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ABSTRACT Tt is now recognised that chronic obstructive pulmonary disease (COPD) is a heterogeneous
disease with many systemic features. Cardiovascular, metabolic, musculoskeletal and psychological
comorbidities contribute to the morbidity and mortality in all stages of the disease. The presence of
comorbid conditions has important consequences for disease assessment and management. In addition to
treatment of the structural and functional changes in the lungs, clinical programmes for COPD should also
assess and manage patients’ comorbidities. Thus, there is an increasing need to understand the interaction
between existing therapies and comorbidities. Pulmonary rehabilitation is an evidence-based intervention
that has been shown to improve clinical outcomes in COPD. However, the impact of comorbidities on
outcomes of pulmonary rehabilitation and vice versa is only partially understood. To date, there is limited
information on the need for adapting specific interventions in pulmonary rehabilitation to comorbidities or
the potential adverse effects of pulmonary rehabilitation in these patients. This article addresses the
currently available literature and suggests novel areas for research.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterised by persistent airflow limitation resulting
from an enhanced inflammatory response in the lungs [1]. It is a major cause of morbidity and mortality
around the world. In 2010, COPD ranked second as a cause of disability-adjusted life years in the USA [2] and
it is projected to become the fourth leading cause of death worldwide in 2030 [3]. Although defined by
abnormal spirometry, it is well recognised that COPD is more than a respiratory disease. Comorbidities,
defined as the coexistence of other medical conditions alongside COPD, contribute to the severity of disease in
individual patients [1]. Although not necessarily causally associated with the disease, the existence of COPD
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may actually increase the risk of other diseases [4]. Comorbidities can occur in patients with any degree of
airflow limitation and are not restricted to patients with advanced COPD [5]. Moreover, comorbidities are
associated with increased morbidity and mortality. The increased understanding of COPD as a systemic
disease has important clinical implications. In addition to traditional pharmacological therapy focused on
treating chronic airflow limitation, management of COPD now requires a more holistic approach, including
the assessment and appropriate treatment of comorbid conditions. Pulmonary rehabilitation is a non-
pharmacological intervention with potential benefits for patients with comorbid conditions.

Prevalence of comorbidities in COPD

Medical comorbidities are common among COPD patients, and occur across the spectrum of disease
severity [6]. Multiple comorbidities often coexist and several clusters can be discriminated [7]. In one
analysis of the prevalence of comorbidities associated with COPD, 32% had one additional condition, and
39% had two or more concurrent medical conditions [8]. In another recent analysis, COPD patients were
reported to have a median of nine comorbidities [9]. Comorbidities commonly associated with COPD are
listed in table 1. The prevalence of each type of comorbidity or combined diseases varies somewhat across
studies, depending on the patient population evaluated, the methods of patient evaluation used and the
definitions of diseases [7]. Cardiovascular disease (including hypertension, atherosclerotic coronary artery
disease, congestive heart failure, atrial fibrillation, stroke and peripheral vascular disease) is one of the most
common comorbidities. Overall, individuals with COPD have a 2-3-fold increased risk of cardiovascular
conditions as compared to age-matched controls when adjusted for cigarette smoking [10, 11]. Endothelial
dysfunction and increased arterial stiffness [12, 13] begin early in the course of COPD [14] and probably
represent the onset of atherosclerotic disease. One large cohort study identified a 40% prevalence of
hypertension among COPD patients [15]. Left ventricular dysfunction, which is commonly unrecognised,
affects up to 20% of COPD patients [16, 17]. Systolic and/or diastolic dysfunction may be present.
Pulmonary hypertension is evident in up to 50% of patients with very severe COPD [18].

Skeletal muscle dysfunction and loss of fat-free mass are other important comorbidities in COPD. Skeletal
muscle dysfunction in COPD is characterised by alterations in fibre type, capillarisation, reduced oxidative
enzyme capacity and altered energy metabolism [19]. Loss of fat-free mass can occur in up to 10-15% of
persons with mild-to-moderate COPD and up to 50% of persons with severe disease [20, 21]. It is prevalent
among persons who are underweight and among obese persons with COPD [22]. Skeletal muscle
dysfunction is associated with reduced strength, endurance and exercise capacity, as well as worse quality of
life, increased risk of hospitalisation and mortality [19, 23, 24]. Importantly, several features of skeletal
muscle dysfunction can be stabilised or reversed by undertaking pulmonary rehabilitation.

