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Background and objectives: Cholinesterase inhibitors (ChEIs) have cardiovascular effects in addition to their neurological activity and might alter mortality. We wanted to know if treatment with ChEIs modifies mortality in patients with dementia.

Methods:

We searched PubMed, EMBASE, Cochrane CENTRAL, ClinicalTrials.gov and ICRTP, from their inception to November 2021, and screened bibliographies of reviews, guidelines and included studies. We included randomized controlled trials (RCTs) and non-randomized controlled studies at lower risk of bias comparing ChEI treatment with placebo or usual treatment, for 6 months or longer, in patients with dementia of any type. Two investigators independently assessed studies for inclusion, assessed their risk of bias and extracted data, using predefined forms. Any discordance between investigators was solved by discussion and consensus. Data on all-cause and cardiovascular mortality, measured as either crude death rates or multivariate adjusted hazard ratios (HR), was pooled using a random-effect model. Information size achieved was assessed using trial sequential analysis (TSA). We followed PRISMA guidelines.

Results: 24 studies (12 RCTs, 12 cohorts, mean follow-up 6 to 120 months), cumulating 79 153 patients with Alzheimer's (13 studies), Parkinson's (1), vascular (1) or any type (9) dementia, fulfilled inclusion criteria. Pooled all-cause mortality in control patients was 15.1 per 100 person-years.

Treatment with ChEIs was associated with lower all-cause mortality (unadjusted RR 0.74, 95%CI 0.66 -0.84; adjusted HR 0.77, 95%CI 0.70 -0.84, moderate to high quality evidence). This result was consistent between randomized and non-randomized studies and in several sensitivity analyses. No difference appeared between subgroups by type of dementia, age, individual drug or dementia severity. Less data was available for cardiovascular mortality (3 RCTs, 2 cohorts, 9 182 patients, low to moderate quality evidence), which was also lower in patients treated with ChEIs (unadjusted RR 0.61, 95%CI 0.40 -0.93, adjusted HR 0.47, 95%CI 0.32 -0.68). In TSA analysis, results for all-cause mortality were conclusive, but not those for cardiovascular mortality.

Discussion: There is moderate to high quality evidence of a consistent association between longterm treatment with ChEIs and a reduction in all-cause mortality in patients with dementia. These findings may influence decisions to prescribe ChEIs in those patients.

INTRODUCTION

Alzheimer's disease is a progressive neurodegenerative disease and the most frequent cause of dementia in older people, affecting millions of persons all over the world [START_REF]Alzheimer's Association. Alzheimer's disease facts and figures[END_REF]. It leads to progressive mental, behavioral, and functional decline. Acetylcholinesterase inhibitors (ChEIs) are, with memantine, the most commonly used drugs to treat Alzheimer's disease [START_REF]Alzheimer's Association. Alzheimer's disease facts and figures[END_REF][START_REF]Donepezil, galantamine, rivastigmine and memantine for the treatment of Alzheimer's disease[END_REF][START_REF] Ismail | CCCDTD5 participants. Recommendations of the 5th Canadian Consensus Conference on the diagnosis and treatment of dementia[END_REF]. They inhibit cholinesterase, thus increasing the concentration of acetylcholine in the synaptic cleft and facilitating cholinergic neurotransmission. ChEIs are also employed in other dementias with decreased cerebral acetylcholine levels, as for example Lewy body dementias and Parkinson's disease dementia [START_REF] Rolinski | Cholinesterase inhibitors for dementia with Lewy bodies, Parkinson's disease dementia and cognitive impairment in Parkinson's disease[END_REF][START_REF] Wang | Efficacy and safety of cholinesterase inhibitors and memantine in cognitive impairment in Parkinson's disease, Parkinson's disease dementia, and dementia with Lewy bodies: systematic review with metaanalysis and trial sequential analysis[END_REF].

Even if ChEIs slow the decline of cognitive function and autonomy, their place in the treatment of Alzheimer's disease is controverted, as their effects are modest, they carry a risk of adverse events (specially digestive symptoms, bradycardia and syncope, and diverse neurological symptoms) and their impact on other outcomes, like quality-of-life and time staying independent, is unclear [START_REF]Donepezil, galantamine, rivastigmine and memantine for the treatment of Alzheimer's disease[END_REF][START_REF] Birks | Donepezil for dementia due to Alzheimer's disease[END_REF][START_REF] Loy | Galantamine for Alzheimer's disease and mild cognitive impairment[END_REF][START_REF] Birks | Rivastigmine for Alzheimer's disease[END_REF][START_REF] Fink | Benefits and Harms of Prescription Drugs and Supplements for Treatment of Clinical Alzheimer-Type Dementia[END_REF].

NICE guidelines recommends to discuss ChEIs with patients as an option for treating mild to moderate Alzheimer's disease, but state that additional research is needed on the impact of these drugs on mortality and other clinically meaningful outcomes [START_REF]Donepezil, galantamine, rivastigmine and memantine for the treatment of Alzheimer's disease[END_REF].

