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ABSTRACT
Aims: The study aims were to (1) determine the effect of participation in pulmonary rehabilitation
on quality of life, severity of dyspnea, and exercise tolerance (2) evaluate predictors (number of
pulmonary rehabilitation sessions attended, age, baseline quality of life, depression, and body
mass index)of improvement in severity of dyspnea, exercise tolerance, and quality of life (3) to test
if the amount of change in exercise tolerance and change in severity of dyspnea from the baseline
to the end of pulmonary rehabilitation modifies the effect of the baselines variables on the change
in quality of life from baseline to the end of rehabilitation.
Study Design: A descriptive retrospective design was used.
Methodology: We performed secondary analysis of records of 125 patients in the pulmonary
rehabilitation registry in the University Hospitals of Cleveland / OH. The sample included all
patients who completed six pulmonary rehabilitation sessions at least.
Results: Pulmonary rehabilitation improved quality of life, alleviate severity of dyspnea and
enhance exercise tolerance. Greater baseline body mass index was the only significant predictor
_____________________________________________________________________________________________________
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for the improvement in exercise tolerance (unstandarized β coefficient= 1.5, P= 0.02). None of the
baseline variables predicted the change in severity of dyspnea. Better baseline quality of life was
the only significant predictor for the improvement in quality of life (unstandarized β coefficient= 0.3, P=0.03). Changes in severity of dyspnea and change in exercise tolerance did not modify the
effect of the baseline variables on the change in quality of life from baseline to the end of
rehabilitation.
Conclusion: Positive rehabilitation outcomes are predicted by better baseline quality of life and
higher body mass index. More research is needed to identify additional interventions to implement
during rehabilitation to achieve positive outcomes in participants who have lower BMI and lower
baseline quality of life.
Keywords: Pulmonary rehabilitation; quality of life; severity of dyspnea; exercise tolerance; body mass
index; depression.

1. INTRODUCTION

1.1 Measurement

Pulmonary rehabilitation is considered
an
evidence-based and effective treatment for
chronic obstructive pulmonary diseases [1,2].
Measuring changes in quality of life, severity of
dyspnea and exercise tolerance are essential
outcomes related to effectiveness [3,4]. The
benefits of pulmonary rehabilitation in improving
quality of life in patients with chronic obstructive
pulmonary diseases
have been established
[5,6]; however; quality of life is not fully explained
by the improvement in respiratory function [7,8].
There is a significant proportion of patients who
have little to no improvement in quality of life
following enrollment in pulmonary rehabilitation
[9]. It is unknown if there are specific variables
that predict the changes in quality of life, severity
of dyspnea and exercise tolerance beyond the
dose of pulmonary rehabilitation (number of
pulmonary rehabilitation sessions a patient
attends). Identifying predictors of change in
quality of life, severity of dyspnea, and exercise
tolerance may help in maximizing the benefits for
all who attend by individually tailoring the
rehabilitation program. The purposes of this
study were to (1)
determine the effect of
participation in pulmonary rehabilitation on
quality of life, severity of dyspnea, and exercise
tolerance (2) determine if the factors (number of
pulmonary rehabilitation sessions attended, age,
quality of life at the baseline, depression, and
body mass index) predict the change (from the
baseline to the end of pulmonary rehabilitation) in
severity of dyspnea, exercise tolerance, and
quality of life in patients with chronic obstructive
pulmonary diseases who completed pulmonary
rehabilitation. (3) Determine if the amount of
change in exercise tolerance and change in
severity of dyspnea from the baseline to the end
of pulmonary rehabilitation modifies the effect of
the baselines variables on the change in quality
of life to the end of rehabilitation.

