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IMPORTANCE Many people with Parkinson disease (PD) develop motor complications that are
uncontrolled by levodopa dose adjustment. Among these patients, it is uncertain which drug
class is more effective as adjuvant therapy.

OBJECTIVE To compare the long-term effects on patient-rated quality of life of adding a
dopamine agonist vs a dopamine reuptake inhibitor (DRI), either a monoamine oxidase type B
(MAO-B) inhibitor or a catechol-O-methyltransferase (COMT) inhibitor, to levodopa therapy
for the treatment of patients with motor complications of PD.

DESIGN, SETTING, AND PARTICIPANTS This pragmatic semifactorial (2 × 1) randomized clinical
trial recruited from 64 neurology and geriatric clinics (62 in the United Kingdom, 1 in the
Czech Republic, and 1 in Russia) between February 23, 2001, and December 15, 2009. A total
of 500 patients with idiopathic PD who developed uncontrolled motor complications and did
not have dementia were randomly assigned on a 1:1:1 basis using a computerized minimization
program. Data were analyzed between 2017 and 2020.

INTERVENTIONS Open-label dopamine agonist, MAO-B inhibitor, or COMT inhibitor.

MAIN OUTCOMES AND MEASURES Primary outcomes were scores on the 39-item Parkinson’s
Disease Questionnaire (PDQ-39) mobility domain and cost-effectiveness. Outcomes were
assessed before study entry, at 6 and 12 months after randomization, and annually thereafter.
Repeated-measures and log rank analyses were used in an intention-to-treat approach.

RESULTS Among 500 participants, the mean (SD) age was 73.0 (8.2) years; 314 participants
(62.8%) were men. Over a median of 4.5 years (range, 0-13.3 years) of follow-up, the
participants in the dopamine agonist group had a mean PDQ-39 mobility score that was
2.4 points (95% CI, −1.3 to 6.0 points) better than that of the combined MAO-B and COMT
groups; however, this difference was not significant (P=.20). With regard to DRIs, participants
in the MAO-B group had mean PDQ-39 mobility scores that were 4.2 points (95% CI, 0.4-7.9
points; P=.03) better than those of the COMT group and EuroQol 5-dimension 3-level
(EQ-5D-3L) utility scores that were 0.05 points (95% CI, 0.003-0.09 points; P=.04) better
than the COMT group. Nonsignificant improvements were found in the PDQ-39 summary
index (mean difference, 2.2 points; 95% CI, −0.2 to 4.5 points; P=.07) along with
nonsignificant reductions in dementia (rate ratio [RR], 0.70; 95% CI, 0.47-1.03; P = .07) and
mortality (RR, 0.76; 95% CI, 0.56-1.03; P=.07). When dopamine agonists were compared
with MAO-B inhibitors only, the outcomes were similar.

CONCLUSIONS AND RELEVANCE In this study, patient-rated quality of life was inferior when
COMT inhibitors were used as adjuvant treatment compared with MAO-B inhibitors or
dopamine agonists among people with PD who experienced motor complications that
were uncontrolled by levodopa therapy. The MAO-B inhibitors produced equivalent
disease control, suggesting that these agents may be underused as adjuvant therapy.
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L evodopa is the most commonly used and effective
initial treatment for Parkinson disease (PD).1 However,
after prolonged or high-dose use, motor complica-

tions, such as abnormal involuntary movements (dyskinesia)
and motor fluctuations (premature decrease in the drug’s
effects and unpredictable switching between on and off
phases), can develop. Another drug class can then be added
to reduce motor complications and levodopa dose. The most
widely used adjuvant drugs are dopamine agonists and
dopamine reuptake inhibitors (DRIs), such as catechol-O-
methyltransferase (COMT) inhibitors and monoamine
oxidase type B (MAO-B) inhibitors.

Studies comparing brief treatment with these drugs vs pla-
cebo among patients with motor complications have re-
ported that each drug can improve motor function and activi-
ties of daily living scores.2,3 However, the occurrence of
dyskinesia and numerous other adverse events (AEs) in-
creased. Indirect comparisons between placebo-controlled
clinical trials have suggested greater efficacy for dopamine
agonists vs DRIs, such as COMT or MAO-B inhibitors, which
appear to have comparable efficacy. However, such indirect
comparisons can be misleading. Direct head-to-head random-
ized clinical trials are needed for reliable assessment of the
comparative clinical benefits and cost-effectiveness of differ-
ent adjuvant therapies; however, we have not identified any
clinical trials comparing modern agents. Hence, it is unclear
which class of drug is preferable for use as adjuvant therapy.4

The present Parkinson Disease Medication (PD MED) study
was a large pragmatic real-life randomized clinical trial ad-
dressing 2 questions about people with PD who experience
motor complications: (1) with respect to quality of life and cost-
effectiveness, is a DRI, either an MAO-B or COMT inhibitor, or
a dopamine agonist more effective as adjuvant treatment for
patients receiving levodopa therapy? and (2) if a DRI is more
effective, which drug class (COMT or MAO-B) is preferable?

Methods
Study Design and Participants
The PD MED clinical trial has compared drug classes used as
initial1 and adjuvant treatment among people with PD; the pre-
sent study was a multicenter open-label pragmatic semifac-
torial (2 × 1) randomized clinical trial that addressed adju-
vant treatment only. Patients with idiopathic PD, which was
diagnosed by movement disorder specialists using UK Brain
Bank criteria,5 were eligible for inclusion if they developed mo-
tor complications that were uncontrolled by levodopa therapy
(alone or in combination with either a dopamine agonist or an
MAO-B inhibitor) and hence required the addition of another
class of drug (but uncertainty6 existed regarding which drug
class to use). Patients were ineligible if they had dementia (as
defined by the medical team responsible) or were unable to
provide informed consent for participation or complete study
questionnaires. All participants provided written informed
consent before randomization. Study approval was obtained
from the West Midlands Research Ethics Committee, the UK
Medicines and Healthcare products Regulatory Agency, local

ethics committees, and participating hospitals. This study
followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline for randomized clinical trials.
The trial protocol is available in Supplement 1.