Additionally, up to 50% of persons with COPD have osteoporosis [25, 26]; the prevalence is highest among
persons with more severe airflow obstruction. Hip and vertebral compression fractures are common

TABLE 1 Comorbidities commonly associated with chronic obstructive pulmonary disease

Cardiovascular disease
Hypertension
Coronary artery disease
Systolic and/or diastolic left ventricular dysfunction
Pulmonary hypertension
Peripheral vascular disease
Cerebrovascular disease
Stroke
Skeletal muscle dysfunction and loss of muscle mass
Osteoporosis, osteopenia or osteoarthritis
Psychological disturbances
Depression
Anxiety
Cognitive impairment
Anaemia
Obstructive sleep apnoea
Diabetes/metabolic syndrome
Renal insufficiency
Gastro-oesophageal reflux disease
Lung cancer
Infections
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sequelae of osteoporosis, with potential major negative impact on a patients’ functional status. Pain and
kyphosis related to vertebral compression fractures can alter mechanics of breathing and precipitate
decompensation in gas exchange or overt respiratory failure.

Depression affects up to 42% of patients with COPD [27]; the prevalence increases to 60% among persons
who are dependent on supplemental oxygen [28]. Cognitive impairment has also been reported in 77% of
COPD patients with hypoxaemia [29], and is often also evident among some non-hypoxaemic patients
[30]. Additionally, 10-19% of COPD patients are afflicted with anxiety.

Normochromic, normocytic anaemia is another common feature of COPD [31]. Anaemia is present across
the spectrum of COPD severity, with an estimated prevalence of 10-30% [32—-34]. Obstructive sleep apnoea
(OSA) is present among an estimated 10% of COPD patients, and up to 20% of patients with OSA have
concurrent COPD [35]. The concurrence of COPD and OSA is termed “the overlap syndrome”. Diabetes is
present in ~12% of COPD patients [36], while the frequency of glucose intolerance is much higher [7] and
renal insufficiency may be present in 20-22% [37]. Gastro-oesophageal reflux disease affects up to 60% of
COPD patients [38, 39] and is associated with an increased risk of exacerbations [40, 41]. Finally, although
the overall prevalence is uncertain, lung cancer [42] and respiratory infections [43] are additional common
comorbidities with major impact on patient symptoms and outcomes.

Impact of comorbidities on outcomes in COPD

Comorbid conditions contribute to the societal and economic burden of COPD. The number of
comorbidities is related to the total annual costs of the disease [44]. In addition to age and the presence of
chronic symptoms, comorbidities are the most predictive factors of future healthcare costs [45]. The
presence of comorbidities is also associated with increased risk of hospitalisation [15]. In addition to
respiratory complaints, the incidence of hospitalisations for non-respiratory causes, including cardiovas-
cular, gastro-intestinal and musculoskeletal diseases, is significantly increased in patients with COPD
compared to controls [45]. Importantly, the presence and number of comorbidities has a negative impact
on several patient-related outcomes. Even after accounting for differences in age, sex and smoking history,
COPD patients with comorbidities, in particular cardiovascular disease and diabetes, are generally more
dyspnoeic and have a reduced exercise capacity in comparison to patients without comorbidities [46].
Similar observations have been reported for the presence of psychological disorders and anaemia in COPD.
Among patients with moderate-to-severe pulmonary emphysema, the presence of anxiety is associated with
worse shortness of breath, health status and exercise performance [47]. Patients with comorbid depression
reported worse health status and functional impairment, while treatment adherence was reduced [48].
Anaemia is also associated with worse dyspnoea, reduced exercise capacity and worse quality of life [49]. In
addition, a higher number of self-reported comorbidities are associated with increased dyspnoea [9]. The
presence of three or more comorbid diseases in COPD is more predictive of decreased health status than
any demographic or clinical variable [50]. Another study indicated that the influence of comorbidity on
health status was particularly seen in patients with mild-to-moderate disease, while in patients with severe
airflow limitation, the impact of comorbid disease was less pronounced [51]. Finally, comorbidities are
associated with increased mortality risk in COPD [15, 46, 52-55]. Given the negative impact of
comorbidities on patient symptoms, disability, health status, hospitalisation risk, healthcare costs and
mortality, interventions that can stabilise or reduce the severity of comorbid conditions are needed.
Pulmonary rehabilitation is one intervention which, by virtue of its exercise training, emphasis on self-
management and behaviour change, and psychosocial support, may achieve this goal in conjunction with
optimised pharmacological therapies.

