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Comparisons oftherapeutic effects oflevodopa, levodopa and
selegiline, and bromocriptine in patients with early, mild Parkinson's
disease: three year interim report

Parkinson's Disease Research Group in the United Kingdom

Abstract
Objective-To determine the optimum treatment

for early Parkinson's disease.
Design-An open, long term, prospective random-

ised trial conducted by the Parkinson's Disease
Research Group ofthe United Kingdom.
Setting-93 hospitals throughout the United

Kingdom.
Subjects-782 patients with early Parkinson's

disease who were not receiving dopaminergic treat-
ment.
Interventions-Patients allocated to treatment

with levodopa/dopa decarboxylase inhibitor alone
(arm 1), levodopa/decarboxylase inhibitor/selegiline
in combination (arm 2), or bromocriptine (arm 3).
Main outcome measures-Disability assessment

as judged by improvement on Hoehn and Yahr,
modified Webster, and North Western University
disability scales. Adverse event profile and mortality
ratios.
Results-Interim results indicate that all three

treatment regimens led to improvement in baseline
disabilities after 12 months' treatment and that
deterioration in control was apparent by three
years. No significant differences were found
between the results oftreatment in arm 1 and arm 2,
but both were significantly more effective than
bromocriptine (arm 3) and had fewer early adverse
reactions. The adjusted difference (95% confidence
interval) in Webster rating for arm 3 v 1 was 0 93
points (0.27 to 1l50; p=0.0058) and for arm 3 v 2 was
1-25 points (0-61 to 1-89; p=0.0002). The incidence
of dyskinesias and motor oscillations, however, was
significantly lower in arm 3 (2% and 50/, respectively)
than in arm 1 (27% and 330/o, respectively) and arm 2
(340/, and 35%/o, respectively).
Conclusions-As there were no marked differ-

ences in fimctional improvement between the three
groups the choice of treatment in the early stages of
Parkinson's disease may not be critical.

Introduction
Although levodopa in combination with a dopa

decarboxylase inhibitor is the single most effective
treatment available for patients with Parkinson's
disease, the long term therapeutic response is marred
in many patients by the emergence of involuntary
movements induced by the drug, oscillations in motor
performance and mood, and psychotoxicity.' As a
result some physicians prefer to withhold levodopa,
particularly in young patients, for as long as possible
and elect to start treatment with an orally active
dopamine receptor agonist, selegiline, an anticholin-
ergic drug, or amantadine.' Others advocate the early
use of levodopa in all patients, claiming an improved
life expectancy in comparison with those who have

received the drug later in the course of their illness.3
The initiation of antiparkinsonian treatment with a
combination of an orally active dopamine receptor
agonist and small doses of levodopa has also been
recommended.4 Recently there has been interest in
the possibility that controlled release preparations of
levodopa may be less likely to induce long term
complications than conventional preparations.'

Selegiline in a dose of 10 mg a day can delay the need
for levodopa in previously untreated patients; some of
this effect may result from a neuroprotective action
on dopaminergic neurones.6 Concem has also been
expressed on theoretical grounds that levodopa may
increase formation of toxic free radicals in surviving
dopaminergic neurones.'

In an attempt to clarify some of these issues the
Parkinson's Disease Research Group of the United
Kingdom, with a membership of consultant neurolo-
gists and a group of consultant physicians in geriatric
medicine with a particular interest in Parkinson's
disease, agreed to enter all newly diagnosed patients
with idiopathic Parkinson's disease into an open,
long term three arm study comparing a conventional
preparation of levodopa/dopa decarboxylase inhibitor,
levodopa/dopa decarboxylase inhibitor plus selegiline
hydrochloride in combination, and bromocriptine
alone. Our aim was to compare the therapeutic
response, the profile of adverse reactions, and the
mortality in the three groups of patients.

Fifty eight investigators entered patients from 93
hospitals. In the United Kingdom most patients with
Parkinson's disease are referred to a hospital specialist
for confirmation of the diagnosis, and we consider that
the patients studied closely represent those seen in
general practice. More than 90% of patients who were
asked to participate in the study consented.

