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Abstract

Background

This is the first meta-analysis to compare the treatment effects and safety of administering
donepezil alone versus a combination of memantine and donepezil to treat patients with
moderate to severe Alzheimer Disease, particularly regarding cognitive functions, behav-
ioral and psychological symptoms in dementia (BPSD), and global functions.

Methods

PubMed, Medline, Embase, PsycINFO, and Cochrane databases were used to search for
English and non-English articles for inclusion in the meta-analysis to evaluate the effect size
and incidence of adverse drug reactions of different treatments.

Results

Compared with patients who received donepezil alone, those who received donepezil in
combination with memantine exhibited limited improvements in cognitive functions (g =
0.378, p <.001), BPSD (g = —0.878, p <.001) and global functions (g = -0.585, p = .004).
Gradual titration of memantine plus a fixed dose and gradual titration of donepezil as well as
a fixed dose and gradual titration of memantine resulted in limited improvements in cognitive
functions(g = 0.371, p = .005), BPSD(g = -0.913, p =.001), and global functions(g = -0.371,
p =.001).
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Conclusion

Both in the 24th week and at the final evaluation point, the combination of donepezil and
memantine led to greater improvement in cognitive functions, BPSD, and global functions
than did donepezil alone in patients with moderate to severe Alzheimer Disease.

Introduction

Alzheimer disease (AD) is the most prevalent type of dementia, accounting for more than 80%
of cases of dementia in middle- and senior-aged patients. [1] Current treatment strategies pri-
marily focus on medications and are aimed at alleviating symptoms. Cholinesterase inhibitors
(ChEIs) and N-methyl D-aspartate (NMDA) receptor antagonists are the two most prevalent
types of medicine approved by the U.S. Food and Drug Administration. When the metaboliz-
ing enzyme is suppressed, the activity of acetylcholine (Ach) is increased; in turn, cognitive
functions improve. [2] In addition, NMDA receptor antagonists regulate glutamatergic neu-
rons activities which facilitate synaptic plasticity, neuronal growth and differentiation, thereby
enhancing cognition, learning, and memory.[1, 3] Numerous studies have investigated the
treatment effects of the aforementioned medicines on cognitive functions and BPSD in
patients with AD.

Patients with moderate to severe AD exhibit relatively severe cognitive and psychological
symptoms. ChEIs and NMDA remain the main treatments. Donepezil is the most common
ChEI used for AD treatment. Memantine is the most prevalent choice of NMDA. The combi-
nation of memantine and donepezil can improve AD symptoms through their different mech-
anisms. [4-6] Despite the wealth of information on the ChEIs and memantine for treating AD,
the magnitude of the effects of administering of donepezil and a combination of memantine
and donepezil on patients’ cognitive functions, BPSD, and global functions remains unclear.
Therefore, this is the first meta-analysis to compare the effects of administering donepezil
alone versus combination of memantine and donepezil for treating patients with moderate to
severe AD. We aimed to carry out a scientific and precise meta-analysis with extensive searches
from multiple databases to examine: 1) the effect size; 2) moderator analysis; 3) subgroup anal-
ysis; and 4) the quality and publication bias on the effect of outcome variables.

Methods
Study selection

The databases we searched for this study are from PubMed, PsycINFO, Embase, Ovid Med-
line, and Cochrane (S1 Table). Our literature search was extended to Google Scholar, since
Google Scholar searches literature with a combined ranking algorithm on citation count and
keyword relevancy. The selection of articles for this study was limited to peer-reviewed articles.
Manual searches were extended to the bibliographies of review articles and included research
studies. In order to expand the scope of the search, all summaries, keywords, and full texts
were included, and no language restriction was set. We followed the PRISMA statement for
reporting systematic reviews and meta-analyses (S2 Table). The final search time was May
2017, with no language restrictions.

Inclusion and exclusion criteria

All randomized trials were included if they met the following inclusion criteria: (1) studies
that focused on patients with diagnosed AD, and (2) studies that compared the effects of
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administering donepezil (patients who received this treatment are hereafter referred to as the
control group) with the combination of memantine and donepezil (those who received this
treatment are hereafter referred to as the combination treatment group) on AD treatment, in
which the treatment dose of donepezil was 5-10 mg/d. The exclusion criteria of this study
were as follows: (1) unrelated to topic, (2) non-relveant population, (3) cell or animals experi-
ment, (4) systematic review or meta-analysis, (5) quantitative research, (6) studies from com-
ment, conference, or letter, (7) non-randomized controlled trial studies, (8) criteria that do not
met the inclusion criteria, (9) experiment group combined with other treatment, (10) studies
without full-text, (11) duplicate studies on the same sample group form the same author, (12)
several outcomes pooled together, and (13) limited data.

