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Abstract: Objective: To evaluate the therapeutic effectiveness of donepezil hydrochloride in patients with Parkinson’s
disease (PD) and inform subsequent management strategies. Methods: We systematically reviewed randomized
and non-randomized studies on donepezil hydrochloride in PD patients, retrieved from PubMed, Web of Science,
Embase, and the Cochrane Library, covering data from inception to March 2025. Meta-analysis was performed
using RevMan 5.4 software. Results: Ten eligible studies were included. The meta-analysis revealed significant
improvements in Mini-Mental State Examination (MMSE) scores in the treatment group compared to controls (SMD
= 1.67, 95% CI [0.81, 2.54], P < 0.0001). The Unified Parkinson’s Disease Rating Scale (UPDRS) scores were sig-
nificantly reduced (SMD =-2.79, 95% Cl: -4.85 to -0.74, P = 0.008), as were Clinician’s Interview-Based Impression
of Change (CIBIC+) scores (SMD =-0.27, 95% Cl: -0.45 t0 -0.08, P = 0.004). Subgroup analysis indicated consistent
improvements in MMSE scores across different subgroups, with significant differences observed. Heterogeneity was
found in the age subgroup but not in the disease duration subgroup (< 3 years). Adverse events occurred in 42.07%
(374/889) of the treatment group, with no heterogeneity across studies (1> = 0%) and a statistically significant in-
crease in risk (RR = 1.46, 95% CI [1.15, 1.84], P = 0.002). Conclusion: The meta-analysis suggests that donepezil
hydrochloride provides cognitive benefits for PD patients. However, the higher incidence of adverse reactions war-
rants careful consideration of the benefits and risks when using donepezil in clinical practice.
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Introduction and places a considerable burden on families

and society [6].
Parkinson’s disease (PD) is the second most

prevalent chronic neurodegenerative disorder,
after Alzheimer’s disease, primarily affecting
middle-aged and older adults [1]. Epidemio-

Currently, pharmacotherapy is the primary
treatment for PD [7]. Clinical evidence indicat-
es that anti-Parkinsonian medications can

logical studies show that the prevalence of PD
among individuals aged 65 and above in China
is 1.7%, with projections indicating that the
number of PD patients in China will reach 5 mil-
lion by 2030 [2, 3]. Although the exact cause of
PD remains unclear, most research suggests it
results from the loss of dopamine-producing
neurons in the substantia nigra. Patients with
PD typically present with executive dysfunction,
reduced attention, impaired visuospatial abili-
ties, and memory decline [4, 5]. As the disease
progresses, dementia may develop, leading to
a significant decline in cognitive function, which
severely affects physical health, daily activities,

effectively manage symptoms, slow disease
progression, and improve patients’ quality of
life [8]. Donepezil hydrochloride, a selective
acetylcholinesterase inhibitor, enhances cogni-
tive function by inhibiting acetylcholine hydroly-
sis and increasing its levels in the brain. It
has been widely used in PD management and
shows certain clinical benefits [9]. Despite
numerous randomized controlled trials investi-
gating donepezil hydrochloride for PD, a com-
prehensive understanding of its therapeutic
effects remains lacking. Furthermore, the
results of these studies are inconsistent, and a
systematic evaluation is absent. Therefore, this
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Table 1. PubMed database retrieval strategy

Steps Term

#1 (“Parkinson Disease”[MeSH Terms] OR Idiopathic Parkinson’s Disease* OR Idiopathic Parkinson Dis-
ease* OR Lewy Body Parkinson Disease* OR Lewy Body Parkinson’s Disease* OR Paralysis Agitans*
OR Parkinson’s Disease* OR Parkinson Disease, Idiopathic* OR Parkinson’s Disease, Idiopathic* OR
Parkinson’s Disease, Lewy Body* OR Primary Parkinsonism* OR Parkinsonism, Primary*)

#2 (“Donepezil” [MeSH Terms] OR Donepezil Hydrochloride OR “1-Benzyl-4-((5,6-dimethoxy-1-indanon)-2-yl)
methylpiperidine hydrochloride” OR “Aricept” OR “E 2020” OR “E-2020” OR “E2020” OR “Eranz” OR

“Donepezilium Oxalate Trihydrate”)

#3 (efficacy OR effectiveness OR safety OR “side effects” OR “adverse events”)

#4 #1 AND #2 AND #3 AND

research aims to conduct a meta-analysis to
thoroughly assess the clinical efficacy and
safety of donepezil hydrochloride in PD man-
agement, providing more reliable, evidence-
based insights for clinical practice.

Materials and methods

This study has been registered with PROSPERO
(CRD420251025145).

Literature search methods

We conducted a computerized search of arti-
cles published in PubMed, Embase, and the
Cochrane Library databases that met the
criteria for evaluating the clinical effects of
donepezil hydrochloride in treating PD. The
search terms included “Donepezil”, “Donepezil
Hydrochloride”, “Parkinson’s Disease”, “Idio-
pathic Parkinson’s Disease”, and “Lewy Body
Parkinson’s Disease”. A search strategy com-
bining subject headings and free-text terms
was employed and adjusted for each database.
To ensure a comprehensive search, we also
reviewed the reference lists of the original stud-
ies. Searches covered all available data from
the inception of each database through March
2025. The search strategy used for PubMed is
detailed in Table 1.

