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ABSTRACT

Pulmonary rehabilitation is an important component in the management of chronic obstructive pulmonary disease (COPD)
and other chronic respiratory diseases. The goal of rehabilitation is to evaluate various systems, treat optimally, improve
dyspnoea and health-related quality of life. It is a multi-disciplinary approach and involves a physician, a psychiatrist, a
dietician and a physiotherapist. However, in a resource-poor setting, even an experienced physician alone may suffice.
Exercise training is the backbone of pulmonary rehabilitation, which may be hospital-based or home-based. Though, the
previous trials have shown benefit with hospital-based rehabilitation, several recent studies have demonstrated significant
improvement in the 6-minute walk test and quality of life even with unsupervised, home-based pulmonary rehabilitation.
In the resource-poor settings, the goal of rehabilitation may be achieved by incorporating regular unsupervised exercise
in daily routine. This is not only better accepted and more suitable but is also more feasible for the lifelong maintenance
of rehabilitation. [Indian J Chest Dis Allied Sci 2011;53:163-172]
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INTRODUCTION

Pulmonary rehabilitation is an important component
in the management of chronic obstructive pulmonary
disease (COPD) and other chronic respiratory
diseases where symptoms and disability persist
despite optimal medical management. As per
American Thoracic Society (ATS) and European
Respiratory Society (ERS) pulmonary rehabilitation is
defined as “An evidence-based, multi-disciplinary,
and comprehensive intervention for patients with
chronic respiratory diseases who are symptomatic
and often have decreased daily life activities.
Integrated into the individualised treatment of the
patient, pulmonary rehabilitation is designed to
reduce symptoms, optimise functional status,
increase participation, and reduce health care costs
through stabilising or reversing systemic mani-
festations of the disease.” 1 Though, pulmonary
rehabilitation includes measures given in table 1,
pulmonary rehabilitation programmes usually
involve exercise training, education, nutritional
intervention, and psycho-social support.

As per 2001 Census, 72% Indian population
resides in rural areas. The prevalence of tobacco use
and COPD is higher in the rural as compared to
urban areas.2 However, the facilities of rehabilitation

are usually available at the tertiary care centres which
are located in the district or the state headquarters or
the teaching hospitals. The cost of rehabilitation is
also very high about T1,00,000.3 This leads to poor
availability and adherence to pulmonary rehabilita-
tion where it is required the most. For pulmonary
rehabilitation to reach the resource-poor settings, it is
essential that low cost model is endorsed and
encouraged.
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Table 1. Management of advanced chronic respiratory diseases

Optimising medical therapy including
Pharmacotherapy
Improving oxygenation by home oxygen therapy
Non-invasive ventilation

Preventive therapy
Smoking cessation
Prevention of infections

Assessment and treatment of associated disorders like CAD,
osteoporosis, and SDB

Assessment and treatment of complications like pulmonary
hypertension/cor-pulmonale

Nutritional assessment and intervention

Psychosocial and behavioural intervention

Physical rehabilitation
Exercise training programme
Breathing exercises and chest physiotherapy

CAD=Coronary artery disease; SDB=Sleep disordered breathing
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GOALS OF REHABILITATION

The goals of rehabilitation are preserving optimal lung
function, improving function in daily living and
quality of life (QOL) and preventing symptoms and
recurrence of exacerbations (Table 2). In a broader
sense, pulmonary rehabilitation includes a spectrum
of intervention strategies integrated into the life-long
management of the patients with chronic respiratory
disease and involves a dynamic, active collaboration
among the patient, family, and health-care providers.4

treated patients. It is essential to tailor rehabilitation
programme to make it affordable while including all
the aspects of rehabilitation.1

ADVANTAGES OF REHABILITATION

Rehabilitation improves the exercise tolerance,
reduces the sensation of dyspnoea, and improves the
health-related quality of life (HRQOL) (grade of
recommendation, 1A). 11-21 It also improves peripheral
muscle strength and mass and reduces the number of
days spent in the hospital (grade of recommendation,
2B).22-25 The programmes are overall cost-effective
(grade of recommendation, 2C). 25-27 Rehabilitation also
leads to improvement in the ability to perform routine
activities and reduction in the rates of exacerbations
(grade of recommendation, 1B), 26-28 anxiety and
depression (grade of recommendation, 2C).29-31 The
advantages are summarised in table 3 and grades of
recommendation are given in table 4. There is
insufficient evidence to determine whether
pulmonary rehabilitation improves the survival in
patients with COPD.
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Figure 1. Clinical photograph showing extreme muscle
wasting (sarcopaenia).

Table 3. Advantages of rehabilitation

Improves exercise tolerance
Reduces the sensation of dyspnoea
Improves health related quality of life
Improves peripheral muscle strength and mass
Reduces number of days spent in hospital
Low cost benefit ratio
Improves ability to perform routine activities
Reduction in rates of exacerbations
Reduces anxiety and depression

Table 2. Goals of rehabilitation

Preserving optimal lung function
Improving function in daily living
Improving quality of life
Reducing symptoms
Preventing recurrent exacerbations

In severe COPD, there are negative effects on a
number of other systems, magnifying the functional
impairment. The sensation of breathlessness can
provoke anxiety,5,6 and peripheral muscle weakness
can further contribute to exercise limitation. In
resource-poor settings due to pre-existing poor
nutrition and the peripheral muscle deconditioning
the impact on functional impairment is worse. A case
illustration explaining the impact of this vicious circle
is given below.
A 65-year-old man was admitted in an infective
exacerbation of COPD. On admission, oxygen saturation
on pulse oximetry was 80 percent. He was treated with
nebulisation, antibiotic, systemic steroid and low flow
oxygen. The saturation improved to 93% on room air
after five days. He was being considered for
rehabilitation. However, the patient had difficulty in
walking due to severe muscle wasting (Figure 1). On
enquiry it was learnt that the patient had not moved from
the bed for the past one year due to anxiety related to
dyspnoea. The body mass (BMI) index was only 11kg/m2.
The vicious circle of breathlessness, anxiety and mal-
nutrition had made the patient bed-ridden compounding
to the morbidity related to the disease. If he had been
counselled about rehabilitation early in the course of the
disease he would have probably not developed such a
severe wasting.

