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ABSTRACT: This study poses two questions: 1) is there an abnormality in isokinetic
skeletal muscle strength and endurance in mild chronic obstructive pulmonary disease (COPD)? and 2) what is the effect of a randomized, controlled, 12 week hospital
outpatient weight training programme in terms of skeletal muscle function and
exercise tolerance?
Upper and lower limb isokinetic maximum and sustained muscle function were
compared in 43 COPD patients (age 4911 yrs), mean forced expiratory volume in one
second (FEV1) 7723% pred and 52 healthy, sedentary subjects (age 51 (10) yrs),
mean FEV1 10916% pred. The 43 COPD patients were randomly allocated into
training (n=26) and control (n=17) groups. Isokinetic and isotonic muscle function,
whole body endurance, maximal exercise capacity and lung function were measured.
The COPD patients had reduced isokinetic muscle function (with the exception of
sustained upper limb strength) as compared with healthy sedentary subjects. Muscle
function improved after weight training in the COPD patients. Whole body endurance
during treadmill walking also improved with no change in maximal oxygen consumption.
A deficit in skeletal muscle function can be identified in patients with mild chronic
obstructive pulmonary disease which cannot be explained by factors such as hypoxaemia and malnutrition. Intervention with weight training is effective in countering
this deficit which the authors conclude is probably due to muscle deconditioning.
Eur Respir J 2000; 15: 92±97.

It has recently been shown that peripheral muscle weakness contributes to exercise limitation in chronic obstructive pulmonary disease (COPD) [1, 2]. Functional and
morphological skeletal muscle abnormalities [3±6] have
been reported in patients with COPD and are thought to
relate to a variety of factors such as hypoxaemia, malnutrition, ageing and disuse causing deconditioning. If
the latter is identifiable at a relatively early stage of the
illness, when other secondary complications are absent
there may be a therapeutic window for intervention to
reduce the disability associated with COPD.
This study was designed in two parts: 1) to examine the
maximum and the sustained (endurance) strength of peripheral skeletal muscle in mild COPD patients compared with
normal, healthy but sedentary subjects using isokinetic
measures of muscle strength. This was the preferred choice
of testing in order to comprehensively assess skeletal muscle function throughout the normal full range of motion; 2)
to examine the effects of a pulmonary rehabilitation programme of skeletal muscle training in improving muscle
function and exercise tolerance in this group of patients.
Methods
Patients and study design
Forty-three patients (age 4911 yrs; 25 male and 18
female) were recruited from the Hairmyres Hospital, (UK)
Chest Clinic. All were suffering from COPD defined by
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using the compound definition of SNIDER [7], "Chronic
obstructive pulmonary disease is defined as a disease state
characterized by the presence of chronic-bronchitis and/
or emphysema associated with airflow obstruction; the
airflow obstruction may be accompanied by airways hyper-reactivity and may be partially reversible". They had
a mean forced expiratory volume in one second (FEV1) of
7723% predicted. Patients with severe airflow obstruction complicated by resting or exercise hypoxaemia or
hypercapnia, long term oral steroid therapy or age >65
yrs, plus any other significant concomitant illness such as
unstable ischaemic heart disease or severe osteoarthritis
were excluded from the study. Fifty-two, sedentary (as
defined by "Physical Activity Scores" [8]) healthy subjects (age 5110 yrs; 27 male and 25 female) with normal
lung function (FEV1, 10916% pred) volunteered to undergo dynamic spirometry and tests of isokinetic muscle
strength and endurance.
The 43 COPD patients were randomly allocated into
training (n=26; 15 male and 11 female) or control (n=17;
10 male and 7 female) groups, i.e. with a 3:2 training
versus control ratio. Measurements of peripheral muscle
endurance and strength, whole body endurance, maximal
exercise capacity (maximal oxygen consumption (V 'O2
max) and lung function were made in both groups before
and after the 12 week study period. Patients in the training
group attended the hospital twice a week where they
performed a warm-up either cycling or treadmill walking.
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This was followed by three sets of 10 repetitions of eight
individual weight exercises. The predominant muscle group tested is given in brackets: 1) bench press (triceps); 2)
body squat (quadriceps); 3) squat calf (medial and lateral
gastrocnemius; soleus); 4) latissimus (latissimus dorsi); 5)
arm curls (biceps); 6) leg press (quadriceps; hamstrings;
gluteals); 7) knee flexion (quadriceps); 8) hamstrings. Thereafter all patients cooled down using cycling or treadmill
walking.
Each of the eight exercises was set at a load representing
70% of the subject's maximum. This was maintained until
week 6 of the study period when a new 70% maximum
value was determined for that individual. The last 6 weeks
of training was undertaken at this new workload. The
control group had no exercise intervention and were advised to continue their usual daily activities. After 12
weeks the initial assessments were repeated on both the
training and control group.
Measurements
Peripheral muscle strength. Isotonic muscle strength (with
external loading). The series of eight isolated, sequential,
isotonic muscle exercises, which were developed on the
Multigym and used as the basis of training during the 12
week study period also served as an evaluation. Each
patient was maximally tested on each of the eight individual
exercises. The one-repetition maximal 1RM test [9] was
modified by using repetitions on increasing submaximal
weights as the means of a warm-up. Patients progressed
through the weights with which they reached a weight
that they were no longer able to complete the full range of
movement. The maximum weight which could be successfully shifted through the full range of movement was
recorded and 70% of this was used as the patient's training
load for the first 6 weeks. The modified 1RM test was
repeated at this point to determine a new 70% maximum
value for the last 6 weeks of the programme.
Isokinetic muscle strength tests. The KIN-COM125E (Kinetic-Communicator; Chattecx Corp., Chattanooga Group
Inc., Hixson, TN, USA) was used to measure two different
aspects of isokinetic strength, i.e. a maximum contraction
test, measuring average peak torque, and a sustained (60 s)
repeated contraction test, measuring total work (joules),
each of which were performed on the right upper and lower
limbs in separate tests. (For the upper limb the tricep and
posterior deltoid groups were tested and for the lower limb,
the quadriceps group.) The lever speed was set at 708.s-1 for
both tests.
Whole body exercise test. Endurance walk test. This was
performed on a treadmill. The total work performed during
the endurance walk test was calculated in three stages. The
power (watts) at each speed was determined using the
following equation:
Power W  0:536| weight kg|
0:625| speed km.hÿ1 |0:1635
The work (joules) performed at each speed was determined
using the following equation:

