X4

Advances in Parkinson’s Disease, 2024, 13, 27-56

X/

"‘: g‘é'seé‘;;gﬁ https://www.scirp.o.rg/journaI/apd
94% Publishing ISSN Online: 2169-9720

o,

ISSN Print: 2169-9712

Monoamine Oxidase-B Inhibitor Rasagiline
Effects on Motor and Non-Motor Symptoms in
Individuals with Parkinson’s Disease:

A Systematic Review and Meta-Analysis

Paula Abola ©, Mitchell Wolden

Department of Clinical Research, University of Jamestown, Jamestown, United States of America

Email: paula.abola@uj.edu

How to cite this paper: Abola, P. and
Wolden, M. (2024) Monoamine Oxidase-B
Inhibitor Rasagiline Effects on Motor and
Non-Motor Symptoms in Individuals with
Parkinson’s Disease: A Systematic Review
and Meta-Analysis. Advances in Parkin-
son’s Disease, 13, 27-56.
https://doi.org/10.4236/apd.2024.133003

Received: May 8, 2024
Accepted: June 8, 2024
Published: June 11, 2024

Copyright © 2024 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

[ONom

Abstract

Objective: In the manuscript titled “Monoamine Oxidase-B Inhibitor Rasa-
giline Effects on Motor and Non-Motor Symptoms in Individuals with Parkin-
son’s Disease: A Systematic Review and Meta-Analysis”, the objective was to
conduct a systematic review with meta-analysis to investigate the effects that
Rasagiline has on motor and non-motor symptoms in individuals with PD. In-
troduction: Rasagiline is a second-generation monoamine oxidase-B (MAO-B)
inhibitor used both as monotherapy and adjunctive therapy for Parkinson’s
Disease (PD). Methods: A systematic literature search and meta-analysis were
performed with randomized control trials that investigated the effects of Rasa-
giline on motor and non-motor symptoms in individuals with PD. The system-
atic search was conducted in PubMed, Cochrane, and EBSCO databases.
Methodological quality was assessed using the Cochrane Grading Recommen-
dations Assessment, Development and Evaluation approach. Results: Fourteen
studies were included in our review. There were trivial to small and statistically
significant improvements in motor symptoms for individuals with PD treated
with Rasagiline compared to placebo. Non-motor symptoms showed no signif-
icant improvement with Rasagiline compared to placebo in five of six me-
ta-analyses. Results were based on very low to moderate certainty of evidence.
Conclusion: 1 mg/day Rasagiline significantly improved Parkinsonian motor
symptoms in individuals with PD compared with placebo. For all outcomes, the
1 mg/day Rasagiline group was favored over the placebo group.
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1. Introduction

Parkinson’s Disease (PD) is a chronic degenerative disease of the central nervous
system [1] and is characterized by the loss of dopaminergic neurons in the sub-
stantia nigra pars compacta (SNpc) region of the brain [2]. The loss of these
neurons results in dopamine deficiency and neurotransmission in the nigrostri-
atal pathway, leading to Parkinsonian motor symptoms including bradykinesia,
tremor, and loss of balance [2]. Beyond motor symptoms, individuals with PD
also exhibit non-motor symptoms including depression, anxiety, sleep problems,
fatigue, pain, and cognitive impairments, all of which reduce the quality of life in
individuals with the disease [3]. Treatment of PD that focuses on slowing the
progression of symptoms (neuroprotection) is different among individuals, cho-
sen according to age, disease stage, most troubling symptoms, and the balance
between efficacy and risk of adverse events [1].

Rasagiline is a second-generation monoamine oxidase-B (MAO-B) inhibitor
used both as monotherapy and adjunctive therapy for PD [4]. MAO-B inhibi-
tors act by blocking monoamine oxidase. Monoamine oxidase is responsible
for breaking down dopamine and its inhibition leads to an increasing amount
of dopamine in the striatum [5]. Preliminary evidence shows improved motor
and non-motor symptoms in individuals with PD treated with 1 mg/day Rasa-
giline. Other doses, such as 0.5, 2, or 4 mg/day, have also been investigated but
have not shown significantly better results. Therefore, 1 mg/day remains the
optimal dose [6]. In clinical trials, Rasagiline has been effective, safe, and
well-tolerated. In clinical trials, Rasagiline, as an adjunct to Levodopa, has sig-
nificantly decreased OFF time; the time when Parkinsonian symptoms return
between medication doses [7]. Delayed-start clinical trials on Rasagiline have
shown the potential for enhancing neuroprotection: slowing down or even re-
versing the disease [7].

Despite the preliminary evidence of improved motor and non-motor symp-
toms, a systematic review with meta-analysis has not been performed to investi-
gate the efficacy of 1 mg/day Rasagiline as monotherapy or adjunctive therapy
compared to placebo. Our purpose was to conduct a systematic review with me-
ta-analysis to investigate the effects 1 mg/day Rasagiline has on motor and

non-motor symptoms in individuals with PD.

2. Materials and Methods
2.1. Source Data and Search Strategy

This systematic review was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines [8].
The review protocol was registered on PROSPERO: CRD42024518717 and vet-
ted by a professional research librarian. An extensive literature search on the
MAO-B inhibitor Rasagiline was performed using PubMed, Cochrane, and

EBSCO electronic databases and manual searches. They were searched from in-
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ception to March 21st, 2024. Searches were restricted to articles in the English
language and randomized controlled trials (RCTs). Appendix 1 provides a de-

tailed list of search terms utilized.

2.2. Outcome Measures

The Unified Parkinson’s Disease Rating Scale (UPDRS) is a frequently used
outcome measure to quantify the severity and progression of PD. The UPDRS
includes four sections that assess: (1) mentation, behavior, and mood (UPDRS
I), (2) activities of daily living (UPDRS II), (3) motor symptoms (UPDRS III),
and (4) complications of therapy in patients with PD (UPDRS IV). Clinicians
and researchers use the sectional and total scores to assess the status of PD
symptoms and monitor the disease progress [9]. The 39-item Parkinson's Dis-
ease Questionnaire (PDQ-39) is a patient-reported outcome measure that as-
sesses the quality of life for individuals with PD and includes eight domains: (1)
mobility, (2) activities of daily living, (3) emotional well-being, (4) stigma, (5)
social support, (6) cognitions, (7) communications, and (8) bodily discomfort
[10]. OFF time is a frequently used outcome measure to quantify the time when
the motor and non-motor symptoms of individuals with PD return between
medication doses. OFF time can occur in the morning before the first dose of
medication or it can occur during the day between scheduled doses of medica-
tion [11]. UPDRS total, UPDRS Part II, and UPDRS Part III scores, PDQ-39 to-
tal, PDQ-39 mobility, PDQ-39 activities of daily living, and PDQ-39 bodily dis-
comfort scores, and OFF time were used to assess the progression of motor symp-
toms in individuals with PD. UPDRS Part I scores, PDQ-39 emotional well-being,
PDQ-39 stigma, PDQ-39 social support, PDQ-39 cognition, and PDQ-39 com-
munication scores were used to assess the progression of non-motor symptoms

in individuals with PD.