The goal is to break these cycles of progressive
impairment by focusing on the affected systems and
their interaction with breathing. Specific breathing
techniques can reduce the work of breathing and can
be applied in the times of anxiety or stress, when
inefficient breathing patterns appear.7,8 The peripheral
muscle conditioning improves exercise tolerance.9

Attention to nutrition is essential, and the patients
must be educated in this regard.10 Comprehensive
programmes examine and intervene in all of these
areas and can increase the exercise endurance,
reduce the breathlessness, and improve the QOL for
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TIMING OF PULMONARY
REHABILITATION

The timing of pulmonary rehabilitation depends on
the clinical status of the individual patient. It should
not be a “last ditch” effort for patients with severe
respiratory impairment. Rather, it should be an
integral part of the clinical management of all
patients with COPD, addressing their functional
deficits.1

DURATION OF REHABILITATION
PROGRAMME

The minimum length of an effective programme is two
months; the longer the programme continues the more
effective are the results. Six to twelve weeks of
pulmonary rehabilitation produces benefits in several
outcomes that decline gradually over 12 to 18 months
(grade of recommendation, 1A).28, 32-34 Some of the
benefits, such as HRQOL remain above the control
levels at 12 to 18 months. Maintenance strategies
following pulmonary rehabilitation have a modest
effect on long-term outcomes (grade of recommen-
dation, 2C).28

SETTING

Despite a substantial variability in programme
structure, efficacy of pulmonary rehabilitation
performed in in-patient, out-patient, or home settings
has been documented. Home-based pulmonary
rehabilitation is convenient for the patient and family
members and may provide sustained motivation for
continued exercise training.35-39 A large of number of
clinical trials have reported that home-based
pulmonary rehabilitation is very effective.19, 35-38, 40-50

Some of these trials have even shown that home-
based exercises are as good as hospital-based
training.35,42,43 It is essential that the patient is
adequately educated for a successful outcome of
home-based rehabilitation programme. Self-
management manual for COPD (SPACE: A Self-

Table 4. Grades of recommendation derived by benefits to risks and burdens based on strength of the supporting evidence28

Grade of recommendation, 1A = Strong recommendation; High strength of evidence, Benefit outweighs risk OR Risk outweighs
benefit

Grade of recommendation, 1B = Strong recommendation; Moderate strength of evidence, Benefit outweighs risk OR Risk outweighs
benefit

Grade of recommendation, 1C = Strong recommendation; Low strength of evidence, Benefit outweighs risk OR Risk outweighs
benefit

Grade of recommendation, 2A = Weak recommendation; High strength of evidence, Evenly balanced benefit and risk

Grade of recommendation, 2B = Weak recommendation; Moderate strength of evidence, Evenly balanced benefit and risk

Grade of recommendation, 2C = Weak recommendation; Low strength of evidence, Evenly balanced benefit and risk OR uncertain
risk vs benefit

management Programme of Activity, Coping and
Education) has also been developed to reduce the cost
and improve the viability of the programme.51

TEAM

Rehabilitation is a holistic and comprehensive
approach to medical care, a combined expertise of an
interdisciplinary team is recommended. The
rehabilitation team includes a physician specialised

in cardio-respiratory care, physical therapist,
occupational therapist, respiratory therapist, social
worker and psychologist.1 However, an experienced
physician can contribute significantly to most aspects
of the management.52

ASSESSMENT FOR PULMONARY
REHABILITATION

The clinical history, physical examination,
spirometry, baseline saturation/arterial blood gas
and timed 6-minute walk test (6MWT) are essential
to determine the severity of airway disease. The
6MWT and baseline saturation can be easily
evaluated with an affordable finger pulse oximeter.52

Other assessments that may be performed include
assessment of performance of activities of daily
living, health status, cognitive function, emotional
and mood state, and nutritional status.
Questionnaires may be used to screen for anxiety
and depression. There are well-validated generic
and specific QOL tools available. The two most
widely used respiratory-specific HRQOL
questionnaires are the Chronic Respiratory Disease
Questionnaire (CRDQ) and the St. George’s
Respiratory Questionnaire (SGRQ).16, 53-56  The
questionnaires used for rehabilitation programme
are lengthy and time consuming. A simple Airway
Questionnaire (AQ 20) which is much less time
consuming may be used; comparative studies have
shown a good correlation of AQ 20 with the
traditional questionnaire for the measurement of
health status in COPD.57
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ASSESSMENT OF ASSOCIATED
DISORDERS

The nutritional assessment is important as COPD is
often associated with sarcopaenia 45, 46 and osteo-
porosis.58, 59 Loss of muscle mass or sarcopaenia due
to inadequate dietary intake, increased resting energy
expenditure, and poor appetite is a poor prognostic
indicator and it compounds dyspnoea due to de-
conditioned state.60 Sarcopaenia can be evaluated by
calculating fat free mass index (FFMI)61, 62 with the
help of duel-energy x-ray absorptiometry (DXA) scan
or bioelectrical impedance. The DXA is accurate
whereas, bioelectrical impedance is cost effective.

Osteoporosis is due to low body weight, poor
nutrition, smoking, chronic debility associated with
lack of exercise and corticosteroid therapy. If not
treated, it can lead to fractures which are responsible
for significant morbidity due to pain, immobility and
pulmonary embolism. The DXA scan is not only useful
for measuring FFMI but it is also the most widely
investigated tool for estimating fracture risk and is a
gold standard for estimating the bone mineral density
(BMD).63 The World Health Organization (WHO) has
defined osteoporosis based on the measurement of
BMD.64 In a resource-poor setting, quantitative
ultrasono-graphy may be used to detect low BMD.
Though, ultrasonography is not useful for diagnosing
osteoporosis, it may help identify patients at high risk
of fracture. Whether treating such patients reduces the
risk of fracture has not been established, but given the
limited access to DXA in some places, treatment
strategies based on the quantitative ultrasonography
would be an attractive option.65

Assessment of depression is usually performed
by using Hamilton rating scale.66 However, this is
lengthy and time consuming. Instead simple
scoring questionnaires like the Patient Health
Questionnaires (PHQs) are available; PHQ-2 for
evaluating depression and PHQ-3 for evaluating
anxiety (Table 5). These allows simple and easy
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Table 5. Screening questionnaire for depression and anxiety68

Depression Screen (PHQ-2)

In the past month, have you been bothered a lot by:
Little interest or pleasure in doing things?
Feeling down, depressed, or hopeless?