Any possible impact of ChEI treatment on patients' survival, in particular, is unclear. They are supposed not to modify the natural evolution of the underlying dementia [START_REF]Donepezil, galantamine, rivastigmine and memantine for the treatment of Alzheimer's disease[END_REF]. ChEIs have systemic cholinergic effects, both centrally-mediated and also peripheral for some drugs [START_REF] Jann | Clinical pharmacokinetics and pharmacodynamics of cholinesterase inhibitors[END_REF]. Cholinergic effects are responsible for the frequent gastrointestinal adverse effects and produce some cardiovascular effects too [START_REF] Jann | Clinical pharmacokinetics and pharmacodynamics of cholinesterase inhibitors[END_REF][START_REF] Howes | Cardiovascular effects of drugs used to treat Alzheimer's disease[END_REF]. ChEIs increase vagotonic tonus and slow heart conduction and heart rate [START_REF] Howes | Cardiovascular effects of drugs used to treat Alzheimer's disease[END_REF][START_REF] Malone | QT interval prolongation and Torsades de Pointes with donepezil, rivastigmine and galantamine[END_REF]. These effects are usually modest but can lead to bradycardia, QT interval prolongation, arrhythmia and syncope in some patients [START_REF] Howes | Cardiovascular effects of drugs used to treat Alzheimer's disease[END_REF][START_REF] Malone | QT interval prolongation and Torsades de Pointes with donepezil, rivastigmine and galantamine[END_REF]. Individual pharmacogenomics (i.e. CYP2D6 status), concomitants medications, tobacco use and weight can potentially modify the pharmacological activity of ChEIs and their risk of adverse events. Given their potential for cardiovascular adverse events, ChEIs might in fact increase mortality. Galantamine, for example, has been associated with an unexplained excess in death rate in patients with mild cognitive impairment [START_REF] Birks | Donepezil for dementia due to Alzheimer's disease[END_REF]. However, many trials conducted with ChEIs were too short in duration and contained too few participants to be able to detect significant changes in mortality, and for those with enough duration and patients results have been inconsistent. Several observational studies and one meta-analysis of randomized controlled clinical trials (RCTs), have found that ChEI treatment was associated with decreased mortality [START_REF] Zhu | Long-term associations between cholinesterase inhibitors and memantine use and health outcomes among patients with Alzheimer's disease[END_REF][START_REF] Meguro | Donepezil and life expectancy in Alzheimer's disease: a retrospective analysis in the Tajiri Project[END_REF][START_REF] Wu | The effects of anti-dementia and nootropic treatments on the mortality of patients with dementia: a population-based cohort study in Taiwan[END_REF][START_REF] Mueller | Associations of acetylcholinesterase inhibitor treatment with reduced mortality in Alzheimer's disease: a retrospective survival analysis[END_REF][START_REF] Blanco-Silvente | Discontinuation, efficacy, and safety of cholinesterase inhibitors for Alzheimer's disease: a metaanalysis and meta-regression of 43 randomized clinical trials enrolling 16 106 patients[END_REF]. Other large studies, on the contrary, found no association with mortality [START_REF] Lopez | Cholinesterase inhibitor treatment alters the natural history of Alzheimer's disease[END_REF][START_REF] Suh | Cholinesterase inhibitors for Alzheimer disease: do they provide more than symptomatic benefits?[END_REF].

Given those conflicting results, in order to better understand data currently available on the effect of long-term treatment with ChEIs on mortality in patients with dementia, we conducted a systematic review of randomized and non-randomized comparative studies that assessed this outcome.

METHODS

Objective

To assess the effect of long-term treatment with ChEIs on all-cause mortality in patients with dementia. A secondary objective was to assess their effect on cardiovascular mortality.

Study design

A systematic review and meta-analysis of randomized and non-randomized controlled studies.

Search strategy

We searched MEDLINE PubMed, EMBASE, Cochrane Database of Controlled Clinical Trials (CENTRAL), ClinicalTrials.gov and WHO International Clinical Trials Registry Platform (ICTRP), all of them from their inception to November 30, 2021, using the following keywords:

("Cholinesterase Inhibitors" OR "Donepezil" OR "Rivastigmine" OR "Galantamine" OR "Tacrine" OR "antidementia" OR "Acetylcholinesterase inhibitors") AND ("Alzheimer Disease" OR "Lewy Body Disease" OR "Dementia" OR "Neurocognitive Disorders") AND ("Clinical Trial" OR "Controlled Clinical Trial" OR "Randomized Controlled Trial" OR "Cohort Studies" OR "Case-Control Studies" OR "placebo" OR "matched" OR "control group")

In addition, we screened the reference list of included studies and of recent related reviews and guidelines. No language restriction was applied.