Quality of life was measured using the St
George’s Respiratory Questionnaire. St George’s
Respiratory Questionnaire is a 76 items
questionnaire that measures the impact of
respiratory disease on overall health, daily life
and general wellbeing [10]. It is composed of
three sections symptoms, activities and impact.
The symptom items measure frequency, duration
and severity of symptoms. The activity items
measure activities that cause breathlessness or
are limited by breathlessness. The impact items
explore the overall effect of illness on individual’s
social life and disturbances that are caused by
the disease. Scores in this questionnaire range
from 0-100 with a higher score indicating worse
symptoms and
poor quality of life [11].
Depression was measured using the Beck
Depression Inventory, Severity of dyspnea was
measured using the Modified Medical Research
Council (MMRC) Dyspnea Scale, and exercise
tolerance was measured using the 6 Minute Walk
Test.

2. METHODS
This study was a secondary analysis of the
University Hospitals Pulmonary Rehabilitation
(UHPR) Registry that had data on 243 patients
who enrolled in the pulmonary rehabilitation
programs from three medical centers (University
Hospitals of Cleveland Case Medical Center,
Chagrin Medical Center, and Mentor Medical
Center) between January 2008 to August 2012.
The UHPR Registry includes the following data
(1) survey data from each participant at the first
session and at the last session of pulmonary
rehabilitation, (2) daily exercise session reports,
and (3) baseline spirometry and exercise stress
test results. Data in the UHPR included the
SF36, St. George’s Respiratory Questionnaire, 6
Minute Walk test, Beck Depression Inventory,
2
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baseline demographic characteristics, and a brief
knowledge test designed by the rehabilitation
department’s staff. There was no statistically
significant difference in baseline characteristics
among participants from the three centers
Institutional Review Board approval was obtained
from the Hospital’s Institutional Review Board
and the project was determined to be exempt as
the data had no patient identifiers. None of the
authors participated in management of the
patients.

data. Patients who attended less than
six sessions were excluded as they have
been identified as not receiving enough dose
of
pulmonary
rehabilitation
[13].
The
maximum number of sessions was 35 sessions.
Descriptive statistics of the sample are shown in
Table 1.

2.2 Statistical Analysis
Data were analyzed using SPSS version 22
software. Paired sample t tests were used to
compare the quality of life, severity of dyspnea
and exercise tolerance in the baseline and end of
rehabilitation. .Multivariate regression was used
for each outcome to investigate predictors of
change in quality of life, change in exercise
tolerance and change in severity of dyspnea.
Multiple hierarchical regressions were conducted
to investigate if the change in exercise tolerance
or the change in severity of dyspnea from the
baseline to the end of rehabilitation moderated
the effect of baseline variables on the change in
quality of life from the beginning to the end of
rehabilitation.

2.1 Sample
G power software [12] was used to calculate
sample size for this study. Based on an
estimated medium effect size f2 = 0.15, power of
0.90, an alpha of 0.05 and multivariate
regression test with 5 predictors, a sample of 125
subjects was determined to be adequate sample
size. Fig. 1 explains how the sample was
obtained from the pulmonary rehabilitation
registry.
The study included 125 patients who completed
at least six exercise sessions and had no missing

Patient who enrolled in the pulmonary rehabilitation
program (n= 243)

Assessed for eligibility (n= 243)

Included (n=125)

Excluded (n=118)

•
•

Not meeting inclusion criteria (n=107)
Had no data (n=11)

Fig. 1. Consort diagram explains how sample was obtained from the registry
Table 1. Study sample and population characteristics of participants attending pulmonary
rehabilitation
Characteristics

Sample (N=125)
X(SD)
72.5(8.6)
28.6(6.9)
29.2(7.5)
319(97.0)
45(15)
36(15)
8.4(5.9)
2.4(1.1)

Age (years)
2
Baseline body mass index (kg/m )
Number of exercise sessions attended
Exercise tolerance at the baseline (Meters)
Baseline quality of life score
Quality of life at program completion score
Baseline depression score
Severity of dyspnea at baseline (Grade)

Registry (N=232)
X(SD)
69.5(11.2)
29.5(8.5)
22(11.4)
306(110.0)
47(16)
*
10.4(7.4)
2.4(1.1)

