
452 www.thelancet.com/neurology   Vol 19   May 2020

Review

Lancet Neurol 2020; 19: 452–61

Published Online 
March 12, 2020 

https://doi.org/10.1016/
S1474-4422(20)30036-3

See Comment page 376

Amsterdam University 
Medical Centers, 

University of Amsterdam, 
Department of Neurology, 
Amsterdam Neuroscience, 

Amsterdam, Netherlands 
(Prof R M A de Bie MD); 

Department of Neurology, 
City Hospital, Sandwell and 

West Birmingham NHS Trust, 
Birmingham, UK 

(Prof C E Clarke MD); Institute 
for Applied Health Research, 

University of Birmingham, 
Birmingham, UK 

(Prof C E Clarke); UC Gardner 
Neuroscience Institute and 
James J and Joan A Gardner 

Family Center for Parkinson’s 
Disease and Movement 

Disorders, Department of 
Neurology, University 

of Cincinnati, Cincinnati, OH, 
USA (Prof A J Espay MD); 

Edmond J Safra Program in 
Parkinson’s Disease and the 
Morton and Gloria Shulman 
Movement Disorders Clinic, 

Toronto Western Hospital, 
UHN, Division of Neurology, 

University of Toronto, 
Toronto, ON, Canada 

(Prof S H Fox MRCP, 
Prof A E Lang MD) 

Correspondence to: 
Prof A E Lang, Edmond J Safra 

Program in Parkinson’s Disease 
and the Morton and Gloria 

Shulman Movement Disorders 
Clinic, Toronto Western Hospital, 

UHN, Division of Neurology, 
University of Toronto, Toronto, 

ON M5T 2S8, Canada 
anthony.lang@uhnresearch.ca

Initiation of pharmacological therapy in Parkinson’s disease: 
when, why, and how
Rob M A de Bie, Carl E Clarke, Alberto J Espay, Susan H Fox, Anthony E Lang

Debate is ongoing regarding when, why, and how to initiate pharmacotherapy for Parkinson’s disease. Early initiation 
of dopaminergic therapies does not convey disease-modifying effects but does reduce disability. Concerns about the 
development of motor complications arising from the early initiation of levodopa, which led to misconceived levodopa-
sparing strategies, have been largely mitigated by the outcomes of the PD MED and Levodopa in Early Parkinson’s 
Disease (LEAP) studies. The LEAP study also showed the potential for early improvement in quality of life, even when 
disability is negligible. Until more effective methods of providing stable dopamine concentrations are developed, 
current evidence supports the use of levodopa as initial symptomatic treatment in most patients with Parkinson’s 
disease, starting with low doses and titrating to therapeutic threshold. Monoamine oxidase-B inhibitors and dopamine 
agonists can be reserved as potential adjunct treatments later in the disease course. Future research will need to 
establish effective disease-modifying treatments, address whether patients’ quality of life is substantially improved 
with early initiation of treatment rather than a wait and watch strategy, and establish whether new levodopa formulations 
will delay onset of dyskinesia.

Introduction
Clinical equipoise surrounds medication choices for 
patients with early Parkinson’s disease. Here, we review 
the evidence for and against various early treatment 
altern atives, including the potential for levodopa and 
other dopaminergic drugs to have disease-modifying 
effects. We discuss data for and against a wait and watch 
approach, which is often taken for patients with mild 
symptoms, and review the risk factors for the development 
of dyskinesia, the most frequent justification for delay -
ing levodopa. We discuss the evidence against levodopa-
sparing strategies as it relates to differential efficacy 
compared with levodopa and the adverse side-effect profile 
of dopamine agonists. Particular side-effects of dopamine 
agonists include impulse control disorders and a narcotic-
like withdrawal syndrome when reduced or discontinued. 
Finally, we attempt to provide a viewpoint on the relevant 
liter ature as it relates to when, why, and how drug therapy 
should be initiated, and conclude with implications for 
both clinical practice and future research on the initiation 
of treatment in Parkinson’s disease.

Is there a therapy that shows disease-modifying 
effects?
The development of a neuroprotective treatment is the 
goal for any neurodegenerative disease. Disease modi-
fication is defined as a change in the natural course of a 
disease by an intervention, and it could be argued that 
pharmacologi cally correcting striatal dopamine, although 
considered sympto matic, addresses an important aspect of 
the underlying biology of Parkinson’s disease. For the 
purpose of this Review, we will apply the restrictive view of 
disease modi fica  tion to interventions with a direct effect 
on the under lying disease pathogenesis that slows or halts 
neuro nal cell death. A major difference between symptom-
atic and disease-modifying interventions is that disease-
modifying interventions have a longer durability of effect 
than expected from their known pharmacological effects.

