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Abstract

Background—Conflicting evidence exists on whether cholinesterase inhibitors and memantine

increase the risk of falls, syncope, and related events, defined as fracture and accidental injury.

Objectives—To evaluate the effect of cholinesterase inhibitors and memantine on the risk of

falls, syncope, and related events

Design, Setting, Participants, and Intervention—Meta-analysis of 54 placebo-controlled

randomized trials and extension studies of cholinesterase inhibitors and memantine that reported

falls, syncope, and related events in cognitively impaired older adults. Trials were identified from

MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials (no language restriction,

through July 2009), and manual search.

Measurements—Falls, syncope, fracture, and accidental injury

Results—Compared to placebo, cholinesterase inhibitor use was associated with an increased

risk of syncope (odds ratio [95% confidence interval]: 1.53 [1.02-2.30]), but not with other events

(falls: 0.88 [0.74-1.04]; fracture: 1.39 [0.75-2.56]; accidental injury: 1.13 [0.87-1.45]). Memantine

use was associated with fewer fractures (0.21 [0.05-0.85]), but not with other events (fall: 0.92

[0.72-1.18]; syncope: 1.04 [0.35-3.04]; accidental injury: 0.80 [0.56-1.12]). There was no

differential effect by type and severity of cognitive impairment, residential status, nor length of

follow-up. However, due to underreporting and small number of events, a potential benefit or risk

cannot be excluded.

Corresponding Author: Dae Hyun Kim, MD, MPH 110 Francis Street, LMOB Suite 1A, Boston, MA 02215, USA Tel:
617-632-8696; Fax: 617-632-8968; dkim2@bidmc.harvard.edu. Alternate Corresponding Author: Sarah D. Berry, MD, MPH 1200
Centre Street, Boston, MA 02131, USA Tel: 617-971-5355; Fax: 617-971-5339; SarahBerry@hrca.harvard.edu.

Presentaion: The abstract was presented at the Presidential Poster Session of the 2010 American Geriatrics Society Annual Scientific

Meeting, Orlando, FL, on May 13, 2010.

AUTHOR CONTRIBUTIONS

DHK contributed to the study conception and design, data collection, statistical analysis and interpretation of the data, drafting of the

manuscript and revising it for important intellectual content. RTB contributed to data collection, interpretation of the data, and

revising the manuscript for important intellectual content. ELD contributed to statistical analysis and interpretation of the data and

revising the manuscript for important intellectual content. DPK contributed to the study design, interpretation of the data, and revising

the manuscript for important intellectual content. SDB contributed to the study conception and design, data collection, interpretation

of the data, and revising the manuscript for important intellectual content. All authors have reviewed and approved the final version of

the manuscript.

CONFLICT OF INTEREST

DPK has grant support from Merck, Wyeth, Novartis, Pfizer, and Amgen, and has served as a consultant to Merck, Wyeth, Lilly,

Novartis, GSK, Amgen, and Procter & Gamble. SDB has grant support from Merck, Pfizer, Amgen, and GSK. The other authors

declare no interests relevant to the submitted work.

NIH Public Access
Author Manuscript
J Am Geriatr Soc. Author manuscript; available in PMC 2012 June 7.

Published in final edited form as:

J Am Geriatr Soc. 2011 June ; 59(6): 1019–1031. doi:10.1111/j.1532-5415.2011.03450.x.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



Conclusion—Cholinesterase inhibitors may increase the risk of syncope, with no effects on

falls, fracture, and accidental injury in cognitively impaired older adults. Memantine may have a

favorable effect on fracture, with no effects on other events. More research is needed to confirm

the reduction in fractures observed for memantine.
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INTRODUCTION

Approximately two thirds of cognitively impaired older adults fall annually,1 a rate that is

two- to eight-fold greater than generally healthy older adults.2;3 Physical, psychological, and

economic consequences of falls in older persons are considerable, including morbidity and

mortality from injury, institutionalization, and substantial healthcare costs.2;4;5 Older

persons with dementia are particularly prone to these undesirable consequences of falls.2

