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Abstract

Background: We investigated the effect of cholinesterase inhibitors on all-cause discontinuation, efficacy and safety, and 
the effects of study design-, intervention-, and patient-related covariates on the risk-benefit of cholinesterase inhibitors for 
Alzheimer’s disease.
Methods: A systematic review and meta-analysis of randomized placebo-controlled clinical trials comparing cholinesterase 
inhibitors and placebo was performed. The effect of covariates on study outcomes was analysed by means of meta-regression 
using a Bayesian framework.
Results: Forty-three randomized placebo-controlled clinical trials involving 16 106 patients were included. All-cause 
discontinuation was higher with cholinesterase inhibitors (OR = 1.66), as was discontinuation due to adverse events (OR = 1.75). 
Cholinesterase inhibitors improved cognitive function (standardized mean difference  =  0.38), global symptomatology 
(standardized mean difference = 0.28) and functional capacity (standardized mean difference = 0.16) but not neuropsychiatric 
symptoms. Rivastigmine was associated with a poorer outcome on all-cause discontinuation (Diff OR = 1.66) and donepezil 
with a higher efficacy on global change (Diff standardized mean difference = 0.41). The proportion of patients with serious 
adverse events decreased with age (Diff OR = -0.09). Mortality was lower with cholinesterase inhibitors than with placebo 
(OR = 0.65).
Conclusion: While cholinesterase inhibitors show a poor risk-benefit relationship as indicated by mild symptom improvement 
and a higher than placebo all-cause discontinuation, a reduction of mortality was suggested. Intervention- and patient-
related factors modify the effect of cholinesterase inhibitors in patients with Alzheimer’s disease.
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Introduction
Alzheimer’s disease (AD) is an age-related neurodegenerative 
disorder that affects 60% to 70% of the 47.5 million people suf-
fering from dementia worldwide (World Health Organization, 
2015). AD causes progressive decline in cognition, behavior, and 
daily living activities, which can lead to complete dependency 
on caregivers before finally to resulting in death. From the ini-
tial diagnosis and the beginning cholinesterase inhibitor (ChEIs) 
therapy, men live 5.1  years and women 6.1  years, on average 
(Wattmo et al., 2014). The most common cause of death is pneu-
monia, followed by cardiovascular diseases (Brunnström et al., 
2009; Foley et al., 2015).

ChEIs increase acetylcholine in the synaptic gap of the hip-
pocampus and cortex neurons with the aim to improve cogni-
tive function (Francis et al., 1999). Furthermore, since cholinergic 
transmission was found to be involved in mood regulation, 
ChEIs may improve psychiatric symptoms in patients with AD 
(Jeon et al., 2015). Donepezil, galantamine, and rivastigmine are 
Food and Drug Administration- and European Medicine Agency-
approved ChEIs for AD and have become widely used. American 
and European guidelines recommend ChEIs as a first-line phar-
macological treatment for mild to moderate AD, jointly with 
nonpharmacological treatment for cognitive disorders (Regional 
Health Council, 2011; Rabins et al., 2010). Nevertheless, the risk-
benefit of ChEIs is still under discussion. Evidence of improve-
ment on relevant clinically meaningful outcomes, for example, 
need for caregiver, institutional care, hospital admissions, dis-
ease progression through relevant health states, quality of life, 
and mortality are lacking (National Institute for Health and 
Care Excellence, 2011). The efficacy of these interventions has 
been assessed, essentially, on AD symptoms using rating scales. 
Outcomes of this type have several limitations, as they are sub-
jective and therefore more likely to be biased due to blinding 
failure, particularly if the interventions studied have behavio-
ral or physical effects that may unmask blinding. Furthermore, 
these outcomes may show a high risk of attrition bias due to 
systematic differences between the interventions studied in 
withdrawals from the study. In addition to this, ChEIs have been 
associated with a number of side effects such as nausea, vomit-
ing, diarrhoea, abdominal pain, anorexia, headache, insomnia, 
muscle cramps, bradycardia, and syncope (Birks, 2006; California 
Workgroup on Guidelines for Alzheimer’s Disease Management, 
2008). Since the efficacy of ChEIs is arguable and tolerability 
may be low, the risk-benefit relationship of these interven-
tions is unclear. In this context, all-cause discontinuation is a 
pragmatic outcome that may help in weighing the efficacy of 
ChEIs for AD against their safety. Any intervention leading to 
a meaningful improvement in symptoms, with acceptable side 

