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Background. Rasagiline or pramipexole monotherapy has been suggested for the management of early Parkinson’s disease (PD).
Te aim of this research was to systematically review the clinical efcacy and safety of rasagiline or pramipexole in early PD
(defned as disease duration ≤5 years and Hoehn and Yahr stage of ≤3). Methods. Randomized controlled trials (RCTs) of
rasagiline or pramipexole for early PD published up to September 2021 were retrieved. Outcomes of interest included changes in
the Unifed Parkinson’s Disease Rating Scale (UPDRS) Parts II and III and the incidence of adverse events. Standardized mean
diference (SMD), odds ratio (OR), and 95% confdence interval (CI) were calculated, and heterogeneity was measured with the I2

test. Results. Nine rasagiline and eleven pramipexole RCTs were included. One post hoc analysis of one rasagiline study was
included. Five studies for each drug were included in meta-analyses of the UPDRS scores. Te rasagiline meta-analysis focused on
patients receiving 1mg/day. Rasagiline and pramipexole signifcantly improved UPDRS Part II and III scores when compared to
placebo. Signifcant heterogeneity among the studies was present (I2> 70%). Neither rasagiline nor pramipexole increased the
relative risk for any adverse events, serious adverse events, or adverse events leading to withdrawal when compared with placebo.
Conclusion. Applying a Grading of Recommendations, Assessment, Development, and Evaluations (GRADE) approach to
summarize the evidence, we found moderate confdence in the body of evidence for the efcacy of rasagiline or pramipexole in
early PD, suggesting further well-designed, multicenter comparative RCTs remain needed.

1. Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative
disorder characterized clinically by bradykinesia, tremor,
rigidity, and postural instability and histologically by neu-
ronal inclusions composed of α-synuclein. Nonmotor
symptoms including olfactory dysfunction, rapid eye
movement, sleep behavior disorder, mood disorders, and
autonomic dysfunction often precede the appearance of
motor symptoms by several months or years [1, 2]. Tese
motor and nonmotor symptoms can adversely afect

a patient’s quality of life [3]. Te incidence of PD is rising
and increases with age [4, 5].

Early management of PD could prolong the ability of
a patient to stay in working life and improve their overall
quality of life [6, 7]. Levodopa is widely considered one of the
most efective treatments for PD, but its use is often delayed
because of drug-induced dyskinesias and wearing-of and
on-of fuctuations [8, 9]. Alternatives to levodopa in early
pharmacologic treatment of PD are dopamine agonists and
monoamine oxidase B (MAO-B) inhibitors [10, 11]. A meta-
analysis by Chang and coworkers (2017) [12] showed the
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irreversible inhibitor of MAO-B inhibitor rasagiline to have
benefts both as a monotherapy and in combination with
another intervention. Te safety profle of rasagiline was
similar to that of placebo in a systematic review of its use in
PD patients [13]. Pramipexole, a nonergoline, D3-preferring
dopamine agonist, is another treatment option for the
management of motor symptoms associated with PD [14]. A
recent systematic review showed that combined prami-
pexole and levodopa therapy was superior to levodopa
monotherapy for the improvement of clinical symptoms in
PD patients [15].

Prior systematic reviews evaluating the efcacy and
safety of either rasagiline or pramipexole have evaluated
patient populations at all stages of the disease. Te goal of
this study was to focus on the safety and efcacy of these
drugs in early PD. Defning early PD in our review was based
on the duration of PD in afected patients (fve years or less)
as well as the presence of mild to moderate symptoms based
on the Hoehn and Yahr scale. Te Hoehn and Yahr scale is
commonly used in clinical studies to stage the level of
functional disability and impairment seen in PD
patients [16].

2. Review Question

We performed a systematic review of the literature to ad-
dress the following two questions: (a) Are either prami-
pexole or rasagiline efective in the treatment of early PD;
and (b) are either drug associated with adverse events when
used for the treatment of early PD?

3. Materials and Methods

Te protocol for this systematic review was registered on
PROSPERO (ID: CRD42021223686). Tis systematic review
did not involve human nor animal data collection. Tere-
fore, ethical approval was not required. Te data extraction
and drafting are done as part of master’s thesis (PS) [17].

3.1. InclusionCriteria. Te inclusion criteria were developed
using a PICO (problem/population, intervention, compar-
ison, and outcome) framework. Te exclusion criteria
mirrored the inclusion criteria.

Population: patients with early PD which for the pur-
poses of this study was defned by a short (≤5 years) duration
of the disease and a Hoehn and Yahr stage of ≤3. If a study
included early and advanced PD patients, then the study was
included if there were subanalysis of the patients in the early
PD group.

Intervention: All studies that compared either rasagiline
or pramipexole to another drug treatment such as placebo or
levodopa in patients with early PD were included. Addi-
tional PD medication was allowed providing that the doses
of the drugs were stable at least for four weeks before the
initiation of the study.