Impact of comorbidities on outcomes of pulmonary rehabilitation

Pulmonary rehabilitation is a comprehensive intervention to improve the physical and psychological
functioning of patients with COPD and promote the long-term adherence to health-enhancing behaviours
[56]. Pulmonary rehabilitation has been demonstrated clearly to reduce dyspnoea, increase exercise capacity
and improve quality of life in these patients [56], and is indicated for persons who remain symptomatic
despite optimal pharmacological therapy. Exercise training, nutritional support, education and behaviour
change are therapies frequently included in pulmonary rehabilitation programmes [56]. The intervention is
based on an assessment of the integrated health status of the individual patient, and addresses and treats
systemic effects and comorbidities of the disease [57]. Although the complex and heterogeneous nature of
COPD is now more fully understood, to date, few studies have addressed the impact of comorbidities on
outcomes of pulmonary rehabilitation. These studies are summarised in table 2.

In an observational retrospective cohort study, CRISAFULLI ef al. [59] studied the prevalence and impact of
comorbidities on pulmonary rehabilitation outcomes in 2962 patients with moderate-to-severe COPD
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TABLE 2 Overview of the impact of comorbidities on pulmonary rehabilitation outcomes in chronic obstructive pulmonary

disease
Study Patients n Design Conclusion
CARREIRO [58] 114 Retrospective, outpatient pulmonary Ischaemic heart disease negatively influenced
rehabilitation improvement in health status
Psychological symptoms predicted lower
improvement in symptoms
CrisaFuLLl [59] 2962 Retrospective, out- and inpatient Metabolic diseases were inversely related to
pulmonary rehabilitation improvement in 6MWD
Cardiac diseases were inversely related to
improvement in health status
CrisaruLLl [60] 316 Prospective, outpatient pulmonary Osteoporosis was inversely related to improvement in
rehabilitation 6MWD
GarroD [61] A Prospective, outpatient pulmonary Depressed patients were found to be considerably
rehabilitation more at risk of drop-out than nondepressed patients
GREENING [62] 601 Retrospective, outpatient pulmonary No difference was observed in improvements in
rehabilitation exercise performance and health status between BMI
categories
voN LeupoLpT [63] 238 Prospective, outpatient pulmonary No effect of anxiety on 6MWD after pulmonary
rehabilitation rehabilitation
Depression was associated with reduced improvement
in dyspnoea during activities
RAMACHANDRAN [64] 114 Retrospective, outpatient pulmonary  No difference was observed in improvement in 6MWD,
rehabilitation health status, unsupported arm lifts and functional
performance between obese and nonobese patients
VacaceINi [65] 60 Retrospective, outpatient pulmonary Cardiovascular disease was related to lack of
rehabilitation improvement in 6MWD and health status, being
overweight was associated with more pronounced
improvement in 6MWD
WaLsH [66] 203 Retrospective, outpatient pulmonary Metabolic disease was associated with better
rehabilitation improvement in 6MWD
Youne [67] 81 Prospective, outpatient pulmonary Nonadherent patients were no more likely to have
rehabilitation psychological symptoms than adherent patients

6MWD: 6-min walk distance; BMI: body mass index.

treated in a comprehensive programme. The programme consisted of a minimum of 15 daily sessions of
endurance and strength training, education and behavioural, nutritional and psychosocial counselling. The
presence of comorbidities was documented based on a review of patients’ medical records and were counted
as single comorbidities and combined diseases: heart disease (24%), metabolic disease (62%), skeletal
disease (7%) and other disease (8%). Overall, 51% of the patients had at least one comorbidity. The
percentage of patients with a clinically meaningful improvement in dyspnoea or health status after
pulmonary rehabilitation varied between comorbidity categories, while changes in functional exercise
performance were comparable. Compared to patients with without or with one comorbidity, patients with
two or more comorbidities had changes in the Medical Research Council scale for dyspnoea that exceeded
the minimal clinically important difference (MCID) more frequently, although they reached the MCID for
St George’s Respiratory Questionnaire (SGRQ), a measure for quality of life, less often. In multiple logistic
regression analysis, the presence of metabolic disease and/or heart disease was inversely related to
improvements in functional exercise performance (assessed by 6-min walk distance (6MWD)) and SGRQ
[59]. Moreover, the overall impact of comorbidities, assessed by the Charlson Index [68], inversely
predicted outcomes after pulmonary rehabilitation. The results of this study suggested that patients with
multiple comorbidities, especially those with metabolic disease and heart disease, might be less likely to
benefit or might achieve lower degrees of improvement in exercise capacity or quality of life from
participation in pulmonary rehabilitation.