2.3. Inclusion and Exclusion Criteria

Studies were included with the following criteria: female and male individuals
aged 30 or over with a clinical diagnosis of PD consistent with the UK Brain
Bank criteria [12] who have a Hoehn and Yahr (H&Y) Stage 5 or less. The in-
tervention studied is the MAO-B inhibitor Rasagiline and the outcomes as-
sessed are UPDRS total, UPDRS Part I, UPDRS Part II, and UPDRS Part III
scores, PDQ-39 total and subdomain scores, and/or OFF time. The study de-
sign search was limited to Randomized Controlled Trials (RCTs) published in
English (Table 1).

Studies were excluded with the following criteria: individuals with a
mini-mental state examination score of 24 or less. Studies were also excluded if
the outcomes assessed were not UPDRS total, UPDRS Part I, UPDRS Part II, or
UPDRS Part III scores, PDQ-39 total or subdomain scores, or OFF time, or if the
study design was expert opinion, editorial, case report, abstracts without full re-

sults, and preprints.
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Table 1. PICOS criteria for inclusion and exclusion criteria of studies.

Parameter Inclusion criteria Exclusion criteria
Female and male individuals over the age of 30 with a
. clinical diagnosis of PD consistent with the UK Brain  Individuals with a mini-mental state examination score
Population o
Bank criteria who have a Hoehn and Yahr Stage 5 or less of 24 or less
during OFF state

Intervention MAO-B inhibitor Rasagiline Other types of PD medication
Comparator Placebo No comparator

UPDRS Part I, UPDRS Part II, UPDRS Part III, UPDRS

UPDRS Part I, UPDRS Part II, UPDRS Part III, UPDRS
Outcome Part IV and UPDRS total scores, PDQ-39 subdomain and

total scores, and/or OFF time as efficacy endpoints

Part IV and UPDRS total scores, PDQ-39 subdomain
and total scores, and/or OFF time not included as effi-
cacy endpoints

Expert opinions, editorials, case reports, abstracts with-

Study design Randomized Controlled Trials published in English out full reports, and preprints. Published in any other

language than English

2.4. Study Selection

Two reviewers (PA, MW) independently screened all titles and abstracts of the
identified studies. Full texts were obtained for the studies deemed eligible from
the initial screening. Two reviewers (PA, MW) independently reviewed full texts.
Any discrepancies were discussed and resolved through discussion between re-
viewers (PA, MW).

2.5. Data Extraction

Data were extracted into a standardized form that included lead author, publi-
cation date, country, study design, intervention type, sample size, age, and re-
sults for UPDRS total, UPDRS Part I, UPDRS Part II, and UPDRS Part III
scores, PDQ-39 total and subdomain scores, and OFF time outcome measures
by one independent reviewer (PA). A second reviewer (MW) conducted a re-
liability check. No discrepancies in data extraction were identified between the
reviewers. If there was missing data, the authors were contacted for additional

information.

2.6. Risk of Bias

Methodological quality was examined using the Cochrane Risk of Bias 2 (RoB 2)
tool [13]. The RoB 2 is structured into five domains of bias: (1) randomization
process, (2) deviations from the intended interventions (effect of assignment and
adhering to intervention), (3) missing outcome data, (4) measurement of the
outcome, and (5) selection of the reported result. From the results in each do-
main, an overall risk of bias was determined. Overall risk of bias was judged as

high risk of bias, some concerns, or low risk of bias. Two reviewers (PA, MW)
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independently conducted the risk of bias analysis. Any discrepancies were dis-

cussed and resolved through discussion between reviewers (PA, MW).

2.7. Data Analysis

We performed a random-effects meta-analysis using the Hedges’ g method to cal-
culate the standardized mean difference (SMD) and 95% confidence interval (CI)
of 1 mg/day Rasagiline compared to placebo on UPDRS total, UPDRS Part I,
UPDRS Part II, and UPDRS Part III scores, PDQ-39 total and subdomain scores,
and OFF time. The SMD and 95% CI were estimated when at least two or more
studies included the same outcome measure. An SMD value of less than 0.20 was
considered trivial, 0.20 to 0.49 was considered a small effect, 0.50 to 0.79 was con-
sidered a medium effect, and 0.80 and above was considered a large effect [14].

We assessed heterogeneity using Q, p, and I* values and the 95% prediction
interval (PI). The I* value of 0% - 40% was interpreted as small heterogeneity,
30% - 60% as moderate heterogeneity, 50% - 90% as substantial heterogeneity,
and 75% - 100% as considerable heterogeneity [15]. The 95% PI was estimated
when the meta-analysis included more than two studies. Publication bias was
assessed in meta-analyses with at least ten studies [16]. Publication bias was as-
sessed by inspection of the standard error funnel plots, trim-and-fill analysis,
Egger’s regression test, and Begg and Mezumdar’s rank correlation test. If a me-
ta-analysis did not include at least ten studies, the standard error funnel plot was
still generated for qualitative review. All statistical analyses were conducted us-
ing STATA 18 (StataCorp. Stata statistical software: release 18. College Station,
TX: StataCorp LP. 2023).

2.8. Certainty

Two reviewers (PA, MW) independently assessed the certainty of evidence using
the GRADE approach for each meta-analysis (GRADEpro GDT: GRADEpro
Guideline Development Tool [Software]. McMaster University and Evidence
Prime, 2022. Available from gradepro.org) [17]. Each meta-analysis was classi-

fied as very low, low, moderate, or high-quality certainty of evidence.

3. Results
3.1. Study Selection

The electronic search of databases yielded 528 articles. One-hundred-forty-seven
articles were found to be duplicates, leaving a total of 381 articles. Three-hundred-
thirty-seven articles were excluded after reviewing titles and abstracts. The re-
maining 44 articles were retrieved and assessed for eligibility. Thirty articles
were excluded because they did not meet the inclusion criteria. Fourteen re-
maining articles were found eligible and included in the review [18]-[31] (Figure
1). Eleven of the included articles were utilized to perform meta-analyses. Three
articles [20] [23] [31] could not be included in the meta-analysis due to missing
data.
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Figure 1. PRISMA flow diagram for searches.

3.2. Characteristics of Selected Studies

As summarized in Table 2, 4621 participants were assessed in studies across
Europe [21], Denmark [20], Italy [27], Hungary [18], Israel [18] [20] [21] [22],
Turkey [24], China [25], Japan [29] [30] [31], Argentina [21], Canada [23], and
the United States [19] [23] [26] [28]. The duration of the studies ranged between
10 to 72 weeks. Three studies included a 0.5 mg/day Rasagiline group [18] [20]
[29], all studies included a 1 mg/day Rasagiline group [18]-[31], four studies in-
cluded a 2 mg/day Rasagiline group [18] [19] [22] [23], and one study included a
4 mg/day Rasagiline group [19]. All studies included a placebo as the control.