Criteria for including studies

We included: a) Comparative studies: randomized controlled trials (RCTs) and -as we expected to find few RCTs reporting all-cause mortality -some types of non-randomized controlled studies with a lower risk of bias: quasi-randomized controlled trials, non-randomized controlled trials and prospective or retrospective parallel cohorts studies. We did not include: case-control studies, historically controlled studies (where patients receiving a treatment were retrospectively compared with a similar group from the past who did not), cross-sectional studies or case reports / case series. b) Which compared any ChEI employed as antidementia drug (donepezil, rivastigmine, galantamine or tacrine) in one group of included patients, versus placebo or no ChEI treatment in a different group of patients, c) Included patients with dementia of any type, d) And followed patients for at least 24 weeks (as we considered any possible effect on mortality would not be detectable in shorter times), reporting either all-cause or cardiovascular mortality.

Outcomes

The main outcome was all-cause mortality. A secondary outcome was cardiovascular mortality, as defined by each author. For each outcome, deaths were retrieved on an intention-to-treat basis during the entire follow-up period of each study. Patients lost to follow-up were not counted as dead in the main analysis but they were in a sensitivity analysis.

Selection of studies for inclusion and data extraction

Three authors (CT, CR, or CLL) rotated through the initial screening of all retrieved references and, based on the title and abstract, selected any study potentially candidate. Two authors (all authors rotated in this task) independently assessed every candidate study for inclusion and, for those studies included, assessed their risk of bias and extracted data, using predefined forms. Data on age, gender, type of dementia, ChEI employed and doses, independence in activities of daily living, main comorbidities, outcomes and funding sources were recorded. Any difference between reviewers was solved by discussion and consensus.

Risk of bias assessment

We employed Cochrane RoB2 [START_REF] Sterne | RoB 2: A revised tool for assessing risk of bias in randomised trials[END_REF] for assessing the risk of bias of randomized controlled trials and ROBINS-I for evaluating the risk of bias of non-randomized controlled trials [START_REF] Sterne | ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions[END_REF]. RoB2 assesses the risk of bias in five domains: randomization process, deviations from intended interventions, missing outcome data, measurement of the outcome and selection of the reported result. ROBINS-I assess the risk of bias in the same four last domains than RoB2 and in 3 additional domains, specific of nonrandomized studies: confounding, selection of participants and classification of interventions. For each outcome studied, we assessed the overall quality and certainty of the available evidence using the GRADE system [START_REF] Balshem | GRADE guidelines: 3. Rating the quality of evidence[END_REF]. The possibility of publication bias was explored using a funnel plot.

Statistical analysis

Data on outcomes was pooled and risk ratios (RR) calculated for death rate using the Mantel-Haenszel method. When studies reported multivariate adjusted risks of death, hazard ratios (HR) were also estimated using an inverse variance method. A DerSimonian and Laird random effect model was employed in all cases. The presence of heterogeneity between included studies was assessed using Mantel-Haenszel chi-2 test and I2 statistics. If significant heterogeneity was found, we searched for an explanation based on the differences in the clinical characteristics of the included studies. If the studies were found to be clinically very dissimilar they were not statistically combined.

A post-hoc estimation of the information size obtained -i.e. the cumulated sample sizes of all included trials -and of the risk of type I and type II errors due to sequential testing in the metaanalysis were conducted using trial sequential analysis (TSA) [START_REF] Thorlund | Interpreting meta-analysis according to the adequacy of sample size. An example using isoniazid chemoprophylaxis for tuberculosis in purified protein derivative negative HIV-infected individuals[END_REF][START_REF] Wetterslev | Trial Sequential Analysis in systematic reviews with metaanalysis[END_REF].

A sensitivity analysis was carried by: a) selectively pooling randomized controlled studies, b) selectively pooling studies including more than 500 patients, c) counting patients missing to followup as deaths, i.e. a worst-case intention-to-treat analysis.

The following subgroup analyses were predefined: a) by age: patients aged 79 years or younger, or aged 80 years or older, b) by type of dementia: Alzheimer's disease (probable or possible Alzheimer's disease dementia, as diagnosed by each investigator) or other types of dementia; and c) by drug employed.

Meta-analysis statistics were calculated using Cochrane Review Manager (version 5.4, Cochrane Collaboration, http://community.cochrane.org/tools/review-production-tools/revman-5) and STATA (version 16, StataCorp LLC, http://stata.com). Trial sequential analysis was conducted using TSA software (Copenhagen Trial Unit, Rigshospitalet, Copenhagen, Denmark, http://www.ctu.dk/tsa).

Standard Protocol Approvals, Registrations, and Patient Consents

This systematic review was registered in the PROSPERO international prospective register of systematic reviews with the number CRD42021254458. We followed the PRISMA statement for transparent reporting of systematic reviews (http://www.prisma-statement.org/) and produced a detailed PRISMA flowchart (Figure 1) and checklist. This work was based on publicly available data only, so it did not require review by an institutional research board.

