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Cardiovascular Outcomes of Cholinesterase Inhibitors in
Individuals with Dementia: A Meta-Analysis and Systematic

Review

Ahmet Turan Isik, MD,*' Pinar Soysal, MD,*' Brendon Stubbs, PhD,”*$! Marco Solmi, MD,T
Cristina Basso, MD, PhD, Stefania Maggi, MD, PhD,** Patricia Schofield, PhD,’
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OBJECTIVES: To evaluate the cardiovascular (CV) effects
of acetylcholinesterase inhibitors (AChEIs) in individuals
with dementia

DESIGN: Systematic review and meta-analysis.

SETTING: Two authors independently searched major
electronic databases from inception until June 17, 2017,
for longitudinal (without a control group) and cohort
(with a control group) studies reporting CV outcomes in
relation to AChEIs. Randomized controlled trials were
excluded because they included relatively healthy subjects.
PARTICIPANTS: Individuals with dementia and controls.
MEASUREMENTS: Changes in CV parameters were sum-
marized using standardized mean differences (SMDs) with
95% confidence intervals (Cls). Event rates were used to
assess incidence of hypertension and bradycardia. Inci-
dence of CV events in demented patients versus in healthy
controls were compared using hazard ratios (HRs).
RESULTS: Of 4,588 initial hits, 31 studies including
258,540 individuals with dementia and 2,246,592 controls
were analyzed. In longitudinal and open-label studies,
AChEIs were associated with a significantly greater inci-
dence of hypertension (n=1,573, 4%, 95% CI=2-8%,
[’=47%) and bradycardia (n=13,703, 2%, 95% CI=1-
6%, 1’=98%). AChEIs were associated with a decrease in
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heart rate (SMD=-1.77, 95% CI=-3.58-0.03, 2=78%)
and an increase in PR interval (SMD=0.10, 95%
CI=0.008-0.19, I’=3%) from baseline. During a median
follow-up of 116 weeks, AChEIs were associated with a
significantly lower risk of CV events (stroke, acute coronary
syndrome, CV mortality; HR=0.63, 95% CI=0.45-0.88,
[*=18%), without a significantly greater risk of bradycar-
dic events (HR=1.40, 95% CI=0.76-2.59, 2=98%).
CONCLUSION: AChEI therapy may be associated with
negative chronotropic and hypertensive effects but also
with lower risk of CV events. ] Am Geriatr Soc 66:1805-
1811, 2018.
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cetylcholinesterase inhibitors (AChEIs), including

donepezil, rivastigmine, and galantamine, are first-line
treatment for dementia in Alzheimer’s disease (AD)." They
are widely used, appear to be well tolerated, and have a
beneficial effect on cognitive function,."* Although the tar-
get organ for this group of drugs is the brain, the heart is
also rich in cholinesterases, and inhibition of the enzyme
may affect cardiac function through vagotonic effects.'* A
number of cholinergic cardiac side effects have been
reported,”” including hypotension, bradycardia, heart
block, and QT/QTc prolongation.® There has been increas-
ing concern among prescribers about the potential for these
adverse effects associated with AChEIs, especially in older
adults with AD." Conversely, cardioprotective effects of
AChEIs have been reported in the literature.* To the best
of our knowledge, no systematic review and meta-analysis
has considered the complete relationship between AChEIs
and cardiac outcomes in people with dementia.
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We conducted a systematic review and meta-analysis
of observational studies to determine changes in cardiovas-
cular (CV) parameters (blood pressure and electrocardio-
gram (ECG) parameters) associated with the use of
AChEIs in individuals with dementia (primary aim) and to
compare how these medications might affect cardiac out-
comes in individuals with dementia and controls (second-
ary aim).

METHODS

This systematic review was conducted according to the
Strengthening the Reporting of Observational Studies in Epi-
demiology criteria and the recommendations in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement.”® The protocol for this systematic review was reg-
istered in PROSPERO (https://www.crd.york.ac.uk/PROS-
PERO/display_record.asp?ID=CRD42015032258).