3.3. Characteristics of Participants

The mean age of individuals ranged from 57.4 to 67.4 years in the Rasagiline
groups and from 57 to 67.9 in the placebo groups. The H&Y Stage of individuals
was 5 or less. The mean range of H&Y scores for the Rasagiline groups was 1 -
1.9 in three studies [19] [22] [23], 2 - 2.9 in five studies [20] [24] [28] [30] [31],
and 3 - 4 in one study [29]. The mean range of H&Y scores for the placebo
group was 1 - 1.9 in four studies [19] [22] [23] [29], 2 - 2.9 in four studies [20]
[28] [30] [31], and 3 - 4 in one study [29]. One study reported one individual in
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the 1 - 1.5 H&Y score range, nine individuals in the 2 - 2.5 range, 16 individuals
in the 3 - 4 range for the Rasagiline groups, and three individuals in the 2 - 2.5
range, and three individuals in the 3 - 4 range for the placebo group [18]. One
study reported 21 individuals in the 1 - 1.5 H&Y range, 34 individuals in the 2 -
2.5 range, three individuals in the 3-4 range for the Rasagiline group, and 20 in-
dividuals in the 1 - 1.5 range, 40 individuals in the 2 - 2.5 range, and five indi-
viduals in the 3 - 4 range for the placebo group [27]. The mean percentage of
female individuals ranged from 21 to 61.1%.

3.4. Study Quality

The overall risk of bias was low for three included studies [19] [21] [25], some
concerns for nine included studies [20] [22] [23] [24] [26] [27] [28] [29] [30], and
high risk for two included studies [18] [31] (Figure 2). In nine studies [18] [20]
[23] [24] [26] [27] [28] [29] [30], the cause of some concern in the first domain
was the lack of information regarding intervention allocation techniques. In two
studies [20] [22], the cause of some concern in the second domain was the lack of
statistical analyses to account for participants who dropped out. In one study [18],
the cause of high concern in the second domain was inconsistent data with partic-
ipant drop-out. In one study [31], the cause of high concern in the first domain

was the lack of randomization due to the study being open-label.

Table 2. Summary of the studies on the MAO-B inhibitor Rasagiline retrieved from the literature.

Number of par-

Authors ticipants at
baseline
Rabey et al, 2000 70
Stern et al., 2004 56

Parkinson Study

472
Group, 2005

Gender Mean age of participants in Intervention

Group allocation
allocation the Rasagiline group P duration

21 participants received 0.5
57.4 + 4.9 in the 0.5 mg/day mg/day Rasagiline, 18 par-

Rasagiline group, 56.7 + 6.4 ticipants received 1 mg/da
55.7% male, & group p giday

in the 1 mg/day Rasagiline Rasagiline, 18 participants 12 weeks
44.3% female giday 8 g p p

group, 56.6 £ 7.5inthe2  received 2 mg/day Rasa-
mg/day Rasagiline group  giline, and 13 participants
received the placebo

15 participants received 1
593 + 8.6inthe 1 mg/day Dol Pants receive

mg/day Rasagiline, 14 par-
Rasagiline group, 60.3 + 7.2 ey 8 P

ticipant ived 2 mg/d
67.9% male, in the 2 mg/day Rasagiline [ctpanis recetvec 2 Mg/day

. Rasagiline, 14 participants 10 weeks
32.1% female  group, 62.0 + 9.7 mg/day in .
. received 4 mg/day Rasa-
the 4 mg/day Rasagiline . -
giline, 13 participants re-
group

ceived the placebo

164 participants received 0.5
62.6 +9.5in the 0.5 mg/day . Lo P

64.6% male, Rasagiline group, 62.9 + 8.9
35.4% female  in the 1 mg/day Rasagiline

group

mg/day Rasagiline, 149 par-
ticipants received 1 mg/day 26 weeks
Rasagiline, 159 participants

received the placebo
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Continued

231 participants received 1
61.9% male, mfg/.day Rasagi?ine, 227 par-
Rascol et al, 2005 687 63.9+9.0 ticipants received entaca- 18 weeks
38.1% female o
pone, 229 participants re-

ceived the placebo

288 participants received 1
mg/day Rasagiline for 72
weeks and 300 participants
received placebo for 36

ks followed by 1 d
62.4 £ 9.7 in the early-start 1 weeks followed by 1 mg/day

Olanow ef al, 1176 61.1% male, mg/day Rasagiline group,
2009 38.9% female 62.3 + 9.6 in the early-start 2

Rasagiline for the remaining

36 weeks. 293 participants 72 weeks
. received 2 mg/day Rasagiline
mg/day Rasagiline group for 72 weeksgandy295 pfrtic—
ipants received placebo for

36 weeks followed by 2
mg/day Rasagiline for the

remaining 36 weeks.

266 participants received 1
mg/day or 2 mg/day Rasa-

. giline for 12 months. 138
63.6% male, 61.0 + 10.8 in the early-start

Hauser et al., 2009 404 .
36.4% female Rasagiline group

participants received place- 12 months
bo for 6 months followed by
2 mg/day Rasagiline for the

remaining 6 months.

23 participants received 1
68.7% male,

Hasmet et al, 2011 48 65.17 £9.5 mg/day Rasagiline, 25 par- 12 weeks
31.3% female o .
ticipants received the placebo

119 participants received 1
53.7% male, p P

Zhang et al,, 2013 244 61.64 + 8.53 mg/day Rasagiline, 125 par- 12 weeks
46.3% female o )
ticipants received the placebo

159 participants received 1
68.2% male,

Hauser et al., 2014 321 623+9.3 mg/day Rasagiline, 162 par- 18 weeks
31.8% female o )
ticipants received the placebo

58 participants received 1
52.8% male,

Barone et al., 2015 123 66.0 = 8.74 mg/day Rasagiline, 65 par- 12 weeks
47.2% female o ]
ticipants received the placebo

) 82 participants received 1
Weintraub et al, 79% male, 21% .
162 67.4+7.19 mg/day Rasagiline, 80 par- 24 weeks
2016 female o .
ticipants received the placebo
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Continued
134 participant ived 0.5
66.1 + 8.74 in the 0.5 mg/day . Fo  Pans FECEIVE
. o mg/day Rasagiline, 129 par-
Hattori et al., 2018 38.9% male, Rasagiline group, 65.8 + 8.48 ° f
404 ) . ticipants received 1 mg/day 26 weeks
(Phase 2/3) 61.1% female  in the 1 mg/day Rasagiline . L
Rasagiline, 141 participants
rou
group received the placebo
117 participant ived 1
Hattori et al, 2018 43.9% male, par c1pa1'1 ,S receve
243 67.4 + 8.81 mg/day Rasagiline, 126 par- 26 weeks
(Phase 3) 56.1% female o )
ticipants received the placebo
117 participants received 1
Hattori ef al,, 2018 44.2% male,. Ir'lf.j{/day Rasagiline, 126 par-
55.8% female in . ticipants received the place-
(open-label, Phase 65.4 £ 9.13 in the first 26
s the first 26 weeks, ) bo,
3, participant 210 weeks, 67.4 + 8.99 in the . 52 weeks
53% male, 64% 198 participants entered the

overlap with above
study)

remaining 26 weeks
female in the re- &

maining 26 weeks mg/day Rasagiline for the
remaining 26 weeks

extension study, receiving 1

Risk of bias domains

Study
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D5: Bias in selection of the reported result. . Low

Figure 2. Traffic-light plot of RoB 2.