RESULTS

Figure 1 shows the details of the selection process. At the end, 24 studies fulfilled the predefined inclusion criteria. Twelve were RCTs (Supplementary data, Refs 1-12), cumulating 7 272 patients, and 12 were non-randomized parallel cohort studies (Supplementary data, Refs 13-24), comprising 71 881 patients. For some RCTs and cohorts (e.g. National Swedish Dementia Registry, National Taiwan Registry), several publications existed. When they seemed to study patients from the same time interval, we retained the report describing the greatest number of patients or, if equal numbers, the most recent, and excluded the remaining reports. Agreement between reviewers was good and all differences easily solved after discussion. A funnel plot showed some asymmetry, indicating a possible publication bias (Supplementary data, Figure S1).

Characteristics of included studies

The characteristics of included studies are synthetized in Table 1. Mean age of included patients ranged from 69 to 85 years. Mean MMSE score at baseline was reported in 15 studies, ranging from 6.2 to 21.8. It was 20 or greater in 4 studies, between 13 and 20 in 6 studies, and 12 or lower in 5 studies. Cardiovascular and neurological co-morbidities were reported inconsistently. When reported, the proportion of patients with a history of stroke or other neurological condition varied from 4% to 39% (not counting one study whic included patients with vascular dementia only), patients with a history of coronary disease varied from 2.6% to 29%, and with heart failure from 4.4% to 26%. Follow-up times ranged from 6 months to 10 years. Follow-up was shorter in RCTs (6 to 13 months, 24 months in one study, mean 9 months) and longer in cohort studies (9 to 48 months, 10 years in one study, mean 36 months).

The risk of bias was low in all included RCTs but three, which had some concerns regarding randomization or allocation concealment procedures (Supplementary data, Figure S2). All RCTs were double-blind placebo-controlled trials. Mortality was not a primary outcome in any of the RCTs, but was part of the safety outcomes in all of them and the number of patients lost to follow-up was very low.

Conversely, all included cohort studies had overall mortality as a primary outcome and all but one provided multivariate adjusted hazard ratios for mortality, adjusting crude death rates by age, gender, baseline severity of dementia and diverse comorbidities. In seven of the twelve cohort studies, patients on treatment with ChEI were matched with one or several controls using either propensity scores (three studies) or various potential confounders (four studies) (Table 1). Only one of the cohorts was prospective. Most of the cohort studies were assessed as of moderate risk of bias on ROBINS-I, meaning that they provided sound evidence for a non-randomized study but cannot be considered comparable to a well-performed randomized trial. Only one non-randomized study was assessed as having a serious risk of bias [36].

All-cause mortality

Long-term treatment with ChEIs was associated with a reduction of all-cause mortality, either analyzing crude death rates (19 studies [12 RCTs, 7 cohorts], 29 947 patients, RR 0.74, 95%CI 0.66 to 0.84, p < 0.0001) (Figure 2 Included RCTs were very homogenous in their results (I2 = 0%) but important heterogeneity existed between non-randomized trials (I2 = 80 -88%, Chi2 p < 0.001). This heterogeneity is probably explained by differences in the characteristics of patients included in those studies, as they were conducted in very different settings and populations (general population, outpatients, patients followed after a nonscheduled hospitalization, persons entering in long-term care facilities, nursing homes residents).

The association between ChEI treatment and reduced all-cause mortality persisted in all sensitivity analysis: either analyzing RCTs only, non-randomized studies only, studies including more than 500 patients only, or counting missing patients as deaths. TSA analysis showed that the cumulative Z curve crossed the trial sequential significance boundary for benefit, adjusted for repeated testing, and reached the required, heterogeneity-adjusted, information size, indicating that the evidence is conclusive and the result obtained had a very high probability of being real (Supplementary data, Figure S3). Following the GRADE system, the set of 12 RCTs included for all-cause mortality were high-quality evidence and the set of 11 cohort studies were low-quality evidence. In assessing the overall evidence included for this outcome, we considered that: a) the results obtained by both sets of studies were very similar; b) the addition of non-randomized trials to the meta-analysis diminished, in fact, the magnitude of the all-cause mortality reduction observed in RCTs. Consequently, we interpreted that the addition of the set of non-randomized trials confirmed the results obtained by the RCTs rather than altering them and thus rated the overall evidence for this outcome as moderate to high quality.

Cardiovascular mortality

Five studies (3 RCTs, 2 cohort studies) provided data on cardiovascular mortality. The GRADE rating was low to moderate quality for this outcome. Treatment with ChEIs was associated with a reduction of cardiovascular mortality, either analyzing crude death rates (4 studies, 3112 patients, RR 0.61, 95%CI 0.40 to 0.93, p = 0.02) or multivariate adjusted HR (2 studies, 6226 patients, HR 0.47, 95%CI 0.32 to 0.68, p < 0.0001) (Figure 4). There was no heterogeneity between studies (I2 = 0%). In the pooled population, cardiovascular mortality was 3.4 per 100 person-years in patients treated with ChEIs and 5.1 per 100 person-years in control patients.

