test whether pulmonary rehabilitation benefits
patients with COPD independent of baseline exercise capacity,
dyspnea, and lung function.

Methods: Data from a prospectively maintained database of
participants with COPD enrolled in pulmonary rehabilitation at the
University of Alabama at Birmingham from 1996 to 2013 were
retrospectively analyzed. Subjects were divided into four quartiles
based on their baseline level of dyspnea as assessed by the San
Diego Shortness of Breath Questionnaire at the initial visit. Similar
quartiles were assessed for FEV1 percent predicted as well as the
6-minute-walk distance (6MWD). The primary outcome was the
change in quality of life as measured by the 36-item Short Form
Health Survey (SF-36). Secondary outcomes were change in
dyspnea, 6MWD, and depression scores assessed using the Beck
Depression Inventory-II. Differences between baseline and final

scores were compared using paired t tests and across quartiles using
analysis of variance.

Measurements and Main Results: A total of 229 subjects were
included. Their mean age was 66.5 (SD, 9) years. Ninety-one (40%)
were female, and 42 (18%) were African American. The mean
FEV1 percent predicted was 46.3% (20.0%). On completion of
pulmonary rehabilitation, clinically significant improvements were
seen in most components of SF-36: physical function, 11.5 (95%
confidence interval [CI], 7.4–15.5; P, 0.001); health perception,
2.1 (95% CI,20.7 to 4.8; P = 0.12); physical role, 16.7 (95% CI,
10.3–23.1; P, 0.001); emotional role, 14.7 (95% CI, 7.1–22.3;
P, 0.001); social function, 16.4 (95% CI, 11.3–21.5; P, 0.001);
mental health, 5.4 (95%CI, 2.6–8.3;P, 0.001); pain, 5 (95%CI, 1–9.1;
P = 0.02); vitality, 12.4 (95% CI, 8.8–16.1; P, 0.001); and depression,
0.01 (95% CI,20.11 to 0.07; P = 0.54). There was no difference in
improvement in SF-36 across quartiles of San Diego Shortness of
Breath Questionnaire, 6MWD, and FEV1 percent predicted.

Conclusions: Pulmonary rehabilitation results in significant
improvement in quality of life, dyspnea, and functional capacity
independent of baseline disease burden.
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Chronic obstructive pulmonary disease
(COPD) is associated with substantial
morbidity, resulting in significant direct and
indirect costs (1). Patients with COPD
frequently report dyspnea on exertion and
fatigue (2), and have high rates of activity
limitation (2), disability, and absenteeism
from work (2). Recent studies suggest that
the proportional indirect costs of COPD are
as high as 27–61% of the total costs when
working age patients are considered (2).
Although pharmacologic therapy with
long-acting inhalers is associated with
improvement in dyspnea, this is associated
with substantial costs (3). Pulmonary
rehabilitation has been demonstrated to
result in significant improvement in
dyspnea, exercise capacity, psychological
symptoms, and quality of life (4), and the
cost per quality-adjusted life-year is
substantially less than for pharmacologic
therapy (3). Given the limited resources
and infrastructure for pulmonary
rehabilitation, predicting which patients
will have substantial and meaningful
improvement with pulmonary
rehabilitation is important. Previous studies
have not consistently identified predictors
of improvement in clinical outcomes with
pulmonary rehabilitation (5–8).

The current guidelines recommend
that pulmonary rehabilitation should be
considered for patients who have persistent
symptoms and activity limitations, and for
those who are unable to adjust to their
illness despite optimal medical management
(9). They also state that it is imperative that
patients identified as having the potential to
benefit from pulmonary rehabilitation be
offered this therapy (10). Recent studies
have shown that pulmonary rehabilitation
benefits patients with COPD without
regard to their level of baseline dyspnea
(7, 8). However, dyspnea is strongly
influenced by the level of activity, and
patient-reported dyspnea scores can be
impacted by the degree of exertion asserted
by the patient. The influence of the level
of baseline exercise capacity on the benefits
of pulmonary rehabilitation has not been
systematically studied. In addition, it is not
known if the same duration of
rehabilitation results in equal benefits in
patients with relatively preserved exercise
capacity compared with those with more
severe disease, and a meta-analysis
suggested that patients with more severe
disease benefit from a longer duration of
therapy (11).

