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Abstract
Purpose of Review COPD exacerbations are widely recognised as a significant cause of mortality and morbidity through their
impact on respiratory function but their effect on skeletal muscle function and mass receives less attention. In this article, we
review the association of this entity with COPD, the potential contributing factors, and the evidence behind the interventions
available to manage this condition with a focus on the elderly population.
Recent Findings In patients with COPD, there has been a paradigm shift from the focus on body weight and mass index to a more
detailed assessment of the loss of muscle mass and function defined as sarcopaenia. Factors that can potentially lead to
sarcopaenia has been the subject of multiple basic science and translational research studies. Interventions that have been proven
to be associated with clinically significant outcomes in COPD patients include early mobilisation, inpatient exercise programmes,
early pulmonary rehabilitation, and nutritional interventions. Prolonged courses of steroids following an acute exacerbation are
non-beneficial and can lead to loss of muscle function.
Summary Multiple factors can potentially contribute to sarcopaenia among patients admitted with COPD exacerbations and
should be identified early and treated in a multidisciplinary setting. Nutritional interventions, early mobilisation, and limitation of
systemic steroid prescribing are simple and effective interventions that should be utilised.
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Introduction

One of the hallmarks of modern medicine is the significant
advances in the management of chronic conditions including
pulmonary diseases. While these advances have improved
overall survival in many diseases, they have had less impact
on associated morbidity and quality of life. Indeed, in many
cases the prolongation of life associated with better medical

care may have a detrimental effect on quality of life. This
phenomenon is often best seen in chronic pulmonary diseases
including chronic obstructive pulmonary disease (COPD),
where metabolic abnormalities and alterations in body com-
position (i.e. muscle loss with changes in adipose tissue mass)
can affect disease outcome and increase healthcare burden and
cost [1•]. Increased age and severity of disease are indepen-
dently associated with deterioration in health-related quality
of life (HRQOL) [2]. COPD is common in older people; in the
USA, 10% of those older than 75 years have COPD [3]. The
prevalence increases with age for both men and women
through all decades and is highest among women aged 65–
74 (10.4%) compared to 11.2% among men aged 75–84 [3].

Disease Burden

High healthcare costs are widely associated with COPD
especially as the disease progresses. In Canada, the mean
annual total COPD-related cost per patient is estimated to be
$4147 ($6255). Both the costs for maintenance therapy and
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acute treatment increase with more severe disease [4]. In
2010, the estimated total cost of COPD in the USA was
$36 billion with $32.1 billion related to healthcare costs
directly [5]. The economic burden from COPD is expected
to continue to increase secondary to the ageing population,
tobacco use, and air pollution [6]. It is currently the fourth
leading cause of death worldwide, and the World Health
Organization (WHO) predicts that it will become the third
leading cause by 2030. The Global Burden of Disease Study
reports a prevalence of 251 million cases of COPD globally
in 2016 and it was estimated to be the cause of 3.17 million
deaths globally in the year 2015 [7].

COPD Acute Exacerbations

COPD exacerbations, whether infective or non-infective, lead
to impaired quality of life, reduced survival, and associated
high healthcare costs [8]. Globally, COPD is an important
cause of emergency department ED visits. The significant role
of exacerbations to the overall economic burden of COPD is
widely recognised [9]. The cost of exacerbations can range
fromUS$11966 per episode in the USA to the lowest estimate
of US$479, which has been reported from Spain [10, 11].
Putting these costs in the broader context of the COPD bur-
den, a retrospective study in Canada demonstrated that 40% of
the total costs of COPD patients were attributable to the treat-
ment of acute exacerbations and the main driver of the exac-
erbation cost is hospitalisation [4].

In addition, as the disease progresses, patients develop in-
creasing frequency of exacerbations, they become increasing-
ly short of breath and frequently develop increasing physical
weakness. This in turn can have a significant impact on quality
of life with many patients displaying both physical and psy-
chological effects directly related to their chronic disease.
Shortness of breath on exertion is one of the dominant com-
plaints of this patient population. This symptom can result
from multiple causes, including impaired pulmonary function
and altered lung mechanics. However, in addition, it has been
shown that exercise performance remains substantially re-
duced even with bilateral lung transplant, which suggests that
the lungs alone cannot explain exertional dyspnoea [12]. The
effects of acute exacerbations on muscle strength and physical
activity may have important long-term consequences.

Sarcopaenia in COPD

Muscle is the largest organ in the body and has functions other
than just locomotion and respiration. It also contributes to
metabolism; facilitating energy homeostasis, heat regulation,
insulin sensitivity, and amino acid metabolism. It contributes
to the endocrine function through cytokine production.