*Quality of life was measure only for patients who completed the program and had data
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rehabilitation, R =0.16, F (6) =3.16, P=0.02
(adjusted R2=0.1). Quality of life at the baseline
was the only significant predictor in the model
(β=0.32, P=0.03), 95% CI [0.15, 0.46]. (Table 5).
The better the quality of life at baseline the
greater the improvements in quality of life at the
completion of the program. Neither the change in
exercise tolerance from the baseline to the end
of rehabilitation nor the change in severity of
dyspnea moderated the effect of number of
pulmonary rehabilitation sessions attended, age,
baseline quality of life, depression, and body
mass index on the change in quality of life from
the baseline.

3. RESULTS
Participants in the study showed statistically
significant improvement in all outcome variables
(a) quality of life from the baseline (M=45,
SD=15) to the end (M=36, SD=15); t (124) =9.0,
P= 0.02; (b) exercise tolerance from the baseline
(M=319, SD=97) to the end (M=366, SD=99);t
(124)=10.1, P=0.03;(c) severity of dyspnea from
the baseline (M=2.4, SD=1.1) to the end (M=1.7,
SD=0.9); t (124) =7.0, P=0.02. Results are
shown in Table 2.
Predictors of exercise tolerance (the number of
pulmonary rehabilitation sessions attended, age,
baseline quality of life, depression, and body
mass index) explained 11.6% of the variance in
the change in exercise tolerance from the
2
baseline to the end R =0.12, F (5) =2.61, P=0.04
2
(adjusted R =0.07), 95% CI BMI(0.30-2.8). The
only significant predictor was body mass index,
95% CI [0.30, 2.8]. (Table 3). The higher the
BMI, the greater the change in exercise
tolerance. Predictors of the change in severity of
dyspnea (the number of pulmonary rehabilitation
sessions attended, age, baseline quality of life,
depression, and body mass index) did not
explain the variance in change in severity of
dyspnea from the beginning to the end of
rehabilitation, R2 =0.07, F (5) =1.68, p=0.18
(Table 4). Predictors of the change in quality of
life explained 16% of the variance in the change
in quality of life from the baseline to the end of

4. DISCUSSION
In agreement with the literature, the study
findings revealed that significant proportion of the
participants in the study obtained clinically
significant improvement in quality of life[14],
exercise tolerance [15], and severity of dyspnea
[16].
Findings of this study revealed that the higher the
baseline body mass index the more the
improvement in exercise tolerance by the end of
pulmonary rehabilitation. This finding was
consistent with the work of
Antonelli and
colleagues [17] who investigated predictors of
efficacy of pulmonary rehabilitation in COPD
patients(N=117) and Meijer and colleagues [18]
who conducted a retrospective analysis

Table 2. Change in exercise tolerance, severity of dyspnea and quality of life in participants of
pulmonary rehabilitation
Variable
Exercise tolerance (Meter)
Severity of dyspnea (Grade)
Quality of life (Score)
Depression (Score)
BMI (kg/m2)

X(SD) baseline
319(97)
2.4(1.1)
45.0(15)
8.4(5.9)
28.6(6.9)

X(SD) end
366(99)
1.7(0.9)
36.0 (15)
6.4(5.1)
28.4(6.2)

T
10.1*
7.0*
9.0*
5.7*
3.0

df
124
124
124
112
124

*significant p<0.05

Table 3. Predictors of change in exercise tolerance
Variables

Number of pulmonary rehabilitation sessions attended
Age (years)
Depression at the baseline score
2
Body mass index (kg/m )
Quality of life at the baseline score

β coefficient
unstandarized
0.4
-1
-0.8
1.5
-0.1

N=125
Standard
error
0.6
0.6
0.9
0.6
0.3

β coefficient
standarized
-0.01
-0.1
-0.1
0.2*
-0.05

Dependent variable: Change in exercise tolerance from baseline to the end of rehabilitation
2
*significant, p<0.05, R = 0.12 p<0.05
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Table 4. Predictors of change in severity of dyspnea
Variables