Work J  power W | s
The total work performed was a summation of the work
performed at each speed [10].
Aerobic exercise testing. Progressive incremental exercise
using a bicycle ergometer was undertaken by the patients
10 min after bronchodilator administration. Work increments of between 5±20 W increased at 1 min intervals until
exhaustion (System 2900; Sensor Medics, Yorba Linda,
CA, USA). Breathlessness was measured using the modified Borg Scale [10].
Statistical analysis
For the comparison of muscle function between patients
with airflow obstruction and normal healthy sedentary
subjects, multiple regression analysis was performed on
the isokinetic strength variables. This type of analysis takes
account of the multifactorial influence on muscle function
of age, weight, height and sex, and the two groups were
compared after adjustment for these factors (p<0.05 was
considered to be statistically significant).
The distribution of data sets were viewed for normality
using box plots. If considered to deviate from a normal
distribution a nonparametric statistical test was used for
group comparisons. Statistical analysis examined changes
from baseline in both the training and control groups, i.e. to
minimise the effects of "between-subject" variability by
looking at only "within-subject" variability using either
Student's t-test (parametric) or Wilcoxon test (noparametric). To illustrate the magnitude of the effects of the weight
training programme, the same approach is used as in a
previous paper [10] where examples of key efficacy variables are given as "before and after" plots with summaries
of mean differences and 95% confidence intervals (95%
CI) which are presented after the mean difference (x, y).
Where a nonparametric test has been used, the median
plus the interquartile range is given. For clarity, not all the
data has been presented in these plots but where relevant,
summary statistics are given for other efficacy variables
within the text.
The magnitude of linear association between pairs of
continuous variables was evaluated using Pearson's coefficient of correlation.
Results
Comparison of healthy sedentary subjects and COPD
patients
The healthy sedentary subjects and the COPD patients
were compared at the outset of the study (table 1). There
were no significant differences other than FEV1 (p<
0.001). An example of the results of multiple regression
analysis to determine which factors influence isokinetic
muscle strength is given in the following equation:
LC SUS  616 ÿ 285 ''COPD''  277 Sex ÿ 8:2
Age  12:3 Wt

r2  0:42;

