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Background: Non-ergot dopamine agonists (NEDAs) have been used as
monotherapy or as an adjunctive therapy to levodopa for many years. Novel
long-acting formulations of NEDAs including pramipexole extended-release (ER),
ropinirole prolonged-release (PR), and rotigotine transdermal patch have been
developed. However, there is no strong evidence that a given NEDA is more potent
than another. We performed a systematic review and network meta-analysis to
evaluate the efficacy, tolerability and safety of six commonly used NEDAs in early
Parkinson's disease (PD).

Methods: Six NEDAs including piribedil, rotigotine transdermal patch, pramipexole
immediate-release (IR)/ER, and ropinirole IR/PR were investigated. The efficacy
outcomes including Unified Parkinson’s Disease Rating Scale activities in daily
life (UPDRS-II), motor function (UPDRS-III), and their subtotal (UPDRS-II + 1lI),
tolerability and safety outcomes were analyzed.

Results: A total of 20 RCTs (5,355 patients) were included in the current study.
The result indicated that compared with placebo, all six investigated drugs had
statistically significant differences in the improvement of UPDRS-II, UPDRS-III,
and UPDRS-II + Il (except ropinirole PR in UPDRS-II). There were no statistically
significant differences between six NEDAs for the UPDRS-II and UPDRS-III. For
UPDRS-II + llI, the improvement of ropinirole IR/PR and piribedil were higher
than that of rotigotine transdermal patch, and piribedil was higher than that of
pramipexole IR. The surface under the cumulative ranking curve (SUCRA) indicated
that piribedil resulted in best improvement in UPDRS-II and UPDRS-III (0.717 and
0.861, respectively). For UPDRS-II + IlI, piribedil and ropinirole PR exhibited similar
improvement and both had high rates (0.858 and 0.878, respectively). Furthermore,
piribedil performed better as monotherapy, ranking first in the improvement of
UPDRS-II, IlI, and II + Il (0.922, 0.960, and 0.941, separately). With regard to
tolerability, there was a significant increase in overall withdrawals with pramipexole
ER (0.937). In addition, the incidence of adverse reaction of ropinirole IR was
relatively high (nausea: 0.678; somnolence: 0.752; dizziness: 0.758; fatigue: 0.890).

Conclusions: In this systematic review and network meta-analysis of six NEDAs,
piribedil exhibited better efficacy, especially as monotherapy, and ropinirole IR was
associated with a higher incidence of adverse events in patients with early PD.

Parkinson’s disease, network meta-analysis, dopamine-receptor agonists, ropinirole,
piribedil, rotigotine, pramipexole
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1. Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder that
affects millions of people worldwide (1). The prevalence of PD is
~0.3% (2), the prevalence in older individuals over 65 years old is
1%—2%, and the prevalence in those over 85 years old is 3%—5%
(3). PD has become a heavy burden for families and society.

Dopamine agonists (DAs) have been used as monotherapy
for early PD or as an adjunctive therapy to levodopa for
advanced PD for many years (4). Because of the potential for
cardiac valve fibrosis or adverse retroperitoneal effects, ergot DAs
are no longer used as first-line therapy in PD (5). Non-ergot
dopamine agonists (NEDAs) continue to be first-line agents and
novel long-acting formulations of NEDAs including pramipexole
extended-release (ER), ropinirole prolonged-release (PR), and
rotigotine transdermal patch have been developed. In comparison
to three-times daily administration of standard NEDAs, once-
daily administration of long-acting NEDAs provides a more
stable plasma concentration and prolongs the duration of striatal
dopamine receptors stimulation (6). Moreover, recent findings
have demonstrated that once-daily administration of long-acting
NEDAs may improve patients’ adherence to treatment (7).

Over the past decades, many randomized controlled trials
(RCTs) have been conducted to evaluate the efficacy and safety
of NEDAs in early PD, but no head-to-head RCT have been
conducted to evaluate all commonly used NEDAs. To our
knowledge, there is no strong evidence that a given active
NEDA is more potent than another. Furthermore, no network
meta-analysis (NMA) has been performed to evaluate the long-
acting and standard NEDAs, respectively (8-12). Nowadays, many
types of medications including pramipexole ER, ropinirole PR,
and rotigotine transdermal patch are available for symptomatic
treatment, which is difficulty for clinicians to choose a DA for early
PD patients. Previously, we have performed a NMA to compare six
NEDAs as an adjunct to levodopa in advanced PD (13). NEDAs
can also be used for early PD. Therefore, we performed a NMA
to evaluate six commonly used NEDAs (rotigotine transdermal
patch, ropinirole IR, ropinirole PR, pramipexole IR, pramipexole
ER, piribedil) in early PD.

2. Methods
2.1. Search strategy

Our analysis followed the principles of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
extension statement (14). With the assistance of a medical librarian,
a search strategy (Supplementary Appendix 1) was developed, and
a systematic search of the medical literature was conducted
using the MEDLINE (PubMed interface), EMBASE, and Cochrane
Controlled Register of Controlled Trials databases. Articles
published between January 1, 1996, and October 1, 2022 were
retrieved in the primary search. The database-search strategy was
sensitive and broad, utilizing a collection of search terms previously
used in published systematic reviews of pharmacotherapy for
PD. This article is based on previously conducted studies and
does not contain any studies on human participants or animals

Frontiersin Neurology

10.3389/fneur.2023.1183823

performed by any of the authors. No ethical review was required
for this publication.

2.2. Study selection

All titles and abstracts were screened by two reviewers
(Xiang-Ting Chen and Qian Zhang) to determine eligibility,
independently, for inclusion against our PICO criteria to improve
the integrity of this study. Disagreement was resolved by discussion,
and if no agreement could be met, an adjudicator (Chang-Qing
Zhou) was included to resolve any disagreement.

2.2.1. Inclusion criteria

(1) Participants: age: adults (2212>18 years old); Race: any;
Gender: any; Disease: early PD. (2) Interventions: rotigotine
transdermal patch, ropinirole IR, ropinirole PR, pramipexole IR,
pramipexole ER, piribedil. The above interventions can be used as
monotherapy or in combination with levodopa. (3) Comparators:
any comparator, including but not limited to: placebo, NEDAs.
(4) Outcome measures. Efficacy outcomes: unified Parkinson’s
Disease Rating Scale-Activities of daily living (UPDRS-II) for
activities of daily living, Unified Parkinson’s Disease Rating Scale-
Motor (UPDRS-III) for motor function, and Unified Parkinson’s
Disease Rating Scale—motor function and activities of daily
living (UPDRS-II + III) scores. Tolerability outcomes: overall
withdrawals, withdrawals due to adverse events (AEs), withdrawals
due to lack of efficacy. Safety outcomes: the incidence of AEs
(>1 AE) or serious AE (SAE). Furthermore, we extracted all AEs
and calculated the corresponding incidence of AEs. And statistical
analysis of adverse reactions with high incidence. (5) Study design:
randomized controlled trials (RCTs).