The current recommendation is to
provide at least 8 weeks of rehabilitation
with two or three sessions per week
(12). On the basis of data from our
well-characterized prospective cohort of
patients with COPD participating in
pulmonary rehabilitation, we sought to
determine whether overall disease burden,
based on severity of lung function
impairment, dyspnea, baseline quality of
life, and exercise capacity, impacted
benefits achieved by patients participating
in pulmonary rehabilitation. We recently
assessed the determinants of completion
of pulmonary rehabilitation in this
cohort (13), and in the present study,
using data for completers only, we
hypothesized that a standard duration of
pulmonary rehabilitation benefits all
subjects with COPD with improvement in
quality of life, dyspnea, and exercise
capacity, independent of baseline dyspnea,
lung function, and exercise capacity.

Methods

Participants
We retrospectively analyzed data from a
prospectively maintained database of
subjects with COPD who enrolled in
pulmonary rehabilitation at the
University of Alabama at Birmingham
between January 1996 and April 2013.
Only those subjects with a primary
diagnosis of COPD as identified by
International Classification of Diseases
codes 491, 492, and 496 at the time of
enrollment, and who completed at least
20 sessions, were included in the present
analyses. Subjects with other concurrent
chronic respiratory diseases, including
asthma, bronchiectasis, interstitial lung
disease, and post–lung transplant, were
excluded.

Information on baseline
characteristics, including data on smoking
history, oxygen use, and the presence of
comorbidities, was obtained prior to
beginning the pulmonary rehabilitation
program. All participants provided
written informed consent to allow
inclusion of their demographic, clinical,
and outcome data in the pulmonary
rehabilitation database for future research,
and the study was approved by the
University of Alabama at Birmingham
Institutional Review Board (assurance
number FWA00005960).

Intervention
On the basis of disease severity, usual
physical activity as reported by participants,
baseline 6-minute-walk distance (6MWD)
at enrollment, and comorbidities, each
participant was prescribed an exercise
plan by clinical exercise physiologists
according to standard pulmonary
rehabilitation guidelines (9). Participants
underwent 2 or 3 sessions per week with
a maximum of 36 sessions over 12 weeks.
Each exercise session included aerobic
exercises, such as treadmill walking and
cycle and arm ergometry; resistance
training, including machine weights,
hand weights, and elastic bands; and
breathing techniques, such as
pursed-lips breathing and
diaphragmatic breathing.

Our protocol was to prescribe
cardiovascular exercise in the range of
20–30 minutes of continuous or interval
bouts and to gradually increase duration
until 30–45 minutes was achieved,
usually by 4–8 weeks. The intensity of
exercises was based on the estimated
metabolic equivalent of task (MET),
Rating of Perceived Exertion scale (range,
6–20; desired range, 11–15), Rating of
Perceived Dyspnea (range, 0–10; desired
range, 0–6), oxygen saturation as
measured by pulse oximetry greater than
90%, as well as on the heart rate reserve as
calculated by the Karvonen calculation
(maximal heart rate in 6-min walk test
minus resting heart rate), aiming
for 40–80% of this heart rate
reserve during exercise (7). Intensity
was increased by up to 0.5 METs per
week, based on the above-described
parameters. Additional stretching and
balance exercises were included.
Participants also received education
sessions lasting 45–60 minutes on
understanding their disease, smoking
cessation counseling, appropriate use
of inhalers, diet and nutrition, as well as
on stress management.