SEE

339

Where LC = lower limb concentric contraction, (SUS) =
repeated contractions sustained for 60 s (joules), "COPD"
= 1 for patients with COPD and 0 for healthy sedentary
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COPD patients
n=43

5110
16610
6912
253
10916

4911
16711
7214
264
7723*

Age yrs
Ht cm
Wt kg
BMI
FEV1 % pred

Data are presented as meanSD. *: p<0.001, Student's t-test. Ht:
height; Wt: weight; BMI: body mass index (wt/ht2); FEV1:
forced expiratory volume in one second as a percentage of the
predicted value.

subjects, Sex=1 for males and 0 for females, Age=patient
age, Wt=patient weighth, and SEE=the standard error of
the estimate.
"COPD" accounts for a significant reduction in three of
the four measures of isokinetic muscle function, i.e. lower
limb maximum and sustained contraction plus upper limb
maximum contraction, the exception being the upper limb
sustained contraction.
The effects of weight training in COPD patients
The key characteristics of the 43 COPD patients (training and control groups) are summarized in table 2. No
significant differences were seen. Similarly, there was no
significant difference between isotonic or isokinetic
muscle strength.
After the study period the training group showed a significant increase in the maximum weight lifted (isotonic) in
four of the five lower limb Multigym exercises (e.g. quadriceps strength increased by 7.67.2 kg in the training
group as compared with 0.44.8 kg in the control group
Table 2. ± Key characteristics of the chronic obstructive
pulmonary disease (COPD) patients, subdivided into
training and control groups, before the 12 weeks training
programme
Age yrs
BMI
FEV1 L
% pred
RV L
% pred
Pa,O2 kPa
V 'O2.kg-1 mL.min-1.kg-1
HR,max %pred
V 'E,max L.min-1
Borg,max

Training group

Control group

5110
264
2.290.88
7623
2.220.91
11348
12.81.2
15.57.2
8112
45.815.8
3.51.9

4611
264
2.380.86
7923
2.410.88
12541
13.86.0
19.16.1
7910
44.816.7
2.41.7

Data are presented as meanSD. Comparison by Student's t-test
showed no significant differences. BMI: body mass index;
FEV1: forced expiratory volume in one second; RV: residual
volume; Pa,O2: arterial oxygen tension; V 'O2.kg-1: oxygen consumption as a proportion of body weight; HR,max: maximum
cardiac frequency (heart rate) as a percentage of the predicted
maximum heart rate; V 'E,max: maximum minute ventilation;
Borg,max: Borg score for breathlessness attained at peak exercise.

b) 3000

2500

2500

2000

2000
Joules

Healthy subjects
n=52

a) 3000

Joules

Table 1. ± Key characteristics of healthy subjects and
chronic obstructive pulmonary disease (COPD) patients at
outset of study
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Fig. 1. ± A comparison of isokinetic lower body muscle strength (i.e.
lower limb concentric contraction (repeated contractions sustained for
60s) LC (SUS)) in a) the training and b) the control groups, before and
after the 12 week programme. The mean difference in isokinetic muscle
strength for the training group was 320 (95% confidence interval (CI)
148±491) joules versus 32 (95% CI -126±189) joules for the control
group (p<0.02, by Student's t-test).