In sensitivity analysis, the effect of ChEI on cardiovascular mortality persisted when counting as deaths all patients missing to follow-up or studies including more than 500 patients only, but it disappeared when analyzing RCTs only (3 studies, RR 1.09, 95%CI 0.44 to 2.71, p = 0.86). In TSA analysis, the cumulative Z curve did not cross the trial sequential significance boundary, meaning that the results are inconclusive when adjusted for sequential testing and that additional studies would be needed to reach a definite result (Supplementary data, Figure S4)

Subgroup analysis

Donepezil was the most studied drug, in 11 studies, while galantamine was the one in 2 studies, and rivastigmine and tacrine in one study each. Nine studies, all non-randomized cohorts, analyzed all ChEIs together. There was no significant difference between individual drugs regarding all-cause mortality (test for subgroup differences: p = 0.25). Donepezil, galantamine and any treatment with ChEI (all ChEIs studied together) were all associated with lower all-cause mortality (Figure 5). The only RCT studying rivastigmine did not find any difference with placebo in all-cause mortality.

Regarding the effect on different types of dementia, thirteen studies included only patients with a diagnosis of Alzheimer's disease, one study included only patients with Parkinson disease dementia, one included only vascular dementias and the remaining nine studies included patients with any type of dementia (5 studies), or dementia of undefined etiology (4 studies). There were no significant differences on all-cause mortality between studies including those types of dementia (test for subgroup differences: p = 0.47; Figure 6).

There was no difference neither between studies in which the mean age of included patients was lower or greater than 80 years (test for subgroup differences: p = 0.27). ChEI treatment was associated in both cases with a decrease in all-cause mortality (Supplementary data, Figure S5).

In a post-hoc subgroup analysis, we grouped the studies by dementia severity, according to the mean Mini-Mental State Examination (MMSE) score of patients at inclusion, when this data was available.

While the reduction in mortality associated with ChEI treatment seemed less pronounced in patients with severe dementia (MMSE ≤ 12), there was no significant difference between subgroups (test for subgroup differences: p = 0.44; Supplementary data, Figure S6).

Available data for cardiovascular mortality was not enough to conduct subgroup analysis on this outcome.

Variation over time

In a second post-hoc analysis, we explored the variation over time (according to the mean follow-up times of included studies) of the association between ChEI treatment and all-cause mortality, using random-effects meta-regression. The association of ChEI treatment with all-cause mortality varied widely in studies with shorter mean follow-up (6 to 9 months) and converged rapidly to values near those obtained in the main meta-analysis (Figure S7). An association with lower mortality was apparent at all follow-up times and there was no clear variation over time: though the best fitting regression line showed a slight decline over the years, this tendency was very small and not significant (proportion of variance explained by follow-up time (adjusted R²): -6.1%, residual variance due to heterogeneity (I²): 54.3%, coefficient: -0.0008, 95%CI: -0.0029 to 0.0014, p = 0.46)

DISCUSSION

In this systematic review and meta-analysis, we summarize available evidence on the effect on mortality of ChEIs, both from RCTs and from real-life data obtained in well-conducted cohort studies.

Our results show that there is good evidence -moderate to high quality -showing an association between long-term treatment with ChEIs and a reduction in all-cause mortality in patients with dementia of various types. This result was very consistent in all sensitivity and subgroup analysis.

Moreover, TSA analysis indicates that the accumulated evidence is conclusive and that further studies, even large ones, are very unlikely to modify this result.

These findings are concordant with those reported in other published studies. Blanco-Silvente et al.

analyzed mortality data of 20 drug-placebo comparisons from 15 separate RCTs, as a part of their meta-analysis on the effectiveness and safety of ChEIs [START_REF] Blanco-Silvente | Discontinuation, efficacy, and safety of cholinesterase inhibitors for Alzheimer's disease: a metaanalysis and meta-regression of 43 randomized clinical trials enrolling 16 106 patients[END_REF]. The set of RCTs they included is different from our (we excluded some RCTs they included because they had very short follow-ups, and we included one more recent RCT [START_REF] Jia | Efficacy and Safety of Donepezil in Chinese Patients with Severe Alzheimer's Disease: A Randomized Controlled Trial[END_REF]), but they also found a lower mortality in patients treated with ChEIs. Feldman et al. conducted a meta-analysis of 12 RCTs on galantamine, many of them of short duration, and found a lower though statistically non-significant mortality (OR 0.67, 95% CI 0.41-1.10) with this drug [START_REF] Feldman | Analyses of mortality risk in patients with dementia treated with galantamine[END_REF]. By contrast, three Cochrane systematic reviews studied donepezil, galantamine and rivastigmine in patients with Alzheimer's disease and found no effect in mortality [START_REF] Birks | Donepezil for dementia due to Alzheimer's disease[END_REF][START_REF] Loy | Galantamine for Alzheimer's disease and mild cognitive impairment[END_REF][START_REF] Birks | Rivastigmine for Alzheimer's disease[END_REF] in patients with Alzheimers's disease [START_REF] Loy | Galantamine for Alzheimer's disease and mild cognitive impairment[END_REF]. All three Cochrane reviews included each fewer RCTs and patients than our systematic review and some of the included RCTs had a very short follow-up.