Many studies have not been able to distinguish a disease-
modifying effect from a known or unknown symptomatic 
effect because of the absence of biomarkers linking 
the mechanisms of action of the interventions to the 
pathophysiology of the targeted populations, as well as 
the difficulties with measuring the effects on the under-
lying disease.1 Table 1 highlights the various trial designs, 
endpoints, limitations, and challenges to the study of 
disease-modifying therapies in Parkinson’s disease. Unfor-
tu nately, beginning with the first large neuro protective 
trial, Deprenyl and Tocopherol Antioxidative Therapy of 
Parkinsonism (DATATOP),3 multiple studies of putative 
disease-modifying therapies, using various designs and 
outcome measures,36 have not shown a difference between 
the therapy and placebo.

Levodopa is the most widely used and effective drug for 
the treatment of Parkinson’s disease. However, concern 
persists about the potential for dopamine (and thus 
levodopa) to acceler ate disease progression by mediating 
mitochondrial and lysosomal dysfunction37 and increasing 
concentrations of potentially toxic α-synuclein oligomers.38 
Concerns about levodopa potentially causing a toxic effect 
by inducing oxida tive stress provided the incentive for the 
Earlier versus Later Levodopa Therapy in Parkinson 
Disease (ELLDOPA) study,31 in which 361 patients with 
early Parkinson’s disease were randomly allocated to 
placebo or 150 mg, 300 mg, or 600 mg of levodopa per day. 
After 40 weeks, a 2–4 week levodopa washout did not lead 
to a deterioration of motor function, as measured by 
the Unified Parkinson’s Disease Rating Scale (UPDRS), 
to the same level as in the placebo group, suggesting 
a disease-modifying effect. By contrast, the dopamine 
trans porter SPECT endpoint, obtained in a subgroup of 
patients, showed a reduction in dopamine transporter 
after levo dopa washout, suggesting that either levo-
dopa acceler ated the loss of dopamine nerve term inals 
or that levodopa modified the function of the striatal 
dopamine transporter. Taken together, these data left 
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uncertainty about the net effect of levodopa on disease 
progression.

In an attempt to resolve this issue, the Levodopa in Early 
Parkinson’s Disease (LEAP) study33 used a delayed-start 
design to evaluate if levodopa had a disease-modifying 
effect. 445 patients with early Parkinson’s disease were 
randomly assigned to receive levodopa 300 mg per day 
(early-start) for 40 weeks or placebo (delayed-start). Both 

groups then received the same dose of levodopa for 
another 40 weeks. At 80 weeks, the end of the trial, symp-
tom severity did not differ between the two groups, nor 
did the level of disability, Mini-Mental State Examination 
score, depression, or disease-related quality of life. 
The incidence of levodopa-related motor fluc tuations 
and dys kinesia also did not differ between the groups. 
These findings indicate that levodopa probably has no 

Intervention* tested Limitations Comments

Parallel group design

Time until need for initiation of symptomatic 
therapy

CEP-1347,2 tocopherols,3 riluzole,4 paliroden 
(NCT00228150), selegiline,3,5,6 lazabemide7

Inconsistent reasons for initiating 
treatment (patient and physician specific)

All studies with this design are strongly 
influenced by possible symptomatic effects of 
the study drug

Time until development of motor complications 
from levodopa

Isradipine8 Late endpoint; other influencing factors Not clear that delaying motor complications 
truly implies disease modification

Time until development of a disease milestone 
(eg, gait dysfunction, postural instability, 
cognitive decline)

·· Late endpoint; other symptomatic 
therapies have been initiated

Not known if milestone is pathogenically 
related to the mechanism of the intervention 
of interest

Change in mean UPDRS motor scores, other 
scores, or dynamics of progression (slope analysis 
of change of scores over time)

Ubidecarenone (coenzyme Q10),9–11 
mitoquinone (NCT00329056), creatine,12–14 
inosine,15 isradipine,8 riluzole,16 GPI-1485,10 
pioglitazone,17 GDNF,18–20 paliroden 
(NCT00228150), PYM50028 
(NCT01060878), selegiline,21,22 rasagiline23

Changes in these rating scales are small in 
early stages of disease, so that trials over 
many years are needed for statistical 
significance

··

Long-term randomised controlled study: 
composite of clinical and other features (typically 
resistance to dopaminergic therapy)

Creatine12–14 Long-term trial; important effect of other 
symptomatic therapies, intercurrent or 
concurrent diseases, etc

Gait, cognitive, quality of life and other 
composite endpoints tend to emerge late in 
follow-up and have multifactorial causes

Imaging and other biomarkers Paliroden (NCT00228150), pramipexole,24,25 
ropinirole,26 levodopa,25,26 α-dihydroergo-
cryptine27

Potential unexpected influence of 
treatment on the biomarker and not 
necessarily on the disease process

No imaging or other biomarkers have been 
validated to measure disease progression

Washout design

Change in mean UPDRS motor scores or other 
scores, typically in untreated patients; one 
variation of this design has been used in patients 
with later-stage fluctuating disease to evaluate 
scores in the morning after an overnight 
withdrawal of symptomatic drugs28