Muscle accounts for nearly 60% of the bodies overall protein
stores; pathological changes to this important metabolically
active tissue can have profound consequences. The conse-
quences are often severe in older adults, as the strength and
functional declines can in turn contribute to a number of ad-
verse health outcomes, including loss of function, disability,
and frailty with loss of strength, increased likelihood of falls,
and ultimately risks loss of independence [13, 14].

Sarcopaenia is a condition characterised by loss of muscle
mass and muscle strength [15]. It is a multifactorial disorder
where specific mechanisms related to ageing, chronic disease,
or inactivity are difficult to distinguish. It includes both mus-
cle loss and muscle dysfunction; the latter involves contractile
impairment and because of this metabolic and endocrine ab-
normalities affecting whole-body metabolism, systemic in-
flammation, and immune system regulation. It is a major de-
terminant of disease outcome and longevity [1].Cost-effective
control of chronic disease and optimal ageing require
sarcopaenia prevention, diagnosis, and treatment. Previous
research has found that walking time in daily life does not
spontaneously recover at 1 month following hospital admis-
sion, with minimal improvements seen in those who have the
largest decline in quadriceps strength [16]. Following an ex-
acerbation, low levels of physical activity are associated with
a 50% increase in the risk of hospital readmission [17].

Pathophysiology of Sarcopaenia in COPD

In a study, reported by Costa et al. in 2015, which examined
the associated between sarcopaenia and COPD, the authors
reported a prevalence rate of 39.6%. Other studies have shown
rates from 20 to 40% [18, 19•]. However, to develop effective
interventions in this patient population, a better understanding
of the underlying pathophysiology is needed. Several factors
are associated with the development of sarcopaenia; many of
these individual factors are readily seen during COPD exac-
erbations. Each of these factors must be assessed individually
and in doing so we can potentially develop individualised
programmes to counteract their effects and in turn reduce the
morbidity associated with sarcopaenia in the COPD popula-
tion, see Fig. 1.

Inactivity

This factor is probably the easiest to understand in that the
most straightforward explanation for muscle loss during an
exacerbation is secondary to physical inactivity. Patients
who are admitted to hospital with COPD exacerbation can
have prolonged periods of bed rest and inactivity. Pitta et al.,
in 2006, demonstrated that COPD patients tend to be severely
inactive during and after an exacerbation [16]. Patients with
frequent exacerbations show a more rapid decline in their
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physical activity levels compared to more stable patients. This
study demonstrated that after only 5 days of hospital admis-
sion, 7% of the baseline value of quadriceps strength was lost.
The reason for this loss of muscle strength could be attributed
to the low activity levels during admission. At the beginning
of the hospitalisation period (day 2), patients spend minimal
time on weight-bearing activities (median, 7% of the time
during the day). More surprisingly, this remained almost un-
changed close to discharge (median, 9%). In addition, the
short time spent by patients walking is characterised by low
movement intensity (slow walking speed). These results raise
concerns about how we manage acute exacerbations.

A Cochrane review examined the impact of interventions
including exercise programmes to improve the strength and
function of acute medical patients 65 years and older [20].
They looked at nine trials, in which seven had a substantial
proportion of respiratory patients included in the analysis. The
exact respiratory diagnoses were not recorded but documen-
tation of conditions ranged from dyspnoea, pneumonia, and
infection to general respiratory. The review showed a small
but significant reduction in hospital length of stay in partici-
pants who received the intervention (mean difference
1.08 days shorter in the intervention group, 95% CI − 1.93
to − 0.22). It also showed a small but significant rise in
the proportion of those discharged to home versus resi-
dential care (Relative Risk 1.08, 95% CI 1.03 to 1.14).
Exercise was defined as any physical intervention pro-
gramme designed to maintain or improve patient strength

or function. The interventions varied from walking
programmes to patients mobilising at ward level to more
patient specific exercise programmes.

Another Cochrane review looked at pulmonary rehabilita-
tion and exacerbations in COPD and showed a reduction in
the odds of future readmission (pooled OR 0.44, 95% confi-
dence interval (CI) 0.21 to 0.91) but no significant reduction
in mortality. Pulmonary rehabilitation after acute exacerba-
tions has been shown to be associated with clinically and
statistically significant improvement in HRQoL [21]. A study
carried out by Rodriguez, 2016 looked at using a step exercise
protocol from the third day of hospital admission until 1month
after discharge [22]. Their results showed that the median
length of hospital stay was similar in both groups (6 days).
One month after discharge, the time spent sitting per day was
only significantly reduced in the IG (13 to 7 h/day, p = 0.007).
In addition, the percentage of patients doing moderate to vig-
orous activity (> 3 MET) more than 150 min/week was sig-
nificantly higher in the IG compared with the usual care group
(56 vs. 12%, p = 0.04). Moreover, the number of steps per day
showed a trend to also be higher in the former group (4282 vs.
2835, respectively). Unfortunately, this study did not look at
readmission rates but results are positive from a functional
perspective. So, to combat inactivity contributing to mus-
cle loss and weakness, research would endorse getting
patients active as soon as possible. A full early pulmonary
rehabilitation programme may not be necessary to gain
adequate results; simple exercise programmes may also
have beneficial effects.

