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Background: Despite known benefits, a significant proportion of patients with COPD do not 

complete pulmonary rehabilitation (PR). Little is known regarding which factors promote suc-

cessful completion of PR.

Methods: We analyzed data from a prospectively maintained database of subjects with COPD 

who attended a PR program at the University of Alabama at Birmingham, from 1996 to 2013. 

Subjects were categorized as either completers or non-completers, based on successful comple-

tion of at least 8 weeks of PR. Demographics and comorbidities were recorded. Short Form 36 

Health Survey, Beck Depression Inventory-II, and San Diego Shortness of Breath Questionnaire 

were administered to all participants at baseline and on completion of PR to assess participants’ 

perception of their health status, severity of depression, and dyspnea with performance of activi-

ties of daily living. Univariate and multivariable analyses were performed to identify predictors 

of successful completion of PR.

Results: Four hundred and forty subjects were included, of whom 229 completed PR. Forty-

one percent were female, and 17% were African American. Compared with non-completers, 

completers had greater Short Form 36 Health Survey pain score, lower forced expiratory volume 

in the first second, and lower Beck Depression Inventory score, and included a lower percentage 

of current smokers. On multivariate analysis, cigarette smoking at enrollment was associated 

with lower likelihood of completion of PR (adjusted odds ratio 0.38, 95% confidence interval 

0.16–0.90; P=0.02).

Conclusion: Cigarette smoking was the sole independent predictor of PR dropout, and smoking 

cessation may warrant greater emphasis prior to enrollment.
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Introduction
COPD is associated with significant morbidity and health care costs, and though current 

pharmacologic treatments have modest benefits, adjunctive pulmonary rehabilitation 

(PR) has been shown to substantially impact patient outcomes.1,2 The minimum rec-

ommended duration of therapy for PR is 8 weeks, and successful completion of PR is 

associated with improvements in quality of life and dyspnea, exercise tolerance, and 

a decrease in the rates of exacerbations and hospitalizations.3–5 Despite these benefits, 

recent studies have highlighted very poor referral rates for PR overall and as low as 

10% post-hospitalization.6 Of those who do attend PR, a significant percentage of 

patients do not complete the program with attrition rates as high as 60%.7–9

The documented benefits of PR necessitate accurate identification of factors associ-

ated with non-completion. Prior studies have linked non-completion of PR to multiple 

factors including patients’ perceptions of their illness and attitudes toward treatment 

options, time constraints, and transportation problems.10,11 In addition, while PR has 
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been shown to reduce the rate of exacerbation, one study 

found that individuals frequently withdrew or missed PR 

appointments due to COPD exacerbations or hospitalizations 

occurring during their enrolment.4,11

While previous smaller studies have documented 

socioeconomic and psychosocial factors associated with 

non-completion, many of these are not modifiable. In addi-

tion, prior reports have not adequately examined the impact 

of common COPD comorbidities on PR attendance.7,9,12–17 

We analyzed data from a large, prospective cohort of 

COPD patients at a tertiary care hospital to systematically 

examine factors associated with PR attendance. Specifically, 

we hypothesized that several modifiable factors including 

smoking status as well as comorbid depression and anxiety 

would predict completion of PR. We also hypothesized that 

completion of PR at our center would result in improve-

ments in exercise capacity and quality of life comparable 

to prior reports.

Methods
We analyzed data from a prospectively maintained data-

base of patients who attended an outpatient PR program at 

the University of Alabama at Birmingham Hospital from 

January 1996 to April 2013. Subjects with a primary diagno-

sis of COPD (International Classification of Diseases Codes 

491, 492, and 496) at the time of enrollment in PR were 

included. Those with other chronic respiratory diseases such 

as asthma, interstitial lung disease, and bronchiectasis, and 

patients who had lung transplantation were excluded. Base-

line demographic data including smoking history, oxygen 

use, and comorbidities were obtained during the orientation 

visit prior to the initial PR session. Subjects were categorized 

as completers and non-completers, based on attendance and 

participation in two to three sessions per week for at least 8 

consecutive weeks, completing 20 sessions.18

After obtaining written informed consent for enrollment 

in the PR database, questionnaires were administered to each 

participant, and these questionnaires were readministered at 

completion of PR. Dyspnea was assessed using the San Diego 

Shortness of Breath Questionnaire (SOBQ), a 24-question, 

self-administered questionnaire which rates dyspnea associ-

ated with activities of daily living; a change of five units in 

the SOBQ score is considered clinically significant (minimal 

clinically important difference, MCID).19 Health perception 

was assessed using the Short Form 36 Health Survey (SF-36) 

