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PROGRAM PROFILE

Telehealth Pulmonary Rehabilitation 
for Patients With Severe Chronic 
Obstructive Pulmonary Disease
Mon S. Bryant, PT, PhD; Venkata D. Bandi, MD; Christina K. Nguyen, RRT, BSc; Charlie Lan, MD;  
Helene K. Henson, MD; and Amir Sharafkhaneh, MD, PhD

For patients with chronic obstructive pulmonary disease, a home-based, interactive telehealth 
program can improve accessibility to pulmonary rehabilitation and reduce travel costs.

According to World Health Organiza-
tion estimates, 65 million people have 
moderate-to-severe chronic obstruc-

tive pulmonary disease (COPD) globally, and 
> 20 million patients with COPD are living 
in the US.1 COPD is a progressive respira-
tory disease with a poor prognosis and a sig-
nificant cause of morbidity and mortality in 
the US, especially within the Veterans Health 
Administration (VHA).2 The prevalence of 
COPD is higher in veterans than it is in the 
general population. COPD prevalence in the 
adult US population has been estimated to be 
between 5% and 15%, whereas in veterans, 
prevalence estimates have ranged from about 
5% to 43%.3-5

COPD is associated with disabling dys-
pnea, muscle weakness, exercise intolerance, 
morbidity, and mortality. These symptoms 
and complications gradually and progres-
sively compromise mobility, ability to per-
form daily functions, and decrease quality of 
life (QOL). Dyspnea, fatigue, and discomfort 
are the principal symptoms that negatively 
impact exercise tolerance.6,7 Therefore, pa-
tients often intentionally limit their activities 
to avoid these uncomfortable feelings and 
adopt a more sedentary behavior. As the dis-
ease progresses, individuals with COPD will 
gradually need assistance in performing ac-
tivities of daily living, which eventually leads 
to functional dependence.

Pulmonary rehabilitation (PR) is an es-
sential component of the management of 
symptomatic patients with COPD. PR is an 
evidence-based, multidisciplinary, compre-

hensive intervention that includes exercise 
and education for patients with chronic 
respiratory disease.8 The key benefits of 
PR are clinical improvements in dyspnea, 
physical capacity, QOL, and reduced dis-
ability in patients with COPD and other 
respiratory diseases.9-11 PR was found to 
improve respiratory health in veterans with 
COPD and decrease respiratory-related 
health care utilization.12

Despite the known benefits of PR, many 
patients with chronic respiratory diseases are 
not referred or do not have access to rehabil-
itation. Also, uptake of PR is low due to pa-
tient frailty, transportation issues, and other 
health care access problems.13-15 Unfortu-
nately, in the US health care system, access to 
PR and other nonpharmacologic treatments 
can be challenging due to a shortage of avail-
able PR programs, limited physician referral 
to existing programs, and lack of family and 
social support.16

There are only a few accredited PR pro-
grams in VHA facilities, and they tend to 
be located in urban areas.12,17 Many patients 
have limited access to the PR programs due 
to geographic distance to the programs and 
transportation challenges (eg, limited abil-
ity to drive, cost of transportation). More-
over, veterans with COPD are likely to have 
limited mobility or are homebound due to 
experiencing shortness of breath with min-
imal exertion. Given the clear benefits of 
PR and the increasing impact of COPD on 
morbidity and mortality of the patients with 
COPD, strategies to improve the access and 
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capacity of PR are needed. VA telehealth 
services allow for distribution of health care 
services in different geographic locations by 
providing access for the veterans who live 
in rural and highly rural areas. The most re-
cent implementation of VA Video Connect 
(VVC) by the VHA provides a new avenue 
for clinicians to deliver much needed medi-
cal care into the veterans’ home.

COPD TELEHEALTH PROGRAM
In this article, we describe the processes for 
developing and delivering an in-home, in-
teractive, supervised PR program for veter-
ans with severe COPD through VA telehealth 
service. The program consists of 18 sessions 
delivered over 6 weeks by a licensed physi-
cal therapist (PT) and a respiratory therapist 
(RT). The aims of the telehealth PR are to im-
prove exercise tolerance, reduce dyspnea and 
fatigue, improve QOL, improve accessibility, 
and decrease costs and transportation bur-
dens for patients with COPD. The program 
was developed, implemented and delivered 
by an interdisciplinary team, including a pul-
monologist, PT, RT, physiatrist, and nonclini-
cal supporting staff.