Outcomes
To assess changes in outcomes, we
administered questionnaires to each
participant at enrollment, and these
questionnaires were readministered after
completion of the program. We used
pulmonary function data from tests
performed within 2 years of enrollment. The
primary outcome was change in quality of
life and perception of health status,
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measured using the 36-item Short Form
Health Survey (SF-36). A change of 5 units
was considered the minimum clinically
important difference for SF-36 (14, 15).
Secondary outcomes were changes in
dyspnea, functional capacity, and
depression. We assessed dyspnea using the
San Diego Shortness of Breath
Questionnaire (SOBQ) (16). The SOBQ
consists of 24 questions and rates dyspnea
associated with activities of daily living,
with higher scores indicating more severe
dyspnea. We considered a change of 5 units
in the SOBQ score as the minimum
clinically important difference (17).
Depression was assessed using the Beck
Depression Inventory (BDI)-II, which
consists of 21 questions (18). A higher score
indicates worse depression, with a
minimum clinically important difference of
5 (18). We assessed functional capacity
using the 6MWD as per the American
Thoracic Society guidelines; a change of 26
meters was considered the minimum
clinically important difference (19, 20).

Statistical Analyses
Changes in outcomemeasures from baseline
to completion of pulmonary rehabilitation
were compared using paired t tests. We
then divided the cohort into quartiles based
on baseline SOBQ, 6MWD, and FEV1

percent predicted. For all three variables
used to stratify patients, cutoffs were made
at the 25th, 50th, and 75th percentiles of
decreasing disease burden as measured by
6MWD, SOBQ score, and FEV1 percent
predicted. Changes in outcomes were
compared across these quartiles using
analysis of variance. Between-quartiles
differences were assessed using the post hoc
Tukey test. All tests of significance were
two-tailed, with statistical significance
deemed to be at an a-level of less than 0.05.
All analyses were performed using IBM
SPSS version 22.0 software (IBM,
Armonk, NY).

Results

A total of 229 participants who completed
at least 20 sessions were included in the
analyses. The mean age of the cohort was
66.5 (SD, 9) years. Ninety-one (40%) were
female, and 42 (18%) were African
American. The mean FEV1 percent
predicted was 46.3% (SD 20). On
completion of pulmonary rehabilitation,

clinically significant improvements were
seen in most components of SF-36: physical
function, 11.5 (95% confidence interval
[CI], 7.4–15.5; P, 0.001); health
perception, 2.1 (95% CI, 20.7 to 4.8;
P = 0.12); physical role, 16.7 (95% CI,
10.3–23.1; P, 0.001); emotional role,
14.7 (95% CI, 7.1–22.3; P, 0.001); social
function, 16.4 (95% CI, 11.3–21.5;
P, 0.001); mental health, 5.4 (95% CI,
2.6–8.3; P, 0.001); pain, 5.0 (95% CI, 1–9.1;
P = 0.02); vitality, 12.4 (95% CI, 8.8–16.1;
P, 0.001); and depression, 0.01 (95% CI,
20.11 to 0.07; P = 0.54). Significant
improvements were also seen in the
following: 6MWD, 52.4 m (95% CI,
41.0–63.8; P, 0.001); SOBQ, 29.1
(95% CI, 212.0 to 26.1; P, 0.001);
and BDI-II, 23.0 (95% CI, 24.2 to
21.8; P, 0.001).

Impact of Baseline Exercise Capacity
on Outcomes
To assess outcomes based on the exercise
capacity at enrollment, we divided the
cohort into quartiles in increasing order
of baseline 6MWD: quartile 1 (<205 m),
quartile 2 (205.1–284 m), quartile 3
(284.1–352 m), and quartile 4 (.352.1 m).
Figure 1 and Table E1 in the online
supplement show changes in outcomes
across the quartiles. There was no
difference in the change in any of the
domains of the SF-36 (P = NS). There was
also no difference in SOBQ (P = 0.298) and
BDI-II (P = 0.979) across quartiles.
Although the improvement in the 6MWD
was greater in those with worse baseline
exercise capacity, the changes in each
quartile were greater than the minimum
clinically important difference: 80.5 (95%
CI, 58.5–102.5) m, 54.2 (95% CI, 32.5–76.0)
m, 56.2 (95% CI, 39.8–72.6) m, and 32.3 (95%
CI, 13.6–50.9) m, respectively (P = 0.001).