Inclusion and exclusion criteria

Inclusion criteria: (1) Randomized controlled tri-
als (RCTs) or non-RCT studies published in
English. (2) Patients diagnosed with Parkin-
son’s disease (PD), with no other restrictions.
(3) Patients receiving conventional treatment,
placebo, or other medications as the control
group. (4) Treatment group receiving donepezil
hydrochloride in addition to the control group’s
treatment. (5) Studies reporting at least one
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outcome measure. Exclusion criteria: (1)
Duplicate publications. (2) Studies for which
the full text could not be obtained. (3) Review
articles. (4) Case reports, treatment summa-
ries. (5) Trials that did not clearly specify done-
pezil as part of the intervention. (6) Studies pri-
marily based on personal experience, expert
opinion, or animal experiments.

Outcome measures

The primary outcomes were the Mini-Mental
State Examination (MMSE) scores, Unified
Parkinson’s Disease Rating Scale (UPDRS)
scores, and adverse reactions following drug
administration. Secondary outcomes included
CIBIC+ scores, Alzheimer's Disease Assess-
ment Scale-Cognitive Subscale (ADAS-Cog)
scores, and Neuropsychiatric Inventory (NPI)
scores (NPI-2 = hallucinations + cognitive
fluctuations).

Literature screening and data extraction

Following the methodologies outlined in the
Cochrane Handbook for Systematic Reviews
of Interventions and the PRISMA guidelines,
two researchers (Min Zhu and Chong Liang)
independently conducted the literature sc-
reening. Duplicates were removed using
EndNote X9, after which each investigator inde-
pendently applied the inclusion and exclusion
criteria, and cross-verified the selected re-
cords. Disagreements were resolved by con-
sulting a third researcher (Jinbiao Qin). Missing
data were requested from the authors of the
original studies. For eligible studies, the follow-
ing data were extracted: (1) first author, publi-
cation year; (2) interventions and duration of
treatment for both the treatment and control
groups; (3) outcome evaluation metrics; (4)
age; (b) disease duration.
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Results

Records identified by the
database: n = 555
Other sources: n =0

Filter to remove
duplicates n = 334

Literature search results and
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and abstract: n = 221

Buipos
pue uopeoyiuspul
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—> | Research type mismatch (n =77 ), An initial search identified
topic irrelevant (n=6)

221 articles. After reviewing

|

Figure 1. Screening process.

Risk of bias assessment

The risk of bias in the included studies was
assessed using the Cochrane Collaboration’s
Risk of Bias Tool for RCTs [12]. This assess-
ment evaluated random sequence generation,
allocation concealment, blinding of participan-
ts and staff, completeness of outcome data,
selective reporting, and other potential sources
of bias. Two researchers (Chong Liang and Wei
Feng) independently performed the risk of bias
assessment, and disagreements were resolved
by consulting a third researcher (Min Zhu).

Statistical analysis

Meta-analysis was conducted using RevMan
5.4 software. Heterogeneity among studies
was assessed using the |2 statistic. If P > 0.1
and I? £ 50%, indicating low heterogeneity, a
fixed-effect model was applied. If P < 0.1 and
I? > 50%, indicating significant heterogeneity,
studies were sequentially excluded to identify
sources of heterogeneity. Subgroup analysis
was performed if necessary, and after exclud-
ing heterogeneity, a random-effects model was
used. For categorical outcomes, relative risk
(RR) was used as the effect size measure,
while mean difference (MD) was used for con-
tinuous outcomes. All effect size measures
were reported with 95% confidence intervals
(Cls), and P-values < 0.05 were considered
statistically significant. Publication bias was
assessed by examining the symmetry of funnel
plots, and the meta-analysis outcomes were
visually represented using forest plots.
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full text, 11 lacked a control

group, and 13 did not meet

the inclusion criteria. Ultima-

tely, 10 studies [11-20] were
included in the meta-analysis. The screening
process is outlined in Figure 1.

Features of the studies included

The review included 10 studies, summarized in
Table 2. The studies involved 1,530 patients,
with 957 in the treatment group and 573 in
the control group. Treatment duration ranged
from 10 weeks to 208 weeks, with most stud-
ies using a 12-week duration. At least one out-
come indicator was reported in all studies,
with a maximum of six outcome indicators
described.

Quality assessment

The quality of the 10 RCTs was assessed using
the Cochrane risk of bias tool. Each item was
rated as “low risk of bias”, “unclear”, or “high
risk of bias”. The risk of bias assessment is
presented in Figure 2. Of the included studies,
8 clearly described the random sequence gen-
eration (low bias), 7 were double-blinded (low
bias), and 9 had complete data (low bias), sug-
gesting overall reliable quality.

