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ABSTRACT: Prospective data to support the hypothesis that corticosteroids are a
significant cause of muscle weakness in patients with chronic obstructive pulmonary
disease (COPD) are lacking.

The authors studied respiratory and quadriceps muscle function, using both volitional
techniques and magnetic nerve stimulation, as well as measuring metabolic parameters
during incremental cycle ergometry, in 25 stable COPD patients. The forced expiratory
volume in one second was 37.6¡21.4 % predicted, before and after a 2-week course of
o.d. prednisolone 30 mg. Quadriceps strength was also assessed in 15 control patients
on two occasions.

Only two patients met the British Thoracic Society definition of steroid
responsiveness. There was no change either in sniff transdiaphragmatic pressure (pre:
96.8¡19.7 cmH2O; post: 98.6¡22.4 cmH2O) or in twitch transdiaphragmatic pressure
elicited by bilateral anterolateral magnetic phrenic-nerve stimulation (pre:
16.8¡9.1 cmH2O; post: 17.9¡10 cmH2O). Quadriceps twitch force did not change
significantly either in the steroid group (pre: 9.5¡3.1 kg; post: 8.9¡3.7 kg) or in the
control patients (pre: 8.1¡2.7 kg; post: 7.9¡2.2 kg). There were no changes in either
peak or isotime ventilatory and metabolic parameters during exercise.

In conclusion, in stable patients with chronic obstructive pulmonary disease, a 2-week
course of 30 mg prednisolone daily does not cause significant skeletal muscle
dysfunction or alter metabolic parameters during exercise.
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CUSHING [1] first described the association between excess
levels of corticosteroid hormones and skeletal muscle weak-
ness in patients with pituitary adenomas w70 yrs ago. Subse-
quently, with the introduction of corticosteroid therapy for a
variety of conditions, it was reported that this treatment could
induce a myopathy. Animal studies have confirmed that the
administration of high doses of corticosteroid can produce
myopathy affecting both ventilatory and peripheral skeletal
muscles [2, 3].

Chronic obstructive pulmonary disease (COPD) is frequen-
tly complicated by locomotor muscle weakness and wasting
[4, 5] that, in turn, are associated with reduced functional
capacity and impaired quality of life [6]. Since these patients
are commonly treated with corticosteroids either as "short-
burst" therapy for acute exacerbations or as long-term, low-
dose "maintenance" therapy, the possibility that cortico-
steroid treatment might make a significant contribution to the
development of weakness has been raised.

In a study of patients admitted with acute exacerbations of
airflow obstruction, DECRAMER et al. [7] showed an associ-
ation between skeletal muscle weakness and the average daily
dose of steroids received, mostly as short-burst therapy during
acute exacerbations over the preceding 6 months. This group
has also described diffuse fibre atrophy, predominantly
affecting fast-twitch fibres, in quadriceps biopsies from a
population of COPD patients with a clinical diagnosis of

steroid-induced myopathy [8]. However, these studies were
not able to distinguish the effects of steroid treatment from
the effects of previous, frequent exacerbations for which the
steroids had been administered.

It has also been reported that patients treated with high-
dose corticosteroids (average: 61 mg?day-1 prednisolone) for
nonrespiratory diseases develop a decrease in respiratory
muscle strength and endurance, which resolves over a period
of months as the dose of steroids is reduced [9]. A reduction in
diaphragm strength has also been demonstrated, following
the administration of high-dose methyl prednisolone to treat
episodes of acute rejection occurring after lung transplanta-
tion [10]. However, two studies in asthma patients have not
found evidence of muscle weakness in patients treated with
maintenance doses v40 mg?day-1 of prednisolone [11, 12]. In
healthy subjects, a 2-week course of 20 mg prednisolone o.d.
did not cause respiratory muscle weakness [13]. Furthermore,
the current authors9 group has previously demonstrated
normal respiratory muscle strength in patients with Cushing9s
syndrome [14]. Thus, it remains uncertain whether doses of
exogenous corticosteroid, typically used to manage patients
with COPD, do in fact cause respiratory muscle weakness.