Outcome measures

The results of the effect analysis were divided into main results, secondary results, and sub-
groups. The main results compared the treatment effects of the control medicine and combina-
tion treatment on cognitive functions and BPSD as assessed at the final evaluation point in
patients with moderate to severe AD. The secondary results global functions as assessed at the
final evaluation point. This study evaluated the incidence of side effects and adverse drug reac-
tions experienced by the two patient groups that occurred in their blood and lymphatic systems,
cardiovascular system, central and peripheral nervous systems, digestive system, genitourinary
system, mental system, metabolism and nutrition system, musculoskeletal system, nervous sys-
tem, and respiratory system. In this study, subgroup analyses were performed on intervention
characteristics (the combination of donepezil alone vs. memantine and donepezil at 24 weeks)
and treatment effects of memantine dose (gradual titration vs. a fixed dose of memantine) on in
patients’ cognitive functions, BPSD, and global functions.

Data extraction

Two investigators (CR, YHL) assessed the relevancy of the search independently. A third
investigator (CKR) made the definitive decision for study eligibility and data extraction when
discrepancies were found in the inclusion of studies or data extraction.

Study quality

The selected data and results of all included studies, including the research design, patient
demographic data, inclusion and exclusion criteria, dose and duration of medicine application,
and the results and side effects of treatment, were analyzed. The Cochrane risk-of-bias tool [7]
was applied to assess the quality of each study, and the Jadad quality score [8] was employed as
a supplementary assessment tool.

Additional analyses

In this study, Comprehensive Meta-Analysis Version 2 was used to perform an integrated data
analysis. Hedges’ g was used to determine the effect size, and Cohen’s d was used to obtain the
overall effect size, with d = 0.1, very small; 0.2, small; 0.5, medium; 0.8, large; 1.2, very large; and
d = 2.0, huge. A random effects model was applied [9]. A sensitivity analysis test, namely the I*
statistic Q test, was used as the heterogeneity test. Higgins and Thompson [10] proposed the fol-
lowing cutoff values for I” for classifying heterogeneity: I = 25, low heterogeneity; I* = 50, mod-
erate heterogeneity; and I? = 75, high heterogeneity.
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Results
Literature search

A total of 2,374 articles were retrieved, of which 652 repeated articles were eliminated. Full-
text analysis was then performed, which identified 28 studies that corresponded to the research
topic. Of these 28 articles, ten were published repeatedly, six had several outcomes pooled
together, and one had limited data. Finally, 11 studies that corresponded to the research topic
(2004-2015) were included in the meta-analysis (Fig 1).

Study characteristics

Table 1[11-21] presents the basic characteristics of the articles included in the present study,
as follows: (1) the research periods spanned from 2004 to 2015; (2) by research type, eleven
studies were randomized clinical trials. [14]; (3) the diagnosis instruments for AD comprised
the Mini-Mental State Examination (MMSE); Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition; Standardized MMSE (SMMSE); and National Institute of Neuro-
logical and Communicative Disorders; and (5) sample age ranging from 74.1 to 87.6. The
intervention characteristics were as follows: (1) medication application duration spanned from
12 to 52 weeks, and the highest proportion of the studies (five studies) administered medica-
tion for 24 weeks [11, 12, 15, 18, 19], and two studies administered medication for 52 weeks
[13, 16], and (2) by medication dose, the highest proportion of studies (six studies) adminis-
tered donepezil incrementally from 5 to 10 mg. In addition, the patient characteristics were as
follows: (1) the number of male and female patients was equal; (2) the average patient age ran-
ged from 73.1 to 87.3 years; and (3) the MMSE was the most commonly applied instrument
for AD diagnosis.

Quality assessment

According to the assessment results of the Cochrane risk-of-bias tool, four articles exhibited a
low risk of bias in all seven items of assessment,[11-13, 18] and none of the included articles
reached a high risk of bias in all seven items of assessment. By the domain of bias, 73% of the
included articles exhibited low risks of bias for random sequence generation, and 30% exhib-
ited a high risk. Moreover, an equal number of articles exhibited low and high risks of bias for
the blinding of patients and personnel; 37% and 63% of the articles exhibited low and high
risks of bias for the blinding of outcome assessors, respectively. Furthermore, 90% and 10% of
the articles exhibited low and high risks of bias for incomplete outcome data, respectively. All
articles exhibited low risk of bias for selective outcome reporting and other biases. According
to Jadad quality scores, two articles attained 5 points or more for research quality. [13, 18]

Primary outcomes

The main results analyzed patient performance in cognitive functions and BPSD at the final
evaluation point.

