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Abstract
Background—Chronic obstructive pulmonary disease (COPD) is a prevalent respiratory disease
and associated with considerable individual and socioeconomic burden. Recent research started
examining the role of psychosocial factors for course and management of the disease.

Purpose—This review provides an overview on recent findings on psychosocial factors and
behavioral medicine approaches in COPD.

Results—Research has identified several important psychosocial factors and effective behavioral
medicine interventions in COPD. However, there is considerable need for future research in this
field.

Conclusions—Although beneficial effects of some behavioral medicine interventions have been
demonstrated in COPD, future research efforts are necessary to study the effects of distinct
components of these interventions, to thoroughly examine promising but yet not sufficiently
proven interventions, and to develop new creative interventions.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive chronic respiratory disease
and associated with considerable individual as well as social and economic burden [1].
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Already a leading cause of morbidity and mortality worldwide, the prevalence of COPD is
projected to dramatically increase in the upcoming decades implying significant
consequences for public health care systems [1, 2]. In addition to the prominent
physiological symptoms, psychosocial aspects play an important role in the course and
management of the disease. However, compared to other chronic diseases such as asthma,
behavioral medicine approaches in COPD have not received the same level of systematic
research activity or public interest [3]. Therefore, the present review provides an
introduction to the disease characteristics and current medical treatment approaches,
followed by an overview on important psychosocial influences as well as behavioral
medicine diagnostic and treatment approaches to COPD. Moreover, needs for future
research in this area will be highlighted.

Definition, Epidemiology, and Pathophysiology of COPD
COPD is a chronic respiratory disease with some significant extrapulmonary (systemic)
effects that may contribute to the severity in individual patients [1]. It is characterized by
progressive airflow limitation which, in contrast to asthma, is not fully reversible and
associated with abnormal inflammatory responses of the lung to noxious particles or gases
[1]. The chronic airflow limitation is caused by a mixture of small airway disease (subtype
obstructive bronchiolitis) and parenchymal destruction (subtype emphysema) with varying
contributions of these factors between patients. The chronic inflammation leads to structural
changes and narrowing of the small airways [1, 4, 5]. The cardinal symptom of COPD is
dyspnea (breathlessness), the experience of uncomfortable breathing, which constitutes a
frightening experience for many patients [1, 6]. At early stages of COPD, dyspnea usually
develops during physical activities and exercise, whereas at later stages of the disease, it is
already present at rest and is caused by hyperinflation of the lungs (i.e., an increase of end-
expiratory lung volume due to airflow limitation), weakened respiratory muscles, or
insufficiencies in gas exchange. The perception of dyspnea involves sensory and emotional
aspects [7–10], which are presumably controlled by distinct brain areas [11–16], but
respective neuroimaging data are currently not available in patients with COPD. In
particular, the emotional aspects of perceived dyspnea seem to be closely linked to
psychosocial factors and disease-related behavior in the everyday life of patients [8, 17–19].
Other major symptoms of COPD are cough and augmented sputum production. Prominent
extrapulmonary symptoms or comorbidities include skeletal muscle wasting, nutritional
abnormalities, systemic inflammation, cardiovascular disease, osteoporosis, lung cancer,
depression, sleep disorders, and diabetes, which can potentiate the morbidity of COPD [1,
20].

Although the natural history and the course of the disease vary between patients, the most
commonly encountered risk factor for developing COPD is cigarette smoking [1], with up to
90% of all deaths from COPD being attributable to smoking [21]. Further risk factors
include inhalational exposures to occupational dusts, chemicals, and in many countries air
pollution due to burning wood and biomass fuels. Additionally, other influences such as
infections in early life, genetic predispositions, and pre-existing asthma might be
contributory in some individuals [1]. In general, COPD is a progressive disease, especially if
the exposure of patients to noxious agents continues.

The international Burden of Obstructive Lung Disease study has demonstrated a prevalence
of stage II or more severe COPD of 10% across 12 sites on different continents. However,
prevalence rates showed considerable variations between countries with the lowest rates
(9%) observed in Canada, Germany, and Australia and the highest rates observed in South
Africa and the Philippines (22% and 19%, respectively) [22]. Older age was consistently
related to an increased risk of developing COPD, with the highest rates being found in those
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over 60 years of age [2, 22, 23]. It is assumed that in many cases, COPD is not detected due
to insufficient diagnostics or because milder symptoms in the first stage of the disease
remain often unrecognized by patients [4]. The prevalence and burden of COPD are
projected to dramatically increase in the coming decades, which is partly related to changes
in the age structure of the global population, with more individuals reaching an older age at
which COPD usually develops [1, 2]. For example, the Global Burden of Disease study
concludes that COPD worldwide will increase its ranking from 2002 to 2030 for disease-
related deaths from rank 5 to rank 4 and for disability-adjusted life years lost from rank 11 to
rank 7 [24]. The economic burden of the disease is substantial. For the USA, the estimated
costs for health care expenditures and lost productivity due to COPD in the year 2010 were
nearly $50 billion USD [25].