Search Strategy

Two investigators (ATI, PS) independently searched major
databases (PubMed, Medline, Scopus, Embase) without
language restrictions, from inception until June 17, 2017.
An example of the search terms used for PubMed are pre-
sented in Supplementary Table S1; similar searches were
run in the other databases. The reference lists of the
articles included in the analysis were hand searched to
identify additional, potentially relevant publications. Con-
ference abstracts were also considered and authors con-
tacted for additional information if needed. Any
inconsistencies were resolved by consensus with a third

author (CM).

Study Selection

We included studies that reported at least 1 outcome of
cardiac safety (defined in Outcomes below) and had one
of the 3 designs: longitudinal (without a control group),
repeated observations of the outcomes of interest over a
follow-up period; open-label (without a control group) tri-
als with a blinded randomization phase and without pla-
cebo (e.g., with a group taking another AChEI or a
different dose of the same drug); and longitudinal studies
with a control group (cohort) that compared people taking
AChEIs with a control group. Because of their similar
nature, longitudinal and open-label trials were analyzed
together because we synthesized data only from partici-
pants receiving AChEIs in both studies. In the case of
open-label trials—2 groups using AChEIs—were treated as
separated groups.

Inclusion and Exclusion Criteria

We considered only studies that had a baseline and
follow-up evaluation; included individuals with all types
of dementia; included at least one group taking an AChEIL,
including donepezil, galantamine, and rivastigmine; and
reported data on CV parameters and outcomes (ECG and
blood pressure) and CV events (onset in people taking

AchEIs), independent of the definition used for these
conditions.

Studies were excluded if they reported data on sub-
clinical CV events (e.g., carotid atherosclerosis) that could
not be separated from the clinical manifestations, were
conducted in vitro or in animal models, or were random-
ized controlled trials, which were excluded because they
frequently include selected relatively healthy subjects that
do not necessarily reflect the complex clinical presentation
of people with dementia”® and the results cannot be read-
ily applied to real-world populations of people with
dementia.”

Data Extraction

Two authors (PS, NV) independently extracted data from
the selected studies using a standardized spreadsheet. Any
disagreement was resolved with a third author (BS). Infor-
mation was extracted on characteristics of the study popu-
lation (e.g., sample size, demographics, setting); type of
dementia (AD, vascular dementia, other, mixed) and cor-
responding criteria used for diagnosis; type of drug and
dosage; mean age, percentage of women, and mean base-
line Mini-Mental State Examination score according to
treatment with AChEI; and duration of follow-up.

Outcomes

The primary outcomes were changes (from baseline to
follow-up in those with dementia) in blood pressure, pulse
(objective measurement of blood pressure and heart rate),
and ECG (PR, QRS, corrected QT intervals) parameters in
longitudinal studies. The incidence rate of hypertension
(objective measurement or self-reported) and bradycardia
(ECG or objective measurement) in assessments of baseline
vs follow-up were also considered as primary outcomes.

Secondary outcomes were incidence of new CV
events, defined based on physiology of these events as CV
events (stroke, acute myocardial infarction, acute coronary
syndrome, CV mortality) and bradycardic events (e.g.,
bradycardia, atrioventricular block, peacemaker insertion)
in cohort studies.

Assessment of Study Quality

Two independent reviewers (PS, MS) assessed the quality
of studies, with a third available to resolve any discrepan-
cies (BS). The Newcastle-Ottawa Scale (NOS), which
assigns a maximum of 9 points based on selection, compa-
rability, and outcome,®” was used to assess study quality.®

Statistical Analysis

The meta-analysis was performed using Comprehensive
Meta-Analysis 2.0 software. When combining studies, a
random effects model was used to account for study heter-
ogeneity,'® and data were pooled when 4 or more studies
contained the outcome of interest.