Patient Assessment
To be eligible to participate in the program 
the patient must: (1) have a forced expira-
tory volume (FEV

1) < 60%; ( 2) be medically 
stable and be receiving optimal medical man-
agement; (3) have no severe cognitive im-
pairments; (4) be able to use a computer and 
e-mail; (5) be able to ambulate with or with-
out a walking device; (6) be willing to enroll 
in a smoking cessation program or to stop 
smoking; (7) be willing to participate with-
out prolonged interruption; and (8) have all 
visual and auditory impairments corrected 
with medical devices.

After referral and enrollment, patients re-
ceive medical and physical examinations by 
the PR team, including a pulmonologist, a 
PT, and a RT, to ensure that the patients are 
medically stable to undergo rehabilitation and 
to develop a tailored exercise program while 
being mindful of the comorbidities, limita-
tions, and precautions, (eg, loss of balance, 
risk of fall, limited range of motion). The pre-
program assessment includes a pulmonary 
function test, arterial blood gas test, Montreal 
Cognitive Assessment, Modified Medical Re-

search Council Scale, St. George Respiratory 
Questionnaire, the COPD Assessment Test, 
Patient Health Questionnaire-9, Generalized 
Anxiety Disorder Assessment-7, Epworth 
Sleepiness Scale, Katz Index of Independence 
of Activities of Daily Living, medications and 
inhaler use, oxygen use, breathing pattern, 
coughing, 6-minute walk test, Modified Borg 
Dyspnea Scale, grip strength, 5 Times Sit to 
Stand Test, manual muscle test, gait measure, 
Timed Up & Go test, clinical balance tests, 
range of motion, flexibility, sensation, pain, 
and fall history.18-32 Educational needs (eg, re-
spiratory hygiene, nutrition, infection con-
trol, sleep, disease/symptom management) 
also are evaluated. 

This thorough assessment is performed 
in a face-to-face outpatient visit. During the 
program participation, a physiatrist may be 
consulted for additional needs (eg, wheel-
chair assessment, home safety evaluation/ 
modifications, and mobility/disability issues). 
After completing the 6-week program, pa-
tients are scheduled for the postprogram 
evaluation in a face-to-face outpatient visit 
with the clinicians.

Equipment
Both clinician and the patient are equipped 
with a computer with Wi-Fi connectivity, a 
webcam, and a microphone. Patients are pro-
vided an exercise pictorial booklet, an exer-
cise compact disk (audio and video), small 
exercise apparatuses (eg, assorted colors of 
resistance bands, hand grip exerciser, hand 
putty, ergometer, harmonica, and pedometer), 
incentive spirometer, pulse oximeter, cough 
assistive device (as needed), blood pressure 
monitor, COPD information booklets, and a 
diary to use at home during the program.33

Technology Preparation
Prior to starting the telehealth program, the 
patient is contacted 1 or 2 days before the 
first session for technical preparation and fa-
miliarization of the VA telehealth connec-
tion process. Either the PT or RT provides 
step-by-step instructions for the patient to 
practice connecting through VVC dur-
ing this preparatory phone call. The patient 
also practices using the computer webcam, 
speaker, and microphone; checks the tele-
health scheduling e-mail; and learns how 
to solve possible common technical issues  
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(eg, adjusting volume and position of web-
cam). The patient is asked to set up a table 
close to the computer and to place all exer-
cise apparatuses and respiratory devices on 
the table surface.

Program Delivery
A secure online VVC is used for connection 
during the telehealth session. The patient re-
ceived an e-mail from the telehealth schedul-
ing system with a link for VVC before each 
session. During the 6-week program, each 
telehealth session is conducted by a PT and a 
RT concurrently for 120 minutes, 3 days per 
week. The PT provides exercises for the pa-
tient to attempt, and the RT provides breathing 
training and monitoring during the session. 
After a successful connection to VVC, the ther-
apist verifies the patient’s identity and confirms 
patient consent for the telehealth session.

After this check-in process, the patient 
performs a self-measure of resting blood 
pressure (BP), heart rate, respiratory rate, 
and blood oxygen saturation and reports 
to the therapists. During the exercise ses-
sion, fatigue/exertion, dyspnea (Modified 
Borg Dyspnea Scale; Borg CR10 Scale), BP, 
heart rate, oxygen saturation, and other 
clinical symptoms and responses to exercise 
are monitored by the therapists, using both  
patient-reported measures and clinical ob-
servation by the therapists.34,35 Any medical 
emergency during the session is reported 

immediately to the pulmonologist for fur-
ther management.

