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Abstract

Background: There has not been conclusive evidence for prevention of brain atrophy by anti-dementia drugs in mild cognitive 
impairment and Alzheimer’s Disease.
Methods: Relevant studies were identified through searches of PubMed, databases of the Cochrane Library, and PsycINFO 
citations up to 16 May, 2015. Only double-blind, randomized, placebo-controlled clinical trials of anti-dementia drugs in 
patients with mild cognitive impairment or Alzheimer’s Disease were included. Primary outcomes were annualized percent 
change of total brain volume (%TBV/y), annualized percent change of hippocampal volume (%HV/y), and annualized percent 
change of ventricular volume (%VV/y) measured by magnetic resonance imaging. Standardized mean difference (SMD) and 
95% confidence intervals (CI) were calculated for relevant outcomes.
Results: Seven randomized, placebo-controlled clinical trials (n = 1708) were found to meet the inclusion criteria, including 4 
mild cognitive impairment studies (n = 1327) and 3 Alzheimer’s Disease studies (n = 381) [3 donepezil studies (2 mild cognitive 
impairment studies and 1 Alzheimer’s Disease study), 1 galantaime study for mild cognitive impairment, 2 mementine 
studies for Alzheimer’s Disease, and 1 rivastigmine study for mild cognitive impairment]. Pooled anti-dementia drugs showed 
superior protective outcomes compared with placebo regarding %TBV/y (SMD = -0.21, 95%CI = -0.37 to -0.04, P = .01, N = 4, 
n = 624) and %VV/y (SMD = -0.79, 95%CI = -1.40 to -0.19, P = .01, N = 3, n = 851). However, %HV/y failed to show difference between 
both groups. Among anti-dementia drugs, donepezil showed significantly greater protective effects than placebo regarding 
%TBV/y (SMD = -0.43, 95%CI = -0.74 to -0.12, P = .007, N = 1, n = 164) and %VV/y (SMD = -0.51, 95%CI = -0.73 to -0.29, P < .00001, N = 2, 
n = 338). Rivastigmine was also superior to placebo regarding %VV/y (SMD = -1.33, 95%CI = -1.52 to -1.14, P < .00001).
Conclusions: The results favored the hypothesis that anti-dementia drugs may prevent brain atrophy in patients with mild 
cognitive impairment and Alzheimer’s Disease.

Keywords:  brain atrophy, mild cognitive impairment/Alzheimer’s Disease, magnetic resonance imaging, meta-analysis, 
anti-dementia drugs
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Introduction
Brain atrophy has been shown to be the key pathological change 
structurally pronounced in Alzheimer’s Disease (AD). Brain vol-
ume reduction in patients with AD was significantly associated 
with dementia severity and cognitive disturbances as well as 
neuropsychiatric symptoms (Hirono et al., 2000). Brain volume 
reductions can serve as an anatomical correlate in evaluating 
the progression of AD and also potentially in evaluating the effi-
ciency of anti-dementia medications.

While anti-dementia medications have been shown to alle-
viate cognitive decline in AD, they have not been conclusively 
indicated to have protective effects against brain atrophy in AD. 
Recent meta-analyses showed that all anti-dementia drugs on 
the market (cholinesterase inhibitors [donepezil, galantamine, 
and rivastigmine] and NMDA antagonist [memantine)]) stabi-
lize or slow decline in cognition in AD compared with placebo  
(Tan et al., 2014). In addition, our recent meta-analysis showed 
that memantine also had an effect on behavioral and psycholog-
ical symptoms of dementia compared with placebo (Matsunaga 
et  al., 2014). The current study aimed to provide a more con-
clusive understanding of the anatomical effect of anti-dementia 
medications by testing the hypothesis that they are protective 
against brain atrophy in AD.

While most published studies of anti-dementia medications 
and brain atrophy report protective effects, there has been no 
meta-analysis that reported on the protective effect of anti-
dementia medications against brain atrophy in patients with 
mild cognitive impairment (MCI) and/or AD. Therefore, we 
conducted a meta-analysis of longitudinal, double-blind, ran-
domized, placebo-controlled clinical trials (RCTs) to examine 
whether anti-dementia drugs had an inhibiting effect on pro-
gress brain atrophy in patients with MCI and AD.