We calculated standardized mean differences (SMDs)
for studies measuring changes in CV parameters (means
and standard deviations) from baseline to follow-up. The
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event rate was used to assess the cumulative incidence of
hypertension and bradycardia between baseline and
follow-up. All estimates were calculated together with
95% ClIs. In cohort studies, the incidence of CV events in
people taking AChEIs was compared with that of healthy
controls using hazard ratios (HRs), most of which were
adjusted for potential confounders.

Study heterogeneity was measured using the chi-
square and I-square statistics, assuming that p<.05 for the
former and a value of 50% or greater for the latter indi-
cated significant heterogeneity.'® We conducted a pre-
planned metaregression analysis to see whether some
variables, including continent in which the study was con-
ducted (North America, Europe, Asia), type of drug
(donopezil, galantamine, rivastigmine), type of dementia
(AD, othe), follow-up duration (divided into <vs 24 weeks)
could affect blood pressure and ECG results. In studies
using a control group, an outlier study reporting findings
contrary to those of the others was removed in a sensitivity
analysis.

Publication bias was assessed by visually inspecting
funnel plots and using the Begg-Mazumdar Kendall tau
and Egger bias tests.""*!'? Then, to account for publication
bias, we used the trim-and-fill method, which adjusts for
the potential effect of unpublished (imputed) studies.!!
Finally, we calculated the classic fail-safe number (the
number of missing studies that would bring the p-value to
the alpha).

RESULTS

The search identified 4,588 nonduplicated potentially eli-
gible studies. After excluding 4,324 papers after title and
abstract review, 264 full-text articles were examined, and
31 studies were \ included in the systematic review with
meta-analysis (22 longitudinal studies without a control
group; 9 cohort studies with a control group) (Supplemen-
tary Figure S1). Seven of those were open-label stud-
ies. 207243337 The 22 longitudinal studies included a total
of 34 independent cohorts.

Study and Participant Characteristics

Study and participant characteristics are summarized in
Supplementary Table S2 (longitudinal studies) and Supple-
mentary Table S3 (cohort studies). Altogether, the 31 stud-
ies analyzed represented 258,540 individuals with
dementia (15,041 in longitudinal studies, 243,499 in
cohort studies) and 2,246,592 controls."*** Approxi-
mately one-third of the participants had AD, and 66.4%
had mixed dementia (Supplementary Tables S2 and S3).

Longitudinal Studies Reporting on Changes Over Time
in CV Outcomes

The 34 cohorts across the 22 articles included 15,041 par-
ticipants with dementia. These studies were mainly con-
ducted in Europe (16 cohorts), in community-dwellers (18
cohorts), and in participants with AD (29 cohorts). The
15,041 participants had a mean age of 75.8+7.1 and a
baseline mean Mini-Mental State Examination score of

18.0%4.7, indicating a moderate level of cognitive impair-
ment, and 58.5% were female (6, 15-35) (Supplementary
Table S2). The quality of these studies was generally suffi-
cient (median NOS score 6, range 4-9), and the most com-
mon source of bias was short follow-up periods and limited
inclusion of potential confounders in final analyses.

Regarding outcomes, hypertension was defined accord-
ing to objective measurement in 9 studies.'?>~'®*372:33 Bra-
dycardia and heart rate changes were evaluated according
to objective measurement in 17 studies,!®!5-1719:22-31,33,34
and one study reported data on bradycardia from a data-
base.?? After a median follow-up of 24 weeks (range 3463
weeks), AChEI use was associated with a higher proportion
of hypertension in 7 studies compared to baseline (1,573
individuals, 4%, 95% CI=2-8%, p<.001, I*=47%) and
bradycardia in 12 studies (13,703 participants, 2%, 95%
CI=1-6%, p<.001, P=98%).

This latter finding was partly confirmed when treating
heart rate as a continuous variable in 13 studies including
607 participants in which the use of AChEIs was associ-
ated with a nonsignificant decrease in heart rate from
baseline (SMD=-1.77, 95% CI=-3.58-0.03, p=.05,
’=78%) (Table 1).

