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Abstract

Background: In some cases, cholinesterase inhibitors (ChEIls) can amplify the effect of acetylcholine on vagal stimulation of the
heart, which may lead to syncope and bradycardia. Available evidence does not definitively establish this association, and
therefore clinicians may be unaware of it.

Objective: To systematically review and perform a meta-analysis of the risk of bradycardia and syncope in patients with
Alzheimer's Disease and Related Dementias (ADRD) treated with ChEls.

Methods: Our data sources were PubMed, EMBASE, Cochrane Library, and reference lists of relevant articles. Databases were
searched from inception to June 15, 2024. We included randomized controlled trials and observational studies (cohort and case-
control studies). Three reviewers independently extracted data per PRISMA recommendations and assessed the quality of each
study with the National Heart, Lung, and Blood Institute quality assessment tools. We used random-effects modeling to estimate
pooled relative risks (RRs) and their 95% confidence intervals (Cls). The outcomes examined were bradycardia and syncope.

Results: Twenty-five independent studies (sixteen RCTSs, seven cohorts, one case-control, one pragmatic trial; n=258,388) were
included in the systematic review and meta-analysis out of the original 310 studies identified. The median reported age in the
studies included was 76.3 years (range from 70 to 89.2). In most studies (18 out of 25), more than half of the individuals were
female. Additionally, 18 (72%) of the studies included patients with Alzheimer's disease. The overall absolute risk of
bradycardia was 4.63% (95% CI, 1.80-8.55%; 16 studies, n=97,165), and that of syncope was 2.31% (95% ClI, 1.18-3.77%; 16
studies, n= 134,162). Use of ChElsin patients with ADRD was significantly associated with increased risk of bradycardia (RR:
1.23 [95% CI: 1.14-1.33]; 6 studies, n=97,396) and syncope (RR: 1.40 [95% ClI: 1.20-1.64]; 9 studies, n=85,169) compared to
non-use.

Conclusions: This systematic review and meta-analysis suggest that patients with ADRD treated with ChEls have an increased
risk of bradycardia and syncope. Therefore, clinicians should consider the risk of bradycardia and syncope against the benefits of
ChEls when treating patients with ADRD.

(IMIR Preprints 12/02/2025:72510)
DOI: https://doi.org/10.2196/preprints.72510
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ABSTRACT

Background/Importance: In some cases, cholinesterase inhibitors (ChEIs) can amplify the
effect of acetylcholine on vagal stimulation of the heart, which may lead to syncope and
bradycardia. Available evidence does not definitively establish this association, and therefore

clinicians may be unaware of it.

Objective: To systematically review and perform a meta-analysis of the risk of bradycardia and
syncope in patients with Alzheimer's Disease and Related Dementias (ADRD) treated with

ChEIs.

Methods: Our data sources were PubMed, EMBASE, Cochrane Library, and reference lists of
relevant articles. Databases were searched from inception to June 15, 2024. We included
randomized controlled trials and observational studies (cohort and case-control studies). Three
reviewers independently extracted data per PRISMA recommendations and assessed the quality
of each study with the National Heart, Lung, and Blood Institute quality assessment tools. We
used random-effects modeling to estimate pooled relative risks (RRs) and their 95% confidence

intervals (CIs). The outcomes examined were bradycardia and syncope.

Results: Twenty-five independent studies (sixteen RCTs, seven cohorts, one case-control, one
pragmatic trial; n=258,388) were included in the systematic review and meta-analysis out of the
original 310 studies identified. The median reported age in the studies included was 76.3 years
(range from 70 to 89.2). In most studies (18 out of 25), more than half of the individuals were
female. Additionally, 18 (72%) of the studies included patients with Alzheimer’s disease. The

overall absolute risk of bradycardia was 4.63% (95% CI, 1.80-8.55%; 16 studies, n=97,165), and

https://preprints.jmir.org/preprint/72510 [unpublished, non-peer-reviewed preprint]
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that of syncope was 2.31% (95% CI, 1.18-3.77%; 16 studies, n= 134,162). Use of ChEIs in
patients with ADRD was significantly associated with increased risk of bradycardia (RR: 1.23
[95% CI: 1.14-1.33]; 6 studies, n=97,396) and syncope (RR: 1.40 [95% CI: 1.20-1.64]; 9 studies,
n=85,169) compared to non-use.