Cognitive functions. Regarding the overall cognitive functions observed in the nine arti-
cles, the effect size as evaluated using Hedges’ g was 0.378 (95% CI: 0.193-0.562, p < .001, and
I” = 57.145), indicating a moderate effect size and significant difference (Fig 2). Consequently,
the combination treatment group were more satisfactory than those of patients in the control
group. A sensitivity analysis was performed to examine the origin of heterogeneity. The out-
come demonstrated that when the article by Shao [17] was removed, Hedges’ g was 0.331 (95%
CI: 0.153-0.509 and p = .001), and I” decreased from 56.650 to 43.494, indicating that the ori-
gin of heterogeneity may be related to the study by Shao. Moreover, after the results obtained
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Study name  Comparison Statistics for each study Hedges's g and 95%Cl
Standard  Hedges's Lower Upper

error g Variance limit limit Z-Value p-Value
Araki 2014 MVBE 0434 1.392 0189 0541 2244 3.206 0.001 ——
Doody 2012 MVBE 0.098 0252 0010 0061 0443 2583 0010 ]
Kano 2013 MVBE 0356 0.110 0126 -0587 0807 0309 0.757
M2014 MVBE 0214 0.200 0046 -0220 0620 0933 0351
Reng 2015 MVBE 0236 0325 005% -0138 0788 1.375 0.169
Sheo2015  MVBE 0.186 0804 0034 0440 1168 4332 0000 -
Wang2015  MVBE 0232 0723 0054 0269 1177 3123 0.002 -
Tarict 2004  SB 0.101 0356 0010 0157 0554 3509 0.000 [ ]
Howard 2012 SMVBE 0.165 0.000 0027 -0323 0323 0.000 1.000
Zheng2011  MVBE 0.345 0.189 0119 -0488 0866 0548 0584

0.0%4 0378 0009 0193 0562 4016 0.000 L 3
-4.00 -2.00 0.00 2.00 4.00
memantine and donepezil donepezil

Fig 2. Forest plots to compare the combination therapy with the monotherapy: Cognitive functions.
https://doi.org/10.1371/journal.pone.0183586.9002

by Shao were removed, a significant difference was still observed between the control group
and combination treatment group. Analysis of publication bias showed a symmetrical funnel
plot. Egger’s regression test also revealed no publication bias (p = .375).

BPSD. Eight articles were included in the analysis to determine the treatment effect on
BPSD. The effect size of BPSD as expressed through Hedges’ g was -0.878 (95% CI: —1.256 to
—0.500, p < .001, and I* = 82.116), achieving a significant difference (Fig 3). Furthermore,
patients with moderate to severe AD in the combination treatment group exhibited greater
improvements in BPSD than did those in the control group. A sensitivity analysis was subse-
quently performed to examine the origin of heterogeneity. When the study by Zheng[21] was
removed, Hedges™ g was —1.186 (95% CI: —2.127 to —0.245, p = .014), and I* decreased from
81.742 to 77.743, indicating that the origin of heterogeneity may be related to the study by Zheng.
Moreover, a significant difference was still observed between the control group and combination
treatment group after the study by Zheng was removed. Analysis of publication bias showed an
asymmetrical funnel plot. Egger’s regression test also revealed publication bias (p = .005).

Secondary outcomes

Global functions. Five articles were included in the current analysis for overall functional
evaluations. The effect size as expressed through Hedges’” g was —0.585 (95% CI: —0.981 to

Study name  Comparison Statistics for each study Hedges's g and 95%Cl
Hedges's  Standard Lower Upper

g error Variance  limit limit Z-Value p-Value
Araki2014  NA -1.974 0477 028 2909 -1038 4135 0000
Howard2012 NA -0459 0.167 0028 -078 -0132 2753 0006 L
Kano2013  QVAl -0.716 0.367 0135 -1435 0004 -1950 0051
M 2014 NA -07% 021 0049 -1190 -032 -3414 0001 -
Rng2015  NA -1.32 0262 0089 -1906 -0878 -5307 0000 -
Tarict2004  NA -0.279 0103 0011 -0480 -0078 2715 0007 [ ]
Yang2013 ~ BEHAVEAD -0.408 0224 0050 -0846 0031 -181 0069
Zheng2011  NA -1.965 0423 0179 2795 -1136 4643 0000

-0.878 0193 0037 -125%6 -0500 4555 0000 <o

-4.00 2,00 0.00 200 4.00
memantine and donepezil donepezil

Fig 3. Forest plots to compare the combination therapy with the monotherapy: BPSD.
https://doi.org/10.1371/journal.pone.0183586.g003

PLOS ONE | https://doi.org/10.1371/journal.pone.0183586  August 21, 2017 8/14


https://doi.org/10.1371/journal.pone.0183586.g002
https://doi.org/10.1371/journal.pone.0183586.g003
https://doi.org/10.1371/journal.pone.0183586

o ®
@ : PLOS | ONE Monotherapy of donepezil versus combination with memantine for Alzheimer disease: A meta-analysis

Comparison Statistics for each study Hedges's g and 95%Cl
Hedges's  Standard Lower  Upper

[*] error Variance  limit limit  Z-Value p-Value
Arai2014  OGH 2367 0512 0262 -3370 -1364 4625 0000
Doody 2012 CBIGHus -0.339 0.09%8 0010 -0532 -0146 -3448 0001 .
Tariot2004  CBGHus 0239 0101 0010 -043 -0041 -2369 0018
Yag2013 CG& -1.115 0238 0057 -1582 -0648 4677 0000 E =
Hward 2012 GHQ-12 0.005 0.165 0027 -0318 0328 0030 0976