Randomization and Treatment Allocation
Between February 23, 2001, and December 15, 2009, 500
people with later-stage PD were randomized from 62 neurol-
ogy and geriatric clinics in England, Scotland, and Wales and
2 clinics outside the UK (1 in the Czech Republic and 1 in
Russia) (Figure 1; eFigure 1 in Supplement 2). Patients were
randomized 1:1:1 to receive a dopamine agonist, a COMT
inhibitor, or an MAO-B inhibitor during a telephone call to
the University of Birmingham Clinical Trials Unit. Patients
who were already receiving a dopamine agonist when uncon-
trolled motor complications occurred could be randomized
only between a COMT inhibitor or an MAO-B inhibitor.
Patients receiving an MAO-B inhibitor when uncontrolled
motor complications occurred and patients for whom the
clinician considered an MAO-B inhibitor to be definitely con-
traindicated could be randomized only between a COMT in-
hibitor or a dopamine agonist. Randomizations were mini-
mized within strata defined by Hoehn and Yahr disease stage,7

time since diagnosis (<4 years, 4-6 years, and ≥6 years), pre-
vious therapy received (dopamine agonist, MAO-B inhibitor,
or neither), and age (<50 years, 50-59 years, 60-69 years, 70-79
years, and ≥80 years). Blinding of randomized treatment group
was not practicable because the study was long term and
required frequent dose adjustment. In addition, blinding was
not considered essential because all patients received active
treatment; thus, the potential for subjectively biased assess-
ment was small.

Intervention
Clinicians could initiate open-label treatment with which-
ever drug they considered appropriate within the patient’s ran-
domized drug class; they could also switch to another agent

Key Points
Question Is adding a dopamine reuptake inhibitor (DRI),
either a monoamine oxidase type B (MAO-B) inhibitor or
a catechol-O-methyltransferase (COMT) inhibitor, to levodopa
therapy more effective than adding a dopamine agonist and,
if a DRI is more effective, which DRI class (MAO-B or COMT)
is preferable for improving patient-rated quality of life among
those with motor complications of Parkinson disease (PD)
that are uncontrolled by levodopa therapy?

Findings In this randomized clinical trial involving 500 people
with PD, no statistically significant difference was found in
Parkinson’s Disease Questionnaire mobility scores between
adjuvant therapy with dopamine agonists vs DRIs; however,
scores were a mean of 4.2 points better with MAO-B inhibitors
compared with COMT inhibitors.

Meaning In this study, patient-rated quality of life was worse
with the addition of COMT inhibitors compared with MAO-B
inhibitors or dopamine agonists as adjuvant treatment for
people with PD uncontrolled by levodopa therapy.
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in the same drug class and titrate doses as they deemed nec-
essary in the best interests of the patient. If, despite this ap-
proach, symptoms were not controlled or patients experi-
enced intolerable AEs, investigators could add or substitute a
new agent from another drug class. Follow-up assessments
were requested irrespective of treatment adherence to allow
intention-to-treat analyses.

Outcomes
One primary outcome was functional status using the mobil-
ity domain of the patient-rated 39-item Parkinson’s Disease
Questionnaire (PDQ-39; score range, 0-100 points, with higher
scores indicating greater difficulty).8,9 A second primary out-
come, for which data will be reported in a separate article, was
cost per quality-adjusted life-year (QALY) derived from the
EuroQol 5-dimension 3-level (EQ-5D-3L) generic quality of
life measure (score range, −0.59 to 1.00 points, with higher
scores indicating better health-related quality of life),10 a health
and social care resource use questionnaire, and the England
and Wales Hospital Episodes Statistics (HES) database.11

Secondary outcomes included scores on other PDQ-39
domains, overall PDQ-39 score (summary index), Hoehn and
Yahr disease stage (stages I-V, with stage I indicating unilat-
eral involvement only and stage V indicating confinement to
bed or wheelchair),7 adherence to treatment, cognitive abil-
ity assessed by the Mini-Mental State Examination (score range,
0-30 points, with higher scores indicating better cognitive
ability),12 onset of dementia, permanent admissions to the
hospital or institutional care, and death. Caregivers rated their
own well-being using the 36-item Short Form (SF-36) Health
Survey, version 2 (score range, 0-100 points, with higher scores
indicating better state of health).13 Patients and caregivers

completed study forms before randomization and by mail at
6 months, 1 year, and annually thereafter. The Mini-Mental
State Examination was administered at baseline, then every
5 years. Information about disease status (Hoehn and Yahr stage
and any change in PD diagnosis), treatment adherence, AEs,
dementia diagnoses, and admissions to institutional care
was collected systematically at annual clinical assessments.

Deaths and unexpected serious AEs believed to be asso-
ciated with clinical trial treatments were reported on serious
AE forms. Deaths were monitored through NHS Digital14

(the trading name of the Health and Social Care Information
Centre, which provided death registration from the United
Kingdom National Health Service [NHS]); NHS Digital also pro-
vided HES data covering inpatient episodes from April 1, 1999,
to March 31, 2013. Data from the HES were linked using clini-
cal trial number, month and year of birth, sex, and the first
part of the patient’s postal code. Hospital admissions were
classified as potentially PD-related if coded as PD, neuropsy-
chiatric disorders (eg, hallucinations), nonmotor symptoms (eg,
constipation), blood pressure–related disorders (eg, hypoten-
sion), infections (eg, urinary tract infection and pneumonia),
and/or falls, fractures, and injuries.

Statistical Analysis
The PD MED study was powered to detect a 6-point differ-
ence (considered at the time to be the minimum clinically im-
portant difference8) in the PDQ-39 mobility domain score be-
tween groups. Assuming an SD of 18.6 points (2-sided P value
of .05 and 80% power), this power required randomization
of 155 patients to each arm. To allow for 10% withdrawal and
for 2-way as well as 3-way randomization, we planned to re-
cruit 500 patients. Interim analyses of efficacy and safety data

Figure 1. CONSORT Diagram

500 Randomized

144 Randomized to receive
dopamine agonist
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3 Did not receive dopamine
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6 Lack of efficacy

80 Discontinued intervention
66 Adverse events

9 Lost to follow-up

4 Other
8 No reason given

8 Withdrawn
91 Died

142 Included in the primary analysis

120 At 1 y

142 At baseline
122 At 6 mo

72 At 4 y

104 At 2 y
90 At 3 y

62 At 5 y

146 Randomized to receive MAO-B
inhibitor
140 Received MAO-B inhibitor

as randomized
6 Did not receive MAO-B

inhibitor

14 Lack of efficacy

89 Discontinued intervention
58 Adverse events

80 Died

146 Included in the primary analysis

119 At 1 y

145 At baseline
124 At 6 mo

84 At 4 y

104 At 2 y
101 At 3 y

75 At 5 y

210 Randomized to receive
COMT inhibitor
203 Received COMT inhibitor

as randomized
7 Did not receive COMT

inhibitor

16 Lack of efficacy

105 Discontinued intervention
72 Adverse events

130 Died

210 Included in the primary analysis

166 At 1 y

210 At baseline
170 At 6 mo

100 At 4 y

148 At 2 y
127 At 3 y

90 At 5 y

2 Lost to follow-up

7 Other
15 No reason given

6 Withdrawn
10 Lost to follow-up

9 Other
13 No reason given

9 Withdrawn

Some patients had more than
1 reason (typically adverse events
and lack of efficacy) for discontinuing
treatment with the drug class as
randomized; many study withdrawals
classified as other reasons were due
to comorbidity. A total of 14 patients
who were lost to follow-up were from
2 centers (1 in Russia and 1 in the
Czech Republic); of those, 7 patients
were in the COMT (catechol-O-
methyltransferase) group, 6 were
in the dopamine agonist group, and
1 was in the MAO-B (monoamine
oxidase type B) group. A total of
17 patients who withdrew from the
study or were lost to follow-up later
died (9 in the COMT group, 6 in the
dopamine agonist group, and 2 in
the MAO-B group).
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were reviewed annually by an independent data monitoring
committee.