According to well-established guidelines, a clinical diagnosis of COPD should be
considered in any individual over age 40 who demonstrates dyspnea (usually progressive
and worse with exercise), chronic cough or sputum production, and/or a history of exposure
to risk factors for the disease such as tobacco smoke [1]. The diagnosis should be confirmed
by a spirometric lung function test. The presence of a postbronchodilator ratio of the forced
expiratory volume in 1 s (i.e., the amount of air that can be exhaled during a specific
forceful exhalation maneuver)/forced vital capacity (FEV1/FVC)< 0.70 and FEV1<80% of
the normative values for a given age and gender confirms the presence of a not fully
reversible airflow limitation and helps differentiating COPD from asthma. The assessment
of the severity level of COPD is based on the severity of lung function impairment, the
patient’s level of symptoms, and the presence of complications which are grouped to four
severity levels as suggested by Global Initiative for Chronic Obstructive Lung Disease
(GOLD; see Table 1), but also by other guidelines (e.g., [4, 26].

COPD exacerbations have been characterized in various ways in the past [27]. Most recent
guidelines [1] suggest that an exacerbation should be defined as: “… an event in the natural
course of the disease characterized by a change in the patient’s baseline dyspnea, cough and/
or sputum that is beyond normal day-to-day variations, is acute in onset, and may warrant a
change in regular medication…” (p. 64). Exacerbations can be caused by bacterial or viral
infections and environmental pollutants, but in 1/3 of severe exacerbations underlying
causes have not been identified [1]. Because exacerbations are associated with stronger
inflammatory responses, reduced quality of life and health status as well as a poor prognosis
of the disease, the prevention, early detection, and immediate treatment of exacerbations is a
major goal in the management of COPD.

Under certain circumstances (e.g., advanced stages of the disease, family history of COPD),
arterial blood gas measurements, chest radiography, exercise tests, respiratory muscle
function tests, auscultations, or alpha-1 antitrypsin deficiency screenings might provide
important additional diagnostic information. Because COPD is a progressive disease,
symptoms and lung function should continuously be monitored in order to determine
possible modifications in the therapy. Due to their negative interactions with the course of
disease, comorbidities should be identified and managed [1].

Medical Treatment of COPD
Pharmacologic therapy in patients with COPD is the first choice of treatment used to prevent
and control respiratory symptoms, to reduce frequency and severity of exacerbations, as well
as to improve health status and exercise tolerance. Although most medications do not
reverse the long-term decline of lung function, limited data suggest that the rate of this
decline might be slowed with some medications [28, 29]. Current guidelines [1, 4, 26, 30]
recommend short-acting or long-acting bronchodilator treatments as the mainstay of
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pharmacological therapy, which decrease airway smooth muscle tone, thus improving
expiratory flow rates, reducing hyperinflation, and resulting in reduced dyspnea. These
treatments are preferably administered by inhalation and attention to effective drug delivery
and inhaler technique is essential. For symptomatic patients with severe forms of COPD or
for specific subgroups, additional treatments can be indicated, e.g., with glucocorticosteroids
or antibiotics. Optimal pharmacotherapy of COPD should be individualized based on the
patient’s level of disease severity as assessed by spirometric lung function tests, symptoms
and disability, frequency of acute exacerbations, and occurrence of side effects which
necessitates continuous monitoring. In some very severely affected patients intermittent or
long-term oxygen therapy, ventilator support or surgical procedures (e.g., lung volume
reduction, lung transplantation) might become necessary [1, 4, 26, 30]. Severe exacerbations
can require emergency department treatments or hospitalizations. Because comorbid
symptoms are frequent in COPD, they often require additional medical treatments.

Psychosocial Influences on COPD
Psychosocial factors play an important role in COPD. Due to the chronic and progressive
character of the disease, patients are not only physically limited, but often show great
reductions in their psychological and social functioning which can feedback on the course of
disease as well as on the social environment [1, 31]. However, research efforts on the
specific mechanisms linking psychosocial factors and COPD have so far remained very
limited, and only the past few years have seen an acceleration [3]. In general, both direct
physiological (e.g., increased inflammatory processes due to high individual or social stress
levels) and indirect behavioral pathways (e.g., poor disease management due to comorbid
psychological symptoms) might link psychosocial aspects with the course of COPD, as has
been demonstrated for other respiratory diseases such as asthma [32–35].