Methods

This systematic review and meta-analysis was performed 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines (Moher et al., 2009)

Inclusion Criteria, Search Strategy, Data Extraction, 
and Outcomes

Inclusion criteria were double-blind RCTs of anti-dementia 
drugs (donepezil, galantamine, rivastigmine, and meman-
tine) for patients with MCI and AD regarding brain volume 
measured by magnetic resonance imaging (MRI). Studies 
were identified through searches of PubMed, databases of the 
Cochrane Library, and PsycINFO citations up to 16 May, 2015. 
The following English key words were used: “donepezil” OR 
“galantamine” OR “memantine” OR “rivastigmine” AND “ran-
domized” OR “random” OR “randomly” AND “imaging” OR 
“MRI” without language restriction. Cortical Pattern Matching, 
Diffusion Tensor Imaging, or other techniques that do not 
report absolute brain volumes were not included. Two authors 
(T.K. and S.M.) independently extracted, checked, and entered 
the data into the Review Manager software (Version 5.3 for 
Windows, Cochrane Collaboration, http://tech.cochrane.org/
Revman).

Data Synthesis and Statistical Analysis

Primary outcomes were percent change of total brain volume 
per year (%TBV/y), percent change of hippocampal volume per 

year (%HV/y), and percent change of ventricular volume per year 
(%VV/y) measured by structural MRI. Secondary outcomes were 
percent change of total brain volume per half year (%TBV/half 
year) and percent change of hippocampal volume per half year 
(%HV/half year). We included data from a 26-week RCT (Schmidt 
et al., 2008) and other data from a 24-week RCT (Krishnan et al., 
2003) in %HV/half year. Whereas primarily intention-to-treat 
(ITT) or modified ITT data (ie, at least 1 dose or at least 1 follow-
up assessment) were included, per protocol population studies 
(Dubois et al., 2015) were also included to increase the sample 
size as much as possible.

The meta-analyses were performed using Review Manager. 
In combining the studies, the conservative random effects 
model by DerSimonian and Laird (DerSimonian and Laird, 1986) 
was employed, since the underlying effects can differ across 
studies and populations that are not necessarily homogene-
ous. Standardized mean difference (SMD) was used whereby 
the effect sizes (Hedge’s g) were combined with its 95% confi-
dence interval (CI). Cohen’s guideline was adopted such that ESs 
of 0.2, 0.5, and 0.8 corresponded to small, medium, and large 
effects, respectively (Cohen, 1988). Since the study of Prins and 
colleagues (Prins et al., 2014) did not report standard deviation of 
%TBV/y and %HV/y, we imputed the SD from Schuff et al. (2011) 
as has been done before (Leucht et al., 2009). The Cochrane risk of 
bias criteria (Cochrane Collaboration, http://www.cochrane.org/) 
was used to perform methodological quality control. Significant 
subgroup difference was tested using the I2 statistic, consider-
ing values of ≥50% to reflect a significant subgroup difference. 
Sensitivity analyses had been planned to determine the reasons 
for the heterogeneity in cases where I2 values were ≥50% for the 
primary outcomes. To cope with the potential heterogeneity 
across studies and populations, several subgroup analyses were 
conducted. Funnel plots were visually inspected to assess the 
possibility of publication bias.

