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Abstract
Background The association between anti-dementia drugs and arrhythmia is uncertain. In addition, the effects of certain 
drug combinations are not yet well known.
Objective We investigated the association between anti-dementia drugs and arrhythmia. Furthermore, we investigated the 
effects of anti-dementia drugs both alone and in combination on the likelihood of arrhythmia in patients with dementia.
Methods We examined the Japanese Adverse Drug Event Report database (JADER) from April 2004 to May 2022 for demen-
tia drug users aged ≥ 60 years. We calculated the unadjusted reported odds ratio (ROR) and adjusted ROR for confounding 
factors. Furthermore, we examined the association of various combinations of anti-dementia drugs with the development 
of arrhythmias.
Results There were 6718 arrhythmia cases identified out of 333,702 reported cases. The unadjusted ROR results were as 
follows: donepezil alone (ROR 4.39, 95% confidence interval [CI] 3.89–4.95), rivastigmine alone (2.10, 1.53–2.87), gal-
antamine alone (3.87, 3.04–4.94), memantine alone (2.25, 1.59–3.20), and combination of choline esterase inhibitor and 
memantine (2.56, 1.84–3.57). In a multivariate analysis, the RORs remained significant.
Conclusions Regardless of whether anti-dementia drugs were used alone or in combination, attention should be paid to the 
occurrence of arrhythmias.

Key Points 

We investigated the association between anti-dementia 
drugs and irregular heartbeat using the Japanese Adverse 
Drug Event Report database.

Regardless of drug mechanism, anti-dementia drugs 
included many reports of arrhythmic adverse events.

1 Introduction

Dementia is a syndrome of cognitive decline beyond what 
is assumed to be age-related physiological ageing [1]. 
There are several types of dementia, including Alzheimer's 
disease, frontotemporal dementia, vascular dementia, and 
Lewy body dementia, with approximately 50 million 
patients affected worldwide, a value predicted to exceed 
130 million by 2050 [2–4]. In general, elderly patients 
have a more frequent occurrence of drug-related adverse 
events (AEs) than younger patients [5] . Increased drug 
sensitivity due to age-related changes in pharmacokinetics 
is one cause of side effects in elderly patients [5].

Currently, there are four anti-dementia drugs among 
two drug classes approved for use in Japan, of which 
donepezil, galantamine, and rivastigmine function as 
cholinesterase inhibitors (ChE-Is) and memantine is 
classified as an N-methyl-d-aspartate (NMDA) receptor 
antagonist [1]. Cholinesterase inhibitors increase 
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acetylcholine levels in the brain by inhibiting acetylcholine 
breakdown at the synapse. N-methyl-d-aspartate receptor 
antagonists selectively act on NMDA receptors and inhibit 
channel function, thereby inhibiting the progression of 
glutamatergic neuronal damage [4]. Usually, one of the 
ChE-Is is selected and prescribed, and ChE-Is are rarely 
used in combination with each other. There are no specific 
restrictions on the use of memantine in combination with 
ChE-I, but in Japan, the indication listed in the package 
insert is to be given to patients with moderate or severe 
dementia. In that case, the combination therapy would 
be prescribed for more severe dementia than the ChE-I 
monotherapy.

Cholinesterase inhibitors are associated with a 
significantly higher incidence of gastrointestinal side 
effects [6, 7]. Uncommon side effects of ChE-Is include 
arrhythmias such as tachycardia and bradycardia [8]. 
Conversely, memantine’s effects on the heart are not well 
characterized [9]. In addition, ways in which each ChE-I 
affects arrhythmia risk and how various combination 
therapies of ChE-Is and memantine affect the likelihood 
of arrhythmia development are unknown. Furthermore, 
previous clinical studies lacked information concerning 
elderly patients, (aged > 85 years), as they were either 
excluded or accounted for only a small number of the 
sample size.