Anxiety Screen (PHQ-3)

In the past month, have you been bothered a lot by:
 “Nerves,” or feeling anxious or on edge?
Worrying about a lot of different things?

During the last month:
Have you had an anxiety attack (suddenly feeling fear or
panic)?

Note: Each point is further scored into 0, 1, 2, 3 depending on “Not
at all”, “Several days in a week”, “More than half the day”, “Every
day in the week”, respectively. Thus, PHQ-2 has a maximum score
of 6 and PHQ-3 has a maximum score of 9.

detection of depression and anxiety at primary care
level.67, 68 Diagnosis and treatment of associated
problems like coronary artery disease (CAD),
pulmonary hypertension/cor-pulmonale, and
sleep disordered breathing, whenever feasible is
also vital.

MANAGEMENT OF MALNUTRITION

The individuals who are stable and whose
nutritional status is normal require a caloric intake of
1.33 times the resting energy expenditure (REE) to
maintain their body weight. In order to achieve the
nutritional repletion due to COPD additional calorie
intake of 50% of the REE is required. The distribution
of calories among carbohydrates, protein and fat is
also important. Based on the trials, it appears that
protein supplementation of 1.2- 1.7 g/kg of body
weight per day is associated with nitrogen retention
and physiologic improvement.69-72 It is also
recommended that calories from protein or amino
acids, carbohydrates and fat should be 15%, 50% and
35% of calories, respectively. Proteins, carbohydrates
and fats yield 4Kcal/g, 4Kcal/g and 9kcal/g,
respectively. High-fiber foods such as vegetables,
cooked dried peas and beans (legumes), whole-grain
foods, bran, cereals, pasta, rice and fresh fruit should
be included in the meal. High-calorie food should be
the first meal of the day. To prevent excessive
consumption of oxygen patients should be asked to
take six small meals each day instead of three large
meals. They should consume foods that need little
preparation, should eat slowly, and avoid
gasforming foods. There is an insufficient evidence to
support the routine use of nutritional supple-
mentation in pulmonary rehabilitation of patients
with COPD.28 The basic dietary advice can be given
by an experienced physician in a resource-poor
setting.

MANAGEMENT OF OSTEOPOROSIS

The current evidence suggests that the total
calcium intake of 1,000 to 1,500 mg per day is
required for the treatment of osteoporosis.
Calcium carbonate is the most efficient source of
calcium and is the least expensive. Because
calcium is absorbed well with food, it should be
given with meals. Vitamin D intake must be
adequate (400 IU daily) for the optimal absorption
of calcium.58 In addition, treatments with
bisphosphonates, which restore BMD are
indicated. The main bisphosphonates are
etidronate, tiludronate, clodronate, pamidronate,
alendronate, and risendronate. Oral alendronate
is administered in a dose of 10mg daily or 70mg
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once weekly; or 35mg twice weekly ensuring
adequate fluids intake. The patient should be
instructed not to recline for half an hour after
ingestion of the dose to prevent oesophageal
reflux. All the three treatment regimens have
similar profiles of side effects and efficacy, but
once weekly regimen has better tolerability and
compliance. The treatment with bisphosphonate is
given for a period of three years with yearly
assessment of BMD. Calcitriol has also been
evaluated but it  is an inferior alternative to
bisphosphonate for the treatment of osteo-
porosis.58, 63

PSYCHO-SOCIAL AND BEHAVIOURAL
INTERVENTION

Anxiety,  depression and inabil ity to cope-up
with chronic lung disease contribute to the
handicap of advanced respiratory disease.
Psycho-social and behavioural interventions in
the form of regular patient education are very
helpful.  Instructions in progressive muscle
relaxation, stress reduction, and panic control
may help reduce dyspnoea and anxiety. 73-75

Selective serotonin re-uptake inhibitors (SSRIs),
e.g.  sertraline,  are considered the f irst- l ine
treatment for co-morbid depressive or anxiety
disorders.  These agents are associated with a
relatively low incidence of anticholinergic and
other side effects and minimum interactions with
other drugs commonly used by the patients.76

Support groups increase the social interaction
and offer a chance to discuss disease-related
medical, psychological, and social issues with
the other patients.  Because of  the effects of
chronic respiratory disease on the family,
participation of family members or friends in
pulmonary rehabilitation support groups is also
important.75

There is minimal evidence to support the benefits
of psycho-social interventions as a single therapeutic
modality (grade of recommendation, 2C).28 Although,
no recommendation is provided, since scientific
evidence is lacking, current practice and expert
opinion support the inclusion of psycho-social
interventions as a component of comprehensive
pulmonary rehabilitation programmes for patients
with COPD.

EDUCATION

Education should be an integral component of
pulmonary rehabilitation. It should include
information on collaborative self-management, and
the prevention and treatment of exacerbations. Self-

management interventions are required to educate the
patient about complying with medication,
prioritising daily activity, early treatment of
exacerbation, regular vaccination, and keeping active
lifestyle, healthy dietary and sleep habits. These
interventions combined with pulmonary rehab-
ilitation and exercise maintenance after completion of
rehabilitation are important parts of COPD
management.77-79

PHYSICAL REHABILITATION

Physical rehabilitation is the backbone of a
successful rehabilitation programme. A programme
of exercise training of the muscles of ambulation is
recommended as a mandatory component of
pulmonary rehabilitation for patients with COPD.
Comprehensive physical rehabilitation
programmes have three major components: exercise
training, chest physical training and outcome
assessment.28

Exercise Training

Exercise training does not alter the underlying
respiratory impairment but increases the tolerance
to dyspnoea and improves the other outcome
measures. It can be divided into strength training
and endurance training (Figure 2). The endurance
tasks require repetitive actions over an extended
period of time, e.g. walking, cycling, and
swimming. Whereas, the strength tasks are
explosive exercises over a short time period of
time, e.g. sprinting, jumping and lifting weights.
The endurance training is achieved by treadmill
walking and bicycle ergometry while the strength
training is obtained by machine weights, free
weights, elastic resistance, and lifting the body
against gravity.28

Figure 2. Exercise training options.