Impact of Baseline Dyspnea
on Outcomes
We also assessed outcomes based on
baseline dyspnea by dividing the cohort into
quartiles in decreasing order of SOBQ:
quartile 1 (>79), quartile 2 (63–78), quartile
3 (48–62), and quartile 4 (<47). The
changes in outcomes with pulmonary
rehabilitation across the quartiles are
shown in Figure 2 and Table E2. There was
no difference between quartiles in the
change in SF-36 (P =NS). The changes in
6MWD (P = 0.643) and BDI-II (P = 0.221)
were also not different across quartiles.

Participants with worse dyspnea at baseline
experienced the greatest reduction in
dyspnea; however, the mean change in each
quartile was greater than the minimum
clinically important difference: 25.9 (95%
CI, 210.4 to 21.4), 28.9 (95% CI, 214.7
to 23.1), 211.1 (95% CI, 215.4 to 26.9),
and 210.6 (95% CI, 213.3 to 28.0),
respectively (P = 0.001).

Impact of Baseline Lung Function
and Outcomes
To assess changes in outcomes based on
baseline lung function, we divided the
cohort into quartiles in increasing order of
FEV1 percent predicted: quartile 1 (<29),
quartile 2 (29.1–40), quartile 3 (40.1–54),
and quartile 4 (>54.1). The changes in
outcomes with pulmonary rehabilitation
across the quartiles are shown in Figure 2
and Table E3. There was no difference
between quartiles in the change in most of
the domains of SF-36; there were significant
differences only for physical functioning
and physical role, as shown in Table E3.
The change in SOBQ (P = 0.842) and BDI-
II (P = 0.218) were also not different across
the quartiles. Participants with worse lung
function at baseline experienced the least
improvement in 6MWD, although the
changes in each quartile were greater
than the minimum clinically important
difference: 39.0 (95% CI, 15.3–62.6) m,
47.6 (95% CI, 26.1–69.2) m, 61.1
(95% CI, 45.5–76.7) m, and 69.9
(95% CI, 41.3–98.3) m, respectively
(P = 0.035). There were also no
differences across Global Initiative for
Chronic Obstructive Lung Disease
(GOLD) stages in change in SOBQ
(P = 0.957), 6MWD (P = 0.127), and BDI-II
(P = 0.593). There were also no differences
across GOLD stages for SF-36
domains, except for physical functioning
(P = 0.014).

Discussion

We built on the results of the analyses of
our well-characterized cohort of patients
participating in pulmonary rehabilitation
that aimed to detect predictors of
completion of rehabilitation by
demonstrating that participating in
pulmonary rehabilitation results in
significant improvement in metrics of
respiratory disease independent of
underlying disease severity. Although
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patients in the worst quartile for dyspnea
and exercise capacity experienced the
greatest benefit in that specific domain, all
quartiles experienced improvements greater

than the minimum clinically important
difference.

Current guidelines and practice
statements from two leading respiratory

societies recommend pulmonary
rehabilitation for patients with
moderate to severe COPD and/or
with persistent symptoms (9, 21).
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Figure 1. Differences between baseline and final component scores of the 36-item Short Form Health Survey (SF-36) score across the four quartiles of
baseline exercise capacity (6-min-walk distance), dyspnea (San Diego Shortness of Breath Questionnaire), and lung function (FEV1 percent predicted).
*P, 0.05 for change over quartiles. #P, 0.05 for differences between individual quartiles compared with the reference quartile. The vertical bars
represent mean values for each outcome. The error bars represent the SE. To report post hoc comparisons, we used quartile 4 with the best walk
distance, dyspnea, and lung function as the reference quartile. SF-36 depression scores are not depicted in the figure, because the changes were minimal
compared with other domains of SF-36.
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Although a combined statement
from the leading respiratory societies
recently made a strong recommendation
for pulmonary rehabilitation for
patients with FEV1 less than 50%, the
statement made only a weak
recommendation for those with better lung
function (21). No specific lung function
threshold indicates the need for pulmonary
rehabilitation, as referral is more often
dictated by symptoms and functional
limitation.