Data were analyzed based on the drug class to which the
patient was randomized, regardless of whether the patient ad-
hered to this treatment. For between-group comparisons of
drug dosage, levodopa equivalent doses for other drugs were
calculated using the formulas derived from a systematic
review.15 The primary data analyses of PDQ-39 scores, Hoehn
and Yahr stages, SF-36 scores, and EQ-5D-3L scores used mixed-
effects repeated-measures models to assess the mean differ-
ence between treatments over 5 years and to test whether
this difference increased over time. Baseline scores were in-
cluded in the model as covariates. Missing values in PDQ-39
domain scores were imputed using an expectation maximi-
zation algorithm.16,17 Changes in Mini-Mental State Examina-
tion scores were compared using 2-sided paired t tests. Log-
rank analyses were used to compare rates of dementia, hospital
admission, entry to institutional care, and death and to esti-
mate first event rate ratios (RRs) and their 95% CIs, which were
displayed as Kaplan-Meier survival curves. The incidence of
AEs was compared using Fisher exact or χ2 tests as appropri-
ate. Variability of treatment effect across protocol-specified
stratification parameters was assessed by tests of heteroge-
neity or trend. The number and duration of admissions were
compared using a negative binomial model, adjusted for the
number of years in the clinical trial, baseline Hoehn and Yahr
stage, baseline disease duration, sex, and institutionalization
status. Data were analyzed between 2017 and 2020, using
SAS software, version 9.4 (SAS Institute Inc), and Stata SE
software, version 14 (StataCorp LLC). The significance thresh-
old was set at P = .05.

Results
Study Population
Among 500 total participants (mean [SD] age, 73.0 [8.2] years;
314 men [62.8%] and 186 women [37.2%]), 236 were entered

in the 3-way randomization to receive either a dopamine
agonist, an MAO-B inhibitor, or a COMT inhibitor. A total of
264 participants were entered in the 2-way randomizations,
with 134 participants randomized to receive either an MAO-B
inhibitor or a COMT inhibitor and 130 participants random-
ized to receive either a dopamine agonist or a COMT inhibi-
tor. At randomization, all 236 participants in the 3-way ran-
domization groups were receiving levodopa alone. Among
those in the 2-way randomization groups, 133 of 134 partici-
pants (99.3%) in the MAO-B vs COMT groups were receiving
dopamine agonists at randomization and 63 of 130 partici-
pants (48.5%) in the dopamine agonist vs COMT groups were
receiving an MAO-B inhibitor in addition to levodopa therapy
at randomization (eTable 1 in Supplement 2). Patient charac-
teristics at entry were balanced between treatment groups
within each randomization strata. Data on race and ethnicity
were not collected because the study had inadequate statis-
tical power to assess any variability in efficacy among racial
and ethnic groups.

The intended agents for initial use among 366 partici-
pants randomized to receive a dopamine agonist were ropini-
role (158 participants [43.2%]), pramipexole (128 participants
[35.0%]), and other agents (80 participants [21.9%]). The in-
tended agents for initial use among 370 participants random-
ized to receive MAO-B inhibitors were oral selegiline (191 par-
ticipants [51.6%]), sublingual selegiline (51 participants
[13.8%]), rasagiline (109 participants [29.5%]), and unknown
agents (19 participants [5.1%]). Entacapone was the chosen
agent for initial use among most of the 500 participants
randomized to receive a COMT inhibitor (454 participants
[90.8%]), followed by an entacapone-levodopa conjugate
(Stalevo [Novartis]; 34 participants [6.8%]) and another or
unknown agent (12 participants [2.4%]).

Adherence With Randomized Intervention
Drug withdrawal rates were comparable across drug classes
(Figure 2A). Among those who received a dopamine agonist,
30% discontinued treatment by 1 year, and 55% discontinued

Figure 2. Proportion of Patients Discontinuing Treatment Over 5 Years of Follow-up and Mean Levodopa Equivalent Dose
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treatment by 5 years. Among those who received an MAO-B
inhibitor, 38% discontinued treatment by 1 year, and 58% dis-
continued treatment by 5 years. Among those who received
a COMT inhibitor, 36% discontinued treatment after 1 year, and
56% discontinued treatment after 5 years. The only baseline
factor associated with treatment adherence was older age;
218 of 355 participants (61.4%) who were 70 years and older
vs 72 of 145 participants (49.7%) who were younger than
70 years discontinued treatment with their randomized drug
class (P = .02). Adverse events were the predominant reason
for withdrawal in all drug classes (66 participants receiving
dopamine agonists, 58 receiving MAO-B inhibitors, and 72 re-
ceiving COMT inhibitors) (eTable 2 in Supplement 2). Those
AEs were mainly psychiatric (eg, mental problems, such as psy-
chosis or confusion) among those receiving dopamine ago-
nists (45 participants) and MAO-B inhibitors (24 participants)
and were mainly gastrointestinal among those receiving
entacapone (29 participants). The levodopa equivalent dose
was slightly higher in the MAO-B and COMT arms (mean [SD],
818 [333] mg/day and 868 [397] mg/day, respectively) vs
the dopamine agonist arm (mean [SD], 788 [385] mg/day)
(Figure 2B), but the mean levodopa doses were similar (mean
[SD], 628 [330] mg/day and 594 [228] mg/day vs 609 [274] mg/
day) (eFigure 2 in Supplement 2).

Return rates for PDQ-39 forms were 99% at baseline, 86%
at 6 months, 88% at 1 year, 84% at 2 years, 81% at 3 years, 74%
at 4 years, and 76% at 5 years, with no significant differences
between groups.