2.2.2. Exclusion criteria

PD patients who receive surgical treatment; PD patients with
mental disorders; PD patients with clinically relevant hepatic,
renal, or cardiac disorders; studies with insufficient data; duplicated
publications; system evaluation, or the summary article.

2.3. Data extraction

Data extraction was also conducted independently and in
duplicate by two reviewers (Fei-Fei Chen and Si-Yuan Wen),
with disagreement resolved through an adjudicator (Chang-Qing
Zhou). Briefly, a number of variables pertaining to study design,
interventions, patient characteristics, and outcomes were collected.
The following information was extracted: the last name of the
first author, year of publication, country, Hoehn and Yahr stage of
subjects, number of subjects, time of follow-up (in weeks), age of
subjects, the proportion of female subjects, duration of PD among
the subjects (in years), agent dosage, disease severity at baseline,
duration of treatment, and the proportion of patients receiving
other medications. For the patient-level variables, data regarding
the Hoehn and Yahr score were collected, and according to this
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scale, a score of <3 indicates early PD. For a complete list of
variables extracted, please see Supplementary Appendix 2.

2.4. Risk of bias assessment

The Cochrane Risk of Bias Tool for randomized clinical trials
(RoB 2) (15) was used to assess the risk of bias in the RCTs. The
RoB 2 tool is structured into five bias domains: randomization
process, deviations from intended interventions, missing outcome
data, measurement of the outcome, and selection of the reported
result. Each domain was judged as either “Yes (low risk),” “No (high
risk)” or “Unclear (uncertain risk).” These judgments led to grading
the studies as “low risk of bias” when no aspects were defined

as “unclear” o “no”; “some concerns” if at least one domain was
deemed “unclear” but not “no” for any single domain; or “high risk

of bias” when “no” was reached for at least one domain.

2.5. Statistical analysis

For each outcome of interest, analyses were performed on the
change from baseline in the UPDRS-II, UPDRS-III, and UPDRS-
II + II. Different intervention measures were compared using
Bayesian treatment NMA depending on non-informative priors for
effective sizes as well as precision, following the Bayesian models
recommended (16). All Bayesian models were performed in R
software (version 4.2.0) using the gemtc package and a Gibbs
sampler for computing a Markov Chain Monte Carlo (MCMC)
simulation. The number of simulation chains is four, and the
number of tuning iteration and simulation iterations was 10,000
and 50,000, respectively.

All the considered efficacy outcomes were continuous, and for
that reason, the employed effect measure in all Bayesian NMA
models was the mean difference (MD) and estimation uncertainty
was represented by the corresponding 95% credible interval (CrI),
which is the difference between the mean change from baseline in
two or three intervention groups. Taking tolerability and AEs into
consideration, the effect measures used were odds ratio (OR) and
95% CrI for binary outcomes. As the intervention group standard
deviations (SDs) were not reported in many of the identified
trials, these data were either approximated from the reported
statistics or imputed. When no variability measures were reported,
imputation of the maximum SD from another study using the same
measurement scale was performed. When no data were available to
calculate the SD, the median SD (reported and approximated) of
the other trial intervention groups was imputed. In addition, when
studies did not report mean change, these values were calculated as
the arithmetic difference between the baseline and follow-up (17).

Convergence was assessed using standard diagnostics. All
approaches were used under the fixed-effects and random-effects
framework, and model fit was assessed by comparing the deviance
information criterion (DIC) of the fixed-effects and random-effects
models. We evaluate model convergence by examining MCMC
error, DIC, and plotting trace plot and density plot. Homogeneity
and consistency assumptions were verified using node splitting
(18). In addition, the surface under the cumulative ranking curve
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(SUCRA) was created to evaluate the ranking probabilities for
different medications on various outcomes to select the best
treatment option. Moreover, the consistency between direct and
indirect evidence was assessed by the node-splitting method; a
P-value <0.05 was deemed inconsistent.

Furthermore, we re-analyzed NEDAs as monotherapy and
combined levodopa treatment separately. As a sensitivity analysis,
we undertook repeated analyses to evaluate the robustness of the
model. Sensitivity analyses were also conducted using subgroups
according to the following factors: excluding studies that applied
imputation methods, and excluding studies with significant
differences from baseline. Publication bias was assessed through a
comparison-adjusted funnel plot.

3. Results

3.1. Baseline characteristics of the included
literature

A total of 1994 records were retrieved, of which 20 RCTs (19—
38) met the eligibility criteria and were included in the meta-
analysis (Figure 1). The study included 5,355 early PD patients.
Fifteen studies of these were NEDAs as monotherapy, and the other
five were combined with levodopa. The sample size of the studies
ranged from 60 to 561. In the 20 RCTs, 17 trials were two-arm trials
and the remaining three trials were three-arm trials, facilitating
indirect treatment comparisons between the six therapies. The
baseline demographic and clinical characteristics of the included
articles are shown in Table 1 [mean age of ~62 years and a lower
proportion (around 41%) of women than men]. The follow-up
period of our enrolled studies ranged from 9 to 96 weeks, with an
average of 27 weeks. The mean disease duration was between 0.9
and 4.3 years. Trials were generally well-balanced with respect to
patient baseline characteristics, and the Cochrane bias evaluation is
shown in Supplementary Figures 1, 2. The potential scale reduction
factors (PSRF) and trace plot and density plot indicating that the
statistical analysis has achieved good convergence.

3.2. Evidence of a network relationship

All analyses were conducted by comparing each intervention
(rotigotine transdermal patch, ropinirole IR, ropinirole PR,
pramipexole IR, pramipexole ER, piribedil), respectively. To clarify
the comparisons included in the NMA, a network plot was
generated (Figure 2). Numbers in the circles illustrate the number
of subjects. The width of the line is proportional to the total
standard errors of the studies included. The contribution plots
show the percentage of statistical contribution coming from direct
and indirect evidence for each direct comparison in the network
(Supplementary Figure 3).

3.3. Main results of the efficacy
The NMA was performed to promote result validity by merging

direct and indirect evidence. Thirteen studies were included in the
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FIGURE 1
PRISMA flow chart. The flow chart shows the detailed procedures of the study screening and exclusion process. 20 studies were included in this
network meta-analysis.

analysis of the UPDRS-II score, 13 studies for the UPDRS-III score,
and 16 studies for the UPDRS-II + III score. Corresponding results
are presented in Table 2.

The main results of the NMA showed that, using the UPDRS-
11, rotigotine transdermal patch, ropinirole IR, pramipexole IR/ER,
and piribedil demonstrated better efficacy than placebo (MD —1.62,
95% Crl —2.44 to —0.77; MD —1.52, 95% Crl —2.95 to —0.11;
MD —1.66, 95% Crl —2.29 to —1.00; MD —1.58, 95% Crl —2.46
to —0.70; MD —1.90, 95% CrI —2.95 to —0.68, respectively). There
were no statistically significant differences between ropinirole PR
and placebo in the UPDRS-IL

Compared with placebo, rotigotine transdermal patch,
ropinirole IR/PR, pramipexole IR/ER and piribedil, exhibited
increased efficacy (MD —3.39, 95% CrI —5.08 to —1.71; MD —4.77,
95% Crl —6.33 to —3.21; MD —6.26, 95% Crl —9.64 to —2.87;
MD —4.23, 95% Crl —5.42 to —2.96; MD —4.46, 95% Crl —6.33
to —2.70; MD —6.33, 95% CrI —8.61 to —3.73, respectively) in the
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UPDRS-III. The results of this analysis indicated that there were
no statistically significant differences between six NEDAs for the
UPDRS-II and UPDRS-III.