The Japanese Adverse Drug Event Report database 
(JADER) is a voluntary reporting subsystem maintained 
by the Pharmaceuticals and Medical Devices Agency 
(PMDA) in Japan to evaluate the post-marketing safety 
of approved drugs. The data are reported by medical 
professionals and pharmaceutical companies and are used 
for pharmacovigilance. The reported odds ratio (ROR) is 
used in pharmacovigilance research as a signal detection 
index [10–14]. It is the proportion of spontaneous reports 
on a drug associated with a specific AE divided by the 
proportion of AEs corresponding to all except the drug of 
interest.

We analyzed the associations between anti-dementia 
drugs and arrhythmias in single or combination use. Since 
the frequency of arrhythmia adverse events caused by anti-
dementia drugs is unknown and is assumed to be rare, 
we aimed to detect the signals using JADER, which is a 
spontaneous reporting system but the largest database of 
side effects in Japan.

2  Methods

2.1  Data Sources

The present study was conducted using JADER (http:// 
www. pmda. go. jp), which is anonymized by the regulatory 

authority prior to publication. The database consists of 
four data tables: demographic information (demo202204.
csv), drug information (drug202204.csv), AE information 
(reac202204.csv), and primary diseases (hist202204.csv) 
[15]. Each data table is linked by an identification number. 
The analysis used all assigned codes (suspected drug, 
interacting drug, concomitant drug) for each drug. We 
searched the JADER database from April 2004 to March 
2022.

2.2  Data Preprocessing

Ages were registered in 10-year increments. Considering the 
age at which anti-dementia drugs are mainly prescribed in 
the present study, we included patients aged ≥ 60 years. We 
extracted cases involving ChE-Is donepezil, galantamine, 
and rivastigmine. We also extracted cases of memantine use 
as an NMDA receptor antagonist, a type of anti-dementia 
drug with a mechanism of action different from that of a 
ChE-I. Furthermore, we extracted cases involving the 
combined use of ChE-Is and NMDA receptor antagonists to 
study the associations of this combination with arrhythmia. 
Sex and age were excluded in cases with unclear or missing 
data. We also excluded cases with combined use of ChE-Is 
from our analysis.

2.3  Definition of AEs

We used the preferred term (PT) defined by the Medical 
Dictionary for Regulatory Activities  (MedDRA®) version 
25.0. We used 112 PTs for arrhythmia (SMQ code: 
20000049, Appendix1-1) and 39 PTs for chronic kidney 
disease (CKD) (SMQ code: 20000213, Appendix1-2). The 
SMQ contains two categories of “broad” and “narrow.” We 
used “narrow” to specifically search for AEs because of the 
noise from increasing the number of PTs selected by using 
“broad”.

2.4  Signal Detection

We used RORs calculated using a contingency table 
generally used in pharmacovigilance studies [16]. The 
requirements for signal detection were ≥ 2 cases of a specific 
AEs for a particular drug, and the lower limit of the 95% 
confidence interval (CI) for the estimated ROR was > 1 [16]. 
We calculated the adjusted RORs using multivariate logistic 
regression analyses [17–19, 20] and controlling for age, sex, 
presence or absence of CKD, antiarrhythmic drug use, and 
anti-dementia drugs, as confounding factors. In addition, 
three models were used in the multivariate analysis: (1) 
considering ChE-I, memantine, and combination therapy 
as separate treatments; (2) accounting for the interaction 
term between ChE-I and memantine; and (3) considering 

http://www.pmda.go.jp
http://www.pmda.go.jp


323Analysis of Arrhythmias with the Use of Cholinesterase Inhibitors and NMDA Receptor Antagonists

memantine, ChE-I, and memantine combination therapy 
as separate treatments, each ChE-I separately. In analyses 
1 and 3, the population was divided so that there were 
no overlapping cases. Furthermore, a subgroup analysis 
was performed to consider the influence of the use of 
antiarrhythmic drugs (Appendix 2) on arrhythmias.

2.5  Statistical Analyses

All statistical analyses were performed using the JMP Pro 
15.2.0 software program (SAS Institute Inc., Cary, NC, USA). 
A p value of < 0.05 was considered statistically significant.

2.6  Ethical Statement

The present study was observational research using an 
anonymized database and did not require ethical approval. 
All studies were conducted in accordance with the tenets of 
the Declaration of Helsinki.