Patients and methods
Patients were eligible for the study if they fulfilled

the criteria of the Parkinson's Disease Society of the
United Kingdom Brain Tissue Bank for the clinical
diagnosis of Parkinson's disease.8 Untreated patients of
any age with incapacity which in the judgment of
the clinician concemed was sufficient to merit dopa-
minergic treatment were eligible for inclusion. Patients
who had previously received anticholinergic drugs
and those who had been considered on uncertain or
incomplete evidence to be intolerant of levodopa were
also considered suitable for entry. Those patients who
were known with certainty to have failed to respond to
dopaminergic drugs and those with incapacitating
cognitive impairment, however, were excluded. The
study received ethical approval from the Faculty of
Clinical Sciences, University College and Middlesex
Medical Schools. Some of the investigators also sought
local ethical approval before starting the study.
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Expected mortality was based on the study by Shaw
et al, who reported a 27% mortality after six years'
follow up' and 57% after 12 years' follow up9in a group
of British men and women treated with levodopa for
Parkinson's disease.

It was calculated that about 600 people would need
to be followed up for 10 years to detect a 30% reduction
in mortality (power 80%, significance 5%). This figure
was chosen because in an open uncontrolled retro-
spective survey Birkmayer et al had shown a 30%
reduction in mortality for a group of patients taking
levodopa and selegiline compared with a group of
patients taking levodopa alone.'0
A total of 782 patients were recruited up to Sept-

ember 1990 to allow for possible loss to follow up.
This sample size was more than adequate for detecting
a one point difference on the modified 12 point
Webster rating scale." The group considered it to be
impractical and unethical to conduct a controlled
double blind study over the projected length of follow
up ofmany years.
The randomisation of the patients into one of three

treatment regimens was carried out by a centrally
based administrative coordinator by using random
numbers tables.'2 Treatment 1 consisted of 62-5 mg of
levodopa and benserazide three times a day after meals.
The dose was then increased to 125 mg thrice daily and
maintained for at least three months before further
increases were considered. Details of further incre-
ments and maintenance were then left to the investi-
gator, but the aim of treatment was to achieve a
satisfactory improvement in symptoms and functional
disabilities by using the lowest possible dose. Treat-
ment 2 was started with 5 mg selegiline in the moming
for a week followed by an increase to 5 mg twice daily
for three weeks. Clinical experience indicates that a
twice daily regimen of selegiline is better tolerated than
a single 10 mg daily dose. Levodopa and benserazide
were then added in the same way as for treatment 1,
selegiline being continued at the same dosage. In
treatment 3 bromocriptine was given alone starting
with 2-5 mg after the evening meal and increasing by
2-5 mg no faster than every third day to a dose of 30 mg
daily administered in three divided doses with meals.'3
Increases no faster than 10 mg weekly were then made
up to a maximum dose of 40 mg three times a day. If
peripheral side effects occurred in any of the arms
the investigator could prescribe domperidone, a
peripheral dopamine antagonist, 20 mg three times a
day.
The principal outcome measures were mortality

and assessment of disability. Patients were evaluated
at baseline and then every three to four months,
whenever possible by the consultant investigator and
preferably in the presence of a close relative. Disability
assessments were made by using the Hoehn and Yahr'4
North Westem University disability,'5 and modified 12
item Webster rating scales" to include additional
parameters for balance and rising from a chair; these
rating scales were provided as printed copies. The
occurrence of adverse reactions including involuntary
movements, oscillations in performance, and early
moming dystonia were also reported. During the
titration period patients were seen every three to four
weeks.

If a patient was unable to tolerate a trial drug or
failed to gain useful overall improvement based on
the clinician's judgment, he or she could either be
re-randomised to one of the other two arms of the trial
or withdrawn from the trial. Patients have been
considered in this report only in relation to their
original randomisation. Patients withdrawn from the
trial are followed up annually. Analyses of disabilities,
incidence of side effects, and mortality were performed
once a year. An independent analysis of inter-rater

reliability was carried out, and no notable differences
of scoring between investigators were found.