In another retrospective study including 60 patients with moderate-to-severe COPD who completed an
outpatient exercise training programme, all patients achieved significant improvements in 6MWD and
decreases in SGRQ, except for the patients with cardiovascular comorbidities [60]. Being overweight was an
independent predictor of efficacy of pulmonary rehabilitation and it was hypothesised that overweight
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patients may be more deconditioned and so they may benefit more from exercise training [65]. However,
this was not confirmed in other studies. RAMACHANDRAN et al. [64] investigated the impact of obesity on
pulmonary rehabilitation outcomes. In their retrospective analysis, obese patients had poorer functional
performance and health status compared to nonobese patients at baseline, despite a lower degree of airflow
limitation. However, improvements in 6MWD, health status (assessed with the chronic respiratory
questionnaire) and functional performance (assessed with the Pulmonary Functional Status Scale) following
outpatient pulmonary rehabilitation were similar between obese and nonobese COPD patients [64].
GREENING et al. [62] also investigated the impact of obesity on pulmonary rehabilitation outcomes using a
database of 601 patients attending a 7-week pulmonary rehabilitation programme consisting of walking-
based physical training and education. While exercise performance was more impaired at baseline in obese
patients, the programme was comparably effective in increasing exercise capacity and health status in obese
compared to nonobese patients [62]. In another study [61], body mass index was not related to outcomes
after pulmonary rehabilitation in patients with COPD.

A subsequent prospective study by CRrISAFULLI et al. [60] included 316 patients with moderate-to-severe
COPD attending an outpatient pulmonary rehabilitation programme, consisting of peripheral limb
training, education, chest physiotherapy and psychological and nutritional counselling three times a week
with a minimum of 21 sessions. 62% of patients had at least one associated chronic condition. Self-reported
hypertension, dyslipidaemia, diabetes, coronary disease, chronic heart failure and osteoporosis were the six
most prevalent comorbidities, while the frequency distribution of the combined diseases was comparable to
their previous study [59]. There was no difference in withdrawal rates from pulmonary rehabilitation
between comorbidity categories. Although the coexistence of osteoporosis negatively predicted 6MWD
improvement, unlike the findings of the authors’ prior retrospective analysis, no other comorbidities were
related to poorer outcomes after pulmonary rehabilitation. Also, the number of comorbidities was not
predictive of outcomes. WALSH et al. [66] retrospectively studied the predictors of response to pulmonary
rehabilitation, including the combined comorbidities as previously proposed [59]. Pulmonary rehabilitation
consisted of education and exercise training twice a week for 7 weeks. Response was defined as a clinically
important improvement in 6MWD. In 203 participants with moderate-to-severe COPD, data on
comorbidities were retrieved from the medical records and classified as the presence of musculoskeletal
(osteoporosis and arthrosis), cardiac (ischaemic heart disease, chronic heart failure and cardiac
arrhythmias) and metabolic (systemic hypertension, diabetes and dyslipidaemia) diseases. In addition to
younger age, the presence of metabolic disease was an independent predictor of a better response in exercise
capacity after pulmonary rehabilitation [66]. Similar to the prospective study by CRISAFULLI et al. [60], the
other categories of comorbidities and the number of comorbid conditions were not related to pulmonary
rehabilitation outcomes.