With regard to the UPDRS-II + III, improvement rate was
much higher in patients who took the six NEDAs compared to
those who took the placebo. Moreover, the improvement rate with
ropinirole IR/PR and piribedil was higher than that with rotigotine
transdermal patch (MD —2.92, 95% CrI —5.00 to —0.83; MD
—4.55, 95% Crl —8.64 to —0.48; MD —4.22, 95% Crl —7.27 to
—0.84, respectively, Figure 3).

3.4. Tolerability outcomes

Compared to placebo, pramipexole IR and ER were associated
with a higher incidence of overall withdrawals (OR 1.66, 95% CrI
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TABLE 1 The baseline characteristics of included studies in the network meta-analysis.
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References Country Comparison Sample Age Women, Duration Dosage Follow-  Patient Outcomes reported
size (years) No. (%) of PD up receiving
(years) (weeks)  other
medications
Adler et al. (20) USA, et al. (25 sites) Cvs. A 241 62.9 37.8 2.0 0.75-24.0/- 24 Levodopa, MAO-B UPDRS-II + III, withdrawals, AEs
inhibitors
Kieburtz et al. (19) USA. (20 centers) Evs. A 282 61.7 35.1 1.9 1.5-6.0/- 11 Anticholinergics, UPDRS-II + III, withdrawals, AEs
amantadine,
MAO-B inhibitors
Shannon et al. (21) USA. et al. (18 sites) Evs. A 335 62.7 394 1.8 0.375-4.5/- 24 MAO-B inhibitors UPDRS-II, UPDRS-III,
Withdrawals, AEs
Sethi et al. (22) USA. et al. (22 sites) Cvs. A 241 61.9 - 1.9 3.0-24.0/- 24 Levodopa, MAO-B UPDRS-II + III, withdrawals, AEs
inhibitors
Blindauer et al. (23) USA Bvs. A 242 61.3 36.4 1.3 4.5-18.0/- 11 Anticholinergics, UPDRS-II + III, withdrawals, AEs
amantadine,
MAO-B inhibitors
Ziegler et al. (24) France, Portugal Gvs. A 115 64.1 40.6 4.3 150/- 24 Levodopa UPDRS-II, UPDRS-III, UPDRS-IT
(31 centers) + III, withdrawals, AEs
Rascol et al. (25) Argentina, India, Gvs. A 401 62.3 39.2 2.0 150-300/- 28 - UPDRS-II, UPDRS-III, UPDRS-IT
et al. (52 centers) + 111, withdrawals, AEs
Thomas et al. (26) USA Evs.C 60 56.2 44.2 - 2.1-4.2/15.0-24.0 96 - UPDRS-III, Withdrawals
Giladi et al. (27) Israel Bvs.Cvs. A 561 61.2 42.3 1.3 2.0-8.0/0.75-24.0/- 37 Anticholinergics, UPDRS-II, UPDRS-III, UPDRS-II
amantadine, -+ III, withdrawals, AEs
MAO-B inhibitors
Jankovic e al. (28) USA, Canada. et al. Bvs. A 277 62.9 34.6 1.3 4.5-13.5/- 24 Anticholinergics, UPDRS-II, UPDRS-III, UPDRS-II
(50 sites) amantadine, + III, withdrawals, AEs
MAO-B inhibitors
Singer et al. (29) USA, Mexico, et sl. Cvs. A 410 65.1 38.0 1.3 0.75-24.0/- 40 Anticholinergics, UPDRS-II, UPDRS-II + III,
(101 centers) amantadine, withdrawals, AEs
MAO-B inhibitors
Stocchi et al. (30) Belgium, the Czech, Dvs. C 150 60.3 45.6 2.7 2.0-24.0/0.75-24.0 20 Anticholinergics, UPDRS-II, UPDRS-III, UPDRS-II
et al. (30 centers) amantadine, + III, AEs
MAO-B inhibitors
Barone et al. (31) South Africa, et al. Evs. A 296 67.0 52.7 4.0 0.125-1.0/- 12 Levodopa, UPDRS-II, UPDRS-III, UPDRS-II
(76 centers) anticholinergics, + 111, withdrawals, AEs
amantadine,
MAO-B inhibitors
Hauser et al. (32) USA, etal. (94 Fvs.Evs. A 259 62.1 44.4 1.0 0.375-4.5/0.375- 18 Anticholinergics, UPDRS-II, UPDRS-III, UPDRS-II
centers) 4.5/- amantadine, + III, withdrawals, AEs
MAO-B inhibitors

(Continued)
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TABLE 1 (Continued)

References Country Comparison Sample Age Women, Duration Dosage Follow-  Patient Outcomes reported
size (years) No. (%) of PD up receiving
(years) (weeks)  other
medications
Rascol et al. (33) France, Germany, Fvs. E 156 63.7 43.6 33 1.5-4.5/1.5-4.5 9 Levodopa, UPDRS-II, UPDRS-III, UPDRS-II
et al. (26 centers) anticholinergics, + III, withdrawals, AEs
amantadine,
MAO-B inhibitors
Kieburtz et al. (34) Rochester, New Evs. A 157 62.7 26.8 2.6 1.5-2.25/- 12 Anticholinergics, UPDRS-II + III, withdrawals, AEs
York (39 centers) amantadine,
MAO-B inhibitors
Poewe et al. (35) Argentina, Fvs.Evs. A 523 61.6 44.5 1.0 0.375-4.5/0.375- 33 Anticholinergics, UPDRS-II, UPDRS-III, UPDRS-IT
Austriam, et al. (94 4.5/- amantadine, + III, withdrawals, AEs
centers) MAO-B inhibitors
Sampaio et al. (36) Australia, Czech Evs. A 226 61.8 41.6 0.9 1.5-4.5/- 24 Anticholinergics, UPDRS-II, UPDRS-III, UPDRS-II
Republic, et al. (78 amantadine, -+ III, Withdrawals, AEs
centers) MAO-B inhibitors
Mizuno et al. (37) Japan (41 centers) Bvs. A 176 - 60.2 1.9 2.0-16.0/- 12 - UPDRS-II + III, withdrawals, AEs
Zhang et al. (38) China Bvs. A 247 59.4 39.3 1.0 2.0-8.0/- 12 Anticholinergics, UPDRS-II, UPDRS-III, UPDRS-II
amantadine, -+ III, withdrawals, AEs
MAO-B inhibitors

A, Placebo; B, Rotigotine transdermal patch; C, Ropinirole Immediate Release (IR); D, Ropinirole Prolonged Release (PR); E, Pramipexole IR; F, Pramipexole Extended Release (ER); G, Piribedil; MAO-B Inhibitors, monoamine oxidase B Inhibitors; UPDRS-II, Unified
Parkinson’s Disease Rating Scale-activities of daily living; UPDRS-III, Unified Parkinson’s Disease Rating Scale-Motor; UPDRS-II + III, Unified Parkinson’s Disease Rating Scale—motor and activities of daily living.
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FIGURE 2

AEs (>1 AEs).