To test the hypothesis that a clinically relevant dose of
oral corticosteroids would impair skeletal muscle function
in patients with COPD, both volitional and nonvolitional
techniques were used to study respiratory muscle and
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quadriceps strength, before and after a standard steroid-
reversibility trial [15]. In addition, the metabolic and
ventilatory parameters at equivalent work rates during
cardiopulmonary exercise testing on both occasions were
studied.

Methods

Subjects

A total of 25 COPD patients (nine females) were recruited,
for whom a formal steroid-reversibility trial had been
prescribed by their responsible clinician. Steroid responsive-
ness was defined as an increase of both 200 mL and 15% in
forced expiratory volume in one second (FEV1) [15]. All
subjects performed noninvasive respiratory muscle tests and
had measurements of isometric quadriceps strength. As a
result of equipment malfunction, quadriceps twitch force was
not available for the initial seven steroid trial subjects
recruited. A group of 15 stable COPD patients recruited
from clinics acted as patient controls. They had measurements
of quadriceps maximum voluntary contraction (QuMVC) and
twitch quadriceps force (TwQu) performed on two occasions
ranging 10–17 days apart. The two groups were well matched
in terms of body composition, lung function, age and baseline
quadriceps strength. Baseline values were compared to a
group of age-matched healthy controls (n=103) recruited by
advertisement (table 1). In total, 11 out of 25 of the treatment
group and nine out of 15 of the control patients were on
regular inhaled corticosteroids, and one of each group was on
low-dose (5 mg?day-1) oral prednisolone. Five of the treat-
ment group and none of the controls were taking oral
theophylline. Two subjects in the treatment group continued
to smoke; five of this group were on long-term oxygen
therapy, 16 were taking long-acting b2 agonists and 15
atrovent. Seven subjects regularly used a nebuliser to
administer their bronchodilator therapy.

Patients were excluded if they had had symptoms sugges-
tive of an acute exacerbation in the previous month. The
Research Ethics Committee of The Royal Brompton Hospital
approved the study. All patients gave written informed consent.

Spirometry, lung volumes and gas transfer corrected for
haemoglobin level (Compact Lab System; Jaeger, Bitz,
Germany), as well as arterialised capillary blood gas tensions,
were measured before and after a 2-week course of o.d. 30 mg

enteric-coated prednisolone. Patients continued their usual
medication throughout. They were specifically advised about
the possibility of alterations in mood, sleep and appetite.

Fat free mass (FFM) (kg) was determined using bioelec-
trical impedance analysis (Bodystat 1500; Bodystat, Isle of
Man, UK) and a disease-specific regression equation, where
height is measured in cm, resistance in ohm and weight in kg
[16]:

Males: FFM~8:383z((0:465|height2=resistance)

z(0:213|weight))
ð1Þ

Females: FFM~7:610z((0:474|height2=resistance)

z(0:184|weight))
ð2Þ

This was normalised by dividing by height2 to give a FFM
index (FFMI). Nutritional depletion was considered to be
present if the FFMI was v15 for females or v16 for males.

Quadriceps strength

In all subjects seated, QuMVC was measured using the
technique of EDWARDS et al. [17]. The maximum force
generated during three maximum voluntary contractions with
vigorous encouragement was measured. In the last 18 steroid
trial subjects and all the control patients, unpotentiated
TwQu was also assessed using magnetic femoral nerve
stimulation with the patients supine, as the current authors
have previously described [18]. Stimuli were delivered,
following a 20-min rest to allow the muscle to depotentiate,
using two Magstim 200 monopulse units linked via a Y-
connector to a 70-mm branding iron coil (Magstim Ltd,
Whitland, UK). The mean of five or more stimulations at
100% stimulator output was taken. In the last 18 steroid trial
patients, the current authors also assessed supine QuMVC

with superimposed 100% stimulations to determine the degree
of voluntary activation. If a muscle is maximally activated, a
superimposed stimulation should elicit no additional
response.