TCH346,29 exenatide,28 nicotine,30 levodopa31 Limited by duration of double-blind period 
before patients require other symptomatic 
therapy

Less potential influence of symptomatic effects 
of the therapy depending on how long patients 
remain off study and symptomatic therapy and 
depending on duration of action of any 
symptomatic effects of the intervention

Futility (non-superiority) design

Change in disease-related features (usually 
motor scores) over time; goal is to establish that 
treatment is futile as opposed to efficacious

Minocycline,13 ubidecarenone,9–11 creatine12–14 Reliability depends heavily on the stability 
of the disease behaviour and reliability of 
the rating scale used; substantial bias can 
occur from using historical placebo-
treated patient cohorts from previous 
randomised controlled trials

Design can more rapidly identify drugs that 
should not be candidates for larger, more 
expensive phase 3 trials and can minimise costs 
and sample size

Delayed-start design (early start vs delayed start)

Placebo-controlled period 1 followed by active 
treatment in both groups in period 2; endpoint 
is change in rating scale scores: differential 
outcomes at the end of period 2 combined with 
diverging slope of change in period 1 
(ie, difference between groups is increasing over 
time) and slopes of scores in period 2 are 
not converging

Rasagiline,32 pramipexole,24 levodopa33 Sensitive to differential dropout rate 
(ie, more patients in delayed-start group 
requiring symptomatic therapy than in the 
early-start group); limitations in duration 
of placebo-controlled phase

Potentially more precise in separating 
symptomatic from disease-modifying effects;
additional comments on the rasagiline results in 
the ADAGIO study: possible positive effects with 
1 mg of rasagiline were not seen with 2 mg, and 
naturalistic follow-up showed no long-term 
benefits of early start rasagiline treatment in 
terms of UPDRS total or subscales scores 
(including dyskinesia) or falls, freezing, or 
cognitive decline34

ADAGIO=Attenuation of Disease Progression with Azilect Given Once-daily. MAO-B=monoamine oxidase-B. UPDRS=Unified Parkinson’s Disease Rating Scale. *The mechanisms of the interventions are: CEP-1347 and 
minocycline are anti-apoptotic; tocopherols are antioxidant; riluzole is a glutamate antagonist; paliroden stimulates production of nerve growth factor; selegiline, rasagiline, and lazabemide are MAO-B inhibitors and 
propargylamines, which inhibit glyceraldehyde-3-phosphate and are anti-apoptotic; TCH346 is a propargylamine without MAO-B inhibition effect; ubidecarenone is an electron acceptor for Complexes I and II; 
mitoquinone has 1000 times the potency of ubidecarenone; inosine is a pro-uric acid antioxidant; isradipine is a calcium channel blocker; GPI-1485 is a neuroimmunophilin ligand; pioglitazone is a peroxisome 
proliferator-activated receptor gamma agonist; GDNF is glial cell-derived neurotrophic factor; PYM50028 modulates GDNF and brain-derived neurotrophic factor; pramipexole, ropinirole, and α-dihydroergo-cryptine 
are dopamine agonists with various potential direct and indirect neuroprotective effects; exenatide is a glucagon-like peptide-1 receptor agonist with various potential neuroprotective effects. 

Table 1: Endpoints of different clinical trial designs35 to test disease modification in Parkinson’s disease
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disease-modifying effect, either beneficial or detrimental, 
in Parkinson’s disease.

In summary, clinical trials have not shown convincing 
evidence of disease-modifying effects with any of the 
drugs evaluated, including symptomatic medications—
ie, levodopa, dopamine agonists, and monoamine 
oxi dase-B (MAO-B) inhibitors. For this reason, the early 
initiation of these drugs might be justified to improve 
quality of life by reducing motor disability but not on the 
assumption that they might modify the disease course or 
slow the underlying neurodegeneration.39

How do early treatments compare regarding 
efficacy? 
Levodopa has been the most effective (gold standard) 
treatment for Parkinson’s disease for more than 50 years. 
Despite a symptomatic efficacy superior to that of all 
other oral pharmacotherapies, the capacity of levodopa to 
induce motor fluctuations and dyskinesia is the most 
common justification for delay ing its use in favour of 
alternative medications in early treatment of Parkinson’s 

disease.40 Various factors that predispose patients to the 
development of dyskinesia and strategies that have been 
used in the hope of avoiding or delaying these factors are 
summarised in the figure.