which has an MCID of 5.20,21 Depression was assessed using 

the Beck Depression Inventory (BDI)-II, a 21-question 

self-reported inventory for which higher total scores indicate 

more severe depression and a change of five is considered 

the MCID.22 Functional capacity was assessed using the 

6-minute walk distance (6MWD) per American Thoracic 

Society guidelines.23 An MCID of 26 m was used for this 

study.24 Dyspnea after 6-minute walk test was assessed using 

the Rose Dyspnea Scale (range 0–4).25 Results of pulmonary 

function test performed within 2 years prior to enrollment 

were abstracted from medical records. Ethical approval for 

this analysis was obtained from the University of Alabama at 

Birmingham Institutional Review Board (assurance number 

FWA00005960).

PR sessions were determined by review of medical history, 

severity of disease, and walk test distance, and prescribed 

by an exercise physiologist. Subjects were administered two 

to three sessions per week for a maximum of 36 sessions 

(12 weeks). Exercise regimens were according to standard PR 

guidelines, and were supervised by certified clinical exercise 

physiologists.18 Exercise sessions included the following: 

aerobic exercises such as treadmill walking, cycle, and arm 

ergometry; resistance training such as machine weights, hand 

weights, and elastic bands; and breathing training techniques 

such as diaphragmatic breathing and pursed lips breathing. 

Regimens were individualized according to patients’ baseline 

exercise tolerance as determined by initial 6MWD as well as 

their subjective sense of dyspnea. A multidisciplinary team 

of pulmonologists, respiratory therapists, dieticians, nurses, 

pharmacists, and exercise physiologists provided regular 

and scheduled education on various topics including under-

standing COPD, tobacco cessation counseling, respiratory 

medication use, nutrition, stress management, and oxygen 

therapy. Those who continued to smoke were allowed to 

participate in the program.

Statistical analyses
Univariate comparisons were made between PR completers 

and non-completers using chi-squared test for categorical 

variables, and two-tailed independent t-test for continuous 

variables. Variables significantly different between the 

two groups with an alpha of 0.10 were included in a mul-

tivariate logistic regression model to assess independent 

predictors of successful completion of PR. Paired t-test 

was used to assess impact of PR on measured outcomes 

such as SOBQ, SF-36, BDI, and 6MWD. P-value ,0.05 

was considered statistically significant. All analyses were 

performed using Statistical Package for the Social Sciences 

(version 22.0; SPSS Inc., Chicago, IL, USA).
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Results
Between 1996 and 2013, 440 subjects with COPD were 

enrolled in PR. Baseline demographics are presented 

in Table 1. Fifty-two (12%) were current smokers, and 

362 (82%) were former smokers. Fifty-two (12%) lived alone. 

Comorbidities are listed in Table 1, and 104 (23.6%) had at 

least one comorbidity; 200 (45.4%) and 284 (64.5%) had at 

least two and three comorbidities, respectively.

Two hundred and twenty-nine (52%) participants 

completed at least 8 weeks of PR. Completers underwent 

a median of 30 sessions (interquartile range 20–30), and 

non-completers had a median participation of seven ses-

sions (interquartile range 3–11). Successful completion 

of PR was associated with a significant improvement in a 

number of measured variables (Table 2). 6MWD improved 

by 52 (73) m with 67% achieving MCID of 26 m. Dyspnea 

post-6MWD also decreased (Rose Dyspnea Scale 1.2±1.2 vs 

1.6±1.2; P,0.001). SOBQ scores decreased by 10.5±16.1, 

with 66% meeting MCID. BDI decreased by 3.5±6.9 units, 

and average increase in almost all components of SF-36 was 

greater than the MCID (Table 2).