Respiratory muscle strength

Tests of respiratory muscle strength were performed in the
steroid trial subjects only. Five patients declined the use of
oesophageal balloon catheters; two were unable to swallow
them on their first visit and one further subject on the second
visit. Maximum inspiratory (PI,max) and expiratory (PE,max)
mouth pressures [19] were measured, as well as maximum sniff
nasal pressure (SNIP) [20]. Oesophageal and gastric pressures
were determined using conventionally placed polyethylene
catheter-mounted balloons. The current authors measured
maximal sniff transdiaphragmatic pressure (Sniff Pdi) and the
unpotentiated response elicited by bilateral anterolateral
magnetic phrenic-nerve stimulation (twitch (Tw)Pdi), using
a pair of 45-mm branding iron coils each powered by a
Magstim 200 monopulse unit (Magstim Ltd) delivering an
output 100% of maximum [21]. Values of TwPdi are reduced
at increased lung volumes, so a corrected value was also
calculated based on a factor of 5 cmH2O?L-1 above predicted
functional residual capacity (FRC) [22, 23].

Exercise testing

This was only performed in the steroid trial group. In
total, 19 out of the 25 patients performed incremental

Table 1. – Baseline characteristics of patients and controls

Control patients Steroid trial Healthy controls

Subjects n 15 25 103
Age yrs 68.1¡8.2 62.2¡9 61.8¡8.5
Height cm 166¡9 171¡8 169¡9
Weight kg 65.9¡12 65.7¡14 70.5¡15
BMI kg?m-2 24.0¡3.6 22.8¡5.7 24.7¡4.0
FFM kg 44.6¡7.1 45.5¡5.9 49.7¡12.2*
FFMI kg?m-2 16.3¡2.1 15.7¡2.0 17.3¡2.8*
FEV1 L 0.81¡0.3 1.03¡0.5 2.76¡0.6*
FEV1 % pred 33.8¡15.1 37.6¡21.4 103.2¡14.6*
TL,CO % pred 36.5¡12.8 34.7¡16.5
TwQu kg 8.1¡2.7 9.5¡3.1
QuMVC kg 28.8¡9.1 30.7¡9.6 44.9¡12.9*

Data are presented as n and mean¡SD. Comparisons between patient
groups are all pw0.05. BMI: body mass index; FFM: fat free mass;
FFMI: FFM index; FEV1: forced expiratory volume in one second;
TL,CO: carbon monoxide diffusing capacity; TwQu: twitch quadriceps
force; QuMVC: quadriceps maximum voluntary contraction. *: pv0.05
for healthy control versus steroid trial group.
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symptom-limited cycle ergometry before and after 2 weeks of
o.d. 30 mg prednisolone. It was decided not to exercise five
patients who were on long-term oxygen therapy and one
patient declined to exercise. The protocol involved an initial
2-min rest period, followed by unloaded cycling for 30 s with
increments of 5 W every 30 s subsequently. A mouthpiece
connected to an Oxycon device (Jaeger) was used for breath-
by-breath metabolic measurements of oxygen consumption
(V9O2) and CO2 production (V9CO2). Subjects performed
inspiratory capacity manoeuvres every 1 min to assess
dynamic hyperinflation. Peak values after exercise were
compared. In addition, to assess performance during equiva-
lent levels of exercise, isotime parameters were compared.
Isotime was defined as the last 30-s period that was completed
on both occasions. Every 1 min, subjects were also asked to
indicate their level of leg and breathing discomfort on a Borg
scale. The reason given for stopping was documented.

Statistical analysis

Values from before and after steroid therapy and the
control group were compared using paired t-tests and
between groups using unpaired t-tests. A p-value of v0.05
was taken to be significant.

Results

Baseline values

The steroid trial patients were significantly weaker and had
reduced FFM as compared with healthy controls, although
their mean body mass index (BMI) was not significantly
different (table 1).