The crucial effect of disease severity and levodopa 
dose on dyskinesia development was highlighted by a 
intriguing study evaluating patients in Ghana and Italy.41 
91 untreated patients with Parkinson’s disease from 
Ghana were matched with an Italian cohort for sex, age, 
and disease duration at the first assessment. Levodopa 
was initiated later in Ghana (mean disease duration 
4·2 years in Ghana versus 2·4 years in Italy; p=0·001). 
Despite this difference, disease duration at the occurr ence 
of motor fluctuations and dyskinesia was simi lar in the 
two populations—ie, patients in Ghana did not develop 
complications any later because levodopa had been 
delayed. The authors concluded that motor fluctuations 
and dyskinesia are not associated with the duration of 
levodopa therapy, but rather with longer disease dura-
tion and higher levodopa daily dose. Thus, additional 
dyskinesia-free time is not necessarily gained by delaying 

Figure: The differences between early levodopa versus levodopa-sparing strategies
The awareness of wearing off requires an appreciation of the on state (maximum benefit), a rare feature of non-levodopa medications. Once levodopa is added 
(as happens in almost all patients) the effect of delaying motor complications is lost. MAO-B=monoamine oxidase-B. 
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levodopa, and this delay could come at the expense of 
more disability in the early treatment-free period.

Few studies have directly compared the longer-term 
effect of initial treatment choices in Parkinson’s disease. 
The ongoing PD MED trial42 is a pragmatic, open-label, 
randomised trial in early Parkinson’s disease in which 
patients were randomly assigned to receive levodopa, a 
dopamine agonist, or an MAO-B inhibitor. In this trial, 
levodopa was added when required and switching from 
the allocated group was allowed if clinically indicated. 
1620 patients were enrolled from 91 neurology and 
geriatrics units, and the median follow-up was 3 years 
(range 0–9). The 39-item patient-rated Parkinson’s Disease 
Questionnaire (PDQ-39) mobility score and summary 
index,43 EuroQol EQ-5D utility meas ure,44 and Hoehn and 
Yahr disease45 stage score were all significantly better with 
levodopa than with levodopa-sparing therapy (dopamine 
agonist and MAO-B inhibitor groups com bined), despite 
the earlier development of dyskinesia in the levodopa 
group (hazard ratio [HR] 1·52, 95% CI 1·16–2·00; 
p=0·003) and the similar incidence of motor fluctuations 
in all groups (1·11, 0·90–1·37; p=0·3; table 2).42 The 
differences in PDQ-39 scores were below levels detectable 
by patients according to the mini mum clinically important 
difference and the effect size methods.46,47 However, these 
differences were persistent, and their potential accumula-
tion over time and effect on institu tionalisation, dementia, 
and death, are still being exam ined in this ongoing trial 
(final report expected in 2020). One important caveat 
regarding the PD MED trial is that few patients under 
the age of 60 years were enrolled and age is an import-
ant factor that influ ences motor complications such 
as dyskinesia.

Pragmatic, open-label follow-up of patients participat-
ing in studies comparing initial levodopa with alternative 
therapies have tried to address whether early advantages 
of levodopa-sparing approaches (the intent of which was 
to reduce the incidence of dyskinesia) provide longer-
term benefits. This question is especially relevant given 
the different side-effect profiles of dopamine agonists 
(discussed in the next section) and because the delay in 
onset of dyskinesia shown in these studies applies to 
the first few years when higher doses of levodopa are 
usually not required and when dyskinesias are often not 
even evident to the patient. Table 3 summarises the 
open-label, long-term follow-up studies of randomised 
controlled trials comparing levodopa with dopamine 
agonists. Over all, after many years of follow-up, when 
patient disability requires optimisation with levodopa 
(the most effect ive symptomatic therapy) as well as 
adjunctive medica tions, little evidence exists for differe-
nces in the features of parkinsonism or of the motor 
side-effect profile, independent of how the treatment 
was initiated.

Thus, accumulating evidence supports better motor 
function and quality of life with initial levodopa ther-
apy, despite an earlier onset of dyskinesia and motor 

fluctuations. Further, these events are not different in 
early versus later levodopa treatment groups on long-term 
follow-up. These data are now a part of the UK National 
Institute for Health and Care Excellence (NICE) guide-
lines, which in the 2017 update recommended: “Offer 
levodopa to people in the early stages of Parkinson’s 
disease whose motor symptoms impact on their quality of 
life.”54 Despite the evidence, initial dopamine agonist and 
MAO-B inhibitor treatment has remained entrenched in 
many centres. To assess this issue, we reviewed the initial 
treatment choices for 424 patients in North America 
participating in the Parkinson Progression Markers 
Initiative (PPMI) who were medication-naive at baseline. 
259 (61%) of the 424 patients were started on a levodopa-
sparing therapy, with 190 (45%) on dopamine agonists 
before levodopa and only 145 (34%) on levodopa as 
the first treatment. Separately, data collected from the 
Parkinson’s Foundation Quality Improvement Initiative 
registry showed that in 2017, 1142 (39·4%) of 2900 patients 
initially used a dopamine agonist, and this frequency 
was unchanged when compared with 2717 patients in 
2010 (adjusted odds ratio [OR] 0·91, 95% CI 0·80–1·03; 
p=0·1172).55 These practice preferences, despite the evi-
dence, might be a consequence of patient concerns and an 
absence of physician education or knowledge, as well as 
marketing strategies used by the pharmaceutical industry.