Results

Study Characteristics

The search using the keywords given above yielded 196 ref-
erences. Initially, 176 references including 88 duplicate refer-
ences were excluded from analysis based on title and abstract 
review. Thirteen references were excluded based on full text 
examination. Seven RCTs were included in the current meta-
analysis (Krishnan et  al., 2003; Feldman et  al., 2007; Schmidt 
et  al., 2008; Schuff et  al., 2011; Wilkinson et  al., 2012; Prins 
et al., 2014; Dubois et al., 2015)  (Figure 1). No additional arti-
cles were identified by manually searching all articles included 
in the meta-analysis. These 7 RCTs (n = 1708) consisted of 4 
MCI studies (n = 1327) and 3 AD studies (n = 381) (3 donepezil 
studies [2 MCI studies and 1 AD study], 1 galantaime study for 
MCI, 2 mementine studies for AD, and 1 rivastigmine study for 
MCI) (Table  1). All studies were double-blind RCTs that men-
tioned the required study design details (supplementary Figure 
S1). Although 6 of 7 RCTs used ITT or modified ITT data, the 
remaining 1 RCT (Dubois et  al., 2015)  used per protocol pop-
ulation data. All RCTs were published in English and were 
industry sponsored. The study duration was 24 weeks in 1 RCT 
(Krishnan et al., 2003), 48 weeks in 1 RCT (Schuff et al., 2011), 
1 year in 3 RCTs, 2 years in 1 RCT (Prins et al., 2014), and 4 years 
in 1 RCT (Feldman et  al., 2007). Other characteristics of the 
studies are summarized in Table 1.

http://tech.cochrane.org/Revman
http://tech.cochrane.org/Revman
http://www.cochrane.org/
http://ijnp.oxfordjournals.org/lookup/suppl/doi:10.1093/ijnp/pyv070/-/DC1
http://ijnp.oxfordjournals.org/lookup/suppl/doi:10.1093/ijnp/pyv070/-/DC1
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Pooled anti-dementia drugs showed a significantly smaller 
decrease in %TBV/y (SMD = -0.21, 95%CI = -0.37 to -0.04, 
I2 = 4%, P = .01, N = 4, n = 624) and a smaller increase in %VV/y 
(SMD = -0.79, 95%CI = -1.40 to -0.19, I2 = 94%, P = .01, N = 3, n = 851), 
while %HV/y did not show significant difference. For individual 
anti-dementia drugs, donepezil showed a lesser decrease in 
%TBV/y (SMD = -0.43, 95%CI = -0.74 to -0.12, P = .007, N = 1, n = 164) 
and a smaller increase in %VV/y (SMD = -0.51, 95%CI = -0.73 to 
-0.29, I2 = 0%, P < .00001, N = 2, n = 338). Rivastigmine also showed 
a lesser increase in %VV/y (SMD = -1.33, 95%CI = -1.52 to -1.14, 
P < .00001, N = 1, n = 513) (Table  2). Visual inspection of the fun-
nel plots for primary outcomes in both treatment groups sug-
gested no publication bias (data not shown). Although there 
was no significant difference in %TBV/half year and %HV/half 
year between pooled anti-dementia drugs and placebo groups, 
donepezil was superior to placebo regarding %HV/half year 
(SMD = -1.06, 95%CI = -1.59 to -0.53, P < .0001, N = 1, n = 63) (Table 2).

In several subgroup analyses of %TBV/y that included only 
“total n<100” and “study duration≤1 years,” pooled anti-demen-
tia drugs showed a significantly lesser reduction in %TBV/y 
compared with placebo (Table  3). Since significant heteroge-
neities in %HV/y and %VV/y were detected, several sensitivity 
analyses were performed to identify which confounding factors 
influence heterogeneity. Only when we performed the sensitiv-
ity analysis of %HV/year using data from AD RCTs only did the 
significant heterogeneity disappear (I2 = 9) (Table 3). The signifi-
cant heterogeneities of other sensitivity analyses did not dis-
appear (Table 3). Because 3 subgroups of %VV/y did not differ 
in their study design (Feldman et al., 2007; Schuff et al., 2011; 
Dubois et al., 2015) (Table 1), no sensitivity analysis was con-
ducted for %VV/y.

Discussion

To our knowledge, this is the first meta-analysis of anti-dementia 
drugs longitudinally compared with the placebo for protection 
from brain atrophy in MCI and AD. Seven studies (n = 1708) were 
identified by this systematic review and included in the meta-
analysis. There were 2 main findings in the current study: (1) 

anti-dementia drugs can prevent decreased total brain volume 
with small effect size (SMD = -0.21), and (2) anti-dementia drugs 
can prevent increased ventricular volume in patients with MCI 
with relatively large effect size (SMD = -0.79). Moreover, although 
the effect of anti-dementia drugs on prevention of brain atro-
phy for a half year was unclear, it was demonstrated that anti-
dementia drugs had an effect on prevention of brain atrophy for 
1 year. Our results suggest that donepezil significantly reduces 
dilatation in ventricular volume in patients with MCI, which 
may account for a recent meta-analysis where donepezil was 
reported to be marginally superior to placebo in Mini–Mental 
State Examination scores in MCI patients (Tricco et al., 2013).