Comorbidity of COPD with Psychological Disorders
In patients with COPD, comorbid psychological symptoms are highly prevalent, in
particular depression and anxiety. Recent studies reported prevalence rates ranging from 8%
to 80% for symptoms of depression and from 6% to 74% for symptoms of anxiety [31, 36].
This large variance is presumably related to the large differences in measurement
instruments, diagnostic criteria, study designs, and illness severity. In a meta-analysis of 13
studies by Yohannes et al. [37], the pooled analysis revealed prevalence rates for depression
and anxiety of 40% and 36%, respectively, which might be considered as more realistic
benchmark figures. Previous studies demonstrated that comorbid depression and anxiety in
COPD patients is related to a worse course of the disease including increased mortality,
more frequent exacerbations, persistent smoking, longer and more frequent hospitalizations,
increased symptom burden, worsened physical and social functioning, decreased quality of
life, reduced activity levels, and less favorable outcome of pulmonary rehabilitation (PR)
[36, 38–46]. Importantly, psychological comorbidities often remain undetected and
untreated in patients with COPD [47]. A previous study demonstrated that in less than 44%
of COPD patients, clinically relevant anxiety and/or depression was correctly diagnosed and
that only 31% of these patients received any treatment for these psychological comorbidities
[48]. Therefore, the detection and treatment of comorbid psychological symptoms in patients
with COPD remains a major clinical target.

At present, the exact causes for the high prevalence of psychological symptoms in patients
with COPD are widely unknown. A population-based longitudinal study suggested that pre-
existing symptoms of anxiety and depression were associated with the new onset of
dyspnea, whereas pre-existing dyspnea was only weakly associated with later symptoms of
anxiety and depression [49]. However, this sample only included patients with asthma as
well as individuals without respiratory symptoms, thus preventing specific conclusions for
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patients with COPD. Other authors emphasized the role of disease severity and/or repeated
experiences with frightening episodes of dyspnea as potential causes for the later
development of psychological comorbidities (in particular anxiety), especially for patients
who tend to misinterpret or catastrophize bodily sensations [39, 40, 50]. It might further be
speculated that a common factor is underlying both COPD and psychopathology, e.g.,
systemic inflammatory processes or genetic influences [51]. Once comorbid
psychopathology and COPD are present, both direct physiological and indirect behavioral
pathways might link these comorbidities with a worse course of disease. Whereas studies for
the direct physiological pathway are scarce in COPD patients, several studies demonstrated
that psychopathology in COPD is related to worse exercise performance [39, 40, 44, 52].
This might be indicative of a behavioral pathway such that anxious avoidance or depression
related motivational difficulties result in avoidance of activities that could lead to dyspnea, a
sedentary lifestyle, and a further decrease in patients’ health status. Another behavioral
pathway of comorbid psychological symptoms is their negative impact on adherence to
prescribed treatments, in particular smoking cessation or medication adherence, which is
generally regarded as poor in COPD patients [53]. Overall, future studies are needed to
specify the exact direct and indirect mechanisms that link psychopathology and worse
course of COPD.

Social Aspects in COPD
A growing body of studies suggests that supportive social relationships might be related to a
more favorable course of disease in patients with COPD [54]. In this regard, patients living
with a partner or perceiving high satisfaction with available social support showed less
hospital readmission rates, dyspnea, or depressive symptoms as well as improved exercise
tolerance and survival rates compared to patients living alone or perceiving low satisfaction
with social support [55, 56]. However, other studies failed to observe such associations or
found patients living alone to show even greater improvements in quality of life after
pulmonary rehabilitation [57, 58]. The specific mechanisms that might underlie possible
associations between stronger social support and better COPD disease status remain to be
investigated. It has been speculated that social support might be effective in absorbing
distress caused by the deleterious consequences of the illness, in enhancing perceived self-
efficacy, and/or in promoting positive adaptive health behaviors including treatment
adherence [53, 55, 59]. Recent findings further suggest that also social comparison
processes, i.e., the degree to which patients perceive themselves as similar to other patients
with more or less favorable states of disease, can impact outcomes of pulmonary
rehabilitation [60]. Importantly, some studies have demonstrated that not only patients with
COPD but also their partners show lower quality of life and stronger symptoms of anxiety
and depression which, in turn, can interact with the patients’ level of physical symptoms [61,
62]. These data indicate that partners of COPD patients can be substantially affected by the
disease of their ill partners and suggest a need for interventions that include partners [3].
Overall, research on social factors in COPD is still in its infancy, and larger, controlled
studies are necessary to increase our understanding on specific mechanisms, qualities, and
effects of these interactions.