3  Results

3.1  Characteristics

The JADER database contained 758,542 reports from April 
2004 to March 2022 (Fig. 1). After removing cases with 
ages < 60 years as well as those containing missing data 

on the age, sex, primary disease; and those with the com-
bination of anti-dementia drugs, there were 6718 arrhyth-
mia cases identified out of 333,702 reported cases (SMQ 
code: 20000049). Adverse events were most frequently 
reported among patients aged 70–79 years, as were arrhyth-
mias. Cases of arrhythmias presenting with comorbid CKD 
accounted for approximately 10% of all cases. There were 
very few reported cases/non-cases of patients aged ≥ 100 
years. The number of reported cases of arrhythmia for each 
anti-dementia drug was n = 322 for donepezil (donepezil 
alone 302, with memantine 20), n = 43 for rivastigmine 
(rivastigmine alone 41, with memantine 2), n = 86 for gal-
antamine (galantamine alone 71, with memantine 15), and n 
= 70 for memantine (memantine alone 33, with ChE-Is 37). 
Memantine was used in combination with ChE-Is in about 
half of the cases (Table 1).

3.2  Calculation of Unadjusted and Adjusted RORs

Univariate analysis (unadjusted RORs in Table 2), total 
use of ChE-I, including monotherapy and combination 
therapy, indicated significant ROR (ROR 3.83, 95% CI 
3.47–4.22), and donepezil (4.39, 3.89–4.95), rivastigmine 
(2.10, 1.53–2.87), galantamine (3.87, 3.04–4.94), and 
memantine (2.25, 1.59–3.20) were also significant, com-
pared to the non-use of each drug. Simultaneous adminis-
tration of ChE-I and memantine showed a significant ROR 
(2.56, 1.84–3.57) compared with not receiving combination 

Fig. 1  Flowchart of data analysis. JADER Japanese Adverse Drug Event Report database
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therapy. For each ChE-I and memantine combination, RORs 
were detected for combinations of donepezil and memantine 
(2.18, 1.39–3.42), and galantamine and memantine (4.94, 
2.70–8.41), although the combination of rivastigmine and 
memantine was not significant.

In a multivariate analysis (adjusted ROR1, 2, and 3 in 
Table 2), adjusted RORs were calculated considering age, 
sex, CKD, use of antiarrhythmic drug and the choice of 
anti-dementia medications (monotherapy and combination). 
In adjusted ROR1, use of ChE-I and memantine in mono-
therapy and combination therapy were significant signals. 
In adjusted ROR2 in Table 2, the interaction was a sub-
multiplicative (ROR for ChE-I*memantine 0.57, 0.44–0.73). 
An additive interaction was also calculated from the reported 
proportions, and its value was − 0.047, indicating a sub-
additive interaction.

In the case of memantine use, the ROR was almost 
unchanged with the ChE-I combination, but the ROR was 

lower with the ChE-I combination than with ChE-I alone. 
However, as seen in adjusted ROR1, a signal was also 
detected with combination therapy compared to no anti-
dementia drug use. In adjusted ROR3, all medications, 
such as donepezil (3.71, 3.29–4.20), rivastigmine (1.77, 
1.29–2.43), and galantamine (3.33, 2.60–4.25) and meman-
tine alone (1.92, 1.35–2.73), and the ChE-I and memantine 
combination (2.23, 1.60–3.12) were signals detected, com-
pared to non-use.

There was a trend towards higher adjusted RORs with 
increasing age (with reference to individuals in the 60–69 
age group), except for 100 years. The likelihood of arrhyth-
mia was approximately 7% higher in females than males 
when adjusting for possible confounders (ROR 1.02, 95% CI 
1.02–1.12) The presence of CKD had similarly significant 
higher reporting odds for both unadjusted and adjusted anal-
yses (ROR 1.72, 95% CI 1.58–1.86, and ROR 1.67, 95% CI 

Table 1  Characteristics of 
arrhythmia cases and non-cases 
in the JADER database

