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ABSTRACT Comprehensive pulmonary rehabilitation is an important component in the clinical
management of people with chronic obstructive pulmonary disease (COPD). Although supervised exercise
training is considered the cornerstone of effective pulmonary rehabilitation, there are many other
components that should be considered to manage the impairments and symptom burden, as well as the
psychosocial and lifestyle changes imposed by COPD. These include approaches designed to: 1) facilitate
smoking cessation; 2) optimise pharmacotherapy; 3) assist with early identification and treatment of acute
exacerbations; 4) manage acute dyspnoea; 5) increase physical activity; 6) improve body composition;
7) promote mental health; 8) facilitate advance care planning; and 9) establish social support networks. This
article will describe these approaches, which may be incorporated within pulmonary rehabilitation, to
optimise effective chronic disease self-management.

@ERSpublications
This paper describes several components of comprehensive pulmonary rehabilitation, other than
simply exercise training http://ow.ly/mMNRp

Pulmonary rehabilitation for chronic obstructive pulmonary disease
Chronic obstructive pulmonary disease (COPD) is characterised by persistent airflow limitation due to
chronic inflammation within the airways and lung in response to noxious particles or gases [1]. People with
this condition are limited by dyspnoea and have impaired exercise capacity and health-related quality of life
[1]. The prevalence of COPD amongst adults aged o40 years is ,10% [2], and increases to 21% in those
with a significant smoking history who are visiting their family physician for any reason [3]. The natural
course of COPD is punctuated with episodes of acute worsening, known as exacerbations, which contribute
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to the burden and mortality associated with the disease [4, 5]. By 2020, it is estimated that COPD will be the
fifth most burdensome disease and third leading cause of mortality worldwide [1].
Pulmonary rehabilitation is considered an important component in the clinical management of people with
COPD. The American Thoracic Society/European Respiratory Society have recently defined pulmonary
rehabilitation as ‘‘a comprehensive intervention based on a thorough patient assessment followed by
patient-tailored therapies, which include, but are not limited to, exercise training, education and behaviour
change, designed to improve the physical and psychological condition of people with chronic respiratory
disease and to promote the long-term adherence to health-enhancing behaviours’’ [6]. As such, pulmonary
rehabilitation represents an ideal opportunity to facilitate chronic disease self-management (CDSM) by
people with COPD. Specifically, CDSM aims to promote a person’s ability to manage their condition
collaboratively with healthcare providers to improve their well-being [7]. Goals of CDSM may include
minimising symptoms and optimising treatment, as well as managing the physical, psychosocial and lifestyle
changes imposed by a chronic condition [8]. This is achieved by facilitating effective patient–healthcare
provider dialogues and empowering people to implement treatment regimens and changes in behaviour
that optimise control of their condition and improve health outcomes [7, 9]. Although education and
training are inherent components of CDSM, the nature of the approaches that aim to effect long-term
behavioural changes vary greatly [7]. A range of resources exist to assist healthcare professionals to promote
CDSM (table 1), and this article will describe approaches that may be incorporated within a pulmonary
rehabilitation programme. Approaches have been grouped as those designed to: 1) facilitate smoking
cessation; 2) optimise pharmacotherapy; 3) assist with early identification and treatment of acute
exacerbations; 4) manage acute dyspnoea; 5) increase physical activity; 6) improve body composition; and
7) promote mental health (fig. 1). The importance of advance care planning and establishing social support
networks is also discussed.

