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Abstract

Background: We performed a meta-analysis of cholinesterase inhibitors for patients with Lewy body disorders, such as
Parkinson’s disease, Parkinson’s disease dementia, and dementia with Lewy bodies.

Methods: The meta-analysis included only randomized controlled trials of cholinesterase inhibitors for Lewy body disorders.
Results: Seventeen studies (n = 1798) were assessed. Cholinesterase inhibitors significantly improved cognitive function
(standardized mean difference [SMD] = -0.53], behavioral disturbances (SMD = -0.28), activities of daily living (SMD = -0.28),
and global function (SMD = -0.52) compared with control treatments. Changes in motor function were not significantly
different from control treatments. Furthermore, the cholinesterase inhibitor group had a higher all-cause discontinuation
(risk ratio [RR] = 1.48, number needed to harm [NNH] = 14), discontinuation due to adverse events (RR = 1.59, NNH = 20), at
least one adverse event (RR = 1.13, NNH = 11), nausea (RR = 2.50, NNH = 13), and tremor (RR = 2.30, NNH = 20).

Conclusions: Cholinesterase inhibitors appear beneficial for the treatment of Lewy body disorders without detrimental
effects on motor function. However, a careful monitoring of treatment compliance and side effects is required.
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Introduction

Lewy body disorders, such as Parkinson’s disease (PD), PD
dementia (PDD), and dementia with Lewy bodies (DLB), are neu-
rodegenerative diseases characterized by accumulation of Lewy
bodies in brain cells (Lippa et al., 2007). Cognitive impairment is
an important feature of all Lewy body disorders (Goldman et al.,
2014).

A recent meta-analysis showed that cholinesterase inhibi-
tors (ChEls) (donepezil, galantamine, and rivastigmine) were
superior to placebo in improving cognitive function in patients
with AD (Tan et al., 2014). In addition, ChEIs have recently been
tested for the treatment of Lewy body disorders based on stud-
ies reporting cholinergic system dysfunction in these patients
(Candy et al., 1983; Tiraboschi et al., 2000; Bohnen et al., 2003).

The efficacy of ChEIs in managing patients with DLB, PDD, and
cognitive impairment in PD (CIPD) was assessed in a Cochrane
meta-analysis of 6 randomized controlled trials (RCTs) including
1263 patients (Rolinski et al., 2012). This meta-analysis revealed
that pooled ChEIs were superior to placebo in improving cog-
nitive function in patients with DLB, PDD, and CIPD (standard-
ized mean difference [SMD] = -0.34, 95% confidence interval
[CI] = -0.46 to -0.23, P < .00001]. Wang et al. (2015) conducted a
meta-analysis of 7 RCTs (1403 patients) evaluating ChEIs (done-
pezil and rivastigmine) and memantine for DLB, PDD, and CIPD;
results revealed that donepezil and rivastigmine were supe-
rior to placebo in improving cognitive function, as assessed by
Mini-Mental State Examination (MMSE) (Folstein et al., 1975) in
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patients with DLB, PDD, and CIPD (5-mg donepezil: weighted
mean difference [WMD] = -2.57, 95% CI = —4.23 to -0.90, P = .003,
3 RCTs, n = 440; 10mg donepezil: WMD = -1.31, 95% CI = -2.53
to -0.09, P = .04, 4 RCTs, n = 450; and 12-mg rivastigmine:
WMD = -1.04, 95% CI = -1.65 to —0.43, P = .0009, 2 RCTs, n = 621].

As PD is a Lewy body disorder, we performed a meta-anal-
ysis of ChEI safety and efficacy for treating patients with Lewy
body disorders, including DLB, PDD, CIPD, and PD. This analysis
pooled the results of 17 RCTs (involving 1798 patients) using the
same methodology as that used in our previous meta-analysis
(Matsunaga et al., 2015).

Methods

This meta-analysis was performed according to Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
guidelines (Moher et al., 2010). We systematically reviewed the
literature using the PICO strategy (patients: Lewy body disor-
ders; intervention: ChEIs, including donepezil, galantamine,
and rivastigmine; comparator: placebo or usual care; outcomes:
cognitive function [primary], behavioral disturbances [primary],
motor function [primary], global function, activities of daily liv-
ing, discontinuation rate, and individual adverse effects).

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

We included only RCTs of ChEIs for patients with Lewy body dis-
orders. Open-label, nonplacebo-controlled (ie, usual care), and
crossover studies were included for increasing the sample size.
To identify relevant studies, we searched PubMed, Cochrane
Library databases, EMBASE, CINAHL, and PsycINFO citations.
There were no language restrictions, and we considered all
studies published up to July 14, 2015. We used the following key
words: “cholinesterase inhibitor,” “donepezil,” “galantamine,”
“rivastigmine,” “Lewy,” “Parkinson disease,” or “Parkinson’s dis-
ease.” Additional eligible studies were sought by searching the
reference lists of the primary articles and relevant reviews.

Two authors (S.M. and TK.) scrutinized the patient inclu-
sion 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 additional infor-
mation, including endpoint scores. Three authors (S.M., TK.,
and LY.) independently extracted, assessed, and entered the
data into Review Manager (Version 5.3 for Windows, Cochrane
Collaboration, http://ims.cochrane.org/revman). Discrepancies
in different coding forms were resolved by discussions between
authors (S.M. and T.K.)

» «

Data Synthesis and Statistical Analysis

Each outcome measure reported in this study was used in at
least 3 of the 17 included studies. The primary outcome meas-
ures of efficacy were cognitive function, behavioral distur-
bances, and motor function. Cognitive function was assessed
by MMSE, modified MMSE (Teng and Chui, 1987), or Montreal
Cognitive Assessment (Dalrymple-Alford et al., 2010). Behavioral
disturbances were assessed by Neuropsychiatric Inventory
(Cummings et al., 1994) and Brief Psychiatric Rating Scale
(Overall and Gorham, 1962). Motor function was assessed by
Unified Parkinson’s Disease Rating Scale-motor (UPDRS-motor)
(Fahn et al., 1987). Secondary outcome measures included ADL,
global function, all-cause discontinuation, discontinuation due
to adverse events, and incidence of individual adverse events.