Compared with previous meta-analysis, we have included several more recent RCTs in our systematic review and we restricted our analysis to studies following patients for six or more months, as it seemed difficult to detect differences in mortality in shorter times. Another main difference is the inclusion in our work of large observational studies in addition to RCTs. Besides substantially increasing the number of patients analyzed and the statistical power, the analysis of well-conducted observational studies along with RCTs is interesting for two reasons. First, it confirms that the association with decreased mortality also exists in larger and more varied populations of patients than those included in RCTs, usually more restricted. Indeed, the results were very similar between randomized and non-randomized studies. Secondly, cohort studies followed patients for longer periods (one to ten years, with a mean of 36 months) than RCTs (six months to two years, a mean of 9 months if pooled). Thus, they provide evidence that the effect on mortality persists over longer time spans. Meta-regression analysis confirmed that a decrease in all-cause mortality was already apparent at 6 to 12 months and persisted afterwards with no variation or a very slight decline at most. Our data does not provide an explanation for the decrease in mortality associated with ChEIs. Many factors can influence the mortality rate of patients with dementia and the pharmacological activity of ChEIs may vary depending on individual factors, like pharmacogenomics (i.e. CYP2D6 status), concomitants medications and body weight. Several hypotheses can be proposed, however. First of all, the association we observe might not be causal. ChEI use might be a proxy marker for increased family involvement and more assertive intervention in patients with dementia [START_REF] Mueller | Associations of acetylcholinesterase inhibitor treatment with reduced mortality in Alzheimer's disease: a retrospective survival analysis[END_REF][START_REF] Gasper | Is donepezil therapy associated with reduced mortality in nursing home residents with dementia?[END_REF]. This kind of bias may occur particularly in observational studies. Mueller et al, for instance, found that a higher proportion of ChEI users in their sample were married, resided in wealthier neighborhoods and had less difficulties with social relationships, compared to non-users [START_REF] Mueller | Associations of acetylcholinesterase inhibitor treatment with reduced mortality in Alzheimer's disease: a retrospective survival analysis[END_REF]. We do not believe, however, that selection bias were the explanation of the survival benefit associated with ChEIs, because: a) the association remained strong after adjustment for those factors -as it happened in the case of Mueller et al. -and, b) more importantly, it was also present in RCTs, in which patients receiving ChEIs were not different from patients receiving placebo.

One explanation could be an effect of ChEIs in slowing the progression of dementia or its associated complications. A diagnosis of any type of dementia is associated with increased mortality, especially from pneumonia and neurologic causes, and dementia severity is correlated with the risk of dying [START_REF] Andersen | Very mild to severe dementia and mortality: A 14-year follow-up The Odense study[END_REF][START_REF] Villarejo | Dementia-associated mortality at thirteen years in the NEDICES Cohort Study[END_REF][START_REF] Liang | Mortality rates in Alzheimer's disease and non-Alzheimer's dementias: a systematic review and meta-analysis[END_REF]. In vitro studies suggest that ChEIs may have a neuroprotective effect independent of its cholinergic activity [START_REF] Akaike | Mechanisms of neuroprotective effects of nicotine and acetylcholinesterase inhibitors: role of alpha4 and alpha7 receptors in neuroprotection[END_REF][START_REF] Akasofu | Protective effect of donepezil in a primary culture of rat cortical neurons exposed to oxygen-glucose deprivation[END_REF]. This hypothesis is further supported by the finding, in several studies, that dementia symptoms progressed more rapidly in patients in whom ChEIs were discontinued than in patients who kept on treatment [START_REF] Jia | Efficacy and Safety of Donepezil in Chinese Patients with Severe Alzheimer's Disease: A Randomized Controlled Trial[END_REF][START_REF] O'regan | Cholinesterase inhibitor discontinuation in patients with Alzheimer's disease: a meta-analysis of randomized controlled trials[END_REF], and that placement in nursing home was delayed in patients treated with ChEIs [START_REF] Lopez | Cholinesterase inhibitor treatment alters the natural history of Alzheimer's disease[END_REF][START_REF] Becker | The effect of cholinesterase inhibitors on risk of nursing home placement among medicaid beneficiaries with dementia[END_REF][36].