Outcome: Te unifed Parkinson’s disease rating scale
(UPDRS) total scores at the end of the study or end of study
score change from the baseline were extracted from the

studies. End of study scores from individual subscales of the
UPDRS scale, the UPDRS Part II scores (Motor Aspects of
Experiences of Daily Living (M-EDL) or Activities of Daily
Living (ADL)), and the UPDRS Part III scores (Motor
Examination) were also extracted from the study. Adverse
events that appeared in the study population were analyzed
by frequency and severity. Adverse events were classifed
further depending on whether they were related to drug
usage, whether they could be classifed as severe or serious
adverse events, and whether they led to withdrawal of
a subject from the study. Severe adverse events were defned
as incapacitating or causing inability to work or undertake
usual activities, and serious adverse events were classifed as
life-threatening events which could lead to hospitalization or
death or cause prolonged or permanent injury to the patient.

Additional inclusion criteria included the following: (a)
only randomized controlled trials were included; (b) study
publications had to be in English; and (c) only peer-reviewed
studies were included.

3.2. Search Strategy. Search strategies were created for
PubMed, Cochrane Library, Scopus, Web of Science, Psy-
cINFO, CINAHL, andMedic. All the databases were initially
searched in November 2020. Te literature search was re-
peated in September 2021 before the risk of bias analysis and
data extraction phase to identify studies that were published
during the screening phase. Te literature search and the
search strategy were created and conducted in collaboration
with an information specialist (HL). Te search strategy
consisted of variations of “early Parkinson’s disease,”
“pramipexole,” “rasagiline,” “UPDRS”, and “adverse events.”
Tere was language restriction to English and no restriction
to time span. Te full search strategies for every database are
provided in Supplemental Table 1.

3.3. Study Selection. Screening, quality assessment, and data
extraction were done in Covidence (www.covidence.org).
Two reviewers (PS and SB) independently used inclusion
criteria to screen titles and abstracts of all the studies that
were acquired from the literature search. In case of dis-
agreement, a third reviewer (DCD) resolved the confict.
After title and abstract screening, all included studies went
through full-text screening by two independent reviewers
(PS and SB). A third reviewer (DCD) resolved all conficts.
See Figure 1 for the PRISMA fowchart. A list of excluded
studies in the full-text screening stage, with the reason for
exclusion, is provided in Supplemental Table 2.

3.4. Data Extraction. One individual (PS) extracted all
relevant data from the included studies [17]. General in-
formation (frst author’s name and year), study design, study
population characteristics (population size, age, gender,
duration of Parkinson’s disease, and Hoehn and Yahr stage),
study interventions (drug and dosage), duration of the study,
endpoint UPDRS total score and UPDRS Part II and III
subscores, adverse events, any discontinuation, and whether
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other PD medications were used during the study were
extracted from the studies. A second individual (DCD)
double-checked the extracted data. Conficts were resolved
by discussion or by a third reviewer when needed.

3.5. Quality Assessment. Te methodological quality of each
included study was assessed using the Cochrane Collabo-
ration’s tool for assessing the risk of bias in randomized trials
[18]. Tis risk of bias tool includes six domains: selection
bias, performance bias, detection bias, attrition bias,
reporting bias, and other bias. Two authors (PS and SB)
independently reviewed all included studies and assigned
a value of “high,” “low”, or “unclear” risk of bias to the
categories listed above. One reviewer (PS) resolved the
conficts, and another reviewer (DCD) was consulted in case
of more complicated conficts. All decisions were logged
using Covidence (https://www.covidence.org/).

Assessment of the quality, quantity, and consistency of
evidence across studies was also assessed using the
Grading of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) approach [19]. Ran-
domized controlled trials were initially ascribed an initial
confdence rating consistent with high-quality evidence
(initial score � 4). Several factors were then considered to
determine whether this initial rating should be either
downgraded or upgraded. Factors that could downgrade
the rating included quality, indirectness, inconsistency,
and imprecision. Factors that could upgrade the rating
included the large magnitude of the efect, dose response,
and accounting for plausible confounders. To obtain the
fnal GRADE score for a given outcome, points were
deducted from the initial score based on criteria related to

the following four categories: quality, directness, con-
sistency, and precision. After a fnal confdence rating was
determined, the rating is translated into a level of evidence
using the following scheme: fnal score ≤1: very low; 2:
low; 3: moderate; and ≥4: high. Evidence profles and
summary-of-fndings tables were created using
a customized form.

3.6. Method of Analysis. UPDRS score changes were stan-
dardized to a single common measurement which was the
mean UPDRS score change from the beginning of the study
till the end of the study in our analysis. Combining the scores
from each of the studies and comparing the score to the
comparator intervention provides a standardized mean
diference (SMD). MedCalc version 20.011 was used for
statistical analysis. Forest plot analyses were used to evaluate
interstudy heterogeneity for main study outcomes. A
random-efect, Mantel–Haenszel model (95% CI) was used
to determine efect sizes between studies. Statistical het-
erogeneity was assessed using I2 statistics: statistically sig-
nifcant I2 values of >75% represented considerable
heterogeneity, I2 values <40% were deemed unimportant,
while intermediate values represented moderate heteroge-
neity [20]. Heterogeneity was defned in our analysis as
diferences between study characteristics including pop-
ulation, study length, and other PD medications that were
permitted. Random-efect models were preferred over fxed-
efect models due to the evidence of high heterogeneity in
some analyses. All meta-analyses considered published
studies that evaluated main outcomes (change in total
UPDRS score, UPDRS Part II score, and UPDRS Part III
score).
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Figure 1: PRISMA fowchart for the literature search process. One included study had both rasagiline and pramipexole as interventions.
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 . Results