Diagnostic Assessment of COPD in Behavioral Medicine
A detailed diagnostic assessment of patients with COPD is not limited to physiological and
functional aspects, but should also explore the impact of the disease on feelings of
depression and anxiety, activity limitations, missed work, the economic situation, family
routines, as well as smoking status and motivation to quit smoking [1, 63]. In addition, the
overlap of symptoms of depression and anxiety with symptoms of COPD makes a sound
diagnostic procedure essential. In the daily clinical routine, a first and quick screening can
already be performed with simple verbal questions asking patients for their current
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experience with respective symptoms, such as the standardized anxiety and depression
screening questions from the Patient Health Questionnaire [64] or the Hospital Anxiety and
Depression Scale [65], which avoids overlap with COPD-typical symptoms of fatigue, sleep
disturbance, or dyspnea. If relevant psychological symptoms become obvious, patients
should be referred to a specialized health care professional trained in clinical psychological
diagnostics and treatments. For an overview of further questionnaire instruments for the
assessment of psychological, but also disease-specific symptoms, experience of the disease,
quality of life, or relevant behaviors, the reader is referred to previous reviews [31, 66, 67]
and the website of the American Thoracic Society’s Behavioral Science Assembly (http://
qol.thoracic.org/sections/instruments/ko/index.html). Because patients’ perception of
symptoms, activity limitations, and health-related quality of life are often not well correlated
with pulmonary function measurements, GOLD-defined disease stages, or physician’s
perceptions, the use of such validated self-report outcome measurements of health status
(e.g., health-related quality of life, functional and emotional status) is now recognized as
being key in capturing the patient’s experience. Using these measures health care
professionals can determine what is really important to the individual patient, highlight
differences between patients, and optimize treatment efforts [66]. It must be noted, however,
that several questionnaire measures commonly used in patients with COPD have so far not
been validated for this specific population (in particular respective cutoff values), which
warrants future research efforts.

Due to the progressive character of COPD, a close monitoring of physiological, functional,
psychological, and social aspects has been recommended in recent guidelines [1]. This
should also include the assessment of adherence to prescribed treatments such as medication
intake, which is usually poor in COPD and related to significant health and economic burden
[68, 69]. Medication adherence can be measured by biochemical evaluation of drug levels,
electronic devices assessing the use of pills, inhalers or canisters, diaries as well as
pharmacy records filling prescriptions. However, these techniques are rarely used in routine
praxis due to high costs, administrative complexity, and/or problems with reliability [53].
Simple questions to the patients are perhaps the easiest approach to assess adherence, but the
typical limitations of this approach (retrospective biases or inaccuracies in the form of
overreporting of medication use) can also be expected in COPD [53, 68].

Behavioral Medicine Treatment
An effective management and treatment of COPD should be aimed at several goals: relief of
symptoms, prevention of disease progression, improvement of exercise tolerance,
improvement of health status and quality of life, prevention and treatment of complications
and exacerbations, as well as reduction of mortality, which should be achieved with a
minimum of treatment side effects [1]. Due to its somatic origin and potentially severe
consequences, patients with COPD have to be diagnosed and medically treated by a
physician, preferably with specific pulmonary training. However, many aspects of the
disease require a more comprehensive treatment approach according to the biopsychosocial
model of diseases to reduce the impact of the disease on quality of life and health status.
This requires a multidisciplinary approach combining various forms of treatment, which
have to be tailored to individual patient’s needs and should continuously be monitored [1,
4]. Ideally, COPD care should be delivered by a multidisciplinary team including
physicians, nurses, physiotherapists, exercise physiologists, kinesiologists, occupational
therapists, dietician, social worker, mental health trained worker, behavior nurse therapist,
clinical psychologist, or liaison psychiatrist [4, 26, 30]. Behavioral medicine offers a variety
of relevant techniques and interventions that can be effective in alleviating the burden of
COPD by initiating important behavioral change in patients. Most of the techniques
reviewed below are part of comprehensive treatment programs such as pulmonary
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rehabilitation or are used in some other form of combination, which makes it difficult to
study their distinct individual effects.

Pulmonary Rehabilitation
The joint guidelines of the American Thoracic Society and the European Respiratory
Society define pulmonary rehabilitation as “…evidence-based, multidisciplinary, and
comprehensive intervention for patients with chronic respiratory diseases who are
symptomatic and often have decreased daily life activities.” [70]. The main goals of PR are
the reduction of symptoms, the improvement of quality of life, and the increase in physical
and emotional participation in everyday activities. A large body of evidence has
demonstrated the beneficial effects of PR in several outcome domains for patients with
COPD (Table 2). Therefore, treatment guidelines and systematic reviews strongly
recommend PR for all disease stages including older patients, current smokers, and patients
after exacerbations [1, 70–73]. Components of PR vary between programs and depend on
individual needs of the patients. Common elements of comprehensive PR besides
monitoring and optimization of pharmacological treatments are exercise training, patient
education/behavioral training, nutrition counseling, psychosocial support, smoking cessation
support, breathing therapy, and respiratory muscle training. PR can be performed in
inpatient and outpatient settings. The optimal duration of PR remains to be established, but
some evidence suggests that longer compared to shorter programs are more effective [74].