Inflammation

Systemic inflammation is associated with an accelerated
decline in lung function and is heightened during episodes
of exacerbation. It is now a recognised risk factor for other
complications in patients with COPD. High levels of airway
and systemic inflammatory markers are associated with a
faster subsequent decline in FEV1 and chronic bacterial
colonisation [23]. It has been shown to be present not only
in acute exacerbations but also in stable COPD [24].
Systemic or local inflammation has been demonstrated both
in skeletal muscle and in the blood of COPD patients [24].
Byun et al. carried out a study looking at inflammatory bio-
markers in COPD [25]. In this cohort of 80 COPD patients,
the authors correlated sarcopaenia with systemic inflamma-
tory biomarkers interleukin-6 (IL-6) and high sensitivity
tumour necrosis factor α (hsTNFα). They also assessed
hand grip strength and skeletal muscle mass as a measure
of overall muscle strength and demonstrated significant cor-
relations with levels of IL-6 and hsTNFα. In multivariate
analysis, higher hsTNFα was a significant determinant for
the presence of sarcopaenia in this COPD population.

Fig. 1 Factors contributing to sarcopaenia among patients hospitalised
with acute chronic obstructive pulmonary disease exacerbations. Factors
marked with an asterisk can be targeted with interventions that are
evidence based
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It is now generally accepted that the chronic systemic in-
flammation associated with COPD contributes significantly to
muscle degradation. Evidence indicates that inactivity am-
plifies the catabolic response of skeletal muscle to inflamma-
tory mediators. In healthy volunteers, the muscle catabolic
effects of experimental hypercortisolaemia, at concentrations
that mimic severe injury, were threefold greater during exper-
imental bed rest than in ambulatory conditions [26]. However,
it remains unclear if potential interventions directly aimed at
reducing systemic inflammation in COPD have a direct im-
pact on sarcopaenia among patients admitted with acute exac-
erbations and this is an area where further research is required.

Glucocorticosteroids

Corticosteroids, whether inhaled or oral, remain central to
the treatment of COPD exacerbations and aim to limit
inflammation following an acute episode. Proximal myop-
athy is a well-known consequence of this pharmacological
therapy [27]. Decramer et al. demonstrated that the aver-
age daily steroid dose independently explained and up to
51% of the variance in quadriceps strength in patients
admitted with COPD [28]. Steroid-induced myopathy
was associated with severe peripheral muscle weakness;
quadriceps force being 23 ± 14 versus 71 ± 23% in control
patients with COPD without exacerbation (p < 0.001).
They also established that even at low doses, steroids
can cause a chronic form of muscle weakness. On fol-
low-up, the survival of patients with steroid-induced my-
opathy was reduced in comparison with control patients
with COPD with similar degree of airflow obstruction
(p < 0.025). The REDUCE study tested the hypothesis
that in patients presenting to the emergency department
with acute exacerbation of COPD, a 5-day course of sys-
temic glucocorticoid treatment would not result in an in-
ferior clinical outcome compared with conventional 14-
day treatment, but would significantly decrease glucocor-
ticoid exposure and reduce unwanted side effects associ-
ated with prolonged and cumulative steroid use [29]. The
primary end point of this trial was time to next COPD
exacerbation during a follow-up of 6 months. The results
showed that a 5-day course of glucocorticosteroids during
an exacerbation was noninferior to a 14-day course. In
conclusion, clinicians should be aiming to limit not only
the dosage of these drugs but also the overall duration.

Nutrition

Weight loss and the associated decrease in body mass
index (BMI) are a common feature of a COPD exacerba-
tion. This is due to reduced oral intake, impaired substrate
utilisation, and increased requirements during the acute
stage of an exacerbation. Changes in body composition

are frequently observed in patients with COPD.
Evidence indicates that 20–30% of COPD patients with
normal BMI show reduced muscle mass according to dual
energy X-ray absorptiometry (DXA) or bio-electrical im-
pedance analysis (BIA) [30]. BMI is currently the most
commonly used nutritional threshold variable, since it is
clearly related to quality of life [31]. However, more re-
cent data demonstrate that specific unfavourable changes
in body composition, especially a decrease in lean mass,
can be more reliable predictors of mortality than low BMI
alone [32]. When examined, it has been demonstrated that
more than 80% of COPD patients have a normal or in-
creased body weight, yet the evidence would demonstrate
that 20–30% of COPD patients with normal BMI show
reduced muscle mass when examined using dual energy
x-ray absorptiometry (DXA) or bio-electrical impedance
(BIA) [30].