168

Though both endurance training and strength
training improve muscle strength and mass (grade of
recommendation, 1A), endurance training is the key
component of pulmonary rehabilitation and is mainly
achieved by lower extremity exercise training.28,80

Optimally, the approach consists of relatively long
exercise sessions at high levels of intensity (>60%
maximal work rate) 2 to 5 times a week. The intensity
of exercise is determined by cardiopulmonary exercise
testing. The total effective training time should ideally
exceed 30 minutes.81-83 For some patients, it may be
difficult to achieve this target training in time or
intensity, even with close supervision. In this
situation, interval training may be a reasonable
alternative. An interval-training regimen consists of 2
to 3 minutes of high-intensity training (60% to 80%
maximal exercise capacity) alternating with equal
periods of rest.84-86 Lower extremity exercise training at
a higher exercise intensity produces a greater
physiologic benefits than lower intensity training in
patients with COPD (grade of recommendation, 1B).28

Since the performance of many day-to-day activities
involve use of the arms, endurance training of the
upper extremities to improve arm functions is also
important. Arm training alone is less effective than
leg training,86 however, when combined with leg
training it shows a significant improvement in
functional status87,88 (grade of recommendation 1A).
Supported arm exercises are prescribed with arm
ergometry or unsupported arm exercises by lifting
free weights or stretching armbands.89

In a resource-poor setting where cardio-pulmonary
exercise test to determine maximal exercise capacity
and treadmill or ergometry for the endurance and
strength training of the muscle are not available,
simple measures can be applied. In these settings,
walking at greater than 90% of speed of 6MWT is
used to achieve the desired target intensity.41,44 Simple
exercises like walking,43 cycling19 and climbing
stairs19,42,48 can be utilised for endurance training of
muscle, whereas squats, straight leg raise and sitting
to standing from a low chair90 are useful for strength
training. Wall push up and weights can be
prescribed for upper limb strength and endurance
training.91 The role of these exercises at home without
supervision has been proven in multiple trials. 36-38, 41-

44, 46, 47, 50, 92 Thus, if the facilities for supervised exercise
training programmes are not available, the physician
should encourage the patient to be active and
undergo unsupervised, slow incremental exercise
guided by his ability to tolerate the exercise with the
periods of rest if desired, increasing the intensity of
the exercise slowly over a period of time. This allows
the patient to incorporate exercise in his daily routine
and is better accepted and is more suitable for  a
resource-poor setting. Table 6 shows outlines of
rehabilitation that can be followed in resource-poor

settings. The effects of training are maintained only as
long as exercise is continued. Therefore, efforts at
improving long-term adherence with exercise
training at home are necessary for the long-term
effectiveness of physical rehabilitation.19, 93
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Table 6. Steps of pulmonary rehabilitation in resource-poor
settings

Assess the patient with spirometry, saturation, 6MWT,
weight/FFMI by biometric impedance, and bone density by
sonography, AQ 20 and PHQ 2/3 questionnaire

Treatment of osteoporosis and dietary advice by the physician

Exercise training by the physician or a trained staff, or an
assistant at the time of enrolment for 30 minutes

The exercise should simulate the patient’s home environment

The endurance and strength training can be done by walking/
cycling, walking uphill/climbing stairs and straight leg raise,
respectively

The exercise should be guided by his ability to tolerate exercise
and 6 MWT* with periods of rest if desired. The speed and
distance should be increased gradually

The patient can be educated about breathing techniques by the
physician/assistant

The patients should exercise twice in a day for 30 minutes for
at least 5 to 6 days in a week

The patient may be given a diary to maintain

The patient may follow up once in a week or 15 days for
reinforcement/increment/supervision of exercises

Note: This would reduce the burden on the paramedical staff and,
would not require sophisticated exercise training equipment
6MWT=6 minute walk test; FFMI=Fat free mass index;
AQ=Airway questionnaire; PHQ=Patient Health Questionnaire

Chest Physical Therapy

Breathing Exercises

The scientific evidence does not support the routine
use of inspiratory muscle training as an essential
component of pulmonary rehabilitation. Controlled
breathing techniques and chest physical therapy are
the two major components of the multi-disciplinary
approach to the rehabilitation. The three major
breathing techniques include the following:94-97

1. Pursed-lip breathing consists of slow exhalation
for 4 to 6 seconds through pursed lips relieves
dyspnoea by increasing expiratory airway
pressure, thereby inhibiting dynamic expiratory
airway collapse.

2. Shifting their breathing pattern from a rapid
respiratory rate, which is under involuntary
respiratory centre control, to a slower more
controlled pattern also helps.

3. Diaphragmatic breathing. The patient is taught to
employ only the diaphragm during inspiration by
maximising abdominal protrusion during
inspiration and during expiration, the patient may
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contract the abdominal wall muscles to displace
the diaphragm upwards.

Chest Physiotherapy

Chest physical therapy along with postural drainage
enhances mucous clearance from central and
peripheral lung airways. Standard chest physical
therapy with postural drainage, cough, and the
forced expiratory technique is the cornerstone of such
treatment regimen.

OUTCOME ASSESSMENT

Outcome assessment is an important component of a
comprehensive pulmonary rehabilitation for
determining individual patient responses and for
evaluating the overall effectiveness of the programme.
Measurement of outcomes should be incorporated
into every comprehensive pulmonary rehabilitation
programme. Minimal requirements include
assessment of the following measures of the patient’s
recovery both before and after rehabilitation:
dyspnoea, exercise ability, health status and activity
levels.98 Improvement in 6MWT and HRQOL
questionnaires (SGRQ/CRQ/AQ20) 55,57,64 integrates
all these aspects of the assessment.

