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ABSTRACT

Pulmonary rehabilitation (PR) is an important part of the management of COPD, which can
improve exercise capacity, activities of daily living, quality of life and perhaps survival in
patients with chronic obstructive pulmonary disease (COPD). Recently, well-designed
studies investigated and confirmed the efficacy of comprehensive pulmonary rehabilitation
programmes, including exercise training, breathing exercises, optimal medical treatment,
psychosocial support and health education. As a key element of PR, PR exercise training
consists of exercise assessment and training methods. Exercise assessments should include
the evaluation of dyspnea, exercise capacity and health-related quality of life. Following a
thorough assessment of patients, individualized exercise training programs, including
endurance, resistance and other exercise training methods, should be developed based on
physiologic requirements and individual demands of patients. Although there have been
many studies on the types of exercise for patients with COPD, there are still no conclusions
about how to develop the best exercise prescription. Choosing the most appropriate methods
for patients with COPD to calculate the situation is crucial. Therefore, this review aims to
summarize the common methods of exercise assessments and exercise trainings in PR.
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and resistance training. However, there is
emerging evidence to also support new and
alternative training modalities for people
with COPD®.
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INTRODUCTION

Pulmonary rehabilitation (PR) is
one of the cornerstones of the management
of people with chronic obstructive
pulmonary  disease (COPD) and
individually tailored exercise training is an
integral component of this treatment
strategy . National and international

Most patients are prone to dyspnea
during daily activities and physical
exercise, and the discomfort caused by
dyspnea often leads to resistance to
participate in physical exercise. In
addition, long-term lack of physical

guidelines recommend that the exercise
component of PR includes both aerobic
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exercise or insufficient exercise will lead
to weakness of body muscles. Over time,
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low -intensity activities can also cause
breathing difficulties. In recent years, more
and more scholars and clinical experts
have realized the importance of exercise
training in pulmonary rehabilitation (PR)
and it has been considered as the core
content of pulmonary rehabilitation
program (PRP) ®. A large number of
studies have shown that PR exercise
training can effectively alleviate symptoms
of dyspnea in patients with COPD,
improve patient’s exercise tolerance and
health-related quality of life, and reduce
times and days of hospitalization.
However, PR exercise training, as an
important element in the management of
COPD, is still in its infancy ©.

This article discussed the exercise
assessments, exercise training methods,
frequency, duration and intensity for
patients with COPD.

Pulmonary Rehabilitation Assessments

The American Association for
Cardiovascular and Pulmonary
Rehabilitation (AACVPR) first advocated
exercise assessments of patients in 1995,
and this concept was reinforced in the
AACVPR Guidelines for Pulmonary
Rehabilitation Programs, published in 2006
®). In the same year, the American
Thoracic Society and the European
Respiratory Society (ATS/ERS), in their
published  Practice  Guidelines  for
Pulmonary Rehabilitation, also
recommended the inclusion of patient
exercise assessment in clinical practice,
including  assessments of  dyspnea
symptoms, exercise capacity, and health-
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related quality of life (HRQL) ©7. It is
important to perform exercise assessments
on patients before and after PR exercise
training, and the results of it can help
optimize the development of care protocols
and provide individualized exercise
programs for patients to receive better
therapeutic interventions.

Assessment of dyspnea symptoms

Patients with chronic lung diseases
may have ventilation restrictions during
exercise. Therefore, the American College
of Sports Medicine (ACSM) believes that
the use of age-predicted heart rate to
estimate peak oxygen uptake is not entirely
appropriate for exercise assessment of
patients. It may be necessary to modify the
traditional testing protocol based on the
dyspnea symptoms and functional status of
patients @,

Dyspnea is one of the most
common symptoms of patients with
COPD. Evaluate and record the level of
dyspnea that occurs before, during, and
after the patient’s PR exercise training is of
great significance, which can help adjust
the individualized exercise training
program for patients. Table 1 lists some of
the commonly used scales for evaluating
dyspnea, among which, the modified
British Medical Council (nMRC) scale
and the Borg scale are now more widely
used in clinical practice due to the
advantages of fewer items and the
convenience of being used by telephone,
cell phone, and other communication
devices ©,
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Table 1. Assessment of Dyspnea Evaluation in Patients with COPD

Assessment
methods

mMRC?®

Borg™®

VASH

PFSDQ-V22

BDI/TDI*

Introduction Function

It is divided into 0-4 levels according to the level of Assess the level of patient's
activity of the patient when shortness of breath occurs, dyspnea.

with higher levels indicating that the patient is more

likely to have dyspnea.