Impaired gait and balance,6 limited attention,7 psychotropic medications,8 behavioral risk

factors,9 and orthostatic hypotension10 may contribute to falls among older adults with

dementia. Although multifactorial interventions have proved effective in reducing falls,11

the evidence that such interventions work effectively for persons with dementia or who are

institutionalized is very limited.12;13

Cholinesterase inhibitors and the N-methyl-D-aspartate (NMDA) receptor antagonist

memantine, are widely prescribed to treat symptoms of Alzheimer's disease (AD) and other

dementias.14 Despite their common use, little is known about the impact of these

medications on gait, falls, and fall-related adverse events. Safety data from randomized

controlled trials have been limited to individual agents or specific dementia types, or not

focused on fall-related adverse events.15-18 A few small studies suggest that cholinesterase

inhibitors may reduce falls as they improve gait and balance control, possibly through their

positive effects on attention and executive function.19;20 By contrast, there have been several

case reports of falls, syncope, and accidental injuries related to cholinesterase inhibitors and

memantine.21-24 Recently, a large population-based cohort study showed higher rates of

syncope, pacemaker insertion, and hip fracture among dementia patients on cholinesterase

inhibitors.25

This systematic review and meta-analysis of randomized controlled trials was conducted to

evaluate the effect of cholinesterase inhibitors (donepezil, galantamine, rivastigmine, and

tacrine) and the NMDA antagonist memantine on the risk of falls and fall-related adverse

events (syncope, fracture, and accidental injury) in older adults with mild cognitive

impairment and dementia. We also examined whether the risk of falls varied by the type and

severity of cognitive impairment, residential status, and length of treatment.

METHODS

Data Sources and Searches

We performed a systematic search of MEDLINE, EMBASE, and Cochrane Central Register

of Controlled Trials, with no language restriction, from inception through July 2009, to

identify all randomized controlled trials of cholinesterase inhibitors (donepezil, galantamine,

rivastigmine, and tacrine) and the NMDA antagonist memantine, using the following terms

and their variants: donepezil, galantamine, rivastigmine, tacrine, memantine, dementia,

Alzheimer, Lewy body, Parkinson, cognitive impairment, and randomized controlled trials

(our review protocol is provided in appendix 1). We did not use any specific adverse

outcome terms in our search, because a sizable number of reports did not contain text words
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or indexing terms reflecting adverse events.26;27 In order to identify unpublished safety data

of randomized controlled trials, we manually searched the reference lists of the Cochrane

Collaboration systematic reviews and selected review articles, pharmaceutical clinical trial

registries, and the medical and safety review documents of the Food and Drug

Administration (FDA) new drug application available online

(http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/, accessed July 21, 2009).

Study Selection

At least two investigators independently evaluated all references for their eligibility and any

disagreements were resolved by consensus. A report was eligible if it was a randomized

placebo-controlled trial or its extension study of any cholinesterase inhibitor or memantine

conducted in patients with AD, vascular dementia (VD) or mixed dementia, Parkinson

disease with dementia (PDD), dementia with Lewy body (DLB), frontotemporal dementia,

or mild cognitive impairment (MCI).

We excluded protocol or design papers, review articles, or commentaries; trials evaluating

interventions other than cholinesterase inhibitors or memantine; trials with no placebo

group; trials of cross-over design; trials not conducted in patients with dementia or MCI;

studies not conducted in humans; and reports of secondary analysis of randomized

controlled trials with no additional data on falls, syncope, fracture, and accidental injury. All

identified references were manually examined for their report of falls, syncope, and related

adverse events and 54 references that contained information on at least one type of events

were included (Figure 1).

Data Extraction and Quality Assessment

The main study outcomes were falls or fall-related adverse events, defined as syncope,

fracture, or accidental injury. Because falls and fall-related adverse events were not the

primary outcome of the individual studies, few studies described in detail how these events

were defined or ascertained. Adverse events that emerged after the initiation of treatment, or

“treatment-emergent adverse events”, were extracted when reported. Using a standardized

form, at least two investigators independently extracted data on first author, study title,

publication year, country, funding source, mean age, gender, and mini-mental state

examination (MMSE) score, type and severity of cognitive impairment, residential status

(community versus nursing home), regimen and duration of treatment, sample size, length of

follow-up, and the number of main outcome events. Unpublished safety data in FDA

documents were examined to supplement published data. Any disagreements were resolved

by consensus.