Structure
Prior to each exercise session, exercise pre-
cautions, fall prevention, good posture, 
pursed-lip breathing, pacing, and coordi-
nated breathing are discussed with the pa-
tient. The PT demonstrates stretching and 
warm-up exercises in front of the webcam for 
the patient to follow. Then the patient per-
forms all exercises in view of the webcam 
during the session (Figure 1). A RT monitors 
breathing patterns and corrects with verbal 
instructions if not properly performed.

Loss of skeletal muscle mass and cachexia 
are highly prevalent comorbidities of COPD 
and have been associated with breathless-
ness, functional limitation, and poor prog-
nosis.36 To address these comorbidities, our 
program consists of progressive strength-
ening, aerobic, balance, and flexibility exer-
cises. Resistance bands and tubes are used 
for strengthening exercises. Callisthenic ex-
ercises (eg, chair squat, chair stand, knee 
marching, bridging, single limb stances, and 
lunge) are used for progressive strengthen-
ing and balance exercises. Progression of 
strengthening and balance exercises are done 
through increasing the volume of exercise 
(ie, numbers of sets and repetitions) and in-
creased load and level of difficulty based on 
the patient’s progress and comorbidity. The 
exercise program focuses on strengthening 
muscles, especially large muscle groups, to 
improve overall muscle strength and perfor-
mance of functional activities.37

Arm/pedal ergometer and daily walking 
are used for daily aerobic exercise. In a study 
of patients with COPD by the PAC-COPD 
Study Group, step counter use was found to 
increase physical activity and improve exer-
cise capacity, which supports its use in COPD 
management.38 During program participa-
tion, the patient is asked to wear a pedome-
ter to monitor the number of steps taken per 
day and to report step data to the therapists 
during the telehealth session. The pedometer 
stores the previous 41 calendar days of data 
and displays the most recent 7 calendar days 
of data.

The patient is encouraged to set a realistic 
daily step goal. The general program goal is to 
increase at least 1000 steps per day. However, 

FIGURE 1 Remote Monitoring of a Patient Performing a 
Strengthening Exercise
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this goal can be adjusted depending on the pa-
tient’s health status and comorbid conditions. 
The PAC-COPD Study Group found that for 
every additional 1000 daily steps at low in-
tensity, COPD hospitalization risk decreased 
by 20%.39 A magnitude of 2000 steps or about  
1 mile of walking per day was found to be as-
sociated with increased physical activity and 
health benefits in the general population.40

Respiratory muscle training and breath-
ing exercise are provided by the RT, using 
breathing and incentive spirometer tech-
niques (Figure 2). Huff coughing, dia-
phragmatic deep breathing, and pursed-lip 
breathing are instructed by the RT during the 
session. Effective coughing technique with a 
cough assistive device is also provided during 
breathing training if needed.

Patient Education
In patients with COPD, there are numerous 
positive health benefits associated with ed-
ucation, including assisting the patients to 
become active participants in the PR pro-
gram leading to satisfying outcomes; assist-
ing the patients to better understand the lung 
health, disease processes, physical and psy-
chological changes that occur with COPD; 
assisting the patients to explore coping strat-
egies for those changes; building lifelong 
behavioral changes; and developing the self- 
management skills for sustainability. Through 
the educational process, patients with COPD 
can become more skilled at collaborative self-
management and improve adherence to their 
treatment plan, which in turn can result in a 
reduction in hospital admissions and reduced 
health care costs.8,41

Education is provided with every ses-
sion after the patient completes the ex-
ercise. Patients are required to record their 
COPD symptoms, daily activity, home ex-
ercise program, sleep, food intake, and ad-
ditional physical or social activity in their 
COPD diary and to report during the session 
(Figure 3). A COPD diary assists patients 
in self-monitoring their COPD symptoms 
and provides the therapists with information 
about clinical changes, behavioral changes, 
and/or specific unmet needs for education. 
Several topics related to COPD are included 
in the education session: lung or respira-
tory disease/condition and self-management; 
smoking cessation; physical activity; energy-

conserving techniques; breathing and cough-
ing techniques; smoking cessation; nutrition/
healthy eating and weight counseling; sex 
and intimacy; psychological counseling and/
or group support; emergency planning (eg, 
medical, travel, and inclement weather); cor-
rect use of inhaler and medications; home 
oxygen; sleep and sleep hygiene; palliative 
care and advanced directive; infection con-
trol; and sputum clearance.42,43

Program Maintenance
After successfully completing the 6-week 
program, patients are referred to the VA Tele-
MOVE! Program or MOVE! Weight Man-
agement Program for continuous, long-term 
management of weight, nutrition, physical 
activity/exercise, and social activity needs or 
goals. The patients are scheduled for monthly 
follow-up phone visits for 6 months with 
the telerehabilitation team for enforcing sus-
tainability. The phone call visit consists of 
reviewing breathing techniques, exercise pro-
gram, physical activity, education, encour-
agement, and addressing any issues that arise 
during the self-maintained period. 