ADL was assessed by Alzheimer’s Disease Co-operative Study-
Activities of Daily Living Inventory (Galasko et al., 1997), Unified
Parkinson’s Disease Rating Scale-Activities of Daily Living (Fahn
et al., 1987), and Zarit Caregiver Burden Interview (Zarit et al.,
1980). Global function was assessed by Clinician’s Interview-
Based Impression of Change plus Caregiver Input (Olin et al.,
1996) and Alzheimer’s Disease Cooperative Study-Clinical Global
Impression of Change (Schneider et al., 1997).

We based our analyses on intent-to-treat (ITT) or modified
ITT data (ie, at least 1 dose or at least 1 follow-up assessment).
However, we analyzed the complete set of data for ensuring
that the maximum possible information was included (Okereke
et al., 2004; Litvinenko et al., 2008).

For combining studies, we used the random effects model
of DerSimonian and Laird (1986). This model is more conserva-
tive than the fixed effects model and provides a wider CI. For
continuous data, we calculated Hedges’ g SMD effect sizes and
used the cut-off values for small, medium, and large effect sizes
(0.2,0.5, and 0.8, respectively) set by Cohen (1988). If SD was not
reported, it was calculated from the 95% CI (Higgins and Green,
2011). Furthermore, for dichotomous data, the risk ratio (RR) was
estimated along with 95% CIs. When the random effects model
revealed significant differences between groups, the number
needed to harm (NNH) was calculated from the risk difference
as NNH = 1/ risk difference. We explored study heterogeneity
using the I? statistic, with values of >50% regarded as consider-
able heterogeneity (Higgins et al., 2003). In cases with I? > 50%
for the primary outcome measures, we conducted sensitiv-
ity analyses for determining the reasons for heterogeneity. We
examined the following confounding factors: blinding (double-
blind or not), placebo-controlled or non-placebo-controlled trial,
diagnosis (DLB, PDD + CIPD, or PD), trial duration (>12 weeks or
<12 weeks, as 12 weeks was the median of the study duration
for all included trials), type of ChEI (donepezil, galantamine, or
rivastigmine), sample size (>28 per group or <28 as 28 was the
median number of participants per group), sponsorship (indus-
try sponsored or not), and quality of the trial design (high qual-
ity trial or “other,” where high quality is defined as double-blind,
parallel, and placebo-controlled as well as ITT or modified ITT
analysis). Funnel plots were visually inspected for assessing
the possibility of publication bias. We also assessed the meth-
odological qualities of the articles included on the basis of the
Cochrane risk of bias criteria (Cochrane Collaboration; http://
www.cochrane.org/).

Results

Characteristics of the Included Studies

The search yielded a total of 946 references, of which 550 were
duplicates (Figure 1). We excluded 360 references for not meeting
our criteria after reviewing the title and abstract, and a further
19 were excluded after full-text reviews because they provided
duplicate studies (n = 12), review articles (n = 5), or non-RCTs
(n = 2). Seventeen RCTs were finally included for testing ChEIs
for Lewy body disorders.

The 17 RCTs included 1798 patients (McKeith et al., 2000;
Aarsland et al., 2002; Beversdorf et al., 2004; Emre et al., 2004;
Leroi et al., 2004; Okereke et al., 2004; Ravina et al., 2005; Mentis
et al., 2006; Litvinenko et al., 2008; Grace et al., 2009; Chung
et al.,, 2010; Di Giacopo et al., 2012; Dubois et al., 2012; Mori
et al,, 2012; Devos et al., 2014; Ikeda et al., 2015; Mamikonyan
et al., 2015). The studies included 4 on ChEIs for DLB (McKeith
et al.,, 2000; Beversdorf et al.,, 2004; Mori et al,, 2012; Ikeda
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Figure 1. The Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) flow diagram.

et al,, 2015), 7 on ChEIs for PDD and CIPD (Aarsland et al.,
2002; Emre et al., 2004; Leroi et al., 2004; Ravina et al., 2005;
Litvinenko et al., 2008; Dubois et al., 2012; Mamikonyan et al.,
2015), and 6 on ChEIs for PD (Okereke et al., 2004; Mentis et al.,
2006; Grace et al., 2009; Chung et al., 2010; Di Giacopo et al.,
2012; Devos et al., 2014). Ten studies were double-blind, par-
allel, and placebo-controlled (McKeith et al., 2000; Emre et al.,
2004; Leroi et al., 2004; Mentis et al., 2006; Grace et al., 2009;
Di Giacopo et al., 2012; Dubois et al., 2012; Mori et al., 2012;
Devos et al., 2014; Ikeda et al., 2015), 1 was open-label, paral-
lel, and non-placebo-controlled (Litvinenko et al., 2008), 5
were double-blind, placebo-controlled, and single-crossover
(Aarsland et al., 2002; Okereke et al., 2004; Ravina et al., 2005;
Chung et al., 2010; Mamikonyan et al., 2015), and 1 was double-
blind, placebo-controlled, double-crossover (Beversdorf et al.,
2004). The mean study duration was 13 weeks (4-26 weeks).
Further, 7 to 550 patients were included in each study. The
mean age of the entire study population was 72 years. Twelve
of 17 studies were sponsored by pharmaceutical companies.
Eight studies were conducted in the United States; 2 in Japan;
1 each in France, Italy, Norway, and Russia; and 3 in multiple
countries. The characteristics of the trials included are sum-
marized in Table 1. We evaluated the methodological quality
of all studies using the Cochrane risk of bias criteria (Figure 2).
Eight studies (Beversdorf et al., 2004; Leroi et al., 2004; Okereke
et al., 2004; Ravina et al., 2005; Mentis et al., 2006; Litvinenko
et al., 2008; Chung et al., 2010; Di Giacopo et al., 2012) did not
mention the method of randomization. Furthermore, 8 stud-
ies (Beversdorf et al., 2004; Okereke et al., 2004; Mentis et al.,
2006; Litvinenko et al., 2008; Grace et al., 2009; Chung et al.,
2010; Di Giacopo et al., 2012; Dubois et al., 2012) did not men-
tion the method of allocation concealment. One study was an
open trial (Litvinenko et al., 2008), and 2 (Okereke et al., 2004;
Litvinenko et al., 2008) used a complete analysis. One study
(Beversdorf et al., 2004) did not report detailed information

regarding method of statistical analysis; therefore, we did not
include any data in the meta-analysis.