Exercise Training
Exercise training is the cornerstone of pulmonary rehabilitation and the best available means
of improving skeletal muscle function in COPD. It is particularly indicated for those patients
who have decreased exercise tolerance, exertional dyspnea or fatigue, and/or impairment of
activities of daily living [70]. Improvements in skeletal muscle function after exercise
training enhance exercise capacity despite the absence of improvements in lung function.
Furthermore, the improved oxidative capacity and efficiency of the skeletal muscles lead to
less alveolar ventilation for a given work rate resulting in reductions of dynamic
hyperinflation and exertional dyspnea [70, 72]. Patients should perform a minimum of 20
sessions of exercise at a frequency of at least three times per week, and regular supervision
of exercise sessions is necessary to achieve optimal physiologic benefits. Exercise should be
adapted to individual patients’ characteristics and limitations. Symptoms such as dyspnea
and objective markers such as heart rate at the gas exchange threshold, blood pressure, or
power output can be used to target training intensity [70].

Training components include lower extremity exercise (e.g., stationary cycle ergometer,
treadmill, walking) as well as upper extremity exercise (e.g., arm cycle ergometer, free
weights, elastic bands). Although both low-intensity and high-intensity exercise training
produce clinical benefits in patients with COPD, training at higher exercise intensity seems
to be associated with greater physiologic benefits than lower intensity training [70, 72]. A
combination of endurance and strength training is probably the best strategy to treat
peripheral muscle dysfunction because it leads to combined improvements in muscle
strength and whole body endurance. In patients with airflow limitation, optimal
bronchodilator therapy should be given prior to exercise training to reduce dyspnea and
improve exercise tolerance [75]. Symptoms of depression and anxiety can limit the benefits
of exercise training due to poor motivation and/or fear of symptoms such as exertional
dyspnea and, thus, should be targeted before and during trainings [18, 39, 40, 44].

Physical inactivity has been demonstrated to be the strongest predictor of all-cause mortality
in COPD [76]. Moreover, benefits achieved during PR wane after completion of PR, but if
exercise training is continued at home, the health status of patients remains above levels
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before PR [1, 77]. Therefore, a transfer of exercise motivation into everyday life is essential
and underlines the need for behavioral changes that have to be initiated and supported
during PR. If PR is not available, patients should be encouraged to lead an active life and to
undertake a home-based exercise program to prevent progressive skeletal muscle
deconditioning associated with inactivity [26]. Although home-based programs might be
less individualized and certainly lack the daily physical presence of PR experts, some
promising effects have been reported including improvements in dyspnea, quality of life,
and exercise capacity[78–80].

Patient and Self-Management Education
Patient education plays an important role in the treatment of COPD and is a core component
of pulmonary rehabilitation, although outcomes are often difficult to measure. The character
of education is changing from traditional didactic lectures to more interactive self-
management education, which not only conveys pure information but also includes the
teaching of self-management skills emphasizing illness control through modifications of
patients’ health behavior [70]. Therefore, behavioral approaches such as cognitive
behavioral therapy (CBT) are ideally suited to establish effective self-management skills.
Self-management education is recommended in most treatment guidelines for COPD;
however, topics suggested in specific programs vary. Typical components include the
pathophysiology of lung disease, proper use of medication, benefits of exercise and physical
activities, irritant avoidance/smoking cessation, prevention and early treatment of
exacerbations, coping with COPD, end-of-life planning, control of anxiety and stress,
breathing strategies, and bronchial hygiene techniques [1, 26, 70]. In particular, changes in
self-efficacy due to self-management education have been suggested as being a key factor
for improving clinical outcomes including treatment adherence [54, 70, 81]. Addressing
patients’ illness perceptions or beliefs about the disease and its treatment is also viewed as
important [53, 82].

Recent systematic reviews have demonstrated that self-management education can reduce
hospitalizations and improve quality of life, dyspnea, and exercise capacity in patients with
COPD [83, 84]. However, more and larger randomized controlled trials with long-term
follow-ups are needed to develop clear recommendations regarding the form and specific
contents of self-management education programs in COPD. An interesting alternative to
conventional programs might be internet-based programs, in which patients can participate
from home. Pilot studies have demonstrated promising results of an internet-based dyspnea
self-management program for COPD patients, including improvements in dyspnea, self-
reported exercise time, physical functioning, and self-efficacy for managing dyspnea [85,
86].

Smoking Cessation
Tobacco smoke is the main risk factor for the development and poor prognosis of COPD,
nonetheless up to 43% of patients with moderate to severe COPD continue to smoke [87],
rendering smoking a major target for behavioral interventions. Indeed, international
guidelines consistently recommend smoking cessation as the single most effective means of
preventing COPD and of slowing the progress of the disease [1, 4, 26, 63, 88]. Findings
from The Lung Health Study have shown that smoking cessation improves pulmonary
function, dyspnea, and chronic cough, as well as reduces exacerbations, slows the rate of
lung function loss, and lowers mortality in patients with COPD [89–91].