effects, would be expected to yield a lower discontinuation rate 
than placebo, whereas when the efficacy of the drug does not 
compensate for its side effects, the discontinuation rate would 
be higher. Furthermore, discontinuation is not affected by attri-
tion bias, because there are no missing data for this outcome. 
Discontinuation has been used in other areas such as schizo-
phrenia (Stroup et  al., 2003), depression (Cipriani et  al., 2016), 
and attention deficit hyperactivity disorder (Cunill et al., 2015).

The aim of this study was to investigate the effect of ChEIs 
on all-cause discontinuation, efficacy, and safety in patients 
with AD. Furthermore, the between-study variability on efficacy 
and safety was large, with some randomized placebo-controlled 
clinical trials (RPCCTs) showing substantial symptom improve-
ment compared with placebo, while others found no evidence of 
efficacy on relevant clinical outcomes (Corey-Bloom et al., 1998; 
Rogers et  al., 1998; Wilcock et  al., 2000; AD2000 Collaborative 
Group, 2004). With the aim of determining the reasons behind 
such variability, we grouped the factors explaining between-
study variability into 3 categories: (1) factors related to the design 
of the study, such as the existence of a lead-in phase (Cunill 
et al., 2016) or the number of study sites (Undurraga et al., 2012), 
(2) intervention-related factors such as dose (Castells et al., 2011) 
and treatment duration (Pérez-Mañá et al., 2013), and (3) patient-
related factors such as age (Stone et al., 2009) and the severity 
of the disease (Schwartz et al., 2014). To achieve these goals, a 
systematic review with meta-analysis and meta-regression was 
carried out. This method has the advantage that it allows for 
the investigation of covariates that vary between studies but not 
within study such as study-design related covariates.

Methods

Design and Search Strategy

A systematic review and meta-analysis was conducted. We 
included double-blind RPCCTs with a parallel design that com-
pared authorized doses of donepezil, galantamine, or rivastig-
mine by Food and Drug Administration or European Medicine 
Agency with placebo in patients with AD. The length of inter-
vention was 12 weeks minimum. We excluded studies that were 
available only as abstracts. The study protocol was registered 
at the International Prospective Register of Systematic Reviews 
(PROSPERO): CRD42014015156.

The following electronic databases were searched: Medline, 
Cochrane Central Register of Controlled Trials, PsycINFO, Web of 
Knowledge, www.clinicaltrials.gov, www.clinicaltrialregister.eu, 
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www.controlled-trials.com, and pharmaceutical databases (see 
supplementary Table 1 for the search strategies). The search was 
limited to clinical trials up to April 30, 2016. Systematic reviews 
(Lanctôt et al., 2003; Birks, 2012; Di Santo et al., 2013) and list 
references were revised to identify potential RPCCTs.

Data Extraction and Quality Assessment

Data extraction from the articles selected was performed inde-
pendently by two reviewers (L.B., X.C.). We contacted authors 
and pharmaceutical companies to obtain unpublished data. 
The risk of bias was evaluated using the scale developed by the 
Cochrane Collaboration (Higgins et al., 2011a). This instrument 
ascertains the risk of bias on the basis of the description and 
suitability of the following: sequence generation, allocation con-
cealment, blinding, incomplete data, selective outcome report-
ing, and other biases. A judgement relating to the risk of bias is 
given for each domain in terms of low, high, or unclear risk.

Outcomes and Covariates

The primary outcomes were all-cause discontinuation defined 
as the proportion of randomized patients who did not com-
plete the study for any reason; discontinuation due to adverse 
events (AEs) and efficacy on cognitive function, assessed using 
the Alzheimer’s Disease Assessment Scale Cognitive sub-
scale (Rosen et al., 1984) or the Mini-Mental State Examination 
(Folstein et al., 1975).