Meta-Analysis for Primary Outcomes

Cognitive Function

Pooled ChEIs improved cognitive function scores compared with
control treatments (SMD =-0.53,95% CI = -0.72 to -0.35, P<.0001,
1?=68%, 16 comparisons, n=1889) (Figure 3). Visual inspection of
the funnel plots for primary outcomes did not suggest the pres-
ence of publication bias (Figure 4a). For individual ChEIs, done-
pezil and rivastigmine significantly improved cognitive function
scores compared with placebo (donepezil: SMD=-0.51, 95%
CI=-0.69 to -0.34, P<.00001, I?=41%, 11 comparisons, n=1148
and rivastigmine: SMD=-0.29, 95% CI=-0.45 to -0.13, P=.0004,
1?=0%, 3 comparisons, n=648). In contrast, there was no sig-
nificant difference in cognitive function scores between galan-
tamine and control groups (SMD=-1.5, 95% CI=-3.62 to 0.62,
P=.17,1?=94%, 2 comparisons, n=93).

Sensitivity Analyses of Cognitive Function

There was significant heterogeneity in cognitive function scores
among the studies ([2=68%) (Figure 3). Therefore, we performed
several sensitivity analyses for identifying confounding factors
affecting cognitive function scores (Table 2a). When divided
into a double-blind RCT subgroup and “other” subgroup, the
significant heterogeneity disappeared in the double-blind RCT
subgroup (double-blind RCTs subgroup [n=15], ?’=39%; other
subgroup [n=1 galantamine study (Litvinenko et al., 2008)],
I?’=not applicable (NA); test for subgroup differences, 1?=95.6%,
P<.00001]. When divided into placebo-controlled and non-pla-
cebo-controlled trial subgroups, the same results were found.
When divided according to the tested ChElIs, the significant het-
erogeneity disappeared in donepezil and rivastigmine subgroups
(donepezil subgroup: 12=41%; rivastigmine subgroup: ?=0%);
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Figure 2. Risk of bias assessment.

however, heterogeneity remained in the galantamine subgroup
(I?=94%). When divided into DLB, PDD + CIPD, and PD subgroups,
there was significant heterogeneity among all subgroups (DLB:
1?=56%; PDD+CIPD: I?=76%; PD: [2=61%). ChEls significantly
affected cognitive function scores for DLB and PDD+CIPD
subgroups (DLB: SMD=-0.58, 95% CI=-0.86 to —0.31, P<.0001,

1?=56%, 6 comparisons, n=496 and PDD +CIPD: SMD=-0.59; 95%
CI=-0.88 to —0.30, P<.0001, I?’=76%, 8 comparisons, n=1301).
In contrast, there was no effect of ChEIs on cognitive function
scores in the PD subgroup (SMD=-0.12, 95% CI=-0.79 to 0.54,
P=.72, I’=61%, 2 comparisons, n=92). When divided into long
duration (>12 weeks) and short duration (<12 weeks) subgroups,
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Treatment Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Donepezil
Aasrand 2002 -228 37 12 -2 5 12 37% -0.40 [-1.20,0.41) -
Chung 2010 -017 375 19 -092 218 19 49% 0.24 [-0.40,0.88) 1T
Dubois 2012 (donepezil 10ma) 19 286 162 -02 316 163 97% -0.56 [-0.78,-0.34) -
Dubois 2012 (donepezil Smg) -1.7 285 168 02 316 163 9.8% -0.50-0.72,-0.28) -
Ikeda 2015 (donepezil 10mag) 22 29 49 -06 3 4 73% -0.54-0.95,-0.12) I
Ikeda 2015 {donepezil 5mg) 14 34 43 .08 3 44 TI% -0.25-0.67,0.17) -
Leroi 2004 -2533 378 7 -2556 375 9 28% 0.06 [-0.93,1.05) I
Mori 2012 (donepezil 10mg) -2 33 3% 04 27 31 63% -0.78-1.28,-0.28) —
Mori 2012 (donepezil 3mg) 16 38 35 04 27 31 64% -0.59-1.09,-0.10) —
Mori 2012 (donepezil 5mg) -34 32 32 04 27 31 58% -1.27-1.81,-0.72) E—
Ravina 2005 -245 321 19 -225 47 19 49% -0.49[1.13,0.18) T
Subtotal (95% CI) 582 566 68.8% -0.51 [-0.69, -0.34] *
Heterogeneity. Tau®= 0.03; Chi*=16.99, df=10 (P=0.07), F=41%
Test for overall effect Z=5.72 (P < 0.00001)
1.3.2 Galantamine
Grace 2009 -94.4 6 2 -913 76 28 59% -0.44-099,0.10) —
Litvinenko 2008 2213 19 21 168 1.4 18 33%  -261[-3.49,-173) —_—
Subtotal (95% CI) 47 46 9.2% -1.50 [-3.62, 0.62] e
Heterogeneity Tau?= 2.21; Chi*= 16.97, df = 1 (P < 0.0001); " = 94%
Test for overall effect Z=1.38 (P=017)
1.3.3 Rivastigmine
Emre 2004 -08 38 335 02 35 166 101% -0.27 [-0.46, -0.08] -
Mamikonyan 2015 -185 225 13 -021 257 14 39% -0.66-1.44,012) -1
Mckeith 2000 -0.67 4.26 59 057 426 61 8.0% -0.29 [-0.65,0.07) -
Subtotal (95% CI) 407 241 22.0% -0.29 [-0.45, -0.13) *
Heterogeneity. Tau®= 0.00; Chi*=0.90, df=2 (P = 0.64); "= 0%
Testfor overall effect: Z= 3.51 (P = 0.0004)
Total (95% CI) 1036 853 100.0% 0.53 [-0.72, -0.35) L 2
Heterogeneity, Tau®= 0.08; Chi*= 46,21, df =15 (P < 0.0001); F= 68% 3 b t p