The severity of cognitive impairment was defined, using the mean MMSE scores: mild if

MMSE score > 20; mild-to-moderate if MMSE score 16-20; moderate-to-severe if MMSE

score 11-15; and severe if MMSE score ≤ 10. When the mean MMSE was not reported,

qualitative descriptions were used.28-30 Trials were assumed to have been conducted in the

community setting, unless specific descriptions of the nursing home or residential care

setting were provided. This assumption was justified, because trials31-59 that did not provide

detailed information on residential status were conducted in participants with mild-to-

moderate cognitive impairment.

According to available guidelines on harms reporting,27;60 we examined two important

aspects of the quality assessment of adverse event data: the rigorousness of monitoring and

the quality of reporting. The rigorousness of monitoring was assessed using the following

criteria: 1) description of the methods for adverse event monitoring; 2) use of standardized

and validated definitions of adverse events; and 3) use of active surveillance versus passive
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monitoring. The quality of reporting was assessed based on whether the study reported all

events versus selected events observed above a certain frequency. Because most reports did

not provide detailed information on each adverse event, we assessed the quality of overall

adverse event reporting rather than specific adverse events. We also examined the adequacy

of a given trial according to the following quality standards: generation of random

sequences, concealment of randomization, blinding of participants, and blinding of outcome

assessors to treatment group. If there was not enough information to assess the quality, it

was assumed inadequate.

Data Synthesis and Analysis

Trials of cholinesterase inhibitors were analyzed separately from trials of memantine, due to

their differences in pharmacologic properties. For each adverse outcome, the pooled odds

ratio (OR) and 95% confidence intervals (CIs) comparing cholinesterase inhibitors and

memantine versus placebo were calculated using a random-effects model by DerSimonian

and Laird.61 When no events occurred in a treatment arm, we added 0.5 to each cell to

calculate the OR and 95% CI. When more than one dose or formulation was used, the doses

were combined into a single group and compared with placebo. Between-study

heterogeneity was assessed by the Cochran Q test and the I2 statistic.62

Prespecified subgroup meta-analysis and meta-regression analysis were performed to

evaluate whether the risk of fall-related adverse events differed by the type (AD, VD or

mixed dementia, PDD or DLB, and MCI) and severity of cognitive impairment (mild, mild-

to-moderate, moderate-to-severe, and severe), residential status, and length of follow-up (< 6

months, 6-11 months, 12-17 months, and ≥ 18 months). In the subgroup analysis by the

length of follow-up, data from both placebo-controlled, blind phase and open-label

extension phase were included.

Three sensitivity analyses were performed. First, we repeated main analyses after including

studies with complete follow-up (placebo-controlled, blind phase and open-label extension

phase). Second, we analyzed studies with total sample size ≥ 500 to minimize the influence

of small studies where fall-related adverse events were infrequent. Third, we examined the

robustness of the overall estimate and influence of each study on the pooled estimate by

excluding one study at a time. In addition, we assessed whether various measures of poor

study quality were associated with fall-related adverse events. Publication bias was

examined graphically via Begg's funnel plot and rank adjusted correlation test63 as well as

Egger's weighted regression test.64 All analyses were performed with Stata SE version 11

(StataCorp, College Station, TX) and two-sided P < 0.05 was considered statistically

significant.

RESULTS

The characteristics of the included studies are summarized in Appendix 2. There were 40

studies of cholinesterase inhibitors (16 donepezil,28;37;44;50;51;58;59;65-73 17

galantamine,30;34;38-40;42;43;48;49;52;53;55-57;74;75 6 rivastigmine,33;35;36;41;47;76 and 1

tacrine54) and 14 studies29;31;32;45;46;77-88 of memantine, including 1133;54-56;65;82;84-88

unpublished and 1432;33;39;40;43;45;47;49;52;55;56;79;82;84;88 open-label extension studies. The

study participants averaged 69 to 86 years of age, 15 to 67% male, and had mean scores of 6

to 27 on MMSE. Diagnosis was AD in 39 studies28;29;38;40;43-46;48-51;53-57;59;67-76;78-82;84-88

or VD or mixed dementia in 10 studies.33-35;37;39;42;52;58;65;77 Cognitive impairment was

mild or mild-to-moderate in 39 studies.30;32-53;55-59;65;66;68;70;71;75-77;80-82 Five

studies28;72-74;85 were conducted in nursing home residents. Total sample size was < 500 in

31 studies28;29;32;36;39;40;44-47;49-52;54;59;67-74;78-82;85;86;88 and the duration was

shorter than one year in 38 studies.28;29;34-38;41;42;46;48;50;51;53-58;65-78;80;81;85-87
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Only 1629;32;38;45;46;48;53;55;56;58;59;71;73;75;82;84;85;87;88 reported 3 or more

types of the events of interest.