Meta-analysis results

MMSE scores: All 9 studies reported the effect
of donepezil on MMSE scores. Significant vari-
ability was observed across the studies (P <
0.05, I? = 74%), so a random-effects model
was used. The meta-analysis showed that
after donepezil intervention, MMSE scores in
the treatment group were significantly higher
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Table 2. Characteristics of included studies

Sample size (effective

o Intervention measures Adverse reactions Age (years) Course (years)
Eligible . Course of _Number/total number) -
studies Treatment grou Control treatment Treatment  Control Treatment Control Treatment  Control Treatment  Control
group group group group group group group group group group
Aarsland random Donepezil placebo 10 weeks 6/14 6/12 10 9 NA NA (1), (3), (4),
2002 [11] (15)
Dubois random 5 mg Donepezil placebo 24 weeks 183/195 170/173 27 19 72.0+6.83 72.9+6.48 7.8+5.41 7.945.30 (1), (3), (5), (6),
2012[12] (7), (8), (15)
random 10 mg Donepezil placebo 24 weeks 173/182 170/173 30 19 70.817.46 72.9+6.48 9.2+5.71 7.945.30
Leroi 2004 random Donepezil placebo 18 weeks 7 9/9 5 4 66.20+9.30 70.80+11.80 11.045.90 6.40+2.80 (1),(9), (15)
[13]
Ravina random Donepezil placebo 26 weeks 9/21 10/20 11 9 75.01£9.8 72.1+8.1 71+2.6 14.4+13.1 (1), (5), (10),
2005 [14] (11), (15)
Sawada random Donepezil placebo 48 weeks 72/72 73/73 39 36 67.2+7.3 69.0+7.0 8.2+4.8 7.8+4.3 (1), (13), (14),
2018 [15] (15)
Mori 2024 random Donepezil+placebo placebo 12 weeks 75/81 76/79 24 12 78.0 (6.44) 77.6(7.15) 2.15(1.96) 2.34(1.88) (1), (12), (16)
[16]
Baba random Donepezil placebo 208 weeks  103/103 98/98 81 63 67.9+4.6 67.9+4.9 6.9+4.4 6.7+4.1  (15)
2022 [17]
Ikeda random 5mg placebo 12 weeks 32/33 32/34 30 31 78.845.1 77.216.1 2.7+1.8 2.0+2.3 (1), (12), (15),
2015 [18] Donepezil+placebo (16)
random 10 mg placebo 12 weeks 43/49 31/46 34 31 77.716.8 77.2+6.1 2.3+1.9 2.0+2.3
Donepezil+placebo
Mori 2012 random 5mg placebo 12 weeks 32/33 32/34 27 24 77.916.8 78.6+4.7 NA (1), (4), (12),
[19] Donepezil+placebo (15), (16)
random 3mg placebo 12 weeks 35/35 32/34 32 24 79.614.5 78.614.7
Donepezil+placebo
random 10 mg placebo 12 weeks 37/36 32/34 24 24 78.6 £6.1 78.6+4.7
Donepezil+placebo
Baik 2021 non randomized Donepezil+placebo placebo 48 weeks 20/21 29/29 NA 69.1+7.1 66.7+7.1 5.9+5.1 3.6x4.4 (1), (4)
[20]

Notes: (1) MMSE: Mini-Mental State Examination; (2) MoCA: Montreal Cognitive Assessment; (3) CIBIC+: Clinician’s Interview-Based Impression of Change; (4) UPDRS: Unified Parkinson’s Disease Rating Scale; (5) ADAS-cog: Alzheimer's
Disease Assessment Scale-Cognitive Subscale; (6) D-KEFS Verbal Fluency: Delis-Kaplan Executive Function System Verbal Fluency; (7) BTA: Brief Test of Attention; (8) DAD: Dementia Disability Assessment Scale; (9) DRS: Dementia Rating
Scale; (10) MDRS: Mattis Dementia Rating Scale; (11) CGI: Clinical Global Impression scale; (12) NPI-2: Neuropsychiatric Inventory-2; (13) WMS: Wechsler Memory Scale; (14) PPQ: Parkinson Psychosis Questionnaire; (15) Adverse events;
(16) NPI-10: Neuropsychiatric Inventory-10.
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Figure 2. Risk of Bias Assessment Results for Included Studies. Notes: (A) Risk of bias assessment results for in-
cluded studies; (B) Summary of risk of bias for included studies.

