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Abstract

Background: We performed an updated meta-analysis of randomized controlled trials of combination therapy with 
cholinesterase inhibitors and memantine in patients with Alzheimer’s disease.
Methods: We reviewed cognitive function, activities of daily living, behavioral disturbance, global assessment, discontinuation 
rate, and individual side effects.
Results: Seven studies (total n = 2182) were identified. Combination therapy significantly affected behavioral disturbance 
scores (standardized mean difference = −0.13), activity of daily living scores (standardized mean difference = −0.10), and 
global assessment scores (standardized mean difference = −0.15). In addition, cognitive function scores (standardized 
mean difference = −0.13, P = .06) exhibited favorable trends with combination therapy. The effects of combination therapy 
were more significant in the moderate-to-severe Alzheimer’s disease subgroup in terms of all efficacy outcome scores. The 
discontinuation rate was similar in both groups, and there were no significant differences in individual side effects.
Conclusions: Combination therapy was beneficial for the treatment of moderate-to-severe Alzheimer’s disease in terms of 
cognition, behavioral disturbances, activities of daily living, and global assessment was well tolerated.
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Introduction
Dementia is not only a health problem but also a social problem. 
Alzheimer’s Disease International reported that over 35 million 
people currently live with dementia (International AsD, 2009). 
In Japan, the prevalence rate of dementia among those aged 
≥65  years is estimated to be 15.8%, with Alzheimer’s disease 
(AD) being the most common cause and accounting for 65.8% 
of its global incidence (Asada, 2012). AD is a neurodegenerative 
disease characterized by progressive loss of cognition and other 
neurobehavioral symptoms. The pathology of AD includes extra-
cellular senile plaques primarily consisting of β-amyloid and 
intracellular neurofibrillary tangles consisting of abnormally 

hyperphosphorylated tau, which is a microtubule-associated 
protein (Ittner and Gotz, 2011).

Currently, cholinesterase inhibitors (ChEIs) and meman-
tine are available for the treatment of AD. The Food and Drug 
Administration approves the ChEIs donepezil, galantamine, 
and rivastigmine for the treatment of AD. The Food and Drug 
Administration also approves memantine for the treatment 
of moderate-to-severe AD. Memantine is postulated to exert 
its therapeutic effect through its action as a low-to-moderate 
affinity, noncompetitive (open-channel) N-methyl-d-aspartate 
(NMDA) receptor antagonist, which binds preferentially to 
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NMDA receptor-operated calcium channels (Berman et al., 2012; 
Kishi and Iwata, 2013). Memantine blocks the effects of sus-
tained, pathologically elevated levels of glutamate that may lead 
to neuronal dysfunction (Danysz and Parsons, 2003).

A recent meta-analysis (3 studies, 971 patients; Muayqil 
and Camicioli, 2012) suggested that combination therapy with 
ChEI and memantine (ChEI+MEM) showed a significant effect 
size for moderate-to-severe AD in terms of cognitive func-
tion (standardized mean difference [SMD] = −0.45, P = .00001) 
and the neuropsychiatric inventory [NPI; 7991117; mean dif-
ference = 4.40, P = .00001]. However, the number of studies and 
patients included in the meta-analysis were small. The limita-
tion of a meta-analysis with small samples is the possibility of 
statistical errors because of low statistical power. Therefore, we 
have updated the meta-analysis of ChEI+MEM for AD (current 
meta-analysis: 7 studies, 2182 patients). To our knowledge, 7 
randomized controlled trials (RCTs) concerning ChEI+MEM for 
AD have been performed to date (Tariot et al., 2004; Cretu et al., 
2008; Porsteinsson et al., 2008; Choi et al., 2011; Howard et al., 
2012; Grossberg et al., 2013; Dysken et al., 2014).