Outcome Measures
After a median of 4.5 years (range, 0-13.3 years) of follow-up,
the dopamine agonist group had PDQ-39 mobility scores that
were a mean of 2.4 points (95% CI, −1.3 to 6.0 points) better than
the combined MAO-B and COMT groups; however, this differ-
ence was not significant (P = .20) (Figure 3A). No significant dif-
ferences were found in any other PDQ-39 domain (eg, activi-
ties of daily living: mean difference, 3.4 points; 95% CI, −0.2 to
6.9; P = .07), the PDQ-39 summary index (mean difference,
1.5 points; 95% CI, −0.8 to 3.9 points; P = .20), the EQ-5D-3L util-
ity score (mean difference, 0.02 points; 95% CI, −0.02 to 0.06
points; P = .38), or the Mini-Mental State Examination score
(mean difference, 1.77 points; 95% CI, −0.14 to 3.69 points;
P = .07) (Table; Figure 3C and E). The rates of death, dementia,
and institutionalization were also not significantly different be-
tween the dopamine agonist group and the combined MAO-B
and COMT groups (mortality for dopamine agonist, 63% [91 of
144] vs for dopamine reuptake inhibitor, 64% [143 of 222]:
RR, 1.03; 95% CI, 0.79-1.34; P = .83; dementia onset for dopa-
mine agonist, 36% [52 of 144] vs for dopamine reuptake inhibi-
tor, 38% [85 of 222]: RR, 0.95; 95% CI, 0.67-1.34; P = .76; insti-
tutionalization rate for dopamine agonist, 26% [38 of 144] vs
for dopamine reuptake inhibitor, 33% [74 of 222]: RR, 0.86;
95% CI, 0.58-1.26; P = .43) (Figure 4A, C, and E).

In contrast, in the comparison between the MAO-B and
COMT groups, a significant mean difference of 4.2 points (95%
CI, 0.4-7.9 points; P = .03) in PDQ-39 mobility scores in favor
of MAO-B inhibitors was observed (Figure 3B). Scores on the
PDQ-39 summary index also favored MAO-B vs COMT inhibi-

tors (mean difference, 2.2 points; 95% CI, −0.2 to 4.5 points;
P = .07) (Figure 3D), as did other PDQ-39 domains, reaching
statistical significance for activities of daily living (mean dif-
ference, 4.0 points; 95% CI, 0.4-7.5 points; P = .03), emo-
tional well-being (mean difference, 4.4 points; 95% CI, 1.1-7.6
points; P = .009), and social support (mean difference, 3.7
points; 95% CI, 0.8-6.6 points; P = .01) (Table). The EQ-5D-3L
utility score was a mean of 0.05 points (95% CI, 0.003-0.09
points; P = .04) better with receipt of MAO-B vs COMT inhibi-
tors (Table; Figure 3F). No differences were found in care-
giver well-being (as assessed by the SF-36) between the dopa-
mine agonist group and the combined MAO-B and COMT
groups (eg, mental component score: mean difference, −0.81
points; 95% CI, −3.11 to 1.48 points; P = .48) or between the
MAO-B and COMT groups individually (eg, mental compo-
nent score: mean difference, −0.53 points; 95% CI, −2.79 to 1.74
points; P = .65) (eTable 3 in Supplement 2).

Treatment benefit did not significantly increase over time
in the MAO-B group vs the COMT group with regard to PDQ-39
mobility scores (Figure 3B) but did significantly increase over
time for EQ-5D-3L scores (slopes diverging at a rate of 0.02
points per year [95% CI, 0.001-0.04 points per year] in favor
of the MAO-B group) (Figure 3F). The rate of dementia onset
was lower in the MAO-B group (32% [47 of 146]) compared with
the COMT group (37% [54 of 145]) (RR, 0.70; 95% CI, 0.47-
1.03; P = .07) (Figure 4D), as was the mortality rate for the
MAO-B group (55% [80 of 146]) compared with the COMT
group (63% [92 of 145]) (RR, 0.76; 95% CI, 0.56-1.03; P = .07)
(Figure 4B) and the institutionalization rate for the MAO-B
group (25% [37 of 146]) compared with the COMT group (31%
[45 of 145]) (RR, 0.74; 95% CI, 0.48-1.15; P = .18) (Figure 4F),
although none of these differences were significant.

In exploratory analyses restricted to patients random-
ized to the dopamine agonist and MAO-B groups, no differ-
ences were observed in PDQ-39 scores in either the mobility
domain (mean difference, 0.2 points; 95% CI, −4.9 to 5.3 points;
P = .93) or the summary index (mean difference, 0.1 points;
95% CI, −3.3 to 3.6 points; P = .94). Among patients receiving
dopamine agonists vs COMT inhibitors, PDQ-39 mobility scores
were a mean of 3.4 points (95% CI, −0.7 to 7.6 points) better
in the dopamine agonist group vs the COMT group, but the
difference was not significant (P = .10). Treatment efficacy,
as measured by the PDQ-39 mobility subscale, did not differ
according to baseline stratification variables (ie, age, dura-
tion of PD symptoms, Hoehn and Yahr stage, or randomized
treatment) (eFigure 3 in Supplement 2).

Adverse Events and Hospitalization
Nine unexpected serious AEs were reported among 9 partici-
pants, none of which were considered unexpected after re-
view. Information on hospitalizations from the HES database
was available for 469 of 475 patients (98.7%) from England and
Wales, 341 of whom (72.7%) were admitted during the study
period, with the number of admissions per patient ranging
from 0 to 40 (median, 4 admissions [IQR, 2-7 admissions]).
Overall, 1017 of 1781 admissions (57.1%) were nonelective, of
which 537 (52.8%) were considered PD-related (eTable 3 in
Supplement 2).
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The number of nonelective admissions was similar in the
dopamine agonist group and the combined MAO-B and COMT
groups (mean [SD] per patient, 2.25 [2.99] admissions vs 2.34
[2.71] admissions; P = .96), as was admission duration (mean

[SD], 14.2 [20.9] days vs 14.3 [21.2] days; P = .98). Fewer non-
elective admissions per patient occurred in the MAO-B group
vs the COMT group (mean [SD], 1.99 [2.38] admissions vs 2.29
[2.79] admissions; P = .18), and the duration of each admis-

Figure 3. Change in Outcome Measures From Baseline to 5 Years by Treatment
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Average difference favors dopamine agonist:
2.4 points (95% CI, –1.3 to 6.0); P=.20
Test for divergence: P=.31

Mean (SD) scores at baseline:dopamine agonist 
49.0 (29.3), dopamine reuptake inhibitor 48.1 (29.7)

Mean (SD) scores at baseline: MAO-B inhibitor: 
50.1 (29.1), COMT inhibitor 50.1 (28.3)

Average difference favors MAO-B inhibitor:
4.2 points (95% CI, 0.4 to 7.9); P=.03
Test for divergence: P=.09

Average difference favors dopamine agonist:
1.5 points (95% CI, –0.8 to 3.9); P=.20
Test for divergence: P=.20

Average difference favors dopamine agonist:
0.02 points (95% CI, –0.02 to 0.06); P=.37
Test for divergence: P=.80

