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Abstract

Introduction

Anticholinergic adverse effects (AEs) are a problem for elderly people. This study aimed to

answer the following questions. First, is an analysis of anticholinergic AEs using spontane-

ous adverse drug event databases possible? Second, what is the main drug suspected of

inducing anticholinergic AEs in the databases? Third, do database differences yield different

results?

Methods

We used two databases: the US Food and Drug Administration Adverse Event Reporting

System database (FAERS) and the Japanese Adverse Drug Event Report database

(JADER) recorded from 2004 to 2020. We defined three types of anticholinergic AEs: central

nervous system (CNS) AEs, peripheral nervous system (PNS) AEs, and a combination of

these AEs. We counted the number of cases and evaluated the ratio of drug–anticholinergic

AE pairs between FAERS and JADER. We computed reporting odds ratios (RORs) and

assessed the drugs using Beers Criteria®.

Results

Constipation was the most reported AE in FAERS. The ratio of drug–anticholinergic AE

pairs was statistically significantly larger in FAERS than JADER. Overactive bladder agents

were suspected drugs common to both databases. Other drugs differed between the two

databases. CNS AEs were associated with antidementia drugs in FAERS and opioids in

JADER. In the assessment using Beers Criteria®, signals were detected for almost all

drugs. Between the two databases, a significantly higher positive correlation was observed

for PNS AEs (correlation coefficient 0.85, P = 0.0001). The ROR was significantly greater in

JADER.
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Conclusions

There are many methods to investigate AEs. This study shows that the analysis of anticho-

linergic AEs using spontaneous adverse drug event databases is possible. From this analy-

sis, various suspected drugs were detected. In particular, FAERS had many cases. The

differences in the results between the two databases may reflect differences in the reporting

countries. Further study of the relationship between drugs and CNS AEs should be

conducted.

Introduction

In recent years, as the proportion of the population of older adults has been increasing in

developed countries, concern regarding pharmacotherapy for the elderly has been growing.

The reason for this is elderly people tend to have many drug-related problems, including age-

related changes in pharmacokinetics and pharmacodynamics and the concomitant use of mul-

tiple drugs [1]. These problems are considered to frequently cause drug adverse events in

elderly people [2].

Anticholinergic adverse effects (AEs) in the elderly have been noted in many reports. Anti-

cholinergic AEs are common drug adverse events in older adults over 65 years [3–5] and are

classified as either peripheral side effects (e.g., constipation and dry mouth) or central side

effects (e.g., delirium and cognitive dysfunction) [6]. It has been reported that around half of

the older population uses at least one anticholinergic drug [7]. Drugs frequently prescribed for

older adults for sleep disorders, anxiety, and urinary disorders often have antimuscarinic

effects. The concomitant use of these drugs is thought to increase the risk of anticholinergic

AEs due to their overlapping antimuscarinic effects [8]. Using anticholinergics in elderly per-

sons leads to not only reductions in the patients’ quality of life but also an increased incidence

of serious negative outcomes: falls, hospitalization, and an increased mortality rate [7,9–12].

For the above reasons, anticholinergic AE is an important problem in the pharmacotherapy of

older adults.

Many researchers throughout the world have been conducting various studies on these

issues [13,14]. In particular, research on anticholinergic burden scales is well known, and vari-

ous kinds of anticholinergic burden scales have been developed and reported by many

researchers. For instance, the ABC (Anticholinergic Burden Classification) [15], ACB (Anti-

cholinergic Cognitive Burden scale) [16], and ARS (Anticholinergic Risk Scale) [17] are the

major examples of anticholinergic burden scales. However, several problems with these scales

have been pointed out: the strength of the anticholinergic effect is different for each scale, and

not all of the drugs used around the world are listed in these scales [13,14].

Anticholinergic effects of all drugs should be assessed if possible. The reason for this is that

drugs that are not categorized as antimuscarinic agents could induce anticholinergic AEs.

Nowadays, in the field of drug development, much research on drug repositioning has been

performed, and several papers have suggested that existing drugs have previously unsuspected

pharmacological effects [18,19]. To examine this possibility, suspected drugs and cases of anti-

cholinergic AEs should be explored widely. Many clinical studies have been conducted and

published on the relationships between patients’ anticholinergic burden and the occurrence of

anticholinergic AEs [12,20,21]. Nevertheless, the results have not always been consistent. The

relationship between the anticholinergic burden scales and anticholinergic AEs is still unclear,

and the validity of the anticholinergic burden scales remains unknown. Thus, several unclear
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points regarding anticholinergic AEs and their evaluation exist. Thus, studies of anticholiner-

gic AEs using a large number of cases is necessary.