Meta-Analysis of Cholinesterase Inhibitors

Meta-analysis of cholinesterase inhibitors pooled data from 40 studies that included 9882

participants and 589 events for falls; 8227 participants and 131 events for syncope; 3554

participants and 50 events for fracture; and 13001 participants and 828 events for accidental

injury. The pooled ORs (95% CIs) comparing cholinesterase inhibitors and placebo were

0.88 (0.74-1.04; P = 0.14) for fall, 1.53 (1.02-2.30; P = 0.04) for syncope, 1.39 (0.75-2.56; P

= 0.29) for fracture, and 1.13 (0.87-1.45; P = 0.37) for accidental injury (Figure 2). There

was no evidence of subgroup differences in effects for fall, syncope, and fracture, but there

was moderate heterogeneity for accidental injury. Notably, in subgroup analyses, the risk of

syncope somewhat differed by type of cognitive impairment (P = 0.05), with higher pooled

ORs (95% CI) of 1.90 (1.14-3.15; P = 0.01) for AD and 3.99 (0.44-35.9) for MCI (Table 1).

Otherwise, there was little variation by the type and severity of cognitive impairment,

residential status, and length of follow-up (P > 0.05 for all other subgroups).

Meta-Analysis of Memantine

Meta-analysis of memantine pooled data from 14 studies that included 3584 participants and

304 events for fall; 1695 participants and 15 events for syncope; 976 participants and 13

events for fracture; and 3285 participants and 163 events for accidental injury. The pooled

ORs (95% CIs) were 0.92 (0.72-1.18; P = 0.51) for fall, 1.04 (0.36-3.04; P = 0.95) for

syncope, 0.21 (0.05-0.85; P = 0.03) for fracture, and 0.80 (0.56-1.12; P = 0.19) for

accidental injury (Figure 3). There were no significant subgroup differences in the results on

any fall-related adverse events. Subgroup analyses were limited by small number of trials

(Table 2), but there was no significant variation in the risk of fall-related adverse events by

subgroups (P > 0.05 for all subgroups).

Sensitivity Analyses and Publication Bias

When the main analyses were repeated including studies with complete follow-up or studies

with total sample size ≥ 500, the pooled ORs were consistent with the original results (data

not shown). In addition, the pooled ORs were not materially affected by the results from

exclusion of any single study. When the influence of study quality criteria on the pooled

estimates was examined, we found no significant differences by individual study quality

criteria (P > 0.05; Appendix 3 and 4). Consistent with the earlier findings of no differences

in estimates by sample size, there was also no evidence of publication bias based on

graphical examination of funnel plots, Begg's rank adjusted correlation test, nor Egger's

weighted regression test.

DISCUSSION

In our meta-analysis of randomized controlled trials, cholinesterase inhibitor use appear to

increase the risk of syncope, but have no statistically significant effect on falls, fracture, and

accidental injury. We found that memantine use had no statistically significant effect on

falls, syncope, and accidental injury, but appeared to reduce the risk of fracture. Subgroup

analyses did not suggest that the risk of falls and fall-related adverse events differed by type

and severity of cognitive impairment, residential status, or length of follow-up.

Our finding that cholinesterase inhibitors increase the risk of syncope can be explained by

the known effect of these drugs on cardioinhibition and bradyarrhythmia through

augmentation of parasympathetic activity.89 Neurocardiovascular instability, including

bradyarrhythmia and hypotension, is prevalent among older adults with dementia and
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cognitive impairment and may lead to falls, syncope, and cerebral microvascular

pathology.90 These responses can be exacerbated by cholinesterase inhibitors. The pooled

estimate from our meta-analysis is consistent with a large population-based Canadian study

that found cholinesterase inhibitor use was associated with a 1.76-fold increase in the rate of

hospitalization for syncope.25 Although the product label of cholinesterase inhibitors

includes a potential risk of bradycardia and syncope, these medications are often continued

following hospitalization for syncope or bradycardia. Given that syncope can result in other

adverse consequences, such as falls, fracture, accidental injury, and car accidents, clinicians

should not overlook a significant increase in the risk of syncope that was suggested in

observational studies and confirmed in our meta-analysis.