Average difference favors MAO-B inhibitor:
0.05 (95% CI, 0.003 to 0.09); P=.04
Test for divergence: P=.04

Mean (SD) scores at baseline: dopamine agonist 
0.53 (0.28), dopamine reuptake inhibitor 0.54 (0.29)

Mean (SD) scores at baseline: MAO-B inhibitor 
0.54 (0.27), COMT inhibitor 0.51 (0.28)

Average difference favors MAO-B inhibitor:
2.2 points (95% CI, –0.2 to 4.5); P=.07
Test for divergence: P=.23

Mean (SD) scores at baseline: 
MAO-B inhibitor 29.7 (14.2), COMT inhibitor 31.9 (15.0)

Mean (SD) scores at baseline: dopamine agonist 
31.6 (16.7), dopamine reuptake inhibitor 29.7 (15.0)

The mean differences and 95% CIs for all panels are reported in Outcome
Measures in the Results section. Panels A, C, and E combine data from the
3-way and 2-way randomizations. COMT indicates catechol-O-

methyltransferase; EQ-5D-3L, EuroQol 5-dimension 3-level measure;
MAO-B, monoamine oxidase type B; and PDQ-39, 39-item Parkinson’s Disease
Questionnaire.
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sion was shorter in the MAO-B group vs the COMT group (mean
[SD], 12.2 [18.6] days vs 14.7 [22.0] days; P = .14); hence, the
total admission duration per patient was nonsignificantly
shorter in the MAO-B group vs the COMT group (mean [SD],
24.3 [40.0] days vs 33.6 [53.9] days; P = .10) (eTable 5
and eFigure 4 in Supplement 2). The rates of first nonelective
admissions, PD–related admissions, and fall-related admis-
sions did not differ between groups (eTable 4, eTable 5,
eFigure 3, and eFigure 4 in Supplement 2).

Discussion
This randomized clinical trial found that, among patients with
inadequately controlled PD, no advantage occurred from the
addition of a dopamine agonist compared with a DRI (either
an MAO-B or COMT inhibitor) with regard to the primary out-
come of patient-rated mobility (as assessed by PDQ-39 score)
or utility (as measured by the EQ-5D-3L). However, of the
2 DRIs, MAO-B inhibitors were superior to COMT inhibitors
for both the PDQ-39 mobility score and the EQ-5D-3L utility
score, with the effect size similar in extent to the 3.2-point
difference now considered the minimal clinically important
difference for PDQ-39 mobility scores.18 Dopamine agonists
also outperformed COMT inhibitors by a similar margin but,
perhaps because fewer participants were randomized in this
comparison, the difference was not significant.

Although the differences between drug classes in our
direct randomized comparisons were not highly significant,
they were made more plausible because of the consistency of
benefits observed across the different outcome measures. The
results were also consistent with indirect comparisons be-
tween placebo-controlled clinical trials, which suggested that

entacapone, the only COMT inhibitor assessed in the PD MED
study, was a relatively weak adjuvant agent compared with
dopamine agonists and MAO-B inhibitors with regard to off
time and levodopa dose reduction.2,3 Indirect comparisons
between placebo-controlled clinical trials have suggested that
entacapone is also less effective than tolcapone, the alterna-
tive COMT inhibitor, with regard to off time and levodopa dose
reduction.2,3 However, tolcapone was withdrawn from the
market because of concerns about hepatic toxic effects, so
this medication was rarely used in the PD MED clinical trial;
only 7 patients switched to tolcapone at some stage of their
treatment.

A full cost-utility analysis will be reported separately. How-
ever, the superiority of MAO-B inhibitors over COMT inhibi-
tors and the approximate equivalence of MAO-B inhibitors to
dopamine agonists suggests that the economic analyses are
likely to favor the less expensive MAO-B inhibitors vs COMT
inhibitors or dopamine agonists. The nonsignificant reduc-
tions in dementia and mortality among those who received
MAO-B inhibitors compared with COMT inhibitors add sup-
port for this possibility, and no safety concerns were ob-
served among those receiving MAO-B inhibitors. A clinical
trial of MAO-B inhibitors conducted by the Parkinson Disease
Research Group of the UK reported that selegiline therapy
was associated with increased cardiovascular mortality,19 but
this finding has not been replicated in the PD MED study1 or
other clinical trials included in a meta-analysis.20

The benefits observed in the PD MED study were achieved
despite suboptimal adherence; only an estimated 50% of par-
ticipants were still receiving their randomized drug class
at 5 years. Suboptimal adherence was not likely to have af-
fected the qualitative findings; however, as the proportion of
patients discontinuing their randomized treatment was simi-

Table. Estimated Mean Difference in Outcome Measures Between Treatment Groups

Outcome measure

Dopamine agonist vs DRI MAO-B inhibitor vs COMT inhibitor

MIDEstimated mean difference (95% CI)a P value Estimated mean difference (95% CI)b P value
PDQ-39 subscalec

Mobility 2.4 (−1.3 to 6.0) .20 4.2 (0.4 to 7.9) .03 3.2

ADL 3.4 (−0.2 to 6.9) .07 4.0 (0.4 to 7.5) .03 4.4

Emotional well-being 2.2 (−1.2 to 5.5) .21 4.4 (1.1 to 7.6) .009 4.2

Stigma −0.3 (−3.9 to 3.3) .87 0.7 (−2.9 to 4.3) .69 5.6

Social support −0.5 (−3.0 to 2.1) .73 3.7 (0.8 to 6.6) .01 11.4

Cognition 1.0 (−2.2 to 4.3) .53 2.5 (−1.0 to 6.1) .16 1.8

Communication −1.1 (−4.4 to 2.2) .51 2.9 (−0.7 to 6.6) .12 4.2

Bodily discomfort 1.7 (−1.8 to 5.2) .35 −0.6 (−4.5 to 3.2) .76 2.1

Summary index 1.5 (−0.8 to 3.9) .20 2.2 (−0.2 to 4.5) .07 1.6

Hoehn and Yahr staged −0.16 (−0.29 to −0.03) .02 0.08 (−0.05 to 0.21) .23 NA

EQ-5D-3L utility scoree 0.02 (−0.02 to 0.06) .38 0.05 (0.003 to 0.09) .04 NA

MMSE at 5 yf 1.77 (−0.14 to 3.69) .07 1.68 (−0.33 to 3.68) .10 NA

Abbreviations: ADL, activities of daily living; COMT, catechol-O-
methyltransferase; DRI, dopamine reuptake inhibitor; EQ-5D-3L, EuroQol
5-dimension 3-level survey; MAO-B, monoamine oxidase type B; MID, minimally
important difference; MMSE, Mini-Mental State Examination; NA, not
applicable; PDQ-39, 39-item Parkinson’s Disease Questionnaire.
a Positive values favor dopamine agonist.
b Positive values favor MAO-B inhibitor.

c Score range, 0-100 points, with higher scores indicating greater difficulty.
d Stages I-V, with stage I indicating unilateral involvement only and stage V

indicating confinement to bed or wheelchair.
e Score range, −0.59 to 1.00 points, with higher scores indicating better

health-related quality of life.
f Score range, 0-30 points, with higher scores indicating better cognitive ability.
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lar across the different drug classes, as were the levodopa and
levodopa equivalent doses. Because nonadherence typically
compromises real differences between treatment groups, full
adherence may have resulted in larger treatment differences.

