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EDITORIAL

Chicken or egg: physical activity in COPD revisited
M.I. Polkey* and K.F. Rabe#

uietly, over recent years, a reassessment has occurred
amongst those caring for patients with chronic
obstructive pulmonary disease (COPD). Although
COPD is triggered by the inhalation of noxious stimuli, usually
cigarette smoke, it is now apparent that the condition has a
significant extrapulmonary component [1]. COPD is of course
diagnosed by the finding of a reduced forced expiratory
volume in one second (FEV1); however, amongst patients with
an FEV1 of ,50% predicted, FEV1 is a poor predictor of
survival. What then does predict survival amongst patients
with advanced disease? Certainly weakness of the principle
locomotor muscle, the quadriceps, does [2], as does the
reduction in quadriceps cross-sectional area [3]. It is also well
established that exercise capacity, whether measured on a field
test, as in the BODE (body mass index, airflow obstruction,
dyspnoea, exercise capacity) score [4], or in the laboratory [5],
is predictive of survival. Lastly, in large cohorts it is clear that
self-reported physical activity predicts prognosis in COPD [6]
and may even impact on the rate of lung function decline [7].
Indeed, recent data from 77,000 participants in the Nurses
Health Study suggests that a lack of physical exercise is a major
contributor to all causes of mortality irrespective of smoking
history, although the latter is of course a separate and major
risk factor [8].

Q

Daily physical activity, muscle strength and performance are
likely intimately interlinked; progress in the former area has
been greatly advanced by the development of technology
which permits physical activity monitoring. In its earliest
guise, this could be as simple as a pedometer [9] or an
actigraph [10]. However, most investigators prefer the more
sophisticated devices now available, which can also give data
on movement intensity and body posture. In direct comparison, these technologies are shown to be significantly more
accurate than patient recall for the assessment of daily activity
[11] and, as expected, early studies confirmed that patients
with advanced disease were more inactive than age matched
controls [12]. Except in very large epidemiologic studies,
objective measurement of physical activity is likely to represent
the gold standard tool in the future.

and quadriceps fatigue during exercise lead to reduced
mobility. This is likely exaggerated by acute exacerbation; for
example, DONALDSON et al. [14] have noted that time spent
outdoors is reduced in the days preceding exacerbation and is
reduced for up to 5 weeks afterwards. After admission with
acute exacerbation, physical activity is greatly reduced (to a
mean walking time of 6–7 min?day-1) and fails to recover, even
at 1 month, to levels observed in stable outpatients with
equally severe COPD [15]. Perhaps unsurprisingly muscle
strength falls in the first week of hospital admission due to
exacerbation of COPD [16], and is moderately correlated with
the degree of immobility [15]. A similar pattern is observed
following admission with medical conditions associated with
immobility, such as stroke [17].
Pulmonary rehabilitation (PR) is known to be a highly effective
treatment in COPD [18]. PR has at best modest effects on lung
function yet this therapy yields significant improvements
in quadriceps strength [19] as well as a reduction in the
susceptibility of the patient to sustain quadriceps fatigue while
exercising [20]. Importantly, PR given soon after acute
exacerbation reduces attendance at accident and emergency
departments [21] and is associated with increased quadriceps
strength [22]. Until recently it was largely unknown whether
the increased exercise capacity conferred by rehabilitation
resulted in an actual increase in physical activity of the patient.
An important recently published study by PITTA et al. [23]
suggests that while exercise capacity and quadriceps strength
increase after a 3 month period of PR, daily physical activity
does not. However, when the same patients were studied after
an additional 3 months rehabilitation (i.e. 6 months in total)
daily physical activity had significantly increased even though
6-min walk distance did not leading to the ‘‘Leuven concept’’
that one needs 3 months to train the muscle, but 6 months to
train the brain.
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In the context of a changing understanding of COPD as a
disease with multiple comorbidities and potential systemic
consequences, it is more than appropriate to critically assess
whether reduced physical activity is the main driver of muscle
weakness in COPD or whether the reverse is true. Certainly the
historical view has been that muscle weakness might be a
consequence of systemic inflammation [24] via the mechanism
of generalised muscle atrophy and that physical performance
is reduced as a consequence. However, this increasingly seems
a less likely hypothesis, at least when it comes to quadriceps
force. First, muscle weakness usually precedes cachexia; in the
two largest studies quadriceps weakness was present in
around a third of patients whereas nutritional depletion
judged by bioimpedence was reduced in around two thirds
[25, 26]. Secondly, muscle weakness in COPD has a very
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In patients with COPD, skeletal muscle weakness may lead to a
downward disease spiral [13] in which anaerobic metabolism