How do the side-effects of early treatments 
compare?
The previous section reviewed evidence related to early, 
intermediate, and long-term efficacy as well as motor and 
some non-motor complications of early treatments. Here, 
we discuss comparisons of non-motor side-effect profiles 
of early symptomatic treatments that might determine 
treatment options. The overall conclusions from evidence-
based medicine recommendations are that the number 
of side-effects and the proportion of patients withdrawing 
from treatment because of poor tolerability are higher 
with dopamine agonists than with MAO-B inhibitors or 
levodopa in early Parkinson’s disease. In a meta-analysis 
of nine randomised controlled trials evaluating early 
symptomatic therapy trials, with drawal due to tolerability 
issues was significantly higher with dopamine agonists 

Point estimate 
(95% CI)

p value

PDQ-39 mobility score 1·8 (0·5–3·0) 0·005

PDQ-39 summary index 1·0 (0·3–1·7) 0·008

EuroQol EQ-5D utility measure 0·03 (0·01–0·05) 0·0002

Hoehn and Yahr disease stage score 0·07 (0·03–0·12) 0·0009

Positive point estimates favour levodopa. PDQ-39=Parkinson’s Disease 
Questionnaire 39 (scores are 0–100, higher scores indicate lower disease-related 
quality of life). Point estimates are estimated mean differences between levodopa 
and levodopa-sparing groups.

Table 2: Results of the PD MED trial comparison of levodopa versus 
levodopa-sparing therapies42
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versus levodopa (OR 2·46, 95% CI 1·44–4·20).56 The latest 
Cochrane review of 29 trials comparing dopamine agonists 
with levodopa in more than 2000 patients with early 
Parkinson’s disease reported that participants treated 
with dopamine agonists were significantly more likely to 
discontinue treatment because of adverse events (2·49, 
2·08–2·98; p<0·0001).57 The Cochrane review of dopamine 
agonist versus MAO-B inhibitor trials (only two eligible 
randomised controlled trials) concluded that the proportion 
of patients withdrawing from treat ment was lower with 
MAO-B inhibitors than with dopa mine agonists (0·11, 
0·01–0·99).58 In the PD MED study, 179 (28%) of 
632 patients allocated to receive dopamine agonists and 
104 (23%) of 460 patients allocated to receive a MAO-B 
inhibitor discontinued treatment because of side-effects, 
compared with 11 (2%) of 528 patients on levo-
dopa (p<0·0001).42 The proportion of patients who had 
discontinued treatment by 7 years because of a combination 
of side-effects and absence of efficacy was 72% for a 
MAO-B inhibitor, 50% for dopamine agonists, and 7% for 
levodopa (p<0·0001). 

Levodopa and dopamine agonists
Here, we deal exclusively with complications related to 
levodopa and non-ergot dopamine agonists because the 
use of ergot-derived dopamine agonists (ie, bromocriptine, 
pergolide, and cabergoline) has markedly declined or been 
discontinued in many countries because of uncommon 

but important fibrotic reactions, such as pleural and retro-
peritoneal fibrosis and cardiac valvulopathy.59–61

On first exposure to any dopaminergic agents, nausea, 
vomiting, and light-headedness can occur. The Cochrane 
review of dopamine agonists in early Parkinson’s disease 
reported increased risks of nausea (OR 1·32, 95% CI 
1·05–1·66; p=0·02) and dizziness (1·45, 1·09–1·92; 
p=0·01) with dopamine agonists versus levo dopa.57 The 
rela tive risk (RR) of nausea was similar with ropini-
role (RR 2·25, 95% CI 1·85–2·74), pramipexole (2·28, 
1·54–3·37), and rotigotine (2·08, 1·30–3·34) versus 
placebo.62

Although first recognised as a late side-effect of dopa-
mine agonist use, leg oedema can occur soon after starting 
treatment, and was reported in 22 (10%) of 221 patients 
treated with pramipexole in the Pramipexole in Patients 
with Early Parkinson’s Disease (PROUD) study.24 Peri-
pheral oedema typically occurs after several months of 
dopamine agonist use and can lead to drug discontinuation 
(OR 3·68, 95% CI 2·62–5·18; p<0.0001).57

Sleep disorders, such as excessive daytime sleepiness, 
subjective sleepiness, and insomnia, are more common 
in patients with Parkinson’s disease than in age-matched 
controls. However, the differential effect of disease versus 
medications is unclear.63 The treatment of Parkinson’s 
disease might exacerbate or induce sleep disorders, with 
the risk of somnolence significantly higher with dopa-
mine agonist treatment than with levodopa (OR 1·49, 

Trial characteristics Number of 
patients

Duration of 
follow-up*

Comparison of efficacy between 
groups

Comparison of adverse effects 
between groups

CALM-PD48 Pramipexole vs 
levodopa (1:1),49 
follow-up at 
23·5 months for the 
primary outcome