The secondary outcomes were (1) discontinuation due to 
lack of efficacy (LoE); (2) efficacy on global change from the base-
line using the Clinician Interview-Based Impression on Change-
Plus Caregiver Input (Schneider et al., 1997) or the Clinical Global 
Impression (Guy, 1976); (3) efficacy on neuropsychiatric symp-
toms using the Neuropsychiatric Inventory (Cummings et  al., 
1994) or the Behavioral Pathology in Alzheimer’s Disease Rating 
Scale (Reisberg et  al., 1987); (4) efficacy on functional capac-
ity assessed with the Alzheimer’s Disease Cooperative Study 
Activities of Daily Living Inventory 19- or 23-item Scale (Galasko 
et al., 1997) or the Disability Assessment for Dementia (Gélinas 
et al., 1999); (5) mortality; (6) AEs defined as the proportion of 
patients experiencing any AE during the study; and (7) serious 
adverse events (SAEs) defined as the proportion of patients 
experiencing one or more SAEs during the clinical trial. We 
preferred intention-to-treat analysis data to per-protocol data. 
Furthermore, for efficacy outcomes, we preferred change scores 
to endpoint scores, and these to response rates.

The following covariates were considered: number of study 
sites (single vs multi-site); lead-in period (yes vs no); placebo 
lead-in period (yes vs no); type of ChEIs; dose (low vs high); dos-
age (fixed vs flexible); length of intervention (weeks); age (years); 
gender (percent women); baseline cognitive function; neuropsy-
chiatric symptom severity; and functionality. Dose was labelled as 
“high” when it was equal or greater than the mean point between 
the highest and lowest authorized dose and “low” when it was 
lower than the mean point (e.g., since the authorized dose of gal-
antamine is 8–24 mg, the mean point dose was 16 mg). Given that 
several scales were used for determining cognitive function, neu-
ropsychiatric symptom severity, and functionality, we standard-
ized baseline scores as the percent of scale maxima. This means 
reexpressing the score as if the scale ranged from 0 to 100.

Statistical Analysis

Odds ratio (OR) and 95% CI were calculated for dichotomous out-
comes and standardized mean difference (SMD) for continuous 

ones using Cohen’s d. A SMD of 0.2 was considered small, 0.5 
moderate, and ≥0.8 large (Cohen, 1998). In studies with multiple 
comparisons, for example, 2 different pharmacological inter-
ventions being compared with one placebo group, we analyzed 
each intervention separately by dividing the number of patients 
and events in the placebo group by 2 to avoid overcounting. In 
addition, for efficacy results, OR were subsequently reexpressed 
as SMD to allow further combinations of continuous and dichot-
omous outcomes (Higgins et al., 2011b). Change scores, end-
point scores, and response rates were all used, since combining 
change and endpoint scores has been shown to be valid (Da 
Costa et al., 2013) and also the combination of continuous and 
binary data (Higgins et al., 2011b). Heterogeneity was assessed 
using the uncertainty factor I2, which measures the percentage 
of the variance of the observed results (Thorlund et al., 2012). We 
combined, both the OR and SMD, by means of a model of ran-
dom effects (DerSimonian et al., 1986). This model allows both 
the within-study and between-study heterogeneities to be taken 
into account. In addition, we used meta-regressions to control 
the heterogeneity on discontinuation, efficacy, and safety out-
comes, introducing possible heterogeneity-explaining vari-
ables. Due to the greater flexibility of the Bayesian estimation, 
a consequence of its hierarchical strategy, we chose to do the 
meta-analysis and the meta-regressions by means of a Bayesian 
framework. In summary, first of all, the initial uncertainty about 
the effect measures being meta-analyzed (i.e., OR and SMD), 
and on extent of among-study variation, was expressed through 
prior distributions. Secondly, we combined prior distributions 
with the so-called likelihood (i.e., the current data to meta-
analysed in the random effects models) to obtain posterior 
distribution for the quantities of interest (again, OR and SMD). 
Finally, we summarized the posterior distributions by point esti-
mates and credible intervals (analogous to the classical confi-
dence intervals). As is known, in Bayesian analysis the choice 
of the prior distribution may have a considerable impact on the 
results. For this reason, in this paper we used penalizing com-
plexity priors. These priors are invariant to re-parameterizations 
and have robustness properties (Simpson et al., 2015). Among 
the advantages of the Bayesian meta-analysis with respect to 
the classical (or frequentist) meta-analysis are: this approach is 
considered the most suitable for accounting model uncertainty, 
both in the parameters and in the specification of the models; 
only under the Bayesian approach is it possible to model both 
variability with relatively sparse data, and within the Bayesian 
approach, it is easy to specify more complex scenarios. All anal-
yses were conducted using the free software R (version 3.2.3)  
(R Core Team, 2016) through the INLA library (R Foundation, 
2016). Sensitivity analyses were performed by repeating the 
analysis after excluding RPCCTs that were deemed to have high 
risk of bias and by using a frequentist approach, with Revman 
(The Nordic Cochrane Centre, 2014). Publication bias was 
assessed with Egger’s test for asymmetry (Egger et al., 1997) and 
funnel plots (Sterne et al., 2001).