Several interventions are available to motivate and support individuals to quit smoking,
often as an integral part of PR treatment programs. These include low intensity interventions
such as brief advice by physicians or nurses, tailored self-help materials, and proactive
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telephone counseling [63]. However, more intensive interventions are more effective than
less intensive interventions. Evidence-based medicine reviews suggest that particularly
counseling and group counseling are effective in helping individuals stop smoking [63, 92,
93]. Recent treatment guidelines and meta-analyses recommend the combination of
psychosocial interventions and pharmacotherapy (e.g., nicotine replacement therapy,
varenicline, bupropion) to support smoking cessation in patients with COPD [1, 4, 26, 63,
88, 94]. Typical success rates after 1 year from smoking cessation studies in COPD patients
show considerable variations ranging from about 5% up to 35% in highly intensive
programs and are usually lower compared with smokers without COPD [63]. These poor
rates underline the urgent need for improved interventions aimed at supporting smoking
cessation in COPD.

Respiratory Muscle Training
Functional inspiratory muscle strength and inspiratory muscle endurance are often
compromised in patients with COPD. This results in respiratory muscle weakness which
contributes to hypercapnia (i.e., increased levels of blood carbon dioxide), dyspnea, and
reduced exercise performance [70]. Inspiratory muscle training is aimed at increasing
inspiratory muscle strength, usually by having patients breathe through defined resistances
(i.e., inspiratory resistive training, threshold loading). A recent meta-analysis has
demonstrated that this training improves inspiratory muscle strength and endurance,
functional exercise capacity, dyspnea, and quality of life in patients with COPD [95].
Specifically, strength training of the respiratory muscles was shown to be effective, whereas
endurance training was less effective. In particular for COPD patients with inspiratory
muscle weakness, the addition of inspiratory muscle training to a general exercise training
program seems to improve exercise performance and is recommended in some guidelines as
adjunctive therapy in PR [1, 70, 95, 96]. Similar to exercise training programs, training
effects wear off in the long-term, and therefore, patients require special encouragement to
continue with the training [95].

Breathing Training
Breathing training is recommended as complimentary intervention in the management of
COPD in several reviews and guidelines [70, 97–99]. It includes a number of controlled-
breathing exercises aimed at improving different pathophysiological aspects of lung
diseases, such as reducing dynamic hyperinflation of the rib cage and improving regional
ventilation, gas exchange, respiratory muscle function, and thoracoabdominal coordination
[70, 98]. Prominent examples are pursed-lip-breathing, active expiration, and body
positioning. Pursed-lip breathing can improve hyperinflation and gas exchange by prolonged
expiration through half-opened lips and has been effective in reducing dyspnea in some
patients with COPD [98, 100, 101]. Active compared to passive expiration involves
contractions of abdominal muscles and might improve diaphragm-functioning and
ventilation in COPD, but its significance for relieving dyspnea remains unclear and even
dysfunctional effects such as increased rib cage hyperinflation have been reported [98, 102].
Body positioning techniques, especially forward leaning, improve diaphragmatic
functioning and chest wall movement and reduce accessory muscle recruitment and dyspnea
in patients with COPD [70, 98]. Overall, breathing training should be individualized and
require careful patient selection, adequate instructions, and control of the techniques and
their effects [70, 98].

Nutrition Counseling
In patients with COPD, nutritional status has an important impact on symptoms, disability,
and prognosis and both overweight and underweight can be problematic. In particular,
malnutrition has been observed in many patients (i.e., reduction of body mass index, BMI or
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fat free mass), which is a prognostic risk factor for increased morbidity and mortality in
COPD [103, 104]. The reasons for malnutrition in COPD are multifactorial and can include
effects of increased work of breathing due to abnormal respiratory mechanics, effects of
systemic inflammation, decreased dietary intake, dental problems, and dyspnea during or
after eating [105]. It is therefore recommended in some guidelines to identify these patients
by measuring BMI or fat free mass, to identify and to correct the causes for malnutrition [1].
This might include training of adequate eating behavior (e.g., higher caloric intake; small,
frequent meals), correction of poor dentition, treatment of relevant comorbidities, and
nutritional supplementation. Although active nutritional supplementation in undernourished
patients with COPD can lead to weight gain, improved respiratory muscle function, and
exercise performance, there is currently not enough evidence for its use as sufficient single
intervention, but rather in combination with exercise training or within comprehensive PR
programs [1, 30, 70, 105]. In addition, the long-term effects and optimal types of nutritional
supplementation as well as long-term effects of respective pharmacological interventions
(e.g., anabolic steroids) are not fully understood.

Cognitive Behavioral Therapy for Comorbid Anxiety and Depression
The high prevalence of psychological symptoms in patients with COPD necessitates
adequate treatment. The few available studies on psychotropic medications (e.g.,
antidepressants, anxiolytics) have provided only weak evidence to support routine
application in COPD patients and have shown considerable side effects [99, 106]. Greater
compliance was observed in studies using CBT. Typical components include behavioral
activation, enhancement of competency through skill-building exercises, cognitive
restructuring to establish a more adaptive cognitive style, as well as psycho-education
targeting automatic thoughts and their influence on feelings [107–110]. Furthermore,
problem-solving techniques, sleep-management skills, thought stopping, self-instructional
training, as well as non-specific relaxation or stress management techniques are often added,
which should be adapted to the specific needs of these patients [111, 112]. With specific
relevance to COPD, CBT addresses cognitive distortions about physical limitations, the
emotional effects of such distortions, the vicious cycle of dyspnea–anxiety–activity
avoidance–more dyspnea, and exposure to feared situations such as exercise. Usually, group
sessions have been implemented in previous studies, which ranged from a single session up
to 12-week programs and sometimes included additional supportive telephone contacts [50,
106].

