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genes conferring resistance to trimethoprim may occur more
rapidly and in preference to the development of chromosomal
resistance.
The overall prevalence of sulphonamide resistance in clinical

isolates of enterobacteria means that a large proportion of the iso-
lates must have been resistant to sulphonamides before exposure
to trimethoprim. Furthermore, the fact that the proportion of
trimethoprim R plasmids also carrying sulphonamide resistance
had risen in 1979 to 63 40!o (table III)-that is, 22 00% of total
trimethoprim-resistant isolates-means that in an increasing
proportion of isolates resistance to trimethoprim and sulpha-
methoxazole could have developed simultaneously, and no pro-
tective effect could therefore be exerted by the sulphonamide.

Another worrying feature was the increase in resistant isolates
that failed to transfer their high-level trimethoprim resistance
of > 1024 mg/l (22 90o in 1979 compared with 4 70% in 1978).
This may have been due to the spread of plasmids not capable
of transferring to the standard E coli recipient strain used.
Alternatively it may have resulted from the transposition of
genes conferring trimethoprim resistance from plasmids to the
bacterial chromosome. The plasmids isolated in London that
belonged to the M incompatibility group carry the Tn7 trans-
poson determining trimethoprim and streptomycin resistance."
This DNA sequence may transfer with great efficiency between
plasmids and the bacterial chromosome.'3 Transposons of this
type also occur in plasmids from strains ofE coli isolated outside
hospitals from epidemiologically unrelated environments.' In
our surveys 13 (54 2O0) out of 24 plasmids isolated in 1978 and
31 (75 60(,) out of 41 isolated in 1979 (table III) conferred linked
resistance to trimethoprim and streptomycin. These results
support the possibility that spread of the Tn7 transposon is
occurring and suggest a reason for the increase in isolates resist-
ant to high levels of trimethoprim that failed to transfer their
resistance. Further work to examine this hypothesis is in
progress.
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Controlled trial of supervised exercise training in
chronic bronchitis

D J M SINCLAIR, C G INGRAM

Summary and conclusions

In a controlled trial of exercise retraining in patients
with severe chronic bronchitis, 33 subjects were followed
for a mean period of 10 3 months. The exercise
programme was supervised once a week, and daily
training comprised a 12-minute walk and simple stair
climbing exercises. The subjects in the exercise group
showed a highly significant improvement in their walking
distance, attaining a maximum increase of 24% after
eight to 12 months. There was also considerable sub-
jective improvement. The control group did not improve.
No significant changes in cardiorespiratory function or
muscle strength were seen.
Simple exercise rehabilitation is of benefit to patients

with disabling obstructive lung disease.
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Introduction

Using simple unsupervised exercise, McGavin et al showed
small but statistically significant improvements in the 12-
minute walking distance in patients with severe chronic
bronchitis.' We report here the results of a training programme
which was carefully supervised in the hope of producing greater
improvement in the exercise capacity of such patients.

Patients and methods

Thirty-three patients were studied. All had been heavy cigarette
smokers and had symptoms of chronic bronchitis in accordance
with the Medical Research Council definition.' Patients with sympto-
matic ischaemic heart disease, hypertension, peripheral vascular
disease, and neurological or musculoskeletal problems were excluded.
When they had recovered from the acute exacerbation those in
hospital started daily 12-minute walking distance assessments3 while
the others were admitted to familiarise them with the exercise regimen.
Immediately before discharge, when they were considered to be in
an optimal condition clinically, pulmonary function and exercise
capacity were assessed.

Forced expiratory volume in one second (FEVy) and forced vital
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capacity (FVC) were measured on a dry wedge spirometer; total
lung capacity, functional residual capacity, and residual volume were
measured by closed circuit helium dilution; and the single breath
carbon monoxide transfer factor was estimated. The 12-minute
walking distance was assessed on a level corridor. As all the patients
had previous experience of this test only a single measurement was
necessary.3 Exercise capacity was also measured by a progressive
submaximal exercise test on an electrically braked cycle ergometer.
Isometric quadriceps muscle strength was assessed for each leg
using a strain gauge5 and mid-thigh circumference measured. All
subjects had a chest radiograph and 12-lead electrocardiogram.
To facilitate follow-up those patients who lived within the city

were enrolled in the exercise group and those who lived outside the
city to the control group.

In hospital a daily 12-minute walking distance test and stair
climbing exercise were supervised by a research nurse. Stair climbing
comprised stepping up and down on two 24-cm steps for 11-2
minutes twice daily according to the individual's ability. The subjects
in the exercise group continued these exercises at home and were
seen for weekly follow-up by the nurse, who supervised a full training
programme. The exercise schedule was increased when possible, and
each patient recorded his daily exercise on a diary card. After any
relapse of their bronchitis training was restarted when the patient
was considered fit. The exercise group were also reviewed and
reassessed by a doctor every two months.
The control group did not continue with daily exercise after

discharge and were not reviewed by the nurse. Both groups were
advised to discontinue smoking and as far as possible drug treatment
was not changed. All patients were reviewed and reassessed fully
after six months, and most attended a final assessment, either 10 or
12 months after discharge from hospital.