Steroid responsiveness

The results of pulmonary function tests before and after
steroid treatment are given in table 2. Only two patients met
the FEV1 criteria for steroid responsiveness. In the group as a
whole, there were significant improvements in diffusing
capacity, but not in alveolar volume. There were no
significant changes in lung volumes obtained by plethysmo-
graphy. In response to direct questioning, 14 patients (56%)
reported that their breathing had improved, nine (36%)
reported that it was the same and two (8%) felt that it had
worsened. Three patients complained of indigestion, one
developed forearm bruising and one developed transient
blurred vision. All patients stated that they had complied with
14 days of treatment. Patients who reported an improvement
in their breathing did not have a significantly different change
in FEV1, transfer factor or FRC, as compared with those
reporting no change (p=0.86, 0.91 and 0.64, respectively).

Quadriceps strength

In the 25 patients who had a steroid trial, QuMVC increased
from 31.4¡9.4 to 33.8¡10.9 kg; whereas, in the control
patients, it increased from 28.8¡9.1 to 29.9¡9.8 kg (unpaired
t-test, p=0.29). Values given in table 3 are for the 18 steroid
trial patients and 15 control patients in whom quadriceps
twitch was measured. There was no significant change in
TwQu in either group (fig. 1). The percentage of voluntary

Table 2. – Lung function before (pre) and after (post) steroid
trial

Pre Post p-value

FEV1 L 1.03¡0.5 1.04¡0.5 w0.3
FEV1 % pred 37.6¡21.4 38.1¡21.2 w0.3
TLC L 7.84¡1.9 7.82¡2.0 w0.3
TLC % pred 127.0¡18 126.3¡17.8 w0.3
RV L 4.76¡1.4 4.57¡1.5 w0.3
RV % pred 212.2¡55.8 202.9¡53.7 0.12
RV % TLC 60.4¡9.1 58.2¡8.4 0.07
RV % TLC % pred 157¡28 151¡25 0.06
FRC L 5.89¡1.8 5.9¡1.8 w0.3
FRC % pred 181¡42 179¡41 w0.3
TL,CO 3.0¡1.6 3.4¡1.6 0.005*
TL,CO % pred 34.7¡16.5 39.9¡17.4 0.004*
VA L 4.8¡1.1 4.9¡1.1 0.1
VA % pred 84.9¡14.4 88.1¡14.1 0.07
KCO % pred 43.0¡19 47.7¡20.1 0.002*
Pa,CO2 kPa 5.1¡0.8 4.9¡0.9 0.14
Pa,O2 kPa 9.8¡1.3 10.2¡1.2 0.05*

Data are presented as mean¡SD, unless otherwise stated. FEV1: forced
expiratory volume in one second; TLC: total lung capacity; RV:
residual volume; FRC: functional residual capacity; TL,CO: carbon
monoxide diffusing capacity; VA: alveolar volume measured by helium
dilution; KCO: carbon monoxide diffusing coefficient; Pa,CO2: arterial
carbon dioxide tension; Pa,O2: arterial oxygen tension. *: pf0.05; n=25.

Table 3. – Quadriceps strength pre- and post-steroid trial

Pre Post p-value

Steroid trial#

QuMVC kg 30.7¡9.6 31.9¡10.7 0.33
Supine QuMVC kg 33.8¡12.7 35.9¡12.7 0.19
TwQu kg 9.5¡3.1 8.9¡3.7 0.21
Interpolated TwQu kg 1.4¡1.4 1.2¡1.5 0.73
Interpolated Tw/supine

QuMVC %
94.7¡5.9 96.0¡5.1 0.44

Control patients}

QuMVC kg 28.8¡9.1 29.9¡9.8 0.54
TwQu kg 8.1¡2.7 7.9¡2.2 0.46

Data are presented as mean¡SD, unless otherwise stated. QuMVC:
quadriceps maximum voluntary contraction; TwQu: twitch quadriceps
force. #: n=18; }: n=15.
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Fig. 1. – Quadriceps twitch force (TwQu) before (pre) and after (post)
either prednisolone ($: n=18) or no treatment (#: n=15). Horizontal
bars represent means. There were no significant changes in TwQu in
either group.
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activation:

((Supine QuMVC{interpolated TwQu)=Supine QuMVC) ð3Þ
did not change significantly. Individuals9 change in TwQu did
not correlate with any baseline parameter; specifically age,
height, body composition, lung function, exercise parameters
or quadriceps strength.