222 of original 
301

Mean 6 years There was no difference between mean 
UPDRS motor scores (difference –2·7, 
95% CI –5·9 to 0·6),† UPDRS ADL 
(–1·3, –2·7 to 0·1), or quality of life scores 
on PDQUALIF (–0·2, –3·3 to 2·9)

Motor complications were more 
common in the levodopa-first group 
(OR 2·1, 95% CI 1·2 to 3·7) but dyskinesia 
was generally mild (2·6, 1·4 to 4·8) and 
the prevalence of moderately and 
severely disabling dyskinesia was 
similarly low in both groups 
(pramipexole 3 [3%] of 108 and 
levodopa 4 [4%] of 114); excessive 
daytime sleepiness (0·4, 0·2 to 0·7) and 
oedema (0·5, 0·2 to 1·0) were more 
common in the pramipexole-first group

056 trial50 Ropinirole vs levodopa 
(2:1),51 follow-up at 
5 years for the primary 
outcome

48 of original 
268

10 years There was no difference between mean 
UPDRS motor scores (difference –3·2, 
95% CI –12·1 to 5·6),† UPDRS ADL 
(–0·6, –5·2 to 4·0), or PDQ-39 scores 
(2·8, –4·7 to 10·3)

There was a lower incidence of 
dyskinesia in the ropinirole-first group 
(OR 0·3, 95% CI 0·1 to 1·0)

PDRG-UK 
trial52

Bromocriptine, 
levodopa, or levodopa 
plus selegiline (1:1:1),53 
first interim analysis 
after follow-up at 
3 years

166 of original 
782

Median 
follow-up 
14 years

Disability scores were better in the 
levodopa arm than in the bromocriptine 
arm (Webster: 16·6 vs 19·8; p=0·03, 
Northwestern University Disability: 
34·3 vs 30·0; p=0·05); physical 
functioning (difference 20·8, 95% CI 
10·0 to 31·6) and physical summary 
scores (5·2, 0·7 to 9·7) on the 36-item 
short-form health survey were also 
superior on levodopa

A pre-planned interim analysis showed 
higher mortality in the levodopa 
plus selegiline group, leading to 
discontinuation of that group;53 there 
were no differences in mortality, 
prevalence of dyskinesia (5·3%, 95% CI 
–15 to 25),† motor fluctuations 
(–5·1%, –25 to 15), or dementia between 
bromocriptine-first and levodopa-first

ADL=activity of daily living. OR=odds ratio. PDQ-39=Parkinson’s Disease Questionnaire 39. PDQUALIF=Parkinson’s Disease Quality of Life Scale. UPDRS=Unified Parkinson’s 
Disease Rating Scale. *From randomisation to last assessment. †A negative score means a difference in favour of levodopa.

Table 3: Comparison of levodopa and dopamine agonists in long-term follow-up studies of randomised controlled trials
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95% CI 1·12–2·00; p=0·007).57 Serious consequences, 
such as falling asleep while driving, have been reported 
with dopamine agonists; however, some studies do not 
support a link and the risk might be similar regardless of 
the dopaminergic medication used.63

Hallucinations can occur even in early Parkinson’s 
disease (OR 1·69, 95% CI 1·13–2·52; p=0·01).57 In the PD 
MED study, cognitive problems, including psychosis, 
confusion, and depression, were reported as the reason 
for discontinuing dopamine agonists in 76 (12%) of 
632 patients, versus 42 (9%) of 460 patients taking MAO-B 
inhibitors and 3 (1%) of 528 patients taking levodopa.42

The most problematic adverse effect of using dopamine 
agonists is the potential for developing impulse control 
disorders, which has led to important changes in recom-
mendations for dopamine agonist use in the treat ment 
of early Parkinson’s disease.64 Impulse control disorders 
are behavioural symptoms, occurring individually or in 
combination, and can range from mild impulsivity to 
conditions that fulfil Diagnostic and Statistical Manual of 
Mental Disorders (DSM) criteria, such as pathological 
gambling, compulsive shopping, binge eating, and hyper-
sexuality. The risk of impulse control disorders has 
consistently been shown to be (up to 4 times) higher 
in patients with Parkinson’s disease who are taking a 
dopamine agonist compared with levodopa alone. How-
ever, very few studies have addressed the occurrence of 
impulse control disorders in early Parkinson’s disease. In 
the Drug Interaction with Genes in Parkinson’s Disease 
(DIGPD) study of 306 patients with early Parkinson’s 
disease (treated for less than 5 years), the 5-year 
cumulative impulse control disorder incidence was 
46·1% (95% CI 37·4–55·7) and the risk was significantly 
associated with dopamine agonist use (prevalence ratio 
4·23, 95% CI 1·78–10·09) but not levodopa use.65 The risk 
increases with time of treatment exposure. In 300 de 
novo patients participating in the PPMI study, the cumu-
lative incidence of impulse control disorder symptoms 
was 8% in year one, 18% in year two, and 25% in year 
three, although a similar proportion of participants were 
taking levodopa and dopamine agonists at years one 
and two.66 The panel summarises the factors that 
influence the development of this important adverse 
effect. Although a dose effect has been inconsistent in the 
literature,65,67 simply lowering the dose of the causative 
dopamine agonist might result in only partial or no 
symptom resolution, and complete drug withdrawal 
might be the only method of resolving the impulse 
control disorder.