4.1. Description of the Included Rasagiline Studies. Te key
characteristics of the nine rasagiline studies are reported in
Table 1. One study [21] compared pramipexole and rasa-
giline as interventions and is included in this portion of the
analysis. One post hoc analysis of a randomized controlled
trial [22] met the inclusion criteria and was included in the
systematic review. Tere were a total of 2121 patients in the
studies, and 1059 patients were on rasagiline: 738 patients
had a dose of 1mg/day, 307 had a dose of 2mg/day, and 14
had a dose of 4mg/day. Te mean age of study populations
ranged from 59.3 to 70.2 years. Te mean duration of PD
ranged from 2.5months to 4.8 years. Te proportion of the
study population who were males in the intervention groups
ranged from 42.9 to 76.9%. Tere were four studies where
other PD medications were either discontinued before the
study or patients were PD-drug naı̈ve [21, 23–25].Te rest of
the studies allowed other PD medications with stable dosage
for more than 4weeks before the start of the study [26–29].
Rescue LD was accepted in one rasagiline study if PD
symptoms worsened, and the current therapy did not relieve
the symptoms [28]. Hoehn and Yahr stage was ≤3 in every
study. Te overall discontinuation rates were 7.3% and
10.7% in the rasagiline and placebo groups, respectively. One
study reported seven discontinued patients without in-
dicating which intervention the patients were using [27].

4.2. Description of the Included Pramipexole Studies. Key
characteristics of the 11 pramipexole studies are reported in
Table 2.Tere were a total of 2848 patients in the studies and
1737 patients were on pramipexole. Te mean age of study
populations ranged from 56.2 to 67.0 years. Te mean du-
ration of PD in individual studies ranged from 2.5months to
4.5 years. Te proportion of study population who were
males in intervention groups ranged from 47.3 to 69.8%.
Tere were three studies where other PD medications were
either discontinued before the study or patients were PD-
drug näıve [21, 30, 31]. Te rest of the studies permitted
other PD medications with stable dosage for more than
4weeks before the start of the study [32–39]. Rescue LD was
accepted in two studies if PD symptoms worsened, and the
current therapy did not relieve the symptoms [33, 37].
Hoehn and Yahr stage was ≤3 in every study. Te overall
discontinuation rates were 18.9% and 17.4% in the prami-
pexole and placebo groups, respectively.

4.3. Quality Assessment and Risk of Bias. Te risk of bias
evaluation is presented in Figure 2. Overall risk of bias for
individual criteria is mostly low, but the risk of bias
remained unclear for some criteria in some studies. Allo-
cation concealment and blinding of outcome assessment
were incompletely reported or unreported in some studies.
Blinding of outcome personnel and participants and in-
complete outcome data were generally well reported, and no
risk of bias associated with these criteria was detected. Risk

of bias was mostly low in random sequence generation and
in other sources of bias, but in some studies, the risk of bias
for these criteria was unclear.

4.4. Rasagiline Treatment Efcacy. Seven studies out of nine
provided data for UPDRS Part II, Part III, or total scores
(Table 3). Change in UPDRS Part II scores ranged in
rasagiline groups from 0.78 to −2.17 and in placebo groups
from 2.32 to −1.64. Change in UPDRS Part III scores ranged
in rasagiline groups from 0.5 to −4.47 and in placebo groups
from 2.38 to −2.20. Change in UPDRS total score ranged in
rasagiline groups from 1.26 to −3.6 and in placebo groups
from 4.27 to −1.2.

Five studies (n � 1536) were included in a meta-analysis
comparing the efcacy of rasagiline (1mg/day) to placebo as
determined using UPDRS II and III scores. A random-efect
model was used because there was a signifcant amount of
heterogeneity in the study results. Rasagiline signifcantly
improved UPDRS Part II (SMD � −2.449, 95% CI � −4.026
to −0.873, P � 0.002) and UPDRS Part III compared to
placebo (SMD � −2.581, 95% CI −4.502 to −0.661,
P � 0.008). However, there was considerable heterogeneity
among the included studies in both analyses (UPDRS Part II:
Q � 496.6, P � 0.0001, I2 � 99.2%; UPDRS Part III: Q �

523.5, P < 0.0001, I2 � 99.2%). Publication bias was not
noted for either analysis (Egger’s test >0.05). Te results
from the meta-analysis for UPDRS Parts II and III are
presented in Figure 3.