Limitations
There are several issues of concern and pre-
cautions when delivering PR through tele-
health into the home. First, the patient 
performs exercises independently without 

FIGURE 2 Remote Monitoring of a Patient Performing a 
Respiratory Exercise
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being manually guarded by the therapists. 
Risk of falls are a major concern due to im-
paired balance, poor vision, and other possi-
ble unusual physiologic responses to exercise 
(eg, drop in BP, dizziness, loss of balance). 
The area in front of the computer needs to be 
cleared of fall hazards (ie, area rug, wires, ob-
jects on the floor). The patient also needs to 
be educated on self-measurements of BP and 
oxygen saturation and reports to the ther-
apists. The therapists provide detailed in-
structions on how to obtain these measures 
correctly; otherwise, the values may not be 
valid for a clinical judgment during the exer-
cise session or for other clinical management. 
In a home environment, there is a limited use 
of exercise apparatuses. For this program, 
we only used resistance bands/tubes, small 
arm/leg ergometer, hand grip, and hand putty 
for the exercise program. We feel that dumb-
bell and weight plates are not suitable due to 
a possible risk of injury if the patient acci-
dently drops them.

Advanced balance training is not suitable 
due to an increased risk for falls. Without the 
presence of the PT, level of challenge/diffi-
culty is somewhat limited for this telehealth 
supervision exercise program. In addition, vi-
sual and audio quality are necessary for the 
session. The patient and the therapists need 
to see each other clearly to ensure correct 
methods and forms of each exercise. Further-
more, rehearsal of technical skills with the 
therapists is very important because this pop-
ulation is older and often has limited com-

puter skills. Any technical difficulty or failure 
can lead to undesirable situations (eg, anx-
iety episodes, worries, shortness of breath, 
upset), which compromise exercise perfor-
mance during the session. Finally, a phone 
is needed as an alternative in case of a poor 
VVC connection. 

CONCLUSION
COPD symptoms and complications greatly 
affect patients’ ability to perform daily activ-
ities, decrease QOL and functional ability, 
and result in extensive use of health services. 
Many patients have limited access to a PR 
program at hospitals or rehabilitation centers 
due to health conditions, lack of transpor-
tation, and/or family support. This home-
based, interactive telehealth PR program can 
break down the geographic barriers, solve 
poor program accessibility, potentially in-
crease the utilization of PR, and reduce the 
cost and travel required by the patients.

Acknowledgments
The Telehealth Pulmonary Rehabilitation Program was 
originally funded by the Veterans Health Administration VA  
ACCESS Program (AS, CL, HKH). We thank all the veterans 
for their time and effort in participating in this newly developed 
rehabilitation program.

Author disclosures 
The authors report no actual of potential conflicts of interest 
with regard to this article.

Disclaimer
The opinions expressed herein are those of the authors and do 
not necessarily reflect those of Federal Practitioner, Frontline 
Medical Communications Inc., the US Government, or any of 
its agencies.

References
 1.   World Health Organization. Chronic obstructive pulmo-

nary disease (COPD). http://www.who.int/news-room 
/fact-sheets/detail/chronic-obstructive-pulmonary-disease 
-(copd). Published December 1, 2017. Accessed August 
7, 2019.

 2.   Yu W, Ravelo A, Wagner TH, et al. Prevalence and costs of 
chronic conditions in the VA health care system. Med Care 
Res Rev. 2003;60(suppl 3):146S-167S.

 3.   Doney B, Hnizdo E, Dillon CF, et al. Prevalence of airflow 
obstruction in U.S. adults aged 40-79 years: NHANES 
data 1988-1994 and 2007-2010. COPD. 2015;12(4): 
355-365.

 4.   Murphy DE, Chaudhry Z, Almoosa KF, Panos RJ. 
High prevalence of chronic obstructive pulmonary dis-
ease among veterans in the urban midwest. Mil Med. 
2011;176(5):552-560.