Differences among the treatment regimens were
tested at a more stringent level of significance to allow
for this repeated testing. No formal stopping rules
were applied for disability scores; instead average
changes in disability and incidence of side effects
were monitored by the investigators. Analyses of this
interim report are based on follow up of patients up to
December 1991. The trial and monitoring of mortality
continues.
The main analyses were conducted on an intention

to treat basis in which individual subjects were allo-
cated to their initial treatment group irrespective of
whether they were subsequently withdrawn from
randomised treatment or not. This avoids bias arising
from selection of patients who continue to be treated
and more closely reflects the clinical management, in
which patients' treatment may be modified in the light
of their response to initial treatment. It may, however,
underestimate the magnitude of effect associated with
a particular treatment. Inspection of average disability
scores for all treatments combined showed an initial
improvement in the first three months followed by a
levelling off in the next four to 12 months, and after one
year of follow up average scores displayed an approxi-
mately constant rate of decline. It was therefore
decided to analyse disability scores by taking the
average of all assessments in months four to 12 for each
subject and then the average of the two most recent
assessments for each subject (final score). The average
of two or more assessments was used to improve the
reliability of the disability measure.
As predicted in the design of the study,'3 bromo-

criptine was not well tolerated by all patients, and a
substantial number were withdrawn from the regimen
in the first few months of follow up because of adverse
side effects. Because it has been suggested that those
patients who are able to tolerate bromocriptine may do
better in the long term than patients initially treated
with levodopa, an on treatment analysis was performed
to examine this hypothesis. Bias relating to comparison
of a subgroup of patients with more benign or milder
disease, however, may be introduced with this method
of analysis.
End points were also analysed to look for possible

associations with recorded entry characteristics such as
age, sex, reported duration of Parkinson's disease,
and the Hoehn and Yahr stage. The possibility that
differences in treatment could be related to these
factors was also examined. Analysis of covariance
was used to assess the difference in disability scores
between the three treatments. This method takes
account of any differences in average baseline scores
present in the three treatment groups. In the analysis of
final score months of follow up was also included in the
model to adjust for any difference in duration of follow
up among the three groups of treatment.

Results
Table I shows that the three groups were comparable

in terms of recorded baseline characteristics. The
mean (range) duration of disease before treatment was
14 (1-144) months with no significant difference
between the three arms. Although the median doses of
levodopa after one year's treatment did not differ
between arms 1 (375 mg; range 125-1000 mg/day) and
2 (375 mg; 62 5-1000 mg/day), there was a significant
difference in the mean doses (420 mg/day in arm 1 v
352 mg/day in arm 2; p= 0 05), possibly indicating that
the presence of selegiline reduces the need for levodopa.
The mean dose of bromocriptine was 36 mg a day with
a wide range (7 5-120 mg/day).
A total of 43 patients had their diagnoses revised
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during the course of the trial. Patients with revised
diagnoses are included in the analysis to reflect clinical
practice, in which some patients will inevitably be
treated for Parkinson's disease before having the
correct disease diagnosed. The new diagnoses were
multiple system atrophy (13 cases), severe dementia
(Lewy body or Alzheimer's disease; 10), Steele-
Richardson-Olszewski disease (six), essential tremor
(two), masked depression (two), communicating
hydrocephalus (one), frontal meningioma (one),
writers' cramp (one), and not specified (seven). The
common causes for withdrawal because of adverse
reactions were gastrointestinal (four in arm 1, 14 in arm
2, 38 in arm 3) and psychiatric (none in arm 1, three in
arm 2, 10 in arm 3). Early adverse reactions were
fewest in arm 1. Table II shows the reasons for
withdrawal in each arm. Protocol violators were
defined as those patients whose regimen was changed
by a physician other than a trial investigator. The most
common violation was the introduction of selegiline
to arm 1 after the initial favourable report of the
DATATOP study.6 Figure 1 indicates the cumulative
percentage withdrawal for the three arms.

Analysis indicated that of the three scales used
the modified Webster score was the most sensitive
measure of disability, and the results in this paper are
based on this scale. The trend was similar with both of
the other scales. The average improvement in Webster
disability score during the first year of follow up was
significantly greater in arms 1 and 2 compared with
arm 3 (table III). The differences between arm 1 and
arm 3 and between arm 2 and arm 3 were significant
(table IV). There was no significant difference between
arms 1 and 2 (p-0<35).