-0.585 0202 0041 -0%81 -0188 -288 0004 ‘

-4.00 -2.00 0.00 2.00 4.00
memantine and donepezil donepezil

Fig 4. Forest plots to compare the combination therapy with the monotherapy: global functions.
https://doi.org/10.1371/journal.pone.0183586.9004

~0.188, p = .004, and I* = 87.358), achieving a significant difference (Fig 4). Consequently,
patients with moderate to severe AD in the combination treatment group exhibited greater
improvement in global functions than did those in the control group. The heterogeneity test
revealed a high level of heterogeneity. A sensitivity analysis was conducted to investigate the
origin of heterogeneity on the basis of the medication application duration. Further analysis of
the sample sizes and doses of donepezil yielded a Hedges’ g of —0.629 (95% CI: —1.208-0.049,
p =.0034, and I = 89.448). When articles were eliminated individually, I* remained within

the range of 85.577-91.869, showing no tendency of decreasing. Analysis of publication bias
showed a symmetrical funnel plot. Egger’s regression test also revealed no publication bias
(p=.123).

Subgroup analysis

In the 24th week, a comparison of the combination treatment group and control group
showed significant differences in cognitive functions, BPSD, and global functional evaluation
(Table 2). In the combination treatment group, the gradual titration and fixed dose of meman-
tine led to significant improvements in cognitive functions, BPSD, and global functions.
Adverse events. Adverse drug reactions observed in the two groups were compared using
14 items, namely the adverse reactions in 12 systems, other adverse reactions, and death. The
highest frequency of adverse drug reactions occurred in the digestive system, comprising a total
of 23 events and exhibiting an RR of 0.889 (95% CI: 0.621-1.274, p = .522, and I’ = 3.216). The
second highest number of adverse drug reactions occurred in the mental system, comprising
to a total of 10 events and exhibiting an RR of 1.501 (95% CI: 0.932-2.417, p = .095, and I* =
15.143). The most severe adverse drug reaction was death; a total of two deaths were observed,
exhibiting an RR of 0.521 (95% CI: 0.227-1.195, p = .550, and I? = 0.001) (Table 3). No signifi-
cant statistical difference was observed for the 14 items of adverse drug reactions (RR = 1.079,
95% CI: 0.925-1.259, p = .330, and I” = 0.001) between the combination treatment group and
control group, indicating that the medicines administered to these two groups resulted in no
significant difference in safety or adverse drug reactions.

Meta-regression analysis

We performed a meta-regression analysis to identify the potential moderating variables. The
results revealed no significant difference in the medication application duration (p = .068-.785).
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Table 2. Subgroup analysis results of study outcomes.

Cognition Function Behavioral and Psychological Symptoms in Global Functions
Dementia
No.of | Hedges’'g| P |Overall| P No.of | Hedges’ g P |Overall| P No.of | Hedges’'g P | Overall P
Trials | (95% Cl) | value | Pvalue Trials | (95% Cl) | value | Pvalue Trials | (95% CIl) | value | Pvalue
Intervention
characteristics
Combination of 6 0.391 0.001 50.981 4 -0.767 .006 79.920 3 -0.583 .042 91.081
donepezil alone vs. (0.180- (-1.314 to (-1.145to0
memantine and 0.603) -0.219) -0.021)
donepezil at 24 weeks
Treatment effects of .864 57.15 .068 82.12 0.001** | 89.488
memantine dose
Gradual Titration (5— 7 0.371 0.005 7 -0.913 .001 4 -0.371 .001
20 mg) (0.111- (-1.349 to (-0.676 to
0.631) -0.476) -0.066)
Fix Dose(10/20 mg) 3 0.408 0.018 1 -0.756 176 1 -2.367 .069
(0.178- (-1.85t0 (-3.503 to
0.591) -0.339) -1.231)

Cl = confidence interval
**P < .001.

https://doi.org/10.1371/journal.pone.0183586.t1002

Discussion

The most crucial finding of the present study was that at the endpoint or in the 24th week of
treatment for moderate to severe AD, the combination treatment group exhibited greater
improvement in cognitive functions, BPSD, and global functions than did the control group. No
significant difference was observed in adverse drug reactions, safety between the two groups.

Memantine and donezepil exhibit different mechanisms of action for AD. Other systematic
studies have also indicated that when the course of the disease progresses to moderate or severe
levels, combination treatments are more effective than single treatment for delaying the degra-
dation of cognitive functions. [4, 5, 13, 22-26] This finding is consistent with that of the pres-
ent meta-analysis.

Regarding the effect of treatments on cognitive functions, the finding of the present study
was significant but exhibited moderate heterogeneity. A sensitivity analysis was conducted at
the final evaluation point. Compared with other studies, Shao [17] included a different medi-
cation dosage (memantine, 20 mg/1-16 wk; donepezil, 5 mg/1-16 wk) and different disease
severity. The present study also identified that in Week 24, the effect size differed significantly
between the combination treatment group and control group, indicating that in Week 24, the
combination treatment group exhibited greater improvement in cognitive functions than did
the control group. Nevertheless, a moderate level of heterogeneity remained.