Conclusions and Relevance: This systematic review and meta-analysis suggest that patients
with ADRD treated with ChEIs have an increased risk of bradycardia and syncope. Therefore,
clinicians should consider the risk of bradycardia and syncope against the benefits of ChElIs

when treating patients with ADRD.

https://preprints.jmir.org/preprint/72510 [unpublished, non-peer-reviewed preprint]
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INTRODUCTION

For most of the 50 million individuals worldwide with Alzheimer's disease and related dementias
(ADRD), cholinesterase inhibitors (ChEIs) are a mainstay of treatment to improve symptoms of
memory loss and potentially forestall behavioral and functional declines."> However, in some
cases, ChEIs can amplify the effect of acetylcholine on vagal stimulation of the heart, which may
lead to syncope, bradycardia,>* and subsequent inappropriate prescribing cascade.>® Available
evidence does not definitively establish the association; however, and therefore clinicians may be
unaware of it. Without awareness of this possible causal relationship, clinicians might even
consider permanent pacemaker insertion>’ in patients receiving ChEIs. To avoid downstream
cascading events such as these,’ it is imperative to first closely examine and synthesize current
evidence of this association and then, if warranted, improve clinician awareness and vigilance.
Randomized clinical trials (RCTs) did not suggest a causal relationship between ChEI use and
bradycardia and syncope because they are primarily statistically powered to establish efficacy
and lack sufficient statistical power to assess safety outcomes,”'* Some observational studies
suggested an association while others did not>*®. Two systematic reviews and meta-analyses of
adverse health outcomes associated with ChEI use indicated that ChEIs use might result in

bradycardia and syncope.'”'®

However, these studies did not perform a focused and
comprehensive assessment of evidence for this relationship. Moreover, since the publication of
these meta-analyses, additional studies providing data on bradycardia and syncope following the

use of ChEIs have been published>'>'>*’. Therefore, this systematic review and meta-analysis

aimed to examine the association of ChEI use with the risk of bradycardia and syncope.

https://preprints.jmir.org/preprint/72510 [unpublished, non-peer-reviewed preprint]
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METHODS
Study Protocol

The protocol for this study was a priori registered with PROSPERO International Prospective

Register of Systematic Reviews (CRD42022308730).* In addition, the study followed the
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 2020 reporting
guideline statement.” Ethical review and informed consent were waived because the study used
secondary data from previous studies.

Data Sources and Searches

We methodically searched PubMed, EMBASE, and Cochrane Library from inception to June 15,
2024. The search criteria included MeSH terms (for PubMed and Cochrane), Emtree terms (for
EMBASE) and text words for 'dementia’ along with terms for 'cholinesterase inhibitors’',
'bradycardia’, and 'syncope' (See Supplement). The search was supplemented by conducting a
secondary search on the reference lists of initially identified studies obtained from the primary
search to find additional relevant articles. We also manually searched for gray literature on
clinical trial registries.

Study Selection

Two reviewers independently searched for RCTs and observational studies of ChEI medications
(donepezil, rivastigmine, or galantamine) that also reported syncope (defined as a temporary loss
of consciousness resulting from a fall in blood pressure),” or bradycardia (defined as heartbeats
fewer than 60 times per minute),* according to predefined inclusion and exclusion criteria.
Studies were eligible when (1) they included persons with ADRD (2) receiving treatment with a
ChEI vs. placebo, a different ChEI, memantine or other drugs (3) reported outcomes of

bradycardia and syncope (4) an RCT or observational study (cohort and/or case-control study).

https://preprints.jmir.org/preprint/72510 [unpublished, non-peer-reviewed preprint]
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Studies of patients with ADRD treated with ChEIs were excluded when (1) they did not report
outcomes of bradycardia and syncope (2) not RCT or observational study. Eligible studies were
identified and independently selected by 2 reviewers who screened titles, abstracts, and citations
and evaluated full-text records using Rayyan-QCRI software (Rayyan).”” We resolved
disagreements in selecting eligible studies through discussions with the research team members
until a consensus was reached.

