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Background: Drug efficacy generally varies with different durations. There is no systematic review analyzing the effect of selegiline for Parkinson's disease (PD) on different treatment duration. This study aims to analyze how the efficacy and safety of selegiline changes for PD over time.

Methods: PubMed, the Cochrane Library, Embase, China National Knowledge Infrastructure and Wanfang Database were systematically retrieved for randomized controlled trials (RCTs) and observational studies of selegiline for PD. The search period was from inception to January 18th, 2022. The efficacy outcomes were measured by the mean change from baseline in the total and sub Unified Parkinson's Disease Rating Scale (UPDRS), Hamilton Depression Rating Scale (HAMD) and Webster Rating Scale (WRS) scores. The safety outcomes were measured by the proportion of participants having any adverse events overall and that in different system organ classes.

Results: Among the 3,786 studies obtained, 27 RCTs and 11 observational studies met the inclusion criteria. Twenty-three studies reported an outcome which was also reported in at least one other study, and were included in meta-analyses. Compared with placebo, selegiline was found with a stronger reduction of total UPDRS score with increasing treatment duration [mean difference and 95% CIs in 1 month: −3.56 (−6.67, −0.45); 3 months: −3.32 (−3.75, −2.89); 6 months: −7.46 (−12.60, −2.32); 12 months: −5.07 (−6.74, −3.41); 48 months: −8.78 (−13.75, −3.80); 60 months: −11.06 (−16.19, −5.94)]. A similar trend was also found from the point estimates in UPDRS I, II, III, HAMD and WRS score. The results of observational studies on efficacy were not entirely consistent. As for safety, compared with placebo, selegiline had higher risk of incurring any adverse events [rate: 54.7% vs. 62.1%; odd ratio and 95% CIs: 1.58 (1.02, 2.44)], with the excess adverse events mainly manifested as neuropsychiatric disorders [26.7% vs. 31.6%; 1.36 (1.06, 1.75)] and no significant change over time. The statistically difference in overall adverse event between selegiline and active controls was not found.

Conclusion: Selegiline was effective in improving total UPDRS score with increasing treatment duration, and had a higher risk of incurring adverse events, especially the adverse events in the neuropsychiatric system.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier: PROSPERO CRD42021233145.
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Introduction

Parkinson's disease (PD) is an illness characterized by the loss of dopaminergic neurons in the substantia nigra. Its typical clinical manifestation includes bradykinesia, rigidity, rest tremor and disturbances in balance (Obeso et al., 2017). The prevalence of PD is increasing over years, with the global prevalence increasing from 2.5 million in 1990 to 6.1 million in 2016, which brings heavy burdens to the society (GBD 2016 Neurology Collaborators, 2018; Simon et al., 2020). Currently, pharmacological therapy is the main treatment for PD (Armstrong and Okun, 2020). Monoamine oxidase type B (MAO-B) inhibitors are one of the medications commonly used for PD treatment (NICE, 2017; Grimes et al., 2019; Tan et al., 2022).

Selegiline was the only MAO-B inhibitor in the past few decades (Magyar, 2011). It is an irreversible and selective MAO-B inhibitor which blocks dopamine metabolism and inhibits dopamine degradation, thus increasing dopamine and improving motor symptoms of patients (Moore and Saadabadi, 2022). Meanwhile, selegiline blocks synaptic dopamine reuptake and prolongs the duration of dopamine action, in this way it can help improve the function of dopaminergic neurons (Nagatsu and Sawada, 2006). In addition, selegiline can enhance the effect of improving akinesia and mitigate levodopa-induced dyskinesia when it is used with levodopa (Tábi et al., 2020).

