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In 2011, HUBER et al. [1] defined health as “the ability to adapt and self-manage in the face of social,
physical, and emotional challenges”. This definition seems very useful to monitor or even predict the
impact of exacerbations of chronic obstructive pulmonary disease (COPD), or the so-called lung attacks.
Exacerbations of COPD (defined as “a sustained worsening of the patient’s condition, from the stable state
and beyond normal day-to-day variations, that is acute in onset and necessitates a change in regular
medication in a patient with underlying COPD” [2]) are typically stressful events in the natural history of
COPD, characterised by a worsening of the lung function, more symptoms of cough, dyspnoea and
sputum, increased airway inflammation, increased systemic inflammation, and flare-ups of cardiovascular
and metabolic medical conditions [3–5]. It is generally assumed that these exacerbations are largely
triggered by viral and/or bacterial respiratory infections, or irritants [6]. Although patients with very severe
COPD (Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage IV) are most susceptible to
exacerbations, exacerbations also frequently occur in patients with a moderate degree of airflow limitation
(GOLD stage II) [7].
Large heterogeneity exists in the clinical presentation of COPD exacerbations (with or without infection/
fever, sputum purulence, etc.), and severity of exacerbations ranges from increased daily symptoms up to
prolonged ventilator support due to acute respiratory failure. During these episodes of lung attacks,
patients need additional help with the performance of simple, domestic tasks (i.e. personal hygiene,
toileting, dressing and household chores); in nearly half of patients all daily activities are stopped [8] and
∼90% of patients (partially) rely on help from others in the performance of general household chores like
cooking and shopping [9]. Patients report multiple adverse feelings, including depression, irritability, bad
temper, guilt, anxiety, and worries about suffocating and dying; patients stop socialising during an
exacerbation [8, 10]; and more depressive symptoms occur in the partners of patients with ⩾2
exacerbations or ⩾1 hospitalisation [11]. So, exacerbations of COPD result in physical, emotional and
social challenges that patients and their (resident) relatives need to deal with. Indeed, patients with COPD
may suffer from post-traumatic stress syndrome symptoms following an exacerbation, in particular those
patients needing hospitalisation [12].
Continuously preserving patient’s health necessitates the ability to adapt to challenges using response
reactions aimed at regaining social, physical and emotional homeostasis [13]. In the context of a given
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“severity” of exacerbation and in the absence of precise pathophysiologically driven management strategies,
the patients with: the best protective innate and adaptive immune response; the best response to
pharmacological and non-pharmacological therapy; a sense of coherence; a sense of manageability; and the
best capability to adjust to the exacerbation will most probably experience less stress and a faster recovery,
and in turn, better health (figure 1, solid green line). Indeed, these patients are assumed to have the best
physical, psychological and/or social “resilience”. By contrast, those patients with COPD who only partially
recuperate to pre-exacerbation stress levels seem to have impaired health (i.e. an insufficient ability to
adapt and self-manage the social, physical and/or emotional challenges of a COPD exacerbation) (figure 1,
solid red line).
To date, only a few observational studies have studied the physical reaction to a COPD exacerbation, using
serial measurements of lung function [14–16], daily symptoms cards [16], exhaled nitric oxide
concentrations [17], or high-sensitivity cardiac troponin T [18]. All studies show a large heterogeneity in
patients’ reactions to an exacerbation. Besides the degree of severity of COPD exacerbations, these findings
emphasise that physical resilience will play an important role in recovery following exacerbations. It seems
also very reasonable to hypothesise that psychological and social resilience play an important role in the
impact of an exacerbation of COPD [19]. Indeed, a defect in the challenge response reaction in one or
more of these domains most likely impairs the recovery process, and, in turn, the patient’s health [20].
Collaborative self-management programmes should be considered in all patients, as this generally improves
quality of life and reduces respiratory-related hospital admissions [21]. However, the optimal format (i.e.
form, content and duration) remains to be elucidated [21]. The patients with a late recovery to
pre-exacerbation stress levels (figure 1, solid blue line) or with a defect in the recovery process (figure 1,
solid red line) seem excellent candidates for a comprehensive pulmonary rehabilitation programme,
including exercise training, collaborative self-management strategies, smoking cessation, nutritional
counselling, diagnosis and treatment of comorbidities, and psychosocial counselling [22]. Pulmonary
rehabilitation most probably will increase patient’s physical, psychological and social resilience, and, in
turn, lower the impact of a COPD exacerbation (figure 1, dotted red and blue lines). For example, physical
resilience (as measured using the oxidative stress reaction to a maximal and submaximal exercise test)
improved significantly after an 8-week pulmonary rehabilitation programme in patients with clinically
stable COPD [23]. Interestingly, pulmonary rehabilitation also results in desensitisation to dyspnoea [24],
which may increase the symptomatic threshold for a COPD exacerbation [25]. Moreover, pulmonary
rehabilitation has beneficial effects on mood status [26], daily activities [27] and self-efficacy [28]. This
may all contribute to the observed decrease in hospital readmissions and the hospital length of stay after
pulmonary rehabilitation [29, 30].
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FIGURE 1 The impact of a chronic obstructive pulmonary disease (COPD) exacerbation. The figure shows
hypothetical trajectories of the degree of social, physical and/or psychological stress of a COPD exacerbation
over time. Solid green line: a low degree of stress after the onset of a COPD exacerbation; and an early
recovery to pre-exacerbations stress levels (1). Solid blue line: a moderate degree of stress after the onset of
a COPD exacerbation, and a late recovery to pre-exacerbation stress levels (2). Solid red line: a high degree of
stress after the onset of a COPD exacerbation, and a defect in the recovery process that results in impaired
health (3). Dotted blue and red line: a lower degree of stress after the onset of a COPD exacerbation (4) and a
faster recovery (5) compared with a previous COPD exacerbation due to a comprehensive pulmonary
rehabilitation programme. The figure also shows hypothetical trajectories of the response reaction to specific
stress challenges (e.g. metabolic challenge [33] and/or host immune challenge [34]) (6). Ideally, this response
would predict the degree of social, physical and/or psychological stress during a future exacerbation.
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Instead of searching for biomarkers of disease progression or disease activity [31], in order to improve the
predictability of acute exacerbations, we may want to extend this research towards “biomarkers of health”
[32], as in the ability to adapt and self-manage COPD-specific challenges, such as an exacerbation. Specific
physical and/or metabolic stress tests may be useful to reflect the actual physical stress during and
following an exacerbation [33, 34]. Future research needs to identify the optimal set of measures to assess
these exacerbation-related social, physical and psychological response reactions in patients with COPD.
Ideally, the response to specific challenge stress tests in a pre-exacerbation state would predict the degree
of social, physical and/or psychological stress during an exacerbation (figure 1). This will increase our
understanding of the true impact of a COPD exacerbation, and, in turn, will provide guidance for the right
combination of pharmacological and non-pharmacological therapies or even the development of
“personalised preventive” strategies.
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