3.5. Study Outcomes

All included studies assessed outcomes immediately following the intervention.
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In four studies [18] [19] [22] [26], UPDRS total scores were an efficacy endpoint.
In two studies [29] [30], UPDRS Part I scores were an efficacy endpoint. In six
studies [21] [24] [26] [28] [29] [30], UPDRS Part II and UPDRS Part III scores
were efficacy endpoints. In three studies [27] [29] [30], PDQ-39 total, PDQ-39
mobility, PDQ-39 activities of daily living, PDQ-39 emotional well-being, PDQ-39
stigma, PDQ-39 social support, PDQ-39 cognition, PDQ-39 communication,
and PDQ-39 bodily discomfort scores were efficacy endpoints. In three studies
[21] [25] [29], OFF time was an efficacy endpoint.

3.6. Meta-Analysis: Motor Symptoms

3.6.1. UPDRS Total

Four studies [16] [18] [19] [22] (n = 1264) investigated the effect of 1 mg/day
Rasagiline compared to placebo on UPDRS total scores. There was a small and
statistically significant overall effect on UPDRS total scores of 1 mg/day Rasa-
giline compared to placebo (SMD = —0.31; 95% CI —0.53, —0.08). There was a
moderate and statistically non-significant degree of heterogeneity identified in
the meta-analysis (Q = 6.01, p = 0.11, I* = 52.56%; 95% PI —1.14, 0.53) (Figure
3). Asymmetry was observed in the funnel plot (Appendix 2).

3.6.2. UPDRS PartII

Six studies [21] [24] [26] [28] [29] [30] (n = 1484) investigated the effect of 1
mg/day Rasagiline compared to placebo on UPDRS Part II scores. There was a
small and statistically significant overall effect on UPDRS Part II scores of 1
mg/day Rasagiline compared to placebo (SMD = -0.37; 95% CI —-0.52, —0.21).
There was a moderate and statistically non-significant degree of heterogeneity
identified in the meta-analysis (Q = 9.73, p = 0.08, I* = 49.86%; 95% PI —0.79,
0.06) (Figure 4). Asymmetry was not observed in the funnel plot (Appendix 3).

3.6.3. UPDRS Part III

Six studies [21] [24] [26] [28] [29] [30] (n = 1484) investigated the effect of 1
mg/day Rasagiline compared to placebo on UPDRS Part III scores. There was a
small and statistically significant overall effect on UPDRS Part III scores of 1
mg/day Rasagiline compared to placebo (SMD = —-0.37; 95% CI —0.47, —0.27).
There was a small and statistically non-significant degree of heterogeneity iden-
tified in the meta-analysis (Q = 3.82, p = 0.58, I* = 0.00%; 95% PI —0.52, —0.23)
(Figure 5). Asymmetry was not observed in the funnel plot (Appendix 4).

3.6.4. PDQ-39 Total

Three studies [27] [29] [30] (n = 624) investigated the effect of 1 mg/day Rasa-
giline compared to placebo on PDQ-39 total scores. There was a small and sta-
tistically significant overall effect on PDQ-39 total scores of 1 mg/day Rasagiline
compared to placebo (SMD = —0.30; 95% CI —0.46, —0.14). There was a small
and statistically non-significant degree of heterogeneity identified in the me-
ta-analysis (Q = 1.18, p = 0.56, I* = 0.00%; 95% PI —1.32, 0.72) (Figure 6).
Asymmetry was not observed in the funnel plot (Appendix 5).
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Rabey et al., 2000 18 -4 1715 13 -54 18.73 —_— 0.08[-0.62, 0.77] 9.00
Stern et al., 2004 15 -1.81 98 14 -5 554 -0.16[-0.87, 0.55] 8.71
Olanow et al., 2009 288 1.26 6.11 595 4.27 6.34 E 3 -0.48[-0.62, -0.34] 45.60
Hauser et al., 2014 159 -4 144 162 -9 139 — -0.22[-0.44, 0.00] 36.69
Overall > -0.31[-0.53, -0.08]
Heterogeneity: 12 = 0.02, I? = 52.56%, H? = 2.11
Test of 8, = 8;: Q(3) = 6.01, p = 0.11 Favors treatment | Favors control

Testof 6 =0:z=-2.63, p=0.01

Random-effects REML model

Figure 3. Forest plot UPDRS total scores.

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Rascol et al., 2005 222 -2.33 432 218 -64 3.84 —— -0.41[-0.60, -0.22] 22.85
Hasmet et al., 2011 23 -2.17 3.95 25 -1.64 3.59 ———®——— -0.14[-0.70, 0.42] 6.15
Hauser et al., 2014 159 -3 4.61 162 4 479 —— -0.15[-0.37, 0.07] 20.39
Weintraub et al., 2016 82 -9 389 80 1.4 402 —W— -0.58[-0.89, -0.27] 14.15
Hattori et al., 2018 (Phase 2/3) 129 -3 4.88 141 .97 4.87 —il— -0.26 [ -0.50, -0.02] 18.83
Hattori et al., 2018 (Phase 3) 17 13 379 126 232 382 —l— -0.57[-0.83, -0.32] 17.64
Overall - -0.37[-0.52, -0.21]
Heterogeneity: 12 = 0.02, I? = 49.86%, H?> = 1.99
Test of 8, = 912 Q(5) =9.73, p = 0.08 Favors treatment | Favors control
Test of 6 =0:z=-4.70, p = 0.00

4 -5 0 5

Random-effects REML model

Figure 4. Forest plot UPDRS Part II scores.

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Rascol et al., 2005 222 -3.42 7.45 218 -52 7.09 —— -0.40[-0.59, -0.21] 29.55
Hasmet et al., 2011 23 -435 521 25 -22 4.05 -0.46[-1.02, 0.11] 3.29
Hauser et al., 2014 159 -3.8 106 162 -1.3 10.1 —M— -0.24[-0.46, -0.02] 21.85
Weintraub et al., 2016 82 -37 634 80 -1.2 6.53 —— -0.39[-0.70, -0.08] 10.95
Hattori et al., 2018 (Phase 2/3) 129 -5.65 7.27 141 -35 7.24 —— -0.30[-0.53, -0.06] 18.30
Hattori et al., 2018 (Phase 3) 17 -4.47 725 126 -48 7.18 —— -0.55[-0.81, -0.30] 16.05
Overall > -0.37[-0.47, -0.27]
Heterogeneity: 12 = 0.00, 1> = 0.00%, H? = 1.00
Test of 8, = el: Q(5) =3.82, p=0.58 Favors treatment | Favors control
Testof 6 =0:z=-7.09, p=0.00

A -5 0

Random-effects REML model

Figure 5. Forest plot UPDRS Part III scores.