Unified Parkinson's Disease Rating Scale (UPDRS) was the most widely used tool to gauge the severity and progression of PD in patients. The UPDRS Version 3.0 has four components covering mentation, behavior, and mood (UPDRS I), activities of daily living (UPDRS II), motor symptoms (UPDRS III) and complications of therapy (UPDRS IV) (Fahn et al., 1987). The UPDRS demonstrates high internal consistency and inter-rater reliability, shows moderate construct validity, and has a stable factor structure (Ramaker et al., 2002). Hamilton Depression Rating Scale (HAMD), which has adequate reliability and high validity, was recommended to be used for depression screening in PD (Hamilton, 1960; Miyasaki et al., 2006; Chai and Ho, 2021). Webster Rating Scale (WRS), with a few studies showed its moderate reliability, can also indicate the severity of PD and the clinical impairment (Webster, 1968; Ginanneschi et al., 1988).

Selegiline was found with increasing improvement of UPDRS, HAMD and WRS scores over time (Pålhagen et al., 2006; Mizuno et al., 2017). However, there is no systematic review that summarizes and analyses the literatures on such trend at present. Previous systematic reviews of selegiline merely focus on the overall efficacy and safety of selegiline monotherapy or combination therapy. Some of them had mixed results. For example, Ives et al. (2004) found UPDRS scores were improved with selegiline when compared with placebo for UPDRS II and UPDRS III. However, Su et al. (2014) reported that no significant improvement was found. Finally, none of them included observational studies, though observational data can serve as convincing and valuable evidence (van den Heuvel et al., 2021).

The aim of our study is to perform a systematic review and meta-analysis of RCTs and observational studies, to assess the efficacy and safety of selegiline for the treatment of PD on different treatment durations. In addition, the impacts of selegiline on the incidence of adverse events in various systems will also be explored in detail in our study.



Materials and methods


Search strategy

We performed our study by searching for studies on selegiline for PD in the following databases from inception of each database to January 18th, 2022: PubMed (from 1996), the Cochrane Library (2021 issue 12) Embase (from 1980), China National Knowledge Infrastructure (from 1999) and Wanfang Database (from 2001). We also limited the language of literature to English and Chinese. We chose the keywords “selegiline” and “Parkinson” as search terms. The Boolean logic “AND” was used to connect the two terms. The protocol of this meta-analysis and systematic review was registered in PROSPERO (No. CRD 42021233145).



The selection of study and outcome measures

After the screening of the title and abstract, researchers inspected all studies by examining the full articles. Three independent authors (ZHL, JRL, and YFL) manually screen the records of eligible studies through title, abstract and full text, and disagreements were resolved via discussion. The inclusion criteria were specified as following: (1) RCTs or observational studies; (2) patients diagnosed with PD; (3) patients received selegiline monotherapy or selegiline combined with other treatment; (4) outcomes: change from baseline in UPDRS score including total UPDRS score, UPDRS I, UPDRS II, and UPDRS III, HAMD score, WRS score, proportion of patients having any adverse events overall and that in different system organ classes.



Data collection and research quality evaluation

According to the predesigned data acquisition form, data extraction was performed by different independent investigators (KW, XYL). The extracted information includes the authors' participant characteristics, publication year, countries, dosages, treatment durations and outcomes. The two investigators independently evaluated the methodological quality of included studies. Risk bias of included RCTs was evaluated with Cochrane risk of bias assessment tools (Higgins et al., 2011). The methodological quality of included observational studies was evaluated with the Newcastle–Ottawa scale (NOS) (Wells et al., 2014). When relevant data were missing in the included studies, we contacted their authors for clarification. All disagreements on data collection, abstraction and quality assessment were resolved by investigator consensus agreement.



Statistical analysis

In this review, we described studies that covered outcome results at relevant evaluation date. We performed the meta-analyses for the efficacy outcomes at each available follow-up periods for the outcome assessment separately, and for the safety outcomes for each type of treatment of the control arm separately. Those periods should be reported by at least two studies. Statistical analysis was carried out using Revman Manager 5.3 software (Cochrane Collaboration, Oxford, UK). Mean difference (MD) and 95% confidence interval (95% CI) were estimated for continuous data (changes from baseline in UPDRS score, HAMD score or WRS score), and dichotomous data (incidence of adverse events) were expressed as odds ratio (OR) and 95% CI. Cochrane Q-statistic and I2-test were adopted to test the heterogeneity of the selected studies. If the heterogeneity was small (P ≥ 0.1, I2 < 50%), the combined effect size was calculated by adopting the fixed effect model (Higgins and Thompson, 2002). Otherwise, the random effect model was adopted. Sensitivity analysis was performed to test the robustness of the results by excluding studies with distinct outcome differences. Finally, publication bias was examined by funnel plot with 10 or more included studies. All tests were two-sided and a value of P < 0.05 was regarded as statistically significant.