The network plot of included trials. Each node represents a therapy of PD. The nodes are weighted by the number of studies; the width of the edges
is weighted by the standard errors; the solid line represents the direct comparison between the two interventions; the number between two nodes
represents the number of studies involved in the head-to-head comparison. (A) UPDRS-II, (B) UPDRS-III, (C) UPDRS-II + I, and (D) the incidences of
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1.18-2.45; OR 2.18, 95% CrI 1.35-3.70, Supplementary Table 1).
Compared with ropinirole IR, pramipexole IR/ER and piribedil
were associated with a higher incidence of overall withdrawals
(OR 2.08, 95% CrI 1.27-3.51; OR 2.73, 95% CrI 1.50-5.13; OR
2.02, 95% Crl 1.03-3.85). Compared to rotigotine transdermal
patch, pramipexole ER was associated with a higher incidence
of overall withdrawals (OR 1.96, 95% Crl 1.08-3.64). With
regard to withdrawals due to AEs, rotigotine transdermal patch,
ropinirole IR and pramipexole IR/ER were associated with a
higher incidence than placebo (OR 2.71, 95% CrI 1.45-4.97;
OR 2.50, 95% Crl 1.50-4.11; OR 2.23, 95% Crl 1.39-4.06; OR
2.71, 95% Crl 1.25-6.35). Furthermore, rotigotine transdermal
patch, ropinirole IR and pramipexole IR exhibited a lower risk of
withdrawals due to lack of efficacy compared with placebo (OR
0.36, 95% CrlI 0.15-0.86; OR 0.24, 95% CrI 0.12-0.48, OR 0.22,
95% CrI 0.08-0.53). There were fewer data for ropinirole PR, thus
we were unable to assess the incidence rate of withdrawals for
ropinirole PR.
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3.5. Safety outcomes

The assessment of safety demonstrated that all six interventions
resulted in significant increases in AEs compared with placebo
(Supplementary Table 2). Compared with placebo, pramipexole IR
and piribedil were associated with an increased risk of SAEs
(OR 2.04, 95% Crl 1.05-4.46; OR 5.37, 95% Crl 1.88-16.06).
We analyzed the incidence of nausea, somnolence, dizziness,
headache, constipation, and fatigue (Supplementary Table 3). The
results showed that rotigotine transdermal patch, ropinirole IR,
and pramipexole IR/ER were associated with a higher incidence
of nausea and somnolence than placebo. Additionally, ropinirole
IR was associated with a significantly higher risk of dizziness
and fatigue compared with placebo (OR 2.21, 95% Crl 1.34-
3.57; OR 5.52, 95% CrI 1.24-29.97). Rotigotine transdermal patch
and pramipexole IR were associated with a higher incidence of
insomnia compared with placebo (OR 2.04, 95% CrI 1.01-4.31; OR
2.06,95% Crl 1.11-3.78). Pramipexole IR/ER were associated with a
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TABLE 2 Network meta-analysis results according to UPDRS-I1I, UPDRS-IIl and UPDRS-II + Ill represented by MD and 95% Crl.

Rotigotine Ropinirole IR Ropinirole PR Pramipexole IR Pramipexole ER Piribedil

transdermal patch

UPDRS-II (13 studies, 3,685 patients)

Rank 7 4 6 3 2 5 1
SUCRA 0.013 0.564 0.513 0.565 0.594 0.534 0.717
Rotigotine transdermal patch —1.62 (—2.44, —0.77)

Ropinirole IR —1.52 (—2.95, —0.11) 0.10 (—1.56, 1.72)

Ropinirole PR —1.62 (—3.65, 0.42) 0.01 (—2.21,2.16) —0.09 (—1.55,1.37)

Pramipexole IR —1.66 (—2.29, —1.00) —0.04 (—1.08, 0.99) —0.14 (—1.69, 1.43) —0.04 (=217, 2.11)

Pramipexole ER —1.58 (—2.46, —0.70) 0.04 (—1.20,1.22) —0.06 (—1.75, 1.60) 0.04 (—2.20, 2.22) 0.08 (—0.75, 0.87)

Piribedil —1.90 (—2.95, —0.68) —0.28 (—1.57,1.18) —0.39 (—2.08, 1.55) —0.29 (—2.51,2.18) —0.25 (—1.45, 1.14) —0.33 (—1.64, 1.23)

UPDRS-I1I (16 studies, 4,219 patients)

Rank 7 6 3 2 5 4 1
SUCRA 0.001 0.262 0.590 0.832 0.437 0.518 0.861
Rotigotine transdermal patch —3.39 (—5.08, —1.71)

Ropinirole IR —4.77 (—6.33, —3.21) —1.38 (—3.68,0.92)

Ropinirole PR —6.26 (—9.64, —2.87) —2.87 (—6.64,0.93) —1.48 (—4.48, 1.53)

Pramipexole IR —4.23 (—5.42, —2.96) —0.82 (—2.87,1.25) 0.56 (—1.27,2.35) 2.03 (—1.43,5.58)

Pramipexole ER —4.46 (—6.33, —2.70) —1.07 (—3.56, 1.35) 0.31 (—2.04, 2.56) 1.79 (—1.97,5.52) —0.23(—1.97,1.39)

Piribedil —6.33 (—8.61, —3.73) —2.94 (—5.72,0.19) —1.55 (—4.26, 1.51) —0.08 (—4.11, 4.22) —2.11 (—4.68,0.71) —1.86 (—4.71, 1.34)

UPDRS-II + 1l (16 studies, 4,417 patients)

Rank 7 6 3 1 5 4 2
SUCRA 0.001 0.241 0.713 0.878 0.358 0.451 0.858
Rotigotine transdermal patch —4.27 (—5.68, —2.92)

Ropinirole IR —7.21(-9.17, —5.25) —2.92 (—5.00, —0.83)

Ropinirole PR —8.82 (—12.84, —4.89) —4.55 (—8.64, —0.48) —1.6 (—5.17, 1.86)

Pramipexole IR —4.94 (—6.24, —3.58) —0.65 (—2.48,1.27) 2.3 (—0.07, 4.64) 3.9(—0.28,8.17)

Pramipexole ER —5.34 (—7.36, —3.45) —1.07 (—3.52,1.31) 1.86 (—0.94, 4.6) 3.46 (—0.93,7.93) —0.43 (—2.28,1.35)

Piribedil —8.48 (—11.25, —5.52) —4.22 (-7.27, —0.84) —1.26 (—4.58, 2.32) 0.31 (—4.45,5.37) —3.56 (—6.55, —0.32) —3.12 (—6.44, 0.53)

Values in bold represent statistically significant results. Bold font of SUCRA value indicates the highest SUCRA value, which can be interpreted as the estimated proportion of treatments better than the treatment in question. MD, mean difference; 95% Crl, 95%
credibility interval.
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higher incidence of constipation compared with placebo (OR 3.64,
95% Crl 2.12-6.92; OR 4.42, 95% CrI 2.11-10.69). There was no
statistically significant difference in the incidence of headache in all
the investigated drugs.