Cognitive function has been considered in 2 studies (Tariot 
et al., 2004; Grossberg et al., 2013) reporting that ChEI+MEM was 
superior to placebo using the Severe Impairment Battery (SIB; 
Panisset et al., 1994). Other studies have shown that ChEI+MEM 
was not superior to placebo (Porsteinsson et al., 2008; Dysken 
et al., 2014) or usual ChEI therapy (Choi et al., 2011) using the 
Alzheimer’s Disease Assessment Scale cognitive subscale (ADAS-
cog; Rosen et al., 1984), whereas in one study, the ADAS-cog sta-
tistical result was unknown (Cretu et al., 2008). Another study 
(Howard et al., 2012) showed that ChEI+MEM was not superior 
to placebo in the standardized Mini-Mental State Examination 
(SMMSE; Molloy and Standish, 1997). With regard to behavioral 
disturbance, 3 studies (Tariot et  al., 2004; Howard et  al., 2012; 
Grossberg et  al., 2013) reported that ChEI+MEM was superior 
to placebo using the NPI (Cummings et al., 1994). Other studies 
have reported that ChEI+MEM was not superior to either pla-
cebo (Porsteinsson et al., 2008; Dysken et al., 2014) or usual ChEI 
therapy (Choi et al., 2011) using the NPI, while the NPI statisti-
cal result was unknown in another study (Cretu et al., 2008). As 
shown by the above results, these discrepant results may be due 
to the small sample sizes in the trials. A meta-analysis produces 
a weighted summary result (more weight given to larger stud-
ies). By combining results from more than one study, a meta-
analysis has the advantage of increasing statistical power, which 
is often inadequate in studies with a small sample size (Cohn 
and Becker, 2003). Moreover, we can combine outcomes with 
different measurements using SMD analyses (DerSimonian and 
Laird, 1986). To clarify whether ChEI+MEM is more efficacious in 
terms of several outcomes and safer than ChEI monotherapy in 
patients with AD, we performed an updated meta-analysis of 
ChEI+MEM in patients with AD.

Methods

A meta-analysis was conducted according to the guidelines 
from the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses group (Moher et al., 2009).

Inclusion Criteria, Search Strategy, Data Extraction, 
and Outcome Measures

We included RCTs of ChEI+MEM for patients with AD in this 
study. We selected only those RCTs that used combination ther-
apy with ChEI in patients with AD and allowed the inclusion of 

studies that were not double-blinded and not placebo-controlled 
(ie, treatment as usual) in order to include more studies. To iden-
tify relevant studies, we searched PubMed, the Cochrane Library 
databases, Google Scholar, EMBASE, CINAHL, and PsycINFO cita-
tions. There were no language restrictions, and we considered 
all studies published up to October 22, 2014. We used the fol-
lowing keywords: “donepezil,” “rivastigmine,” “galantamine,” 
or “cholinesterase inhibitors” AND “memantine” AND “rand-
omized,” “random,” OR “randomly,” AND “Alzheimer’s disease,” 
OR “Alzheimer disease.” Additional eligible studies were sought 
via a search of the reference lists from primary articles and rel-
evant reviews.

The first 2 authors of this review (S.M. and T.K.) scrutinized 
the inclusion and exclusion criteria for the identified studies. 
When data required for the meta-analysis were missing, the 
first and/or corresponding authors were contacted for addi-
tional information, including endpoint scores. The 3 authors of 
this study independently extracted, checked, and entered the 
data into Review Manager (Version 5.2 for Windows, Cochrane 
Collaboration, http://ims.cochrane.org/revman).

Data Synthesis and Statistical Analysis

We included the outcome measures of at least 3 studies per 
outcome. The primary outcome measures for efficacy were cog-
nitive function and behavioral disturbances associated with 
AD. Cognitive function was measured using the SIB, ADAS-cog, 
SMMSE, and MMSE (Folstein et  al., 1975). Moreover, 3 stud-
ies used 2 cognitive functional scales (ADAS-cog and MMSE); 
in these instances, we performed pattern analyses for both 
scales. Behavioral disturbances were measured using the NPI. 
Secondary outcome measures included activities of daily living 
[the Alzheimer’s Disease Cooperative Study-Activities of Daily 
Living 23 Items (Galasko et al., 1997) and the Bristol Activities 
of Daily Living Scale (Bucks et al., 1996)], global assessment [the 
Clinician’s Interview-Based Impression of Change Plus caregiver 
input (Olin et al., 1996) and the Clinical Dementia Rating scale 
(Morris, 1993)], discontinuation for any cause, discontinuation 
because of adverse events, and discontinuation because of inef-
ficacy. In addition, we pooled the side effects data.

We based our analyses on intent-to-treat or modified intent-
to-treat data (ie, at least 1 dose or at least 1 follow-up assess-
ment). However, completer analysis data were not excluded 
to ensure that as much information as possible was available 
[(Howard et al., 2012): SMMSE, NPI, and Bristol Activities of Daily 
Living Scale scores]. The meta-analysis was performed using 
Review Manager. For continuous data, the SMD was used, com-
bining the effect-size data (Hedges’ g). For dichotomous data, the 
relative risk was estimated along with 95% confidence intervals 
(CIs). We explored study heterogeneity using the I2 statistic, with 
values of ≥50% reflective of considerable heterogeneity (Higgins 
et  al., 2003). Overall SMDs or relative risks and their 95% CIs 
were estimated using DerSimonian–Laird random-effects mod-
els (Higgins et al., 2003). The random-effects model is more con-
servative than the fixed-effects model and produces a wider CI.