Although CBT is effective for treating depression and anxiety in individuals without
respiratory diseases [113–115] and has been recommended in some guidelines for the
modification of health behavior in patients with COPD by improving self-management skills
[1], findings in COPD patients are still limited. Recent reviews reported some positive
effects of CBT in terms of reducing symptoms of depression or anxiety, but also in other
outcome domains such as improvements in walking distance, quality of life, and hospital
admissions in patients with COPD, especially in more recent studies [50, 106, 116–118].
However, more randomized controlled studies are necessary to draw definite conclusions on
which specific CBT components are effective for which specific subpopulation of COPD
patients as well as the ideal length of these interventions. These studies should also examine
the additional benefits that specific CBT techniques might have for supporting smoking
cessation or its effects on other outcomes such as perceived dyspnea or exercise tolerance.

Relaxation Techniques
Although significant effects on lung function due to relaxation cannot be expected, some
guidelines list relaxation techniques such as muscle relaxation, imagery, and yoga as
complementary interventions to reduce symptoms of anxiety, stress, or feelings of dyspnea
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in patients with COPD [4, 70, 72]. The rationale of relaxation techniques is a reduction of
physiological arousal, which results in parallel decreases of mental stress and ventilatory
demand. However, acute effects of relaxation can also include bronchoconstriction [119,
120]. Although beneficial effects of relaxation on symptoms of anxiety, depression, or stress
have been demonstrated in individuals without lung disease (e.g., [121, 122], there is at
present insufficient evidence to suggest relaxation as effective routine intervention in
patients with COPD. This is related to the small number of available studies which are
characterized by heterogeneous methodological quality and partly conflicting results [97,
99]. However, pilot studies have suggested some beneficial effects of muscle relaxation and
yoga on anxiety, dyspnea, and exercise performance [107, 123]. Again, future randomized
controlled studies with adequate test power will be necessary for definite conclusion on
whether these positive effects are clinically meaningful, long-lasting, and observable in
which subtypes of patients.

Biofeedback Training
The limited number of currently available studies prevents a recommendation of
biofeedback as routine intervention for COPD. However, a few smaller studies suggested
some potential of biofeedback of abdominal muscles, arterial oxygen saturation, or
ventilation patterns, respectively, when used to support breathing training in patients with
COPD [124–126]. In addition, heart rate variability biofeedback combined with pulse
oximetry biofeedback during walking exercise showed some improvements in exercise
capacity, quality of life, self-efficacy, and dyspnea in one uncontrolled pilot study [127]. A
potential mechanism for the observed improvements with heart rate variability biofeedback
might be reduced phase differences between respiration and heart rate due to slowed
breathing rates, which are assumed to improve gas exchange in the lungs [128, 129]. A
promising variant of ventilation feedback training, which is aimed at prolonging exhalations
by visual feedback of inspiratory and expiratory durations, could be its combination with
cycle or treadmill exercise trainings in COPD patients. Collins et al. [130, 131]
demonstrated that the combination of ventilation feedback plus exercise training increased
exercise duration and expiratory time and reduced exercise-induced hyperinflation more
when compared to exercise training without ventilation feedback or ventilation feedback
alone. Overall, well-powered future randomized controlled studies are needed to further
elaborate the beneficial effects of biofeedback techniques in COPD.

Distraction Techniques
Unconditioned patients with COPD often experience aversive dyspnea when starting
exercise training after years of sedentary life-style. Attentional distraction has been
suggested as helpful in reducing the perceived level of exertional dyspnea [132, 133],
thereby increasing motivation for and adherence to training sessions. Attentional distraction
is the re-direction of the focus of the conscious attentional state away from one sensation
(e.g., dyspnea) toward another more pleasant sensation (e.g., music), which reduces
cognitive processing resources for the former sensation. This rationale has been confirmed
in research studying respiratory-related evoked potentials in the electroencephalogram,
which showed reduced neural processing of respiratory sensations during attentional
distraction compared to recruitment of attention conditions [134, 135]. However, research in
COPD patients has produced conflicting results, with some studies showing reductions of
exertional dyspnea and/or increases in exercise performance during attentional distraction by
music [19, 136, 137], whereas other studies failed to observe beneficial effects on dyspnea
[138–140]. Due to this inconclusive evidence, recent systematic reviews and guidelines do
not support the routine use of attentional distraction for COPD [97, 99].
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Alternative Techniques
Despite optimal pharmacological therapy, psychosocial support, and pulmonary
rehabilitation, many patients with COPD continue experiencing symptoms such as dyspnea,
which underlines the need for additional strategies to alleviate symptoms and to improve
patients’ quality of life. In this regard, recent pilot studies have investigated positive mood,
humor, and laughter as well as singing as alternative techniques. Laughter is assumed to
change the breathing pattern in addition to its positive effects on mood. A small uncontrolled
study demonstrated that a single group intervention with the performance of a professional
clown increased cheerfulness in patients with COPD [141]. Most interestingly, induced
moderate laughter and smiling were associated with short-term reductions in hyperinflation,
whereas intensive laughter was associated with an increase in hyperinflation. Another small
study demonstrated that COPD patients’ overall sense of humor was correlated with fewer
symptoms of depression and anxiety and enhanced quality of life but suggested laughter
induced by a humorous film clip to be associated with increased hyperinflation [142].
Moreover, short-lasting positive, compared to negative, mood states induced by watching
affective picture series reduced dyspnea in patients with COPD during cycleergometer
exercise without effects on cardiopulmonary measures [18].