Results were analysed using a paired-sample Student's t test.

TABLE I-Mean (+ SD) values (and ranges) ofFEy1 before and aftersalbutamol,
FVC, and 12-minute walking distanc,; cn entry to the trial for exercise and
control groups

Exercise group Control group
(n= 17) (n= 16)

Age (years) 65-6 ±8-5 (50-83) 64-0 - 7-3 (46-78)
FEV1 (1) 1-10±0-48 (0-40-1-85) 1-02 ±0 57 (0 55-2 70)
FEV1 after salbutamol (1) 1 19±0 49 1-15 ±0-67
FVC (1) 2-32±+0-77 (0-78-3-50) 2-38±0-94 (1-32-5-00)
12-minute walking

distance (m) 802 ± 156 (410-1020) 769 ± 156 (470-996)
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Results

Seventeen patients were enrolled in the exercise group; two dropped
out at an early stage and one died suddenly from a myocardial
infarction after 10 months' follow-up. In the control group of 16
patients two died from respiratory failure and one from myocardial
infarction. The total patient follow-up time was 162 months in the
exercise group (mean 10 8 months) and 156 months in the control
group (mean 10 4 months).
Both groups were well matched for age, ventilatory function, and

12-minute walking distance (table I). Apart from a significant improve-
ment in the mean FVC in the exercise group (table II), ventilatory
function, lung volumes, and diffusion were unchanged at the six-
month and final assessments. Right quadriceps strength was reduced
in the controls. There was no change in thigh circumference, body
weight, minute ventilation, or heart rate in either group (table II).
There was a highly significant improvement in the mean 12-minute

walking distance at six months and at the final assessment in the
exercise group; all patients improved, the range being + 108 metres
to +341 metres (12 30° to 83%) at the final assessment. The number
of steps fell significantly, indicating an increase in the length of stride.
There was no significant change in the control group (table III). More
detailed analysis of the 12-minute distances (table IV) showed that
the improvement was gradual, reaching a maximum between eight
and 12 months.

Electrocardiographs showed no significant change over the period
of follow-up. Chest radiographs showed emphysematous changes in
11 patients in each group.

Subjective changes are detailed in table V. The exercise group
showed a significant improvement for each symptom compared with
the controls (Z2 test). Four patients from the exercise group were

readmitted due to an exacerbation of their bronchitis, while in the
controls there were 10 readmissions affecting seven patients.

Discussion

McGavin et all showed a mean improvement in the 12-minute
walking distance of 64 metres (6-30o) in a group of patients with
chronic bronchitis who were asked to exercise daily at home
without supervision over a mean of three months. In our study
the mean increase attained after 8 months was 185 metres
(23-4o0) and this was maintained for the rest of follow-up. This
improvement occurred in patients whose condition was con-

sidered to be clinically optimal at the time of discharge from
hospital. For greatest benefit training should be specific for the
exercise assessed,6 and in this study training included a daily

TABLE II-Mean and predicted values for FEy1, FVC, and body weight and quadriceps strength, minute ventilation, and heart rate ( SD) at oxygen consumption
of 33-5 mmol/min (0 75 I/min), at initial, six-monl-h, and final assessments for exercise and control groups

Exercise group Control group

Initial 6 month Final Initial 6 month Final
Predicted (n = 17) (n 15) (n = 12) (n= 16) (n = 14) (n = 10)

FEV, (1) 2 65 1-10 1-18 1 11 1-02 1-09 0-88
FVC (1) 3-64 2-32 2-64* 2-51* 2-38 2-40 2-31
Body weight (kg) 66-4 65-3 66-8 59 5 62-9 60-6
Quadriceps strength (kg)

Right 17-6±4 9 17-4±2 7 16 9±4-7 i8-8±5-8 17-4±2-6 16-3+3.0*
Left 18-3±4-2 17-2t3-7 16-8±4-5 18-4±6-7 17-5±3-7 17-9±3-5

(n = 14) (n = 13) (n = 10) (n = I1) (n = 8) (n = 6)
Minute ventilation (1/min) 20-3 ±3-8 21-7±4-1 22-9 ±2-4 19-3 ±3-2 21-4±2-8 21-1±3-3
Heart rate (beats/min) 102-5±16-6 106-4±15-4 108-7±16-1 100-0±18-1 112-7±19-6 117-8±23-0

*p < 0 05 compared with initial value.