Another explanation for the reduction in all-cause mortality is suggested by our finding that ChEI treatment may be associated with lower cardiovascular mortality. ChEIs have well-known cardiovascular effects: they increase vagotonic tonus and slow heart rate [START_REF] Howes | Cardiovascular effects of drugs used to treat Alzheimer's disease[END_REF][START_REF] Malone | QT interval prolongation and Torsades de Pointes with donepezil, rivastigmine and galantamine[END_REF]. Paradoxically, what was usually considered a safety concern with ChEIs could in fact be an advantage. Resting heart rate has been found to be an independent risk factor for cardiovascular and all-cause mortality [START_REF] Aune | Resting heart rate and the risk of cardiovascular disease, total cancer, and all-cause mortality -A systematic review and dose-response meta-analysis of prospective studies[END_REF][START_REF] Seviiri | Resting heart rate, temporal changes in resting heart rate, and overall and cause-specific mortality[END_REF] and slowing heart rate seems to be a main component of the beneficial effects on cardiovascular outcomes of several drugs [START_REF] Cucherat | Quantitative relationship between resting heart rate reduction and magnitude of clinical benefits in post-myocardial infarction: a meta-regression of randomized clinical trials[END_REF][START_REF] Faragli | In-hospital Heart Rate Reduction With Beta Blockers and Ivabradine Early After Recovery in Patients With Acute Decompensated Heart Failure Reduces Short-Term Mortality and Rehospitalization[END_REF]. Nevertheless, the magnitude of the decrease in cardiovascular mortality found in our meta-analysis (from 5.1 to 3.4 per 100 person-years, in the pooled population, an absolute reduction of 1.7 per 100 person-years) does not completely explain the decrease in allcause mortality (from 15.1 per 100 person-years to 10.7, an absolute reduction of 4.4 per 100 person-years).

Finally, some studies have suggested that ChEIs may have anti-oxidant properties, anti-inflammatory activity and a protective effect on endothelial cells, in patients with Alzheimer's disease or with metabolic syndrome [START_REF] Reale | Treatment with an acetylcholinesterase inhibitor in Alzheimer patients modulates the expression and production of the pro-inflammatory and anti-inflammatory cytokines[END_REF][START_REF] Borroni | Cholinesterase inhibitors exert a protective effect on endothelial damage in Alzheimer disease patients[END_REF][START_REF] Sangaleti | The Cholinergic Drug Galantamine Alleviates Oxidative Stress Alongside Anti-inflammatory and Cardio-Metabolic Effects in Subjects With the Metabolic Syndrome in a Randomized Trial[END_REF]. Those effects might also contribute to decrease mortality. Whatever the explanation for the lower mortality associated with ChEIs, the cumulated evidence supporting it is solid and should lead us to reassess their use in patients with dementia. Currently, ChEIs are mostly proposed to only selected patients with the objective of improving their symptoms, and their use varies amply between countries and settings [START_REF] Lee | Post-market utilization patterns of Alzheimer's disease treatments in South Korea: comparison with countries with universal health coverage[END_REF]. A survival benefit is an important argument for a more extensive use of these drugs. Quality-of-life should also be considered, however. Living longer might not be an important outcome -or even a desirable one -for a patient with poor quality-of-life or who is suffering. A main interrogation, which the data in our work cannot answer, is if the increase in survival associated with ChEIs is accompanied by a better quality-of-life.

More research would be needed on this aspect. This work has limitations. There is a possible publication bias. Mortality was not a primary outcome in included RCTs. Included non-randomized studies are heterogeneous and unrecognized bias can always exists in this type of studies despite multivariate adjustment. The heterogeneity present in non-randomized studies and the limited data precluding more detailed subgroup analysis suggest that the overall effect observed with ChEIs might not be homogeneous in all types of patients, particularly in non-Alzheimer's dementias, severe dementia and younger patients. Nevertheless, the number of studies and patients included in the meta-analysis, the overall quality of included studies, the consistency of the results, the similarity of findings between randomized and non-randomized studies, and the results of TSA analysis, all indicate a high certainty of the results regarding all-cause mortality.

In conclusion, there is moderate to high quality evidence from both randomized and real-life nonrandomized studies that long-term treatment with ChEIs is consistently associated with a reduction in all-cause mortality in patients with Alzheimer's disease and other types of dementia. Lower quality evidence suggests a reduction in cardiovascular mortality in these patients, which could explain in part the decrease in all-cause mortality.

Future recommendations for the use of ChEIs in patients with dementia would need to consider this evidence. Further research would be needed to confirm the reduction in cardiovascular mortality with ChEIs, better understand the mechanisms of the decrease in all-cause mortality and better define the quality-of-life of treated patients.

Carmelo Lafuente-Lafuente: conceptualisation, methodology, formal analysis, software, supervision, validation, writing -original draft Trials are added to the meta-analysis sequentially, in chronological order. The solid blue line is the cumulative Z-curve, testing for the meta-analysis overall effect. To the left, the red, inward-sloping lines make up the trial sequential monitoring boundaries, this is, the 95% confidence interval adjusted for repeated testing. To the right, the red outward sloping lines make up the futility region.

The heterogeneity-adjusted information size required to demonstrate or reject a 24% relative risk reduction (a posteriori estimate) in all-cause mortality (with an occurrence in the control group of 15.1 person-years, an alpha risk of 5%, and a beta risk of 20%) is estimated at 29 489 patients (vertical red line to the right).

The cumulative Z-curve crosses the upper significance level (indicating a benefice) and remains consistently over. The required information size is reached. It can be interpreted that the evidence is conclusive, demonstrating that ChEI treatment is superior to placebo or no treatment.