MAINTENANCE OF PULMONARY
REHABILITATION

Pulmonary rehabilitation programmes have been
shown to induce a short-term increase in the exercise
tolerance; these improvements are not sustained.95, 99

These programmes have demonstrated to produce
benefits that last between 12 and 18 months after the
intervention but then gradually disappear with time. A
truly successful pulmonary rehabilitation programme
entails implementing maintenance physical activity.
Pulmonary rehabilitation should not stand alone; the
best programme is that which can be maintained to
translate into a continuous increase in the activities of
daily living.74 Changing patient beliefs and behaviours
so as to enhance their willingness to maintain their
exercise programme will help maintain QOL and
exercise tolerance as well as reduce symptoms.74

Findings suggest that participation in regular exercise
such as walking after completing pulmonary
rehabilitation is associated with slower declines in
overall HRQOL and reduced progression of dyspnoea
during daily activities.100

CONCLUSIONS

Pulmonary rehabilitation is a multi-disciplinary
approach targeting primarily respiratory and
musculo-skeletal system. It is a continuous process

integrated into the lifestyle of an individual so as to
enable him/her to achieve optimum functional
capacity. Pulmonary rehabilitation programme can be
exhaustive and may include physician/psychiatrist/
physiotherapist and occupational therapist.
However, the role of psycho-social and dietary
intervention is not clearly established. Thus, it is
essential to tailor the programme depending of the
available facilities.

Exercise training is the backbone of pulmonary
rehabilitation and lower limb endurance training is
the key to exercise training. Exercise training can be
achieved by supervised or unsupervised exercises.
Though, the hospital-based, supervised exercises
benefit the muscles optimally, home-based
unsupervised exercises have also shown significant
improvement in 6MWT. Moreover, the benefits of
rehabilitation are lost after 12 to 18 months if regular
exercises are not continued. Thus, prescription of
simple, regular exercise incorporated into daily living
along with adequate education about lifelong
exercises would go a long way in permanently
rehabilitating patients of COPD in resource-poor
settings.

REFERENCES

1. Nici L, Donner C, Wouters E, Zuwallack R, Ambrosino N,
Bourbeau J, et al. American Thoracic Society/European
Respiratory Society Statement on Pulmonary Rehabilitation
Am J Respir Crit Care Med 2006;173:1390-413.

2. Jindal SK, Aggarwal AN, Chaudhry K, Chhabra SK,
D’Souza GA, Gupta D, et al. A multicentric study on
epidemiology of chronic obstructive pulmonary disease
and its relationship with tobacco smoking and
environmental tobacco smoke exposure. Indian J Chest Dis
Allied Sci 2006;48:23-9.

3. Fan VS, Giardino ND, Blough DK, Kaplan RM, Ramsey
SD. Costs of pulmonary rehabilitation and predictors of
adherence in the National Emphysema Treatment Trial.
COPD 2008;5:105-16.

4. ZuWallak R. Pulmonary rehabilitation. In: Stockley R,
Rennard S, Rabe K, Celli B, editors Chronic Obstructive
Pulmonary Disease, 1st edition. Singapore: Blackwell
Publishing;2007:pp585-94.

5. Janson C, Bjornsson E, Hetta J, Boman G. Anxiety and
depression in relation to respiratory symptoms and
asthma. Am J Respir Crit Care Med 1994;149:930-4.

6. Parekh PI, Blumenthal JA, Babyak MA, Merrill K, Carney
RM, Davis RD, et al. Psychiatric disorder and quality of
life awaiting lung transplantation. Chest 2003;124:1682-8.

7. Gosselink R, Wagenaar H, Rijswijk A, Sargeant J,
Decramer ML. Diaphragmatic breathing reduces efficiency
of breathing in patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 1995;151:
1136-42.

8. Vitacca M, Clini E, Bianchi L, Ambrosino N. Acute effects of
deep diaphragmatic breathing in COPD patients with chronic
respiratory insufficiency. Eur Respir J 1998;11:408-15.

9. Clark CJ, Cochrane L, Mackay E. Low intensity peripheral
muscle conditioning improves exercise tolerance and
breathlessness in COPD. Eur Respir J 1996;9:2590-6.



170

10. Steiner MC, Barton RL, Singh SJ, Morgan MD. Nutritional
enhancement of exercise performance in chronic
obstructive pulmonary disease: a randomised controlled
trial. Thorax 2003;58:745-51.

11. Hill NS. Pulmonary rehabilitation. Proc Am Thorac Soc
2006;3:66-74.

12. Garrod R. The effectiveness of pulmonary rehabilitation:
evidence and implications for physiotherapists. Available
at URL: http://www.rehab.research.va.gov/jour/03/40/
5Sup2/pdf/Meek.pdf. Accessed on March 5, 2011.

13. American College of Chest Physicians, American
Association of Cardiovascular and Pulmonary
Rehabilitation. Pulmonary rehabilitation: joint ACCP/
AACVPR evidence-based guidelines; ACCP/AACVPR
Pulmonary Rehabilitation Guidelines Panel. Chest 1997;
112:1363-96.

14. ACCP-AACVPR Pulmonary Rehabilitation Guidelines
Panel. Pulmonary rehabilitation: joint ACCP/AACVPR
evidence-based guidelines. J Cardiopulm Rehabil 1997;17:
371-405.

15. Cambach W, Wagenaar RC, Koelman TW, van Keimpema
AR, Kemper HC. The long-term effects of pulmonary
rehabilitation in patients with asthma and chronic
obstructive disease: a research synthesis. Arch Phys Med
Rehabil 1999;80:103-11.

16. Griffiths TL, Burr ML, Campbell IA, Lewis-Jenkins V,
Mullins J, Shiels K, et al. Results at 1 year of outpatient
multidisciplinary pulmonary rehabilitation: a randomised
controlled trial. Lancet 2000;355:362-8.

17. Troosters T, Gosselink R, Decramer M. Short- and long-
term effects of outpatient rehabilitation in patients with
chronic obstructive pulmonary disease: a randomized
trial. Am J Med 2000;109:207-12.

18. Green RH, Singh SJ, Williams J, Morgan MD. A
randomized controlled trial of four weeks versus seven
weeks of pulmonary rehabilitation in chronic obstructive
pulmonary disease. Thorax 2001;56:143-5.