ChE-I cholinesterase inhibitor (donepezil, rivastigmine, galanatamine), CKD chronic kidney disease, 
JADER Japanese Adverse Drug Event Report database

Cases
n = 6718

% Non-cases
n = 326,984

% Total
n = 333,702

Age (years)
 60–69 1782 26.5 115,799 35.4 117,581
 70–79 2668 39.7 134,241 41.1 136,909
 80–89 1941 28.9 67,608 20.7 69,549
 90–99 322 4.8 9184 2.8 9506
 ≥ 100 5 0.07 152 0.05 157

Sex
 Male 3272 48.7 149,940 45.9 153,212
 Female 3446 51.3 177,044 54.1 180,490

Anti-dementia drugs
 ChE-I 451 6.71 6031 1.84 6482
 Donepezil 322 100 3918 100 4240
  Donepezil alone 302 93.8 3471 88.6 3773
  Donepezil + memantine 20 6.2 447 11.4 467

 Rivastigmine 43 100 1066 100 1109
  Rivastigmine alone 41 95.3 955 89.6 996
  Rivastigmine + memantine 2 4.7 111 10.4 113

 Galantamine 86 100 1047 100 1133
  Galantamine alone 71 82.6 899 85.9 970
  Galantamine + memantine 15 17.4 148 14.1 163

 Memantine 70 100 1421 100 1491
  Memantine alone 33 47.1 715 50.3 748
  ChE-I + memantine 37 52.9 706 49.7 743

CKD
 Yes 685 10.2 20,286 6.2 20,971
 No 6033 89.8 306,698 93.8 312,731

Use of antiarrhythmic drugs
 Yes 2250 33.5 28,886 8.8 31,136
 No 4468 66.5 298,098 91.2 302,566
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1.54–1.81, respectively) compared to cases in which CKD 
was not reported as a comorbidity.

3.3  Subgroup Analyses (with or Without 
Antiarrhythmic Drugs)

Significant signals were detected for anti-dementia drugs, 
even after accounting for the use of antiarrhythmic drugs. 
However, the use of antiarrhythmics is a small fraction 
of the total AE reports, and proarrhythmic effects are 
also known to be present when antiarrhythmic drugs are 
used. On the other hand, antiarrhythmic drugs may par-
tially suppress arrhythmias associated with anti-dementia 
drugs. Therefore, we stratified the cases by the presence or 
absence of antiarrhythmic drugs and performed a subgroup 
analysis to examine whether anti-dementia drug-related 
arrhythmias are sufficiently signaled in each stratum. The 
patient background for the subgroup analysis is shown in 
Table 3. In each group with reported arrhythmic adverse 
events (case group), the proportion of anti-dementia drug 
use in the no antiarrhythmic drug use group was 8.37%, 

which was higher than the value of 5.00% in the antiar-
rhythmic drug use group.

In the group without antiarrhythmic drug use, the 
ChE-I drugs donepezil, rivastigmine, and galantamine 
and the NMDA receptor antagonist memantine as well 
as the combination of ChE-Is and memantine showed 
significance for both unadjusted and adjusted RORs 
(Table 4). In the group with the use of antiarrhythmic 
drugs, the adjusted and unadjusted and adjusted RORs 
for ChE-I, donepezil, rivastigmine, and galantamine 
were all significant. However, neither memantine nor the 
combination of ChE-Is and memantine was significant 
(Table 4).

Finally, when RORs were calculated separately for side 
effects related to QT prolongation syndrome/Torsades de 
Pointes (TdP) and other side effects, ROR signals were 
detected for each anti-dementia drug in both side effect 
groups (Appendix 3).