  5.   Cypel YS, Hines SE, Davey VJ, Eber SM, Schneiderman 
AI. Self-reported physician-diagnosed chronic obstructive 
pulmonary disease and spirometry patterns in Vietnam Era 
US Army Chemical Corps veterans: a retrospective cohort 
study. Am J Ind Med. 2018;61(10):802-814.

  6.   Rochester CL. Exercise training in chronic obstructive pul-
monary disease. J Rehabil Res Dev. 2003;40(5)(suppl 2): 
59-80.

FIGURE 3 Telehealth-Based Patient Education



SEPTEMBER 2019  • FEDERAL PRACTITIONER • 435mdedge.com/fedprac

Pulmonary Rehabilitation

  7.   Cortopassi F, Gurung P, Pinto-Plata V. Chronic obstructive 
pulmonary disease in elderly patients. Clin Geriatr Med. 
2017;33(4):539-552.

  8.   Spruit MA, Singh SJ, Garvey C, et al; ATS/ERS Task Force 
on Pulmonary Rehabilitation. An official American Tho-
racic Society/European Respiratory Society statement: key 
concepts and advances in pulmonary rehabilitation. Am J 
Respir Crit Care Med. 2013;188(8):e13-e64.

  9.   Robinson H, Williams V, Curtis F, Bridle C, Jones AW. Facil-
itators and barriers to physical activity following pulmonary 
rehabilitation in COPD: a systematic review of qualitative 
studies. NPJ Prim Care Respir Med. 2018;28(1):19. 

10.   McCarthy B, Casey D, Devane D, Murphy K, Murphy E, 
Lacasse Y. Pulmonary rehabilitation for chronic obstruc-
tive pulmonary disease. Cochrane Database Syst Rev. 
2015;(2):CD003793.

11.   Ries AL, Bauldoff GS, Carlin BW, et al. Pulmonary rehabili-
tation: joint AACP/AACVPR evidence-based clinical prac-
tice guidelines. Chest. 2007;131(suppl 5):4S-42S.

12.   Major S, Moreno M, Shelton J, Panos RJ. Veterans with 
chronic obstructive pulmonary disease achieve clinically 
relevant improvements in respiratory health after pulmo-
nary rehabilitation. J Cardiopulm Rehabil Prev. 2014;34(6): 
420-429.

13. Liu Y, Dickerson T, Early F, Fuld J, Clarkson PJ. Under-
standing influences on the uptake of pulmonary rehabili-
tation in the East of England: an inclusive design/mixed 
methods study protocol. BMJ Open. 2018;8(4):e020750.

14. Harris D, Hayter M, Allender S. Factors affecting the offer of 
pulmonary rehabilitation to patients with chronic obstruc-
tive pulmonary disease by primary care professionals: a 
qualitative study. Prim Health Care Res Dev. 2008;9(4): 
280-290.

15. Mathar H, Fastholm P, Hansen IR, Larsen NS. Why do pa-
tients with COPD decline rehabilitation. Scand J Caring Sci. 
2016;30(3):432-441.

16. Han MK, Martinez CH, Au DH, et al. Meeting the challenge 
of COPD care delivery in the USA: a multiprovider perspec-
tive. Lancet Respir Med. 2016;4(6):473-526.

17. American Association of Cardiovascular and Pulmonary 
Rehabilitation (AACVPR). Online searchable program direc-
tory. https://www.aacvpr.org/Resources/Program-Directory 
Accessed July 19, 2018.

18.   Nasreddine ZS, Phillips NA, Bédirian V, et al. The Mon-
treal Cognitive Assessment, MoCA: a brief screening 
tool for mild cognitive impairment. J Am Geriatr Soc. 
2005;53(4):695-699.

19.   Fletcher CM, Elmes PC, Fairbairn AS, Wood CH. The 
significance of respiratory symptoms and the diagnosis 
of chronic bronchitis in a working population. Br Med J. 
1959;2(5147):257-266.

20.   O’Donnell DE, Aaron S, Bourbeau J, et al. Canadian 
Thoracic Society recommendations for management of 
chronic obstructive pulmonary disease—2007 update. Can 
Respir J. 2007;14(suppl B):5B-32B.

21.   Jones PW, Quirk FH, Baveystock CM. The St George’s 
Respiratory Questionnaire. Respir Med. 1991;85(suppl 
B):25-31.