The most frequent reasons for withdrawal from randomized
treatment were confusion and psychosis among those receiv-
ing dopamine agonists or MAO-B inhibitors and diarrhea
among those receiving COMT inhibitors, which are all well-

Figure 4. Ten-Year Mortality, Risk of Dementia, and Risk of Institutionalization by Treatment
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Mortality: 63% (91 of 144) 
dopamine agonist vs 64% (143 of 222) 
dopamine reuptake inhibitor RR = 1.03 
(95% CI, 0.79-1.34); P=.83

Mortality: 55% (80 of 146) 
MAO-B inhibitor vs 63% (92 of 145) 
COMT inhibitor RR = 0.76 
(95% CI, 0.56-1.03); P=0.07

Dementia onset: 36% (52 of 144)
dopamine agonist vs 38% (85/ of 22) 
dopamine reuptake inhibitor
RR = 0.95 (95% CI, 0.67-1.34); P=.76

Dementia onset: 32% (47 of 146) MAO-B
inhibitor vs 37% (54 of 145) COMT
inhibitor RR = 0.70 (95% CI, 0.47-1.03); P=.07

Institutionalized: 26% (38 of 144)
dopamine agonist vs 33% (74 of
222) dopamine reuptake inhibitor
RR = 0.86 (95% CI, 0.58 to 1.26); P=.43

Institutionalized: 25% (37 of 146) MAO-B
inhibitor vs 31% (45 of 145) COMT inhibitor
RR = 0.74 (95% CI, 0.48-1.15); P=.18

The risk ratios and 95% CIs for all panels are reported in Outcome Measures in the Results section. Panels A, C, and E depict combined data from the 3-way and
2-way randomizations. COMT indicates catechol-O-methyltransferase; and MAO-B, monoamine oxidase type B.
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recognized AEs.21 Withdrawal from treatment was more com-
mon among older patients, suggesting a cautious approach
to adjuvant therapy among that population.

Strengths and Limitations
This study has several strengths. One strength of the PD MED
study is that it is one of the first randomized clinical trials of
PD to use a national hospital registry database (the UK HES) to
assess safety and resource use. Patient-reported resource use
is known to be subject to recall bias, with participants often
underreporting or overreporting hospitalization.22 The HES
database can provide almost complete data on hospitalization
that are unbiased with respect to treatment allocation, en-
abling robust assessments of long-term efficacy and safety as
well as cost-effectiveness. No clear differences in hospitaliza-
tion rates were found between groups, although there was some
suggestion of longer time in the hospital among patients in
the COMT group, which is consistent with findings from the
patient and clinical rating scales. The 70% rate of hospitaliza-
tion in the PD MED study was high but comparable with the
68% rate reported from a 6-year study of PD admissions in
Ontario, Canada.23 Infections, falls, fractures, injuries, and
worsening motor function were the most common reasons
for nonelective admissions, which is again consistent with
previous reports.24

The performance of pragmatic real-world clinical trials such
as the PD MED, which determined eligibility based on the un-
certainty principle, can facilitate large-scale recruitment and
ensure that a heterogeneous population of patients is re-
cruited, producing results that are more generalizable to typi-
cal people with PD compared with clinical trials that apply more
restrictive entry criteria. For example, adherence to treat-
ment in the PD MED population is likely to reflect real-world
adherence, so the results may also be more readily extrapo-
lated to usual practice. The age distribution of patients in the
PD MED study was similar to that of people with PD in the gen-

eral population,25 in contrast to most clinical trials of PD
therapy, which have recruited younger populations.26 Future
clinical trials assessing the comparative benefits and risks of
different drugs would be more informative if they similarly
aimed to recruit older, hence more representative, patients be-
cause both the frequency of AEs and the duration of hospital
stays increase with age. The 5-year median follow-up period
is another strength of the PD MED clinical trial; most previ-
ous clinical trials of adjuvant therapy had follow-up periods
of only 12 to 24 weeks.26 Parkinson disease is a chronic con-
dition, so long-term follow-up is important to reliably assess
the clinical benefits and cost-effectiveness of treatments.

The study also has limitations. One potential limitation of
the PD MED study’s pragmatic design is that treatment was open
label, so the potential for performance and reporting bias exists.
Substantial bias is, however, unlikely because all patients were
receiving active treatment and, if clinicians or patients had any
a priori assumptions about comparative efficacy, these assump-
tions would likely have been counter to the results found in the
PD MED study. Thus, any reporting bias might have been more
likely to reduce rather than increase treatment differences.

Conclusions
In this randomized clinical trial, no measurable improvement
in patient-rated quality of life was observed between patients
receiving dopamine agonists compared with DRIs, either
MAO-B or COMT inhibitors, as adjuvant therapy for the treat-
ment of later-stage PD. However, the use of either dopamine
agonists or MAO-B inhibitors as initial adjuvant therapy ap-
peared to be preferable to entacapone, which was the only
COMT inhibitor assessed. The MAO-B inhibitors produced dis-
ease control that was equivalent to that of dopamine agonists,
which suggests that MAO-B inhibitors might be underused as
adjuvant therapy for the treatment of people with PD.

ARTICLE INFORMATION

Accepted for Publication: October 14, 2021.

Published Online: December 28, 2021.
doi:10.1001/jamaneurol.2021.4736

Correction: This article was corrected on
February 14, 2022, to fix the links to the
supplement material.

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2021 Gray R et al. JAMA Neurology.

Author Affiliations: Nuffield Department of
Population Health, University of Oxford, Oxford,
United Kingdom (R. Gray, A. Gray, Jenkinson);
Birmingham Clinical Trials Unit, Institute of Applied
Health Research, University of Birmingham,
Birmingham, United Kingdom (Patel, Ives, Rick,
Woolley, Clarke); Nottingham Clinical Trials Unit,
University of Nottingham, Nottingham, United
Kingdom (Rick); Department of Neurology,
University Hospital, Birmingham, United Kingdom
(Muzerengi, Williams); Health Economics and
Health Technology Assessment, University of
Glasgow, Glasgow, United Kingdom (McIntosh);
Department of Neurology, Sandwell and West

Birmingham Hospitals NHS Trust, Birmingham,
United Kingdom (Clarke); Cancer Research UK
Clinical Trials Unit, Institute of Cancer and Genomic
Sciences. University of Birmingham, Birmingham,
UK (Wheatley).