Table 2  Unadjusted and adjusted RORs for arrhythmia using anti-dementia drugs in the JADER database

ChE-I cholinesterase inhibitor (donepezil, rivastigmine, galanatamine), CI confidence interval, CKD chronic kidney disease, JADER Japanese 
Adverse Drug Event Report database, ROR reporting odds ratio

Unadjusted ROR [95% CI] Adjusted ROR1 [95% CI] Adjusted ROR2 [95% CI] Adjusted ROR3 [95% CI]

Age (ref: 60–69 years)
 70–79 1.29 [1.22–1.37] 1.18 [1.11–1.25] 1.18 [1.11–1.25] 1.18 [1.11–1.25]
 80–89 1.87 [1.75–1.99] 1.44 [1.35–1.54] 1.44 [1.35–1.54] 1.44 [1.35–1.54]
 90–99 2.28 [2.02–2.57] 1.61 [1.42–1.83] 1.61 [1.64–1.83] 1.63 [1.43–1.84]
 ≥ 100 2.14 [0.88–5.22] 1.72 [0.70–4.25] 1.72 [0.70–4.25] 1.71 [0.69–4.24]

Sex (ref: male)
 Female 1.12 [1.07–1.18] 1.12 [1.07–1.18] 1.12 [1.02–1.18] 1.12 [1.07–1.18]

CKD (ref non-CKD) 1.72 [1.58–1.86] 1.26 [1.16–1.37] 1.67 [1.54–1.81] 1.26 [1.16–1.37]
Antiarrhythmic drug (ref. non-

use of antiarrhythmic drug)
5.20 [4.93–5.47] 4.89 [4.64–5.16] 4.89 [4.64–5.16] 4.89 [4.63–5.15]

Anti-dementia drugs (ref: non-use of indicated drug(s))
 ChE-I (mono, combination) 3.83 [3.47–4.22] 2.03 [1.59–2.62]
 ChE-I alone 3.97 [3.58–4.40] 3.28 [2.95–3.66]
  Donepezil alone 4.39 [3.89–4.95] 3.58 [3.16–4.06]
  Rivastigmine alone 2.10 [1.53–2.87] 1.92 [1.40–2.64]
  Galantamine alone 3.87 [3.04–4.94] 3.47 [2.70–4.45]

 Memantine(mono, 
combination)

2.41[1.90–3.07] 1.11 [0.87–1.43]

 Memantine alone 2.25 [1.59–3.20] 1.79 [1.26–2.56] 1.79 [1.25–2.56]
 ChE-I + memantine 2.56 [1.84–3.57] 2.27 [1.61–3.18] 2.26 [1.62–3.17]
  Donepezil + memantine 2.18 [1.39–3.42]
  Rivastigmine + memantine 0.88 [0.22–4.62]
  Galantamine + memantine 4.94 [2.70–8.41]

 ChE-I*memantine 0.57 [0.44–0.73]
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4  Discussion

In clinical practice, memantine and ChE-I are used alone 
or in combination in patients with Alzheimer’s disease [1]. 
The present study, which analyzed the JADER database 
containing 333,702 reports, indicated the association of anti-
dementia drugs such as ChE-Is (donepezil, rivastigmine, 
galantamine) with arrhythmias. Cholinesterase inhibitors 
alone, memantine alone, and their use in combination had 
significant associations with arrhythmias.

An association between bradycardia and ChE-I was 
previously reported in cohort studies [21, 22]. QT prolon-
gation occurred more frequently in patients taking done-
pezil than in elderly patients without donepezil in a sin-
gle-center cohort study [23]. The JADER database study 
reported an association between donepezil and QT pro-
longation [12]. However, to our knowledge, no previous 
reports have detected an increase in reports of arrhythmias 
with memantine use. Arrhythmias not associated with QT 

prolongation were also shown for the first time to be asso-
ciated with all anti-dementia drugs. Furthermore, we have 
shown the robustness of the signal detection under various 
conditions of age, sex, presence of CKD and antiarrhyth-
mic drug use.

Cholinesterase inhibitors can affect the heart through 
increased levels of acetylcholine, considering that ChE is 
abundantly distributed in the heart [24]. In addition, given 
that ChE-Is act in a concentration-dependent manner, 
older female patients may have a lower renal function than 
younger patients or males [5, 7]. Consequently, there may be 
a high risk of developing side effects of ChE-Is in woman, 
elderly and CKD. Women are more at risk than men for 
certain types of arrhythmias. For example, prescribing drugs 
associated with QT prolongation, patient-related risk factors 
are known as female sex, age > 65 years, uncorrected elec-
trolyte disturbances [25]. Elderly patients and patients with 
CKD are more likely to have increased drug blood levels due 
to lower renal function [26].