Treatment group Control group Mean Difference Mean Difference
__Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random.95% CI IV, Random, 95% Cl
Aarsland 2002 228 37 6 21 5 6  21% 1.80[-3.18, 6.78]
Baik K 2021 26 239 21 2714 21 29 9.7% -1.14[-2.42,0.14]
Dubois 2012(donepezil 10mg)  23.12 3.6 173 2176 32 170 11.7% 1.36 [0.64, 2.08] -
Dubois 2012(donepezil 5mg) 225 37 183 2176 32 170 11.7% 0.74 [0.02, 1.46] _'_
Ikeda 2015(donepezil 10mg) 225 44 49 209 42 44  8.0% 1.60 [-0.15, 3.35] 1
Ikeda 2015(donepezil 5mg) 22 441 45 209 42 44 81% 1.10 [-0.62, 2.82] T
Leroi 2004 2533 3.78 7 2556 3.75 9 3.4% -0.23 [-3.95, 3.49] - 1
Mori E 2012(donepezil 10mg) 218 342 36 179 47 32 72% 3.90 [1.93, 5.87]
Mori E 2012(donepezil 3mg) 22 3.4 3% 179 47 32 7.2% 4.10[2.12,6.08]
Mori E 2012(donepezil 5mg) 232 397 32 179 47 32 6.7% 5.30 [3.17, 7.43]
Mori E 2024 221 475 74 208 4.81 76  8.8% 1.30 [-0.23, 2.83] T
Ravina 2005 245 3.2 9 225 47 10 3.6% 2.00 [-1.59, 5.59] ]
Sawada 2018 2782 238 72 2692 214 73 11.7% 0.90 [0.16, 1.64] —
Total (95% CI) 742 727 100.0% 1.61[0.81, 2.41] ’
L L L )

ity 2= - Chiz = = - 12 = 749 t +
Heterogeneity: Tau? = 1.28; Chi? = 45.98, df = 12 (P < 0.00001); I* = 74% 10 5 0 5 10

Test for overall effect: Z = 3.95 (P < 0.0001) Favours [treatment group] Favours [control group]

Figure 3. Meta-analysis of MMSE scores between the two groups.

than in the control group (SMD = 1.61, Subgroup analyses based on the average age
95% CI [0.81, 2.41], P < 0.05), as shown in of patients (> 70 years or < 70 years) are dis-
Figure 3. played in Figure 4. Heterogeneity was present
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Treatment group
Study or Subgroup Mean

Control group

SD_Total Mean SD Total Weight [V. Random.95% CI IV, Random, 95% CI

2.1.1 mean age>70 years

Dubois 2012(donepezil 10mg)  23.12 3.6 173 2176 32 170 11.5%
Dubois 2012(donepezil 5mg) 225 3.7 183 2236 32 170 11.5%
Ikeda 2015(donepezil 10mg) 225 44 49 209 42 44 83%
Ikeda 2015(donepezil 5mg) 22 41 45 209 42 44 8.4%
Mori E 2012(donepezil 10mg) 218 342 36 179 47 32 7.6%
Mori E 2012(donepezil 3mg) 22 3.4 35 179 47 32 7.6%
Mori E 2012(donepezil 5mg) 232 3.97 32 179 47 32 71%
Mori E 2024 221 475 74 208 4.81 76 9.0%
Ravina 2005 24.5 3.2 9 225 47 10 4.0%
Subtotal (95% Cl) 636 610 74.9%

Mean Difference Mean Difference

1.36 [0.64, 2.08] -
0.14 [0.58, 0.86] -
1.60 [-0.15, 3.35] 1
1.10 [-0.62, 2.82]

3.90[1.93, 5.87)

4.10[2.12, 6.08]

5.30 [3.17,7.43]
1.30 [-0.23, 2.83]
2.00 [-1.59, 5.59]
2.13[1.07, 3.18]

-

Heterogeneity: Tau? = 1.80; Chi? = 38.14, df = 8 (P < 0.00001); I = 79%
Test for overall effect: Z = 3.96 (P < 0.0001)

2.1.2 mean age<70 years

Baik K 2021 26 239 21 2714 21 29  9.8%
Leroi 2004 2533 378 7 2256 3.75 9 38%
Sawada 2018 2782 238 72 2692 214 73 11.5%
Subtotal (95% Cl) 100 11 251%

Heterogeneity: Tau? = 1.73; Chi* = 8.89, df =2 (P = 0.01); I’ =77%
Test for overall effect: Z = 0.43 (P = 0.67)

Total (95% CI)
Heterogeneity: Tau? = 1.57; Chi? = 52.26, df = 11 (P < 0.00001); I> = 79%
Test for overall effect: Z = 3.78 (P = 0.0002)

Test for subgroup differences: Chi? = 2.64, df = 1 (P = 0.10), 1> = 62.1%

1,14 [-2.42, 0.14] I
2.77[-0.95, 6.49]

0.90 [0.16, 1.64] —
0.40 [-1.40, 2.20]

736 721 100.0% 1.67 [0.81, 2.54]
I

4 ' y
t 1

-10 -5 0 5 10
Favours [treatment group] Favours [control group]

Figure 4. Subgroup analysis of MMSE scores based on average patient age.