(p<0.001)) and in one (Latissimus) of the three upper body
exercises.
The training group demonstrated significant improvements in the sustained test (60 s) of isokinetic muscle work
in both upper and lower limbs (the latter is given in fig. 1).
There were no significant differences in the maximum
contraction tests. A reanalysis of the factors influencing
isokinetic muscle function in the "trained" COPD patients
and the healthy sedentary subjects shows that after
training "COPD" is no longer a significant variable:
LC SUS  ÿ2844  11:2 Wt ÿ 11:8 Age  23 Ht
r2  0:48;

SEE

81

Endurance work (joules) performed on the treadmill by
the training group improved after the study period. The
control group also increased their endurance work but a
comparison of the mean changes between the two groups
shows a significant difference, (control: mean difference =
344 (95% CI: 109±579) versus training:mean difference =
4205 (95% CI: 1,404±5,650), p<0.001).
The change in treadmill endurance correlated with the
change in isokinetic sustained muscle strength (both expressed as a percentage change from baseline) for upper
limb (r=0.54, p=0.001) and lower limb (r=0.36, p=0.024)
for the whole group and for the upper limb (r=0.46, p=
0.028) in the training group alone.
There was no significant difference in maximum exercise performance pre- versus poststudy period in either
group with the exceptions of maximum tidal volume which
showed an increase in the training group, and V 'O2,max
which showed a fall in the control group (table 3). Further
analysis was performed comparing the change in maximum exercise performance between the two groups. The
mean changes in V 'O2,max, workload (W), minute ventilation (V 'E) and tidal volume were significantly different.
This is as a result of slight increases in these variables in
the training group and slight reductions in the control
group following the study period.
An analysis of exercise performance at equivalent workload shows an increase in tidal volume (pre- 1.590.5
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Table 3. ± Maximum exercise performance in the training
and control groups after the 12 week training programme
Training
group
Pre
V 'O2,max
mL.min-1.kg-1
HR,max
beats.min-1
V 'E,max
L.min-1
VT,max L
Resp. rate
breaths.min-1

Post

Control
group
Pre

Post

15.57.2 16.68.4

19.16.1 16.64.0**

13320

13321

13725

12921

45.815.8 50.419.1 44.816.7 40.414.3
1.710.50 1.910.68* 1.690.45 1.550.47
287
2760
284
284

Data are presented as meanSD. Comparison is by paired t-test,
*: p=0.022, **: p=0.01. V 'O2,max: maximal oxygen consumption; HR,max: maximum cardiac frequency (heart rate); V 'E,max:
maximal tidal volume; Resp.: respiration.