3.6. Cumulative ranking probability as a
ranking scheme

To better understand the results, the SUCRA values were
calculated to assess the ranking probabilities of all medications
on the investigated outcomes (Figure4). As suggested by the
ranking probabilities (Table 2), piribedil was the most effective
medication in terms of the UPDRS-II in early PD (0.717), while
the other five interventions had similar SUCRA values. With regard
to improvement in the UPDRS-III, piribedil also ranked highest
(0.861) followed by ropinirole PR (0.832) and ropinirole IR (0.590).
With regard to the UPDRS-II + III, ropinirole PR and piribedil
performed best (0.878 and 0.858, respectively).

In terms of tolerability (Supplementary Table 1), the tolerability
of ropinirole PR could not be assessed due to a lack of data.
Pramipexole ER ranked first in overall withdrawals (0.937).
Rotigotine transdermal patch ranked first in withdrawals due
to AEs (0.681) and ranked first in withdrawals due to lack of
efficacy except for placebo (0.553). In terms of safety, patients
taking ropinirole IR/PR were more likely to suffer from AEs
(0.847 and 0.730, respectively, for >1 AE). Table 3 shows the
SUCRA values of seven AEs. With regard to nausea, somnolence,
dizziness and fatigue, ropinirole IR had the highest SUCRA
value (0.678, 0.752, 0.758, and 0.890, respectively). As for
headache and insomnia, rotigotine transdermal patch exhibited
the highest SUCRA value (0.750 and 0.658, respectively). In terms
of constipation, pramipexole ER achieved the highest SUCRA
value (0.890).

A clustered ranking plot combined with efficacy outcomes and
>1 AE was also generated and the NMA results are presented
visually in Figure 5.

3.7. As monotherapy and as an adjunct

treatment to levodopa

We analyzed separately NEDAs as monotherapy and
as an adjunct to levodopa for the treatment of early PD
(Supplementary Table 4). We found that piribedil performed
better as monotherapy, ranking first in the improvement of
UPDRS-II, III, and II + III outcomes (0.922, 0.960, and 0.941,
separately). These outcomes were largely consistent with results
of our overall analysis. In contrast, pramipexole ER performed
better than other NEDAs when used as an adjunct to levodopa,
ranking first in UPDRS-II and II + III (0.738, 0.702) and second in
UPDRS-III (0.606). Ropinirole IR was more effective as an adjunct
to levodopa for early PD motor symptoms, with a statistically
significant difference compared to placebo, and ranked first for
improvement in UPDRS-III (0.827). For tolerability and safety
analyses, the results for monotherapy or as an adjunct to levodopa
were approximately the same as those of the primary analysis.

Frontiersin Neurology

10.3389/fneur.2023.1183823

3.8. Assessment of heterogeneity,
inconsistency and funnel plots

In the node-splitting plot (Supplementary Figure 4), the
P-values were higher than 0.05, which indicated a relatively
satisfactory consistency between direct and indirect evidence.
The net heat plot suggested the source of inconsistency
(Supplementary Figure 5).

The sensitivity analyses were almost consistent with the results
of the main analysis. In the study by Thomas et al. (26) the
treatment period was 96 weeks. When this study was excluded, the
results were consistent with the results for all studies combined.
Furthermore, when the analyses were limited to blinded studies, the
results were unchanged.

The comparison-adjusted funnel plots did not reveal evidence
of asymmetry (Supplementary Figure 6). The results of Begg and
Egger’s indicated no significant evidence of publication bias.

4. Discussion

To our knowledge, there is no strong evidence that a given
active NEDA is more potent than another. This Bayesian NMA of
RCTs evaluated the efficacy, tolerability, and safety of six commonly
used long-acting and standard NEDAs, respectively, in early PD
and provided evidence for clinicians to manage early PD patients.

In terms of efficacy, the six NEDAs resulted in a significant
reduction in the UPDRS-II (except ropinirole PR), III, and II +
III scores compared with placebo. More importantly, the aim of
the current NMA was to quantitatively compare the six NEDAs,
and sort comparisons according to various indices to choose the
best treatment plan for early PD. The SUCRA values showed that
piribedil was the best of the above drugs in managing symptoms
of early PD, and ranked first in the UPDRS-II and UPDRS-III,
and ranked second only to ropinirole PR in the UPDRS-II + III.
Although a previous NMA (10) did not differentiate between long-
acting and standard NEDAs, the results showed that piribedil was
associated with a better ranking than rotigotine transdermal patch,
pramipexole and ropinirole in terms of the UPDRS-II and UPDRS-
III, which were consistent with the current results. Another
NMA (9) found that there was no significant difference between
pramipexole and piribedil in the UPDRS II/III scores in early PD,
but it did not provide SUCRA values for comparison. Three NMAs
(8,11, 12) also proposed that pramipexole and ropinirole exhibited
similar efficacy in PD; however, piribedil was not included. In
addition, the current NMA showed that there was no significant
difference between ropinirole PR and placebo in terms of the
UPDRS II. Previous NMA (12) also showed that ropinirole did
not improve the UPDRS II compared with placebo in early PD.
Although other NMAs (8, 10-12) and meta-analyses (39) showed
that ropinirole was associated with a significant improvement in
the UPDRS-II compared with placebo, early PD and advanced PD
were not analyzed separately, and ropinirole PR and ropinirole IR
were not analyzed separately. Therefore, more research is needed to
confirm the efficacy of ropinirole PR in early PD.

Furthermore, we analyzed separately NEDAs as monotherapy
and as adjunct therapy with levodopa. We found that piribedil
was more effective as monotherapy than other NEDAs in terms
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TABLE 3 SUCRA of seven adverse events.