4.5. Pramipexole Treatment Efcacy. Ten studies provided
data for UPDRS Part II, Part III, or total scores (Table 4).
Change in UPDRS Part II scores in the pramipexole
treatment group ranged from 0.4 to −3.2 and in comparator
groups from 1.5 to −2.2. Change in UPDRS Part III scores in
the pramipexole treatment group ranged from 3.4 to −11.5
and in comparator groups from 7.3 to −2.2. Change in
UPDRS total score in the pramipexole treatment group
ranged from 4.5 to −7.0 and in the comparator groups from
9.2 to −0.9.

Five studies (n � 1516) were included in a meta-analysis
comparing the efcacy of pramipexole to placebo as de-
termined using UPDRS II and III scores. Data from Hauser
and coworkers (2010) [33] were pooled for the analysis of the
UPDRS III data. However, UPDRS II data from this study
were analyzed by formulation (immediate release (IR) or
extended release (ER)) since a signifcant diference was seen
between the groups. In this case, the control group was
divided between the two formulations to prevent double
counting. Data from Wong et al. [39] reported only subjects
receiving placebo or pramipexole. Pramipexole signifcantly
improved UPDRS Part II (SMD � −3.027, 95% CI � −4.931
to −1.122, P � 0.002) and UPDRS Part III compared to
placebo (SMD � −2.663, 95% CI −4.701 to −0.616,
P � 0.011). Tere was considerable heterogeneity among the
included studies in both analyses (UPDRS Part II:Q � 592.9,
P < 0.0001, I2 � 99.2%; UPDRS Part III: Q � 625.8,
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P < 0.0001, I2 � 99.4%). Publication bias was not noted for
either analysis (Egger’s test >0.05). Te results from the
meta-analysis for UPDRS Parts II and III are presented in
Figure 4.

4.6. Relative Risk of Developing an Adverse Event following
Rasagiline Treatment. All nine studies reported adverse
events in patients using rasagiline (listing available in
Supplemental Table 3). Te frequency of any adverse events,
serious adverse events, and adverse events leading to
withdrawal were evaluated using meta-analyses (Figure 5).
Te most common adverse events associated with rasagiline
use that were reported across multiple studies included
headache (3.4% to 26%), dizziness (5.7% to 23%), nausea
(4.2% to 9.4%), back pain (2.6% to 5.1%), and somnolence
(0.7% to 6.8%). Te study comparing rasagiline and pra-
mipexole reported signifcantly higher incidences of nausea
and vomiting (P � 0.011) and sleep disorders and daytime
sleepiness (P � 0.027) in patients receiving pramipexole,
while rash was more commonly seen in patients receiving
rasagiline [21].

Te relative risk for developing any adverse event in
rasagiline-treated patients did not difer from that seen in
placebo- or pramipexole-treated patients (RR � 1.049; 95%
CI: 0.934–1.179). Heterogeneity in studies reporting total
adverse events following rasagiline administration was low
(Q � 4.1517, P � 0.3859, I2 � 3.65%). Te relative risk for
developing serious adverse events in rasagiline-treated pa-
tients did not difer from that in placebo- or pramipexole-
treated patients (RR � 1.003, 95% CI 0.476 to 2.117,
P � 0.993). Heterogeneity in studies reporting serious ad-
verse events was absent (Q � 1.8952, P � 0.5944, I2 � 0.00%).

Eight studies out of nine (n � 2111) were included in
a meta-analysis evaluating adverse events that led to with-
drawal. Te relative risk for developing an adverse event
leading to withdrawal in rasagiline-treated patients did not
difer from that in placebo- or pramipexole-treated patients

(RR � 0.988, 95% CI � 0.536 to 1.822, P � 0.969). Moderate
heterogeneity was detected in studies reporting adverse
events resulting in withdrawal (Q � 8.7813, P � 0.1863, I2 �

31.67%). Publication bias was not noted for any analysis
(Egger’s test >0.05).

4.7. Relative Risk of Developing an Adverse Event following
Pramipexole Treatment. All 11 studies reported adverse
events in patients receiving pramipexole (listing available in
Supplemental Table 4). Incidence rates for themost common
adverse events associated with pramipexole monotherapy
reported across multiple studies included constipation (5.6
to 20.6%), dizziness (8.3 to 27.4%), fatigue (3.7 to 14.6%),
hallucinations (1.9 to 14.6%), headache (4.9% to 20.5%),
insomnia (3.5% to 25.8%), nausea (13.9% to 39.0%), and
somnolence (8.3% to 36.4%). Te frequency of any adverse
events, serious adverse events, and adverse events leading to
withdrawal was evaluated using meta-analyses (Figure 6).
Data for individual studies were pooled across dose groups
[36] or dose formulations [33, 37]. Two studies used either
levodopa [34, 35] or ropinirole [31] as the comparator, and
data from these studies were not included in the meta-
analyses.