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% Cl (%)
Barone et al., 2015 51 -6.24 19.21 60 -1.03 1805 — W —— -0.28[-0.65, 0.09] 17.88
Hattori et al., 2018 (Phase 2/3) 129 -1 977 141 284 962 —l—— -0.40 [ -0.64, -0.15] 42.91
Hattori et al., 2018 (Phase 3) 117 124 779 126 284 7.86 —B— -0.20[-0.46, 0.05] 39.22
Overall —~— -0.30[-0.46, -0.14]
Heterogeneity: 12 = 0.00, I> = 0.00%, H? = 1.00
Testof 6,=6,: Q(2) = 1.18, p=0.56 Favors treatment | Favors control

Testof 6 =0:z2=-3.72, p =0.00

Random-effects REML model

Figure 6. Forest plot PDQ-39 total scores.

3.6.5. PDQ-39 Mobility
Three studies [27] [29] [30] (n = 624) investigated the effect of 1 mg/day Rasa-
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giline compared to placebo on PDQ-39 mobility scores. There was a small and
statistically significant overall effect on PDQ-39 mobility scores of 1 mg/day
Rasagiline compared to placebo (SMD = —0.30; 95% CI —0.46, —0.15). There was
a small and statistically non-significant degree of heterogeneity identified in the
meta-analysis (Q = 1.95, p = 0.38, I* = 0.00%; 95% PI —1.33, 0.72) (Figure 7).
Asymmetry was not observed in the funnel plot (Appendix 6).

3.6.6. PDQ-39 Activities of Daily Living

Three studies [27] [29] [30] (n = 625) investigated the effect of 1 mg/day Rasa-
giline compared to placebo on PDQ-39 activities of daily living scores. There
was a small and statistically significant overall effect on PDQ-39 activities of
daily living scores of 1 mg/day Rasagiline compared to placebo (SMD = —0.41;
95% CI —0.56, —0.25). There was a small and statistically non-significant degree
of heterogeneity identified in the meta-analysis (Q = 1.22, p = 0.54, I* = 0.00%;
95% PI —1.43, 0.62) (Figure 8). Asymmetry was not observed in the funnel plot
(Appendix 7).

3.6.7. PDQ-39 Bodily Discomfort

Three studies [27] [29] [30] (n = 625) investigated the effect of 1 mg/day Rasa-
giline compared to placebo on PDQ-39 bodily discomfort scores. There was a triv-
ial and statistically non-significant overall effect on PDQ-39 bodily discomfort
scores of 1 mg/day Rasagiline compared to placebo (SMD = —0.13; 95% CI —0.30,
0.04). There was a small and statistically non-significant degree of heterogeneity
identified in the meta-analysis (Q = 2.01, p = 0.37, I = 13.72%; 95% PI —1.45, 1.19)
(Figure 9). Asymmetry was not observed in the funnel plot (Appendix 8).

3.6.8. OFF Time

Three studies [21] [25] [29] (n = 954) investigated the effect of 1 mg/day Rasa-
giline compared to placebo on OFF time. There was a small and statistically sig-
nificant overall effect on OFF time of 1 mg/day Rasagiline compared to placebo
(SMD = -0.47; 95% CI —0.65, —0.28). There was a moderate and statistically
non-significant degree of heterogeneity identified in the meta-analysis (Q = 4.08,
p = 0.13, I* = 51.08%; 95% PI —2.40, 1.47) (Figure 10). Asymmetry was not ob-
served in the funnel plot (Appendix 9).

3.7. Meta-Analysis: Non-Motor Symptoms

3.7.1. UPDRS PartI

Two studies [29] [30] (n = 513) investigated the effect of 1 mg/day Rasagiline
compared to placebo on UPDRS Part I scores. There was a trivial and statistical-
ly non-significant overall effect on UPDRS Part I scores of 1 mg/day Rasagiline
compared to placebo (SMD = —0.15; 95% CI —0.41, 0.12). There was a moderate
and statistically non-significant degree of heterogeneity identified in the me-
ta-analysis (Q = 2.31, p = 0.13, I> = 56.62%) (Figure 11). Due to only two studies
included in the meta-analysis, the 95% prediction interval was not estimated.

Asymmetry was not observed in the funnel plot (Appendix 10).
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Barone et al., 2015 52 -6.28 18.89 59 283 179 —— -0.49[-0.87, -0.12] 17.57
Hattori et al., 2018 (Phase 2/3) 129 -2.8 1829 141 3.36 18.05 —l— | -0.34[-058, -0.10] 43.15
Hattori et al., 2018 (Phase 3) 117 164 132 126 4.05 13.25 —l——-0.18[-0.43, 0.07] 39.28
Overall - -0.30[ -0.46, -0.15]
Heterogeneity: 12 = 0.00, |2 = 0.00%, H? = 1.00
Testof 8, = 6: Q(2) = 1.95, p = 0.38 Favors treatment | Favors control
i § ’
Testof 6 =0:z=-3.78, p = 0.00
—
-1 -5 0
Random-effects REML model
Figure 7. Forest plot PDQ-39 mobility scores.
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Barone et al., 2015 52 -3.64 18.89 60 1.51 18.05 —#@———-0.28[-0.65, 0.09] 18.20
Hattori et al., 2018 (Phase 2/3) 129 -3.72 16.24 141 4.42 16.03 —B— -0.50[-0.75, -0.26] 42.72
Hattori et al., 2018 (Phase 3) 117 .98 1298 126 5.66 13.02 —— -0.36[-0.61, -0.11] 39.08
Overall - -0.41[-0.56, -0.25]
Heterogeneity: 12 = 0.00, 12 = 0.00%, H?> = 1.00
Testof 8,=6,:Q(2) =1.22, p=0.54 Favors treatment | Favors control
Testof 8 =0:z=-5.03, p=0.00
—————
-1 -5 0
Random-effects REML model
Figure 8. Forest plot PDQ-39 activities of daily living scores.
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% Cl (%)
Barone et al., 2015 52 201 2142 60 272 2053 — @ —— -0.03[-0.40, 0.34] 19.59
Hattori et al., 2018 (Phase 2/3) 129 -92 16.47 141 3.36 16.27 —— -0.26 [ -0.50, -0.02] 41.80
Hattori et al., 2018 (Phase 3) 117 228 15.04 126 275 15.15 —— -0.03[-0.28, 0.22] 38.61
Overall - -0.13[-0.30, 0.04]
Heterogeneity: T2 = 0.00, I2=13.72%, H*=1.16
Testof 8,=6:Q(2) =2.01, p=0.37 Favors treatment | Favors control
i i ’ -
Testof 8 =0:2=-1.47,p=0.14
——
-5 0 5
Random-effects REML model
Figure 9. Forest plot PDQ-39 bodily discomfort scores.
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Rascol et al., 2005 222 -1.18 223 218 -4 221 —— 03 [-0.54, -0.16] 39.36
Zhang et al., 2013 119 -1.75 1.69 125 -69 1.44 — W — -0.67[-0.93, -0.42] 29.24
Hattori et al., 2018 (Phase 2/3) 129 -1.35 2.04 141 -51 202 ———— -0.41[-0.65, -0.17] 31.41
Overall ~=ml>—  -0.46 [ -0.65, -0.28]
Heterogeneity: 12 = 0.01, 12 = 51.08%, H? = 2.04
Testof §, = QJ: Q(2) =4.08,p=0.13 Favors treatment | Favors control
Testof 6 = 0:z =-4.86, p = 0.00
-1 -8 -6 -4 -2
Random-effects REML model
Figure 10. Forest plot OFF time.
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Hattori et al., 2018 (Phase 2/3) 129 .94 3.98 141 1 392 -0.02[-0.25, 0.22] 51.24
Hattori et al., 2018 (Phase 3) 17 .18 281 126 .98 281 —JW—— -0.28[-0.54, -0.03] 48.76
Overall -0.15[-0.41, 0.12]
Heterogeneity: 12 = 0.02, I = 56.62%, H? = 2.31
Testof 6,= 6;:Q(1) =2.31,p=0.13 Favors treatment | Favors control
Testof 6 =0:z=-1.09, p=0.28
-6 -4 -2 0 2