Treatment group
oup Mean
2.2.1 The average course of disease was = 3 years

Control group

Baik K 2021 26 239 21 2714 21 29 121%
Dubois 2012(donepezil 10mg)  23.12 36 173 2176 32 170 18.7%
Dubois 2012(donepezil 5mg) 225 37 183 2236 32 170 18.7%
Leroi 2004 2533 378 7 2256 3.75 9 25%
Ravina 2005 245 3.2 9 225 47 10 27%
Sawada 2018 27.82 238 72 26.92 214 73 18.5%
Subtotal (95% CI) 465 461 73.2%

Heterogeneity: Tau? = 0.58; Chi? = 15.45, df = 5 (P = 0.009); I> = 68%
Test for overall effect: Z = 1.42 (P = 0.15)

2.2.2 The average course of disease was < 3 years

Ikeda 2015(donepezil 10mg) 225 4.4 49 209 42 44 8.4%
Ikeda 2015(donepezil 5mg) 22 4.1 45 209 42 44 85%
Mori E 2024 221 475 74 208 4.81 76 9.9%
Subtotal (95% CI) 168 164  26.8%

Heterogeneity: Tau? = 0.00; Chi? = 0.16, df = 2 (P = 0.92); 1> = 0%
Test for overall effect: Z = 2.72 (P = 0.007)

Total (95% Cl) 633 625 100.0%

Heterogeneity: Tau? = 0.40; Chiz = 17.25, df = 8 (P = 0.03); I> = 54%
Test for overall effect: Z = 2.49 (P = 0.01)
Test for subgroup differences: Chi? = 1.30, df = 1 (P = 0.25); I? = 22.8%

Mean Difference

SD_Total Mean SD Total Weight 1V. Random.95% Cl

114 [2.42,0.14]
1.36 [0.64, 2.08] ——
0.14 [-0.58, 0.86]
277 [-0.95, 6.49]
2.00 [-1.59, 5.59]
0.90 [0.16, 1.64] ——
0.60 [-0.22, 1.42] >

1.60 [-0.15, 3.35]
1.10 [-0.62, 2.82)

1.30 [-0.23, 2.83] —
1.33[0.37, 2.29] L 4

Mean Difference
IV, Rand 95% Cl

0.79 [0.17, 1.41] L 4

f s 4 ),
t t 1 1

-10 -5 0 5 10
Favours [treatment group] Favours [control group]

Figure 5. Subgroup analysis of mini-mental state examination scores for patients with average disease duration.

among the studies (1> = 79%), and a random-
effects model was used, yielding statistically
significant results (SMD = 1.67, 95% CI [0.81,
2.54], P < 0.0001), indicating that the treat-
ment group had higher MMSE scores than the
control group.

For the subgroup with an average patient
age > 70 years (5 studies), significant heteroge-
neity was found (P < 0.00001, 17 = 79%). A ran-
dom-effects model revealed significant results
(SMD = 2.13, 95% CI [1.07, 3.18], P = 0.001),
showing that the treatment group had signifi-
cantly higher MMSE scores. For the subgroup
with an average age < 70 years (3 studies), het-
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erogeneity was present (12 = 77%), and the ran-
dom-effects model showed no significant dif-
ference between the treatment and control
groups (SMD = 0.40, 95% CI [-1.40, 2.20], P =
0.67).

Subgroup analyses based on the mean disea-
se duration (= 3 years or < 3 years) were also
conducted. For the subgroup with a disease
duration of > 3 years (5 studies), heterogeneity
was observed (P = 0.009, I> = 68%). The ran-
dom-effects model revealed no significant dif-
ference between the treatment and control
groups (SMD = 0.60, 95% CI [-0.22, 1.42], P =
0.15) as shown in Figure 5.
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Treatment group Control group
2.2.1 The average course of disease was = 3 years

Baik K 2021 26 239 21 2714 241 29
Dubois 2012(donepezil 10mg)  23.12 36 173 2176 32 170
Dubois 2012(donepezil 5mg) 225 37 183 2236 32 170

Leroi 2004 2533 378 7 2256 375 9
Ravina 2005 245 32 9 225 47 10
Sawada 2018 27.82 238 72 2692 214 73
Subtotal (95% Cl) 0 0

Heterogeneity: Not applicable
Test for overall effect: Not applicable

2.2.2 The average course of disease was < 3 years

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

Ikeda 2015(donepezil 10mg) 225 4.4 49 209 42 44 30.0%
Ikeda 2015(donepezil 5mg) 22 41 45 209 42 44 308%
Mori E 2024 221 475 74 208 4.81 76 39.2%
Subtotal (95% CI) 168 164 100.0%
Heterogeneity: Chi? = 0.16, df = 2 (P = 0.92); I = 0%

Test for overall effect: Z = 2.72 (P = 0.007)

Total (95% Cl) 168 164 100.0%

Heterogeneity: Chi2 = 0.16, df = 2 (P = 0.92); 1> = 0%
Test for overall effect: Z = 2.72 (P = 0.007)
Test for subgroup differences: Not applicable

Mean Difference

Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Fixed. 95% CI

-1.14 [-2.42, 0.14]
1.36 [0.64, 2.08]
0.14 [-0.58, 0.86]
2.77 [-0.95, 6.49)
2.00 [-1.59, 5.59]
0.90 [0.16, 1.64]
Not estimable

1.60 [-0.15, 3.35]
1.10 [-0.62, 2.82] -
1.30 [-0.23, 2.83]
1.33[0.37, 2.29]

1.33[0.37, 2.29]
L

Mean Difference
IV, Fixed. 95% Cl

|
>
>

s 4 |
t t 1

-10 -5 0 5 10
Favours [treatment group] Favours [control group]