Facilitating smoking cessation
As smoking cessation slows the rate of decline in lung function, improves symptoms and potentially reduces
the number of exacerbations in people with COPD [10–13], addressing this issue is of utmost importance in
current smokers entering pulmonary rehabilitation. Although some clinicians are not in favour of including
current smokers in pulmonary rehabilitation [14], the gains that can be achieved in terms of exercise
tolerance and health-related quality of life are similar between smokers and nonsmokers [15]. However,
smokers are more likely to decline participation in pulmonary rehabilitation and attrition appears to be
higher in those who continue to smoke [16].
Effective interventions to facilitate smoking cessation include counselling therapy by physicians or other
healthcare professionals (e.g. a smoking-cessation specialist) and nicotine replacement therapy with
transdermal patches, gums and nasal sprays [17]. Simple advice from the physician or the provision of selfhelp material is only marginally effective [18, 19]. Combining counselling and nicotine replacement therapy
appears to optimise success [20]. Smoking-cessation rates after 12 months of combined interventions in
people with COPD range from 15% to 35% [21, 22]. There is a strong dose–response relationship between
the intensity of counselling therapy and its effectiveness [1]. When added to a 3-month rehabilitation
programme, individual counselling and nicotine replacement therapy yielded a smoking cessation rate of
68% at 12 months. This was considerably greater than that reported in a group that received individual
counselling and nicotine replacement therapy without rehabilitation (32%) [23]. Although these results
should be interpreted with care due to the study design (i.e. a nonrandomised trial), the findings confirm
that a smoking cessation intervention embedded with a pulmonary rehabilitation programme is a
promising approach.
TABLE 1 Resources to assist with education and self-management training for patients with chronic obstructive pulmonary
disease (COPD)
Developer
McGill University Health Centre and
Quebec Asthma and COPD Network
Lung Foundation Australia
European Lung Foundation
American Lung Association
British Lung Foundation
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Website
www.livingwellwithcopd.com
www.lungfoundation.com.au/professional-resources/pulmonary-rehabilitation/better-livingwith-copd-a-patient-guide/
www.european-lung-foundation.org/53-european-lung-foundation-elf-resources.htm
www.lung.org/lung-disease/copd/living-with-copd/copd-management-tools.html
www.blf.org.uk/Conditions/Detail/COPD
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FIGURE 1 Components and goals of pulmonary rehabilitation other than exercise training.

Optimising pharmacotherapy
Providing instruction and training regarding medication use is an important component of CDSM.
Specifically, appropriate respiratory medication use, which includes correct inhaler technique, as well as
influenza and pneumococcal vaccines, has been shown to reduce exacerbations and hospitalisations in
people with COPD [24–26]. Nevertheless, there appear to be important gaps in the knowledge regarding
medication use by people with COPD enrolled in pulmonary rehabilitation [27]. Information related to
oxygen therapy was also reported to be of interest [27] and should aim to increase adherence to long-term
oxygen therapy by those with marked hypoxaemia at rest, as this may confer a survival benefit [28, 29].
Furthermore, there is now recognition of the prevalence of multi-comorbidity amongst people with COPD.
That is, more than half of all people with COPD who have been referred to a pulmonary rehabilitation
programme have at least one other chronic condition [30] and, therefore, medication burden in this group
is likely to be high. Among elderly adults who have been prescribed multiple medications, nonadherence to
pharmacotherapy regimens is problematic [31], which, in turn, increases the risk of hospitalisation and
mortality [32]. Thus pulmonary rehabilitation offers the opportunity to review medication use and
implement strategies to optimise adherence.

Assisting with early detection and treatment of acute exacerbations
Despite the detrimental impact of acute exacerbations on the course of the disease, people with COPD often
have difficulty recognising the symptoms of an exacerbation early after the onset [33]. This leads to
underreporting of exacerbations [34]. Time to symptom recovery increases by 0.4 days for every day that
there is a delay in seeking therapy [35]. Written action plans for acute exacerbations that emphasise prompt
initiation of individualised medical treatment at the onset of symptoms have been described in the literature
[9, 35], and are associated with a diminished impact of the exacerbations on health status [36] and shorter
recovery time in terms of symptoms [36–38]. People using these action plans appear to seek treatment
earlier during the course of an acute exacerbation [38]. These strategies, however, do not result in a decrease
of exacerbation frequency [36, 37]. Conflicting results have been published concerning the influence on
healthcare utilisation. EFFING et al. [37] reported that action plans were a cost-effective intervention leading
to a reduction of healthcare contacts, while others report no effects on the use of healthcare resources [36].
In line with this, BISCHOFF et al. [39] investigated more comprehensive self-management strategies,
including education, and reported no difference in unscheduled medical contacts. Interestingly, action plans
increased the use of oral corticosteroids and antibiotics [37, 39, 40]. The observation that increased use of
medication is not clearly translated into decreased use of healthcare resources triggers the question to what
extent people make inappropriate use of medication as stated in action plans.
Although, at first sight, written action plans embedded in self-management programmes appear to be
simple, cheap and effective interventions, it has to be noted that studies showing positive effects generally
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included case managers that were always available for the participants [9, 36, 39, 40]. Consequently, it is
unclear to what extent the continuous access to a case manager played a role in the results of these trials.
Pulmonary rehabilitation programmes initiated immediately following an acute exacerbation typically
include self-management strategies and are effective at decreasing rehospitalisation rate [41]. However, it is
not clear whether the self-management programmes had an additional advantage in decreasing
rehospitalisation rate over and above other components of pulmonary rehabilitation, such as supervised
exercise training.