Tables 1 and 3 show a comparison of demographics and 

baseline functional indices at enrollment between completers 

and non-completers. There were no significant differences 

in age, sex, race, or body mass index, and the groups were 

evenly matched for indices of disease severity, comorbidities, 

and baseline functional capacity. Compared to completers, 

PR non-completers had greater degree of airflow obstruction 

(Table 1). As detailed in Table 1, the two groups were evenly 

matched with regard to comorbid conditions. There was also 

no difference in baseline 6MWD, SOBQ, SF-36, and BDI 

between the two groups (Table 3). Both groups were equally 

likely to be retired or not gainfully employed (66.1% for 

completers vs 56.5% for non-completers; P=0.23). Compared 

Table 1 Baseline demographics of entire cohort and of completers and non-completers of pulmonary rehabilitation

Overall (n=440) PR completers (n=229) PR non-completers (n=211)

Age (years) 66.2 (9.0) 66.5 (9.0) 65.8 (9.1)
Sex, female, n (%) 179 (41) 91 (39.7) 88 (41.7)
Race

Caucasian 317 (72) 165 (72) 152 (72)
African American 76 (17) 42 (18) 34 (16)
Other 47 (11) 22 (10) 25 (12)

BMI (m/kg2) 28.0 (7.5) 28.0 (7.3) 28.1 (7.7)
FEV1 (L)#,* 1.2 (0.6) 1.3 (0.6) 1.1 (0.6)
FEV1% predicted# 44.2 (19.3) 46.3 (20.0) 42.3 (18.4)
FVC (L)# 2.5 (0.9) 2.4 (0.9) 2.6 (0.9)
Recent hospitalization, n (%) 178 (40.5) 88 (34.4) 90 (42.7)
Smoking status*

Current 52 (11.8) 16 (7.0) 36 (17.3)
Past 362 (82.3) 197 (86.8) 165 (79.3)
Non 21 (4.8) 14 (6.2) 7 (3.4)

Smoking pack years 49.9 (42.3) 46.9 (42.2) 53.0 (42.2)
Home oxygen use, n (%) 220 (50) 117 (51.1) 103 (48.8)
Comorbidity index 2.2 (1.6) 2.1 (1.5) 2.3 (1.6)
Arthritis, n (%) 189 (43) 93 (40.6) 96 (45.5)
Coronary artery disease, n (%) 105 (23.9) 59 (25.8) 46 (21.8)
Congestive heart failure, n (%) 46 (10.5) 26 (11.4) 20 (9.5)
Cerebrovascular disease, n (%) 34 (7.7) 15 (6.6) 19 (9.0)
Peripheral vascular disease, n (%) 44 (10) 24 (10.5) 20 (9.5)
Dementia, n (%) 10 (2.3) 3 (1.3) 7 (3.3)
Depression, n (%) 91 (20.7) 46 (20.1) 45 (21.3)
Diabetes mellitus, n (%) 100 (22.7) 52 (22.7) 48 (22.7)
Hypertension, n (%) 277 (63) 141 (61.6) 136 (64.5)
Malignancy, n (%) 96 (21.8) 44 (19.2) 52 (24.6)
Obstructive sleep apnea, n (%) 50 (11.4) 29 (12.7) 10 (21)

Notes: All values are expressed as mean (standard deviation) unless otherwise specified. #Spirometry data available in 350 (80%) patients within 2 years prior to enrollment. 
*P,0.05 for comparisons between completers and non-completers.
Abbreviations: PR, pulmonary rehabilitation; BMI, body mass index; FEV1, forced expiratory volume in the first second; FVC, forced vital capacity.
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to completers, non-completers were no more likely to be 

dependent and live with their family (86.9% vs 89.6%; 

P=0.39). There was also no difference in the number of hos-

pitalizations for acute exacerbation of COPD in the 6 months 

preceding study enrollment (0.63±1.04 in completers vs 

0.81±1.31 in non-completers; P=0.11). While there was no 

difference in overall smoking burden between the two groups, 

the number of current smokers at enrollment was lower in the 

PR completers compared to non-completers (7% vs 17.3%; 

P=0.002). Though only 16 smokers completed PR, we did 

not detect significant difference in benefits between smokers 

and nonsmokers who completed PR (data not shown).

On bivariate regression, completion was more likely in 

those with higher SF-36 pain scores at baseline, greater FEV
1
, 

and lower rates of smoking at enrollment (Table 4). On mul-

tivariable analyses, cigarette smoking at enrollment was the 

sole predictor of completion of PR (adjusted odds ratio 0.38, 

95% confidence interval 0.16–0.90; P=0.02) (Table 4).