19. Strijbos JH, Postma DS, van Altena R, Gimeno F, Koëter
GH. A comparison between an outpatient hospital-based
pulmonary rehabilitation program and a home-care
pulmonary rehabilitation program in patients with COPD:
a follow-up of 18 months. Chest 1996;109:366-72.

20. Foglio K, Bianchi L, Ambrosino N. Is it really useful to
repeat outpatient pulmonary rehabilitation programs in
patients with chronic airway obstruction?: A 2-year
controlled study. Chest 2001;119:1696-704.

21. Finnerty JP, Keeping I, Bullough I, Jones J. The
effectiveness of outpatient pulmonary rehabilitation in
chronic lung disease: a randomized controlled trial. Chest
2001;119:1705-10.

22. California Pulmonary Rehabilitation Collaborative Group.
Effects of pulmonary rehabilitation on dyspnea, quality of
life and health care costs in California. J Cardiopulm Rehabil
2004;24:52-62.

23. Haggerty MC, Stockdale-Woolley R, ZuWallack R.
Functional status in pulmonary rehabilitation participants.
J Cardiopulm Rehabil 1999;19:35-42.

24. Griffiths TL, Phillips CJ, Davies S, Burr ML, Campbell IA.
Cost effectiveness of an outpatient multidisciplinary
pulmonary rehabilitation programme. Thorax 2001;56:
779-84.

25. Goldstein RS, Gort EH, Guyatt GH, Feeny D. Economic
analysis of respiratory rehabilitation. Chest 1997;112:370-9.

26. Man WD, Polkey MI, Donaldson N, Gray BJ, Moxham J.
Community pulmonary rehabilitation after
hospitalisation for acute exacerbations of chronic
obstructive pulmonary disease: randomized controlled
study. Br Med J 2004;329:1209-13.

27. Bourbeau J, Julien M, Maltais F, Rouleau M, Beaupré A,
Bégin R, et al. Reduction of hospital utilization in patients
with chronic obstructive pulmonary disease: a disease-
specific self-management intervention. Arch Intern Med
2003;163:585-91.

28. Ries AL, Bauldoff GS, Carlin BW, Casaburi R, Emery CF,
Mahler DA, et al Pulmonary rehabilitation: Joint ACCP/
AACVPR Evidence-Based Clinical Practice Guidelines.
Chest 2007;131:4S-42S.

29. Wempe JB, Wijkstra PJ. The influence of rehabilitation on
behaviour modification in COPD. Patient Educ Couns
2004;52:237-41.

30. Liesker JJ, Postma DS, Beukema RJ, ten Hacken NH, van
der Molen T, Riemersma RA, et al. Cognitive performance
in patients with COPD. Respir Med 2004;98:351-6.

31. Emery CF, Hauck ER, Schein RL, MacIntyre NR.
Psychological and cognitive outcomes of a randomized
trial of exercise among patients with chronic obstructive
pulmonary disease. Health Psychol 1998;17:232-40.

32. Wijkstra PJ, TenVergert EM, van Altena R, Postma DS,
Van Altena R, Kraan J, et al. Long term benefits of
rehabilitation at home on quality of life and exercise
tolerance in patients with chronic obstructive pulmonary
disease. Thorax 1995;50:824-8.

33. Berry MJ, Rejeski WJ, Adair NE, Ettinger WH Jr, Zaccaro
DJ, Sevick MA. A randomized, controlled trial comparing
long-term and short-term exercise in patients with chronic
obstructive pulmonary disease. J Cardiopulm Rehabil
2003;23:60-8.

34. Foy CG, Rejeski WJ, Berry MJ, Zaccaro D, Woodard CM.
Gender moderates the effects of exercise therapy on
health-related quality of life among COPD patients. Chest
2001;119:70-6.

35. Maltais F, Bourbeau J, Lacasse Y, Shapiro S, Perrault H,
Penrod JR, et al. Effects of home-based pulmonary
rehabilitation in patients with chronic obstructive
pulmonary disease: a randomized trial. Ann Intern Med
2008;149:869-78.

36. Na JO, Kim DS, Yoon SH, Jegal YJ, Kim WS, Kim ES, et al.
A simple and easy home-based pulmonary rehabilitation
programme for patients with chronic lung diseases.
Monaldi Arch Chest Dis 2005;62:30-6. 

37. Singh V, Khandelwal DC, Khandelwal R, Abusaria S.
Pulmonary rehabilitation in patients with chronic
obstructive pulmonary disease. Indian J Chest Dis Allied Sci
2003;45:13-7.

38. Shetty S, Chakraborty K, Das KM, Ganguly S, Mandal PK,
Ballav A. A low cost pulmonary rehabilitation
programme for COPD patients: is it any good? IJPMR
2006;17:26-33.

39. Greenstone M. Self-monitored, home-based pulmonary
rehab was non-inferior to outpatient, hospital-based rehab
for COPD. Evid Based Med 2009;14:75.

40. Hui KP, Hewitt AB. A simple pulmonary rehabilitation
program improves health outcomes and reduces hospital
utilization in patients with COPD. Chest 2003;124;94-7.

41. Ferna´ndez AM, Pascual J, Ferrando C, Arnal A, Vergara I,
Sevila V. Home-based pulmonary rehabilitation in very
severe COPD: is it safe and useful? J Cardiopulm Rehabil
Prev 2009;29:325-31.

42. Guell MR, de Lucas P, Galdiz JB, Montemayor T,
Rodríguez González-Moro JM, Gorostiza A, et al. Home vs
hospital-based pulmonary rehabilitation for patients with
chronic obstructive pulmonary disease: a Spanish
multicenter trial. Arch Bronconeumol 2008;44:512-8.

43. Puente-Maestu L, Sanz M, Sanz P, Cubillo JM, Mayol J,
Casaburi R. Comparison of effects of supervised versus
self-monitored training programmes in patients with

Pulmonary Rehabilitation in Resource Poor Settings D. Gothi and J.M. Joshi



2011;Vol.53 The Indian Journal of Chest Diseases & Allied Sciences 171

chronic obstructive pulmonary disease. Eur Respir J
2000;15:517-25.