Learning to sing is assumed to improve control of breathing and body posture. Two small
controlled studies investigated the effects of weekly group singing classes in patients with
COPD and reported improvements in quality of life, anxiety levels, and overall well-being
[143, 144]. The majority of patients described singing classes as a positive experience
associated with an improved sense of achievement and self-efficacy. However, whereas
some small effects on ventilatory parameters were found in one study [143], no effects on
ventilatory or exercise parameters were observed in the second study [144], which makes it
difficult to estimate whether physiological mechanisms have contributed to these
improvements. Again, future and well-controlled large studies are needed to investigate the
effectiveness and underlying mechanisms of these, but also of new alternative techniques
aimed at relieving the symptom burden of patients with COPD.

Conclusion
COPD is a highly prevalent, severe, and progressive respiratory disease with a major
negative impact both on the patients’ personal and socioeconomic level. In addition to
progress in elucidating pathophysiological mechanisms and medical treatment options,
recent research has demonstrated the important role of psychosocial factors in the course and
management of the disease. Particularly, associations of psychological comorbidities, such
as anxiety and depression, with worse disease status and treatment outcomes are now well
established, although improving detection rates for these comorbidities in clinical diagnostic
routine remains a major target. There is a considerable need for further research on the direct
and indirect mechanisms of psychosocial influences on the pathophysiology of COPD.
Progress in behavioral medicine approaches to COPD has been made in areas of pulmonary
rehabilitation, exercise training, respiratory muscle training, and self-management
education, although future studies are still needed on the effectiveness of distinct
components of these interventions. Moreover, additional research on the optimal transfer of
beneficial treatment effects in clinical settings into long-lasting improvements in the daily
life of patients is necessary. In this context, home-based or internet-based interventions
might be valuable new forms of intervention but require further evaluations. Areas in need
of further research activity are the evaluation of CBT for patients with comorbid
psychological disorders, breathing training, relaxation training, biofeedback training, social
factors, and some aspects of nutrition, as well as more creative interventions such as
distraction, humor, or singing. Given the important role of smoking for the development and
progress of COPD, more research is needed to improve the success rates of interventions
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aimed at smoking cessation. A significant increase in research efforts in these areas will be
necessary to further advance behavioral medicine treatment options for one of the leading
chronic disease conditions of the twenty-first century.
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Table 1

GOLD classification of COPD severity based on post-bronchodilator FEV1 with associated symptoms [1]

COPD stage Spirometry Common symptoms

Stage I: mild FEV1≥80% predicted FEV1/FVC<0.7 Chronic cough or sputum production may be present, but not always

Stage II: moderate 50%≤FEV1<80% predicted FEV1/FVC<0.7 Dyspnea during exertion, chronic cough or sputum production may be
present,

Stage III: severe 30%≤FEV1<50% predicted FEV1/FVC<0.7 Greater dyspnea, reduced exercise capacity, fatigue, repeated
exacerbations which impact quality of life

Stage IV: very severe FEV1<30% predicted FEV1/FVC<0.7 Increasing symptoms, respiratory failure or cardiac comorbidities
possible, greater reductions in quality of life, exacerbations may be life-
threatening

COPD chronic obstructive pulmonary disease, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, GOLD Global Initiative for

Chronic Obstructive Lung Disease
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Table 2

Evidenced based benefits of pulmonary rehabilitation in patients with COPD (modified after GOLD [1])

Benefits of pulmonary rehabilitation

Improves exercise capacity

Reduces the perceived intensity of breathlessness

Improves health-related quality of life

Reduces the number of hospitalizations and days in the hospital

Reduces milder forms of anxiety and depression associated with COPD

Improves muscle functioning

Benefits extend beyond the immediate period of training

Improves survival

COPD chronic obstructive pulmonary disease, GOLD Global Initiative for Chronic Obstructive Lung Disease
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