Figure 6. Subgroup analysis of mini-mental state examination scores for patients with average disease duration <

3 years.
Treatment group Control group Mean Difference Mean Difference
r I Mean D _Total Mean D Total Weight IV, Fixed. 95% ClI IV, Fixed. 95% Cl
Aarsland 2002 31.8 154 6 351 8.1 6 2.2% -3.30[-17.22,10.62] * v
Mori E 2012(donepezil 5mg) 18.6 10.07 33 215 9.97 33 18.1% -2.90 [-7.73, 1.93]
Mori E 2012(donepezil 10mg) 179 948 37 215 997 33 202%  -3.60[-8.17,0.97]
Mori E 2012(donepezil 3mg) 174 7.1 35 215 9.97 33 24.7% -4.10 [-8.24, 0.04] -
Baik K 2021 1576 6.6 21 17.07 5.63 29 34.8%  -1.31[-4.80,2.18] =
Total (95% Cl) 132 134 100.0% -2.79 [-4.85, -0.74] —~—
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Figure 7. Forest Plot of Unified Parkinson’s disease rating scale score comparison between the two groups.

For the subgroup with a disease duration of < 3
years (2 studies), no heterogeneity was found
(P = 0.92, I7 = 0%), and the fixed-effect model
showed significant results, indicating that the
treatment group had higher MMSE scores than
the control group (SMD = 1.33, 95% CI [0.37,
2.29], P =0.007), as shown in Figure 6.

UPDRS scores: Three studies assessed UPD-
RS scores, involving a total of 200 patients (68
in the control group and 132 in the treatment
group). There was no significant heterogeneity
across the studies (P = 0.88, I> = 0%), so a
fixed-effect model was applied. The analysis
revealed that the UPDRS scores in the treat-
ment group were significantly lower than in the
control group (SMD = -2.79, 95% CI: -4.85 to
-0.74, P = 0.008), as shown in Figure 7.

CIBIC+ scores: Two studies used the CIBIC+
score, involving 529 patients (176 in the con-
trol group and 353 in the treatment group).
There was no significant heterogeneity across
the studies (P = 0.47, 1> = 0%), so a fixed-effect
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model was applied. The results showed that
the CIBIC+ score in the treatment group was
significantly lower than in the control group
(SMD = -0.27, 95% CI: -0.45 to -0.08, P =
0.004), as shown in Figure 8.

ADAS-Cog scores: Two studies used the ADAS-
Cog score to assess patients, involving a total
of 526 participants-176 in the control group
and 350 in the treatment group. The heteroge-
neity analysis revealed no significant differenc-
es across these studies (P = 0.93, 17 = 0%),
leading to the use of a fixed-effect model. The
results showed a statistically significant differ-
ence in ADAS-Cog scores, with the treat-
ment group outperforming the control group,
as indicated by the diamond representing the
pooled effect size not crossing the null effect
line (SMD = -1.33, 95% Cl: -2.68 to 0.03, P =
0.05) (see Figure 9).

NPI-2 scores: Three studies assessed out-
comes using the NPI-2 score, involving a total
of 300 participants. The analysis revealed no
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Treatment group Control group

Mean Difference Mean Difference

__Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed.95% Cl IV. Fix % Cl
Aarsland 2002 3.3 0.9 6 41 08 6 3.6% -0.80[-1.76,0.16]
Dubois 2012(donepezil 10mg) 36 129 170 39 127 170 44.6% -0.30[-0.57,-0.03]
Dubois 2012(donepezil 5mg) 37 112 177 39 127 170 51.9% -0.20[-0.45, 0.05]
Total (95% Cl) 353 346 100.0% -0.27 [-0.45, -0.08] ]
Heterogeneity: Chi? = 1.50, df = 2 (P = 0.47); I = 0% m 5 t 5 ] 0’
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Figure 8. Meta-analysis of clinician’s interview-based impression of change + scores between the two groups.
Treatment group Control group Mean Difference Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% ClI
Dubois 2012(donepezil 10mg)  20.07 10.2 168 21.12 82 166 46.7% -1.05[-3.03,0.93] [
Dubois 2012(donepezil 5mg) 19.57 9.8 173 2112 82 166 49.9% -1.55[-3.47,0.37] L B
Ravina 2005 225 6.9 9 244 094 10 3.4% -1.90[-9.27, 5.47]
Total (95% Cl) 350 342 100.0% -1.33 [-2.68, 0.03] -
ity Chiz = = = C12= 09 t t t J
Heterogeneity: Chi? = 0.15, df =2 (P = 0.93); I? = 0% 10 5 0 5 10

Test for overall effect: Z = 1.92 (P = 0.05)
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Figure 9. Meta-Analysis of Alzheimer’s disease assessment scale-cognitive subscale scores between the two groups.