It is composed of 0-10 levels from top to bottom, the Evaluate patient's breathing
higher the grade, the more likely the patient is to have intensity and dyspnea.

shortness of breath.

It consists of a horizontal or vertical segment with a
length of 100mm. The description of dyspnea degree is
arranged at different positions on the line, and the degree
of dyspnea of the patient is reflected by measuring the
distance between the patient's markers and the end of
"no dyspnea".

Use visual analogy to reflect
and assess patient’s dyspnea.

It is a simplified version of the pulmonary functional Used to evaluate the functional
status and dyspnea questionnaire (PFSDQ). Contained 40 status and dyspnea of patients
items, three dimensions: activity, dyspnea, and fatigue.  with COPD.

BDI evaluates dyspnea of a
patient in a single state, and TDI

BDI consists of 3 parts: functional impairment,
mobility, and effort. Each part is composed of 4 levels;

TDI is improved on the basis of BDI, and each part is

divided into 7 levels.

It consists of four scores: body mass index, airflow Used to
obstruction, dyspnea symptom and exercise capacity.

BODE™

can show changes in baseline.

evaluate the
severity of patients with
COPD and predict the
progress and mortality of it.

Abbreviations: mMMRC, modified British Medical Council; VAS, Visual Analogue Scale;
PFSDQ-M, Pulmonary Functional Status and Dyspnea Questionnaire; BDI/TDI, Baseline
Dyspnea Index/Transformation Dyspnea Index; BODE, body-mass (airflow obstruction,
dyspnea symptom and exercise capacity index); COPD, chronic obstructive pulmonary disease.

The Borg scale is usually used with
the 6-minute walk test (6MWT) to better
evaluate dyspnea and exercise capacity of
patients 9. The Visual Analogue Scale
(VAS) is only suitable for evaluating
dyspnea in a single patient and is not
suitable for comparison between several
different patients @Y. The Modified
Version of the Pulmonary Functional
Status and Dyspnea  Questionnaire
(PFSDQ-M) can measure both level of
activity-related dyspnea and fatigue in
patients with COPD, providing a useful
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tool for clinical application and study of
dyspnea symptoms and  functional
status®.  The  Baseline  Dyspnea
Index/Transformation ~ Dyspnea  Index
(BDI/TDI) is suitable for evaluating
dyspnea in patients and for use during
acute changes ®®. The BODE index, in
addition to being an index for evaluating
patients’ severity grading, it can also be
used as a new assessment index for PR (14,
but it is not yet widely used in clinical
practice.
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Assessments of exercise capacity

Cardiopulmonary  exercise  test
(CPET) has always been the gold standard
for evaluating exercise capacity of patients
with COPD @), and it is also an effective
method to assist in the development of PR
programs and to evaluate treatment and
rehabilitation outcomes. However, CPET
requires more advanced equipment, and
some hospitals are unable to meet its
conditions. Many studies have shown that
multiple indicators of simple and easy
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walking test have a good correlation with
CPET, which can assist in testing patient’s
exercise capacity. Table 2 lists some
commonly used walking tests for patients
with COPD, among which, the 6-minute
Walking Test (6MWT) is the most
commonly used one. Because of its simple
execution and does not require special
equipment, it is easily accepted by patients,
and it also suitable for elderly and frail
patients and has more reference value for
the evaluation of activities of daily
living®),

Table 2. Assessment of Exercise Capacity in Patients with COPD

Assessment Introduction Function
methods
The test protocol is selected according to the| To understand the interactions
CPETI5 purpose of the study and the patient's physical | and storage capacity between the
condition. An appropriate exercise protocol | cardiopulmonary and circulatory
allows the patient to maintain continuous| systems and to assess maximal
exercise for 6-12 minutes, including incremental | exercise capacity.
power exercise and constant power exercise.
6MWT16 Patients were asked to take a walk on foot to| Assess exercise endurance.
measure the maximum distance they could reach
in 6 minutes at the fastest speed they could
tolerate.
Patient walked back and forth in a corridor with
length of 10 meters, starting at 0.5 m/s and - .
ISWT20 a : ’ ; Assess cardiopulmonary function.
increasing by 0.17 m/s. The distance walked P y
was measured when the patient reached
maximum load or experienced discomfort.
The maximum ISWT speed of the patient was
first obtained according to the ISWT protocol . .
ESW™1 : S ' | Assess exercise capacity.
and then the maximum walking distance that the pacity
patient could reach was measured by walking at
a steady speed of 85% of the maximum ISWT
speed.