Respiratory muscle strength

Respiratory muscle strength at baseline was significantly
lower in patients as compared with healthy control subjects:
PI,max 57.6¡19 versus 84.5¡26 cmH2O, PE,max 83.8¡38 versus
115.5¡43 cmH2O and SNIP 64.5¡19 versus 93.1¡22 cmH2O
(all pf0.001).

TwPdi in response to bilateral anterolateral magnetic
phrenic nerve stimulation did not change significantly, either
as an absolute value or when corrected to the patient9s
predicted FRC (table 4). There were no significant changes
in Sniff Pdi (96.8¡19.7 to 98.6¡22 cmH2O; p=0.82) or sniff
oesophageal pressure (70.9¡19.2 to 72.6¡20 cmH2O; p=0.97).
There were small significant increases in PI,max (57.6¡19
to 64.4¡20 cmH2O; p=0.03) and PE,max (83.8¡38 to
93.5¡38 cmH2O; p=0.01), as well as SNIP (64.5¡19 to
69.7¡20 cmH2O; p=0.03). Maximum cough gastric pressure
did not change significantly.

Exercise testing

There were no significant changes in V9O2 and V9CO2 or in
Borg dyspnoea and leg discomfort scores either at peak
exercise or at isotime (table 5). There was no significant
difference in the degree of dynamic hyperinflation assessed via
changes in inspiratory capacity. Gross metabolic efficiency
defined as O2 mL consumed per W was unchanged. On both
occasions, nine patients stopped predominantly because of
dyspnoea, five because of leg fatigue and five because of a
combination of the two.

Discussion

The main finding of the present study was that, in a group
of stable outpatients with moderate-to-severe COPD, a

2-week course of oral prednisolone does not reduce quad-
riceps or respiratory muscle strength or impair metabolic
parameters during exercise.

Methodological issues

Appropriateness of steroid trials. At the time this study was
undertaken, recommended clinical practice, supported by
guidelines from specialist societies including the British
Thoracic Society [15], was to perform a formal steroid-
reversibility trial in patients with COPD to establish the
presence of "steroid responsiveness". The utility of this practice
was questioned in the 2001 Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guidelines [24]. The current
authors now believe it should be abandoned, in the light of
recent evidence from the Inhaled Steroids in Obstructive Lung
Disease in Europe (ISOLDE) study that the response to oral
prednisolone does not predict the response to inhaled steroids
or subsequent clinical course [25]. Thus, the current authors
believe that it is unlikely this study could be repeated.

Patient compliance. The steroid trials were recommended to
patients as part of their clinical management, to see if their
condition could be optimised. Patients asserted that they
had taken their medication and reported a range of changes
in symptoms and side-effects, therefore, noncompliance
is unlikely to be the explanation for the lack of effect of
corticosteroids.

Absence of placebo. Ideally, the hypothesis should have been
tested in a randomised placebo-controlled trial. However, in
the present study, the clinician responsible for the patient
advised a steroid trial and, therefore, the current authors did
not consider it justifiable to randomise half the patients not to
receive steroid. Conversely, due to the potential side-effects
associated with oral corticosteroid treatment, it was felt to be
inappropriate to perform the study in patients, except where

Table 4. – Respiratory muscle strength pre- and post-steroid
trial

Pre cmH2O Post cmH2O p-value

Noninvasive tests#

PI,max 57.6¡19 64.4¡20 0.03*
PE,max 83.8¡38 93.5¡38 0.01*
SNIP 64.5¡19 69.7¡20 0.03*

Invasive tests}

Sniff Pdi 96.8¡19.7 98.6¡22 0.82
Sniff Poes 70.9¡19.2 72.6¡20 0.97
Cough Pgas 212.5¡62.5 234.5¡55 0.33
TwPdi 16.8¡9.1 17.9¡10 0.55
TwPdi,corr 29.4¡11.3 31.0¡13 0.13