Figure S4. Trial sequential analysis (TSA) for cardiovascular mortality

Trials are added to the meta-analysis sequentially, in chronological order. The solid blue line is the cumulative Z-curve, testing for the meta-analysis overall effect. To the left, the red, inward-sloping lines make up the trial sequential monitoring boundaries, this is, the 95% confidence interval adjusted for repeated testing. To the right, the red outward sloping lines make up the futility region.

The heterogeneity-adjusted information size required to demonstrate or reject a 30% relative risk reduction (a posteriori estimate) in cardiovascular mortality (with an occurrence in the control group of 5.1 person-years, an alpha risk of 5%, and a beta of 20%) is estimated at 5 562 patients (vertical red line).

The cumulative Z-curve cross none of the adjusted boundaries and the required information size is not achieved. Therefore, the result is inconclusive when adjusted for sequential testing on an accumulating number of participants. 

RR = Risk Ratio

Each study is represented by a circle of size proportional to the precision of the estimated effect size (on all-cause mortality), as measured by its standard error (which in turn depends greatly on the number of patients included in each study). The slight decline over time of the best fitting regression line (red dashed line) is not statistically significant: proportion of variance explained by follow-up time (adjusted R²): -6.1%, coefficient: -0.0008, 95%CI: -0.0029 to 0.0014, p = 0.46).

  ) or analyzing multivariate adjusted HR (11 studies [1 RCT, 10 cohort studies], 63 552 patients, RR 0.77, 95%CI 0.70 to 0.84, p < 0.00001) (Figure 3). Mortality in the pooled population was 10.7 per 100 person-years in patients treated with ChEIs and 15.1 per 100 personyears in control patients. The estimated number of patients needed to treat (NNT) to avoid one death was 29 (95%CI 22 to 42).
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Table 1 . Characteristics of included studies

 1 

	Study		Number	Age		MMSE at	Neurological	Cardiovascular			Mean
	Publication		of	(years)		baseline	disease	disease	ChEI		follow-up
	year, Country	Design	patients	Mean ±SD	Dementia type	Mean ±SD	% of patients	% of patients	treatment	Comparator	Months
		Randomized controlled trials								
	Black 2003 Canada	Double-blind	603	73.9 ±0.3	Vascular	21.8 ±0.3	Stroke 72.1%	HTN 68.8% CAD 27.5%	Donepezil	Placebo	6
	Burns 1999 Multinational	Double-blind	818	72 ±0.5	Alzheimer	20.0 ±0.3	NS	NS	Donepezil	Placebo	7
	Burns 2009 Europe*	Double-blind	407	84 ±6	Alzheimer (Mixed: 19.7%)	9.0 ±2.4	39.3%	68.5%	Galantamine	Placebo	6.5
	Dubois 2012 Europe, USA*	Double-blind	550	71.9 ±6.8	Parkinson	21.4 ±3.5	NS	NS	Donepezil	Placebo	6
	Hager 2014 Canada, EU, USA*	Double-blind	2 045	73 ±8.8	Alzheimer	19.0 ±4.1	26.4%	66.8%	Galantamine	Placebo	24
	Homma 2008 Japan	Double-blind	302	78.2 ±8.1	Alzheimer	7.8 ±3.3	NS	NS	Donepezil	Placebo	6
	Howard 2012 UK	Double-blind	295	77.1 ±8.4	Alzheimer	9.1 ±2.6	NS	NS	Donepezil	Placebo	13
	Jia 2017 China	Double-blind	313	70.8 ±9.0	Alzheimer	7.3 ±3.4	NS	NS	Donepezil	Placebo	6
	Mohs 2001 USA	Double-blind	431	75.3 ±0.6	Alzheimer	17.1 ±0.2	NS	NS	Donepezil	Placebo	12
	Tariot 2001 USA	Double-blind	308	85.7	Alzheimer	14.4 ±5.8	NS	NS	Donepezil	Placebo	6
	Winblad 2006 Sweden	Double-blind	248	85 ±6	Alzheimer	6.2 ±3	NS	HTN 27% Heart failure 26%	Donepezil	Placebo	6
	Winblad 2007 Multinational	Double-blind	1 195	74 ±8	Alzheimer	16.5 ±3	NS	NS	Rivastigmine	Placebo	7
		Non-randomized parallel cohorts							
	Gasper 2005 USA	Retrospective, matched controls	10 846	83 ±5.9	Alzheimer 31% Undefined 69%	NS	NS	NS	Donepezil	No ChEI	24
	Hapca 2019 UK	Retrospective	9 142	84.2 ±0.5	Alzheimer	NS	NS	NS	Any ChEI	No ChEI	
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Figure S1. Funnel plot for all-cause mortality

The funnel plot is asymmetric: there are less small studies showing no effect on all-cause mortalitythis is, in the middle and lower right part of the plot -that would have been expected. This indicates a possible publication bias.