We did not find a statistically significant effect of cholinesterase inhibitors on falls, fracture,

or accidental injury. However, due to small number and possible underreporting of events,

we cannot exclude the possibility of small benefits or harms. Previous studies have

suggested that cholinesterase inhibitors are associated with improved gait speed and

variability in patients with AD.19;20 A double-blind, placebo-controlled, randomized trial

(NCT00934531) is underway to evaluate the effect of donepezil on gait velocity, variability,

and balance in older adults with MCI. Similarly, we did not find any statistically significant

increase in fractures associated with cholinesterase inhibitor use. However, this is consistent

with 1.18-fold increase in the rate of hip fracture from a previously reported population-

based cohort study.25 Although the direct effects of cholinesterase inhibitors on bone

mineral density or falls are not known, it is possible that the risk of fractures may increase as

a consequence of syncopal events. In addition, there was moderate between-study

heterogeneity on accidental injury for cholinesterase inhibitors, indicating that more

variations exist in the study results than would be expected by chance alone. The

heterogeneity was not explained by the difference in study population and design

characteristics that were considered.

Our finding that memantine is associated with a large reduction in fractures is intriguing.

Glutamate is a major excitatory neurotransmitter found in the central nervous system as well

as in non-neural peripheral tissues, including bone. The role of glutamate in bone formation

and remodeling is not fully understood, but animal and experimental studies have

demonstrated that NMDA-receptor agonists promote osteoblast differentiation and

osteoclastogenesis, and that NMDA-receptor antagonists inhibit osteoclast formation.91;92

To date, we are not aware of any studies that have examined the effect of memantine on

markers of bone turnover, bone mineral density, or fracture. Given that the data were

extracted from three small unpublished studies, our finding should be viewed as hypothesis-

generating, rather than confirmatory. Future studies should be conducted to replicate our

findings. While we did not find any harmful effects of memantine on falls or fall-related

adverse events, we cannot eliminate the possibility of any small benefits or harms.

Memantine can cause dizziness and elevated blood pressure due to its dopaminergic and

antimuscarinic properties. Other cardiovascular effects of memantine have not been studied

in humans. Studies in rats have shown that NMDA receptors are present in cardiovascular

tissues and produce positive inotropic and negative chronotropic effects.93;94 Adverse

cardiac events, including bradycardia, orthostatic hypotension with fall, fainting, heart

failure, and sudden death have been reported in a pharmacovigilance study, but a causal

relationship could not be established due to its descriptive design, underreporting, and

concurrent use of other agents that are well-known to induce bradycardia.23

Strengths and Limitations

Our meta-analysis has several strengths. First, we manually searched various sources to

identify unpublished sources and complement published studies. There was no evidence of

publication bias. Therefore, our work contributes to the literature by providing a more
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comprehensive, unbiased view on the safety of cholinesterase inhibitors and memantine in

relation to falls and related adverse events that are associated with adverse health outcomes

and substantial health care expenditure in older adults. Second, we conducted sensitivity

analyses to test the robustness of our findings by repeating our analysis including studies

with complete follow-up and studies with larger sample size. We also examined the

influence of individual studies on the pooled estimates. Our results remained consistent

under different assumptions. Third, since our findings came from randomized controlled

trials, residual confounding is unlikely.

Conducting a systematic review that evaluates harms of an intervention is often challenged

with difficulty in finding such data.26 First, underreporting of falls, syncope, and related

events was common. Our systematic search identified 156 potentially eligible randomized

controlled trials, but only 54 reported data on at least one type of fall-related adverse event

and 16 reported data on three or more types of adverse events. Despite our best efforts to

identify both published and unpublished safety data from various sources, the number of

fall-related events reported was much lower than the rates estimated from previous

observational studies, even after considering the difference in follow-up duration. This

suggests that falls, syncope, and related events may have been systematically underreported

or that participants in randomized controlled trials are generally healthier than cognitively

impaired adults who did not participate. In addition, if those assigned to cholinesterase

inhibitors or memantine were more likely to drop out than those assigned to placebo during

the study, the reported number of events could be smaller in the active treatment arm due to

shorter follow-up time. Both scenarios would lead to underestimation of the potentially

important risks of fall-related adverse events associated with these medications.