Although recent insurance
reimbursement policies have been changed
to reflect these observations, this referral
pattern strategy more often results in
referral of patients with more long-standing
and moderate to severe disease to
pulmonary rehabilitation, thus depriving
patients with milder disease of substantial
preventative strategies, including smoking
cessation as well as dietary and nutritional
interventions. Current referral practices also
potentially limit the range of exercises

patients with more severe disease can
participate in once exercise limitation has
set in. In addition, a substantial number of
patients with mild to moderate disease by
lung function have unreported symptoms
and exercise limitation (22, 23). We showed
that baseline lung function did not
influence the benefits of pulmonary
rehabilitation, and this finding confirms
those of previous smaller studies (8, 24–27).
The mechanisms underlying this finding
are likely multifactorial.
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The correlation between lung function
and respiratory morbidity in COPD,
including dyspnea and exercise capacity, is
modest. A number of patients with mild
COPD have dynamic hyperinflation, and it
is possible that these patients derive
significant benefit from the breathing
training techniques that are an essential part
of pulmonary rehabilitation (28). In
addition, mild COPD is also associated with
skeletal muscle dysfunction, and this subset
of patients might benefit from the
cardiovascular training aspect of
pulmonary rehabilitation (29).

We also found that baseline dyspnea
and exercise capacity did not impact overall
benefits of pulmonary rehabilitation. Evans
and coworkers found that patients with
COPD have substantial improvement in
incremental shuttle walk distances following
pulmonary rehabilitation, regardless of the
baseline level of dyspnea (8). A randomized
controlled trial of pulmonary rehabilitation
in severe COPD stratified patients by level
of dyspnea into moderate and severe
groups and found that only those with
moderate dyspnea achieved an
improvement in exercise capacity (30).
Those with severe dyspnea and who were
home bound did not show improvements
in either exercise capacity or quality of life.
This perhaps reflects that these patients
had reached a stage where they were
significantly debilitated, limiting the range
of exercises because the exercise plan was
individualized in this study based on

baseline functional capacity. In addition,
exercise therapy was delivered at home.
Indeed, in patients able to attend a hospital-
based pulmonary rehabilitation program,
we found that those with the lowest 6MWD
achieved the greatest benefit in exercise
capacity.

Our findings support those of a
previous study by ZuWallack and
colleagues, which showed that the initial
12-minute-walk distance was inversely related
to the magnitude of improvement in
walk distance (31). It is well recognized that
patients limit their activities with worsening
dyspnea, and hence the level of dyspnea
reported is strongly linked with the level of
activity. Progressive limitation of activity
can result in deconditioning, exacerbating
disease morbidity, and worsening outcomes
(32). We add to the literature by comparing
outcomes across quartiles of baseline
exercise capacity and showing that patients
benefit independent of underlying
functional capacity. Perhaps early
intervention with pulmonary rehabilitation
in milder COPD can interrupt the cycle
of symptoms, physical inactivity,
deconditioning, and poor exercise capacity.

Strengths and Limitations
Our study has several strengths. Study
participants were followed prospectively;
a substantial proportion of the cohort
was comprised of women and African
Americans; and we used numerous
validated questionnaires to assess baseline

and change in function. Our study has some
limitations. We assessed changes in
outcomes in only those who participated
in at least 20 sessions and completed
questionnaires and performed
post–pulmonary rehabilitation 6MWT,
and hence our findings may not be
generalizable to those who dropped out
because of limitations caused by disease
burden. Although we have previously
shown that baseline levels of dyspnea,
FEV1, and exercise capacity did not
influence dropout rates, this could be a
source of bias (13). Generalizability may
also be limited by the single center
included in the study, but our participants
were from both urban and rural settings
with relatively equal distributions of sex
and race; hence, our findings represent
data obtained from a varied patient
population that closely approximates
real-world settings.

Conclusions
Patients with COPD experience
meaningful improvements in quality of life,
dyspnea, exercise capacity, and depression,
regardless of baseline lung function,
dyspnea, and exercise capacity. Current
guidelines should be amended to
recommend pulmonary rehabilitation to
all patients with COPD, regardless of
their baseline level of disease burden. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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