Data Extraction and Quality Assessments

At least two reviewers independently extracted data using a standardized predefined data
extraction form in Microsoft Excel. Extracted data included the last name of the first author,
publication year, study design, patient mean/median age, patient sex, type of ChEI, comparator,
number of persons in each study arm, number of individuals with either bradycardia or syncope
per study arm, study follow-up duration, study quality, type of dementia, and level of cognition
at baseline (including Mini-Mental State Exam [MMSE] at baseline).

The quality of each included study was assessed independently by three reviewers using the
National Heart, Lung, and Blood Institute quality assessment tools.*® In addition, we resolved
discrepancies in data extraction and study quality assessments through a discussion with the

study team members to reach a consensus.

https://preprints.jmir.org/preprint/72510 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Okekeet d

Data Synthesis

We estimated the pooled absolute risks of the outcomes by conducting a random-effects meta-
analysis of the cumulative incidence (incidence proportions or absolute risk) of bradycardia and
syncope in persons exposed to ChEls. The random-effects model was chosen to account for
variations both within and between studies, providing a more generalized inference of the
potential effects of ChEIs across different populations and study conditions. Additionally, we
estimated the pooled relative risks (RRs) of the outcomes compared to non-use of ChElIs, along
with their 95% confidence intervals (CIs), using random-effects models based on the restricted
maximum likelihood (REML) method.”” The REML method was selected because it is known for

being less biased and more efficient than many other methods, providing reliable estimates.*’

Additional and Sensitivity Analyses

We evaluated heterogeneity using the I* statistic and Cochrane’s Q tests to quantify the
variability across studies. The 12 index provides an estimate of the percentage of variability in
results across studies that is due to real differences rather than chance, with values less than 25%
indicating low heterogeneity, 25%-50% indicating moderate heterogeneity, and over 50%
indicating high heterogeneity.”® Cochrane’s Q test, based on a chi-square distribution, tests the
null hypothesis that the true treatment effect is the same across all studies, with a significant

result suggesting larger variation across studies rather than within individual studies.*®

To assess publication bias, we visually inspected funnel plots, conducted Egger’s and Begg’s
tests, as well as trim and fill adjustment.” These analyses were performed for pooled estimates of

absolute risks for both study outcomes. They were not conducted for pooled RR estimates, as

https://preprints.jmir.org/preprint/72510 [unpublished, non-peer-reviewed preprint]
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these tests have limited statistical power to distinguish funnel plot asymmetry from chance
findings when the number of studies is fewer than ten. **Sensitivity analyses were performed to
affirm the robustness and reliability of the findings. These analyses were based on a leave-one-
out approach, where each study was sequentially excluded to determine its influence on the

overall pooled estimates.”

RESULTS

Search Results

After removing duplicates and other ineligible studies as marked by automation tools, we
retrieved 221 unique citations, 25 of which were selected for inclusion in the systematic review.
We excluded some studies during abstract or full-text screening for reasons that include the
wrong population, intervention, or study designs. Studies written in non-English languages or

lacking abstracts were also excluded. (Figure 1).

Characteristics of Included Studies

Twenty-five independent studies (sixteen RCTs, seven cohorts, one case-control, one pragmatic
trial; n=258,388) were included in the systematic review and meta-analysis out of the original
221 studies identified (Table 1)*'>**>*. Nine of the studies were conducted purely in the United
States'>43941743:485052 = hile the rest were conducted in European countries or in multiple
locations, including the US and Canada. The median reported age in the studies included was
76.3 years (range from 70 to 89.2). In most studies (18 out of 25), more than half of the
individuals were female. A majority of the experimental studies compared ChEIs (donepezil,

32,33,35,41,43,47,48,51,

rivastigmine, galantamine, etc.) to placebo. 533 Some RCTs, however, compared

https://preprints.jmir.org/preprint/72510 [unpublished, non-peer-reviewed preprint]
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ChEI therapy to other ChEIs. 34044430  Qpe retrospective cohort study compared the
outcomes of ChEI interventions to memantine monotherapy or a combination of ChEI and
memantine.>

Risk of Bradycardia and Syncope

The pooled analysis of 16 studies (n=97,165) estimated the absolute risk of bradycardia to be
4.63% (95% CI, 1.80-8.55%) (Fig 2A). Patients treated with ChEIs had a significantly higher
risk of bradycardia compared to those not receiving ChEIs (RR, 1.23; 95% CI, 1.14-1.33; 6
studies; n=97,396) (Fig 2B).