Abbreviations: CPET, Cardiopulmonary exercise test; 6MWT, 6-minute Walking Test; ISWT,
Incremental Shuttle Walking Test; ESWT, Endurance Shuttle Walk Test.

The six-minute walk test
simple cardiopulmonary functional testing
modality. Its straightforward nature allows

is a

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15904-15917

for a non-specific, integrated assessment of
the many systems involved during physical
activity. Specifically, its results can assist
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in ascertaining the degree of functional
impairment and potentially lead to
modifications in therapy for some
cardiovascular and pulmonary conditions
@7, However, it is not sensitive to different
methods (e.g., Shuttle Walking Test and
Straight-line Walking Test) and different
environments (e.g., outside the ward and
inside the ward), and it has few monitoring
indicators, which cannot be analyzed and
evaluated systematically in all aspects, so it
cannot replace CPET at present 8, Also,
results of 6MWT may be affected by
course layout and track length. However,
no such variation has been reported at the
Incremental Shuttle Walking Test (ISWT)
or Endurance Shuttle Walk Test (ESWT)
(9. And physiological responses of the
ISWT is similar to that of the CEPT.
Because walking speed of ISWT is
controlled by the recorded signal provided
by test taker, making patient’s
cardiopulmonary function indicators can
be evenly incremented so that patients can
reach the maximum physiological load of
exercise faster 9. But it requires pre-
recorded signals and it is more difficult to
ensure that patients’ actions are consistent
with the signals, therefore, more studies
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are needed to verify its reliability. Some
studies have shown that the Endurance
Shuttle Walk Test (ESWT) is more
sensitive in patients with COPD compared
with the BMWT @Y, but this test needs to
be performed after the ISWT, which is
more complicated to implement.

Assessment of quality of life in patients
with COPD

Health-related quality of life (HRQoL)
is composed of various domains that
involves physical, mental, and social
wellbeing; which greatly varies for each
patient. Impaired quality of life (QoL) is
closely related to shortness of breath,
impaired physical activities, and mental
problems including; depression, anxiety,
and psychological disorders and many
measurement scales have been developed,
which are important guides for adjusting
clinical caring protocols and developing
exercise training programs for PR. Table 3
lists some commonly used clinical quality
of life assessment for patients with COPD,
including generic scales (SF-36 and EQ-5D)
and disease-specific scales (SGRQ, CAT,
SOLDQ, CCQ and CRQ).

Table 3. Assessment of Quality of Life in Patients with COPD

Assessment Introduction Function
methods
Contains 36 questions divided into 8 dimensions, |Comprehensive evaluation of
SE-320 including physiological function, physical patient's physical health and
function, physical perception, mental state, social |mental health status.
function, emotional function and mental health.
It is composed of EQ-5D health description system
and EQ-5D VAS. EQ-5D health description
system is divided into five dimensions, which are
EQ-5D% motor ability, self- care ability, daily activity Describe the patient's health
ability, pain/discomfort and anxiety/depression.  |status and quality of life.
EQ-5D VAS consists of a 20-cm vertical line that