versus post-training 1.780.6, p<0.05) in the training
group. No other differences were seen in either group
including Borg scores for breathlessness.
Following the study period there was no significant change in any aspect of lung function including arterial blood
gases in either group.
There was a reduction in the body mass index (BMI) of
-0.611.1 in the training group and an increase in the
control group of 0.541.4, p<0.005.
Discussion
This study used two methods of assessing skeletal muscle function. Isotonic tests (where the muscle contracts and
lengthens under a constant load) were used pre and post
training to measure change in task-specific performance of
the various Multigym exercises which constituted the training programme. Isokinetic tests (where the muscle contracts and lengthens at a constant velocity) were used to
give a more comprehensive assessment of training, indicating changes in the main muscle groups trained, across the
full range of normal movement (ROM). The presence of an
accommodating resistance allows safe measurement of
torque, work and power at constant speed throughout the
complete ROM thus giving a full description of the functioning muscle. Isokinetics has an expanding range of
contemporary applications in health-related and sportsrelated fitness and is likely to be increasingly used for
outcome measurement following rehabilitation. The results
for these two different functional measures used in this
study are in broad agreement and are therefore taken as a
whole when discussing the effects of training in part two of
the study.
Part one of the study reveals that patients with mild
COPD show a significant reduction in skeletal muscle
endurance and strength compared with healthy but sedentary subjects. While upper limb maximal strength was
reduced, upper limb "sustained" performance was not. This
could be due to habitual recruitment of upper limb muscles
in support of ventilation, a continuous, submaximal activity associated with improved endurance capability [11,
12]. SANCHEZ et al. [13] showed a significantly greater
oxidative enzyme activity of the intercostal muscles of
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patients with COPD compared with healthy subjects and
hypothesized that "COPD has an endurance training effect on respiratory muscles". It should however, be noted
that in part two of the current study, the upper limb
training programme did improve upper limb endurance,
i.e. upper limb concentric contraction (UC) (SUS), indicating that these muscle groups are not already maximally
trained. Since the lower limb muscles are independent of
any direct pulmonary mechanical effects the abnormalities found are secondary effects on the exercising muscle. These abnormal results were found in relatively
young patients with mild COPD at a stage of the illness
when complications known to impair skeletal muscle
function such as chronic hypoxaemia [14, 15], nutritional
deficit [16, 17] and ageing [18] were not significant
contributors. The results of blood gas analysis and oximetry both at rest and on exercise, plus BMI measures
confirmed this. The potential contributions of drug therapy and cigarette smoking to skeletal muscle dysfunction
have been mentioned recently by OELBERG et al. [19].
These factors would not explain the current results. There
is no evidence that b2-agonists in inhaled form, routine
therapy in the COPD patients, have an adverse systemic
effect on skeletal muscle function. None of the patients
were taking theophyllines immediately prior to or during
the study, nor were oral systemic steroids, which can
cause myopathy [20], taken except as short courses for
acute exacerbations in 3 patients. It is also unlikely that
intracellular deoxyribonucleic acid (DNA) damage through smoking would explain the findings, even though the
substantial majority of the patients were exsmokers, since
the post-training study data would be unlikely to have
shown such significant improvements in performance.
Other studies, which have considered skeletal muscle
abnormalities in COPD patients from various viewpoints
including altered oxidative capacity [16, 6, 4] enzyme
activity [21, 5], muscle metabolites [16, 17, 4], metabolic
performance [22] and morphology (fibre types) [4, 23]
have all involved patients with severe disease and/or respiratory failure where hypoxia, malnutrition and administration of systemic steroids may act as comechanisms
contributing to muscle dysfunction. For example, SERRES
et al. [3] showed a significant reduction in quadriceps
strength and endurance in 17 patients with severe COPD
as compared with 8 control subjects, and also noted a
relationship between the levels of dysfunction, FEV1 and
hypoxia. In these circumstances it is difficult to identify
an independent contribution of inactivity deconditioning.
However, the partial improvements in skeletal muscle
performance reported following training in patients with
severe disease [24] provides circumstantial evidence for
deconditioning as at least a comechanism and the present
study data confirm this. Evidence of impaired skeletal
muscle function following detraining is well established
[25].
In part two of the study, skeletal muscle training produced a highly significant improvement in exercise
endurance on treadmill walking, without central cardiorespiratory changes, and correlating with improved skeletal
muscle function measures. The magnitude of improvement
compares favourably with the outcome of rehabilitation
programmes which have used whole body training over
similar periods of time [26] and also reinforces the
findings of a key study by SIMPSON et al. [27] who
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demonstrated improved exercise tolerance after weight
training in COPD patients. The use of isokinetic measurements and normative data in the current study also
allowed the accurate estimation of the extent of deficit in
muscle function prior to intervention, while multiple regression analysis allowed the elimination of the confounding effects of age, sex, height and weight in comparing
COPD patients with normal subjects. (In contrast to
SIMPSON et al. [27] who did not include normal data and
had a preponderance of females in the control group.)
The use of weight training as therapy to improve exercise tolerance appears to be more effective than pharmacological intervention described in two recent studies [28,
29] which used recombinant growth factor. This produced
an increase in skeletal muscle mass and peak strength but
failed to produce any increase in endurance work or
exercise tolerance, both of which were recognized by the
authors to be important target outcomes. In one study [29]
there was actually a reduction in endurance as measured
by a 6 min walk test and despite an increase in lean body
mass there was no change in handgrip strength or exercise
tolerance as measured by peak oxygen consumption and
walking distance. Perhaps there could be practical benefit
to be gained from the use of a combined approach to improve muscle strength via pharmacological intervention
and endurance through weight training since loss of
muscle strength in the elderly is a cause of balance problems and falls at home [30] and endurance is of course
intrinsic to completion of many daily tasks.
In summary; 1) it has been shown that skeletal muscle
dysfunction simple deconditioning occurs in mild chronic
obstructive pulmonary disease and is likely to be due to
other confounding factors such as hypoxia or malnutrition
were absent; and 2) the programme of exercises offers an
effective form of endurance training of the skeletal muscle
groups involved in normal daily activities in order to correct this deconditioning and improve whole body exercise
tolerance. Further studies will determine the benefits of
rehabilitation using weight training in patient groups with
more severe disease and additional complicating factors.
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