*Royal Brompton Hospital and National Heart and Lung Institute, London, UK. #Dept of Respiratory
Medicine, University of Leiden, Leiden, The Netherlands.
STATEMENT OF INTEREST: Statements of interest for both authors of this manuscript can be found at
www.erj.ersjournals.com/misc/statements.shtml

227

c

PHYSICAL ACTIVITY IN COPD

M.I. POLKEY AND K.F. RABE

regional distribution with sparing of the diaphragm [27],
abdominal muscles [28] and upper limb muscles [29], which
argues against a systemic cause. Thirdly, the changes observed
in biopsies taken from the diaphragm [30, 31] and deltoid [32]
do not show the appearances typical of the quadriceps in
COPD, again arguing against a systemic cause. Lastly, when
directly examined, inflammatory cytokine expression in the
quadriceps of patients with COPD is either absent [33] or
correlates negatively with quadriceps weakness [34].
We therefore return to the reverse hypothesis, that reduced
physical activity is an early feature of COPD. In this issue of
the European Respiratory Journal and in their prior publication,
WATZ and co-workers [35, 36] have greatly advanced our
understanding of this field. By studying a large number of
patients with a range of COPD severity they have been able to
show that there is a progressive reduction in physical activity
across the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) stages. In their first study [36], this observation was linked to measures of inflammation. Importantly
inflammation assessed as highly sensitive C-reactive protein
did not show a consistent trend across GOLD categories whilst
fibrinogen wielded only a weak effect on physical activity
(accounting for 9% of the variance of the steps taken per day)
and handgrip strength, considered as a marker of systemic
muscle strength also failed to show a consistent variation
across GOLD stages. This study was weakened by not having a
control group. In their present study [35], data were added
from a group of patients who would formerly have been called
GOLD stage 0 but in this study are termed chronic bronchitis
in line with current convention. The study makes several
interesting observations. First, with the exception of GOLD
grade IV patients, physical activity was reduced on Sundays
and public holidays. Secondly, a statistically significant
reduction in aspects of physical activity was observed,
compared with the chronic bronchitis patients, for patients
with a BODE 1 score or for Medical Research Council grade 1
dyspnoea. These data strongly suggest that reduced physical
activity has a behavioural component; i.e. that the patients are
choosing to reduce their activity rather than having it imposed
on them by pulmonary limitation.
Like any paper the data have some limitations; a weakness of
both of these studies is the absence of data from true control
subjects without any prior connection to the hospital or indeed
of lifelong nonsmokers. This is important because it may be
that smokers with normal spirometry who present to hospital
are in some way self-selected. It is estimated that approximately half of chronic obstructive pulmonary disease patients
are presently undiagnosed [37] and case finding studies in the
community would be required to resolve this issue. It is also
important because recent data suggest that smoking per se may
induce oxidative stress in peripheral muscle [38]; WATZ and coworkers [35, 36] did not measure quadriceps strength in their
subjects but a plausible hypothesis would be that quadriceps
weakness due to immobility may be part of the lifestyle
associated with smoking and may play a part in initiating the
downward cycle of disability associated with chronic obstructive pulmonary disease. If this were the case simple interventions, such as encouraging gym membership, combined, where
applicable, with tobacco cessation, may prove in the future to
be a valuable strategy in the management and, although this is
228
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clearly more speculative, prevention of chronic obstructive
pulmonary disease progression.
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