Testfor overall effect: Z=5.53 (P < 0.00001)
Test for subgroup differences: Chi*= 4.37, df= 2 (P = 0.11), F= 54.3%

Figure 3. Forest plot of cognitive function (16 comparisons, n = 1889).

there was significant heterogeneity in both subgroups (long
duration subgroup: ?=80%; short duration subgroup: 1>=55%).
When divided into high-quality trial (double-blind, randomized,
parallel, placebo-controlled trial as well as ITT or modified ITT
analysis) and “other” subgroups, the significant heterogeneity
disappeared in the high-quality trials subgroup (I?=45%) but
remained in the “other” subgroup (I?=85). Further, when divided
into large and small sample size subgroups, the significant heter-
ogeneity disappeared in the small sample size subgroup (1*=7%)
but remained in the large sample size subgroup (I?=75%). When
divided into industry and nonindustry subgroups, the significant
heterogeneity disappeared in the industry subgroup (I?=48%) but
remained in the nonindustry subgroup (I2=89%).

Behavioral Disturbance

Pooled ChEIs improved behavioral disturbance scores com-
pared with control treatments (SMD=-0.28, 95% CI=-0.53 to
-0.03, P=.03, ?’=81%, 13 comparisons, n=1832) (Figure 5). Visual
inspection of the funnel plots for primary outcomes did not
suggest the presence of publication bias (Figure 4b). For indi-
vidual ChEIs, rivastigmine was significantly more efficacious
than placebo (SMD=-0.21, 95% CI=-0.37 to —0.04, P=.01, ?’=0%,
2 comparisons, n=620). There was also a trend toward improved
behavioral disturbance scores for donepezil compared with that
for placebo (SMD=-0.14, 95% CI=-0.31 to 0.02, P=.09, ?’=36%,
9 comparisons, n=1130), while galantamine had no signifi-
cant effect compared with control treatment (SMD=-2.52, 95%
CI=-7.35 to 2.31, P=.31; ?’=98%, 2 comparisons, n=_82).

Sensitivity Analyses of Behavioral Disturbance

There was significant heterogeneity in behavioral disturbance
scores among the studies (?’=81%) (Figure 5). Therefore, we per-
formed several sensitivity analyses for identifying confounding
factors affecting behavioral disturbance scores (Table 2b). When
divided into a double-blind RCT subgroup and “other” subgroup,
the significant heterogeneity disappeared in the double-blind

- 2
Favours [treatment] Favours [control]

RCT subgroup (double-blind RCTs subgroup [n=12], 2=14%;
other subgroup [n=1 galantamine study (Litvinenko et al., 2008)),
I’=NA,; test for subgroup differences, ?’=98.0%, P<.00001]. When
divided into placebo-controlled and non-placebo-controlled trial
subgroups, the same results were found. When divided accord-
ing to the tested ChEIs, the significant heterogeneity disappeared
in the donepezil and rivastigmine subgroups (donepezil sub-
group: 2°=36%,; rivastigmine subgroup: I’=0%); however, hetero-
geneity remained in the galantamine subgroup (I*=98%). When
divided into DLB, PDD+CIPD, and PD subgroups, there was sig-
nificant heterogeneity in the DLB and PDD+CIPD subgroups (DLB:
I?=58%; PDD+CIPD: I?’=90%). ChEIs significantly affected behav-
ioral disturbance scores for PDD+CIPD subgroups (SMD=-0.54;
95% CI=-0.98 to —0.10, P=.02, ?’=90%, 6 comparisons, n=1289).
In contrast, there was no effect of ChEIs on behavioral distur-
bance scores in the DLB subgroup (SMD=-0.13, 95% CI=-0.40 to
0.14, P=.35, I*=58%, 6 comparisons, n=500). We did not perform
meta-analysis on behavioral disturbance scores for PD subgroup,
because there was only one relevant study (Grace et al., 2009).
This study revealed that no significant differences in behavio-
ral disturbance scores were found between groups (SMD=-0.09,
95% CI=-0.70 to 0.51, P=.76, [’=NA, n=43). When divided into
long duration and short duration subgroups, there was signifi-
cant heterogeneity in both subgroups (long duration subgroup:
1?=88%; short duration subgroup: 1?=55%). ChEIs significantly
affected behavioral disturbance scores for long duration sub-
groups (SMD=-0.47; 95% CI=-0.84 to -0.10, P=.01,2=88%, 7 com-
parisons, n=1414). In contrast, there was no effect of ChEIs on
behavioral disturbance scores in the short duration subgroups
(SMD=-0.1, 95% CI=-0.39 to 0.20, P=.52, ?’=55%, 6 comparisons,
n=418). When divided into high-quality trial and other sub-
groups, the significant heterogeneity disappeared in the high-
quality trials subgroup (I?=21%) but remained in the “other”
subgroup ([2=98). ChEIs significantly affected behavioral distur-
bance scores for high-quality trial subgroups (SMD=-0.17; 95%
CI=-0.28 to —0.05, P=.005, ?’=21%, 11 comparisons, n=1755). In
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Figure 4. Funnel plots. (a) Cognitive function. (b) Behavioral disturbance. (c)
Motor function.

contrast, there was no effect of ChEIs on behavioral disturbance
scores in the other subgroups (SMD=-2.49, 95% CI=-7.38 to 2.40,