Regarding ECG findings, the use of AChEI was asso-
ciated with a prolongation of the PR interval at follow-up
(SMD=0.10, 95% CI=0.008-0.19, p=.03, I’=3%),
which remained statistically significant after adjustment
for publication bias (Table 1).

Sensitivity Analysis

Supplementary Table S4 shows the same analyses reported
in Table 1 stratified for possibly relevant cofactors. Heart
rate reductions from baseline were seen only in studies
conducted in Europe, not in those from Asia and North
America (p for interaction=.01). Reductions in heart rate
were significant only in those diagnosed with AD, but the
interaction was not significant (p for interaction=.09),
and only one study reported heart rate as outcome in a
non-AD cohort. Finally, use of galantamine was associated
with a significant reduction in diastolic blood pressure
from baseline to follow-up, contrary to donepezil or riva-
stigmine (p for interaction=.004). Meta regression sug-
gested that the length of follow-up did not affect any of
the results.

Findings of Cohort Studies

Overall, 9 large studies reported CV outcomes or proxies in
people taking AChEI and controls.**™* Four of these studies
were mainly conducted in community-dwelling older adults,
and 7 included of all 3 AChEIs (Supplementary Table S3).
A total of 243,499 participants with dementia were com-
pared with 2,246,592 controls, with no significant differen-
ces in terms of mean age (78.4+ 7.3 vs 78.5+8.4, p=.89)
or percentage of women (52.1% in both groups, p>.99)
(Supplementary Table S3). The quality of these studies was
good (NOS score median 7, range 6-9).

After adjusting for a median of 4 potential confound-
ers (range 0-12) over 116 weeks of follow-up (range 42—
520 weeks), the use of an AChEI was associated with
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Table 1. Meta-analysis of Longitudinal Study Findings on Blood Pressure, Clinical, and Electrocardiographic

Parameters
Studies Participants Meta-Analysis Publication Bias
Trim and Fill Classic
Effect Size 12, % Egger (95% CI) Fail

Parameter n (95% Cl) P-Value (Heterogeneity) Bias P-Value [Trimmed] Safe, N
Hypertension 7 1,573 4 (2-8)/100% <.001 47 2.88 .32 Unchanged 691
Systolic blood pressure 11 610 —0 04 (-0.13-0. 04) .31 8 080 .49 Unchanged 0
Diastolic blood pressure 11 610 00 (-0.26-0.27)° .97 95 290 .05 0.24 (-0.13-0.62) [5] 202
Bradycardia 12 13,703 2 (1-6)* <.001 98 —2.49 47 3 (0-7) [2] 4,896
Heart rate 13 607 —1 77 (-3.58-0.03)° .05 78 081 .19 —1 08 (—2.73-0.59) [4] 1,747
PR interval 14 517 10 (0.008-0.19)° .03 3 -2.00 .05 .18 (0.08-0.28) [5] 0
QRS interval 10 517 .03 (-0.06-0.12)> 50 0 047 .3 .04 (-0.04-0.12) [2] 0
QTc interval 15 1,622 —0 04 (-0.11-0.04)° 34 42 087 .32 —O 11 (-0.20 to —0.04) [6] 0

*(Events/baseline population)*100.

bStandardized mean differences (calculated change from baseline to follow-up).

CI = confidence interval.

significantly lower risk of CV events (stroke, acute myo-
cardial infarction, acute coronary syndrome, CV mortal-
ity) (HR=0.63, 95% CI=0.45-0.88, p=.008, I*=18%)
(Figure 1). Publication bias did not affect these findings.

In Figure 2, we report the association between AChEI
use and bradycardic events (bradycardia in 3 studies, onset
of atrioventricular block with consequent hospitalization
in 1 study). AChEI use was not associated with risk of any
bradycardic event in these studies (HR=1.40, 95%
CI=0.76-2.59, p=.28), but these results had high hetero-
geneity (I?=98%). No publication bias was evident. In a
sensitivity analysis, after excluding the only study report-
ing a protective effect of AChEIs against bradycardic
events (the study with the largest sample size),’” we
observed an increased risk of bradycardia (HR=1.59,
95% CI=1.32-1.92, p<.001), with a concomitant reduc-
tion in heterogeneity (I>=35%).