TABLE iII-Mean (i SD) initial 12-minute walking distance and changes at six months and final assessments, number of steps per 100 metres, and mean increase in
pulse rate after exercise for exercise and control groups

Exercise group Control group

Initial 6 month Final Initial 6 month Final
(n= 17) (n= 15) (n= 12) (n 16) (n= 14) (n= 10)

12-minute walking distance (m) 802 ±156 + 174±489** + 2031±77** 769 156 -13±128 -19±114
No of steps per 100 metres 138-8 ±18-6 129-2 ±12-9* 129-1 ±12.0* 139-6 13 4 136-5 ±16-8 138-1 ±15-7
Increase in pulse rate (beats/min) + 29 9 ±15 7 + 34.8 ± 15.1* +40.6±13-2* + 22-1 ±17 9 + 199 ±15 9 + 24-0 ±14 4

*p<0.01 and **p<0-001 compared with initial value.
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TABLE IV-Mean ( SD) initial 12-minute walking distance and changes at two-month intervals and percentage improvement over initial values for patients in the
exercise grouip

Months

Initial 2 4 6 8 10 12
(n = 17) (n = 15) (n = 14) (n = 15) (n = 12) (n = 10) (n = 8)

12-minute walking distance (m) 802 ±170 +73*±490 + 145** ±95 + 174** ±90 + 185**±82 + 195** ±81 + 203** ±73
0° Change over baseline for each group 9.1 17 6 21-6 23-4 23 6 24-2

*p<O.Oland **p<O O(l when compared with initial value.

TABLE v-Subjective changes between initial and final assessments in exercise and control groups

Exercise group Control group

Deterioration No Improvement Deterioration No Improvement p Value
change change

Dyspnoea 0 0 15 8 2 5 < 0-02
General wellbeing 0 3 12 7 3 5 <0-02
Daily activity 0 5 10 7 3 5 <0 02

TABLE VI-Percentage change in 12-ninute walking distance between initial
and final assessments in smokers and non-smokers in the exercise and control
groups

Exercise group Control group

Non-smokers Smokers Non-smokers Smokers
(n = 12) (n = 3) (n = 7) (n = 8)

" Change in 12-minute
walking distance: + 26 + 16 + 1 6 - 11

walk of at least 12 minutes. Supervision was particularly
important during the early stages, when improvement was
slow. These factors-close supervision, exercise-specific
training, and longer duration of follow-up-may well account
for the greater improvement than previously reported.
No consistent pattern of physiological changes has been

reported in response to exercise training in chronic bronchitis.7
Since there was no significant change in ventilation or heart
rate during exercise this does not appear to be a major factor in
the improved exercise capacity. The increase in FVC in the
exercise group may reflect reduction in air trapping and has
been noted previously.8 9 Improved exercise capacity may be
related to improved neuromuscular co-ordination' 910 and
increased muscle endurance.8 Length of stride in the exercise
group increased, indicating a more efficient stride pattern,6 but
muscle strength was not improved.
Long-term follow-up of patients with chronic obstructive

lung disease who have performed regular physical exercise has
shown continued improvement even up to two years.8 9 In our
patients improvement was gradual, reaching a maximum at eight
months, which suggests that any training regimen should be
continued for at least six to 12 months. More patients in the
exercise group gave up smoking than in the control group, but
analysis of the 12-minute distance results according to smoking
habit (using a two-sample t test) showed no statistical differences
(table VI); cessation of smoking was therefore not a major
factor in the overall improvement in the exercise group. As
antibiotics were not prescribed during follow-up the reduced
hospital readmission rates in the exercise group cannot be
attributed to the earlier treatment of infection and would
seem to be a benefit of improved general condition and fitness
attributable to the exercise programme. No special skills are
required to supervise such a programme and in some cases
training at home was supervised by a member of the patient's
family. This would seem to be the ideal situation for the long
term.

This controlled trial clearly reaffirms reports that much
benefit can be obtained by daily physical exercise in patients

with severe airways obstruction and emphysema. Increase in
exercise capacity and wellbeing is considerable and the ability
to carry out daily tasks greatly improved. These improvements
are not dependent on specified changes in pulmonary or car-
diac function, or muscle power and probably depend on the
patients' better tolerance of dyspnoea and adaptation to their
physical incapacity. With motivation and perseverance
surprising improvement can be expected even in the severely
disabled.

We thank the Chest, Heart, and Stroke Association for funding the
research nurse; staff nurse M Nicoll for her dedication and
enthusiasm; Dr R N Johnston for helpful advice; Dr R A Clark for
allowing us to study patients under his care; Mrs P Reid for technical
help; and Mr S Ogston for statistical advice.
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ONE HUNDRED YEARS AGO The London Hospital has, we
are informed, received a splendid Christmas-box in the shape of an
anonymous contribution of £5,000 to the funds of that charity. The
enclosure was left by a lady at the porter's gate in an envelope,
addressed to the secretary, and without any further information.
(British Medical3journal, 1880.)
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