Data are presented as mean¡SD, unless otherwise stated. PI,max:
maximum static inspiratory mouth pressure; PE,max: maximum static
expiratory mouth pressure; SNIP: sniff nasal pressure; Sniff Pdi: sniff
transdiaphragmatic pressure; Sniff Poes: sniff oesophageal pressure;
Pgas: gastric pressure; TwPdi: twitch transdiaphragmatic pressure;
TwPdi,corr: twitch transdiaphragmatic pressure corrected by 5 cmH2O?L-1

above predicted functional residual capacity. #: n=25; }: n=17. *: pv0.05.

Table 5. – Exercise parameters pre- and post-steroid trial

Pre Post

Peak exercise parameters
Exercise duration s 348¡118 370¡135
Resting inspiratory capacity L 2.13¡0.57 2.12¡0.51
Peak inspiratory capacity L 1.65¡0.54 1.65¡0.44
Workload W 54.0¡20.0 57.6¡22.5
O2 consumption L?min-1 0.76¡0.22 0.80¡0.2
CO2 production L?min-1 0.74¡0.25 0.78¡0.2
Ventilation L?min-1 31.8¡11.5 31.9¡9.9
Respiratory rate min-1 26.5¡5.9 26.8¡5.4
Heart rate min-1 107.4¡15.3 108.5¡14.3
Global efficiency O2 mL?W-1 15.0¡4.2 14.9¡3.9

Isotime exercise parameters
Isotime s 306¡119
Isotime workload W 46¡20
Inspiratory capacity L 1.69¡0.55 1.72¡0.39
O2 consumption L?min-1 0.73¡0.21 0.75¡0.19
CO2 production L?min-1 0.69¡0.23 0.71¡0.19
Ventilation L?min-1 30.1¡10.3 30.0¡9.2
Respiratory rate min-1 26.2¡5.9 24.9¡5.3
Heart rate min-1 106¡13 105.8¡10.9
Borg leg discomfort score 4.0¡1.9 3.9¡2.0
Borg dyspnoea score 4.1¡1.4 4.3¡1.4
Tidal volume L 1.1¡0.26 1.2¡0.29
O2 saturation % 94.0¡3.4 93.8¡3.7
Global efficiency O2 mL?W-1 17.3¡5.0 18.1¡5.4

Data are presented as mean¡SD. All pw0.05. n=19.
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the treatment was clinically indicated. A crossover design
would have been problematic due to the uncertain duration of
any steroid effects and the invasiveness of the test protocol in a
group of relatively disabled patients.

The control group for the quadriceps study underwent no
changes in their management during the course of the study.
It is possible that there were systematic differences at baseline
between the two populations studied, but they were not
significantly different in any of the parameters measured. In
addition, no factor assessed at baseline predicted change in
TwQu after prednisolone.

Response rate. The rate of spirometrically defined steroid
responders (8%) is consistent with previous studies [26].
Interestingly, on direct questioning, more than half of the
patients felt that their breathing had improved. The use of
nonvolitional techniques and comparison of isotime, as well as
peak metabolic parameters, reduces the risk that any changes
in performance detected in the current study might be due to
either a placebo effect or the previously described effects of
corticosteroids on mood and motivation [27]. In the current
study, the absence of a relationship between symptoms and
change in lung function parameters highlights the need for
objective measurements in this context.

Supramaximality. The validity of measurements of strength
based on nerve stimulation depends on the achievement of
supramaximality. This is defined as a stimulation intensity
above which there is no further increment in response. This can
be established by observing a plateau in the stimulus-response
curve. In this study, supramaximality of bilateral anterolateral
magnetic phrenic nerve stimulation was not formally assessed
in order to limit the number of stimulations administered;
however, the authors have previously found the technique to be
supramaximal or close to supramaximal [21, 28]. The
supramaximality of femoral nerve stimulation was formally
confirmed in all patients on each occasion.