Results


Study inclusion

A total of 3,786 studies were obtained initially and 409 duplicate studies were removed. After the title/abstract screening, 3,073 studies were excluded, and 304 studies were qualified for the full text screening. We excluded 266 studies for the following reasons: 102 studies were not RCTs or observation studies, 80 with Chinese language were from non-core journals, 19 full texts were not available, 24 data were not available, 39 did not meet the requirements of outcome, and two results were duplicated with included studies (Figure 1). A total of 38 studies (6,338 patients) were included in the systematic review, including 27 RCTs and 11 observational studies (Table 1). Twenty-three studies (Presthus et al., 1987; Hietanen, 1991; Nappi et al., 1991; Allain et al., 1993; Lees, 1993; Myllylä et al., 1993; Shoulson, 1993, 1996; Mally et al., 1995; Olanow et al., 1995; Larsen and Boas, 1997; Pålhagen et al., 1998, 2006; Larsen et al., 1999; Lyytinen et al., 2000; Shoulson et al., 2002; Weng et al., 2002; Su et al., 2004; Zhao et al., 2004, 2005; Ye et al., 2014; Mizuno et al., 2017; Tao et al., 2019) reported the outcome which is also reported in at least one other study, and were included in the meta-analysis, and the results of other studies were described in term of outcomes. Selegiline treatment duration ranged from 2 weeks to 7 years.


[image: Figure 1]
FIGURE 1
 PRISMA flowchart of literature retrieval and selection.



TABLE 1 Characteristics of included studies.
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Research quality evaluation

Risk of bias analysis of included RCTs was showed in Figure 2. The incompleteness of result information and selective reports were the main reasons for risk of bias. Table 2 showed the results of risk of bias analysis of included cohort studies. The highest quality score was 8 points, while the lowest was 6 points. In general, the risks of bias were moderate in seven studies and low in three studies. The risk of bias for one case control study (Cereda et al., 2017) was low, and the NOS score was 9 points.


[image: Figure 2]
FIGURE 2
 Summary of risk of bias assessment for randomized controlled trials.



TABLE 2 Risk of bias of cohort studies.
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Efficacy
 
UPDRS score

A total of 15 RCTs reported the change in total UPDRS score. Eleven RCTs comparing selegiline with placebo were included in the meta-analysis, and showed selegiline significantly improved the total UPDRS score with an increasing tread after 1 month (MD −3.56, 95% CI −6.67 to −0.45, P = 0.02, I2 = 94%), 3 months (MD −3.32, 95% CI −3.75 to −2.89, P < 0.00001, I2 = 0%), 6 months (MD −7.46, 95% CI −12.60 to −2.32, P = 0.09, I2 = 64%), 12 months (MD −5.07, 95% CI −6.74 to −3.41, P < 0.00001, I2 = 29%), 48 months (MD −8.78, 95% CI −13.75 to −3.80, P = 0.0005, I2 = 0%), and 60 months (MD −11.06, 95% CI −16.19 to −5.94, P < 0.0001, I2 = 0%) of treatment (Figure 3, Supplementary Figure 1A). Further subgroup analysis showed that the total UPDRS score of selegiline monotherapy and in combination with an PD treatment also tended to improve over time compared with placebo (Supplementary Figure 2). Three RCTs reported the comparison between selegiline and the other active controls, showing selegiline was better than trihexyphenidyl, pramipexol, and bromocriptine and inferior to levodopa-benserazide in improving total UPDS score during the study period (Zhao et al., 2004; Ahmadiahangar et al., 2005; Ye et al., 2014). One observational study showed selegiline was similar with resagiline in improving UPDRS score (Cereda et al., 2017). Frankel et al. (1989) found high doses of selegiline was not superior to conventional doses in improving UPDRS score.