Author Contributions: Mss Ives and Patel had full
access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: R. Gray, Patel, A. Gray,
Jenkinson, McIntosh, Wheatley, Williams, Clarke.
Acquisition, analysis, or interpretation of data:
R. Gray, Patel, Ives, Rick, Woolley, Muzerengi,
McIntosh, Wheatley, Clarke.
Drafting of the manuscript: R. Gray, Patel, Ives,
Jenkinson, Clarke.
Critical revision of the manuscript for important
intellectual content: R. Gray, Patel, Ives, Rick,
Woolley, Muzerengi, A. Gray, McIntosh, Wheatley,
Williams, Clarke.
Statistical analysis: R. Gray, Patel, Ives, Woolley,
Muzerengi, McIntosh, Wheatley.
Obtained funding: R. Gray, Rick, A. Gray, Jenkinson,
Wheatley, Williams, Clarke.

Administrative, technical, or material support: Rick,
Wheatley, Clarke.
Supervision: R. Gray, Wheatley, Clarke.

Conflict of Interest Disclosures: Dr Gray reported
receiving grants from the Health Technology
Assessment Programme of the UK National
Institute for Health Research during the conduct
of the study. Dr Ives reported grants from the
NIHR HTA grant, which funded PD MED during the
conduct of the study. Dr Rick reported grants from
the University of Birmingham during the conduct
of the study. Dr Muzerengi reported grants from
the Movement Disorders Research Charity during
the conduct of the study; BIAL travel expenses
to one conference outside the submitted work.
Dr A. Gray reported grants from the University
of Oxford during the conduct of the study.
Dr McIntosh reported having held a Senior
Fellowship award with Parkinson's UK for 5 years
(2008-2013). Dr Wheatley reported grants from
the University of Birmingham during the conduct
of the study. Dr Clarke reported personal fees from
AbbVie Advisory Board, personal fees from BIAL
Advisory Board, personal fees from Britannia
Advisory Board, personal fees from Profile Pharma

Effectiveness of Adjuvant Treatments for Parkinson Disease Uncontrolled by Levodopa Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology February 2022 Volume 79, Number 2 139

Downloaded From: https://jamanetwork.com/ by a University of Aberdeen User  on 07/06/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.4736?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.4736
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.4736
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.4736


Advisory Board, personal fees from Teva/Lundbeck
Advisory Board, and personal fees from UCB
Advisory Board during the conduct of the study.
No other disclosures were reported.

Funding/Support: The PD MED clinical trial was
supported by funding from the Health Technology
Assessment Programme of the UK National
Institute for Health Research (project number
98/03/02), the UK Department of Health through
March 2012 (University of Birmingham Clinical Trials
Unit, supporting the salaries of Mss Ives and Patel),
the UK Medical Research Council (Mr R. Gray), and
Parkinson’s UK (Dr McIntosh).

Role of the Funder/Sponsor: The funding
organizations had no role in the design and conduct
of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

The PD MED Collaborative Group: The PD MED
Collaborative Group members are listed in
Supplement 3.

Disclaimer: The writing committee assumes
responsibility for the overall content and integrity
of the paper. The writing committee had full access
to all data and were responsible for the decision to
publish. The views and opinion expressed in this
article are those of the authors and do not
necessarily reflect those of the funding bodies.

Data Sharing Statement: See Supplement 4.

Additional Contributions: We thank all of the
patients who agreed to enter the study, the many
investigators who also contributed to the clinical
trial, and NHS Digital, which provided data on
mortality and data from the Hospital Episodes
Statistics database. The investigators received no
payment or other compensation for taking part in
the PD MED clinical trial.

REFERENCES

1. Gray R, Ives N, Rick C, et al; PD MED
Collaborative Group. Long-term effectiveness
of dopamine agonists and monoamine oxidase B
inhibitors compared with levodopa as initial
treatment for Parkinson’s disease (PD MED):
a large, open-label, pragmatic randomised trial.
Lancet. 2014;384(9949):1196-1205.
doi:10.1016/S0140-6736(14)60683-8

2. Stowe R, Ives N, Clarke CE, et al. Evaluation of
the efficacy and safety of adjuvant treatment to
levodopa therapy in Parkinson s disease patients
with motor complications. Cochrane Database Syst
Rev. 2010;(7):CD007166. doi:10.1002/14651858.
CD007166.pub2

3. Stowe R, Ives N, Clarke CE, et al. Meta-analysis
of the comparative efficacy and safety of adjuvant

treatment to levodopa in later Parkinson’s disease.
Mov Disord. 2011;26(4):587-598. doi:10.1002/mds.
23517

4. National Institute for Health and Care
Excellence. Parkinson’s Disease in Adults: Diagnosis
and Management Guideline. National Institute for
Health and Care Excellence; 2017. NICE guideline
NG71. Accessed August 8, 2017. https://www.nice.
org.uk/guidance/ng71/evidence/full-guideline-
pdf-4538466253

5. Gibb WRG, Lees AJ. The relevance of the Lewy
body to the pathogenesis of idiopathic Parkinson’s
disease. J Neurol Neurosurg Psychiatry. 1988;51(6):
745-752. doi:10.1136/jnnp.51.6.745

6. Peto R, Collins R, Gray R. Large-scale
randomized evidence: large, simple trials and
overviews of trials. J Clin Epidemiol. 1995;48(1):23-
40. doi:10.1016/0895-4356(94)00150-O

7. Hoehn MM, Yahr MD. Parkinsonism: onset,
progression and mortality. Neurology. 1967;17(5):
427-442. doi:10.1212/WNL.17.5.427

8. Peto V, Jenkinson C, Fitzpatrick R, Greenhall R.
The development and validation of a short measure
of functioning and well being for individuals with
Parkinson’s disease. Qual Life Res. 1995;4(3):241-248.
doi:10.1007/BF02260863

9. Jenkinson C, Fitzpatrick R, Peto V, Greenhall R,
Hyman N. The Parkinson’s Disease Questionnaire
(PDQ-39): development and validation of
a Parkinson’s disease summary index score. Age
Ageing. 1997;26(5):353-357. doi:10.1093/ageing/
26.5.353

10. EuroQol Group. EuroQol—a new facility for
the measurement of health-related quality of life.
Health Policy. 1990;16(3):199-208. doi:10.1016/
0168-8510(90)90421-9