Dopamine agonist withdrawal syndrome is a related 
challenge, which occurs in patients who are reducing or 
discontinuing a dopamine agonist. The characteristics 
of this syndrome include severe psychiatric features of 
agitation, anxiety, and irritability, as well as autonomic 
symptoms of diaphoresis and orthostasis, that do not 
respond to levodopa (distinguishing these from non-
motor symptoms related to the off state).72 Although 

typically occurring in patients with later-stage Parkinson’s 
disease, physicians should be aware of dopamine agonist 
withdrawal syndrome when selecting an initial ther-
apy. Retrospective cohort studies of patients withdraw-
ing from dopamine agonists have reported a 15–20% 
inci dence of dopamine agonist withdrawal syndrome, 
although mild impulse control disorder-like behaviours 
might be under reported.73 The main risk factor for 
dopamine agonist withdrawal syndrome is the presence 
of impulse control disorders;72–75 however, this syndrome 
can also occur in patients who discontinue dopamine 
agonists for other reasons. Other risk factors might 
include low motor disability and high overall dopaminergic 
medica tion doses.76 Managing dopamine agonist with-
drawal syndrome often requires restarting the dopamine 
agonist, but at a lower dose, and then down-titrating again 
at a much slower pace.

Monoamine oxidase inhibitors
A unique problem with using MAO inhibitors compared 
with dopamine agonists or levodopa in early Parkinson’s 
disease is the potential for drug–drug interactions. The 
most substantial concern relates to the potential develop-
ment of serotonin syndrome with use of non-selective 
MAO inhibitors and co-treatment with serotonergic 
and other monoaminergic-acting drugs, such as selective 
serotonin-reuptake inhibitors, serotonin–norepinephrine-
reuptake inhibitors, tri cyc lic drugs classed as antidep-
ressants, and stimulants. However, this occurrence is 
extremely rare with selective MAO-B inhibitor use in 
early Parkinson’s disease. In one survey of 4568 patients 

Panel: Risks and influencing factors of impulse control 
disorders 

Drug profile
• Duration of exposure66

• Inconsistent dose effect65,67

• Stimulation of dopamine receptor subtype
• D3 stimulation: all commonly used oral dopamine 

agonists have mixed D2 and D3 agonist properties68

• No consistent differences in impulse control disorder 
risk with different dopamine agonists69

• Once-per-day or transdermal formulations versus shorter 
duration dopamine agonists; more continuous stimulation 
proposed to provide lower risk; inconsistent evidence70

Patient profile (predisposing factors)66,67,69

• Male sex
• Younger age and younger age at disease onset
• History of impulse control disorders
• Positive family history of impulse control disorders or 

addiction
• History of mood disorders; depression predisposes 

patients to development of impulse control disorders and 
this risk is magnified by dopamine agonists71

• Cultural factors: no consistent association
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with Parkinson’s disease, only 11 (0·24%) patients devel-
oped symptoms possibly consistent with the serotonin 
syndrome (only 2 [0·4%] considered serious),77 and 
no sero tonin syndrome was reported in a phase 4, 
retrospective, multi centre cohort of 1504 patients with 
Parkinson’s disease using stricter criteria for defining the 
syndrome.78 The use of lower doses of some drugs classed 
as anti depressants was shown to be safe in the Attenuation 
of Disease Progression with Azilect Given Once Daily 
(ADAGIO; rasagiline) trial, with no cases of serotonin 
syndrome (191 patients out of >1000 were taking ami-
triptyline, 50 mg or less; trazodone, 100 mg or less; citalo-
pram, 20 mg or less; sertraline, 100 mg or less; paroxetine, 
30 mg or less; and escitalopram, 10 mg or less).32

When should symptomatic treatment be started?
Before symptoms are perceived as causing disability, most 
physicians and patients are comfortable with a wait and 
watch approach to initiating pharmacotherapy. Although 
earlier treatment has not been shown to improve long-
term outcomes,79 delaying therapy could have short-term 
negative effects on patients’ quality of life. Two studies 
reported different results: one showed clear quality of life 
advantages to early treatment,80 whereas the other showed 
no significant change in PDQ-39 scores in either the 
treated or untreated group, despite a striking 12-point 
difference in motor scores of the UPDRS45 between the 
two groups.81