Theoretically, donepezil can mitigate BPSD. Research has identified donepezil as a second-
line treatment for behavioral and psychological symptoms such as apathy, depression, and
aberrant motor behavior. [27, 28] However, several meta-analyses have revealed that donepezil
exerts limited effects for improving BPSD. [22, 29] A part of the brain cortex and the neurons
in the hippocampus that synthesize the excitatory amino acid glutamic acid (glutamate) are
related to human memory function. Memantine is a glutamatergic NMDA receptor antagonist
that protects neural cells from overstimulation by glutamate, thereby lowering the excitotoxi-
city of glutamate. In addition to suppressing cognition impairment, memantine can be used as
a second-line treatment to prevent aimless wondering, stereotypic behaviors, irritability, and
aggressiveness. [18, 30, 31] Previous meta-analyses have revealed that the treatment effect of
memantine on BPSD is not significant [32]. Recent studies have used the combination of
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Table 3. Adverse event and risk ratio of the combination treatment primary outcomes in Alzheimer disease (endpoint).

Adverse Event
Digestive system
Mental system
Central and peripheral nervous systems
Cardiovascular system
Genitourinary system
Musculoskeletal system
Systemic
Respiratory system
Metabolism and nutrition systems
Nervous system
Death
Blood and lymphatic systems
Other
Cancer

Cl = confidence interval

https://doi.org/10.1371/journal.pone.0183586.t003

= N
w

= DD W W o o o

N Effect Sizes Null Hypothesis Heterogeneity(P>.10)
(2-tail)

Hedges’ g/Risk Ratio(95% Cl) | Zvalue | Pvalue | Qvalue | P value P Tau?
0.889 (0.621-1.274) -0.641 .522 22.731 417 3.216 0.159

0 1.501 (0.932-2.417) 1.671 .095 10.606 .304 15.143 0.296
1.153 (0.739-1.798) 0.629 .530 6.299 .391 4.748 0.139

1.485 (0.566-3.893) 0.803 422 6.651 .248 24.827 | 0.597

1.271 (0.764-2.113) 0.923 .356 0.943 .967 0.000 0.000

1.808 (0.423-7.726) 0.799 424 6.492 .261 22.980 0.489

1.235 (0.667-2.286) 0.671 .502 1.814 .770 0.001 0.001

0.886 (0.432-1.816) -0.330 741 3.458 .326 13.236 0.287

1.225 (0.647—-2.320) 0.622 .534 0.562 .755 0.001 0.001

1.808 (0.645-3.420) 0.929 .353 4.826 .090 58.562 0.962

0.521 (0.227-1.195) -1.539 124 0.081 776 0.001 0.001

1.345 (0.141-12.829) 0.257 797 0.489 484 0.001 0.001

0.691 (0.334-1.430) -0.996 .319 0.808 .369 0.001 0.001

0.200 (0.010—4.095) -1.045 .296 0.001 1.000 0.001 0.001

memantine and donepezil to treat the BPSD of patients with AD, because the two medicines
focus on different types of BPSD, and the pharmacological mechanisms and the targets of
these two medicines differ. [11, 23, 31] Several studies have demonstrated that compared with
single-medicine treatments, the combination treatment is more effective for improving and
mitigating BPSD. [4, 5, 24-26] The results of the present meta-analysis indicate that the use of
the studied medicine combination resulted in a larger effect size than the use of a ChEI alone
in BPSD treatment. Consequently, the optimal treatment effect on BPSD can be achieved
through the combination of the two studied medicines.

Global assessment is a means of measuring the clinical relevance of any improvement in
cognitive functions. The combination treatment also improved global functions, and the effect
of the combination treatment was more satisfactory than that of donepezil alone. [3, 4, 25, 26]
The present meta-analysis also identified a large effect size and high heterogeneity at both the
final evaluation point and in Week 24, confirming that the combination treatment exerted a
more satisfactory effect than donepezil alone.

Common adverse drug reactions occur when donepezil is administered to treat AD, includ-
ing those in the digestive system (e.g., nausea, vomiting, and diarrhea), psychological system
(e.g., irritability and anxiety), and bradycardia. [3, 4, 22] When memantine was administered
to treat AD, the adverse drug reactions mostly occurred in the digestive system (e.g., nausea,
diarrhea, and constipation), followed by the psychological system (i.e., confusion and excite-
ment).[33, 34] When the combination of memantine and donepezil was used to treat AD, no
difference was observed in the incidence of adverse reactions between the combination treat-
ment group and control group, demonstrating that the combination treatment does not
exhibit a higher rate of adverse drug reactions than donepezil alone.