In cases with I2 values ≥50% for primary outcome measures, 
we planned to conduct sensitivity analyses to determine the 
reasons for heterogeneity. However, because no significant het-
erogeneity was found within the primary outcomes, these anal-
yses were not conducted. Funnel plots were inspected visually 
to assess the possibility of publication bias. We also assessed 
the methodological qualities of the articles included in the 
meta-analysis on the basis of the Cochrane risk of bias criteria 
(Cochrane Collaboration; http://www.cochrane.org/).

http://ims.cochrane.org/revman
http://www.cochrane.org/
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Results

Study Characteristics

The search yielded a total of 431 references (duplication = 313 
references). Seven RCTs concerning ChEI+MEM were included 
in the current meta-analysis; we excluded 80 references after 
reviewing the title and abstract. A  further 31 references were 
excluded after full-text reviews, because 14 were review papers, 
7 were included in the current meta-analysis, 7 did not involve 
combination therapy, 2 were non-RCTs, and another did not 
concern AD. In total, we identified 2182 patients with AD across 
7 RCTs that met our inclusion criteria (Tariot et al., 2004; Cretu 
et al., 2008; Porsteinsson et al., 2008; Choi et al., 2011; Howard 
et  al., 2012; Grossberg et  al., 2013; Dysken et  al., 2014). Of 
these 7 RCTs, 3 concerned ChEI+MEM, 3 concerned donepezil 
and memantine, and 1 concerned a rivastigmine patch and 
memantine.

The mean study duration was 27 weeks, with 4 trials lasting 
24 weeks and 1 each lasting 52 weeks and 16 weeks. One trial 
was duration of study ranged from 6 months to 4 years. The total 
sample sizes ranged from 43 to 677 patients in each study. The 
mean age of the study population was 76 years. Four of 7 studies 
were sponsored by the pharmaceutical industry and 1 of 7 stud-
ies was published in Romanian (Cretu et al., 2008). The studies 
were conducted in 1 or multiple countries: 3 were conducted in 
the United States, 1 was conducted in South Korea, 1 was con-
ducted in the United Kingdom, 1 was conducted in Romania, 
and 1 was conducted in Argentina, Chile, Mexico, and the United 
States. The characteristics of the trials included in our study are 
shown in Table 1.

We evaluated the methodological quality of all studies using 
the Cochrane risk of bias criteria. Five of the 7 studies were dou-
ble-blind, placebo-controlled trials and mentioned the required 
details of study design. Another study was an open-label, ran-
domized, non-placebo-controlled trial. The study published by 
Cretu and colleagues (Cretu et al., 2008) was an open-label, ran-
domized, non-placebo-controlled trial; however, we did not use 
data from the Cretu study (Cretu et al., 2008), because these data 
were unavailable for the meta-analysis.

Results of Meta-Analysis in Terms of Primary 
Outcomes

ChEI+MEM significantly affected NPI scores (SMD = −0.13, 95% 
CI = −0.24 to −0.02, Z = 2.23, P = .03, I2 = 33 %, 6 studies, n = 1994) 
(Figure 1b). In addition, cognitive function scores (SMD = −0.13, 
95% CI = −0.26 to 0.01, Z = 1.85, P = .06, I2 = 52 %, 6 studies, n = 2027) 
(Figure 1a) exhibited favorable trends with ChEI+MEM. The data 
in each treatment group were simulated with no publication 
bias (data not shown).

Sensitivity Analyses of Primary Outcomes

There was significant heterogeneity in cognitive function scores 
between studies (I2 = 52%) (Figure 1a). Therefore, we performed 
a sensitivity analysis to determine the confounding factors 
(Table  2a). When divided into a mild-to-moderate AD group 
and moderate-to-severe AD group in the sensitivity analysis 
of the prior to ADAS-cog (ADAS-cog: 3 studies, SIB: 2 studies, 
SMMSE: 1 study), the significant heterogeneity in cognitive func-
tion scores disappeared in both subgroups (mild-to-moderate 
AD, I2 = 0%; moderate-to-severe AD, I2 = 16%) (Table 2a). In addi-
tion, with regard to cognitive function scores, there was a more 