[image: Figure 3]
FIGURE 3
 Meta-analysis of improvement in total UPDRS, UPDRS I, UPDRS II, UPDRS III, HAMD, WRS score between selegiline and placebo. UPDRS, unified Parkinson's disease rating scale; UPDRS I, mental score; UPDRS II, activities of daily living score; UPDRS III, motor score; HAMD, Hamilton depression rating scale; WRS, webster rating scale; MD, mean difference; 95% CI, 95% confidence interval.


There were 8, 10 and 15 RCTs reporting the UPDRS I, II and III score respectively, with 4, 7 and 10 reporting the comparison between selegiline and placebo included in the meta-analysis. With increasing treatment duration, there was a trend of increasing improvement by selegiline in the change of UPDRS I (after 1 month: MD −0.35, 95% CI −0.59 to −0.11, P = 0.005, I2 = 64%; after 3 months: MD −0.48, 95% CI −1.03 to 0.06, P = 0.08, I2 = 43%) (Figure 3, Supplementary Figure 1B), UPDRS II (after 1 month: MD −1.49, 95% CI −3.76 to 0.77, P = 0.20, I2 = 93%; after 3 months: MD −0.90, 95% CI −1.12 to −0.69, P < 0.00001, I2 = 0%; after 12 months: MD −1.20, 95% CI −2.55 to 0.16, P = 0.08, I2 = 85%) (Figure 3, Supplementary Figure 1C), and UPDRS III score (after 1 month: MD −4.83, 95% CI −9.08 to −0.57, P = 0.03, I2 = 95%; after 3 months: MD −2.60, 95% CI −3.46 to −1.74, P < 0.00001, I2 = 53%; after 12 months: MD −3.67, 95% CI −4.04 to −3.30, P < 0.00001, I2 = 0%; after 48 months: MD −6.69, 95% CI −10.50 to −2.89, P = 0.0006, I2 = 0%; after 60 months: MD −8.49, 95% CI −12.32 to −4.66, P < 0.0001, I2 = 0%) (Figure 3, Supplementary Figure 1D).

Three RCTs reported the comparison between selegiline and placebo at the other follow-up period. Selegiline significantly improved UPDRS I at 2 months and 6 months, but not at 12 months and an average of 2 years (Dalrymple-Alford et al., 1995; Pålhagen et al., 1998; Shoulson et al., 2002). Selegiline significantly improved UPDRS II and III score during an average of 2 years of follow-up, but not at 2 months (Dalrymple-Alford et al., 1995; Shoulson et al., 2002). Three RCTs reported the comparison between selegiline and the other active controls, showing no statistical difference among levodopa, bromocriptine, lisuride, entacapone and selegiline in improving UPDRS I and III score (Caraceni et al., 1992; Lyytinen et al., 2000; Caraceni and Musicco, 2001). UPDRS II score was significantly improved among patients treated with selegiline compared with patients treated with levodopa, bromocriptine, and lisuride (Caraceni et al., 1992). One observational study showed the improvement in UPDRS III was higher for pramipexole than selegiline (Tao et al., 2019).

Seven observational studies analyzed pre-administration and post-administration UPDRS score change with selegiline. Four studies noted significant improvements in UPDRS III after 3 months of selegiline treatment (Li, 2004; Mizuno et al., 2010; Iijima et al., 2017; Wei and Li, 2018). LeWitt et al. (1993) found no significant difference in change of UPDRS II and UPDRS III from baseline after 1 month of selegiline treatment. Mizuno et al. (2019) reported selegiline significantly reduced total UPDRS score from week 4 to week 56. Similar improvements were also found in UPDRS II and UPDRS III scores. However, there was no significant decrease in UPDRS I score at all time points. Djaldetti et al. (2002) indicated there was no significant change in total UPDRS, UPDRS II and UPDRS III score after selegiline withdrawal for 1 month.