44. Boxall AM, Barclay L, Sayers A, Caplan GA. Managing
chronic obstructive pulmonary disease in the community:
a randomized controlled trial of homebased pulmonary
rehabilitation for elderly housebound patients. J
Cardiopulm Rehabil 2005;25:378-85.

45. Busch AJ, McClements JD. Effects of a supervised home
exercise program on patients with severe chronic
obstructive pulmonary disease. Phys Ther 1988;68:469-74.

46. Herna´ndez MT, Rubio TM, Ruiz FO, Riera HS, Gil RS,
Gómez JC. Results of a home-based training program for
patients with COPD. Chest 2000;118:106-14.

47. McGavin CR, Gupta SP, Lloyd EL, McHardy GJ. Physical
rehabilitation for the chronic bronchitic: results of a controlled
trial of exercises in the home. Thorax 1977;32:307-11.

48. Murphy N, Bell C, Costello RW. Extending a home from
hospital care programme for COPD exacerbations to
include pulmonary rehabilitation. Respir Med 2005;99:
1297-302.

49. Regiane RV, Gorostiza A, Gáldiz JB, López de Santa María
E, Casan Clarà P, Güell Rous R. Benefits of a home-based
pulmonary rehabilitation program in patients with chronic
obstructive pulmonary disease. Arch Bronconeumol 2007;
43:599-604.

50. Yamanaka Y, Ishikawa A, Miyasaka T, Totsu Y, Urabe Y,
Nippon IK. The effect of unsupervised home exercise
program for patients with chronic obstructive pulmonary
disease. Ronen Igakkai Zasshi 2009;46:154-9.

51. Wagg K, Wilcock  E, Williams J, Sewell L, Steiner M,
Morgan M, et al. Pulmonary rehabilitation using the space
(a self-management programme of activity, coping and
education) manual at home: a randomised controlled trial.
Thorax 2009;64(Suppl. 4):A97-A100.

52. Joshi JM. Management of advanced chronic respiratory
disorders: pulmonary rehabilitation. In: Joshi JM, editor
Textbook of Pulmonary Medicine, 1st edition. Mumbai: Jaypee
Brothers Medical Publishers (P) Ltd.;2009:pp384-291.

53. Troosters T, Gosselink R, Decramer M. Short- and long-
term effects of outpatient rehabilitation in patients with
chronic obstructive pulmonary disease: a randomized
trial. Am J Med 2000;109:207-12.

54. Ketelaars CA, Abu-Saad HB, Schlosser MA, Mostert R,
Wouters EF. Long-term outcome of pulmonary
rehabilitation in patients with COPD. Chest 1997;112:363-9.

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

56. Mölken MR, Roos B Noord JV. An empirical comparison of
the St George’s Respiratory Questionnaire (SGRQ) and the
Chronic Respiratory Disease Questionnaire (CRQ) in a
clinical trial setting. Thorax 1999;54:995-1003.

57. Camelier A, Rosa F, Jones P, Jardim J. Validation of the
Airways Questionnaire 20 – AQ20 in patients with
chronic obstructive pulmonary disease (COPD) in Brazil.
J Pneumol 2003;29:28-3.

58. Biskobing DM. COPD and osteoporosis. Chest 2002;
121:609-20.

59. Bolton CE, Inonescu AA, Shiels KM, Pettit RJ, Edwards
PH, Stone MD, et al. Associated loss of fat-free mass and
bone mineral density in chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 2004;170:1286-93.

60. Evans WJ. Skeletal muscle loss: cachexia, sarcopenia, and
inactivity. Am J Clin Nutr 2010;91:1123S-1127S.

61. Agusti AG, Sauleda J, Miralles C, Gomez C, Togores B,
Sala E, et al. Skeletal muscle apoptosis and weight loss in
chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 2002;166:485-9.

62. Vestbo J, Prescott E, Almdal T, Dahl M, Nordestgaard
BG, Andersen T,  et al. Body mass, fat-free body mass,
and prognosis in patients with chronic obstructive
pulmonary disease from a random population sample.
Findings from the Copenhagen City Heart Study. Am J
Respir Crit Care Med 2006;173:79-83.

63. Osteoporosis prevention, diagnosis and therapy. NIH
Consensus Statements 2000;17:1-45.

64. WHO Scientific Group on the Assessment of
Osteoporosis at Primary Health Care Level. Available at:
h t t p : / / w w w . n o f . o r g / p r o f e s s i o n a l s / W H O _
Osteoporosis_Summary.pdf. Accessed on March 1, 2011.

65. Khaw  K, Reeve J, Luben R , Bingham S, Welch A,
Wareham N, et al. Prediction of total and hip fracture risk
in men and women by quantitative ultrasound of the
calcaneus: EPIC-Norfolk prospective population study.
Lancet 2004;363:197-202.

66. Hamilton M. Hamilton depression rating scale (HDRS): a
rating scale for depression. J Neurol Neurosurg Psychiatry
1960;23:56-62.

67. Arroll B, Goodyear-Smith F, Crengle S, Gunn J, Kerse N,
Fishman T, et al. Validation of PHQ-2 and PHQ-9 to
screen for major depression in the primary care
population. Ann Fam Med 2010;8:348-53.

68. Maurer J, Rebbapragada V, Borson S, Goldstein R, Kunik
ME., Yohannes AM, et al. Anxiety and depression in COPD:
unanswered questions, and current understanding, and
research needs. Chest 2008;134;43S-56S.

69. Brug J, Schols A, Mesters I. Dietary change, nutrition
education and chronic obstructive pulmonary disease.
Patient Educ Couns 2004;52:249-57.

70. Ferreira I, Brooks D, Lacasse Y, Goldstein R. Nutritional
intervention in COPD: a systematic overview. Chest
2001;119:353-63.

71. Houston DK, Nicklas BJ, Ding J, Harris TB, Tylavsky FA,
Newman AB, et al.  Dietary protein intake is associated
with lean mass change in older, community-dwelling
adults: the Health, Aging, and Body Composition (Health
ABC) Study. Am J Clin Nutr 2008;87:150-5.

72. Weekes CE, Emery PW, Elia M. Dietary counselling and
food fortification in stable COPD: a randomised trial.
Thorax 2009;64:326-31.