significant effect of ChEI+MEM in the moderate-to-severe AD 
subgroup (SMD = −0.24, P = .0003) than was apparent in the main 
meta-analysis result (SMD = −0.13, P = .06); however, there were 
no significant effects of ChEI+MEM in the mild-to-moderate AD 
subgroup (SMD = 0.00, P = .97) (Table  2a). In addition, the prior 
to MMSE analyses (MMSE: 3 studies, SIB: 2 studies, SMMSE: 1 
study,) also had similar results to that of the prior to ADAS-cog 
(Table 2b). Moreover, when divided by neuropsychological tests 
in the sensitivity analysis of the prior to ADAS-cog, the signifi-
cant heterogeneity in cognitive function scores disappeared 
in both subgroups (SIB, I2 = 21%; SMMSE, I2 = not applicable; 
ADAS-cog, I2 = 0%) (Table  2a). Furthermore, a significant effect 
of ChEI+MEM on cognitive function scores was found with the 
SIB (SMD = −0.27, P = .0001) but not with the SMMSE (SMD = −0.05, 
P = .77) or ADAS-cog (SMD = 0.00, P = .97) (Table  2a). In addition, 
the sensitivity analysis of the prior to MMSE also had similar 
results to that of the prior to ADAS-cog (Table 2b).

Results of Meta-analysis in Terms of Secondary 
Outcomes

ChEI+MEM significantly affected activities of daily living scores 
(SMD = −0.10, CI = −0.19 to −0.01, Z = 2.25, P = .02, I2 = 0 %, 6 studies, 
n = 2033) (Figure 1c) and global assessment scores (SMD = −0.15, 
CI = −0.28 to −0.01, Z = 2.09, P = .04, I2 = 45 %, 4 studies, n = 1640) 
(Figure  1d). The data in each treatment group were simulated 
with no publication bias (data not shown).

The incidence of dropouts from all causes (Figure 2a), inef-
ficacy (Figure  2b), or adverse events (Figure  2c) was similar 
between ChEI+MEM and ChEI monotherapy. No significant dif-
ferences were found between groups in the incidence of any of 
the following: all adverse events, serious adverse events, agita-
tion/aggression, confusion, anxiety/asthenia/depression, falls, 
influenza-like symptoms/upper respiratory infection, dizziness, 
urinary tract infection, diarrhea, and gastrointestinal symptoms.

Discussion

This study provides an updated, comprehensive meta-analysis 
of ChEI+MEM for AD. The main results indicate that ChEI+MEM 
was superior to monotherapy with ChEI in terms of behavioral 
disturbances, activities of daily living, and global assessment, 
with a small effect size (SMD = −0.10 to −0.15). In addition, cogni-
tive function scores exhibited favorable trends with ChEI+MEM 
(SMD = −0.13, P = .06).

Sensitivity analysis revealed that heterogeneity prob-
ably resulted from AD staging and neuropsychological factors. 
ChEI+MEM had more significant effects on cognitive func-
tion scores in the moderate-to-severe AD subgroup, but not in 
the mild-to-moderate AD subgroup, than was apparent in the 
main meta-analysis result. Therefore, we performed subgroup 
analysis according to AD staging, and this trend was found 
for behavioral disturbance, activities of daily living, and global 
assessment (Figure 3).

Previous meta-analyses have reported that evidence for 
the efficacy of memantine for mild AD (Schneider et al., 2011) 
was lacking and that ChEI+MEM resulted in statistically signifi-
cant but favorable changes in moderate-to-severe AD patients 
(Muayqil and Camicioli, 2012). Our meta-analysis was updated 
with a study of mild-to-moderate AD (n = 479) and a study of 
moderate-to-severe AD (n = 677). Our study supports the signifi-
cant clinical benefits of ChEI+MEM, particularly for moderate-
to-severe AD. In addition, it appeared that the heterogeneity in 
the neuropsychological tests was possibly related to AD staging, 
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Figure 1. Forest plot of cognitive function, neuropsychiatric inventory (NPI), activity of daily living, and global assessment. (a) Cognitive function (prior to Alzheimer’s 

Disease Assessment Scale cognitive subscale [ADAS-cog], 6 studies, n = 2027). (b) NPI (6 studies, n = 1994). (c) Activity of daily living (6 studies, n = 2033). (d) Global assess-

ment (4 studies, n = 1640). CI, confidence interval.