Nonetheless, this limitation does not reduce the importance of our review. Our findings were

consistent with those from observational studies. Furthermore, the absence of publication

bias further supports the validity of our findings.

Second, trials did not provide detailed information on how falls, syncope, and related events

were defined, monitored, and reported. Although falls can be recorded more accurately by

using fall calendars, it is often not practical in the setting of clinical trials in which falls are

not the main outcome of interest. As a result, a non-differential misclassification of the

events might occur and bias the results toward the null. In addition, we recognize that we

evaluated the quality of overall adverse events monitoring and reporting, rather than

focusing on specific fall-related adverse events, which might have caused misclassification

in assessing study quality. However, in our sensitivity analysis, the results were similar

between trials that indicated the use of standardized definitions of adverse events and trials

that did not.

Third, there are few quality assessment tools for reporting harms.27 We assessed the

rigorousness of monitoring and the quality of reporting by adopting previously suggested

criteria,60 in addition to commonly used quality criteria. We were not able to find a set of

quality criteria that were uniformly associated with either exaggerated or attenuated effect.

Further efforts are needed to develop appropriate tools for reporting harm.

Furthermore, the number of included trials for a certain outcome of interest, in particular,

fracture, was small. As a result, we were not able to detect any meaningful variations in the

effects of treatment by subgroups and quality criteria. Although we found significant

variations by type of cognitive impairment in the effect of cholinesterase inhibitors on

syncope, the variation was mostly driven by imprecise estimates from studies of PDD or

DLB and MCI. Finally, the majority of participants in randomized controlled trials had mild

or mild-to-moderate degree of cognitive impairment and were living in the community,

thereby limiting generalizability of our findings to a broader population of severely
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cognitively impaired, institutionalized older adults. If the true effect of cholinesterase

inhibitors on syncope were larger in those with severe cognitive impairment and other

multiple comorbidities, our results would underestimate the causal effect at a population

level.

Conclusions and Implications

Our meta-analysis of randomized controlled trials provides further support and complements

existing evidence from observational studies, by showing that cholinesterase inhibitors may

increase the risk of syncope. We observed that cholinesterase inhibitors have little effect on

falls, fracture, or accidental injury, and memantine appears to have little effect on fall,

syncope, or accidental injury. Nonetheless, our review does not exclude a potentially

significant risk due to underreporting and small number of outcome events. In addition,

whether memantine reduces the risk of fracture needs to be confirmed in future prospective

studies.

Considering the public health impact of fall-related adverse events and the potential causal

role of medications in such events among older adults with cognitive impairment, these

events should be routinely included in trial reports. Furthermore, more high-quality

observational research is warranted to evaluate the impact of these agents on fall-related

adverse events in a more representative population.
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Figure 1. Study Selection.

Abbreviation: RCT, randomized controlled trial.

* Not mutually exclusive.
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Figure 2. Meta-Analysis of Cholinesterase Inhibitors and Falls, Syncope, and Related Events.*†

Abbreviations: CI, confidence interval; Don, donepezil; Gal, galantamine; OR, odds ratio;

Riv, rivastigmine; Tac, tacrine.

* Pooled odds ratio and 95% confidence interval of each study are represented by a square

and a horizontal line, respectively. The size of a square is proportional to the weight of the

study.

† I2 measures the proportion of heterogeneity in individual studies that cannot be explained

by chance.
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Figure 3. Meta-Analysis of Memantine and Falls, Syncope, and Related Events.*†

Abbreviations: CI, confidence interval; OR, odds ratio.

* Pooled odds ratio and 95% confidence interval of each study are represented by a square

and a horizontal line, respectively. The size of a square is proportional to the weight of the

study.

† I2 measures the proportion of heterogeneity in individual studies that cannot be explained

by chance.
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