Significance of the findings

Effects on muscle strength. The patients studied had
significantly reduced measures of respiratory and leg muscle
strength as compared with healthy controls, as well as reduced
FFM, although their BMI was not significantly different. This
confirms the accepted view that quadriceps weakness is a
feature of COPD. Nevertheless, the current findings suggest
that short-term steroid treatment by itself does not cause
further weakness to develop.

For the respiratory muscles, this is consistent with a
previous study in healthy subjects, in whom respiratory
muscle endurance and maximum mouth pressures were
studied [13]. It is also consistent with the current authors9
previous observation that patients with Cushing9s disease
have normal respiratory muscle strength, despite significant
quadriceps weakness [14]. One explanation could be that
corticosteroid myopathy is known predominantly to affect
type-IIb fibres; whereas, the diaphragm in COPD has a
preponderance of type-I fibres [29]. Although there were small
significant increases in some volitional tests, specifically
PI,max and PE,max, the authors think that this is likely to
represent a learning effect because the values of TwPdi and
Sniff Pdi did not change.

The absence of any reduction in quadriceps strength is
perhaps more surprising. One problem could be that the
technique used for assessing TwQu is insufficiently sensitive.
The current authors have previously used the technique to
demonstrate low frequency fatigue [18, 30], as well as to

demonstrate the development of weakness in the unaffected
leg following acute hemiplegic stroke [31]. This latter study
showed a 22% reduction in TwQu, which gives an indication
of the size of reduction that can occur in a clinically relevant
setting. The present study had an 81% power to detect a 20%
reduction in TwQu. Moreover, the results from interpolated
twitches during maximum voluntary contraction confirm that
these efforts were close to maximal, and strengthen the
finding that there was no reduction in the QuMVC.
Additionally, in some cross-sectional studies of patients
with COPD, prior corticosteroid treatment has not been
found to be related to strength or body composition [5, 32].
Of note is that other investigators have also failed to identify
detrimental effects of steroids on quadriceps [11] or deltoid
strength [12] in asthma patients treated with maintenance
doses v40 mg?day-1 of prednisolone.

It is possible that steroid treatment could have caused a
reduction in muscle endurance rather than strength. However,
corticosteroid myopathy is known predominantly to affect
type-II fibres. The current authors did not measure endurance
or blood lactate directly, but there was no change in V9O2 or
V9CO2 either at isotime or at peak exercise, which argues
strongly against an earlier development of lactic acidosis. The
absence of change in ventilatory parameters, particularly in
dynamic hyperinflation, makes a significant change in work of
breathing and, consequently, in the V9O2 of the respiratory
muscles unlikely. In addition, there was no change in
perceived leg discomfort, which also points away from
quadriceps muscle dysfunction.

The current results do not directly address the hypothesis
that the administration of corticosteroids during an acute
exacerbation may contribute to quadriceps weakness. There is
certainly good evidence that high doses of corticosteroids can
cause skeletal muscle weakness [2]. It is also the case that a
previous finding of an association between steroid treatment
and weakness in COPD patients was complicated by the fact
that steroid administration was almost entirely in the context
of acute exacerbations, so that it may simply have been a
marker of exacerbation frequency [7]. The dose of predniso-
lone that was used in this study was similar to that
conventionally used to treat acute exacerbations. Therefore,
it appears that, in the absence of particular aspects of acute
exacerbations of COPD (e.g. systemic inflammation [33, 34]
or immobility), short-term treatment with corticosteroids
does not itself cause weakness. An interaction is certainly
possible as, for example, immobility has been shown to cause
an up-regulation of steroid receptors [35]. Moreover, in a
recent study of critical illness neuromuscular abnormalities,
treatment with corticosteroids was found to be an indepen-
dent risk factor for the development of weakness [36].

In conclusion, the current findings suggest that, in stable
patients, steroid trials are a safe procedure in terms of muscle
function. Prospective studies are needed, in order to clarify if
short-term courses of corticosteroids do indeed cause a
significant loss of muscle strength when administered during
acute exacerbations.
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