The LEAP study included patients who had been 
diagnosed with Parkinson’s disease within the previous 
2 years and who had not had any disability.33 The primary 
outcome was the effect on disease severity measured 
with the UPDRS. The study also assessed effects on 
func tioning in daily life with the Academic Medical 
Center linear disability scale (ALDS)82 and health-related 
quality of life with the PDQ-39. Because patients had 
insufficient disability to warrant treatment with anti-
parkinsonian medication at the time of inclusion, they 
could not have expected to improve much in this domain; 
the ALDS score was maximal. Nevertheless, as well 
as less severe parkinsonism (ie, lower UPDRS scores) 
in the first 40 weeks, the early-start group had a 
better disease-related quality of life at 22 weeks than 
the delayed-start group. By that time, 47 (21%) of the 
223 patients in the delayed-start group transitioned to 
active levodopa therapy because disability-involving 
activities of daily living had developed, and symptomatic 
treatment was considered necessary. Thus, although 
almost 80% of the delayed-start group did not require 
treatment for emergent disability, the PDQ-39 summary 
index differed between the two groups in favour of the 
early-start group. These findings are a hint that patients 
without apparent disability or very bothersome symptoms 
might still have a quality of life benefit from levodopa in 
a low dose. This issue requires further study, includ -
ing a comparison to therapy with non-pharmacological 
measures.

Conclusion and future directions
The clinical relevance of laboratory studies showing a role 
of dopamine in potentiating various mechanisms of 
neuronal damage is uncertain. Although early initiation 
of dopaminergic therapies does not convey disease-
modifying effects, it reduces disability. The accumulated 
evidence and experience of the authors suggest that 
levodopa strikes the best balance between efficacy and 
side-effects, with improvements in quality of life, possibly 
even in the early clinical stages when disability might be 
negligible. Concerns about the development of motor 
complications arising from the early initiation of levo-
dopa, which led to the emphasis on levodopa-sparing 
strategies, have been largely dispelled by the outcomes of 
the PD MED42 and LEAP33 trials. The LEAP trial showed a 
similar prevalence and severity of motor complications in 
patients allocated to early-start and delayed-start groups. 
Importantly, the LEAP trial results largely dismissed 
concerns about potential toxic effects of levodopa on dopa-
minergic neurons, which had inspired the ELLDOPA31 
study. Furthermore, there seems to be no advantage to 
delaying levodopa when symptoms warrant therapy; this 
delay might only result in longer time with untreated 
disability and a shorter period free of motor complications 
(figure). With PD MED as the only long-term naturalistic 
study, and extrapolated evidence from a few short-term 
comparative studies, for most patients, the weight of 
evidence supports initiating symp tomatic therapy with 
levodopa at a low dose, titrated until reaching the 
therapeutic threshold, reserving the use of MAO-B inhib-
itors and dopamine agonists as potential adjunct treat-
ments later in the disease. Despite substantial risk 
concerns, dopamine agonists remain commonly pre-
scribed for early treatment. Young age of Parkinson’s 
disease onset, the strongest risk factor for the early 
development of motor complications with levodopa, is an 
important factor in considering alternatives, such as 
initiating dopaminergic therapy with a dopamine agonist. 
However, this decision needs to be balanced with the 
potential for lower efficacy and important complications 
compared with levodopa in the long term (eg, impulse 
control disorders) and close and careful clinical follow-up 
is required should this treatment be chosen. Randomised 
controlled trials in patients with early Parkinson’s disease 
have not addressed the effects on efficacy and side-
effect profile of the variability in clinical phenotype, which 
can range from a mixture of motor features, including 
tremor with little bradykinesia, to predominant postural 
instability and gait dysfunction, to non-motor issues such 
as depression. Future research will need to aim at estab-
lishing effective disease-modifying treat ments, possibly 
more likely in subgroups of patients identified through 
subtype-specific biomarkers.83

Future studies will also need to settle the equivocal data 
on whether patients’ quality of life is significantly improved 
with the earlier initiation of treatment rather than a wait 
and watch strategy. Research is also needed to estab lish 
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whether newer, more effective methods of providing 
stable levodopa plasma concentrations (eg, new levodopa 
formulations or longer-acting catechol-O-methyltransferase 
inhibitors),84 initiated soon after diagnosis, will delay the 
onset of dyskinesia. Pharmacogenomic studies will need 
to extend preliminary observations that patient-specific 
differences influence response to some drugs (eg, rasa -
giline85 and entacapone86,87) and might better inform how 
to initiate therapy. Another crucial area in this regard is 
the establishment of a definitive genetic risk guide to 
important treatment complications such as impulse con-
trol disorders88,89 with dopamine agonists or early severe 
dyskinesia90,91 with levodopa.
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Search strategy and selection criteria

We searched MEDLINE (Ovid MEDLINE® ALL) on 
April 11, 2019. We searched for randomised controlled trials 
investigating disease modification capabilities of drugs for 
Parkinson’s disease without date restrictions. For the efficacy 
of pharmacological treatment in early Parkinson’s disease and 
adverse events of pharmacological treatment in early 
Parkinson’s disease, we searched for systematic review 
publications up to Dec 31, 2012 and randomised controlled 
trials from Jan 1, 2013 onwards. For details of the specific 
search terms please see the appendix.
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