Six out of 11 pramipexole studies were included in
a meta-analysis evaluating the risk of adverse events com-
pared to placebo.Te relative risk for developing any adverse
events in pramipexole-treated patients was higher than that
seen in placebo-treated patients (RR � 1.083; 95% CI:
1.024–1.145, P � 0.005). Studies reporting total adverse
events following pramipexole administration were homo-
geneous (Q � 2.399, P � 0.7916, I2 � 0.00%).Te relative risk
for developing serious adverse events in pramipexole-treated
patients did not difer from that in placebo-treated patients
(RR � 1.211, 95% CI 0.903 to 1.625, P � 0.201). Studies
reporting serious adverse events were homogeneous (Q �

1.3593, P � 0.9287, I2 � 0.00%). Seven out of 11 studies (n �

2378) were included in a meta-analysis evaluating adverse
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Figure 2: Risk of bias table of the included studies. Green, yellow, and red denote low, unclear, and high risk of bias, respectively.
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events that led to withdrawal.Te relative risk for developing
an adverse event leading to withdrawal in pramipexole-
treated patients did not difer from that in placebo- or
pramipexole-treated patients (RR � 1.247, 95% CI � 0.927 to
1.676, P � 0.145). Moderate heterogeneity was detected in
studies reporting adverse events resulting in withdrawal (Q �

9.8564, P � 0.1308, I2 � 39.13%). Publication bias was also
present for this collection of studies (Egger’s test; intercept �

2.08, 95% CI � 0.2385 to 3.9279, P � 0.0337).

4.8. Rating the Overall Quality of Evidence. Overall evidence
from experimental studies was evaluated using GRADE. All
studies received an initial score of four. Te level of evidence
was subsequently downgraded once due to a lack of con-
sistency due to considerable heterogeneity. Te calculated
confdence intervals in the meta-analyses were relatively
broad, and this was likely due to inconsistency rather than
imprecision; thus, no additional downgrade for imprecision
was applied. Neither risk of bias nor publication bias resulted
in a downgrade. No upgrades for large magnitude of efect,
dose-response gradient, and residual confounding were
deemed likely to decrease the magnitude of the efect. Te
summary of fndings for the main outcomes is provided in
Table 5.

5. Discussion

Our study showed that both rasagiline (at 1mg/day) and
pramipexole were efective in signifcantly improving
UPDRS Part II and III scores when compared to results seen
in patients taking a placebo. Our results showing the beneft
of rasagiline on UPDRS Parts II and III are similar to those
reported in a systematic review and meta-analysis by Chang
et al. [12]. Chang et al. [12] included 10 studies showing
rasagiline treatment signifcantly improved UPDRS Part I,
Part II, and Part III scores in PD patients when compared to
placebo, but this meta-analysis was not restricted to patients
with early PD. In parallel with our study, they also found
a signifcant amount of heterogeneity among UPDRS Part II
with rasagiline dose of 1mg/day (Q � 13.9, P � 0.031, I2 �

56.8%) and 2mg/day (Q � 5.5, P � 0.019, I2 � 81.9%) [12].
Hauser et al. [40] conducted a meta-analysis on two studies
[24, 41] that assessed the efcacy of rasagiline in early PD
patients. Rasagiline improved total UPDRS scores ≥3 units
and there was signifcant improvement in UPDRS Part II
and Part III scores following rasagiline administration [40].
A meta-analysis by Mı́nguez-Mı́nguez et al. [42] showed
decreases in total UPDRS score was −3.06 units (95% CI
−2.31 to −3.81, P < 0.00001) and −3.17 units (95% CI −3.91
to −2.42, P < 0.00001) in patients receiving rasagiline at

Weight (%)
Study PBO Rx Total SMD SE 95% CI t P Fixed Random

Hattori et al. 2019 110 100 210 -6.32 0.338 -6.986 to -5.654 3.14 19.7

Barone et al. 2015 53 63 116 -4.253 0.335 -4.917 to -3.589 3.19 19.71

Hauser et al. 2013 143 145 288 -1.33 0.13 -1.586 to -1.074 21.18 20.3

Olanow et al. 2009 286 588 874 -0.336 0.0725 -0.479 to -0.194 68.08 20.38

Hanagasi et al. 2011 25 23 48 -0.138 0.285 -0.711 to 0.435 4.42 19.9

Total (random efects) 617 919 1536 -2.449 0.804 -4.026 to -0.873 -3.047 0.002 100 100 Total (random efects)

Hanagasi et al. 2011

Olanow et al. 2009

Hauser et al. 2013

Barone et al. 2015

Hattori et al. 2019

-6 -4 -2 0 2-8

Standardized Mean Error

(a)

Weight (%)

Study PBO Rx Total SMD SE 95% CI t P Fixed Random

Hattori et al. 2019 110 100 210 -6.061 0.326 -6.705 to -5.418 3.69 19.8

Hauser et al. 2013 143 145 288 -3.591 0.19 -3.965 to -3.216 10.84 20.09

Barone et al. 2015 53 63 116 -2.421 0.244 -2.905 to -1.938 6.59 19.99

Hanagasi et al. 2011 25 23 48 -0.456 0.288 -1.035 to 0.124 4.73 19.9

Olanow et al. 2009 286 588 874 -0.423 0.0727 -0.566 to -0.281 74.16 20.22

Total (random efects) 617 919 1536 -2.582 0.979 -4.502 to -0.661 -2.637 0.008 100 100
Total (random efects)