P=.32,1=98%, 2 comparisons, n=77). Further, when divided into
large and small sample size subgroups, the significant hetero-
geneity disappeared in the small sample size subgroup (I?=0%)
but remained in the large sample size subgroup (I*=84%). ChEIs
significantly affected behavioral disturbance scores for large
sample size subgroup (SMD=-0.3; 95% CI=-0.57 to -0.04, P=.03,
1?=84%, 11 comparisons, n=1778). In contrast, there was no effect
of ChEIs on behavioral disturbance scores in the small sample
size subgroup (SMD=-0.11, 95% CI=-0.65 to 0.43, P=.69, ?’=0%,
2 comparisons, n=54). When divided into industry and nonin-
dustry subgroups, the significant heterogeneity disappeared in
the industry subgroup (I?=28%) but remained in the nonindustry
subgroup (I?=96%). ChEIs significantly affected behavioral distur-
bance scores for industry subgroup (SMD=-0.17; 95% CI=-0.29
to —0.04, P=.008, ?’=28%, 10 comparisons, n=1712). In contrast,
there was no effect of ChEls on behavioral disturbance scores
in the nonindustry subgroup (SMD=-1.62, 95% CI=-3.82 to 0.58,
P=.15,1?=96%, 3 comparisons, n=120).

Motor Function

Changes in UPDRS-motor scores were not significantly differ-
ent from control treatments (SMD=-0.02, 95% CI=-0.14 to 0.10,
P=.76,12=8%, 15 comparisons, n=1312) (Figure 6). Visual inspec-
tion of the funnel plots for primary outcomes did not suggest
the presence of publication bias (Figure 4c). For individual ChEIs
(donepezil, galantamine, and rivastigmine), no significant differ-
ences in UPDRS-motor scores were found between groups.

Meta-Analysis for Secondary Outcomes

Activities of Daily Living

Pooled ChEls improved ADL scores compared with placebo
(SMD=-0.28) (Table 3). For individual ChEls, donepezil signifi-
cantly improved ADL scores compared with placebo (SMD=-0.37).
We could not perform a meta-analysis for rivastigmine, because
there was only one study reporting ADL scores (Emre et al., 2004);
however, this study revealed that rivastigmine significantly
improved ADL scores compared with placebo (SMD=-0.21).

Global Function Assessment

Pooled ChEIs improved global function assessment scores com-
pared with placebo (SMD=-0.52) (Table 3). For individual ChEIs,
donepezil and rivastigmine significantly improved global func-
tion assessment scores compared with placebo (donepezil:
SMD=-0.61 and rivastigmine: SMD =-0.34).

Safety Outcomes

There was a significantly higher all-cause discontinuation rate in
the pooled ChEIs group compared with controls (RR=1.48, NNH=14)
(Table 3). Rivastigmine was associated with higher all-cause discon-
tinuation rate than placebo (RR=1.59, NNH was not significant).

There was a significantly higher discontinuation rate because
of adverse events in the pooled ChEIs group compared with the
control group (RR=1.59, NNH=20) (Table 3).

There was a significantly higher rate of at least one adverse
event between pooled ChEIs and placebo groups (RR=1.13,
NNH=11) (Table 3). For individual ChEIs, there was a signifi-
cantly higher rate of at least one adverse event for rivastigmine
compared with placebo (RR=1.18, NNH=9). For donepezil and
galantamine, the rates of at least one adverse event were simi-
lar between groups. The incidence of severe adverse events was
similar between pooled ChEIs and placebo groups. The rates of
severe adverse events were similar between groups (there were
no data for galantamine).
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Test for Subgroup
Variable Subgroup N n I? SMD 95% CI P value Differences
Blinding Double blind 15 1850 39 -0.46 -0.60 to -0.32 < 0.00001 1?=95.6 %, P < 0.00001
Others 1 39 NA -2.61 -3.49to-1.73 < 0.00001
Cholinesterase Donepezil 11 1148 41 -0.51 -0.69 to -0.34 < 0.00001 I?’=543%,P=0.11
inhibitor Galantamine 2 93 94 -1.5 -3.62 to 0.62 0.17
Rivastigmine 3 648 0 -0.29 -0.45to -0.13 0.0004
Control Placebo 15 1850 39 -0.46 -0.60 to -0.32 < 0.00001 I? =95.6 %, P < 0.00001
Non-placebo 1 39 NA -2.61 -349t0-1.73 < 0.00001
Diagnosis DLB 6 496 56 -0.58 -0.86 to -0.31 < 0.0001 1?=0%,P=0.43
PDD + CIPD 8 1301 76 -0.59 -0.88 to -0.30 < 0.0001
PD 2 92 61 -0.12 -0.79 to 0.54 0.72
Duration <12 weeks 8 1413 80 -0.55 -0.82 to -0.28 < 0.0001 ?=0%,P=091
>12 weeks 8 476 55 -0.53 -0.81to -0.24 0.0003
Quality of the High-quality 11 1723 45 -0.48 -0.63 to -0.34 < 0.00001 I?=0%,P=0.55
trial design® trials trial
design
Others 5 166 85 -0.75 -1.62t00.11 0.09
Sample size Total n > 28 11 1744 75 -0.61 -0.83 to -0.39 < 0.00001 1?=67.2%,P=0.08
Total n < 28 5 143 7 -0.25 -0.59t0 0.10 0.17
Sponsorship Industry 13 1758 48 -0.46 -0.62 to -0.31 < 0.00001 I?=16.9%, P =0.27
Non-industry 3 131 89 -1.14 -2.33 t0 0.06 0.06

CI, confidence interval; CIPD, cognitive impairment in Parkinson’s disease; DLB, Dementia with Lewy bodies; NA, not applicable; PD, Parkinson’s disease; PDD, Parkin-
son’s disease dementia; SMD, standardized mean difference.

*High-quality trials trial design: double-blind, parallel, randomized, placebo-controlled trial, intention to treat population or modified intention to treat population,

Others: crossover trial, non-placebo-controlled trial, nonintention to treat population trial.