Managing acute dyspnoea
Dyspnoea is the most disabling symptom for people with COPD and is often the reason that medical
attention is sought [1]. Strategies that have been demonstrated to ameliorate dyspnoea, other than
participating in supervised exercise training, include adopting a forward-lean sitting position, pursed lip
breathing and the use of a rollator (or four-wheeled walker) to assist with ambulation. Specifically, the
forward-lean position optimises the mechanical advantage and pressure-generating capacity of the
inspiratory muscles, namely the diaphragm [42]. This, in turn, is likely to reduce the sensation of
unrewarded inspiration (perceived as dyspnoea) that arises from disequilibrium between the efferent
outflow to the inspiratory muscles and the corresponding afferent input from the respiratory system
receptors [43]. The reduction in dyspnoea perceived with pursed-lip breathing seems to relate to a slowing
of the respiratory rate, which, in people with expiratory airflow obstruction, allows for more complete lung
emptying during expiration and less pulmonary hyperinflation [44–46]. Finally, the use of a rollator allows
people to fix their upper limbs during ambulation and reduces their dyspnoea [47], presumably by
facilitating use of the accessory muscles of respiration and minimising reliance on the diaphragm during
inspiration. Fixing the upper limbs on a rollator has been shown to confer significant increases in maximum
voluntary ventilation [48, 49]. Furthermore, compared with walking unaided, the use of a rollator reduces
the metabolic cost of walking for many people with COPD [50]. These strategies are useful to implement
within the context of pulmonary rehabilitation, as people have the opportunity to utilise them during
periods of increased dyspnoea associated with supervised exercise training.

Increasing physical activity
Promotion of physical activity has become a priority for healthcare authorities in the industrialised world.
Information on the importance of physical activity promotion in COPD has grown, especially in the past
few years [51]. People with COPD are physically inactive and this inactivity is detrimental to their health.
That is, low levels of physical activity have been related to an increased risk of hospital admissions and
mortality [52, 53].
There is an emerging need for interventions that confer a sustainable lifestyle change characterised by
increased physical activity and less sedentary behaviour during daily life in people with COPD [54].
Interestingly, physical activity levels correlate better with measures of functional exercise capacity, such as
the 6-min walking distance, than with abnormalities in pulmonary function and, therefore, optimising
exercise capacity may assist in promoting physical activity levels. In addition to exercise training, pulmonary
rehabilitation should incorporate specific interventions to increase daily physical activity [55], such as goal
setting. As physical activity is recognised as a multifaceted behaviour that involves frequency, intensity, time
and type, these variables constitute modifiable dimensions [56].
Daily physical activity should be encouraged in addition to the promotion of the light intensity activities
that are frequently performed during daily life. It is of note that the proportion of people achieving the
recommended physical activity levels is greater when shorter bouts of activities are grouped together, rather
than when definitions are restricted to consecutive minutes. Fulfilling the recommendations for physical
activity with short bouts may be more feasible and not necessarily less effective. This is supported by clinical
trials demonstrating similar effects in aerobic fitness, weight loss and other cardiovascular risk factors with
either long bouts (o20 min) or short bouts (o10 min) of physical activity [57].
It is interesting to note that the way people with COPD seem to adapt to exercise limitation matches with
the strategy of interval exercise that is used in pulmonary rehabilitation, in particular in those with the most
severe disease. DONAIRE-GONZALEZ et al. [58] showed that people with COPD across a wide range of disease
severity engage in physical activity bouts of moderate-to-vigorous intensities. People with severe and very
severe COPD perform their daily activities in fewer and shorter bouts than those with mild or moderate
disease [58]. Therefore, a meaningful focus of rehabilitation programmes could be to increase the frequency
of bouts of physical activity rather than prolonging the duration of such bouts.
PITTA et al. [59] examined activity levels after 3 and 6 months of ongoing rehabilitation in 41 people with
COPD and found that, overall, walking time improved marginally at 3 months but improved significantly
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more at the 6-month time-point. This was despite early significant improvements in maximal exercise
capacity. The benefits were greatest in those people with better adherence to the training sessions [59].
Others have shown early increased daily activity after short-term rehabilitation, but the magnitude of the
change appears to be small [60]. Long-term maintenance of any increase is challenging. Strategies such as
regular telephone support and follow-up visits may be insufficient [61]. It is likely that sustained gains in
physical activity and/or reductions in sedentary behaviour in this population will require complex
interventions that may include exercise training, goal setting and motivational interviewing.