Results

Study Design, Intervention, and Patient 
Characteristics

Forty-three RPCCTs were included (supplementary Figure  1 
for the flow diagram and supplementary Table  2 for the ref-
erence of the included trials). As 15 studies investigated dif-
ferent doses or formulations of the same ChEI, we analyzed 
60 drug-placebo comparisons. Study design, intervention, 

http://www.controlled-trials.com
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and patient characteristics are reported in Table  1 and sup-
plementary Table 3. Regarding the study design, most studies 
were multicentre (88.1%) and about one-quarter (25.6%) had a 
lead-in period, the majority of these being a placebo lead-in 
period (90.9%). More than one-half of studies used the National 
Institute of Neurological and Communicative Disorders and 
Stroke and the Alzheimer’s disease and Related Disorders 
Association (88.4%) or Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (51.2%) diagnostic criteria. 
A high proportion of studies (69.8%) report that patients with 
dementias other than AD were excluded while only in one 
(AD2000 Collaborative Group, 2004), patients with vascular 
dementia were eligible. Thirty-eight studies (88.4 %) had a com-
mercial sponsorship.

Regarding the interventions, donepezil was studied in 23 
studies involving 27 drug vs placebo comparisons with 5755 
patients, galantamine in 11 studies (16 drug vs placebo com-
parisons) with 6251 patients, and rivastigmine in 9 studies (17 

drug vs placebo comparisons) with 4100 patients included. Most 
RPCCTs investigated high ChEIs doses and used a fixed dosage. 
The mean treatment length was 25 weeks and ranged from 12 
to 54.

A total of 16 106 patients with AD were enrolled and 9555 
received ChEIs and 6551 placebo. The mean age was 74.5 years 
and almost two-thirds of patients were women (63.4%). On 
average, patients showed a moderate cognitive impairment. 
Neuropsychiatric symptoms severity was mild and functional-
ity impairment was moderate.

No study was deemed to have a high risk of bias for discon-
tinuation outcomes. For the other study outcomes, between 17% 
and 33% of drug-placebo comparisons were scored “high risk of 
bias” (supplementary Table 4; supplementary Figures 2 and 3). 
The most common reason for scoring high risk of bias was attri-
tion bias due to a high withdrawal rate or between-group differ-
ences in the discontinuation rate.

Discontinuation, Efficacy, and Safety Outcomes

The results of the effect of ChEIs vs placebo on study outcomes 
are presented in Table 2 (For raw data analyzed, see supplemen-
tary Tables 5–14). All-cause discontinuation was higher with 
ChEIs than with placebo (OR = 1.66, 95%CI 1.30, 2.03) (Figure 1). 
Discontinuation due to AEs was also higher with ChEIs (OR = 1.75, 
95%CI 1.45, 2.05) (supplementary Figure  4), while discontinua-
tion due to LoE was lower (OR = 0.56, 95%CI 0.34, 0.78) (supple-
mentary Figure 5).

ChEIs were more efficacious than placebo for reducing cog-
nitive symptoms (SMD  =  0.38, 95%CI 0.28, 0.47) (supplemen-
tary Figure  6). Similarly, ChEIs slightly improved the global 
symptoms (SMD  =  0.28, 95%CI 0.22, 0.34) (supplementary 
Figure  7). However, these drugs did not improve neuropsychi-
atric symptoms (SMD = 0.03, 95%CI -0.04, 0.09) (supplementary 
Figure 8). A very small effect was found on functional capacity 
(SMD = 0.16, 95%CI 0.11, 0.20) (supplementary Figure 9). The type 
of scale used to evaluate the efficacy did not affect the results of 
any efficacy outcome (Table 3).