Random-effects REML model

Figure 11. Forest plot UPDRS Part I scores.
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3.7.2. PDQ-39 Emotional Well-Being

Three studies [27] [29] [30] (n = 625) investigated the effect of 1 mg/day Rasa-
giline compared to placebo on PDQ-39 emotional well-being scores. There was
a small and statistically significant overall effect on PDQ-39 emotional
well-being scores of 1 mg/day Rasagiline compared to placebo (SMD = -0.27;
95% CI —0.43, —0.11). There was a small and statistically non-significant degree
of heterogeneity identified in the meta-analysis (Q = 0.33, p = 0.85, I* = 0.00%;
95% PI —1.29, 0.75) (Figure 12). Asymmetry was not observed in the funnel
plot (Appendix 11).

3.7.3. Stigma

Three studies [27] [29] [30] (n = 622) investigated the effect of 1 mg/day Rasa-
giline compared to placebo on PDQ-39 stigma scores. There was a trivial and
statistically non-significant overall effect on PDQ-39 stigma scores of 1 mg/day
Rasagiline compared to placebo (SMD = —0.13; 95% CI —0.29, 0.02). There was a
small and statistically non-significant degree of heterogeneity identified in the
meta-analysis (Q = 0.23, p = 0.89, I* = 0.00%; 95% PI -1.15, 0.88) (Figure 13).
Asymmetry was not observed in the funnel plot (Appendix 12).

3.7.4. Social Support

Three studies [27] [29] [30] (n = 623) investigated the effect of 1 mg/day Rasa-
giline compared to placebo on PDQ-39 social support scores. There was a trivial
and statistically non-significant overall effect on PDQ-39 social support scores of
1 mg/day Rasagiline compared to placebo (SMD = -0.10; 95% CI —0.26, 0.06).
There was a small and statistically non-significant degree of heterogeneity iden-
tified in the meta-analysis (Q = 0.03, p = 0.98, I* = 0.00%; 95% PI —1.12, 0.92)
(Figure 14). Asymmetry was not observed in the funnel plot (Appendix 13).

3.7.5. Cognition

Three studies [27] [29] [30] (n = 624) investigated the effect of 1 mg/day Rasa-
giline compared to placebo on PDQ-39 cognition scores. There was a trivial and
statistically non-significant overall effect on PDQ-39 cognition scores of 1
mg/day Rasagiline compared to placebo (SMD = —0.11; 95% CI —-0.27, 0.05).
There was a small and statistically non-significant degree of heterogeneity iden-
tified in the meta-analysis (Q = 2.80, p = 0.25, I* = 0.00%; 95% PI —1.13, 0.91)
(Figure 15). Asymmetry was observed in the funnel plot (Appendix 14).

3.7.6. Communication

Three studies [27] [29] [30] (n = 623) investigated the effect of 1 mg/day Rasa-
giline compared to placebo on PDQ-39 communication scores. There was a
trivial and statistically non-significant overall effect on PDQ-39 communication
scores of 1 mg/day Rasagiline compared to placebo (SMD = -0.14; 95% CI
-0.29, 0.02). There was a small and statistically non-significant degree of heter-
ogeneity identified in the meta-analysis (Q = 0.76, p = 0.68, I* = 0.00%; 95% PI
-1.15, 0.88) (Figure 16). Asymmetry was observed in the funnel plot (Appendix
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15).
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Barone et al., 2015 52 -566 1832 60 -2.33 1727 — @ ——— -0.19[-0.56, 0.18] 18.08
Hattori etal., 2018 (Phase 2/3) 129 -36 1556 141 3.75 15.44 —— -0.26 [ -0.50, -0.03] 43.17
Hattori et al., 2018 (Phase 3) 117  -11 11.68 126 359 11.67 —W—— -0.32[-0.57, -0.06] 38.76
Overall —~a— -0.27[-0.43, -0.11]
Heterogeneity: 1> = 0.00, I> = 0.00%, H? = 1.00
Test of 6, = 6;: Q(2) =0.33, p=0.85 Favors treatment | Favors control
Test of 6 =0:z =-3.37, p =0.00
———T——
-6 -4 -2 0 2
Random-effects REML model
Figure 12. Forest plot PDQ-39 emotional well-being scores.
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Barone et al., 2015 51 -458 2071 58 -27 1934 ——W@——— -0.21[-0.59, 0.16] 17.55
Hattori et al., 2018 (Phase 2/3) 129 -2.9 13.97 141 -1.14 13.77 —M——  -0.13[-0.36, 0.11] 43.36
Hattori et al., 2018 (Phase 3) 17 .06 1092 126 1.21 1 ———— -0.10[-0.36, 0.15] 39.09
Overall - -0.13[-0.29, 0.02]
Heterogeneity: 12 = 0.00, |2 = 0.00%, H2 = 1.00
Test of 6, = 6: Q(2) = 0.23, p = 0.89 Favors treatment | Favors control
Testof 8 =0:z=-1.66,p =0.10
L
-6 -4 -2 0 2
Random-effects REML model
Figure 13. Forest plot PDQ-39 stigma scores.
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Barone et al., 2015 51 -1.44 1971 59 1.03 18.67 —®———-0.13[-0.50, 0.24] 17.71
Hattori et al., 2018 (Phase 2/3) 129 1.38 12.49 141 246 1235 ————  -0.09[-0.32, 0.15] 43.29
Hattori et al., 2018 (Phase 3) 117 111 865 126 201 8.64 —M———— -0.10[-0.35, 0.15] 39.00
Overall —~al— -0.10 [ -0.26, 0.06]
Heterogeneity: 2 = 0.00, 12 = 0.00%, H? = 1.00
Test of 6, = 6;: Q(2) = 0.03,p =0.98 Favors treatment | Favors control
Testof 8=0:z2=-1.26,p =0.21
—
-6 -4 -2 0 2
Random-effects REML model
Figure 14. Forest plot PDQ-39 social support scores.
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Barone et al., 2015 52 -4 16.44 59 241 1559 —— -0.40[-0.77, -0.02] 17.59
Hattori et al., 2018 (Phase 2/3) 129 .69 14.65 141 1.6 14.49 -0.06[-0.30, 0.18] 43.34
Hattori et al., 2018 (Phase 3) 117 214 10.06 126 247 104 -0.03[-0.28, 0.22] 39.07
Overall -0.11[-0.27, 0.05]
Heterogeneity: 12 = 0.00, I = 0.00%, H? = 1.00
Test of 6, = 8;: Q(2) =2.80, p=0.25 Favors treatment | Favors control
Testof 6=0:2=-1.37,p=0.17
Random-effects REML model
Figure 15. Forest plot PDQ-39 cognition scores.
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Barone et al., 2015 51 -6.6 18 59 -153 1705 — @ —— -0.29 [-0.66, 0.09] 17.59
Hattori et al., 2018 (Phase 2/3) 129 226 1329 141 366 13.18 — M -0.11[-0.34, 0.13] 43.35
Hattori et al., 2018 (Phase 3) 17 77 1114 126 192 11.11 — M -0.10[-0.35, 0.15] 39.06
Overall - -0.14[-0.29, 0.02]

Heterogeneity: 12 = 0.00, I? = 0.00%, H? = 1.00
Test of 8, = 6: Q(2) = 0.76, p = 0.68
Testof 0 =0:z=-1.71,p =0.09

Random-effects REML model

Favors treatment | Favors control
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Figure 16. Forestplot PDQ-39 communication scores.