Muscle loss and dysfunction has also been associated
with the pathological deposition of adipose tissue. This
has been defined as sarcopenic obesity [33]. The clinical
outcomes seen in sarcopenic obese patients with chronic
diseases or cancer are worse than that of obese patients
with normal muscle mass [34]. There may be two causa-
tive processes involved in the development of sarcopenic
obesity. Firstly, long-term physical inactivity combined
with a positive energy balance (high calorific intake with
poor energy expenditure) can lead to obesity with disuse
muscle atrophy. Secondly, in obese patients bearing a
chronic comorbidity, the activation of systemic inflamma-
tion may rapidly lead to muscle loss and dysfunction and
the development of sarcopenic obesity as frequently seen
in COPD [1•]. It has been suggested that looking at BMI
alone as a nutritional marker is no longer appropriate and
focus should move to lean muscle mass [35]. By using
BIA instead of weight alone, clinicians may be better
equipped to monitor lean body mass. The use of screening
tools to determine risk of developing sarcopaenia in this
patient population should be encouraged. [36] An exam-
ple of this is the SARC-F Tool (Table 1) [37].

Ageing

Evidence suggests that skeletal muscle mass and skeletal
muscle strength decline in a linear fashion with age, with
up to 50% of mass being lost by the 8th decade of life [38].
As previously mentioned, COPD is common in the older
population. Depending on the definition that is used for
sarcopaenia, the prevalence in 60–70-year-olds is reported
as 5–13%, while the prevalence ranges from 11 to 50% in
people > 80 years [39]. Worldwide, the number of people
aged ≥ 60 years was estimated at 600 million in the year
2000, a figure that is expected to rise to 1.2 billion by
2025 and 2 billion by 2050 [7]. Even with a conservative
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estimate of prevalence, sarcopaenia currently affects more
than 50 million people today and this will increase to greater
than 200 million in the next 40 years [36].

Neurodegeneration

The maintenance of muscle mass requires normal inner-
vation and regular activation; malfunction of any of these
elements can lead to muscle function deterioration and
ultimately muscle loss. The exact causes underlying the
age-related changes in the neuromuscular system are still
unknown but there is evidence that mitochondria, a criti-
cal element involved in energy production and cellular
signalling, may be either a primary trigger or at least an
important player in this process [40].

Experimentally, mitochondrial abnormalities have been
identified in both neurons and muscle fibres in elderly and
sedentary subjects, and known mechanisms exist whereby
abnormal mitochondrial functions can promote neuromus-
cular disorders [41]. However, it is still unclear whether
mitochondrial dysfunction, at a level reported for these
two tissues in normal human ageing, is a primary cause of
the phenotypic and functional changes seen in sarcopaenia.
Together with other dysregulated processes, mitochondrial
abnormalities are likely to contribute to loss of skeletal mus-
cle mass and function with age [42].

Conclusion

Sarcopaenia, which includes muscle loss and dysfunction, is a
common feature of COPD and its cause is multifactorial. A
number of these causes are more prevalent during an exacer-
bation. Early identification of sarcopaenia would allow for
timely preventative and therapeutic interventions for this clin-
ical entity. For the time being, currently available tools for
assessment of muscle mass and strength should be implement-
ed as much as possible in clinical practice.

Once aware of the contributing factors to this condi-
tion, clinicians should strive to minimise their impact dur-
ing the acute exacerbation by addressing each element
described above, where possible. In the COPD patient,
the focus should be shifted from weight and BMI to the
assessment of lean muscle mass and muscle strength.
Interventions should be implemented to maintain such
variables. These include early mobilisation, maintenance
of physical function, and provision of adequate nutrition
to maintain optimum lean muscle. This is better achieved
through a multidisciplinary approach involving clinicians,
physiotherapists, clinical nutritionists, and nurse special-
ists. In addition, frequent exacerbators should be identi-
fied and a greater emphasis should be placed on early
recognition of exacerbations and intervention through pa-
tient education, thus allowing early initiation of an appro-
priate treatment plan. This may result in limiting the
levels of inflammation and thus minimising its effect on
skeletal muscle. Sarcopaenia in COPD patients, especially
the elderly, can have far reaching consequences and fur-
ther research on early identification and novel therapies is
required and should be encouraged.
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