There were only 3 RCTs included in this meta-analysis that 
performed an association analysis between baseline-to-end-
point changes in cognitive function tests and baseline-to-end-
point changes in brain volume. MCI studies showed a significant 
association of %TBV/y to Alzheimer Disease Assessment Scale-
cognitive subscale scores per year and of %VV/y, but not %HV/y 
(Feldman et  al., 2007; Schuff et  al., 2011). A  memantine study 
also reported that %TBV/y and %HV/y were associated with 
some cognition tests including ADAS-cog scores (Wilkinson 
et  al., 2012). These associations between brain volume reduc-
tions and cognitive declines may suggest that therapeutic 
effects are anatomically observed. Several studies reported that 
anti-dementia drugs prevent neuronal apoptosis induced by 
glutamate and amyloid-β (Rutenberg et al., 1968; Akaike, 2006; 
Akaike et  al., 2010). In addition, anti-dementia drugs are also 
shown to play a role in maintaining the structure and integ-
rity of amyloid plaques and neurofibrillary tangles (Anand and 
Singh, 2013; Kumar et al., 2015). Increased neuronal functioning 
by anti-dementia drugs might mediate the improvement of cog-
nitive function.

On the other hand, the current meta-analysis did not show 
positive evidence for the protective effect against hippocam-
pal atrophy. Hippocampal volume is considered to be main 
pathophysiology of MCI and AD (Drago et al., 2011; Fellgiebel 
and Yakushev, 2011; Jack et al., 2011). Hippocampal atrophy has 
been reported to be associated with earlier and more severely 
affected regions in patients with MCI and AD (Drago et  al., 
2011; Fellgiebel and Yakushev, 2011; Jack et  al., 2011; Dubois 
et al., 2015). Therefore, we expected to see the protective effect 

Figure 1.  Preferred reporting items for systematic reviews and meta-analyses flow diagram.
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also in the hippocampus in addition to the whole brain vol-
ume. However, pooled anti-dementia drugs in the current 
meta-analysis failed to show significantly smaller reduction 
of %HV/y. It may be due to the nature of the hippocampi that 
they are a small subpart of the whole brain. Since the unit for 
a volumetric measurement of the hippocampi and whole brain 
is identically a “voxel,” hippocampal volume measurements 
are theoretically less sensitive than whole brain measurement. 
Therefore, the current results should not be interpreted that 
hippocampal volume did not show protective effects while 
whole brain volume did.

The absence of significant protective effect of the hippocam-
pus in the current meta-analysis may be accounted for by the 
effectiveness difference between mono (cholinesterase inhibi-
tor or memantine) and combination (cholinesterase inhibitor 
and memantine) therapies, at least to certain extent. One open-
label trial showed that memantine was associated with slow-
ing of right hippocampal atrophy and improvement of some 
cognitive functions in AD patients who received cholinesterase 
inhibitors (Weiner et  al., 2011). However, a posthoc analysis 
of another memantine study (Wilkinson et  al., 2012) showed 
that combination therapy did not have an inhibiting effect 

on progressive brain atrophy in patients with AD compared 
with cholinesterase inhibitors monotherapy. Thus, it remains 
unclear whether combination therapy has an inhibitory effect 
on brain atrophy in patients with Alzheimer’s disease. However, 
our recent meta-analysis (Matsunaga et al., 2015) showed that 
because combination therapy with cholinesterase inhibitors 
and memantine was superior to cholinesterase inhibitor mono-
therapy regarding the scores of cognitive function, behavioral 
disturbances, activities of daily living, and global assessment 
scales in moderate to severe AD, combination therapy was 
exhibited a more beneficial treatment for moderate to severe 
AD compared with cholinesterase inhibitors monotherapy at 
the level of clinical practice.