73. Kim HF, Kunik ME, Molinari VA, Hillman SL, Lalani S,
Orengo CA, et al. Functional impairment in COPD
patients: the impact of anxiety and depression.
Psychosomatics 2000;41:465-71.

74. Rose C, Wallace L, Dickson R, Ayres J, Lehman R, Searle Y,
et al. The most effective psychologically-based treatments
to reduce anxiety and panic in patients with chronic
obstructive pulmonary disease (COPD): a systematic
review. Patient Educ Couns 2002;47:311-8.

75. Norweg AM, Whiteson J, Malgady R, Mola A, Rey M. The
effectiveness of different combinations of pulmonary
rehabilitation program components: a randomized
controlled trial. Chest 2005;128:663-72.

76. Papp LA, Weiss JR, Greenberg HE, Rifkin A, Scharf SM,
Gorman JM, et al. Sertraline for chronic obstructive
pulmonary disease and comorbid anxiety and mood
disorders. Am J Psychiatry 1995;152:1531.

77. Bourbeau J. Making pulmonary rehabilitation a success in
COPD. Swiss Med Wkly 2010;140:w13067.

78. Brassington GS, Atienza AA, Perczek RE, DiLorenzo TM,
King AC. Intervention-related cognitive versus social
mediators of exercise adherence in the elderly. Am J Prev
Med 2002;23(Suppl. 2):80-6.

79. Adams SG, Smith PK, Allan PF, Anzueto A, Pugh JA,
Cornell JE. Systematic review of the chronic care model in
chronic obstructive pulmonary disease prevention and
management. Arch Intern Med 2007;167:551-61.



Pulmonary Rehabilitation in Resource Poor Settings D. Gothi and J.M. Joshi172

80. Puhan MA, Schunemann HJ, Frey M, Scharplatz M,
Bachmann LM. How should COPD patients exercise
during respiratory rehabilitation? comparison of exercise
modalities and intensities to treat skeletal muscle
dysfunction. Thorax 2005;60:367-75.

81. Casaburi R, Porszasz J, Burns MR, Carithers ER, Chang
RS, Cooper CB. Physiologic benefits of exercise training in
rehabilitation of patients with severe chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 1997;
155:1541-51.

82. Maltais F, LeBlanc P, Jobin J. Intensity of training and
physiological adaptation in patients with chronic
obstructive pulmonary disease. Am J Respir Crit Care Med
1997;155:555-61.

83. O’Donnell DE, McGuire M, Samis L, Webb KA. General
exercise training improves ventilatory and peripheral
muscle strength and endurance in chronic airflow
limitation. Am J Respir Crit Care Med 1998;157:1489-97.

84. Mazzeo RS, Cavanagh P, Evans WJ, Fiatarone M, Hagberg J,
McAuley E, et al. American College of Sports Medicine
Position Stand. Exercise and physical activity for older
adults. Med Sci Sports Exerc 1998;30:992-1008.

85. Coppoolse R, Schols AM, Baarends EM, Mostert R,
Akkermans MA, Janssen PP, et al. Interval versus
continuous training in patients with severe COPD: a
randomized clinical trial. Eur Respir J 1999;14:258-63.

86. Vogiatzis I, Nanas S, Roussos C. Interval training as an
alternative modality to continuous exercise in patients
with COPD. Eur Respir J 2002;20:12-9.

87. Lake FR, Henderson K, Briffa T, Openshaw J, Musk AW.
Upper-limb and lower-limb exercise training in patients
with chronic airflow obstruction. Chest 1990;97:1077-82.

88. Ries AL, Ellis B, Hawkins RW. Upper extremity exercise
training in chronic obstructive pulmonary disease. Chest
1988;93:688-92.

89. Couser JI Jr, Martinez FJ, Celli BR. Pulmonary
rehabilitation that includes arm exercise reduces metabolic
and ventilatory requirements for simple arm elevation.
Chest 1993;103:37-41.

90. Casaburi R. Getting serious about strength training.
J Cardiopul Rehabil 2006;26:338-40.

91. Larson JL. Development of an unsupported arm exercise
test in patients with chronic obstructive pulmonary
disease. J Cardiopul Rehabil 2006;26:188-90.

92. Vieira DS, Maltais F, Bourbeau J. Home-based pulmonary
rehabilitation in chronic obstructive pulmonary disease
patients. Curr Opin Pulm Med 2010;16:134-43.

93. Guell R, Casan P, Belda J, Sangenis M, Morante F, Guyatt
GH, et al. Long-term effects of outpatient rehabilitation of
COPD: a randomized trial. Chest 2000;117:976-83.

94. Jones AP, Rowe BH. Bronchopulmonary hygiene physical
therapy for chronic obstructive pulmonary disease and
bronchiectasis. Cochrane Database Syst Rev 2000;2:
CD000045.

95. Bellone A, Spagnolatti L, Massobrio M, Bellei E,
Vinciguerra R, Barbieri A. Short-term effects of expiration
under positive pressure, in patients with acute
exacerbation of chronic obstructive pulmonary disease
and mild acidosis requiring non-invasive positive pressure
ventilation. Int Care Med 2002;28:581-5.

96. Morgan MD, Britton JR. Chronic obstructive pulmonary
disease: non-pharmacological management of COPD.
Thorax 2003;58:453-7.

97. Mikelsons C. The role of physiotherapy in the
management of COPD. Respir Med: COPD Update 2008;
4:2-7.

98. Meek PM, Lareau SC. Critical outcomes in pulmonary
rehabilitation: assessment and evaluation of dyspnoea and
fatigue.  J Rehabil Res Develop 2003;40:13-24.

99. Emery CF, Shermer RL, Hauck ER, Hsiao ET, MacIntyre
NR. Cognitive and psychological outcomes of exercise in a
1-year follow-up study of patients with chronic
obstructive pulmonary disease. Health Psychol 2003;22:
598-604.

100. Heppner PS, Morgan C, Kaplan RM, Ries AL.  Regular
walking and long-term maintenance of outcomes after
pulmonary rehabilitation. J Cardiopul Rehabil 2006;26:44-
53.