Olanow et al. 2009

Hanagasi et al. 2011

Barone et al. 2015

Hauser et al. 2013

Hattori et al. 2019

-6 -4 -2 0 2-8

Standardized Mean Error

(b)

Figure 3: Forest plots of the standardized mean diference in Unifed Parkinson’s Disease Rating Scale II (UPDRS II (a)) and III (UPDRS III
(b)) following the administration of rasagiline at 1mg/day. Rasagiline improved both UPDRS II and UPDRS scores. Signifcant het-
erogeneity was seen in the included studies.
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Weight (%)
Study PBO Rx Total SMD SE 95% CI t P Fixed Random

Schapira et al. 2013 210 200 410 -5.49 0.216 -5.914 to -5.066 13.87 16.73

Hauser et al., 2010 (IR) 101 50 126 -4.247 0.348 -4.936 to -3.559 5.33 16.51

Barone et al. 2010 139 148 287 -3.989 0.204 -4.391 to -3.588 15.49 16.75

Hauser et al., 2010 (ER) 102 50 127 -3.541 0.314 -4.163 to -2.920 6.54 16.58

Poewe et al. 2011 420 103 523 -0.671 0.112 -0.890 to -0.451 51.63 16.83

Wong et al. 2003 21 22 43 -0.233 0.301 -0.840 to -0.374 7.14 14.21

Total (random efects) 993 523 1516 -3.027 0.971 -4.931 to -1.122 -3.117 0.002 100 100 Total (random efects)

Wong et al. 2003

Poewe et al. 2011

Hauser et al., 2010 (ER)

Barone et al. 2010

Hauser et al., 2010 (IR)

Schapira et al. 2013

-6 -4 -2 0 2-8

Standardized Mean Diference

(a)

Weight (%)
Study PBO Rx Total SMD SE 95% CI t P Fixed Random

Schapira et al. 2013 210 200 410 -6.588 0.25 -7.080 to -6.096 9.52 19.96

Barone et al. 2010 139 148 287 -3.984 0.204 -4.386 to -3.583 14.35 20.03

Wong et al. 2003 21 22 43 -1.352 0.333 -2.024 to -0.679 5.38 19.78

Hauser et al., 2010 203 50 253 -0.708 0.161 -1.024 to -0.392 23.14 20.09

Poewe et al. 2011 420 103 523 -0.698 0.112 -0.917 to -0.478 47.62 20.14

Total (random efects) 993 523 1516 -2.663 1.044 -4.710 to -0.616 -2.552 0.011 100 100
Total (random efects)

Poewe et al. 2011

Hauser et al., 2010

Wong et al. 2003

Barone et al. 2010

Schapira et al. 2013

-6 -4 -2 0-8

Standardized Mean Diference

(b)

Figure 4: Forest plots of the standardized mean diference in Unifed Parkinson’s Disease Rating Scale II (UPDRS II (a)) and III (UPDRS III
(b)) following the administration of pramipexole. Pramipexole improved both UPDRS II and UPDRS III scores. Signifcant heterogeneity
was seen in the included studies.

Weight (%)
Study Rasagiline Comparison Relative risk 95% CI z P Fixed Random

Viallet et al. 2013 36/53 43/56 0.885 0.700 to 0.118 23.06 23.52
Barone et al. 2015 15/58 17/65 0.989 0.544 to 1.797 3.55 3.78
Hauser et al. 2014 104/162 100/164 1.053 0.890 to 1.245 44.92 43.77
Hattori et al. 2019 73/117 66/126 1.191 0.958 to 1.481 26.68 27
Schrempf et al. 2018 12/20 4/10 1.5 0.648 to 3.472 1.8 1.92

Total (fxed efects) 240/410 230/421 1.067 0.950 to 1.197 1.094 0.274 100 100
Total (random efects) 240/410 230/421 1.049 0.934 to 1.179 0.812 0.417 100 100

Total (random efects)

Schrempf et al. 2018

Hattori et al. 2019

Hauser et al. 2014

Barone et al. 2015

Viallet et al. 2013

1 100.1
Relative risk

(a)

Weight (%)
Study Rasagiline Comparison Relative risk 95% CI z p Fixed Random

Stern et al. 2004 0/43 0/13 - - - -
Hattori et al. 2019 4/117 8/126 0.538 0.167 to 1.741 40.47 40.47
Viallet et al. 2013 1/53 1/56 1.057 0.0678 to 16.467 7.39 7.39
Schrempf et al. 2018 1/20 0/10 1.571 0.0696 to 35.460 5.74 5.74
Hauser et al. 2014 8/162 5/164 1.62 0.541 to 4.847 46.4 46.4

Total (fxed efects) 14/395 14/369 0.997 0.484 to 2.051 -0.0087 0.993 100 100
Total (random efects) 14/395 14/369 1.003 0.476 to 2.117 0.00849 0.993 100 100

Total (random efects)