Table 2b. Sensitivity Analysis of Efficacy of Cholinesterase Inhibitors (Behavioral Disturbance)

Test for subgroup

Variable Subgroup N n I SMD 95% CI P value differences

Blinding Double blind 12 1793 14 -0.17 -0.27 to -0.06 0.003 1?2 =98.0 %, P < 0.00001
Others 1 39 NA -5.02 -6.36 to -3.69 < 0.00001

Cholinesterase Donepezil 9 1130 36 -0.14 -0.31t0 0.02 0.09 I?=0%,P=0.55

inhibitor Galantamine 2 82 98 -2.52 -7.35t02.31 0.31

Rivastigmine 2 620 0 -0.21 -0.37 to -0.04 0.01

Control Placebo 12 1793 14 -0.17 -0.27 to -0.06 0.003 1?2 =98.0 %, P < 0.00001
Non-placebo 1 39 NA -5.02 -6.36 to -3.69 < 0.00001

Diagnosis DLB 6 500 58 -0.13 -0.40 to0 0.14 0.35 1?=24.2%,P=0.27
PDD + CIPD 6 1289 90 -0.54 -0.98 to -0.10 0.02
PD 1 43 NA -0.09 -0.70to 0.51 0.76

Duration 12 weeks < 7 1414 88 -0.47 -0.84 to -0.10 0.01 1?=58.9%,P=0.12
12 weeks 2 6 418 55 -0.1 -0.39t0 0.20 0.52

Quality of the High-quality 11 1755 21 -0.17 -0.28 to -0.05 0.005 ?’=0%,P=0.35

trial design”® trials trial
design

Others 2 77 98 -2.49 -7.38 to 2.40 0.32

Sample size Total n > 28 11 1778 84 -0.3 -0.57 to -0.04 0.03 1?=0%,P=0.52
Total n = 28 2 54 0 -0.11 -0.65 to 0.43 0.69

Sponsorship Industry 10 1712 28 -0.17 -0.29 to -0.04 0.008 1?=39.6%, P =0.20
Non-industry 3 120 96 -1.62 -3.82t0 0.58 0.15

CI, confidence interval; CIPD, cognitive impairment in Parkinson’s disease; DLB, Dementia with Lewy bodies; NA, not applicable; PD, Parkinson’s disease; PDD, Parkin-
son’s disease dementia; SMD, standardized mean difference.

*High-quality trials trial design: double-blind, parallel, randomized, placebo-controlled trial, intention to treat population or modified intention to treat population,

Others: crossover trial, non-placebo-controlled trial, nonintention to treat population trial.

With respect to individual adverse events, the pooled ChEls
group treatment was associated with a lower incidence of hal-
lucination than placebo group (RR=0.58, NNH was not signifi-
cant) (Table 3). The pooled ChEIs group had a higher incidence
of nausea than the placebo group (RR=2.50, NNH=13). For indi-
vidual ChEIs, donepezil was associated with a higher incidence
of nausea than placebo (RR=2.39, NNH was not significant).

Rivastigmine was associated with a higher incidence of nausea
than placebo (RR=2.60, NNH=6). The pooled ChEIs group had
a higher incidence of tremor than the placebo group (RR=2.30,
NNH=20). For individual ChEIs, rivastigmine was associated with
a higher incidence of tremor than placebo (RR=2.33, NNH=17).
No significant differences were found in the incidences of diar-
rhea, vomiting, PD symptoms, insomnia, and dizziness between
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Treatment Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV,F 95% CI v, 95%CI
1.7.1 Donepezil
Dubois 2012 (donepezil 10mg) 13 93 173 04 82 170 10.3% -0.18-0.40,0.03 by
Dubois 2012 {donepezil Smg) 16 86 183 04 92 170 103% -0.22-0.43,-0.01] -
Ikeda 2015 (donepezil 10mg) -4.7 75 49 -7 g 44 85% 0.26 [-0.15,0.67] ™
Ikeda 2015 (donepezil Smg) =35 145 45 -7 99 44 84% 028 014,070 . o
Leroi 2004 -6.1 1058 T -28 1048 9 40% -0.29-1.29,0.70] —
Mori 2012 (donepezil 10mg) ¢ 128 35 03 175 32 78% -0.54 [-1.03,-0.05) =
Mo 2012 (donepezil 3mg) -3.9 22 35 03 175 32 78% -0.21 -0.69,0.27] -
Mari 2012 {donepezil 5mg) 55 67 32 03 171§ 32 1.7% -0.43-0.93, 0.06] N
Ravina 2005 329 96 19 332 79 19 64% -0.03 067, 0.60] e
Subtotal (95% Cl) 578 552 T1.2% 0.14[-0.31,0.02] +
Heterogeneity: Tau®= 0.02, Chi*=12.46, df= 8 (P= 0.13);F= 36%
Testfor overall effect Z=1.68 (P=0.09)
1.7.2 Galantamine
Grace 2009 256 27 18 288 37T 25 67% -0.08 [-0.70, 0.51) s 2
Litvinenko 2008 184 11 21 262 19 18 26% -5.02 [-6.36, -3.69] ——
Subtotal (95% CI) 39 43 93% 252 [7.36,2.31] e ——
Heterogeneity: Tau®= 11.87, Chi®= 43.49, df = 1 (P < 0.00001), P = 98%
Test for overall effect Z=1.02 (P=0.31)
1.7.3 Rivastigmine
Emre 2004 -2 10 334 0 104 166 105% -0.20[-0.38,-0.01] N
Mickeith 2000 -518 1351 59 -188 1351 B1 9.0% -0.24 060,012 -1
Subtotal (95% C1) 393 227 195%  0.21[0.37,.0.04] +
Helerogeneity Tau®= 0.00, Chi*= 0.05, df=1 (P= 083), F=0%
Test for overall effect Z= 2.45 (P=0.01)
Total (95% CI) 1010 822 100.0% -0.28 [-0.53,-0.03) +
Heterogeneity: Tau®= 0.14, Chi* = 63.42, df= 12 (P < 0.00001), F=81% ‘ -z ) 2 ‘
Test for overall effect Z= 2.24 (P= 0.03) Favours [treatment] Favours [control]
Test for subgroup differences: Chi¥=1.21, df= 2 (P = 0.55), F= 0%

Figure 5. Forest plot of behavioral disturbance (13 comparisons, n = 1832).