Conclusions

The results showed that for treating patients with moderate to severe AD, the combination
therapy limited superiority more than donepezil alone for improving cognitive functions,
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BPSD, and global functions. By contrast, no significant difference was observed in drug safety
between the two groups. The strength of this study is that the data analysis was based on the
sources from multiple languages rather than English-only sources, and the methodology was
effectively designed. The limitation of this study was the heterogeneity across studies, and the
sample size varied among the investigated studies. The conclusions were still limited because
of the small sample size. Future studies should consider performing large-scale randomized
controlled trials or prospective cohort studies in which intervention measures and assessment
instruments are combined to control individual variability and latent disturbing factors; this
would confirm whether the combination of memantine and donepezil is more effective than
donepezil alone for treating patients with moderate to severe AD.

Supporting information

S1 Table. Search strings by database.
(DOCX)

S2 Table. PRISMA 2009 checklist.
(DOC)

Author Contributions
Conceptualization: Hsin Chu, Kuei-Ru Chou.
Data curation: Ruey Chen.

Formal analysis: Ruey Chen.

Investigation: Ruey Chen.

Methodology: Kuei-Ru Chou.

Project administration: Kuei-Ru Chou.
Resources: Kuei-Ru Chou.

Software: Ruey Chen, Yu-Cih Lin.
Supervision: Hsin Chu, Kuei-Ru Chou.
Validation: Ruey Chen, Yu-Cih Lin.
Visualization: Chien-Yu Chen.

Writing - original draft: Ruey Chen.
Writing - review & editing: Pi-Tuan Chan, Hsin Chu, Pi-Chen Chang, Kuei-Ru Chou.

References

1. Kumar A, Singh A, Ekavali. A review on Alzheimer’s disease pathophysiology and its management: An
update. Pharmacol Rep. 2015; 67(2):195-203. https://doi.org/10.1016/j.pharep.2014.09.004 PMID:
25712639

2. Ehret MJ, Chamberlin KW. Current Practices in the Treatment of Alzheimer Disease: Where is the Evi-
dence After the Phase Il Trials? Clin Ther. 2015; 37(8):1604—16. Epub 2015/07/01. https://doi.org/10.
1016/j.clinthera.2015.05.510 PMID: 26122885.

3. Deardorff WJ, Feen E, Grossberg GT. The Use of Cholinesterase Inhibitors Across All Stages of Alzhei-
mer’s Disease. Drugs Aging. 2015; 32(7):537—47. Epub 2015/06/03. doi: 10.1007/s40266-015-0273-x.
PMID: 26033268.

PLOS ONE | https://doi.org/10.1371/journal.pone.0183586  August 21, 2017 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0183586.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0183586.s002
https://doi.org/10.1016/j.pharep.2014.09.004
http://www.ncbi.nlm.nih.gov/pubmed/25712639
https://doi.org/10.1016/j.clinthera.2015.05.510
https://doi.org/10.1016/j.clinthera.2015.05.510
http://www.ncbi.nlm.nih.gov/pubmed/26122885
https://doi.org/10.1007/s40266-015-0273-x
http://www.ncbi.nlm.nih.gov/pubmed/26033268
https://doi.org/10.1371/journal.pone.0183586

@° PLOS | ONE

Monotherapy of donepezil versus combination with memantine for Alzheimer disease: A meta-analysis

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Campos C, Rocha NBF, Vieira RT, Rocha SA, Telles-Correia D, Paes F, et al. Treatment of cognitive
deficits in Alzheimer’s disease: A psychopharmacological review. Psychiatria Danubina. 2016; 28(1):2—
12. PMID: 26938815

Riverol M, Slachevsky A, Lépez OL. Efficacy and tolerability of a combination treatment of memantine
and donepezil for alzheimer’s disease: A literature review evidence. European Neurological Journal.
2011; 3(1):15-9. PMID: 25302109

Tsoi KK, Chan JY, Leung NW, Hirai HW, Wong SY, Kwok TC. Combination therapy showed limited
superiority over monotherapy for Alzheimer disease: A meta-analysis of 14 randomized trials. J Am
Med Dir Assoc. 2016; 17(9):863. e1-. e8.

Likis FE, Andrews JC, Fonnesbeck CJ, Hartmann KE, Jerome RN, Potter SA, et al. Cochrane risk of
bias tool. 2014.

Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJM, Gavaghan DJ, et al. Assessing the qual-
ity of reports of randomized clinical trials: is blinding necessary? Control Clin Trials. 1996; 17(1):1-12.
PMID: 8721797

Sawilowsky SS. New effect size rules of thumb. 2009.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ.
2003; 327(7414):557—-60. https://doi.org/10.1136/bm|.327.7414.557 PMID: 12958120

Araki T, Wake R, Miyaoka T, Kawakami K, Nagahama M, Furuya M, et al. The effects of combine treat-
ment of memantine and donepezil on Alzheimer’s disease patients and its relationship with cerebral
blood flow in the prefrontal area. Int J Geriatr Psychiatry. 2014; 29(9):881-9. Epub 2014/01/18. doi: 10.
1002/gps.4074. PMID: 24436135.