HAMD score

Three RCTs which reported the change of HAMD score were included in the meta-analysis. There was also a trend in improving HAMD score with increasing treatment durations (after 1 month: MD −0.29, 95% CI −0.68 to 0.10, P = 0.15, I2 = 0%; after 3 months: MD −0.63, 95% CI −1.05 to −0.22, P = 0.003, I2 = 0%) (Figure 3, Supplementary Figure 3). Three observational studies analyzed pre-administration and post-administration HAMD score change with selegiline, showing significant improvement after 3 months of treatment (Li, 2004; Iijima et al., 2017; Wei and Li, 2018).



WRS score

Four RCTs reported the change of WRS score and three were included in the meta-analysis. The results showed a trend in improving WRS score with increasing treatment durations, but no statistical difference between selegiline and placebo (after 1 month: MD −0.90, 95% CI −2.45 to 0.64, P = 0.25, I2 = 0%; after 6 weeks: MD −0.85, 95% CI −2.16 to 0.45, P = 0.20, I2 = 0%; after 2 months: MD −2.23, 95% CI −5.38 to 0.91, P = 0.16, I2 = 75%) (Figure 3, Supplementary Figure 4). Similarly, Lees (1993) showed no significant difference in change of WRS score was found between selegiline and placebo during 12 months of follow up. Two observational studies analyzed pre-administration and post-administration WRS score change with selegiline. Chouza et al. (1989) showed a mild decrease but no significant change in WRS score after 4 months of selegiline treatment, while Ruggieri et al. (1986) demonstrated significant decrease within 45 days.




Safety
 
General information of adverse events

A total of 20 studies described the incidence of adverse events and respectively described adverse events of neuropsychiatric disorders, musculoskeletal and connective tissue disorders, cardiovascular disorders, gastrointestinal disorders, liver diseases, and skin reaction which were mentioned in the instructions of selegiline. The details were exhibited in Supplementary Table 1.

For the overall adverse events, ten studies including 1,814 individuals were included in the meta-analysis and the results proved that the overall incidence of adverse events with selegiline was higher than that with placebo (rate: 62.1% vs. 54.7%, OR 1.58, 95% CI 1.02 to 2.44, P = 0.04, I2 = 63%) (Figure 4). We did not find selegiline with significant difference in overall adverse event with the following active controls (Entacapone: OR 2.06, 95% CI 0.43 to 9.80, P = 0.36; Pramipexole: OR 0.19, 95% CI 0.01 to 2.59, P = 0.21; Trihexyphenidyl: OR 0.05, 95% CI 0.00 to 1.09, P = 0.06) (Supplementary Figure 5A).
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FIGURE 4
 Comparison of the incidence for overall adverse events and those stratified by disorders between selegiline and placebo. OR, odds ratio; 95% CI, 95% confidence interval.




Adverse events on various disorders

Twelve studies reported data on adverse events of neuropsychiatric disorders. The results indicated that the selegiline had higher possibility to encounter neuropsychiatric disorders than the placebo (rate: 31.6% vs. 26.7%, OR 1.36, 95% CI 1.06 to 1.75, P = 0.02, I2 = 16%) (Figure 4). There was a significant increase in neuropsychiatric disorders at 12 months of selegiline treatment compared with placebo (OR 1.49, 95% CI 1.06 to 2.10, P = 0.02, I2 = 0%). However, the significant trend of the increase in adverse events over time was not found (Supplementary Figure 6). Selegiline treatment for 60 months did not significantly increase neuropsychiatric adverse events compared with placebo (OR 1.81, 95% CI 0.96 to 3.42, P = 0.07, I2 = 0%). Further analysis showed that selegiline had more adverse reactions such as vertigo, headache, hallucination, and fatigue than placebo, but the results were not statistically different (Supplementary Figure 7). In addition, selegiline did not increase the incidence of adverse events of neuropsychiatric disorders compared with the following active controls (Entacapone: OR 1.50, 95% CI 0.33–6.77, P = 0.60; Pramipexole: OR 0.80, 95% CI 0.52–1.24, P = 0.32; Trihexyphenidyl: OR 6.05, 95% CI 0.26–142.06, P = 0.26) (Supplementary Figure 5B).