Treatment Nausea Somnolence Dizziness Headache Fatigue Insomnia  Constipation
(19.8%) (16.8%) (11.9%) (9.1%) (7.7%) (7.3%) (7.2%)
Placebo 0.015 0.053 0.058 0.448 0.139 0.062 0.098
Rotigotine transdermal patch 0.629 0.488 0.469 0.750 0.691 0.658 0.282
Ropinirole IR 0.678 0.752 0.758 0.468 0.890 0.425 0.411
Ropinirole PR 0.610 0.547 0.704 0.520 0.579 - 0.456
Pramipexole IR 0.461 0561 0.448 0.450 0.310 0.660 0.790
Pramipexole ER 0.467 0.656 0.494 0.368 0.391 - 0.890
Piribedil 0.639 0.447 0.569 - - 0.695 0.576

Bold font indicates the highest SUCRA value, which can be interpreted as the estimated proportion of treatments worse than the treatment in question. The pooled incidence of AEs is indicated
in parentheses.
SUCRA, surface under the cumulative ranking curves.

of efficacy, ranking first in improving UPDRS-IL, III, and IT 4 III.  as adjunct therapy with levodopa. However, there were relatively
These results were broadly similar to those of the primary analysis. ~ few studies as adjunct therapy with levodopa in early PD. Most
Pramipexole ER and ropinirole IR appeared to be more effective  differences were not statistically significant, and SUCRAs are close.
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The clustered ranking plot of the network. Each plot shows MD
(95%Crl) and OR (95%Crl) for two outcomes. Treatments lying in the
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There are interventions, such as rotigotine transdermal patch and
ropinirole ER, that have not been analyzed as adjunct therapy with
levodopa because of the lack of RCT studies. Therefore, the results
need to be interpreted with more caution.

Pramipexole ER was associated with a higher risk of overall
withdrawals and the incidence of withdrawals due to AEs was
only lower than rotigotine transdermal patch. Therefore, the high
incidence of withdrawals may have caused the incidence of AEs due
to pramipexole ER to be underestimated. Rotigotine transdermal
patch was associated with a higher risk of withdrawal due to
AEs than the other NEDAs. These results were similar to a
previous meta-analysis of rotigotine transdermal patch in early
PD (40).

In terms of safety, all six NEDAs showed similar AEs in early
PD, and both nausea and somnolence were the most common
AEs. Ropinirole IR/PR were associated with a higher risk of AEs
than the other NEDAs. Furthermore, ropinirole IR demonstrated a
significantly higher incidence of nausea, somnolence and dizziness.
A previous study (41) showed similar findings to those in the
present study. Although the previous study showed that piribedil
was associated with a higher incidence of AEs, piribedil exhibited
a lower incidence of AEs in patients with early PD in the present
study. This discrepancy may be related to the fact that we only
analyzed early PD patients. The above-mentioned previous study
analyzed early and advanced PD patients together and significant
heterogeneity was observed. Rotigotine transdermal patch was
more likely to cause headache and insomnia, as well as application
site reactions, such as erythema and pruritus. Pramipexole IR/ER
were more likely to cause insomnia.

Previous, we have performed a NMA to suggest ropinirole
PR may be a better choice than other NEDAs as an adjunct to
levodopa in advanced PD. Ropinirole is high efficacy agonists at
D, and D3 receptors, relevant to its neuroprotective properties.
It has consistently been shown to reduce the risk of dyskinesia
while controlling motor symptoms (4). Pulsatile stimulation
of post-synaptic striatal dopamine receptors may be associated
with motor complications. However, ropinirole PR, as a long-
acting formulation, is provide continuous dopamine stimulation,
which may improve dyskinesia of advanced PD (42). Therefore,
Ropinirole PR may more suitable as an adjunct to levodopa
for advanced PD. Piribedil is a unique profile of mixed
D,/D3 receptor partial agonist and a-adrenoceptor antagonist
properties. a2-adrenoceptor antagonism reinforces adrenergic,
dopaminergic and cholinergic transmission to favorably influence
motor function of dopaminergic neurons (43). And piribedil has
a relatively short plasma half-life. Therefore, piribedil is beneficial
in controlling symptoms of early PD in the relative absence of
motor complications.

As with any NMA, some limitations should be mentioned to
appropriately interpret the results of the present study. Firstly, the
number of RCTs on some of the NEDAs was small, especially
ropinirole PR and piribedil. Of the 20 RCTs included in this
study, only one RCT evaluated ropinirole PR and two RCTs
evaluated piribedil. Secondly, the RCTs included involved different
trial designs. Of the studies included, five studies (27, 30, 32,
33, 35) were designed to show the noninferiority between the
two formulations. No claims of superiority of one agent over
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another can be made based on the noninferiority study design of
these studies (44). Therefore, further studies are also needed to
confirm our findings. Finally, we only analyzed six commonly used
NEDAs and subcutaneous apomorphine was not included in the
present study.

5. Conclusions

The results of present NMA showed the six NEDAs were
effective in early PD (except ropinirole PR in UPDRS-II).
Compared with rotigotine transdermal patch, pramipexole IR/ER
and ropinirole IR/PR, piribedil exhibited a better efficacy, especially
as monotherapy. And ropinirole IR exhibited a higher incidence of
AEs than other NEDAs. Importantly, our research may facilitate
head-to-head research and larger sample sizes RCT to confirm the
findings of this meta-analysis.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Author contributions

X-TC, QZ, and C-QZ participated in the study concept
and design and prepared the manuscript. X-TC, QZ, F-FC, and
S-YW participated in the acquisition, statistical analysis, and
interpretation of the results. X-TC and C-QZ revised the draft paper

References

1. McGregor MM, Nelson AB. Circuit mechanisms of Parkinson’s disease. Neuron.
(2019) 101:1042-56. doi: 10.1016/j.neuron.2019.03.004

2. Lau LMD, Breteler MM. Epidemiology of Parkinson’s disease. Lancet Neurol.
(2006) 5:525-35. doi: 10.1016/S1474-4422(06)70471-9

3. Delenclos M, Jones DR, McLean PJ, Uitti R]. Biomarkers in Parkinson’s
disease: advances and strategies. Parkinsonism Relat Disord. (2016) 22:5106-
10. doi: 10.1016/j.parkreldis.2015.09.048

4. Fox SH, Katzenschlager R, Lim S-Y, Barton B, de Bie RMA, Seppi K, et al.
International Parkinson and movement disorder society evidence-based medicine
review: update on treatments for the motor symptoms of Parkinson’s disease. Mov
Disord. (2018) 33:1248-66. doi: 10.1002/mds.27372

5. Tran T, Brophy JM, Suissa S, Renoux C. Risks of cardiac valve regurgitation and
heart failure associated with ergot- and non-ergot-derived dopamine agonist use in
patients with Parkinson’s disease: a systematic review of observational studies. CNS
Drugs. (2015) 29:985-98. doi: 10.1007/s40263-015-0293-4

6. Cabreira V, Soares-da-Silva P, Massano J. Contemporary options for the
management of motor complications in Parkinson’s disease: updated clinical review.
Drugs. (2019) 79:593-608. doi: 10.1007/540265-019-01098-w

7. Rizos A, Sauerbier A, Falup-Pecurariu C, Odin P, Antonini A, Martinez-Martin P,
et al. Tolerability of non-ergot oral and transdermal dopamine agonists in younger and
older Parkinson’s disease patients: an European multicentre survey. ] Neural Transm.
(2020) 127:875-9. doi: 10.1007/s00702-020-02168-0

8. Zhuo C, Zhu X, Jiang R, Ji E Su Z, Xue R, et al. Comparison for efficacy
and tolerability among ten drugs for treatment of Parkinson’s disease: a network
meta-analysis. Sci Rep. (2017) 8:45865. doi: 10.1038/srep45865

9. Chen X, Ren C, Li J, Wang S, Dron L, Harari O, et al. The efficacy and safety
of piribedil relative to pramipexole for the treatment of early Parkinson disease: a

Frontiersin Neurology

10.3389/fneur.2023.1183823

for content. All authors contributed to the article and approved the
submitted version.