Figure 2 shows the change in score by time since
entry to trial. The average rate of change in the
Webster score after the first year of follow up was
0 7 points a year. Differences in final score among
treatment regimens were similar to those reported

TABLE I-Baseline characteristics of patients with Parkinson's disease
entered into trial of different treatments

Arm I Arm 2 Arm 3

No entered* 249 271 262
No ofmen 138 145 148
No ofwomen 111 126 114
Age (years):
Mean 62-7 63-6 62-1
Overall SD (range) 9-8 (25-86)

North Westem University disability score:
Mean 43 9 42-8 42-9
Overall SD (range) 5-3 (50-19)

Webster rating:
Mean 11-0 11-8 119
Overall SD (range) 4-7 (1-29)

Hoehn and Yahr state (/):
I 27 5 22-1 25-1
II 40 0 43-2 40-2
III 29-1 29-2 29-7
IVandV 3-7 5 5 5 0

*Total of 782 subjects entered between May 1981 and September 1990.
Arm 1: levodopa/dopa decarboxylase inhibitor.
Arm 2: levodopa/dopa decarboxylase inhibitor/selegiline.
Arm 3: bromocriptine.

TABLE iI-Reasons for withdrawal from trial of different treatments
for Parkinson's disease as proportion of withdrawals from each
treatment. Figures are numbers ofpatients

Arm 1 Arm2 Arm3
(249 patients (271 patients (263 patients

Reason for entered, entered, entered,
withdrawal 80 withdrawn) 76 withdrawn) 181 withdrawn)

Lostto followup 15 12 3
Poor compliance 8 14 7
Protocol violation 22 2
Lack of response 2 1 41
Deterioration 11 12 30
Adverse reaction 6 22 69
Revised diagnosis 16 13 22

Arm 1: levodopa/dopa decarboxylase inhibitor.
Arm 2: levodopa/dopa decarboxylase inhibitor/selegiline.
Arm 3: bromocriptine.

TABLE iII-Improvement in Webster rating during first year offollow
up in patients with Parkinson's disease according to different treat-
ments

Arm I Arm 2 Arm 3

No included in analysis 213 233 224
Pooled baseline score 11-7
Adjusted improvement in score 3-1 3-4 2 1

Arm 1: levodopa-dopa carboxylase inhibitor.
Arm 2: levodopa/dopa carboxylase inhibitor/selegiline.
Arm 3: bromocriptine.

TABLE Iv-Adjusted differences in Webster rating between different
treatments during first year offollow up in patients with Parkinson's
disease

Adjusted difference
Comparison (95% confidence interval)* p Value

Arm 1 v2 0 31 (-0-34 to 097) 0 35
Arm 3 v 1 0 93 (0 27 to 1 50) 0-0058
Arm 3 v 2 1-25 (0 61 to 1 89) 0-0002

*Positive difference indicates disadvantage for first treatment compared
with second.
Arm 1: levodopa/dopa carboxylase inhibitor.
Arm 2: levodopa/dopa carboxylase inhibitor/selegiline.
Arm 3: bromocriptine.

TABLE v-Numbers (percentages) of patients in each group with side
effects *

Arm I Arm2 Arm3
Side effects (n-249) (n-271) (n-263)

Dyskinesia 67 (27) 92 (34) 5 (2)
Dystonia 63 (25) 65 (24) 18 (7)
Oscillations 82 (33) 95 (35) 13 (5)
None 137 (55) 133 (49) 234 (89)

*Some patients had more than one side effect.
Arm 1: levodopa/dopa carboxylase inhibitor.
Arm 2: levodopa/dopa carboxylase inhibitor/selegiline.
Arm 3: bromocriptine.

during the first year of follow up. No evidence was
found that the average rate of decline after the first year
of follow up differed among the three treatment
groups, and the interaction between baseline disability
score and treatment group was not significant. The on
treatment analysis indicates that subjects remaining in
arm 3 for at least one year still show less improvement
than those remaining in arms 1 and 2 although the
magnitude of difference is slightly reduced. The mean
length of time to develop dyskinesias and motor
oscillations did not differ significantly between arms 1
and 2 (24 5 v 29 0 months). After an average follow
up of three years the incidence of dyskinesias and
disabling on-off oscillations induced by treatment was
lower in arm 3 (2% and 5%) than in arms 1 (27% and
33%) and 2 (34% and 35%) (table V). Age and baseline
Hoehn and Yahr stages were significantly associated
with both improvement in the first year (p - 0-0001 and
p=0 47, respectively) and final score. Tests for inter-
actions between these two variables and the treatment
group were not significant.