Treatment group Control group

Mean Difference Mean Difference

% Cl IV, Fixed, 95% Cl
Ikeda 2015(donepezil 10mg) 4.4 4.7 49 48 45 44 21.4% -0.40[-2.27,1.47] I
Ikeda 2015(donepezil 5mg) 51 45 45 48 45 44 214% 0.30[-1.57,2.17] e
Mori E 2012(donepezil 10mg) 3.3 45 36 74 6.53 32 10.3% -4.10[-6.80, -1.40] - -
Mori E 2012(donepezil 3mg) 56 7.25 35 74 6.53 32 6.9% -1.80[-5.10, 1.50] I
Mori E 2012(donepezil 5mg) 48 437 32 74 653 32 10.1% -2.60[-5.32,0.12]
Mori E 2024 44 459 72 49 518 75 30.0% -0.50[-2.08,1.08] —
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Figure 10. Meta-analysis of neuropsychiatric inventory -2 scores between the two groups.
Treatment group Control group Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Ikeda 2015(donepezil 10mg) 1.4 1013 49 1441 8 44 330%  -3.00[-6.69,0.69] - =
Ikeda 2015(donepezil 5mg) 156 11.85 45 141 8 44 256% 1.50 [-2.69, 5.69] e —
Mori E 2012(donepezil 10mg) ~ 11.5 128 35 186 2016 32 67% -7.10[-15.27,1.07] *
Mori E 2012(donepezil 3mg) 168 254 35 186 20.16 32 3.8% -1.80[-12.74,9.14]
Mori E 2012(donepezil 5mg) 85 587 32 186 2016 32 85% -10.10[-17.38,-2.82] ¥
Mori E 2024 1.8 133 72 133 1435 75 225%  -1.50[-5.97,297] e E—
Total (95% Cl) 268 259 100.0%  -2.35[-4.47,-0.23] —~
Heterogeneity: Chiz = 9.16, df = 5 (P = 0.10); I2 = 45% o + ; : o

Test for overall effect: Z=2.17 (P = 0.03)
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Figure 11. Meta-analysis of neuropsychiatric inventory -10 score comparison between the two groups.

significant heterogeneity across the studies (P
= 0.10, I? = 46%), leading to the use of a fixed-
effect model. The findings showed no statisti-
cally significant difference in NPI-2 scores
between the treatment and control groups
(SMD =-0.98, 95% CI: -1.84 t0-0.11, P = 0.03),
as shown in Figure 10.

NPI-10 scores: Three studies evaluated out-
comes using NPI-10 scores, with a total of 300
patients. No considerable heterogeneity was
observed across the studies (P = 0.10, I? =
45%), so a fixed-effect model was applied. The
results indicated a statistically significant dif-
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ference in NPI-10 scores between the treat-
ment and control groups (SMD = -2.53, 95%
Cl:-4.47 t0-0.23, P = 0.03), as shown in Figure
11.

Adverse reactions

Nine studies reported adverse reactions. No
heterogeneity was detected among the stu-
dies (P = 0.80, I> = 0%), so a fixed-effect model
was adopted, as shown in Figure 12. The find-
ings revealed that the overall occurrence rate
of adverse reactions across all patients was
40.54% (581/1433). Specifically, the occur-
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Treatment group  Control group Odds Ratio Odds Ratio
__Study or Subgroup Events Total Events Total Weight M-H. Fixed.95% Cl M-H. Fixed. 95% CI
Aarsland 2002 10 14 9 12 24% 0.83[0.15, 4.78] - 1
Baba T 2022 81 103 63 98 11.7% 2.05[1.09, 3.83] -
Dubois 2012(donepezil 10mg) 30 195 19 173 14.5% 1.47 [0.80, 2.73] I
Dubois 2012(donepezil 5mg) 27 195 19 173 14.7% 1.30[0.70, 2.44] B
Ikeda 2015(donepezil 10mg) 34 49 31 46  8.3% 1.10[0.46, 2.61] -
Ikeda 2015(donepezil 5mg) 30 47 31 46 9.6% 0.85[0.36, 2.01] -
Leroi 2004 5 7 4 9 08%  3.13[0.38,25.57]
Mori E 2012(donepezil 10mg) 32 37 24 34 2.9% 2.67[0.81, 8.83] i,
Mori E 2012(donepezil 3mg) 24 35 24 34  65% 0.91[0.33, 2.54] Y
Mori E 2012(donepezil 5mg) 27 33 24 34 37% 1.88 [0.59, 5.93] ]
Mori E 2024 24 81 12 79 73% 2.35[1.08, 5.12]
Ravina 2005 1" 21 9 20 37% 1.34[0.39, 4.59] - 1
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Total (95% CI) 889 831 100.0% 1.46 [1.15, 1.84] <
Total events 374 305 ) ) ) )
ity Chi2 = - - 12 = 09
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Figure 12. Meta-analysis of adverse reactions between the two groups. Publication bias.
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MMSE scores; (D) Funnel plot based on adverse reaction analysis results. Mini-Mental State Examination (MMSE).

rence rate in the treatment group was 42.07%
(374/889), while in the control group, it was
38.05% (207/544). The occurrence of adverse
reactions was significantly higher in the treat-
ment group compared to the control group (RR
=1.46, 95% CI [1.15, 1.84], P = 0.002).
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Reporting bias assessment

The funnel plots for MMSE scores and adverse
reactions of the included studies are shown in
Figure 13. The asymmetry of the funnel plots
suggests potential bias in the studies. While
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most studies fall within the 95% confidence
interval, the left and right distributions are
notably asymmetric, indicating a possible publi-
cation bias.