Acknowledgments

We acknowledge the contributions of each author and the
helpful comments on this article received from our reviewers.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.2023.
1183823/full#supplementary-material

systematic literature review and network meta-analysis. Clin Neuropharmacol. (2020)
43:100-6. doi: 10.1097/WNF.0000000000000400

10. Li B-D, Cui J-J, Song J, Qi C, Ma P-FE, Wang Y-R, et al. Comparison of
the efficacy of different drugs on non-motor symptoms of Parkinson’s disease: a
network meta-analysis. Cell Physiol Biochem. (2018) 45:119-30. doi: 10.1159/0004
86252

11. Binde CD, Tvete IF, Gasemyr JI, Natvig B, Klemp M. Comparative effectiveness
of dopamine agonists and monoamine oxidase type-B inhibitors for Parkinson’s
disease: a multiple treatment comparison meta-analysis. Eur ] Clin Pharmacol. (2020)
76:1731-43. doi: 10.1007/500228-020-02961-6

12. Thorlund K, Wu P, Druyts E, Eapen S, Mills EJ. Nonergot dopamine-receptor
agonists for treating Parkinson’s disease - a network meta-analysis. Neuropsychiatr Dis
Treat. (2014) 10:767-76. doi: 10.2147/NDT.S60061

13. Chen X-T, Zhang Q, Wen S-Y, Chen F-E Zhou C-Q. Efficacy and safety
of non-ergot dopamine-receptor agonists as an adjunct to levodopa in advanced
Parkinson’s disease: a network meta-analysis. Eur ] Neurol. (2022) 30:762-
73. doi: 10.1111/ene.15635

14. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

15. Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al.
RoB 2: a revised tool for assessing risk of bias in randomised trials. BM]J. (2019)
366:14898. doi: 10.1136/bmj.14898

16. Dias S, Sutton AJ, Ades AE, Welton NJ. Evidence synthesis for decision
making 2: a generalized linear modeling framework for pairwise and network
meta-analysis of randomized controlled trials. Med Decis Making. (2013) 33:607-
17. doi: 10.1177/0272989X12458724

frontiersin.org


https://doi.org/10.3389/fneur.2023.1183823
https://www.frontiersin.org/articles/10.3389/fneur.2023.1183823/full#supplementary-material
https://doi.org/10.1016/j.neuron.2019.03.004
https://doi.org/10.1016/S1474-4422(06)70471-9
https://doi.org/10.1016/j.parkreldis.2015.09.048
https://doi.org/10.1002/mds.27372
https://doi.org/10.1007/s40263-015-0293-4
https://doi.org/10.1007/s40265-019-01098-w
https://doi.org/10.1007/s00702-020-02168-0
https://doi.org/10.1038/srep45865
https://doi.org/10.1097/WNF.0000000000000400
https://doi.org/10.1159/000486252
https://doi.org/10.1007/s00228-020-02961-6
https://doi.org/10.2147/NDT.S60061
https://doi.org/10.1111/ene.15635
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1177/0272989X12458724
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Chen et al.

17. Abrams KR, Gillies CL, Lambert PC. Meta-analysis of heterogeneously
reported trials assessing change from baseline. Stat Med. (2005) 24:3823-
44. doi: 10.1002/sim.2423

18. Dias S, Sutton AJ, Welton NJ, Ades AE. Evidence synthesis for decision making
3: heterogeneity—subgroups, meta-regression, bias, and bias—adjustment. Med Decis
Making. (2013) 33:618-40. doi: 10.1177/0272989X13485157

19. Kieburtz K, Shoulson I, McDermott M, Fahn S, Lang A, Olanow W, et al. Safety
and efficacy of pramipexole in early Parkinson disease. A randomized dose-ranging
study. JAMA. (1997) 278:125-30. doi: 10.1001/jama.278.2.125

20. Adler CH, Sethi KD, Hauser RA, Davis TL, Hammerstad JP, Bertoni J, et al.
Ropinirole for the treatment of early Parkinson’s disease. The Ropinirole Study Group.
Neurology. (1997) 49:393-9. doi: 10.1212/WNL.49.2.393

21. Shannon KM, Bennett JP Jr., Friedman JH. Efficacy of pramipexole, a novel
dopamine agonist, as monotherapy in mild to moderate Parkinson’s disease. The
Pramipexole Study Group. Neurology. (1997) 49:724-8. doi: 10.1212/WNL.49.3.724

22. Sethi KD, O’Brien CF  Hammerstad JP, Adler CH, Davis TL,
Taylor RL, et al. Ropinirole for the treatment of early Parkinson disease:
a 12-month experience. Ropinirole Study Group. Arch Neurol. (1998)
55:1211-6. doi: 10.1001/archneur.55.9.1211

23. Blindauer K, Shoulson I, Kieburtz K, McDermott M, Gardiner I, Kamp C, et al.
A controlled trial of rotigotine monotherapy in early Parkinson’s disease. Arch Neurol.
(2003) 60:1721-8. doi: 10.1001/archneur.60.12.1721

24. Ziegler M, Castro-Caldas A, Signore SD, Rascol O. Efficacy of piribedil
as early combination to levodopa in patients with stable Parkinson’s disease:
a 6-month, randomized, placebo-controlled study. Mov Disord. (2003) 18:418-
25. doi: 10.1002/mds.10359

25. Rascol O, Dubois B, Caldas AC, Senn S, Signore SD, Lees A, et al. Early piribedil
monotherapy of Parkinson’s disease: a planned seven-month report of the REGAIN
study. Mov Disord. (2006) 21:2110-5. doi: 10.1002/mds.21122

26. Thomas A, Bonanni L, Di Iorio A, Varanese S, Anzellotti F, D’Andreagiovanni
A, et al. End-of-dose deterioration in non ergolinic dopamine agonist monotherapy
of Parkinson’s disease. J Neurol. (2006) 253:1633-9. doi: 10.1007/s00415-006-
0320-z

27. Giladi N, Boroojerdi B, Korczyn AD, Burn DJ, Clarke CE, Schapira AHV, et al.
Rotigotine transdermal patch in early Parkinson’s disease: a randomized, double-
blind, controlled study versus placebo and ropinirole. Mov Disord. (2007) 22:2398-
404. doi: 10.1002/mds.21741

28. Jankovic ], Watts RL, Martin W, Boroojerdi B. Transdermal rotigotine: double-
blind, placebo-controlled trial in Parkinson disease. Arch Neurol. (2007) 64:676-
82. doi: 10.1001/archneur.64.5.676

29. Singer C, Lamb J, Ellis A, Layton G, Sumanirole for Early Parkinson’s Disease
Study Group. A comparison of sumanirole versus placebo or ropinirole for the
treatment of patients with early Parkinson’s disease. Mov Disord. (2007) 22:476-
82. doi: 10.1002/mds.21361