Treatment Control $td. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Donepexil
Aasrand 2002 318 154 12 351 81 12 21% -0.26 |-1.06, 0.55]
Chung 2010 106 418 19 05 466 18 34% 012}051,0.786]
Dubais 2012 (donepezil 10ma) 003 7046 165 -108 744 160 219% 015008, 0.37] —
Dubois 2012 (donepezil Smag) -063 8572 174 -108 744 160 224% 006 [-0.16,0.27] -1
Ikeda 2015 (donepezil 10mg) 05 53 48 A 48 42 T4% 0.230(012,0.71) oE
Ikeda 2015 (donepezil Smg) 18 77 44 1 46 42 T2% -0.12 |-0.55, 0.30) S——
Leroi 2004 3714 19867 7 3283 1008 9 14% 0.27 0.72,1.26)
Mori 2012 (donepezil 10mg) 4 BT 3 07 38 N S4% -0.31 0.80,0.19] e
Mori 2012 (donepezil 3mg) 05 74 34 07 38 3N 55% -0.20 |-0.69, 0.29] —
Mori 2012 (donepezil 5mg) 05 54 32 07 38 3N S54% -0.2510.75,0.24] et
Okereke 2004 <244 341 23 <23 412 23 40% -0.04 [0.61,0.54)
Ravina 2005 403 136 21 405 137 20 36% -0.01 |-0.63, 0.60)
Subtotal (95% CI) 612 580 89.8% 0.03 [-0.08, 0.14] g
Heterogeneity: Tau*= 000, Ch#F=813,df= 11 (P=070), F= 0%
Testfor overall effect Z= 053 (P = 0.60)
1.4.2 Galantamine
Grace 2009 171 114 26 188 69 28 47% -0.180.71,0.36) Jre—
Litvinenko 2008 323 103 M #18 M7 18 31%  -085}151,-019) —m——
Subtotal (95% C1) 47 46 7.8%  048[1.14,017] e ——
Heterogeneity. Tau®= 013, Chi*= 2.38,df=1 (P=012), F=58%
Testfor overall effect Z= 145 (P = 0.15)
1.4.3 Rivastigmine
Mamikornyan 2015 -338 43 13 -3 423 14 24% -0.09 |-0.84, 0.67]
Subtotal (95% CI) 13 14 24% 0.09 [-0.84, 0.67] === EE——
Heterogeneity: Mot applicable
Testfor overall effect Z= 022 (P= 0.82)
Total (95% CI) 672 640 100.0% 20.02 [-0.14, 0.10] ?

Heterogeneity: Tau®= 0.00, Chi*= 15.24, df= 14 (P = 0.36), F= 8%

Testfor overall effect Z= 0.31 (P= 0.76)

05 0 0.

5
Favours [treatment] Favours [control]

Testfor subaroup differences: Chi*= 2.39,df= 2 (F=0.30), F= 16.3%

Figure 6. Forest plot of motor function (15 comparisons, n = 1312).

pooled ChEIs and placebo groups. Rivastigmine was associated
with a higher incidence of vomiting and dizziness than placebo
(vomiting: RR=9.89, NNH=7; dizziness: RR=5.19, NNH=20).

Discussion

To our knowledge, this is the first comprehensive meta-analysis
of RCTs assessing the efficacy and safety of ChEIs for Lewy body
disorders. The main results indicate that ChEIs improve cogni-
tive function, behavioral disturbances, ADL, and global func-
tion compared with placebo. Moreover, pooled ChEls did not

worsen motor function. According to the effect sizes of individ-
ual ChEIs for cognitive function, donepezil was the most effec-
tive (SMD=-0.51), followed by rivastigmine (SMD=-0.29), while
galantamine had no significant effect compared with placebo.
Further, only rivastigmine significantly improved behavioral dis-
turbances compared with placebo; however, even these effects
were small (SMD=-0.21). We suggest that the significant hetero-
geneity among studies of cognitive function and behavioral dis-
turbances was because of variation in quality of the trial design,
because the heterogeneity was reduced after excluding one
open-label, non-placebo-controlled trial (Litvinenko et al., 2008).
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Table 3. Meta-Analysis of Secondary Outcomes of Cholinesterase Inhibitors