Discussion

As the global population ages, the incidence of
PD continues to rise annually. PD is character-
ized by a variety of symptoms, including resting
tremor, bradykinesia, stiffness, postural insta-
bility, and cognitive impairment, all of which
severely affect patients’ ability to live indepen-
dently [21, 22]. Cognitive impairment is a com-
mon non-motor symptom of PD, encompass-
ing both mild cognitive impairment and PD
dementia. Studies show that mild cognitive
impairment affects approximately 25% of PD
patients [23], and it may even precede motor
symptoms early in the disease course.
Pharmacotherapy remains the primary treat-
ment for PD. However, as non-motor symptoms
emerge and the disease progresses, both
motor and non-motor symptoms typically wors-
en [24]. The efficacy of commonly used medica-
tions declines with long-term use, and the inci-
dence of adverse reactions increases.

The etiology of PD is still not fully understood,
but it is primarily caused by the degeneration
and death of dopaminergic neurons in the sub-
stantia nigra, leading to reduced dopamine lev-
els and an imbalance between dopamine and
acetylcholine neurotransmitters in the brain
[25, 26]. Donepezil hydrochloride, a commonly
used cholinesterase inhibitor, has been shown
to inhibit acetylcholinesterase hydrolysis and
protect cholinergic neurons in the central ner-
vous system. Clinical evidence suggests that
cognitive impairment in PD is associated with
cholinergic dysfunction [27, 28]. By promoting
neuroplasticity, donepezil helps improve learn-
ing and cognitive functions, leading to signifi-
cant cognitive recovery. Therefore, donepezil
can be considered a first-line treatment for PD.

In the present study, a meta-analysis was con-
ducted to assess the therapeutic efficacy of
donepezil in PD by analyzing RCTs focused on
donepezil for PD treatment. The primary out-
comes were MMSE scores and the incidence of
adverse reactions, while secondary outcomes
included CIBIC+ scores, ADAS-Cog scores, and
NPI-2 scores. The MMSE, a widely recognized
tool, is used globally to assess cognitive func-
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tion in diseases such as Alzheimer’s and PD.
The analysis revealed that after donepezil
treatment, the MMSE scores in the treatment
group were significantly higher than those in
the control group. These results suggest that
donepezil significantly improves cognitive
decline in PD patients, consistent with previ-
ous studies [29, 30]. However, considerable
heterogeneity was observed across the includ-
ed studies. Subgroup analyses based on the
average age and disease duration of patients
showed that disease duration may contribute
to heterogeneity. The subgroup analysis also
indicated higher MMSE scores in the treat
ment group. Pagano et al. [31] found that cho-
linesterase inhibitors, including donepezil,
could significantly slow the decline in MMSE
scores and improve behavioral disturbances,
but motor function improvements were not
observed. This contrasts with our study, which
showed a reduction in UPDRS scores. We
speculate that the treatment duration may
explain this discrepancy, as the trials in our
study typically lasted 12 weeks or more, while
Pagano’s study had a shorter treatment period
(10-26 weeks) [31]. This suggests that long-
term donepezil treatment may better regulate
motor function, possibly by indirectly improving
the dopamine-acetylcholine neurotransmitter
balance following increased acetylcholine lev-
els [28].

Donepezil hydrochloride can cause various
adverse reactions, such as sleep disorders,
withdrawal syndrome, mania, myoclonus,
hepatic and cardiac adverse reactions, and
rashes [32-38]. This study also analyzed the
adverse reactions associated with donepezil in
PD treatment. No heterogeneity was found in
the studies, with the overall adverse reaction
rate being 40.54%. The treatment group had a
significantly higher adverse-event rate com-
pared to the placebo group. These findings sug-
gest that when using donepezil to treat PD, cli-
nicians should be cautious of gastrointestinal
issues (e.g., nausea and vomiting) and other
adverse reactions, including dizziness, head-
ache, sleep disorders, and tremors.

Due to limitations in study types, subjects,
and data extraction, the number of eligible
studies included in this meta-analysis was lim-
ited, potentially introducing selection bias.
Some factors were only addressed in a few
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studies, which may have influenced the results.
Additionally, significant differences in sample
sizes among the studies may have affected the
accuracy of the results. Therefore, further high-
quality, large-scale studies are needed to pro-
vide more robust evidence.

In summary, the results of this meta-analysis
indicate that donepezil treatment significantly
improves MMSE scores and cognitive decline in
PD patients compared to placebo or conven-
tional therapy. However, the incidence of
adverse reactions is higher with donepezil
treatment, suggesting that clinicians must
carefully weigh the cognitive benefits against
the risks of adverse reactions when using done-
pezil in clinical practice.
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