Hauser et al. 2014

Schrempf et al. 2018

Viallet et al. 2013

Hattori et al. 2019

Stern et al. 2004

0.1 1 10 1000.01
Relative risk

(b)
Figure 5: Continued.
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Weight (%)
Study Rasagiline Comparison Relative risk 95% CI z p Fixed Random

Viallet et al. 2013 3/53 8/56 0.396 0.111 to 1.415 11.67 15.79
Hattori et al. 2019 3/117 8/126 0.404 0.110 to 1.486 11.13 15.29
Schrempf et al. 2018 1/20 1/10 0.5 0.0348 to 7.190 2.66 4.77
Stern et al. 2004 1/43 0/13 0.955 0.0412 to 22.134 1.91 3.52
Olanow et al. 2009 20/581 17/595 1.205 0.638 to 2.277 46.67 32.36
Hauser et al. 2014 13/162 7/164 1.88 0.770 to 4.591 23.71 24.17
Barone et al. 2015 4/58 0/65 10.068 0.554 to 183.086 2.25 4.09
Hanagasi et al. 2011 0/23 0/25 - - - -

Total (fxed efects) 45/1057 41/1054 1.092 0.725 to 1.645 0.422 0.673 100 100
Total (random efects) 45/1057 41/1054 0.988 0.536 to 1.822 -0.0392 0.969 100 100

Total (random efects)
Hanagasi et al. 2011

Barone et al. 2015
Hauser et al. 2014

Olanow et al. 2009
Stern et al. 2004

Schrempf et al. 2018
Hattori et al. 2019
Viallet et al. 2013
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Figure 5: Forest plots of the relative risk of developing any adverse event (a), a serious adverse event (b), or an adverse event leading to
withdrawal following the administration of rasagiline (c). Treatment with rasagiline did not increase the incidence of adverse events when
compared with the use of either a placebo or pramipexole. Te included studies were homogeneous.

Weight (%)
Study Pramipexole Comparison Relative risk 95% CI z P Fixed Random

Schapira et al. 2013 194/261 196/274 1.039 0.937 to 1.152 29.23 29.23

Poewe et al. 2011 361/436 80/103 1.066 0.953 to 1.192 24.83 24.83

Barone et al. 2010 105/144 101/152 1.07 0.944 to 1.276 13.75 13.75
Kieburtz et al. 1997 181/213 40/51 1.083 0.928 to 1.265 13.04 13.04
Hauser et al. 2010 162/209 35/50 1.107 0.911 to 1.347 8.15 8.15
Wong et al. 2003 63/73 55/77 1.208 1.021 to 1.430 11.01 11.01

Total (fxed efects) 1066/1336 507/707 1.081 1.022 to 1.144 2.714 0.007 100 100

Total (random efects) 1066/1336 507/707 1.083 1.024 to 1.145 2.789 0.005 100 100

Total (random efects)

Wong et al. 2003

Hauser et al. 2010

Kieburtz et al. 1997

Barone et al. 2010

Poewe et al. 2011

Schapira et al. 2013

1 100.1
Relative risk

(a)
Weight (%)

Study Pramipexole Comparison Relative risk 95% CI z P Fixed Random

Wong et al. 2003 2/73 3/77 0.703 0.121 to 4.089 2.79 2.79
Schapira et al. 2013 17/261 18/274 0.991 0.522 to 1.882 21.03 21.03

Barone et al. 2010 61/144 6/152 1.056 0.348 to 3.198 7.03 7.03

Kieburtz et al. 1997 102/213 19/51 1.285 0.877 to 1.885 58.94 58.94

Poewe et al. 2011 27/436 4/103 1.595 0.570 to 4.457 8.17 8.17

Hauser et al. 2010 8/209 1/50 1.914 0.245 to 14.954 2.04 2.04

Total (fxed efects) 162/1336 51/707 1.206 0.894 to 1.626 1.225 0.221 100 100
Total (random efects) 162/1336 51/707 1.211 0.903 to 1.625 1.278 0.201 100 100

Total (random efects)

Hauser et al. 2010

Poewe et al. 2011

Kieburtz et al. 1997

Barone et al. 2010

Schapira et al. 2013

Wong et al. 2003

1 10 1000.1
Relative risk

(b)
Relative riskWeight (%)

Study Pramipexole Comparison Relative risk 95% CI z P Fixed Random

Barone et al. 2010 10/144 16/152 0.66 0.310 to 1.406 15.82 18.23

Shannon et al. 1997 22/164 24/171 0.956 0.558 to 1.636 31.34 25.1

Schapira et al. 2013 25/261 26/274 1.009 0.599 to 1.702 33.2 25.65
Wong et al. 2003 6/73 3/77 2.11 1.548 to 8.125 4.98 8.27
Hauser et al. 2010 19/209 2/50 2.273 0.547 to 9.440 4.46 7.58

Poewe et al. 2011 44/436 4/103 2.599 0.955 to 7.069 9.04 12.88

Kieburtz et al. 1997 21/213 0/51 10.449 0.643 to 169.7 1.16 2.29
Total (fxed efects) 147/1500 75/878 1.247 0.927 to 1.676 1.458 0.145 100 100
Total (random efects) 147/1500 75/878 1.241 0.804 to 1.916 0.975 0.33 100 100

Total (random efects)
Kieburtz et al. 1997

Poewe et al. 2011
Hauser et al. 2010

Wong et al. 2003
Schapira et al. 2013
Shannon et al. 1997
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Figure 6: Forest plots of the relative risk of developing any adverse event (a), a serious adverse event (b), or an adverse event leading to
withdrawal following the administration of pramipexole (c). Treatment with pramipexole did not increase the incidence of adverse events
when compared with the use of either a placebo. Te included studies were homogeneous (a, b) or had moderate heterogeneity (c).