Outcome ChEI N n I? SMD 95% CI P
Activities of Donepezil 6 373 0 -0.37 -0.58 to -0.17 0.0004
daily living Galantamine 0 0 NA NA NA NA
Rivastigmine 1 498 NA -0.21 -0.40 to -0.02 0.003
Pooled ChEls 7 871 0 -0.28 -0.42 to -0.15 <0.0001
Global function Donepezil 8 968 71 -0.61 -0.89 to -0.33 <0.0001
assessment Galantamine 0 0 NA NA NA NA
Rivastigmine 2 521 0 -0.34 -0.53 to -0.16 0.0002
Pooled ChEls 10 1489 62 -0.52 -0.73 to -0.31 <0.00001
Outcome ChEI N n I? RR 95% CI P for RR NNH P for NNH
Discontinuation Donepezil 8 925 0 1.33 0.99 to 1.78 0.06
rate due to all Galantamine 2 110 65 1.04 0.09 to 12.57 0.98
causes Rivastigmine 5 731 0 1.59 1.16 to 2.17 0.004 NS
Pooled ChEls 15 1766 0 1.48 1.20to 1.82 0.0002 14 0.02
Discontinuation Donepezil 8 925 0 1.35 0.92 to 1.97 0.13
rate due to Galantamine 2 110 NA 2.45 1.00 to 5.98 0.05
adverse events Rivastigmine 4 703 14 1.7 0.94 to 3.08 0.08
Pooled ChEIs 14 1738 0 1.59 1.20 to 2.10 0.001 20 0.04
At least one Donepezil 7 964 0 1.08 0.99to 1.18 0.1
adverse events Galantamine 1 69 NA 1.12 0.97 to 1.29 0.13
Rivastigmine 3 691 6 1.18 1.08 to 1.30 0.0005 9 0.04
Pooled ChEIs 11 1724 0 1.13 1.06 to 1.19 <0.0001 11 0.0001
Severe adverse Donepezil 3 831 32 0.97 0.45 to 2.10 0.95
events Galantamine 0 0 NA NA NA NA
Rivastigmine 2 150 0 1.16 0.51 to 2.66 0.72
Pooled ChEls 5 981 0 121 0.83t0 1.76 0.31
Outcome ChEI N n 12 RR 95% CI P for RR NNH P for NNH
Diarrhea Donepezil 5 806 19 1.2 0.55 to 2.60 0.65
Galantamine 0 0 NA NA NA NA
Rivastigmine 1 541 NA 1.61 0.74 to 3.48 0.23
Pooled ChEls 6 1347 3 1.34 0.81to 2.24 0.26
Dizziness Donepezil 4 768 32 1.27 0.77 to 2.10 0.35
Galantamine 0 0 NA NA NA NA
Rivastigmine 1 541 NA 5.19 1.23 to 21.90 0.02 20 0.001
Pooled ChEls 5 1309 66 1.81 0.85to 3.85 0.12
Hallucination Donepezil 2 689 0 0.6 0.31to 1.17 0.13
Galantamine 0 0 NA NA NA NA
Rivastigmine 2 597 29 0.64 0.26 to 1.62 0.35
Pooled ChEIs 4 1286 0 0.58 0.37 to 0.91 0.02 NS
Insomnia Donepezil 3 626 60 1.33 0.22 to 8.00 0.76
Galantamine 0 0 NA NA NA NA
Rivastigmine 1 56 NA 2 0.40 to 10.05 04
Pooled ChEIs 4 682 40 1.66 0.51to 5.39 0.4
Nausea Donepezil 6 948 0 2.39 1.46 to 3.90 0.0005 NS
Galantamine 0 0 NA NA NA NA
Rivastigmine 1 541 NA 2.6 1.67 to 4.04 <0.0001 6 <0.00001
Pooled ChEls 7 1489 0 2.5 1.80 to 3.47 <0.00001 13 0.05
Parkinson Donepezil 3 831 0 1.58 0.91to 2.75 0.11
symptoms Galantamine 1 69 NA 1.36 0.80 to 2.32 0.26
Rivastigmine 1 30 NA 0.29 0.01 to 6.69 0.44
Pooled ChEls 5 930 0 1.43 0.97 to 2.09 0.07
Outcome ChEI N n I? RR 95% CI P for RR NNH P for NNH
Tremor Donepezil 1 550 NA 2.48 0.97 to0 6.33 0.06
Galantamine 1 69 NA 2.04 0.71to0 5.88 0.19
Rivastigmine 2 597 0 2.33 1.18 to 4.58 0.01 17 0.002
Pooled ChEls 4 1216 0 2.3 1.41to 3.75 0.0008 20 <0.0001
Vomiting Donepezil 2 689 71 1.73 0.10 to 29.06 0.7
Galantamine 0 0 NA NA NA NA
Rivastigmine 1 541 NA 9.89 3.15to0 31.10 <0.0001 7 <0.00001
Pooled ChEIs 3 1230 61 4.09 0.90 to 18.67 0.07

ChEI, cholinesterase inhibitor; CI, confidence interval; N, number of comparisons; n, number of patients; NA, not applicable; NNH, number needed to harm; NS, not
significant; RR, risk ratio; SMD, standardized mean difference.

Sensitivity analysis also revealed heterogeneity because of CIPD (Wang et al., 2015) reported that ChEIs were superior to pla-
blinding methods. One previous meta-analysis of DLB, PDD, and cebo in several efficacy outcomes (cognitive function, behavioral
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disturbances, ADL, global function, and motor function) similar
to the results of our meta-analysis. Further, we found that ChEIs
significantly improved cognitive function in the DLB and PDD
+ CIPD patient groups, but not in the PD group. These results
are strongly suggesting considerations for approving ChEls for
Lewy Body disorders to treat cognitive decline. In addition, we
found that ChEIs significantly improved behavioral disturbances
in PDD+CIPD patient group, but not in the DLB and PD groups.
Further, we found that ChEIs significantly improved ADL in
patients with DLB and PDD+CIPD. Moreover, because number of
studies of galantamine and rivastigmine were small, a multi-
ple-network meta-analysis of all anti-dementia drugs including
memantine will be required to increase a statistical power.

While these drugs were effective against several cardinal
deficits associated with Lewy body diseases, there were also
significantly higher rates of all-cause discontinuation, discon-
tinuation because of adverse events, and incidence of at least
one adverse event in the pooled ChEIs group compared with
controls. Moreover, ChEI treatment was associated with a higher
incidence of nausea and tremor compared with placebo. For
individual ChEls, rivastigmine was associated with a higher
incidence of vomiting and dizziness compared with placebo.

These conclusions must be considered considering sev-
eral limitations. The first limitation is that our meta-analysis
includes “gray” studies supported by pharmaceutical compa-
nies. However, these represented the majority of the retrieved
articles. Nonetheless, they appear in peer-reviewed journals.
Moreover, there were no significant subgroup differences
between industry-sponsored and non-industry-sponsored
studies (?°=39.6%, P=.20). The second limitation is that charac-
teristics the studies included in the meta-analysis (Table 1). The
third limitation is that included studies had several risk of bias
(Figure 2). The fourth limitation is that patients with dementia
are known to have a poor drug compliance (Boada and Arranz,
2013), reducing the measured effectiveness. Finally, several
studies included in this meta-analysis did not report any avail-
able data on symptom scales and safety outcomes; therefore,
the outcome results for efficacy and safety did not include data
from all the 17 studies.

In conclusion, ChEIs are beneficial for the treatment of Lewy
body disorders as assessed by multiple scales evaluating cogni-
tion, behavioral disturbances, ADL, and global function. Moreover,
ChEIs do not worsen motor function. However, a careful monitor-
ing of treatment compliance and side effects is required.
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