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15904-15917
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reflects the patient's quality of life by measuring
the distance between the patient's marker point
and the end of the "the best health status in mind".
It consists of 50 questions with 3 parts: The gold standard for
SGR%4 symptoms (frequency and severity of measuring quality of life and
occurrence), activities (activities that cause impaired health in patients
shortness of breath or restricted breathing) with respiratory diseases.
and impact on daily life (social competence
and mental health).
Consisting of 8 items covering various aspects of |Simple and reliable for
CATZ5 symptom assessment, mobility, mental health [evaluating the quality of life
status sleep quality, etc., higher scores represent [and health status of patients
lower quality of life for patients. with COPD.
Contains 29 items measuring 4 aspects of survival
SOLD%%6 quz_illty: motor function, emotional fu_n_ctlon, Assess patient’s quality of life.
satisfaction with treatment and the ability to patient's quallty
overcome setbacks.
It consists of 10 entries divided into 3 Evaluation of quality of life in
cCQz7 dimensions, namely symptoms, physical function |patients with COPD and can
and mental health status, with higher scores be used to measure the clinical
representing lower quality of life for patients. control of patients.
CR%8 Contains 20 questions divided into 4 sections: A recognized standard for
dyspnea, fatigue, mood and self- management. evaluating the quality of life of
Patients with COPD.

Abbreviations: SF-36, Short Form of Health Survey; EQ-5D, EuroQol 5-Dimensional
Health Scale; SGRQ, St. George’s Respiratory Questionnaire; CAT, COPD Assessment
TestTM; SOLDQ, Seattle Chronic Obstructive Lung Disease Questionnaire; CCQ,
Clinical COPD Questionnaire; CRQ, Chronic Respiratory Disease Questionnaire; VAS,

Visual Analogue Scale; COPD, chronic obstructive pulmonary disease.

Generic Core Scales consist of 23
items  applicable  for  community
populations, as well as pediatric
populations with acute and chronic health
conditions and reflects the overall quality
of life of the tests. The Short Form of
Health Survey (SF-36) has good reliability
and validity. It can objectively assess
patients’ health status and be completed by
telephone or other communication devices,
but has weak correlation with pulmonary

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15904-15917

function tests and is less used in clinical
trials and practice in patients with COPD
22 The EuroQol 5-Dimensional Health
Scale (EQ-5D) is a multidimensional scale
for evaluating health-related quality of life
that developed in Europe. Study of Ge et
al. ?® has demonstrated that this scale can
better reflect health status and quality of
survival of patients with COPD.

The St. George’s Respiratory
Questionnaire (SGRQ) is currently one of
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the most widely used specific scales in the
assessment of the quality of life of patients
with COPD. It can also be used to assess
the condition, prognosis and efficacy of

patients Y Studies found that the SGRQ
had the highest correlation with patients
with COPD compared with other scales and
can better reflected patients’ true condition.
However, it has many items, which is too
complicated and time-consuming for
elderly patients. Compared with SGRQ,
COPD Assessment TestTM (CAT) has
fewer items, which can be completed more
quickly and easily for elderly patients and

patients with less education 9 Seattle
Chronic  Obstructive  Lung  Disease
Questionnaire  (SOLDQ) has  better
reliability and is particularly suitable for
long-term follow-up studies and analysis
quality of life in a large sample of

patients with COPD 9 However,
geographical differences among patients
should be considered when using it.
Clinical COPD Questionnaire (CCQ) has a
few items and is easy to complete. It is
usually used in mild to moderate COPD
and its use for assessment is less

burdensome for patients when they

. . . 27 .
experience  deterioration @D Chronic

Respiratory Disease Questionnaire (CRQ)
is more effective when assessing older
patients. It is sensitive to individual changes
but less sensitive in patients with milder
symptoms or younger age and not suitable

for  comparison  between  different
(28)

populations
Exercise Training

Exercise training has been shown to be
an effective means of reversing this
functional impairment and improving

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15904-15917
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health-related quality of life (HRQL).
Whole body endurance training at a high
intensity resulted in significant
improvements in HRQL, exercise capacity
and peripheral muscle force in these
patients. Studies of Burge et al. ?® have
confirmed that PR exercise training can
increase the exercise tolerance of patients
with  COPD, relieve their dyspnea
symptoms and improve quality of life.
Benefits of PR exercise training are not

related to the age, disease duration or

: . 30 .
severity of the disease ' ), and it is more

important to recommend PR exercise
training for patients who lack exercise
training or have decreased mobility.
Exercise training includes various forms;
the American College of Sports Medicine
(ACSM) recommends endurance exercise
training, resistance exercise training and
respiratory muscle training for patients

with COPD (31); the American Thoracic
Society and the European Respiratory
Society (ATS/ERS) recommend endurance
exercise training, resistance exercise
training and upper extremity exercise
training ©?; the American Association for
Cardiovascular and Pulmonary
Rehabilitation (AACVPR) recommends
endurance exercise training and resistance
exercise training ©3. Therefore, health
professionals need to individualize the
exercise training program for each patient.
The following is a discussion of exercise
training methods in PR.