Thirty-eight studies provided information on mortality in 
a suitable way for meta-analysis. Two hundred and fifty-two 
patients died, mortality being slightly lower with ChEIs than with 

Table 2.  Effect of ChEIs on Discontinuation, Efficacy, and Safety Out-
comes in Patients with Alzheimer’s Disease

Outcome n Effect size (95% CI) I2 (%)

Discontinuation
  All-cause discontinuation 51 OR = 1.66 (1.30, 2.03) 51.7
  Discontinuation due to  

AEs
44 OR = 1.75 (1.45, 2.05) 0

  Discontinuation due to  
LoE

12 OR = 0.56 (0.34, 0.78) 0

Efficacy
  Cognitive function 41 SMD = 0.38 (0.28, 0.47) 41.1
  Global change 32 SMD = 0.28 (0.22, 0.34) 0
  Neuropsychiatric  

symptoms
19 SMD = 0.03 (-0.04, 0.09) 0

  Functional capacity 18 SMD = 0.16 (0.11, 0.20) 0
Safety
  Mortality 19 OR = 0. 65 (0.47, 0.83) 0
  Proportion patients AEs 34 OR = 1.69 (1.46, 1.93) 0
  Proportion patients SAEs 32 OR = 1.10 (0.84, 1.35) 0

Abbreviations: AE, adverse event; LoE, Lack of efficacy; OR, odds ratio.

Table 1.  Studies, Intervention, and Patients Characteristics and Risk 
of Bias of Included RPCCTs

Studies

Number of studies 43
Number of drug-placebo comparisons 60
Number of patients/study (median) 268
Multi-site studies (%) 88.1
Lead-in period (%) 25.6
 Placebo lead-in period (%) 90.9
Interventiona

  Donepezil (%) 45.0
  Galantamine (%) 26.7
  Rivastigmine (%) 28.3
Dose (%)b

  Low 27.3
  High 72.7
Dosage (%)
  Fixed 60.0
  Flexible 40.0
Length (mean) 25.1
  12–24 weeks (%) 23.3
  ≥24–36 weeks (%) 68.4
  ≥36 weeks (%) 8.3
Patients
  Number of patients 16,106
  Age (years) 74.5
  Women (%) 63.4
  Cognitive function (mean)c 57.7
  Neuropsychiatric symptom severity (mean)c 13.5
  Functionality (mean)c 62.2
High risk of biasd

  Discontinuation outcomes 0
  Efficacy cognitive function 22.0
  Efficacy global change 25.0
  Efficacy neuropsychiatric symptoms 21.1
  Efficacy functional capacity 33.3
  Mortality 17.3
  Any AE 23.5
  SAE 16.7

Abbreviations: AE, adverse event; SAE, serious adverse event.
aProportion of drug-placebo comparisons.
bHigh, mean daily dose of donepezil >7.5 mg, galantamine >16 mg, and  

rivastigmine >5.5 mg; Low, mean daily dose of donepezil <7.5 mg; galantamine 

<16 mg, and rivastigmine <5.5 mg.
cAs a percentage of scale maxima (0–100).
dProportion of comparisons with high risk of bias for each outcome.
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placebo (OR = 0.65, 95%CI 0.47, 0.83) (supplementary Figure 10). 
Most patients experienced AEs and the rate was higher for ChEIs 
than for the placebo group (OR = 1.69 95%CI 1.46, 1.93) (supple-
mentary Figure  11). No statistically significant differences in 
SAEs were found between ChEIs and placebo (OR = 1.10 95%CI 
0.84, 1.35) (supplementary Figure 12).

Meta-Regression Analysis: Effect of Covariates

The effects of study design-, intervention-, and patient-related 
covariates on study outcomes are presented in Table 3. Bi-variant 
meta-regression analysis showed that the gender and type of 
ChEI modified the effect on all-cause discontinuation outcome. 
However, in the multivariate analysis (supplementary Table 15), 
only the type of ChEI was independently associated with the 
effect on all-cause discontinuation. In this analysis, donepezil 
showed a better outcome than rivastigmine, and no statistically 
significant differences were found between galantamine and 
donepezil. Discontinuation due to AEs was negatively associ-
ated with the proportion of women and positively with cognitive 
function. These effects did not remain statistically significant in 
the multivariate analysis.