3.8. Overall Quality of Evidence

Using the Cochrane GRADE approach, the level of evidence was downgraded by
1 level for all meta-analyses as the overall effect size of 95% CI was deemed trivi-
al or small (imprecision, —1). The overall quality was deemed very low to mod-

erate for all meta-analyses (Appendix 16).

4. Discussion

Neuroprotection aims to slow or stop the progression of PD. Propargylamines
have been shown to stop cell death associated with neurodegenerative changes in
in vitro and in vivo animal studies [32] [33]. Since Rasagiline is a propargyla-
mine, it has been suggested that it is a candidate for providing neuroprotection
in PD [34]. Delayed-start study designs have provided preliminary evidence for a
disease-modifying effect of Rasagiline on motor and non-motor symptoms in
individuals with PD [22] [23]. To our knowledge, this is the first systematic re-
view with meta-analysis to compare the effects of Rasagiline to placebo on motor
and non-motor symptoms in individuals with PD. Our study revealed there is
very low to moderate certainty of evidence that trivial to small and statistically
significant improvements in motor symptoms occur in individuals with PD

treated with 1 mg/day MAO-B inhibitor Rasagiline compared to placebo.

4.1. Motor Symptoms

Motor symptoms of PD result from changes to the neural anatomy responsible
for action selection, motor sequencing, and coordination and execution of
movement. These motor symptoms include tremors, rigidity, bradykinesia, gait
disturbance, changes in handwriting, and others [35]. Motor symptoms become
increasingly severe in individuals as PD progresses and are associated with re-
duced quality of life and the progression of disability in individuals with PD. The
increased severity of motor symptoms is a leading reason why individuals with
PD get detained in a wheelchair or a bed [36]. Although medication can control
motor symptoms, individuals with the disease can develop motor fluctuations
known as OFF time between their medication doses. The severity and unpre-
dictability of OFF time are reasons for reduced quality of life in individuals with
PD [37].

Consistent with our findings, Rasagiline is known to improve Parkinsonian
motor symptoms in individuals with PD compared to placebo [38]. Using Rasa-
giline to improve motor symptoms can combat individuals’ functional decline
and allow for greater independence and quality of life. The effects of Rasagiline
have been investigated both as monotherapy and adjunctive therapy compared
to placebo, and Rasagiline has been shown to have beneficial effects in both types
of therapy [7] [39].

As adjunctive therapy, Rasagiline is most often administered with oral Levo-
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dopa. Although oral Levodopa monotherapy has been the gold standard medica-
tion for managing Parkinsonian motor symptoms, its short half-life is associated
with increased peaks and valleys in the medication concentration in the blood.
Over time, oral Levodopa treatment is associated with the development of addi-
tional motor symptoms [40], such as motor fluctuations and dyskinesia [41].
The short half-life of oral forms of Levodopa is believed to be the reason behind
the pathogenesis of motor fluctuations and dyskinesia [42]. Consistent with oth-
ers [21], our findings provide low to moderate certainty of evidence that the ad-
ministration of Rasagiline as adjunctive therapy to oral Levodopa improves mo-

tor symptoms and may decrease motor fluctuations and dyskinesia.

4.2. Non-Motor Symptoms

Non-motor symptoms of PD result from the loss of neurons in the dopaminer-
gic and non-dopaminergic pathways in the brain. These non-motor symptoms
include depression, anxiety, fatigue, pain, insomnia, speech and swallowing is-
sues, hallucinations, constipation, and hyposmia, and may have a greater effect
on quality of life than motor symptoms. Non-motor symptoms are common and
can precede Parkinsonian motor symptoms by up to a decade [43] [44]. Consid-
ering the range and complexity of non-motor symptoms that can present, it was
not surprising that we identified mixed results for the effects of Rasagiline.

Motor symptoms of PD are directly linked to the non-motor symptoms of
the disease. Both motor and non-motor symptoms result in severe negative so-
cial consequences such as stigma, dehumanization, and loneliness. This, in
turn, leads to reduced quality of life in individuals with PD [45]. Consistent
with others [18]-[31], our findings suggest Rasagiline can improve both motor
and non-motor symptoms in individuals with PD, potentially increasing the
ability of these individuals to engage in social activities and improve their
quality of life.

Improving both motor and non-motor symptoms is important to improving
the quality of life in individuals with PD. Non-motor symptoms become in-
creasingly common and obvious as PD progresses. They also reduce quality of
life and contribute to the development of overall disability caused by motor
symptoms in individuals with PD [46] [47]. Future research is needed to inves-

tigate further the effects of Rasagiline on non-motor symptoms.

4.3. Rasagiline and Other Treatments

Rasagiline is often administered as adjunctive therapy to oral Levodopa to re-
duce the motor fluctuations caused by oral Levodopa by reducing the OFF time
between oral Levodopa doses. [7] However, Rasagiline is not the only MAO-B
inhibitor used in the treatment of PD. Other MAO-B inhibitors are Selegiline
and Safinamide [48]. Selegiline is a first-generation irreversible MAO-B inhibi-
tor that is associated with higher rates of adverse events due to its chemical

structure that contains an amphetamine backbone. When Selegiline undergoes
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first-pass metabolism in the liver, it is transformed into L-amphetamine and
L-methamphetamine which can cause cardiovascular and central nervous system
adverse events [49]. Rasagiline is a second-generation irreversible MAO-B in-
hibitor that does not have an amphetamine backbone and is associated with
fewer adverse events [50]. Safinamide is an alpha-aminoamide derivative intro-
duced into the market as a reversible MAO-B inhibitor. Safinamide has a higher
MAO-B selectivity than Selegiline or Rasagiline and is linked to fewer adverse

events than both Selegiline and Rasagiline [51].

4.4. Study Limitations

This study had several limitations. First, due to the limited number of studies in-
cluded in each meta-analysis, we did not investigate the long-term effects of
Rasagiline on motor and non-motor symptoms. Second, our review only in-
cluded published randomized controlled trials and did not include “gray litera-
ture.” Third, due to the limited number of studies, we were unable to adequately

assess the potential for publication bias.