Table 5: Summary of fndings.

Outcome Treatment Number of studies Quality of the
evidence (GRADE) Conclusion

Change in UPDRS II Rasagiline 5 (5) Moderate

Possible beneft; however, additional research is neededPramipexole 7 (5) Moderate

Change in UPDRS III Rasagiline 5 (5) Moderate
Pramipexole 7 (5) Moderate

Values in parentheses represent the number of studies that contributed to themeta-analyses. UPDRS � the unifed Parkinson’s Disease rating scale. GRADE �

grading of recommendations, assessment, development, and evaluations.
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either 1 or 2mg/day. Our results regarding the safety of
rasagiline are parallel with other meta-analyses showing
rasagiline to have similar safety profles to placebo [12, 13,
42, 43].

When compared to rasagiline, fewer systematic reviews
and meta-analyses are available for pramipexole and PD
patients. A recent systematic review by Chen et al. [44]
identifed six trials that compared the efcacy of pramipexole
versus placebo in patients with early PD as defned by
a Hoehn and Yahr score of <3. Tis study showed no beneft
of pramipexole at 22 to 30weeks after initiation of therapy
on the change in either UPDRS Part II (mean diference �

0.02, 95% confdence interval: −1.15 to 1.12) or Part III
(mean diference � 0.32, 95% confdence interval: −8.22 to
7.95) scores. Evaluation of safety data showed that prami-
pexole demonstrated signifcantly higher event rates for
nausea than placebo [44]. A systematic review by Ji et al. [45]
including 23 randomized clinical trials showed pramipexole
was efective in lowering the Hamilton Depression Rating
Scale (HAM-D) score in PD patients with anxiety or de-
pression. Te incidence of adverse events was lower in PD
patients treated with pramipexole when compared with
controls. Wang et al. [15] evaluated the efcacy and safety of
pramipexole and levodopa combination therapy versus
levodopa monotherapy in patients with PD. In the meta-
analysis, pramipexole and levodopa combination therapy
improved the motor UPDRS score (SMD −1.31, 95% CI
−1.57 to −1.04, P < 0.00001), the UPDRS score for activities
of daily living (SMD −1.26, 95% CI −1.49 to −1.03,
P < 0.00001), the UPDRS score for mental activities (SMD
−1.02, 95% CI -1.27 to −0.77, P < 0.00001), and the UPDRS
score for complications (SMD −1.54, 95% CI −1.93 to −1.15,
P < 0.00001) [15]. In parallel with our study, signifcant
heterogeneity was observed in the UPDRS score analysis. In
contrast to levodopa monotherapy, pramipexole and levo-
dopa combination therapy reduced the number of any
adverse events in PD patients (OR 0.36, 95% CI 0.27 to 0.50,
P < 0.00001).

Tere was a signifcant amount of heterogeneity in our
meta-analyses which we attribute to diferent study char-
acteristics including study lengths, study population char-
acteristics, and other treatments that were permitted. Tis
resulted in a moderate level of confdence in our fndings for
both therapies. Study designs also varied; for example, one
included study [21] compared the efcacy of rasagiline
versus pramipexole rather than placebo. Likewise, two
pramipexole studies used either levodopa [34, 35] or ropi-
nirole [31] rather than a placebo as the comparator. Studies
that used a comparator other than a placebo were excluded
from our meta-analyses, limiting our ability to draw con-
clusions regarding their efcacy.

In our systematic review, the defnition for early PD is
based on Hoehn and Yahr stage of I–III and the duration of
PD being ≤5 years. Disease duration and staging using the
Hoehn and Yahr scale remain difcult since PD patients
often have variable disease progression, inconsistent severity
of symptoms, the possibility of genetic mutations afecting
the disease, environmental and lifestyle factors that afect the
disease, and premotor and prodromal stages that can afect

decades before the appearance of motor symptoms [46].
Tese factors may contribute to the high degree of het-
erogeneity observed. Some retrieved studies that were ex-
cluded failed to mention whether stable doses of other drugs
were achieved. Restricting our review to studies published in
English is another factor to take into account considering the
number of clinical trials performed in China (see a meta-
analysis by Ji et al. [45]).

In conclusion, rasagiline and pramipexole signifcantly
improved UPDRS Part II and III scores when compared to
placebo. Neither rasagiline nor pramipexole increased the
relative risk for any adverse events, serious adverse events, or
adverse events leading to withdrawal when compared with
placebo.
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