Table 3  Characteristics with/
without antiarrhythmic drug in 
a subgroup analysis

ChE-I cholinesterase inhibitor (donepezil, rivastigmine, galanatamine), CI confidence interval, CKD 
chronic kidney disease, JADER Japanese Adverse Drug Event Report database, ROR reporting odds ratio

Without antiarrhythmic drug With antiarrhythmic drug

Cases (n = 4468) Non-cases 
(n = 298,098)

Cases (n = 2250) Non-cases 
(n = 28,886)

Age (years)
 60–69 1257 108,117 525 7682
 70–79 1789 122,276 879 11,965
 80–89 1214 59,519 727 8089
 90–99 204 8049 118 1135
 ≥ 100 4 137 1 15

Sex (ref: male)
 Male 2314 159,912 1132 17,132
 Female 2154 138,186 1118 11,754

CKD
 Yes 326 16,250 359 4036
 No 4142 281,848 1891 24,850

Anti-dementia drugs
 ChE-I
  Donepezil 257 3412 65 506
   Donepezil alone 239 3009 63 462
   Donepezil + memantine 18 403 2 44
  Rivastigmine 31 983 12 83
   Rivastigmine alone 29 882 12 73
   Rivastigmine + memantine 2 101 0 10
  Galantamine 65 939 21 108
   Galantamine alone 57 810 14 89

   Galantamine + memantine 8 129 7 19
  Memantine 49 1250 21 171
   Memantine alone 21 617 12 98
   ChE-I + memantine 28 633 9 73
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Memantine has inhibitory effects on NMDA recep-
tor activation, but its influence on the heart is not yet well 
known [9]. In vivo studies and studies in healthy adults have 
reported that memantine alone did not induce bradycardic 
AEs and carried no risk of QT prolongation and TdP [27, 
28]. However, case reports and pharmacovigilance studies 
have described an association between memantine and car-
diovascular AEs [9, 29, 30].

There may be an interaction between ChE-I and 
memantine in combination for arrhythmia, possibly 
based on drug-drug interactions, but the pharmacological 
significance of this interaction is unknown. Usually, 
according to the package insert, the two drugs are not used 
together by chance, but only when the dementia is more 
severe. Studies dealing with severe dementia are known 
to be fraught with difficulties [31], and in the present 
study, there is the possibility of an impact on ROR due to 
interactions stemming from reporting bias, problems with 
non-adherence, and an increase in other side effects.

Considering the impact of antiarrhythmic drug use, the 
use of each anti-dementia drug alone may directly pre-
vent the patients from maintaining sinus rhythm, since the 
arrhythmia occurred in patients who were not on arrhythmic 
drugs, i.e., did not have arrhythmia which required treat-
ment. The fact that anti-dementia drugs further increased 
arrhythmias in antiarrhythmic drug users may have aug-
mented the proarrhythmic effects of the anti-dementia drugs 

or may have been involved in an independent mechanism, 
but there is room for further basic investigation. Of note, 
some of the RORs for anti-dementia drug use with arrhyth-
mia treatment have no signal detected, which may be due to 
the proarrhythmic effects of antiarrhythmic drugs, or a selec-
tion bias that patients treated for arrhythmias are more prone 
to arrhythmias in nature, resulting in a lower reported odds 
ratio as a result of more arrhythmias even in the absence of 
anti-dementia drugs. There is evidence showing that antiar-
rhythmic drugs increase AEs and proarrhythmic events, and 
some antiarrhythmics may also increase mortality [32]. At 
the very least, care should be taken in the combination use 
of ChE-I and antiarrhythmic drugs.

Based on the present findings, continuous follow-up with 
side-effect monitoring may be needed for patients receiving 
anti-dementia drugs.