Similarly, the pooled analysis of 16 studies (n=134,162) showed an absolute risk of syncope of
2.31% (95% ClI, 1.18-3.77%) (Fig 3A). After adjusting for publication bias using the trim and fill
method, the estimated risk increased to 9.92% (95% CI, 5.12-16.03). ChEI use was associated
with a significantly increased risk of syncope compared to nonuse (RR: 1.40; 95% CI, 1.20-1.64;

9 studies, n=85,169) (Fig 3B).

Sensitivity and Additional Analyses

Sensitivity analyses for bradycardia indicated that none of the individual studies significantly
influenced the estimated relative risk (RR). Most point estimates were similar to the primary
analysis, and all suggested a significantly increased risk. In contrast, for syncope, one study’
however, the point estimates remained indicative of an increased risk (Fig 4A and 4B).

Regarding publication bias, both Egger's test (p-value = 0.4423) and Begg’s test (p-value =
0.1513) did not suggest significant evidence of publication bias for bradycardia. For syncope,

Egger's test did not reveal significant publication bias (p-value = 0.2302), whereas Begg’s test

indicated possible publication bias (p-value = 0.0034). (Supplement)

https://preprints.jmir.org/preprint/72510 [unpublished, non-peer-reviewed preprint]
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Table 1: Characteristics of included studies

Mean . Study
Author Country of Sal.nple age/Median % Female Stu.d y Treatment Comparator FOIIO‘.N-UP Demenlt 1a MN.[SE at Qualit
Study Size Design Period Type Baseline (SD)
(SD/IQR) y
Elevated
homocysteine:
19.2 (3.9)
Barone, European 342 72.7 (6.6) 34.8% RCT Rivastigmine Placebo 24 weeks PD Good
2008 countries
Normal/low
homocysteine:
19.6 (3.9)
Black, US, UK, gy Donepezil (5
2003 Canada 603 73.9 (0.3) 44.8% RCT and 10 mg) Placebo 24 weeks VaD n/a Good

! Abbreviations: VaD: Vascular dementia, AD: Alzheimer's disease, LBW: Lewy body dementia, PD: Parkinson's disease, MCI: Mild cognitive impairment
2 ChEI(s): Cholinesterase Inhibitors
https://preprints.jmir.org/preprint/72510
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Mean . Study
Author Country of Sal_nple age/Median % Female Stu.d y Treatment Comparator FOHO‘.N-UP Dementia MN.[SE at Qualit
Study Size Design Period Type Baseline (SD)
(SD/IQR) y
Drug
combinations
. with Donepezil
Donepezil (including B-
Bordier, Pragmatic >mg/d x1 adrenoceﬁtor
2006 ’ France 30 80 (6) 83.3% 1%« il month then antagonists, 35 weeks AD n/a Fair
10mg/d x7
months
, amiodarone,
flecainide or
propafenone).
Donepezil 5
1321(1;61;, [ézn Edlz 579 71.2 (51-91) 55.4% RCT mg then 10 Placebo 162 weeks AD 201(0.17)  Good
mg
Galantamine:
8.8(2.4)
2%?;’ Hli?;gfg:“ 407 84 (6) 80.8% RCT Galantamine Placebo 26 weeks AD Good
Placebo:
9.1 (2.4)
Donepezil,
. 2
Campbell, Us 196 80.2 (8.4) 74.0% RCT Galantamine,  other ChEIS"in g (00 ) o AD n/a Poor
2017 or the study
Rivastigmine

https://preprints.jmir.org/preprint/72510
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Mean . Study
Author Country of Sal_nple age/Median % Female Stu.d y Treatment Comparator FOHO‘.N-UP Dementia MN.[SE at Qualit
Study Size Design Period Type Baseline (SD)
(SD/IQR) y
Standard dose:
20.9 (10-26)
Doody, o Donepezil 20 Donepezil 10
2008 us 31 72.1(8.6) 45.2% RCT mg mg + Placebo 24 weeks AD Good
High dose:
22.1 (12-25)
Donepezil:
328 (83.9)
Doody, .
2009 us 778 70.0 (10.0) 45.5% RCT Donepezil Placebo 48 weeks MCI Good
Placebo:
322 (83.2)
Engedal, = Norway and Galantamine Galantamine
2011 Sweden 89 74.6 (0.8) 57.3% RCT fast titration slow titration 12 weeks AD 20.3 (0.4) Good