DISCUSSION

This meta-analysis of 22 longitudinal studies found that
AChEI therapy was associated with greater risk of brady-

associated with PR interval prolongation and although not
a significant reduction in heart rate. In 9 cohort studies
comparing participants taking AChEIs with controls, use
of AChEIs was associated with a 37% lower risk of CV
events, whereas the evidence regarding bradycardic events
was equivocal.

AChEIs have demonstrated efficacy for stabilizing
memory decline and delaying functional disability in indi-
viduals with dementia by increasing cholinergic transmis-
sion in the brain," but this increase in cholinergic activity
can affect cardiac function and may cause adverse effects
such as negative chronotropic events, arrhythmia, and
hypotension.** Older adults treated with AChEIs may be
prone to these adverse events because of the high preva-
lence of cardiac and vascular comorbidities; co-
prescription of antihypertensives, antiarrhythmics, antipsy-
chotics, and antidepressants; and aging-associated changes
in the cardiac conduction system.** AChEIs are generally
known to be safe for the cardiac conduction system, but a
limited number of case reports indicate development of
atrioventricular block with AChEI therapy.**

This meta-analysis suggests that individuals with

cardia and hypertension. The use of AChEIs was dementia treated with AChEIs were at greater risk of
Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper
ratio limit limit Z-Value p-Value
Nordstro'm et al., 2013 0620 0402 0955 -2.166 0.030
Sato et al., 2010 0540 0299 00976 -2.040 0.041
Wu et al., 2015 0836 0750 0932 -3216 0001
Linetal, 2016 0.508 0434 0594 -8459 0.000
0627 0445 0883 -2669 0.008
01 02 05 1 10
Favors AChEls Favors Controls

Figure 1. Comparison of cardiovascular events in individuals taking acetylcholinesterase inhibitors and controls.
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Study name Statistics for each study Hazard ratio and 95% €|
Hazard Lower Upper

ratio limit limit Z-Value p-Value
Hernandez et al., 2009 1400 1225 1600 4939 0.000
Gill et al., 2009 1690 1324 2157 4216 0.000 [ ]
Huang et al., 2015 0580 0551 0611 -20623 0.000 [
Park-Wyllie et al., 2009 2130 1291 3513 2961 0.003 E 3
Kréger et al., 2012 2550 0810 8024 1601 0.109

1400 0756 2593 1072 0.284
0.01 0.1 1 10 100

Favors Controls Favors AChEls

Figure 2. Comparison of bradycardic events in individuals taking acetylcholinesterase inhibitors and controls.

bradycardia, but that this heart rate reduction was not sig-
nificantly associated with hospitalization due to
bradycardia-induced events. The decrease in heart rate
was more pronounced in studies conducted in Europe,
which might be explained through the larger number of
studies in this region and possible preponderance of partic-
ipants prone to autonomic changes. The effect of AChEIs
in lowering heart rate was only partly confirmed in cohort
studies because the use of these drugs was associated with
greater risk of bradycardic events only after excluding an
outlier study.?”

This study®” included the largest number of individu-
als with dementia, 7 times as many as the other studies,
and accounted for a substantial portion of the partici-
pants included in our meta-analysis. Moreover, this study
used no covariates to adjust in its analysis, adding
another important potential bias. We believe that this
study may have introduced an important bias to our find-
ings because, after it was removed in the sensitivity anal-
yses, AChEIs were found to increase the risk of
bradycardic events by 59%. It is likely that, as the
authors of that study stated, anecdotal cases of bradycar-
dia in individuals taking AChEIs have led to greater
awareness of the possible development of bradycardia,
resulting in a more cautious approach to drug prescribing
and symptom management.>’