Methods of exercise training
Endurance exercise training

Endurance exercise training is considered
an important part of the PR program.
Studies have shown that endurance
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exercise training can reduce exercise
hyperemia, exertional dyspnea and muscle
dysfunction in patients with COPD®),

Commonly used endurance exercise
training includes walking (on a treadmill
and on the floor) and cycling (power bikes
and regular bikes). A study by Bickford et
al. 9 in the United States covering 43
states with 283 programs showed that 37%
of PR programs used power bicycles,
which seemed to be accepted by more
patients than other endurance exercise
training. Compared with other endurance
exercise training methods, bicycles seem
to be accepted by more patients because
patients were able to convert it into a part
of their daily life activities and adhere to it
for a long time. However, cycling training
often leads to fatigue of the quadriceps, so
if a patient desires to improve walking
ability, ground walking training may be a
better choice.

Resistance exercise training

Patients with COPD are susceptible to
varying degrees of muscle atrophy and
muscle weakness due to lack of exercise
training, and resistance exercise training
can help improve muscle strength and
symptoms, as well as improve activities of
daily living (ADL) and exercise capacity
©6), In addition to free weightlifting (e.g.,
dumbbells and shot puts), resistance
exercise training can also be performed by
using weights on the joints, stretch bands
and using one’s own body weight to
increase the strength load (e.g., stair
climbing, squats and sit-ups). Studies have
shown that multi-joint exercise training
(e.g., sit-ups and bench press) is more
effective in improving patients’ muscle
strength than single-joint exercise training.

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15904-15917
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In daily life, patients should be encouraged
to perform more multi-joint exercises @7,
The American College of Sports Medicine
(ACSM) guidelines on resistance exercise
training emphasize the principle of
overload, which involves gradually
increasing the patient’s exercise load over
time to maximize muscle strength and
endurance @Y. This can be achieved by
increasing the weight load, times of
exercises for each group and duration of
exercise training and by decreasing the
rest time.

Neuromuscular electrical stimulation

Neuromuscular electrical stimulation
(NMES) stimulates the phrenic nerve
through functional electrical impulses,
conducts excitement and plays a similar
role to the respiratory center. Currently,
commonly used diaphragmatic
pacemakers include both in vitro and in
vivo. Implantable diaphragm pacemakers
are traumatic, prone to complications such
as iatrogenic infections and are relatively
expensive, making them unsuitable for
rehabilitation applications ©®). In contrast,
the extracorporeal type stimulates the
phrenic nerve motor points through the
body surface, which allows the diaphragm
to contract regularly without implantation.
It is noninvasive and more convenient, and
improves patient’s tidal volume and
diaphragm mobility while transforming
diaphragm into muscle fibers with anti-
fatigue function. This method is suitable
for patients who are seriously ill and
cannot participate in PR exercise training
with a certain intensity.
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Intensity

Many studies have shown that the
intensity of exercise should follow the
principle of individualized formulation.
High-intensity  exercise has  greater
physiological benefits for patients, and
stable patients with good cardiopulmonary
function and high compliance can be
guided to carry out high-intensity exercise
training ©. Although there is a significant
improvement in exercise capacity and
physiological response after high-intensity
exercise training, this method is not
suitable for patients with severe disease
and  poor compliance.  Therefore,
intermittent exercise training with a
gradual increase in exercise intensity can
be used for patients with moderate to
severe disease or higher “%. The American
Association  for  Cardiovascular  and
Pulmonary  Rehabilitation (AACVPR)
recommends that Patients with COPD start
with breathing muscle training, perform
continuous exercises at a constant speed
and low intensity, followed by overall
endurance exercise. The absolute indicator
of the upper limit of exercise is the
presence of uncomfortable symptoms in
patients, such as myocardial ischemia.