30. Stocchi F, Hersh BP, Scott BL, Nausieda PA, Giorgi L, Investigators E-PMS.
Ropinirole 24-hour prolonged release and ropinirole immediate release in early
Parkinson’s disease: a randomized, double-blind, non-inferiority crossover study. Curr
Med Res Opin. (2008) 24:2883-95. doi: 10.1185/03007990802387130

Frontiersin Neurology

14

10.3389/fneur.2023.1183823

31. Barone P, Poewe W, Albrecht S, Debieuvre C, Massey D, Rascol O, et al.
Pramipexole for the treatment of depressive symptoms in patients with Parkinson’s
disease: a randomised, double-blind, placebo-controlled trial. Lancet Neurol. (2010)
9:573-80. doi: 10.1016/S1474-4422(10)70106-X

32. Hauser RA, Schapira AH, Rascol O, Barone P, Mizuno Y, Salin L,
et al. Randomized, double-blind, multicenter evaluation of pramipexole extended
release once daily in early Parkinson’s disease. Mov Disord. (2010) 25:2542-
9. doi: 10.1002/mds.23317

33. Rascol O, Barone P, Hauser RA, Mizuno Y, Poewe W, Schapira AH, et al.
Efficacy, safety, and tolerability of overnight switching from immediate- to once
daily extended-release pramipexole in early Parkinson’s disease. Mov Disord. (2010)
25:2326-32. doi: 10.1002/mds.23262

34. Kieburtz K. Twice-daily, low-dose pramipexole
disease: a randomized, placebo-controlled  trial.
26:37-44. doi: 10.1002/mds.23396

35. Poewe W, Rascol O, Barone P, Hauser RA, Mizuno Y, Haaksma M, et al.
Extended-release pramipexole in early Parkinson disease: a 33-week randomized
controlled trial. Neurology. (2011) 77:759-66. doi: 10.1212/WNL.0b013e31822aftb0

36. Sampaio C, Bronzova J, Hauser RA, Lang AE, Rascol O, van de Witte SV,
et al. Pardoprunox in early Parkinson’s disease: results from 2 large, randomized
double-blind trials. Mov Disord. (2011) 26:1464-76. doi: 10.1002/mds.23590

37. Mizuno Y, Nomoto M, Kondo T, Hasegawa K, Murata M, Takeuchi M, et al.
Transdermal rotigotine in early stage Parkinson’s disease: a randomized, double-blind,
placebo-controlled trial. Mov Disord. (2013) 28:1447-50. doi: 10.1002/mds.25537

38. Zhang ZX, Shang HE, Hu X, Chen S, Zhao Z, Du X, et al. Rotigotine transdermal
patch in Chinese patients with early Parkinson’s disease: a randomized, double-
blind, placebo-controlled pivotal study. Parkinsonism Relat Disord. (2016) 28:49-
55. doi: 10.1016/j.parkreldis.2016.04.022

in
Mov

early Parkinson’s
Disord.  (2011)

39. Zhu ], Chen M. The effect and safety of ropinirole in the treatment
of Parkinson disease: a systematic review and meta-analysis. Medicine. (2021)
100:€27653. doi: 10.1097/MD.0000000000027653

40. Chen E Jin L, Nie Z. Safety and efficacy of rotigotine for treating Parkinson’s
disease: a meta-analysis of randomised controlled trials. ] Pharm Pharm Sci. (2017)
20:285-94. doi: 10.18433/J3Q35D

41. Li B-D, Bi Z-Y, Liu J-E Si W-J, Shi Q-Q, Xue L-P, et al. Adverse effects produced
by different drugs used in the treatment of Parkinson’s disease: a mixed treatment
comparison. CNS Neurosci Ther. (2017) 23:827-42. doi: 10.1111/cns.12727

42. Olanow CW, Calabresi P, Obeso JA. Continuous dopaminergic stimulation as a
treatment for Parkinson’s disease: current status and future opportunities. Mov Disord.
(2020) 35:1731-44. doi: 10.1002/mds.28215

43. Millan M]J. From the cell to the clinic: a comparative review
of the partial D,/D3receptor agonist and «a2-adrenoceptor antagonist,
piribedil, in the treatment of Parkinson’s disease. Pharmacol Ther. (2010)
128:229-73. doi: 10.1016/j.pharmthera.2010.06.002

44. Zhou CQ, Lou JH, Zhang YP, Zhong L, Chen YL, Lu FJ, et al. Long-
acting versus standard non-ergot dopamine agonists in Parkinson’s disease: a
meta-analysis of randomized controlled trials. CNS Neurosci Ther. (2014) 20:368-
76. doi: 10.1111/cns.12239

frontiersin.org


https://doi.org/10.3389/fneur.2023.1183823
https://doi.org/10.1002/sim.2423
https://doi.org/10.1177/0272989X13485157
https://doi.org/10.1001/jama.278.2.125
https://doi.org/10.1212/WNL.49.2.393
https://doi.org/10.1212/WNL.49.3.724
https://doi.org/10.1001/archneur.55.9.1211
https://doi.org/10.1001/archneur.60.12.1721
https://doi.org/10.1002/mds.10359
https://doi.org/10.1002/mds.21122
https://doi.org/10.1007/s00415-006-0320-z
https://doi.org/10.1002/mds.21741
https://doi.org/10.1001/archneur.64.5.676
https://doi.org/10.1002/mds.21361
https://doi.org/10.1185/03007990802387130
https://doi.org/10.1016/S1474-4422(10)70106-X
https://doi.org/10.1002/mds.23317
https://doi.org/10.1002/mds.23262
https://doi.org/10.1002/mds.23396
https://doi.org/10.1212/WNL.0b013e31822affb0
https://doi.org/10.1002/mds.23590
https://doi.org/10.1002/mds.25537
https://doi.org/10.1016/j.parkreldis.2016.04.022
https://doi.org/10.1097/MD.0000000000027653
https://doi.org/10.18433/J3Q35D
https://doi.org/10.1111/cns.12727
https://doi.org/10.1002/mds.28215
https://doi.org/10.1016/j.pharmthera.2010.06.002
https://doi.org/10.1111/cns.12239
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Comparative efficacy and safety of six non-ergot dopamine-receptor agonists in early Parkinson's disease: a systematic review and network meta-analysis
	1. Introduction
	2. Methods
	2.1. Search strategy
	2.2. Study selection
	2.2.1. Inclusion criteria
	2.2.2. Exclusion criteria

	2.3. Data extraction
	2.4. Risk of bias assessment
	2.5. Statistical analysis

	3. Results
	3.1. Baseline characteristics of the included literature
	3.2. Evidence of a network relationship
	3.3. Main results of the efficacy
	3.4. Tolerability outcomes
	3.5. Safety outcomes
	3.6. Cumulative ranking probability as a ranking scheme
	3.7. As monotherapy and as an adjunct treatment to levodopa
	3.8. Assessment of heterogeneity, inconsistency and funnel plots

	4. Discussion
	5. Conclusions
	Data availability statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