Four studies described data on adverse events in musculoskeletal and connective tissue disorders. The meta-analysis results showed no significant difference in musculoskeletal and connective tissue disorders between selegiline and placebo (rate: 14.8% vs. 15.5%, OR 0.87, 95% CI 0.43–1.75, P = 0.69, I2 = 32%) (Figure 4). Patients with selegiline had less musculoskeletal and connective tissue disorders than with pramipexole (OR 0.10, 95% CI 0.03–0.29, P < 0.0001) (Supplementary Figure 5C).

Six studies reported adverse events of cardiovascular disorders and were included in the meta-analysis. The results reflected that there was no significant difference about cardiovascular adverse events in selegiline group compared with placebo group (rate: 7.4% vs. 5.0%, OR 1.56, 95% CI 0.89 to 2.74, P = 0.12, I2 = 28%) (Figure 4) and entacapone group (OR 3.00, 95% CI 0.48 to 18.93, P = 0.24). Patients with selegiline had a higher incidence of cardiovascular adverse events than with pramipexole (OR 5.26, 95% CI 1.50 to 18.39, P = 0.009) (Supplementary Figure 5D).

A total of 11 studies reported the gastrointestinal adverse events. The meta-analysis results showed that the incidence of gastrointestinal adverse events in selegiline group was not significantly different from that in placebo group (rate: 17.8% vs. 15.4%, OR 1.13, 95% CI 0.56–2.29, P = 0.74, I2 = 61%) (Figure 4), entacapone group (OR 1.50, 95% CI 0.21–10.65, P = 0.69) and pramipexole group (OR 1.22, 95% CI 0.84–1.77, P = 0.30). Patients with selegiline had less gastrointestinal adverse events than with trihexyphenidyl (OR 0.03, 95% CI 0.00–0.56, P = 0.02) (Supplementary Figure 5E).



Sensitivity analysis

One month of total UPDRS, UPDRS II, and UPDRS III score had high heterogeneity. Different from the other studies, Mally et al. showed selegiline had a more significant improvement in total UPDRS, UPDRS II, and UPDRS III score. Therefore, the sensitivity analysis was performed after eliminating this study. The heterogeneity was reduced (total UPDRS: MD −1.14, 95% CI −2.91 to 0.63, P = 0.21, I2 = 81%; UPDRS II: MD −0.46, 95% CI −0.77 to −0.14, P = 0.005, I2 = 0%; UPDRS III: MD −2.97, 95% CI −6.63 to 0.68, P = 0.11, I2 = 78%). The results showed no statistical difference for total UPDRS and UPDRS III, while an improvement trend was still identified.





Discussion

This is the first systematic review and meta-analysis that focus on the efficacy and safety of selegiline by different treatment durations. We found that selegiline significantly improved the total UPDRS score and the effect increased as the treatment duration increased. A similar trend was also found from the point estimates in UPDRS I, II, III, HAMD and WRS score. Selegiline had a higher risk of incurring adverse events, with the excess adverse events mainly manifested as neuropsychiatric disorders. The statistically difference in the overall adverse events between selegiline and active controls was not found.