4.1  Limitations

Several limitations associated with the present study 
warrant mention. First, the JADER database is made up 
of spontaneous reports from healthcare professionals and 
pharmaceutical companies. It may be affected by issues of 
over-reporting, under-reporting, missing data, and a lack 
of denominators [33]. Under-reporting of AEs is more 
likely with severe dementia, such as in cases involving the 
combination of anti-dementia medications, than with mild 

Table 4  Unadjusted and adjusted odds with/without antiarrhythmic drug in the subgroup analysis

ChE-I cholinesterase inhibitor (donepezil, rivastigmine, galanatamine), CI confidence interval, CKD chronic kidney disease, JADER Japanese 
Adverse Drug Event Report database, ROR reporting odds ratio

Without antiarrhythmic drug With antiarrhythmic drug

Unadjusted ROR [95% CI] Adjusted ROR [95% CI] Unadjusted ROR [95% CI] Adjusted ROR [95% CI]

Age (ref: 60–69 years)
 70–79 1.26 [1.17–1.35] 1.22 [1.13–1.31] 1.07 [0.96–1.20] 1.05 [0.94–1.17]
 80–89 1.75 [1.62–1.90] 1.54 [1.42–1.67] 1.32 [1.17–1.48] 1.20 [1.07–1.36]
 90–99 2.18 [1.88–2.53] 1.78 [1.52–2.07] 1.52 [1.23–1.88] 1.29 [1.04–1.59]
 ≥ 100 2.51 [0.93–6.80] 2.15 [0.79–5.85] 0.98 [0.13–7.40] 0.83 [0.11–6.29]

Sex (ref: male)
 Female 1.08 [1.02–1.14] 1.02 [0.96–1.08] 1.44 [1.32–1.57] 1.40 [1.28–1.52]

CKD 1.37 [1.22–1.53] 1.33 [1.19–1.49] 1.17 [1.04–1.31] 1.19 [1.06–1.34]
Anti-dementia drugs (ref: non-user of indicated drug(s))
 ChE-I alone 4.71 [4.21–5.27] 1.84 [1.48–2.29]
  Donepezil alone 5.54 [4.84–6.34] 4.85 [4.23–5.57] 1.77 [1.36–2.31] 1.60 [1.23–2.10]
  Rivastigmine alone 2.20 [1.52–3.19] 1.93 [1.33–2.80] 2.12 [1.15–3.90] 1.93 [1.05–3.58]
  Galantamine alone 4.74 [3.62–6.21] 4.23 [3.22–5.56] 2.03 [1.15–3.56] 1.82 [1.03–3.21]

 Memantine alone 2.28 [1.47–3.52] 2.02 [1.30–3.13] 1.58 [0.86–2.87] 1.44 [0.79–2.63]
 ChE-I + memantine 2.96 [2.03–4.33] 2.67 [1.83–3.91] 1.59 [0.79–3.17] 1.49 [0.75–3.00]
  Donepezil + memantine 2.98 [1.86–4.80] 0.58 [0.14–2.41]
  Rivastigmine + memantine 1.32 [0.33–5.36] –
  Galantamine + memantine 4.14 [2.03–8.48] 4.74 [1.99–11.29]
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dementia. Data on dementia subtypes were not available 
for the present study. Furthermore, the present study 
considered CKD a comorbidity. There are other baseline 
characteristics that need to be controlled for, such as heart 
disease, neurological disease, and thyroid disease [26]. 
Dose, route of administration, and severity of arrhythmia 
and dementia might also be included, but considering the 
many missing entries in the database, meaningful results 
could not be obtained on the information. Additionally, 
there is the possibility of reporting duplicates by health care 
professionals and pharmaceutical companies, as the JADER 
database makes it difficult to remove duplicates. Second, the 
findings of spontaneous reporting data are hypotheses, and 
risk quantification cannot be performed [33]. Appropriate 
cohort studies and randomized trials are necessary to test 
the hypothesis [34]. Third, the JADER database does not 
provide detailed laboratory data, so we cannot accurately 
assess renal function. Finally, the present study did not 
investigate the period from drug administration to AEs, as 
there were many missing data in the reported database.

5  Conclusions

Cholinesterase inhibitors and memantine may affect 
arrhythmias. We may need to confirm side effects, whether 
drugs are administered alone or in combination.
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