5. Conclusion

Based on very low to moderate certainty of evidence, 1 mg/day of Rasagiline sig-
nificantly improved Parkinsonian motor symptoms. For all outcomes, the 1
mg/day Rasagiline group was favored over the placebo group. Both motor and
non-motor symptoms of PD result in reduced quality of life in individuals with
the disease. Our findings suggest that Rasagiline improves motor symptoms, and
can potentially improve non-motor symptoms, including engagement in social
activities and quality of life in individuals with PD. As adjunctive therapy in in-
dividuals treated with optimized oral Levodopa, Rasagiline may also reduce the
motor fluctuations caused by oral Levodopa. Higher quality studies to investi-
gate the effects of Rasagiline on both motor and non-motor symptoms are
needed to better understand the role of neuroprotection that the medication can

provide in individuals with PD.
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Appendix 1: Search Terms

The search terms for the PubMed database were: (“Parkinson’s disease” OR
“Parkinson” OR “Parkinson disease”) AND (“Rasagiline”) AND (“nonmotor”
OR “non-motor” OR “motor” OR “mobility” OR “gait” OR “balance” OR “falls”
OR “slowness” OR “rigidity” OR “tremor” OR “cognitive impairment” OR
“cognitive problems” OR “cognitive changes” OR “depression” OR “anxiety” OR
“UPDRS” OR “PDQ-39” OR “OFF time”). Filters: English, Exclude preprints.

The search terms for the Cochrane database were: (“Parkinson’s disease” OR
“Parkinson” OR “Parkinson disease”) AND (“Rasagiline”) AND (“nonmotor”
OR “non-motor” OR “motor” OR “mobility” OR “gait” OR “balance” OR “falls”
OR “slowness” OR “rigidity” OR “tremor” OR “cognitive impairment” OR
“cognitive problems” OR “cognitive changes” OR “depression” OR “anxiety” OR
“UPDRS” OR “PDQ-39” OR “OFF time”). Filters: English.

The search terms for the EBSCO database were: (“Parkinson’s disease” OR
“Parkinson” OR “Parkinson disease”) AND (“Rasagiline”) AND (“nonmotor”
OR “non-motor” OR “motor” OR “mobility” OR “gait” OR “balance” OR “falls”
OR “slowness” OR “rigidity” OR “tremor” OR “cognitive impairment” OR
“cognitive problems” OR “cognitive changes” OR “depression” OR “anxiety” OR
“UPDRS” OR “PDQ-39” OR “OFF time”). Filters: Search mode “find any of my

search terms”, English.
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Appendix 2: Funnel Plot UPDRS Total Scores
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Appendix 3: Funnel Plot UPDRS Part II Scores
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Appendix 4: Funnel Plot UPDRS Part III Scores
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Appendix 5: Funnel Plot PDQ-39 Total Scores
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Appendix 6: Funnel Plot PDQ-39 Mobility Scores
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Appendix 7: Funnel Plot PDQ-39 Activities of Daily
Living scores
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Appendix 8: Funnel Plot PDQ-39 Bodily Discomfort Scores
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Appendix 9: Funnel Plot OFF Time
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Appendix 10: Funnel Plot UPDRS Part I Scores
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Appendix 11: Funnel Plot PDQ-39 Emotional Well-Being
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Appendix 12: Funnel Plot PDQ-39 Stigma Scores
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Appendix 13: Funnel Plot PDQ-39 Social Support Scores
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Appendix 14: Funnel Plot PDQ-39 Cognition Scores
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Appendix 15: Funnel Plot PDQ-39 Communication Scores
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Appendix 16: GRADE Approach for Motor and Non-Motor Symptom Qutcomes

Question: Rasagiline compared to placebo for Parkinson’s Disease

Certainty assessment Ne of patients Effect
: Certainty
Ne of Study Relative Absolute
Risk of bias Inconsistency Indirectness Imprecision Other considerations Rasagiline lacebo
studies  design < P gll P (95% CI) (95% CI)
UPDRS Total (assessed with: SMD)
SMD 0.306 SD 1
randomised . X . . publication bias ower o000
4 . serious not serious not serious serious 480 784 - (0.534 lower to 0.078
trials strongly suspected Very low
lower)
UPDRS Part I (assessed with: SMD)
SMD 0.146 SD |
randomised . X X . ower o000
2 . very serious  not serious  very serious  very serious none 246 267 - (0.409 lower to 0.117
trials . Very low
higher)
UPDRS Part II (assessed with: SMD)
SMD 0.365 SD lower
randomised . X . X [21o11@)
6 . serious not serious not serious  not serious none 732 752 - (0.517 lower to 0.213
trials Moderate
lower)
UPDRS Part III (assessed with: SMD)
X SMD 0.37 SD lower
randomised . . . . 21110
6 . serious not serious not serious not serious none 732 752 - (0.515 lower to 0.225
trials Moderate
lower)
PDQ-39 Total (assessed with: SMD)
SMD 0.299 SD lower
randomised . . . ) 00
3 . serious not serious serious not serious none 297 327 - (0.457 lower to 0.142
trials Low
lower)
PDQ-39 Mobility (assessed with: SMD)
SMD 0.304 SD lower
randomised . . ) ) 800
3 . serious not serious serious not serious none 298 326 - (0.461 lower to 0.146
trials Low
lower)
PDQ-39 Activities of Daily Living (assessed with: SMD)
SMD 0.406 SD 1
randomised . . . . ower o000
3 . serious not serious serious not serious none 298 327 - (0.564 lower to 0.248
trials Low
lower)
PDQ-39 Emotional Well-Being (assessed with: SMD)
SMD 0.27 SD 1
randomised . . . . ower o000
3 . serious not serious serious not serious none 298 327 - (0.427 lower to 0.113
trials Low
lower)
PDQ-39 Stigma (assessed with: SMD)
SMD 0.133 SD
randomised . . . . ower o000
3 . serious not serious serious serious none 297 325 - (0.29 lower to 0.024
trials . Very low
higher)
PDQ-39 Social Support (assessed with: SMD)
SMD 0.101 SD lower
randomised . X X . o000
3 . serious not serious serious serious none 297 326 - (0.257 lower to 0.056
trials . Very low
higher)
PDQ-39 Cognition (assessed with: SMD)
SMD 0.11 SD lower
randomised . X X . publication bias o000
3 . serious not serious serious serious 298 326 - (0.267 lower to 0.047
trials strongly suspected . Very low
higher)
PDQ-39 Communication (assessed with: SMD)
SMD 0.137 SD
randomised . X X . publication bias ower o000
3 . serious not serious serious serious 297 326 - (0.293 lower to 0.02
trials strongly suspected higher) Very low
igher
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Continued
PDQ-39 Bodily Discomfort (assessed with: SMD)
SMD 0.128 SD |
randomised ) ) X ) ower o000
. serious serious serious serious none 298 327 - (0.298 lower to 0.043
trials . Very low
higher)
OFF Time (assessed with: SMD)
SMD 0.465 SD |
randomised X X ) ) ower O
3 . not serious not serious not serious serious none 470 484 - (0.652 lower to 0.277
trials 1 ) Moderate
lOwWer,

CI: Confidence interval; SMD: Standardised mean difference.
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