Doody RS, Geldmacher DS, Farlow MR, Sun Y, Moline M, Mackell J. Efficacy and safety of donepezil
23 mg versus donepezil 10 mg for moderate-to-severe Alzheimer’s disease: a subgroup analysis in
patients already taking or not taking concomitant memantine. Dement Geriatr Cogn Disord. 2012; 33
(2—3):164—73. Epub 2012/05/11. doi: 10.1159/000338236. PMID: 22572767.

Howard R, McShane R, Lindesay J, Ritchie C, Baldwin A, Barber R, et al. Donepezil and memantine for
moderate-to-severe Alzheimer’s disease. N Engl J Med. 2012; 366(10):893—-903. Epub 2012/03/09.
doi: 10.1056/NEJMoa1106668. PMID: 22397651.

Kano O, Ito H, Takazawa T, Kawase Y, Murata K, lwamoto K, et al. Clinically meaningful treatment
responses after switching to galantamine and with addition of memantine in patients with Alzheimer’s
disease receiving donepezil. Neuropsychiatric Disease and Treatment Vol 9 Feb 2013, ArtID 259-265.
2013;9. https://doi.org/10.2147/NDT.S40682 PMID: 23431041

MI Q, DIWU Y. Clinical research of memantine and donepezil on the treatment of moderate and severe
Alzheimer’s disease. CHINA MODERN DOCTOR. 2014;Vol. 52 No. 18:42-7.

Peng L, Chen F. The clinical research of the combination use of Memantine and Donepezil in the treat-
ment of Moderate to Severe Alzheimer’s disease. Chinese Journal of Geriatric Care. 2015; 13(2):75-7.

Shao H. Efficacy Analysis of Memantine Hydrochloride on Cognition Function and Abnormal Behavior
in Elderly Patients with Dementia. China Pharmaceuticals. 2015;Vol. 24, No.10:49-51.

Tariot PN, Farlow MR, Grossberg GT, Graham SM, McDonald S, Gergel |. Memantine treatment in
patients with moderate to severe Alzheimer disease already receiving donepezil: a randomized con-
trolled trial. JAMA. 2004; 291(3):317-24. Epub 2004/01/22. doi: 10.1001/jama.291.3.317. PMID:
14734594.

Wang X. Clinical Study of Donepezil and Memantine Hydrochloride in the Treatment of Alzheimer’s Dis-
ease. China Continuing Medical Education. 2015;Vol. 7, No.14.

Yang H, Guo Z, Li X. Combination of memantine and donepezil in treatment of patients with Alzheimer
disease. Zhejiang Medicine 2013; 35(7):553-6.

ZhengY, Yu J. The efficacy and safety of combination therapy of memantine and donepezil among old
Alzheimer’s disease patients (Translated from Chinese). Modern Practical Medicine. 2011; 4:415-6.

Birks J, Harvey Richard J. Donepezil for dementia due to Alzheimer’s disease. Cochrane Database of
Systematic Reviews [Internet]. 2006; (1). Available from: http://onlinelibrary.wiley.com/doi/10.1002/
14651858.CD001190.pub2/abstract.

Di Santo SG, Prinelli F, Adorni F, Caltagirone C, Musicco M. A meta-analysis of the efficacy of donepe-
zil, rivastigmine, galantamine, and memantine in relation to severity of Alzheimer’s disease. J Alzhei-
mers Dis. 2013; 35(2):349-61. Epub 2013/02/16. doi: 10.3233/JAD-122140. PMID: 23411693.

Molino I, Colucci L, Fasanaro AM, Traini E, Amenta F. Efficacy of memantine, donepezil, or their associ-
ation in moderate-severe Alzheimer’s disease: a review of clinical trials. ScientificWorldJournal. 2013;
2013:925702. Epub 2013/11/30. doi: 10.1155/2013/925702. PMID: 24288512; PubMed Central
PMCID: PMCPMC3830825.

PLOS ONE | https://doi.org/10.1371/journal.pone.0183586  August 21, 2017 13/14


http://www.ncbi.nlm.nih.gov/pubmed/26938815
http://www.ncbi.nlm.nih.gov/pubmed/25302109
http://www.ncbi.nlm.nih.gov/pubmed/8721797
https://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
https://doi.org/10.1002/gps.4074
https://doi.org/10.1002/gps.4074
http://www.ncbi.nlm.nih.gov/pubmed/24436135
https://doi.org/10.1159/000338236
http://www.ncbi.nlm.nih.gov/pubmed/22572767
https://doi.org/10.1056/NEJMoa1106668
http://www.ncbi.nlm.nih.gov/pubmed/22397651
https://doi.org/10.2147/NDT.S40682
http://www.ncbi.nlm.nih.gov/pubmed/23431041
https://doi.org/10.1001/jama.291.3.317
http://www.ncbi.nlm.nih.gov/pubmed/14734594
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD001190.pub2/abstract
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD001190.pub2/abstract
https://doi.org/10.3233/JAD-122140
http://www.ncbi.nlm.nih.gov/pubmed/23411693
https://doi.org/10.1155/2013/925702
http://www.ncbi.nlm.nih.gov/pubmed/24288512
https://doi.org/10.1371/journal.pone.0183586

@° PLOS | ONE

Monotherapy of donepezil versus combination with memantine for Alzheimer disease: A meta-analysis

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Tan CC, Yu JT, Wang HF, Tan MS, Meng XF, Wang C, et al. Efficacy and safety of donepezil, galanta-
mine, rivastigmine, and memantine for the treatment of Alzheimer’s disease: a systematic review and
meta-analysis. J Alzheimers Dis. 2014; 41(2):615-31. Epub 2014/03/26. doi: 10.3233/JAD-132690.
PMID: 24662102.