Table 2. Sensitivity Analysis of Efficacy (Cognitive Function) of Combination Therapy with Cholinesterase Inhibitors and Memantine

Table 2a. Prior to ADAS-cog

Variable Subgroup N n I2 SMD 95% CI P value
Test for subgroup 
differences

Placebo-controlled or  
Non-placebo-controlled

Placebo-controlled 5 1869 61 -0.1 -0.28 to 0.03 .1 I2 = 0%, P = .86
Non-placebo-controlled 1 158 na -0.1 -0.41 to 0.22 .55

Cholinesterase inhibitor Donepezil 2 506 49 -0.3 -0.53 to 0.04 .09 I2 = 0%, P = .57
Rivastigmine 1 158 na -0.1 -0.41 to 0.22 .55
Others 3 1363 58 -0.1 -0.24 to 0.10 .42

Stages of Alzheimer’s 
disease

Mild to moderate 3 862 0 0 -0.13 to 0.14 .97 I2 = 84.9%, P = .01
Moderate to severe 3 1165 16 -0.2 -0.38 to -0.11 .0003

Neuropsychological test ADAS-cog 3 862 0 0 -0.13 to 0.14 .97 I2 = 74.2%, P = .02
SMMSE 1 112 na -0.1 -0.43 to 0.32 .77
SIB 2 1053 21 -0.3 -0.41 to -0.13 .0001

Sample size Total n ≥ 200 4 1757 70 -0.1 -0.31 to 0.04 .13 I2 = 0%, P = .70
Total n < 200 2 270 0 -0.1 -0.32 to 0.16 .52

Memantine dose Memantine 20 mg 5 1368 56 -0.1 -0.27 to 0.07 .25 I2 = 0%, P = .33
Memantine 28 mg 

extended-release
1 659 na -0.2 -0.36 to -0.06 .007
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Figure 2. Forest plot of discontinuation rate. (a) Discontinuation due to all causes (5 studies, n = 1832). (b) Discontinuation due to inefficacy (5 studies, n = 1832). (c)  

Discontinuation due to adverse events (6 studies, n = 1832). CI, confidence interval; M-H, Mantel-Haenszel.

Table 2b. Prior to MMSE

Variable Subgroup N n I2 SMD 95% CI P value
Test for subgroup 
differences

Placebo-controlled or  
Non-placebo-controlled

Placebo-controlled 5 1850 48 -0.2 -0.28 to -0.02 .03 I2 = 64.3%,
P = .09

Non-placebo-controlled 1 158 na 0.14 -0.17 to 0.45 .38
Cholinesterase inhibitor Donepezil 2 506 49 -0.3 -0.53 to 0.04 .09 I2 = 39.3%,

P = .19Rivastigmine 1 158 na 0.14 -0.17 to 0.45 .38
Others 3 1344 33 -0.1 -0.24 to 0.03 .13

Stages of Alzheimer’s disease Mild to moderate 3 843 0 0.01 -0.13 to 0.14 .91 I2 = 85.4%,
P = .009Moderate to severe 3 1165 16 -0.2 -0.38 to -0.11 .0003

Neuropsychological test SIB 2 1053 21 -0.3 -0.41 to -0.13 .0001 I2 = 74.9%,
P = .02MMSE 3 843 0 0.01 -0.13 to 0.14 .91

SMMSE 1 112 na -0.1 -0.43 to 0.32 .77
Sample size Total n ≥ 200 4 1738 59 -0.2 -0.31 to -0.01 .04 I2 = 56.6%,

P = .13Total n < 200 2 270 0 0.06 -0.18 to 0.30 .63
Memantine dose Memantine 20 mg 5 1349 59 -0.1 -0.25 to 0.09 .36 I2 = 17.7%,

P = .27Memantine 28 mg  
extended-release

1 659 na -0.2 -0.36 to -0.06 .007

ADAS-cog, Alzheimer’s Disease Assessment Scale cognitive subscale, CI, Confidence interval, MMSE, Mini-Mental State Examination, SIB, Severe Impairment Battery, 

SMD, standardized mean difference, SMMSE, Standardized Mini–Mental State Examination.
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because the SIB and SMMSE were used to assess moderate-to-
severe AD. On the other hand, ADAS-cog and MMSE were used to 
assess mild-to-moderate AD.

There were no significant differences in the rates of dis-
continuation from all causes and side effects between the 
ChEI+MEM and ChEI monotherapy groups. The study published 
by Dysken and colleagues (Dysken et al., 2014) was not included 
in the discontinuation analysis, because this study did not have 
a fixed duration of study (6 months to 4 years). However, there 
were no significant differences in the rates of discontinuation 
from all causes between the ChEI+MEM and ChEI monotherapy 
groups in their study. From the above results, ChEI+MEM does 
not appear to worsen the symptoms of AD and appears to be 
well tolerated, thus giving the impression of decreasing the 
severity of AD.