Previous studies have confirmed the efficacy of selegiline in patients with PD. A network meta-analysis indicated that selegiline exhibited a significant improvement in UPDRS II, UPDRS III and total UPDRS scores (Zhuo et al., 2017). A meta-analysis pointed out that selegiline plus levodopa combination therapy significantly improved total UPDRS, UPDRS I, UPDRS II, UPDRS III scores and WRS score compared with levodopa monotherapy (Jiang et al., 2020). And a multiple treatment comparison meta-analyses found selegiline to be efficient in changing UPDRS score compared to placebo (Binde et al., 2020). However, all the above meta-analyses did not consider the effect of medication duration on efficacy. Consistent with previous studies, this study showed an improvement in total UPDRS, UPDRS III scores and HAMD score with selegiline. In addition, this study found that the effect gradually increased in 3, 12, 48, and 60 months, which further confirmed the efficacy of long-term use of selegiline. Moreover, there was great heterogeneity in the 1 month of UPDRS score, and the stability of the results was poor, which may be affected by combined factors of drugs, dosage and population. The result was more robust after 3 months of medication. The improvement in total UPDRS scores was found to be slightly lower at the 6 months measurement compared with that at the 3 months measurement, which may be influenced by disease progression. In addition, different from studies conducted by Zhang et al. (2015) and Jiang et al. (2020), this study did not find selegiline significantly improving WRS score at 1 month, 6 weeks or 2 months of treatment, which can be attributed to different inclusion and exclusion criteria. We excluded studies from non-core journals to help improve the quality of included researches.

Previous studies have shown inconsistent results regarding the safety of selegiline. Jiang et al. (2020) found selegiline plus levodopa compared with levodopa monotherapy was not associated with significantly more adverse events, and Macleod et al. (2005) also found that selegiline was not associated with higher rate of withdrawals due to adverse events. However, Jost et al. (2012) found that selegiline was associated with higher rate of study discontinuation due to adverse effects compared with placebo groups. This study found that selegiline was associated with higher incidence of any adverse events than those of placebo, but such association was not detected when comparing with entacapone, pramipexole or trihexyphenidyl. Among the comparison between selegiline and placebo in the safety outcome, we found that selegiline was associated with higher incidence of adverse events of neuropsychiatric disorders, but not in the musculoskeletal and connective tissue disorders, cardiovascular disorders or gastrointestinal disorders respectively. Selegiline was related to higher rate of fatigue, headache and somnolence and lower rate of anxiety and depression compared with placebo, which supported the findings of previous studies (Tan et al., 2022; Tsuboi et al., 2022). In addition, most studies we included did not report a course of adverse reactions with selegiline, and only one study reported an adverse event in a patient with hallucination that occurred after 2 weeks of medication, and symptoms improved after dose reduction (Weng et al., 2002). We did not find significant increase in neuropsychiatric adverse events with selegiline over time, which may be limited by the included studies. As there is no original study reporting the adverse events in a shorter timeframe, we cannot capture such a trend of increasing relative risk of adverse events comparing selegiline with placebo. In addition, there is limited studies reporting the adverse events in a much shorter or longer timeframe, limiting the power of our synthesis to show significant results.

There are several strengths in our study. Firstly, the update of RCTs was more comprehensive in our study. We included all populations of PD who used selegiline and did not restrict the use of drugs in the control group, thus covering a more comprehensive range of relevant original studies and providing more information than previous studies, including temporal correlation of effect and results compared with active controls. Secondly, we also included observational studies to augment current evidence, which was omitted from the previous studies. The before-after comparative of efficacy from observational studies provided an additional indication of how the effect of selegiline over time was affected by disease progression. Thirdly, we evaluated the occurrence of adverse events into multiple different disorders for more detailed observation, and found more adverse events of neuropsychiatric disorders with selegiline than with placebo.

However, this meta-analysis still has some limitations. The temporal association found in our studies may be dominated by the trends from the RCTs which reported the outcomes at different timings of measurement. As only limited studies were included, heterogeneity in the results cannot be further explored. In addition, the effect of disease stage, course of disease and diet on the selegiline's efficacy and safety over time were difficult to determine in this study, but could have influenced the results. To lay a solid foundation for carrying out high quality systematic evaluation and health economics evaluation in the future (Yi et al., 2022), we expect higher quality and more convincing clinical studies.



Conclusion

Selegiline was found to be effective in improving total UPDRS score and the effect increased with the treatment duration. The trend was also found in UPDRS I, II, III, HAMD and WRS score. As for safety, selegiline had higher risk of incurring any adverse events than placebo, with the excess adverse events mainly manifested as neuropsychiatric disorders. Further analysis is required to confirm the temporal correlation of efficacy and safety of selegiline.
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