Discussion
In this large prospective observational cohort, we found that 

close to half the subjects enrolled in PR did not complete 

therapy. The attrition rate for PR is very high despite the 

known benefits on quality of life, dyspnea, and exacerba-

tion rates which are likely greater than those associated with 

existing pharmacotherapy.4,7–9 The drop-out rates are usually 

higher in real-world practice studies than for rehabilitation 

trials, and the rate of completion in our study is comparable 

to other large observational cohorts.9,11,12 Completers showed 

significant improvements in multiple functional indices 

including exercise capacity, dyspnea scores, and quality of 

life. Cigarette smoking at enrollment was the sole indepen-

dent risk factor for non-completion of PR.

While we hypothesized that underlying disease severity 

and comorbidities associated with COPD would predict 

completion of PR, we found that these factors were not 

independently associated with success. Lung function has 

not been shown to be a predictor of PR completion, except 

in the National Emphysema Treatment Trial which included 

patients with very severe COPD.9,26,27 Our findings also indi-

cate that baseline lung function and functional capacity do 

not predict adherence to and completion of PR. We advance 

the literature by demonstrating that common COPD comor-

bidities also do not lead to dropout. While some studies have 

found baseline depression to be a predictor, a large study 

by Harrison et al found no association between depression 

and PR non-completion.10,12,14,15,28 While we demonstrated 

Table 2 Comparison of functional indices pre- and post-
pulmonary rehabilitation for completers*

Measurement Pre Post P-value

BDI 12.0 (8.4) 8.4 (6.8) ,0.001
6MWD (m) 296 (109) 348 (111) ,0.001
SOBQ (units) 59.6 (22.4) 49.2 (23.2) ,0.001
SF-36 general health 38.8 (21.6) 40.6 (22.4) 0.17
SF-36 physical functioning 28.1 (22.3) 40.0 (23.9) ,0.001
SF-36 physical role 18.3 (31.9) 33.9 (38.6) ,0.001
SF-36 emotional role 56.7 (43.9) 70.7 (38.8) ,0.001
SF-36 social functioning 58.2 (29.3) 73.1 (25.5) ,0.001
SF-36 mental health 69.2 (20.0) 75.9 (17.7) ,0.001
SF-36 pain 65.1 (27.3) 69.2 (24.9) 0.01
SF-36 vitality 36.0 (19.3) 48.6 (20.6) ,0.001

Notes: All values are expressed as mean (standard deviation). *We had full set of 
data for 227 of the 229 completers.
Abbreviations: BDI, Beck Depression Inventory; 6MWD, 6-minute walk distance; 
SOBQ, San Diego Shortness of Breath Questionnaire; SF-36, Short Form 36 Health 
Survey.

Table 3 Comparison of baseline functional indices of entire 
cohort, and of completers and non-completers of pulmonary 
rehabilitation

Measurement Overall 
(n=440)

PR 
completers 
(n=229)

PR non-
completers 
(n=211)

BDI 12.5 (8.4) 11.7 (7.9) 13.3 (8.9)
6MWD (m) 275 (114) 280 (106) 269 (122)
SOBQ (units) 62.6 (23.4) 62.1 (22.8) 63.2 (24.2)
SF-36 general health 36.7 (21.1) 36.6 (21.2) 36.8 (21.0)
SF-36 physical functioning 25.7 (21.5) 25.5 (21.5) 25.8 (21.5)
SF-36 physical role 16.5 (29.8) 16.0 (29.9) 17.0 (29.8)
SF-36 emotional role 49.7 (44.0) 52.6 (44.2) 46.7 (43.6)
SF-36 social functioning 53.8 (30.2) 53.9 (29.8) 53.7 (30.6)
SF-36 mental health 67.3 (20.4) 68.5 (19.8) 66.0 (21.0)
SF-36 pain* 58.6 (28.9) 62.1 (27.3) 54.9 (30.1)
SF-36 vitality 33.7 (20.3) 34.4 (19.2) 32.9 (21.4)

Notes: All values are expressed as mean (standard deviation). *P,0.05 for 
comparisons between completers and non-completers.
Abbreviations: PR, pulmonary rehabilitation; BDI, Beck Depression Inventory; 
6MWD, 6-minute walk distance; SOBQ, San Diego Shortness of Breath 
Questionnaire; SF-36, Short Form 36 Health Survey.