22.   Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline 
Leidy N. Development and first validation of the COPD As-
sessment Test. Eur Respir J. 2009;34(3):648-654.

23.   Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity 
of a brief depression severity measure. J Gen Intern Med. 
2001;16(9):606-613.

24.   Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief 
measure for assessing generalized anxiety disorder: the 

GAD-7. Arch Intern Med. 2006;166(10):1092-1097.
25.   Johns MW. A new method for measuring daytime sleepi-

ness: the Epworth sleepiness scale. Sleep. 1991;14(6): 
540-545.

26.   Katz S. Assessing self-maintenance: activities of daily liv-
ing, mobility and instrumental activities of daily living. J Am 
Geriatr Soc. 1983;31(12):721-727.

27.   Holland AE, Spruit MA, Troosters T, et al. An official Eu-
ropean Respiratory Society/American Thoracic Society 
technical standard: field walking tests in chronic respiratory 
disease. Eur Respir J. 2014;44(6):1428-1446.

28.   Mahler DA, Horowitz MB. Perception of breathlessness 
during exercise in patients with respiratory disease. Med 
Sci Sports Exerc. 1994;26(9):1078-1081.

29.   Liao WC, Wang CH, Yu SY, Chen LY, Wang CY. Grip 
strength measurement in older adults in Taiwan: a com-
parison of three testing positions. Australas J Ageing. 
2014;33(4):278-282.

30.   Buatois S, Miljkovic D, Manckoundia P, et al. Five times 
sit to stand test is a predictor of recurrent falls in healthy 
community-living subjects aged 65 and older. J Am Geriatr 
Soc. 2008;56(8):1575-1577.

31.   Bryant MS, Workman CD, Jackson GR. Multidirectional 
walk test in persons with Parkinson’s disease: a validity 
study. Int J Rehabil Res. 2015;38(1):88-91.

32.   Podsiadlo D, Richardson S. The timed “Up & Go”: a test 
of basic functional mobility for frail elderly persons. J Am 
Geriatr Soc. 1991;39(2):142-148.

33. University of Nebraska Medical Center. Timed Up 
and Go (TUG) Test. https://www.unmc.edu/media 
/intmed/geriatrics/nebgec/pdf/frailelderlyjuly09/toolkits 
/timedupandgo_w_norms.pdf. Accessed August 13, 2019.

34. Borg GA. Psychophysical bases of perceived exertion. 
Med Sci Sports Exerc. 1982;14(5):377-381.

35.  Mahler DA, Horowitz MB. Clinical evaluation of exertional 
dyspnea. Clin Chest Med. 1994;15(2):259-269.

36.   Dudgeon D, Baracos VE. Physiological and functional fail-
ure in chronic obstructive pulmonary disease, congestive 
heart failure and cancer: a debilitating intersection of sar-
copenia, cachexia and breathlessness. Curr Opin Support 
Palliat Care. 2016;10(3):236-241.

37.   Lee AL, Holland AE. Time to adapt exercise training regi-
mens in pulmonary rehabilitation—a review of the litera-
ture. Int J Chron Obstruct Pulmon Dis. 2014;9:1275-1288.

38.   Qiu S, Cai X, Wang X, et al. Using step counters to pro-
mote physical activity and exercise capacity in patients 
with chronic obstructive pulmonary disease: a meta-anal-
ysis. Ther Adv Respir Dis. 2018;12:1753466618787386.

39.   Donaire-Gonzalez D, Gimeno-Santos E, Balcells E, et al; 
PAC-COPD Study Group. Benefits of physical activity on 
COPD hospitalization depend on intensity. Eur Respir J. 
2015;46(5):1281-1289.

40.   Bravata DM, Smith-Spangler C, Sundaram V, et al. 
Using pedometers to increase physical activity and im-
prove health: a systematic review. JAMA. 2007;298(19): 
2296-2304. 

41.   Zwerink M, Brusse-Keizer M, van der Valk PD, et al. 
Self-management for patients with chronic obstruc-
tive pulmonary disease. Cochrane Database Syst Rev. 
2014;19(3):CD002990.

42.   Wilson JS, O’Neill B, Reilly J, MacMahon J, Bradley JM. 
Education in pulmonary rehabilitation: the patient’s per-
spective. Arch Phys Med Rehabil. 2007;88(12):1704-1709.

43.   Bourbeau J, Nault D, Dang-Tan T. Self-management and 
behaviour modification in COPD. Patient Educ Couns. 
2004;52(3):271-277.