The type of ChEI was also associated with the effect on global 
symptomatology of AD, with donepezil showing a higher effi-
cacy on global change than galantamine or rivastigmine. The 
efficacy of ChEIs on neuropsychiatric symptoms was modified 
by baseline functional capacity and the type of ChEI, but only 
the latter remained statistically significant in the multivari-
ate analysis: galantamine and rivastigmine were found to be 
slightly more efficacious than donepezil. Regarding safety, SAEs 
were negatively correlated with age.

No covariate analysed in this study had a statistically sig-
nificant effect on discontinuation due to LoE, efficacy on cogni-
tive function, efficacy on functional capacity, the proportion of 
patients with AEs, and mortality.

Sensitivity Analysis and Publication Bias

The sensitivity analyses yielded similar findings to the pri-
mary ones with two exceptions. When the primary analyses 
were repeated using a frequentist approach, the effect of ChEIs 
on discontinuation due to LoE was not significant. Conversely, 
ChEIs were more efficacious than placebo on neuropsychiatric 
symptoms in this analysis (supplementary Table 16).

No evidence of asymmetry was found for the majority of 
study outcomes (supplementary Figures 13–22). For all-cause 
discontinuation and neuropsychiatric symptoms, the funnel 
plots were asymmetrical but not suggestive of publication bias, 
because they did not have a gap in the bottom corner where 
small studies with negative results are expected to lay. Egger’s 
test for these outcomes was statistically significant.

Discussion

The present study found that a large number of RPCCTs have 
studied the efficacy and safety of ChEIs. Overall, ChEIs showed 
a modest efficacy on cognitive function and global symptoma-
tology, nonclinically significant efficacy on functional capacity, 
and no evidence of efficacy on neuropsychiatric symptoms in 
patients with mild-moderate AD. Furthermore, our results could 
indicate that the modest improvement of AD symptoms does 
not compensate the frequent AEs of these drugs, as all-cause 

Figure 1.  Forest plot meta-analysis pooled effect for all-cause discontinuation of 51 drug-placebo comparisons. Odds Ratio value > 1 placebo more favourable than ChEIs.
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discontinuation rate was higher with ChEIs than with placebo. 
It is likely that since patients with AD are elderly persons with 
a high rate of comorbid disorders and receive concomitant 
interventions, the administration of ChEIs is poorly tolerated, 
leading to discontinuation for this reason. Our findings expand 
and complement those of previous studies (Birks, 2012; Di 
Santo et al., 2013; Tan et al., 2014) and, like the NICE assessment 
(Kmietowicz, 2005), would support that ChEIs have an unclear 
risk-benefit ratio. However, this study also suggests that this 
outcome varies depending on intervention and patient-related 
characteristics.

Firstly, we found that, while donepezil, galantamine, and riv-
astigmine show similar safety, they seem to differ in their effi-
cacy and their effect on all-cause discontinuation. In addition, 
our results suggest that donepezil can be slightly more effica-
cious on the global symptomatology of AD than galantamine or 
rivastigmine. Furthermore, donepezil and galantamine can have 
a better outcome on all-cause discontinuation than rivastigmine, 
which was the only drug that showed a higher rate of all-cause 
discontinuation than placebo. In fact, some studies suggest that 
these two drugs have neuroprotective effects that could result in 
a delayed progression of the disease as shown in some clinical 
studies (Raskind et al., 2004; Hashimoto et al., 2005).

We also found that mortality was slightly lower in patients 
taking ChEIs than those taking placebo. This finding was unex-
pected, as safety warnings alert of a possible increase in mortal-
ity while using galantamine (Loy et al., 2006). To the best of our 
knowledge, this is the first time that a study comparing ChEIs 
vs placebo showed a beneficial effect on mortality. Only some 
observational studies have pointed to this possibility in the past 
(Wattmo et al., 2014; Zhu et al., 2013). We could not determine 
the causes of death and we cannot elucidate the mechanism by 
which ChEIs reduce mortality in patients with AD. Nevertheless, 
ChEIs may reduce cardiovascular-related deaths, which account 
for the second cause of death in patients with AD (Nordström et 
al., 2013; Monacelli et al., 2014). Future studies should address 
the specific causes of death in RPCCTs of ChEIs in order to draw 
firm conclusions.