11. National Health Service. Hospital episode
statistics (HES). NHS Digital. Updated May 10, 2021.
Accessed November 23, 2021. https://digital.nhs.
uk/data-and-information/data-tools-and-services/
data-services/hospital-episode-statistics

12. Molloy DW, Standish TI. A guide to the
standardized Mini-Mental State Examination.
Int Psychogeriatr. 1997;9(suppl 1):87-94.
doi:10.1017/S1041610297004754

13. Ware JE Jr, Sherbourne CD. The MOS 36-item
short-form health survey (SF-36). I. conceptual
framework and item selection. Med Care. 1992;30
(6):473-483. doi:10.1097/00005650-199206000-
00002

14. National Health Service. About NHS Digital.
Accessed November 23, 2021. https://digital.nhs.
uk/about-nhs-digital

15. Tomlinson CL, Stowe R, Patel S, Rick C, Gray R,
Clarke CE. Systematic review of levodopa dose

equivalency reporting in Parkinson’s disease. Mov
Disord. 2010;25(15):2649-2653. doi:10.1002/mds.
23429

16. Schafer JL. Analysis of Incomplete Multivariate
Data. Chapman & Hall/CRC; 1997. doi:10.1201/
9781439821862

17. Jenkinson C, Heffernan C, Doll H, Fitzpatrick R.
The Parkinson’s Disease Questionnaire (PDQ-39):
evidence for a method of imputing missing data.
Age Ageing. 2006;35(5):497-502. doi:10.1093/
ageing/afl055

18. Peto V, Jenkinson C, Fitzpatrick R. Determining
minimally important differences for the PDQ-39
Parkinson’s disease questionnaire. Age Ageing.
2001;30(4):299-302. doi:10.1093/ageing/30.4.299

19. Lees AJ; Parkinson’s Disease Research Group
of the United Kingdom. Comparison of therapeutic
effects and mortality data of levodopa and
levodopa combined with selegiline in patients with
early, mild Parkinson’s disease. BMJ. 1995;311
(7020):1602-1607. doi:10.1136/bmj.311.7020.1602

20. Ives NJ, Stowe RL, Marro J, et al. Monoamine
oxidase type B inhibitors in early Parkinson’s
disease: meta-analysis of 17 randomised trials
involving 3525 patients. BMJ. 2004;329(7466):593.
doi:10.1136/bmj.38184.606169.AE

21. Gordin A, Kaakkola S, Teravainen H. Clinical
advantages of COMT inhibition with entacapone—
a review. J Neural Transm (Vienna). 2004;111(10-11):
1343-1363. doi:10.1007/s00702-004-0190-3

22. Ridyard CH, Hughes DA. Methods for the
collection of resource use data within clinical trials:
a systematic review of studies funded by the UK
Health Technology Assessment program. Value
Health. 2010;13(8):867-872. doi:10.1111/j.1524-4733.
2010.00788.x

23. Guttman M, Slaughter PM, Theriault ME,
DeBoer DP, Naylor CD. Burden of parkinsonism:
a population-based study. Mov Disord. 2003;18(3):
313-319. doi:10.1002/mds.10333

24. Low V, Ben-Shlomo Y, Coward E, Fletcher S,
Walker R, Clarke CE. Measuring the burden and
mortality of hospitalisation in Parkinson’s disease:
a cross-sectional analysis of the English Hospital
Episodes Statistics database 2009-2013.
Parkinsonism Relat Disord. 2015;21(5):449-454.
doi:10.1016/j.parkreldis.2015.01.017

25. Twelves D, Perkins KSM, Counsell C. Systematic
review of incidence studies of Parkinson’s disease.
Mov Disord. 2003;18(1):19-31. doi:10.1002/mds.10305

26. Wheatley K, Stowe RL, Clarke CE, Hills RK,
Williams AC, Gray R. Evaluating drug treatments
for Parkinson’s disease: how good are the trials? BMJ.
2002;324(7352):1508-1511. doi:10.1136/bmj.324.
7352.1508

Research Original Investigation Effectiveness of Adjuvant Treatments for Parkinson Disease Uncontrolled by Levodopa

140 JAMA Neurology February 2022 Volume 79, Number 2 (Reprinted) jamaneurology.com

Downloaded From: https://jamanetwork.com/ by a University of Aberdeen User  on 07/06/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.4736?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.4736
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.4736?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.4736
https://dx.doi.org/10.1016/S0140-6736(14)60683-8
https://dx.doi.org/10.1002/14651858.CD007166.pub2
https://dx.doi.org/10.1002/14651858.CD007166.pub2
https://dx.doi.org/10.1002/mds.23517
https://dx.doi.org/10.1002/mds.23517
https://www.nice.org.uk/guidance/ng71/evidence/full-guideline-pdf-4538466253
https://www.nice.org.uk/guidance/ng71/evidence/full-guideline-pdf-4538466253
https://www.nice.org.uk/guidance/ng71/evidence/full-guideline-pdf-4538466253
https://dx.doi.org/10.1136/jnnp.51.6.745
https://dx.doi.org/10.1016/0895-4356(94)00150-O
https://dx.doi.org/10.1212/WNL.17.5.427
https://dx.doi.org/10.1007/BF02260863
https://dx.doi.org/10.1093/ageing/26.5.353
https://dx.doi.org/10.1093/ageing/26.5.353
https://dx.doi.org/10.1016/0168-8510(90)90421-9
https://dx.doi.org/10.1016/0168-8510(90)90421-9
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://dx.doi.org/10.1017/S1041610297004754
https://dx.doi.org/10.1097/00005650-199206000-00002
https://dx.doi.org/10.1097/00005650-199206000-00002
https://digital.nhs.uk/about-nhs-digital
https://digital.nhs.uk/about-nhs-digital
https://dx.doi.org/10.1002/mds.23429
https://dx.doi.org/10.1002/mds.23429
https://dx.doi.org/10.1201/9781439821862
https://dx.doi.org/10.1201/9781439821862
https://dx.doi.org/10.1093/ageing/afl055
https://dx.doi.org/10.1093/ageing/afl055
https://dx.doi.org/10.1093/ageing/30.4.299
https://dx.doi.org/10.1136/bmj.311.7020.1602
https://dx.doi.org/10.1136/bmj.38184.606169.AE
https://dx.doi.org/10.1007/s00702-004-0190-3
https://dx.doi.org/10.1111/j.1524-4733.2010.00788.x
https://dx.doi.org/10.1111/j.1524-4733.2010.00788.x
https://dx.doi.org/10.1002/mds.10333
https://dx.doi.org/10.1016/j.parkreldis.2015.01.017
https://dx.doi.org/10.1002/mds.10305
https://dx.doi.org/10.1136/bmj.324.7352.1508
https://dx.doi.org/10.1136/bmj.324.7352.1508
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.4736