Number of pulmonary rehabilitation sessions attended
Age (years)
Depression at the baseline score
Body mass index (kg/m2)
Quality of life at the baseline score

β coefficient
unstandarized
0.01
-0.01
-0.02
0.01
0.01

N=125
Standard
error
0.01
0.01
0.02
0.01
0.01

β coefficient
standarized
0.05
-0.1
-0.1
0.1
0.24

Dependent variable: Change in severity of dyspnea from baseline to the end of rehabilitation. R2= 0.07, p=0.2

Table 5. Predictors of change in quality of life
Variables

Number of pulmonary rehabilitation sessions attended
Age (years)
Depression at the baseline score
2
Body mass index (kg/m )
Quality of life at the baseline score
Severity of dyspnea at baseline (grade)

β coefficient
unstandarized
0.1
0.03
-0.3
0.01
-0.3
-2.0

N=125
Standard
error
0.2
0.1
0.2
0.1
0.1
1

β coefficient
standarized
0.1
0.2
-0.1
0.00
-0.5*
-0.2

Dependent variable: Change in quality of life from baseline to the end of rehabilitation
R2= 0.16, p<0.05, significant, p<0.05

to study the effect of pulmonary rehabilitation on
another sample of COPD patients (N=437). One
explanation for this finding is that chronic
obstructive pulmonary disease participants with a
high BMI are at a lower risk for systemic
abnormalities in comparison with participants
with low BMI and therefore have the potential for
greater improvements in exercise tolerance.
Such abnormalities include loss of muscle mass,
abnormal metabolism [19], and oxidative stress
during exercise, fatigue [20].

rehabilitation [21]. We found that baseline quality
of life was the only significant predictor for
change in quality of life. Another study by Meijer
and colleagues (2011) reported that baseline
BMI, exercise tolerance, and severity of dyspnea
were significant predictors for change in quality
of life. The inconsistent findings from our study
can possibly be explained by the significant
differences between the baseline characteristics
of the participants in our study compared with
other studies in the literature. Participants in the
current study were older and had worse dyspnea
symptoms which could impact the findings.

In contrast to prior studies, none of the other
variables in the study (number of sessions
attended, age, baseline quality of life,
depression, and BMI) predicted the change in
severity of dyspnea from the baseline to the end
of rehabilitation. Prior studies found that factors
such as number of pulmonary rehabilitation
sessions attended [21], age [22], quality of life at
the baseline, depression [23], and BMI were
related to improvements in dysnpea. Possible
explanation for this findings is that the prticipants
in the current study were older (mean =72.5)
compared with the other studies and had worse
dyspnea as 36% of the participants had grade3
dyspnea and 15.2% had grade 4.

5. SIGNIFICANCE OF FINDINGS
The finding that baseline BMI predicts the
change in exercise tolerance is important and is
supported in the literature [17,18]. Participants
with higher BMI appear to have the capacity to
make greater improvement in exercise tolerance
in pulmonary rehabilitation program. Another
important finding in this study is that for each 1
unit decrease in the quality of life at the baseline
the value of the change in quality of life from the
baseline to the end decreases by 0.3 unit (the
better the quality of life at the baseline the better
at the end). Participants who have better quality
of life at the baseline and higher BMI have the
potential to make greater gains as a result of
pulmonary rehabilitation.

Similar to our findings on severity of dyspnea, we
were unable to find prior studies that addressed
changes in quality of life after pulmonary
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6. STUDY LIMITATIONS

ETHICAL APPROVAL

The limitation to our study was the use of registry
data which were originally obtained for quality
improvement purposes. In addition, we were
unable to control for the actual process (intensity
of exercise) of the pulmonary rehabilitation
sessions. For example, intervention sessions at
one program may have provided higher intensity
targets than sessions at other programs. The
staff also was not blinded to the baseline quality
of life or exercise tolerance and they may have
provided more or less attention to different types
of individuals.

It is not applicable.
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