Improving body composition
Although COPD is characterised by progressive and persistent airway obstruction, there are innumerable
complications that occur during the progression of the disease that can affect the nutritional state of people
with this condition [62]. Bodyweight and body mass index (BMI) are important and easy-to-measure
markers of nutritional status that correlate strongly with prognosis in people with COPD; however, they can
clearly underestimate the prevalence of nutritional impairment in this condition. Body composition studies
using a variety of methods have shown that depletion of fat-free mass (FFM) occurs in a substantial
proportion of people with COPD, even in the absence of weight loss [63, 64].
Malnutrition is associated with a poor prognosis for people with COPD, as it predisposes them to
infections, presumably due to decreased cell-mediated immunity and poor wound healing [65]. It may also
limit the ability to produce surfactant, lead to reduced protein synthesis, affect the functioning of peripheral
muscles and reduce respiratory muscle force, exercise tolerance and health-related quality of life [62, 65].
Resting energy expenditure is higher in people with COPD with weight loss, which is due, at least in part, to
an increased load imposed on respiratory muscles, which may contribute to the onset of acute respiratory
ailure [66, 67]. Taken together, the deleterious consequences of malnutrition and weight loss assist to explain
the findings of a number of observational studies, namely that a low BMI is associated with a poor prognosis
independent of the degree of ventilatory impairment [68]. Weight loss and, perhaps more importantly, the
loss of lean body mass, are significant indicators of disease progression in COPD. Indeed, there is strong
evidence that weight loss in people with COPD is associated with increased mortality [68, 69].
Nutritional support is, therefore, an important part of therapy for the stable outpatients and for people with
COPD who are hospitalised, including those in the intensive care unit. The nutritional programme should
follow an assessment of the nutritional status. With a correct composition of nutrients and calories, it is
possible to improve the nutrition of people in the different clinical stages of the disease [65]. Most of the
clinical trials to date have shown that short-term oral nutritional supplementation can result in increases in
body weight and, in some, measures of muscle strength [63]. For example, PLANAS et al. [70] found that
administration of nutritional supplements conferred significant improvements in body weight and tended
to reduce airflow limitation and increase handgrip strength and health-related quality of life. When
combined with an exercise programme, nutritional support not only increased body weight but also
resulted in significant improvements in FFM, respiratory and peripheral muscle strength, exercise capacity
and health status [71, 72]. Thus, a combination of nutritional support and exercise as an anabolic stimulus
appears to be the best approach and people responding to this treatment may confer a survival benefit [73].
As optimising nutritional status could delay the progression of COPD and might also reduce the risk of
early mortality, nutritional support has been advocated as a useful part of care for people with COPD,
especially those with a low BMI [6, 68, 74].
In addition to a low BMI, it is important to note that, in many parts of the world, the prevalence of obesity
is increasing at an alarming rate. Obesity is clearly linked to specific clusters of comorbidities, such as
cardiovascular, cachectic, metabolic and psychological conditions [75], and is a risk factor for reduced
survival, independent of smoking status [76]. Paradoxically, epidemiological studies have shown that people
with advanced COPD who are overweight or mildly to moderately obese have a survival advantage
compared with their underweight counterparts [77, 78]. This ‘‘obesity paradox’’ has also been described in
other chronic diseases but the protective mechanisms are unknown. However, weight reduction is
undoubtedly the optimal health strategy for obese patients with chronic respiratory disease. In general,
therapy comprising diet, physical activity and medication promotes a moderate degree of weight or fat loss
in the short term [79, 80].