Frequency and duration

There is no clear standard for the
duration of PR exercise training. Long-
term exercise training has a certain effect
on the improvement muscle strength
therefore improving dyspnoea and making
patients have a sensation of improved lung
function. In general, the longer the duration
of exercise training, the more significant the
effect will be. The American Thoracic
Society and the European Respiratory
Society (ATS/ERS) believe that for

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15904-15917
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Patients with COPD, it takes at least 8
weeks of training to bring about changes in
the clinical indicators of patients and the
indicators will plateau after training
reaches 12 weeks. Some scholars have
shown that 4 weeks of exercise training
improved exercise capacity by 10% in
patients with COPD that were over 50 years
of age, while 5 weeks of intervention time
was required to achieve the same results in
patients over 60 years of age, suggesting

that older patients need more exercise

training time to get better PR effects “

A study by Liang et al. “? showed that
patients with COPD in stable phase
undergo PR exercise training for 60
minutes per day and three times per week,
continued to home rehabilitation after
discharge will significantly improve the
patients’ pulmonary function. This is
basically the same as the endurance
exercise training program recommended
by the AACVPR (20 to 60 minutes each
time, 3 to 5 times a week).

Time

At present, in Australia and many other
countries, PR programs tend to last 6-12
weeks with 2-3  supervised training
sessions per week and last for about 60-90
minutes “®. This is aligned with the latest
ATS/ERS statement on PR which
translates to 12-24 sessions (two training
sessions per week) or 18-36 sessions (three
training sessions per week)®?. A 3-month
outdoor Nordic walking exercise program
for 60 elderly patients with moderate to
severe COPD reported that 76% of
participants  achieved a  minimum
important difference (MID) increase in
6MWD after 20 supervised pulmonary
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rehabilitation training sessions, whereas
only 20% of that group met the MID
following 10 training sessions“4.

Other training methods
Tai Chi

Tai Chi, which originated in China, is a
systematic aerobic exercise training and is
considered a suitable medium-intensity
exercise training for patients with COPD.
A Meta-study by Wu et al @, which
included 824 patients with COPD,
reported that compared with other exercise
training, Tai Chi has a higher safety
coefficient and for patients in stable phase,
it can improve their dyspnea symptoms,
increase exercise endurance and has a
positive effect on BODE index, mental
health status and quality of life. Chen et al
(46) suggested that Tai Chi can produce a
stimulus similar to the effect of a treadmill
on physiology of patients with COPD by
exercising the muscles and joints of the
whole body, making respiratory muscle
fibers thicker, thus reducing respiratory
rate and increasing the depth of effective
breathing. Although there are many types
of Tai Chi, there is no research on the
most suitable type of taijiquan for patients
with COPD. Future research should try to
find the simplest and most effective types
of Tai Chi.

Yoga

Yoga is an appropriate low-intensity
exercise training for patients with COPD.
Although there are no trials to prove the
efficacy of flexibility training represented
by yoga in chronic respiratory disease, it is
commonly used in PR exercise training.
Yoga stretches well the major muscle
groups of patients, such as calves,

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15904-15917
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quadriceps and biceps, and helps to
increase  the  strength,  flexibility,
endurance and coordination of skeletal
muscles. Also, pranayama (breathing
techniques) in yoga enables patients to
increase  cardiopulmonary  resistance
through breath control, thus increasing
lung capacity and decreasing respiratory
rate. Studies have confirmed that yoga can
improve the quality of life and exercise
capacity of patients with COPD, and it
may become an adjuvant therapy in PR
exercise training in the future “),

Conclusion

Pulmonary rehabilitation containing
exercise training is a powerful intervention
to improve exercise tolerance, skeletal and
respiratory muscle function, efficiency of
movement, symptoms of dyspnoea and
fatigue, and health-related quality of life.
There are many methods of exercise
assessment for patients with COPD and it
is very crucial to select the most
appropriate scales and tests to evaluate the
effects of patients on their rehabilitation
and prognosis.

Further research could focus on the
personalization of training types and add-
on interventions to maximise the effects of
the training component of rehabilitation.
Pulmonary  rehabilitation  should be
considered in stable patients in the context
of volume reduction procedures and lung
transplantation and in patients who have
suffered  exacerbations. For clinical
practice, the main challenge is to ensure
that accessibility and proximity of
rehabilitation is secured in all healthcare
systems.
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