Several limitations to the present analysis have to be noted. 
First, the number of studies included in this meta-analysis was 
small. However, we did not include non-RCTs such as case-con-
trol studies and prospective cohort studies in the meta-anal-
ysis to avoid the increased risk of biases in the meta-analysis 
(Higgins and Green, 2011). Second, to cope with the study num-
ber, studies of MCI and AD were combined. Third, patients with 
dementia are known to comply poorly with medication regi-
mens (Boada and Arranz, 2013), and therefore the effectiveness 

Table 3.  The Results of Subgroup/Sensitivity Analysis

Subgroup N n I2 SMD 95% CI P
Subgroup  
Difference

Percent change of total brain volume per year
Diagnosis MCI 2 406 52% -0.27 -0.56 to 0.02 0.07 I2 = 0%, P = .47

AD 2 218 0% -0.12 -0.39 to 0.15 0.38
Sample size Total n≥100 3 603 18% -0.22 -0.40 to -0.04 0.02 I2 = 0%, P = .42

Total n<100 1 21 na 0.14 -0.73 to 1.01 0.75
Duration of study >1 y 1 242 na -0.13 -0.39 to 0.12 0.30 I2 = 0%, P = .53

≤1 y 3 382 22% -0.25 -0.49 to -0.00 0.05
Percent change of hippocampal volume per year
Diagnosis MCI 3 706 76% -0.17 -0.48 to 0.13 0.27 I2 = 0%, P = .46

AD 2 218 9 -0.01 -0.33 to 0.32 0.97
Sample size Total n≥100 4 903 69% -0.12 -0.35 to 0.12 0.34 I2 = 0%, P = .49

Total n<100 1 21 na -0.43 -1.31 to 0.44 0.33
Duration of study >1 y 1 302 na 0.03 -0.19 to 0.26 0.77 I2 = 33.9%, P = .22

≤1 y 4 622 63% -0.20 -0.48 to 0.09 0.18

Abbreviations: AD, Alzheimer’s disease; CI, confidence interval; MCI, mild cognitive impairment; na, not applicable; SMD, standardized mean difference.

Table 2.  The Results of Meta-Analyses

N n I2 SMD 95% CI P Subgroup Difference

Percent change of total brain 
volume per year

Donepezil 1 164 na -0.43 -0.74 to -0.12 0.007 I2 = 25.9%, P = .26
Galantamine 1 242 na -0.13 -0.39 to 0.12 0.30
Memantine 2 218 0% -0.12 -0.39 to 0.15 0.38
All drugs 4 624 4% -0.21 -0.37 to -0.04 0.01

Percent change of hippocampal 
volume per year

Donepezil 2 404 77% -0.29 -0.71 to 0.13 0.17 I2 = 0%, P = .40
Galantamine 1 302 na 0.03 -0.19 to 0.26 0.77
Memantine 2 218 9% -0.01 -0.33 to 0.32 0.97
All drugs 5 924 62% -0.14 -0.36 to 0.09 0.25

Percent change of ventricular 
volume per year

Donepezil 2 338 0% -0.51 -0.73 to -0.29 <0.00001 I2 = 96.8%, P < .00001
Rivastigmine 1 513 na -1.33 -1.52 to -1.14 <0.00001
All drugs 3 851 94% -0.79 -1.40 to -0.19 0.01

Percent change of total brain 
volume per half year

Memantine 2 257 0% -0.02 -0.27 to 0.22 0.86 na

Percent change of hippocampal 
volume per half year

Donepezil 1 63 na -1.06 -1.59 to -0.53 <0.0001
Memantine 1 29 na -0.16 -0.89 to 0.57 0.66
All drugs 2 92 74% -0.65 -1.53 to 0.23 0.15 I2 = 73.8%, P = .05

Abbreviations: CI, confidence interval; na, not applicable; SMD, standardized mean difference.
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of pharmacological interventions for patients with dementia 
may be limited.

In conclusion, the current results suggested that anti-
dementia drugs showed a protective effect against brain atrophy 
in patients with MCI and AD. However, since number of stud-
ies included in the meta-analysis were very small, further study 
using larger sample will be required to have conclusive inter-
pretations to account for the therapeutic mechanisms between 
anti-dementia drugs and brain volume.
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