Table 4 Independent predictors of completion of pulmonary 
rehabilitation

Predictors Unadjusted 
OR

95% CI Adjusted 
OR

95% CI

BDI 0.98 0.95–1.0 1.01 0.97–1.05
SF-36 pain 1.009* 1.002–1.016 1.01 0.99–1.02
FEV1 0.66* 0.47–0.95 0.71 0.38–1.34
FVC 0.81 0.64–1.03 0.86 0.58–1.29
Current 
smoking status

0.37** 0.20–0.69 0.38* 0.16–0.90

Notes: *P,0.05. **P,0.01.
Abbreviations: OR, odds ratio; CI, confidence interval; BDI, Beck Depression 
Inventory; SF-36, Short Form 36 Health Survey; FEV1, forced expiratory volume in 
the first second; FVC, forced vital capacity.
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a benefit in depression scores with completion of PR, we 

did not find associations between completion and either 

physician-diagnosed depression or baseline BDI scores. 

The impact of level of baseline functional capacity, either 

objective or perceived, is controversial. While some studies 

reported that lower health status and baseline dyspnea predict 

non-completion, most studies including ours have not found 

this association.9,16,26 We did not find any association between 

some social factors such as living alone, dependency, and 

employment and non-completion, and the associations with 

social support, travel, living alone, and education status have 

been inconsistent in previous studies.7,10,11,13,27,28

We found that cigarette smoking at enrollment was the sole 

independent predictor of non-completion of PR. This appears 

to be the most consistently reported finding in previous 

studies.7,11,16,26,28–30 While cigarette smoking has been shown 

to result in skeletal muscle dysfunction, we did not find any 

interaction between continued cigarette smoking and change 

in 6MWD, making it unlikely that physical effects of contin-

ued smoking played a role in non-completion of PR.31 Ciga-

rette smoking more likely represents high risk health behavior 

linked to negative health outcomes and a lower motivation to 

complete therapy.32 This link with continued smoking has been 

noted in other studies assessing adherence to medications and 

cardiac rehabilitation.33,34 Whether active smokers should be 

offered PR remains controversial as this is often perceived to 

be a marker of poor patient motivation and compliance, and 

some rehabilitation programs exclude active smokers despite 

evidence that rehabilitation benefits active smokers, a finding 

that was also seen in our study.35,36 Although few programs 

offer smoking cessation counseling as part of rehabilitation 

services, continued smoking has been shown to be associ-

ated with accelerated decline in composite disease indices, 

and thus, counseling might be an opportunity for targeted 

intervention, and to improve adherence to PR.29,35,36 Whether 

successful smoking cessation prior to or during rehabilitation 

improves adherence and benefit remains unknown.

Our study is unique for several reasons. Our study took 

place in an urban environment; we had a large sample size 

that included patients followed prospectively in a real-world 

setting without restrictive inclusion and exclusion criteria, 

thus accounting for multiple COPD comorbidities; we 

included current smokers; we included a significant number 

of women and African-American participants; and we used 

multiple validated questionnaires to assess baseline limita-

tions that have been shown in previous studies to be impor-

tant. Except for studies assessing the impact of depression, 

most studies that examined the question of predictors of 

completion were conducted outside the USA, and could be 

influenced by differences in health care delivery. Our study 

has some limitations. Despite being a large prospective study 

measuring multiple possible predictors, we could not mea-

sure numerous psychological and social factors that could 

be associated with non-completion such as travel, social 

support, income, and education. Although we documented 

non-completion, we did not record the reasons for dropout. 

We had data for change in the clinical outcome variables 

for only the completers, and the improvements seen in the 

various parameters have to be interpreted with caution as this 

was not the primary objective of the study.

Conclusion
Successful completion of PR results in improvement in exer-

cise capacity, dyspnea, depression, and patient perception of 

their health status. Cigarette smoking was the sole indepen-

dent predictor of unsuccessful completion of PR, and might 

represent a target for intervention prior to enrolment.
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