https://preprints.jmir.org/preprint/72510
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Mean . Study
Author Country of Sal_nple age/Median % Female Stu.d y Treatment Comparator Follm./v-up Dementia MN.[SE at Qualit
Study Size Design Period Type Baseline (SD)
(SD/IQR) y
Donepezil
10mg/d:
13.0 (4.75)
Donepezil Donepezil
Farlow,
2011 us 1434 73.9 (8.5) 62.8% RCT 24 weeks AD Good
23 mg 10 mg
Donepezil
23 mg/d:
13.1 (4.99)
Medicare:
69.9 weeks
Medicare: (32.3-
116.3)
76,233 82 (77-87)
(Medicare:
Fosbol, US and o Any ChEI and . AD, LBW,
2012 Denmark 46,7.37 70.4% Cohort Memantine Donepezil PD n/a Good
Danish: Danish:
29,496) Danish:
133.6
80 (76-84) weeks
(63.4-
223.7)

https://preprints.jmir.org/preprint/72510
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Mean . Study
Author Country of Sal_nple age/Median % Female Stu.d y Treatment Comparator FOHOYV-UP Dementia MN.[SE at Qualit
Study Size Design Period Type Baseline (SD)
(SD/IQR) y
Dementia
Gill, 2009 Canada 81,302 80.4 (7.1) 61.5% Cohort ChEIs Control 104 weeks  (nonspecific n/a Good
)
Hernandez Dement} a
2009 us 11,328 74.0 (11.4) 3.5% Cohort ChEIs No treatment 104 weeks  (nonspecific n/a Good
’ )
Herrmann, o ChEIs 3 4 .
2016 Canada 40 89.2 (3.5) 20.0% RCT (continuation) Placebo 8 weeks AD 8.1(5.2) Fair
9.5mg/24hr -
Isik, 2020 Turkey 57 80.77 (6.04) 63.2% Cohort 13."3 rng/Zé}hr Baseline 4 weeks LBD 15.77 (4.54) Good
Rivastigmine
patch
Kroger The Rivastigmine, Unexposed
20‘(1;2 ’ Netherlands 3,358 76.3 (7) 52.6% Cohort Galantamine period (patient 464 weeks AD n/a Good
or both as control)
Donepezil
Mohs, o 5mg/d x28
2001 us 431 75.3 (0.6) 62.9% RCT days then 10 Placebo 52 weeks AD 17.1(0.2) Good
mg/day

3 Tapered off ChEI x2wk, then Placebo x6wk
https://preprimg NHErg/preprint/ 72510
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Mean . Study
Author Country of Sal_nple age/Median % Female Stu.d y Treatment Comparator FOHO‘.N-UP Dementia MN.[SE at Qualit
Study Size Design Period Type Baseline (SD)
(SD/IQR) y
Nakamura 1-step titration  3-step titration
2015 Japan 215 77.5(6.21) 67.4% RCT Rivastigmine Rivastigmine 24 weeks AD 17.1 (2.74) Good
’ patch patch
Park- Case- Unexposed
Wyllie, Canada 627 83 (5.4) 51.0% ChEIs period (patient 274 weeks AD n/a Good
Control
2009 as control)
Razsgla‘;m’ Italy 5,462 76 (7) 68.3% Cohort ChEISs® Placebo 122 weeks AD 18.2 (3.9) Good
4.6 mg/24 hr
Rivastigmine
Sadowski, US 261 77.3 (8.04) 57.9% RCT __parch Baseline 25 weeks AD 18.3 (3.99) Good
2009 (immediate vs
delayed
switch)
Memantine
monotherapy;
San-Juan- ChEIs
Rodriguez us 73,475 81.8 (8.3) 72.2% Cohort inhibitor 156 weeks AD n/a Good
, 2019 monotherapy
Combo of
ChElIs inhibitor