In a recent study, Hager et  al. (2014) reported that 437 
patients taking memantine and 1375 AD patients not taking this 
drug were randomly assigned to galantamine or placebo and 
were followed-up for 2 years. In posthoc analysis of this study, 
among patients not taking memantine, the galantamine group 
showed a 1.12-point decrease on MMSE and the placebo group 
showed a 2.15-point decrease. Among patients taking concomi-
tant memantine, the galantamine group showed a 2.35-point 
decrease and the placebo group showed a 2.10-point decrease. 
Therefore, galantamine reduced cognitive decline by 1.03 points 
in the absence of memantine, but among patients taking con-
comitant memantine, galantamine had no effect. This discrep-
ancy in the results may be able to explain that galantamine has 
a positive allosteric modulator of nicotinic receptors, increasing 
the open time of receptors (Williams et  al., 2011). In contrast, 
memantine has potential to act as an open-channel blocker of 
nicotinic receptors (Pandya and Yakel, 2011). Memantine levels 
in brain tissue are markedly greater than those in the plasma 
and primarily represent the bound form, because cerebrospinal 
fluid levels are low (Ametamey et  al., 2002). Memantine bind-
ing is greatest in the thalamus, followed by the striatum, cor-
tex, and frontal white matter, with levels increasing and not 
yet plateauing 2 hours after administration (Ametamey et  al., 
2002). According to positron emission tomography study of 
18F-memantine in healthy volunteers, there are no NMDA recep-
tors in the white matter. Labeled 5-I-A-85380 (a nicotinic receptor 
ligand) binds to the human brain with the same distribution as 
that of as 18F-memantine: the highest in the thalamus, followed 
by the striatum and cortex, and then the white matter (Pimlott 
et al., 2004). From the results, because 18F-memantine seemed to 
label nicotinic receptors, memantine might be indicated to block 
brain nicotinic receptors during clinical use. In a smoking exper-
iment, memantine blocks the “buzz” that smokers experience 
after a cigarette (Jackson et al., 2009). Accordingly, memantine-
induced abolition of the cognitive benefit of galantamine would 
be consistent with nicotinic blockade. Therefore, when we use 
memantine as add-on therapy, it may be important that we con-
sider which ChEI is used, particularly when using memantine 
as add-on therapy to galantamine. Nevertheless, because there 
are no RCTs including only patients taking galantamine, we did 
not conduct a sensitivity analysis of only patients taking gal-
antamine. Further RCTs comparing the effects of the combina-
tions of donepezil–memantine, galantamine–memantine, and 
rivastigmine–memantine are required.

The first limitation is that, although a funnel plot for primary 
and secondary outcomes did not suggest the presence of publica-
tion bias, the number of studies included in the meta-analysis was 
small to allow any reasonable interpretation of the funnel plots. 
A  second limitation is that patients with dementia are known 
to have poor compliance with medication regimens (Boada and 
Arranz, 2013); therefore, the effectiveness of pharmacological 
interventions may be limited in this group. Finally, because several 

Figure  3. Forest plot of sensitivity and subgroup analysis (when dividing for 

cases where Alzheimer’s disease (AD) staging was mild to moderate or moderate 

to severe). (a) Cognitive function (prior to Alzheimer’s Disease Assessment Scale 

cognitive subscale [ADAS-cog], 6 studies, n = 2027). (b) Neuropsychiatric inven-

tory (NPI) (6 studies, n = 1994). (c) Activity of daily living (6 studies, n = 2033). (d) 

Global assessment (4 studies, n = 1640). CI, confidence interval.
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studies included in the meta-analysis did not report any available 
data of the symptom scales and safety outcomes in their articles, 
the outcome results for efficacy and safety did not include data 
from all the studies included in this meta-analysis. 

In conclusion, our results suggest that ChEI+MEM is ben-
eficial for the treatment of moderate-to-severe AD in terms of 
cognition, behavioral disturbances, activities of daily living, and 
overall impression. Furthermore, ChEI+MEM appears to be well 
tolerated. Therefore, we recommended that ChEI+MEM for the 
treatment of patients with moderate-to-severe AD. However, the 
ChEI–memantine interactions were unclear. To resolve this clini-
cal problem, further RCTs with a larger sample are required.
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