Another remarkable clinical finding of this meta-
analysis is the association between AChEI therapy and an
approximately 37% lower risk of CV events. Several
mechanisms could explain this relationship. First, similar
to parasympathetic activity through vagal stimulation or
exercise, AChEIs might have a protective role against
heart failure and CV diseases. A number of previous stud-
ies found that parasympathetic activity has direct positive
effects at the ventricular level independent of its sinus
node effects.* Greater cholinergic activity has also benefits
by affecting CV events through other potential mecha-
nisms, including antiinflammatory pathways, modulation
of nitric oxide signaling, regulation of redox states,
improvement in mitochondrial biogenesis and function,
and potential calcium regulation.* AChEIs might also pro-
tect cardiomyocytes against acute hypoxia and ischemia

by increasing cholinergic activity in the heart.** Second, it
was reported that cholinesterase inhibition reduced levels
of thrombomodulin, a marker of endothelial activation,
and p-thromboglobulin, a marker of platelet activation.
Thus, AChEIs might prevent vascular endothelial damage
and play a cytoprotective role in endothelial function.*®
Third, an adverse CV risk factor profile is associated with
poorer cognitive function, and inversely, the direct positive
effects of AChEIs on cognitive function might also influ-
ence the lower overall risk of death.*” Last, AChEIs ther-
apy contributes to weight loss in patients with dementia,
with a 2-fold risk, which might indirectly influence CV
risk,*® although in some instances, people with dementia
may not be able to notify health providers of health
changes, or staff may not recognize changes. Thus, this is
a potential limitation of these studies.

Finally, in sensitivity analyses of longitudinal studies,
we found that use of galantamine, but not donepezil or
rivastigmine, was associated with a significant reduction
in diastolic blood pressure from baseline, which might be
related to the allosterically modulating effect of galant-
amine on the nicotinic and muscarinic acetylcholine recep-
tors to potentiate the sensitivity to acetylcholine in
addition to AChEI inhibiting properties.*” Furthermore,
we found that, although individuals treated with AChEIs
had a significant prolongation in PR interval, no signifi-
cant changes in the QRS or QT/QTec intervals, which can
lead to electrical instability and risk of ventricular arrhyth-
mogenesis, were detected.

Although many studies and participants were
included, and we found no evidence of publication bias in
our meta-analysis, there are some limitations that should
be mentioned. No randomized controlled trials were
included. Although AChEIs are well established in clinical
practice, concerns about their cardiac safety remain. Initial
data on safety came from randomized controlled trials
conducted in subjects with good CV health.>" In recent
years, a number of open-label and observational studies
examining cohorts more similar to real-world clinical pop-
ulations have been published. Hence, the aim of our study
was to examine CV outcomes in these forms of studies.
Another limitation is that the effects of AChEIs on
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different types of dementia were not evaluated because of
the limited number of participants with non-AD demen-
tias. In addition, only a few studies contained data on dis-
ability, which might be indicator of physical health,
although in some instances, people with dementia may not
be able to notify health providers of health changes, or
staff may not recognize changes. Thus, this is a potential
limitation of these studies. Lastly, most of the studies did
not evaluate co-prescriptions (e.g., antihypertensives, anti-
arrhythmics, antipsychotics, antidepressants) that may
affect the CV system and did not have a true control
group. Thus, we were not able to assess whether these
medications influenced our results.

In conclusion, the use of AChEIs was associated with
a significant 37% reduction in CV events, including
stroke, acute myocardial infarction, and acute coronary
syndrome. Although AChEI therapy appears to be associ-
ated with risk of bradycardia, the association with severe
bradycardic events needs further evaluation. In light of
our findings, AChEIs appear to be safe in older adults
with dementia, but when prescribing AChEIs, particular
care should be taken in those with preexisting bradycardia
or taking heart rate-limiting medications. Further studies
are required to compare the relative risk and benefit of
different AChEIs, taking into consideration CV outcomes

(e.g., analyses in individuals with preexisting heart
disease).
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