Additionally, CARREIRO et al. [58] performed a retrospective study including 114 patients with mostly severe
COPD that attended an 8-week pulmonary rehabilitation programme. The intervention consisted of disease
self-management, education and modification of risk factors, along with psychosocial and nutritional
support, breathing techniques and exercise training. Comorbidities were recorded based on the patients’
diagnostic and medical data and prescriptions available on their clinical records. Co-occurring chronic
medical conditions were grouped as: metabolic (71.1%), cardiovascular (67.5%), respiratory (59.9%),
psychological (21.1%), osteoarticular (10.5%) and other comorbidities (59.6%). 96% of patients had one or
more comorbidity and more than half of the patients improved beyond the MCID for functional exercise
capacity, health status or dyspnoea. Although there was no association between the number of
comorbidities (0, 1 or >1) and pulmonary rehabilitation outcomes, the presence of ischaemic heart
disease negatively influenced the improvement in health status. Also, anxiety/depression predicted lower
improvement in dyspnoea after pulmonary rehabilitation. Drop-out rates were almost 18%, but there were
no differences in comorbidities between patients who completed the pulmonary rehabilitation and those
who dropped out. In another study, vON LEUPOLDT et al. [63] studied the impact of anxiety and depression
on pulmonary rehabilitation outcomes. The study included 238 patients with COPD who completed a
standardised, 3-week, multidisciplinary outpatient pulmonary rehabilitation programme performed for
6 hours per day for 5 days per week. The presence of anxiety and depression was independently associated
with increased dyspnoea, reduced quality of life and reduced 6MWD before pulmonary rehabilitation [63].
Although psychological symptoms improved after pulmonary rehabilitation, anxiety and depression were
related to poor outcomes after pulmonary rehabilitation. Depressed patients were found to be at a
considerably higher risk of drop-out than nondepressed patients [61]. However, YOUNG et al. [67] also
studied predictors of nonadherence to pulmonary rehabilitation programmes. They did not observe more
anxiety or depression in the group of COPD patients that did not complete a 4 week, hospital-based
outpatient pulmonary rehabilitation programme compared to patients that were adherent.
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In summary, medical comorbidities are extremely common among patients with COPD referred to
pulmonary rehabilitation programmes. Although several studies have investigated the impact of
comorbidities on pulmonary rehabilitation outcomes in COPD, at present, the results are inconclusive.
Although some retrospective studies reported worse outcomes in patients with cardiovascular, metabolic or
psychological comorbid conditions, others, including one prospective study, did not confirm this or
reported opposite effects. Available studies suggest, however, that the presence of specific conditions or
combinations of conditions, rather than the total number of comorbidities, may impact on programme
adherence and selected outcomes of pulmonary rehabilitation. This is an area for future additional study.

Adapting pulmonary rehabilitation programmes for patients with comorbidities

The studies discussed in the previous section investigated the effects of general pulmonary rehabilitation
programmes in patients with COPD and comorbidities. However, the effects of specific pulmonary
rehabilitation programmes adapted for patients with co-occurring medical conditions remain largely
unknown. Programmes specifically developed for these patients might reduce any potential adverse impact
of comorbidity on outcomes and adherence. Also, they might have a positive effect on the course of the
comorbidity and thus contribute to improved integrated health status. For example, MCNAMARA et al. [69]
performed a prospective randomised controlled trial comparing the effects of water-based exercise training,
land-based exercise training or control in COPD patients with musculoskeletal or neurological
comorbidities or obesity. Pulmonary rehabilitation consisted of three weekly outpatient sessions of 1 h
for 8 weeks. Exercise in water and on land was matched as closely as possible for intensity, duration and
muscle groups trained [69]. Drop-out rates were low and comparable between interventions. Compared to
land-based exercise training, water-based exercise training significantly increased incremental and
endurance shuttle walk distance and improved the fatigue domain of the chronic respiratory questionnaire.
This suggested that water-based training is more effective in COPD patients with physical comorbidities.
Additional research is needed to identify the optimal programme modifications likely to lead to the greatest
gains in various outcomes following pulmonary rehabilitation for patients with differing comorbidities.

Effects of pulmonary rehabilitation on comorbidities

Physical activity and regular exercise are both recommended and are beneficial not only for patients with
COPD, but also for patients with cardiovascular disease, musculoskeletal disease, obesity, diabetes mellitus
and most other chronic medical conditions [70-74]. In fact, there is a striking similarity between the
peripheral muscle dysfunction and structural and metabolic abnormalities evident in patients with COPD
and those found in other chronic organ diseases [75]. It is well established that the structural and functional
changes in skeletal muscle in COPD can be stabilised or reversed with the pulmonary rehabilitation
intervention [19, 23, 56]. In patients with heart failure or type 2 diabetes mellitus, prescribed exercise,
involving aerobic and resistance training modalities, is also evidence-based treatment [76, 77]. Thus,
exercise training in the context of pulmonary rehabilitation is important for individuals with COPD and
comorbidities, as it has positive effects on both.