+ memantine

https://preprintsjimi DegpbeRri /g vastigmine < 6 mg ,Galantamine < 16 mg; High = Donepezil 10 mg, Rivastigmine > 6 mg, Galantamine > 16 mg
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Mean . Study
Author Country of Sal_nple age/Median % Female Stu.d y Treatment Comparator FOHO‘.N-UP Dementia MN.[SE at Qualit
Study Size Design Period Type Baseline (SD)
(SD/IQR) y
Placebo:
14.4 (5.8)
Tariot, US 208 83.9 (28.4) 79.3% RCT Donepezil 10 Placebo 24 weeks AD Good
2001 mg
Donepezil:
14.4 (5.4)
Donepezil:
Denmark, 19.37 (4.37)
Finland, .
Winblad Norway, Donepezil 5
’ ’ 286 72.5(8.3) 64.3% RCT mg x 28 days Placebo 52 weeks AD Good
2001 Sweden and then 10 me ad
The &d
Netherlands Placebo:
19.26 (4.54)
https://preprints.jmir.org/preprint/72510 [unpublished, non-peer-reviewed preprint]
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Mean . Study
Author Country of Sal_nple age/Median % Female Stu.d y Treatment Comparator FOHO‘.N-UP Dementia MN.[SE at Qualit
Study Size Design Period Type Baseline (SD)
(SD/IQR) y
Placebo:
22.2(0.3)
. Donepezil 5mg/
Donepezil d:
5mg
R US, Europe 21.8 (0.3
Wllzkéggon, Canada and 616 75.0 (0.3) 40.1% RCT Placebo 24 weeks VaD 03) Good
Australia
Donepezil
10mg .
Donepezil
10 mg/d:
20.6 (0.7)

https://preprints.jmir.org/preprint/72510
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DISCUSSION

This systematic review and meta-analysis of 25 studies involving 258,388 patients with ADRD
demonstrated that ChEI use is associated with cardiovascular (CV) risks. In treated patients, both
bradycardia and syncope occurred at clinically important absolute rates of approximately 5% and
10%, respectively. While the relative increases in risk were modest, they warrant careful
consideration given the vulnerability of this population. Sensitivity analyses supported the
robustness of these findings. These results have important implications for patient care,
particularly regarding CV monitoring and risk assessment when initiating or continuing ChEI

therapy.

The findings of this study are consistent with previous meta-analyses that have demonstrated
increased risks of syncope and bradycardia following ChEI use.'®>>” These increased risks are
biologically plausible, as ChEIs elevate acetylcholine levels in the brain to manage cognitive
symptoms in patients with ADRD.*® This same mechanism can lead to overstimulation of
cholinergic receptors in the heart, resulting in increased vagal tone, which can cause bradycardia
and hypotension.”® Hypotension, in turn, may lead to syncope, especially in older adults who
often have a diminished autonomic reserve and are more susceptible to CV side effects.**® This
biological pathway supports the findings of the meta-analysis, reinforcing the concern that ChEIs
can pose significant CV risks in this vulnerable population. Point estimates from the sensitivity
analysis continued to suggest increased risk, although one study changed the pooled estimate of
the syncope risk.” This corroborates with the results from a previous meta-analysis of
randomized controlled trials, which showed that excluding any single study did not materially

affect the pooled odds ratios (OR) of increased risk of syncope, fall, and fracture.”
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The absolute risk estimates of 5% for bradycardia and 9% for syncope are clinically meaningful
and demand careful attention. In patients with ADRD, who are already vulnerable due to age and
cognitive impairment, such increases in risk can lead to serious adverse outcomes. Syncope in
older adults with dementia often results in falls, leading to fractures, hospitalizations, and a rapid
decline in functional status. Similarly, bradycardia can necessitate discontinuing ChEIs or require
interventions like pacemaker insertion,®® particularly in patients with symptomatic bradycardia
or underlying cardiac conduction abnormalities. These CV events not only impact patient safety
and quality of life but also place additional burdens on caregivers and healthcare systems.