Farrimond LE, Roberts E, McShane R. Memantine and cholinesterase inhibitor combination therapy for
Alzheimer’s disease: a systematic review. BMJ open. 2012; 2(3):e000917. https://doi.org/10.1136/
bmjopen-2012-000917 PMID: 22689908

Cummings JL. Alzheimer’s disease. N Engl J Med. 2004; 351(1):56—67+110. https://doi.org/10.1056/
NEJMra040223 PMID: 15229308

Feldman H, Gauthier S, Hecker J, Vellas B, Xu Y, leni JR, et al. Efficacy and safety of donepezil in
patients with more severe Alzheimer's disease: a subgroup analysis from a randomized, placebo-con-
trolled trial. Int J Geriatr Psychiatry. 2005; 20(6):559—-69. https://doi.org/10.1002/gps.1325 PMID:
15920715

Lockhart IA, Orme ME, Mitchell SA. The efficacy of licensed-indication use of donepezil and memantine
monotherapies for treating behavioural and psychological symptoms of dementia in patients with Alz-
heimer’s disease: systematic review and meta-analysis (Provisional abstract). Dement Geriatr Cogn
Dis Extra [Internet]. 2011; 1(1):[212—27 pp.]. Available from: http://onlinelibrary.wiley.com/o/cochrane/
cldare/articles/DARE-12013008162/frame.html. https://doi.org/10.1159/000330032 PMID: 22163246

Atri A, Molinuevo JL, Lemming O, Wirth Y, Pulte |, Wilkinson D. Memantine in patients with Alzheimer’s
disease receiving donepezil: New analyses of efficacy and safety for combination therapy. Alzheimer’s
Research and Therapy. 2013; 5(1).

Levy K, Lanctat KL, Farber SB, Li A, Herrmann N. Does pharmacological treatment of neuropsychiatric
symptoms in Alzheimers disease relieve caregiver burden? Drugs Aging. 2012; 29(3):167-79. https:/
doi.org/10.2165/11599140-000000000-00000 PMID: 22350526

Maidment ID, Fox CG, Boustani M, Rodriguez J, Brown RC, Katona CL. Efficacy of memantine on
behavioral and psychological symptoms related to dementia: a systematic meta-analysis. Ann Phar-
macother. 2008; 42(1):32-8. https://doi.org/10.1345/aph.1K372 PMID: 18056833

Porsteinsson AP, Grossberg GT, Mintzer J, Olin JT. Memantine treatment in patients with mild to mod-
erate Alzheimer’s disease already receiving a cholinesterase inhibitor: a randomized, double-blind, pla-
cebo-controlled trial. Curr Alzheimer Res. 2008; 5(1):83-9. Epub 2008/02/22. PMID: 18288936.

Raina P, Santaguida P, Ismaila A, Patterson C, Cowan D, Levine M, et al. Effectiveness of cholinester-
ase inhibitors and memantine for treating dementia: evidence review for a clinical practice guideline.
Ann Intern Med. 148(5):379-97. PMID: 18316756.

PLOS ONE | https://doi.org/10.1371/journal.pone.0183586  August 21, 2017 14/14


https://doi.org/10.3233/JAD-132690
http://www.ncbi.nlm.nih.gov/pubmed/24662102
https://doi.org/10.1136/bmjopen-2012-000917
https://doi.org/10.1136/bmjopen-2012-000917
http://www.ncbi.nlm.nih.gov/pubmed/22689908
https://doi.org/10.1056/NEJMra040223
https://doi.org/10.1056/NEJMra040223
http://www.ncbi.nlm.nih.gov/pubmed/15229308
https://doi.org/10.1002/gps.1325
http://www.ncbi.nlm.nih.gov/pubmed/15920715
http://onlinelibrary.wiley.com/o/cochrane/cldare/articles/DARE-12013008162/frame.html
http://onlinelibrary.wiley.com/o/cochrane/cldare/articles/DARE-12013008162/frame.html
https://doi.org/10.1159/000330032
http://www.ncbi.nlm.nih.gov/pubmed/22163246
https://doi.org/10.2165/11599140-000000000-00000
https://doi.org/10.2165/11599140-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22350526
https://doi.org/10.1345/aph.1K372
http://www.ncbi.nlm.nih.gov/pubmed/18056833
http://www.ncbi.nlm.nih.gov/pubmed/18288936
http://www.ncbi.nlm.nih.gov/pubmed/18316756
https://doi.org/10.1371/journal.pone.0183586