Although almost 40% of COPD patients entering pulmonary rehabilitation fulfil diagnostic criteria for
metabolic syndrome [78], defined as a complex of risk factors for cardiovascular disease, the effects of
pulmonary rehabilitation on abdominal obesity, dyslipidaemia, increased blood pressure and insulin
sensitivity currently remain unknown. VIVODTZEV et al. [79] were the first to show significant improvements
in peripheral pulse wave velocity (PWV), an independent predictor of cardiovascular events and mortality
[80], in seven patients with COPD who underwent a 4-week aerobic endurance training programme
compared to 10 non-exercising case—control subjects. In line with this, GALE et al. [81] showed a small, but
significant, reduction in aortic PWV in an observational study of 32 patients with COPD following an
outpatient-based three weekly pulmonary rehabilitation programme including endurance training and
resistance training. However, the change in aortic PWV following pulmonary rehabilitation was highly
variable. The overall impact of participation in pulmonary rehabilitation on the risk for developing
cardiovascular disease or on cardiovascular disease-related outcomes among patients with COPD remains
unknown. This represents an important area for future study.

In the landmark study by GRIFFITHS et al. [82], a 6-week outpatient multidisciplinary pulmonary
rehabilitation programme in patients with severe COPD resulted in significant decreases in hospital anxiety
and depression scores, in comparison with standard medical management. In a study with a comparable
COPD population, a 16-week tertiary care outpatient pulmonary rehabilitation programme without specific
psychological interventions resulted in decreased psychosocial morbidity, compared to usual care [83]. A
systematic review and meta-analysis performed to estimate the clinical effect of pulmonary rehabilitation
(with or without education) on anxiety and depression in COPD [84] included six randomised controlled
trials comparing pulmonary rehabilitation with standard care. When compared with standard care,
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comprehensive pulmonary rehabilitation, including exercise training, education and psychosocial support,
was significantly more effective in reducing anxiety and depression in the short term. Exercise training alone
was not associated with significant reductions in either anxiety or depression when compared with standard
care [84].

Special considerations for patients with comorbidities entering pulmonary
rehabilitation

Knowledge of medical comorbidities raises several important practical considerations for the assessment
and management of patients with COPD who are entering pulmonary rehabilitation programmes. Although
no formal guidelines exist to direct a standard approach to diagnosis and assessment of comorbidities in
COPD npatients, recognition of comorbidities is essential because treating the comorbidities can have a
beneficial effect on COPD and vice versa. Early intervention may potentially influence the course and
prognosis of the disease, and recognising comorbidities in the context of choosing patients for and
monitoring patients within pulmonary rehabilitation programmes is necessary to ensure patients’ safety.
The pre-rehabilitation medical history and physical examination should include detailed questions
regarding symptoms and signs of the common comorbidities associated with COPD. It should not be
assumed that other healthcare providers will always have considered these issues prior to patient referral to
pulmonary rehabilitation. A baseline electrocardiogram is recommended [85]; echocardiography, cardiac
stress testing (including pharmacological or exercise-based stress testing) and measurement of circulating
natriuretic peptide levels [76] may be advisable for persons with exertional dizziness or chest pain,
peripheral oedema, or whose dyspnoea is out of proportion to the severity of airflow obstruction. Patients
should be asked about symptoms of leg fatigue and claudication. Results of recent complete blood counts
and chemistries, bone density testing, as well as any available assessments of cognitive function,
psychological well-being or sleep disturbances, should be reviewed. Balance and fall risk should be assessed.
Consultation with other specialists, including cardiologists, rheumatologists, orthopaedists or physiatrists
may be needed to determine safe exercise parameters. Cardiopulmonary exercise testing may be helpful to
identify the principal mechanisms of exercise impairment and guide a safe exercise training programme
among persons with multiple potential factors contributing to their activity intolerance. The medical
director and/or pulmonary rehabilitation programme coordinator should communicate closely with the
referring healthcare provider to suggest additional diagnostic testing prior to pulmonary rehabilitation
where needed. Screening questionnaires for anxiety, depression and/or cognitive impairment are often
administered during the pulmonary rehabilitation baseline patient assessment [86]. Special equipment
needs must be considered. Realistic training targets must be formulated that meet individuals™ goals. For
persons with cardiac disease, there are some suggested contraindications to exercise that should be
considered (table 3) [87]. Telemetry monitoring should be considered for persons with a history of serious
arrhythmias or prior sudden cardiac death, severe pulmonary hypertension or left ventricular dysfunction,
coronary artery disease with exercise-induced ischaemia, implanted defibrillator devices, abnormal heart
rate response to exercise or inability to self-manage exercise intensity [88]. Pulmonary rehabilitation staff
must be trained to recognise the symptoms and signs of the common comorbidities, since some
comorbidities may not have been recognised prior to the patient’s enrolment in pulmonary rehabilitation.
Pulmonary rehabilitation care providers may also recommend selected interventions (e.g. nutritional
counselling, mental health care, cognitive testing, efc.) based on their observations of the patient during
pulmonary rehabilitation. Pulmonary rehabilitation staff should also be able to provide advice to patients
regarding aspects of their management, recognise features of disease destabilisation (such as unstable angina
or cardiac arrhythmia, transient ischaemic attack, efc.) and notify the referring healthcare provider and/or
refer patients for additional specialty care when needed. Patient education sessions should also address the
long-term management of common comorbidities. Ideally, targeted goals should be established and education
and monitoring should be provided with regard to weight management, diabetes, blood pressure, lipid
management, psychological disturbances, bone and muscle health, sleep disordered breathing and smoking
cessation, in addition to topics regarding COPD typically included in pulmonary rehabilitation programmes.