Given these findings, clinicians should carefully balance the cognitive benefits of ChEIs against
their potential CV risks when treating patients with dementia. Regular monitoring for signs of
bradycardia and syncope is essential, as early detection and intervention can mitigate adverse
outcomes. If such symptoms occur, it may be necessary to reevaluate the use of ChElIs,
considering dose reduction or discontinuation depending on the severity of the side effects.
Additionally, educating patients and caregivers about recognizing these symptoms and knowing
when to seek medical attention is critical for ensuring patient safety. The goal is to optimize
cognitive function while minimizing harm, tailoring treatment strategies to each patient's CV

profile and overall health status.

Heterogeneity, Sensitivity Analysis, and Publication Bias
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To account for the observed heterogeneity, the meta-analysis employed random-effects modeling,
which incorporates both within-study and between-study variability.®* This approach ensures a
more conservative and robust estimate of the pooled effect, recognizing that the true effect size
may differ among studies and thereby enhancing the generalizability of the findings.®

Sensitivity analyses further supported the robustness of the results. For bradycardia, the findings
remained consistent even when individual studies were omitted, indicating stability in the
estimated effect. However, for syncope, the results were sensitive to the inclusion of the Gill
study®; omitting this high-quality study affected the observed increase in relative risk. Therefore,
its inclusion strengthens the reliability of the results.

The assessment of publication bias revealed nuanced findings. For bradycardia, there was no
significant evidence of publication bias, supporting the reliability of the risk estimates. In
contrast, the results for syncope suggested potential concerns. While Egger’s test did not indicate
significant bias, Begg’s test suggested possible funnel plot asymmetry, implying some degree of
publication bias. The trim-and-fill method revealed higher adjusted estimates for syncope than
those in the primary analysis, suggesting that the initial analysis may have underestimated the
true risk associated with ChEIs.* This underscores the need for clinicians to monitor patients

closely for syncope, as the risk may be greater than previously anticipated.

Strengths and Limitations

This study provides centralized evidence on the risk of bradycardia and syncope associated with
ChEI use, enhancing previous analyses by emphasizing absolute risks in the exposed group.
Estimating and reporting absolute risks, which were not in previous studies offers clinically

meaningful insights, as it allows clinicians to interpret RR and OR within the context of actual
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event rates. This is crucial because a low absolute risk may render even a large increase in RR or
OR clinically insignificant, while a high absolute risk can make a small increase clinically
important.**®

The interpretation of these study findings must consider several limitations. First, although this
systematic review included studies investigating bradycardia and syncope in non-Alzheimer's
dementias (such as vascular dementia and Parkinson’s disease), the primary studies often did not
report results separately by dementia subtype. This lack of stratified data precluded our ability to
estimate risks specific to each type of dementia. Second, we could not ascertain the impact of
certain co-prescribed medications, such as antipsychotics, antihypertensives, and antidepressants,
on the findings because some included studies did not adjust for these variables in their analyses.

Finally, the study did not assess the specific contributions of individual ChEIs due to limited and

inconsistent reporting.

CONCLUSION

This systematic review and meta-analysis demonstrated an association between ChEI use and an
increased risk of syncope and bradycardia in patients with ADRD. The findings support current
guideline recommendations for careful CV monitoring of patients taking ChEIls. Clinicians
should balance the cognitive benefits of these medications against the potential for CV adverse
events, incorporating these considerations into shared decision-making with patients and
caregivers. Future research should explore individual ChEI effects and patient-specific factors to

refine risk assessment and personalize treatment strategies.
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Fig 2A: Random effect meta-analysis of the association between ChEI use and the absolute /cumulative risk of
bradycardia among exposed patients
Fig 2B: Random effect meta-analysis of the association between ChEI use and the relative risk of bradycardia
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Fig 3A: Random effect meta-analysis of the association between ChEI use and the absolute /cumulative risk of
syncope among exposed patients
Fig 3B: Random effect meta-analysis of the association between ChEI use and the relative risk of syncope
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A. Sensitivity Analysis for the Relative Risk of Bradycardia
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B. Sensitivity Analysis for the Relative Risk of Syncope
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Fig 4A: One-study removal sensitivity analysis of the association between ChEI use and the relative risk of
bradycardia

Fig 4B: One-study removal sensitivity analysis of the association between ChEI use and the relative risk of syncope
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Multimedia Appendixes

PRISMA diagram.
URL.: http://asset.jmir.pub/assets/14aa7ccd063f8c763072da94ec06f6a5.docx
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