4 -
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FIG 2-Average change in Webster score by treatment group in patients
with Parkinson's disease
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numbers are those at riskfor each
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Discussion
Analysis of this study after a mean of three years'

follow up showed no significant difference between
disability scores in patients receiving levodopa alone or
in combination with selegiline. Significantly more
adverse reactions, however, occurred in the levodopa
plus selegiline group. The number of patients who
have died is still small and longer follow up will
be required to determine whether the addition of
selegiline improves life expectancy. Patients receiving
bromocriptine alone showed less improvement than
those in the other two arms. Even the good responders
who continued for at least one year did less well than
the patients in the two groups treated with levodopa.
The magnitude of difference, however, was small and
equivalent to just one point on the modified Webster
scale. In everyday functional terms this would prob-
ably indicate little disadvantage for bromocriptine
alone over the first year or two of treatment. The
number of early drop outs was significantly greater
with bromocriptine, either because of an inadequate
therapeutic response or because of intolerable side
effects. On the other hand, those patients able to
tolerate and benefit from bromocriptine experienced
substantially less dyskinesia and oscillations in per-
formance in the long term. No evidence to support a
differential rate of decline among the treatment groups
after initial improvement has been found. At this point
in the trial most of the patients remain fairly mildly
disabled and longer follow up is needed, even though
the number of drop outs is likely to increase consider-
ably as disability increases.
Most patients participating in the study started

treatment within three years of the diagnosis having
been established, and baseline disability scores were
mild. The results suggest that whichever of the three
treatment regimens is given, after three years of follow
up average scores remain at or better than pretreatment
level of disability. The choice of antiparkinsonian
regimen, at least in the early stages of the disease, may
not therefore be critical. Longer term follow up to
assess disability and mortality may detect significant
differences.
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Clinical implications

* Levodopa in combination with a peripheral
dopa decarboxylase inhibitor is a more potent
antiparkinsonian drug than bromocriptine for
treating early mild Parkinson's disease and has
fewer early adverse reactions
* The addition of selegiline to levodopa treat-
ment produces no significant benefits over the
first three years oftreatment
* On/off oscillations and dyskinesias occur
rarely with bromocriptine treatment alone
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A TEACHER WHO CHANGED MY PRACTICE
Learning to think
My first lesson in practical thinking occurred at school
during a physics lesson on friction.

"Well boys," began our genial physics master, "Let's
sort out this friction business and think about what causes
it. Firstly, you start by telling me facts about friction and
I'll explain them my way."
One by one we provided facts about friction and, much

to our surprise, he explained every one of our facts in
terms of little green gremlins. We were all taken aback at
what we considered to be a most unscientific attitude, but
he was in fact teaching us about thinking not physics.
We said, "It is more difficult to move one rough surface

over another."
He replied, "That's because gremlins stand up on rough

surfaces and their bodies get entangled."
We said, "It becomes easier if we oil the two rough

surfaces."

He replied, "The oil drowns the gremlins and they lie
down dead."
We said, "It gets easier if you sandpaper the surfaces to

make them smooth."
He replied, "That's simply because you've cut the

gremlins heads off."
"But Sir, we don't believe in gremlins, what about the

molecules and things. . .?"
This teacher had taught us two major scientific lessons.

Firstly, you should avoid getting locked in your own
mental library of possible solutions to a problem.
Secondly, however fantastic the explanation, as long as it
is consistent-that is, the gremlins must do the same thing
each time-you shouldn't discard the solution out of
hand. You should keep it and test it further until a better
one which explains even more presents itself-JoHN
ASBURY is a senior lecturer in anaesthesia in Glasgow
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