Promoting mental health
A large proportion of people with COPD report feelings of anxiety and depression. Although prevalence
estimates for these comorbidities vary greatly due to differences in sampling and the use of different
instruments [81], a prevalence of 36% for anxiety and 40% for depression appears to be a valid estimate
[82]. The incidence of depression in people with COPD is 2.5 times higher compared with the healthy
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elderly [83]. People with depression have a greater risk for exacerbations [84], rehospitalisation and
mortality [85]. Within a multidisciplinary rehabilitation team, psychologists are the best placed healthcare
professionals to provide specific treatment for people with symptoms of anxiety and/or depression. Notably,
psychotherapy implemented during pulmonary rehabilitation improves symptoms of anxiety and
depression [86].
Cognitive-behavioural therapy (CBT) is a structured psychological intervention that has been frequently
used in people with symptoms of anxiety and depression. This intervention combines cognitive
psychotherapy with behavioural therapy and maintains that irrational beliefs and distorted attitudes
toward the self, the environment, and the future perpetuate depressive affects and compromise functioning
[87]. The goal of CBT is to reduce depressive symptoms by challenging and reversing these beliefs and
attitudes and encouraging people to change their maladaptive preconceptions and behaviours in real life
[87]. Although CBT has been shown to reduce symptoms of anxiety and depression in elderly populations
[88, 89], the evidence in people with COPD is rather limited [90]. A review based on small studies in people
with COPD suggests that there is only limited evidence that CBT is effective in reducing symptoms of
anxiety and depression when added to exercise and education [91].

Advance care planning
Advance care planning is the process of determining a person’s values and preferences for future
management of their condition, which includes end-of-life care [92]. An understanding of these issues has
the potential to mitigate unwanted interventions, such as intubation and ventilation, and has been shown to
reduce psychological stress for both patients and carers [93, 94]. Despite the fact that chronic lung diseases,
such as COPD, are a leading cause of mortality worldwide, the issue of advance care planning is often poorly
addressed as part of their clinical management [95–97]. Advance care planning for people with end-stage
cardiorespiratory disease is considered challenging, as the disease progression is often variable and gradual,
hospitalisations are episodic, prognosis may be unclear and people may not recognise the seriousness of
their condition [95]. Earlier work has shown that people with COPD were eager for discussions while in a
stable state of health [98, 99] and that nonmedical facilitators are an acceptable source of information. As
pulmonary rehabilitation involves people with COPD working closely with healthcare professionals over
several weeks, it is likely that these programmes are an appropriate forum to commence discussions
pertaining to advance care planning [100].

Establishing social support networks
A feeling of social isolation is commonly expressed by people with COPD [101, 102]. Impaired exercise
tolerance and excessive feelings of dyspnoea during activities result in decreased physical activity levels
[103], and people become more homebound as they decrease participation in outdoor activities. Social
contacts diminish and people are frequently afraid to become dependent on others. Pulmonary
rehabilitation can provide an environment that reinforces the social contacts and support. Those who
participate in pulmonary rehabilitation report enjoying the social aspect of training together [104], and
people can interact, receive and provide emotional support, which serves to encourage and motivate one
another [104]. Furthermore, exercising in a peer group and opportunities for social interaction are
important components for a long-term physically active lifestyle [105]. Besides the people with COPD, the
caregivers might also find the desired social support in the pulmonary rehabilitation setting [106].
Outside of the context of pulmonary rehabilitation, patient support groups assist people in dealing with
their disease and taking an active role in their disease management. It offers a place to share thoughts,
experiences, support and friendship with peers who experience the same barriers and problems. Generally
these groups are organised by people with COPD, but may be facilitated by respiratory health professionals.
People with COPD should be encouraged to take part in a local support group over the course of their
rehabilitation programme [107].

Conclusions
Although supervised exercise training is considered the cornerstone of effective pulmonary rehabilitation
[108], there are many other approaches that may help to manage the impairments and symptom burden, as
well as the psychosocial and lifestyle changes imposed by COPD. Consideration should be given to
incorporating these approaches within the framework of a comprehensive pulmonary rehabilitation
programme, with the goal of promoting effective life-long CDSM. A comprehensive multidisciplinary team
can provide a tailor-made intervention, with the patient having access to those healthcare professionals with
expertise that is relevant for their specific situation. Regular multidisciplinary team meetings may help
healthcare professionals to provide a coordinated approach to patient care.
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