Future perspectives

Although there is a wealth of studies indicating the beneficial effects of pulmonary rehabilitation in patients
with COPD, including those with comorbidities, there are important limitations to the currently available
literature. In addition to being descriptive, previous studies evaluating the impact of comorbidities on
pulmonary rehabilitation outcomes have used data retrieved from medical records, without objective
confirmation of the diagnoses or quantification of their severity. However, since comorbidities in COPD are
often undiagnosed and untreated [89], they may blunt the effects of pulmonary rehabilitation. Therefore,
objectively identifying these comorbidities in patients referred for pulmonary rehabilitation is an important
first step [7]. Also, there are as yet no prospective studies directly comparing the effects of pulmonary
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TABLE 3 Contraindications to exercise training in patients with chronic heart failure

Relative contraindications
>1.8 kg increase in body mass over previous 1-3 days
Concurrent continuous or intermittent dobutamine therapy
Decrease in systolic blood pressure with exercise
New York Heart Association functional class IV
Complex ventricular arrhythmias at rest or appearing with exertion
Supine resting heart rate >100 beats-min™'
Pre-existing comorbidities
Absolute contraindications
Progressive worsening of exercise tolerance, or dyspnoea at rest or on exertion over previous 3-5 days
Significant ischaemia at low work rates (<2 METS or =50 W)
Uncontrolled diabetes
Acute systemic illness or fever
Recent embolism
Thrombophlebitis
Active pericarditis or myocarditis
Moderate-to-severe aortic stenosis
Regurgitant valvular heart disease requiring surgery
Myocardial infarction within previous 3 weeks
New onset atrial fibrillation

METS: metabolic equivalents. Reproduced from [87].

rehabilitation in COPD patients with and without single or combined comorbidities. Furthermore, studies
in which pulmonary rehabilitation programmes were adapted in order to address or improve specific
comorbid conditions or in which comorbidity was the primary outcome are lacking. Also, the long-term
effects of pulmonary rehabilitation on the development and natural course of comorbidities in COPD have
not been studied.

Conclusions

Medical comorbidities are common among patients referred for pulmonary rehabilitation. The impact of
comorbidities on the outcomes of pulmonary rehabilitation in patients with COPD remains uncertain.
Although current evidence suggests that the overall number of comorbidities does not affect adherence and
outcomes of pulmonary rehabilitation, contradicting results have been published regarding the impact of
cardiovascular, metabolic and psychological comorbid conditions on selected pulmonary rehabilitation
outcomes. Little is known about the potential benefits of pulmonary rehabilitation on the development and
clinical course of comorbidities. The aim for the future is to optimise the design of clinical trials in order to
address specific comorbidities during pulmonary rehabilitation and move towards a tailored approach for
COPD patients with comorbidities.
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