Regarding ChEIs’ safety, we found patients’ age to be nega-
tively associated with SAEs. A possible explanation is that as the 
prevalence of comorbidities and their severity increases with 
age, the same can happen with the incidence of SAEs in the pla-
cebo group, thereby hiding a statistically significant difference 
of SAEs between the ChEIs and placebo groups.

Our results could have clinical consequences. Generally, the 
clinical guidelines do not make a clear recommendation on 
which ChEIs should be used as first-line treatment. Our findings 
would support donepezil as the ChEIs of choice for several rea-
sons: it shows better results on withdrawals for any reason and 
better efficacy on global symptomatology than galantamine and 
rivastigmine, although donepezil is slightly worse for neuropsy-
chiatric symptoms. However, before a clinical recommendation 
can be made, these results should be confirmed in rigorously 
performed comparative clinical trials (Hogan et al., 2004).

Limitations and Strengths

This study has several limitations. Firstly, biased RPCCTs can 
also bias the results of our meta-analysis. However, biased 
RPCCTs do not seem to affect the results of our meta-analysis, 
as shown by the sensitivity analyses. These yield similar results 
to the primary ones after excluding those studies deemed to 
have a high risk of bias. No clear evidence of publication bias 
was found. The finding that ChEIs were not efficacious for 

reducing neuropsychiatric symptoms in our study contrasts 
with those of Wang et al., 2015. Methodological differences in 
the statistical analysis may explain these apparently discrep-
ant findings. Limitations affecting the meta-regression analy-
sis must also be born in mind. Firstly, ecological bias should 
be considered because our findings derive from aggregated 
data. Secondly, the effect of covariates associated with study 
outcomes can be confounded with that of other covariates not 
included in the analyses. And thirdly, as multiple compari-
sons have been performed, it is not possible to rule out that 
the differences have been found by chance. Finally, limitations 
concerning the external validity include the difficult extrapola-
tion of our results to clinical practice, where patients present 
differences in their characteristics compared with patients 
included in RPCCTs due to strict inclusion criteria. These cri-
teria exclude patients with common comorbid conditions such 
as psychiatric disorders and cardiovascular diseases (Leinonen 
et al., 2015). Furthermore, the length of trials is relatively short 
in comparison with the chronic course of the disease and its 
treatment in real-life patients with AD. In addition, no infor-
mation on the efficacy of ChEIs in relevant clinical outcomes 
was included in these trials.

In relation to strengths, this study is the largest system-
atic review and meta-analysis performed in the context of AD. 
It included 43 RPCCTs, 16 106 patients, and 60 drug-placebo 
comparisons. Furthermore, we have investigated all-cause 
discontinuation as a primary outcome to evaluate the benefit-
risk relationship. This outcome is objective and not affected 
by attrition bias. Besides, it is the first systematic review and 
meta-analysis to determine the effect of ChEIs on mortality. 
Moreover, it is the first study to use a Bayesian methodol-
ogy and to evaluate the association between study design-, 
intervention-, and patient-related characteristics in ChEIs 
discontinuation, efficacy and safety for AD. The Bayesian 
analysis has the advantage over the most frequent one in 
that prior information is incorporated into the analysis using 
a flexible method, which can lead to more precise and reliable 
results.

Conclusions

This study found mixed results. While ChEIs show a poor 
risk-benefit relationship, as indicated by small symptom 
improvement, and a higher all-cause discontinuation than 
placebo, a reduction in mortality was also found, which could 
renew interest in clinical research on ChEIs. Nevertheless, 
the clinical relevance of reduction in mortality accompa-
nied by only a small improvement in symptoms is uncer-
tain. Finally, intervention- and patient-related factors, but 
not study design, were found to slightly modify the effect of 
ChEIs in patients with AD. However, the clinical relevance of 
this is arguable.
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