Recently, as high-performance computers have become widespread and data science has devel-

oped, big data research has been growing. Research with large clinical data in the clinical field,

such as the analysis of spontaneous adverse drug event report databases, has also been increasing.

Since 1992 when the term “Adverse Drug Reaction Reporting Systems” was introduced to MeSH,

the number of articles including the term has increased [22]. The advantage of using a spontane-

ous adverse drug event report database is that researchers can gain abundant adverse drug event

cases that occur in post-marketing clinical settings. These cases cannot be collected during pre-

marketing clinical trials, as they emerge in the real world (i.e., patients with various comorbidities

and concomitant drug use). In addition, these databases include a large number of adverse drug

event cases that are difficult to collect from one or several centers as usual.

The aim of this study was to analyze anticholinergic AEs using large spontaneous adverse

drug event report databases. We first investigated the number of cases of anticholinergic AEs

to determine if these AEs could be analyzed using these databases, as AEs are not generally

considered severe and cases that are not severe are seldom reported to spontaneous adverse

drug event report databases. Second, we performed an analysis to reveal the major drugs sus-

pected of causing anticholinergic AEs in current clinical settings. We used the Reporting Odds

Ratio (ROR) method [23] to evaluate drugs that may cause anticholinergic AEs. It is one of the

methods of disproportional analysis [24] that uses signal detection by regulatory agencies to

detect early unknown adverse drug events, and it exhibits the highest sensitivity. Third, we

evaluated the value of ROR using anticholinergic drugs that appeared in the AGS Beers Crite-

ria1 [25] to assess the appropriateness of ROR for anticholinergic effects.

In this study, we used two spontaneous adverse drug event report databases: the US Food

and Drug Administration Adverse Event Reporting System database (FAERS) [26] and the

Japanese Adverse Drug Event Report database (JADER) [27]. FAERS was constructed by the

Food and Drug Administration (FDA) in the US by collecting adverse drug event cases from

around the world. JADER was constructed by the Pharmaceuticals and Medical Devices

Agency (PMDA), the Japanese regulatory agency, by collecting adverse drug event cases in

Japan since April 2004. These two databases are reported to have different features [28]. It is

expected that their results will also be different owing to the different characteristics of the

databases. Therefore, we analyzed the two databases separately and compared the results.

FAERS has many non-serious AEs reported from non-health care professionals, while JADER

has many serious AEs reported from medical professionals. FAERS includes various types of

AEs regardless of the mechanism of action and JADER has major AEs that could be assumed

from the mechanism. This suggests that we might be able to gain information about AEs due

to unknown mechanisms from FAERS and information about serious AEs that are known

inducing mechanisms from JADER. In addition, though AE reports in FAERS are registered

from around the world, reports in JADER are limited to those in Japan; thus this difference

may also lead to a different tendency of these databases. The usage of medicines also differs

between Japan and the rest of the world; for instance, opioids are strictly regulated and benzo-

diazepines are frequently prescribed for many patients. Taking these factors into account, we

compared the two databases.

Materials and methods

Databases

We used two large spontaneous adverse drug event report databases: FAERS and JADER.

These databases are open to the public and freely available from each website after confirming
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the terms of use. The FAERS and JADER databases were downloaded, and they included

reports recorded from January 2004 to December 2020 (2004Q1–2020Q4) and from April

2004 to December 2020, respectively. Both databases are anonymized; personal information

was deleted from the reports and the cases were given an identification (ID) number to distin-

guish each individual when recorded in the database. Accordingly, a database user cannot

identify a person recorded in the database.

Definitions of anticholinergic AEs

AEs are recorded using the MedDRA [29] preferred term (PT) in each database. In this study,

anticholinergic AEs were defined using the following nine PTs: cognitive disorder, confusional

state, delirium, constipation, dry eye, dry mouth, thirst, tachycardia, and urinary retention.

Then, these nine PTs were divided into three groups: the nine PTs were grouped as ALL, three

central AE PTs (cognitive disorder, confusional state, and delirium) were grouped as central

nervous system (CNS), and the other six peripheral AEs were grouped as peripheral nervous

system (PNS). We analyzed these three groups of anticholinergic AEs.

Construction of tables for analysis

Both FAERS and JADER are relational databases that are constructed with several data tables

[30,31]. We used data tables that included drug names and AE names for analysis. We first

performed data cleaning of the drug names in each database. Drug names recorded in FAERS

were treated with data of Drugs@FDA [32] and Drugbank [33,34] to convert trade names to

generic names. If a drug contained several active components, the data were divided into other

data. Drug names in JADER recorded by only numeric characters or symbols were deleted.

Next, we extracted the suspected drugs. A drug’s reported role in an event is recorded with the

drugs in FAERS and JADER. The role types are “primary suspect drug,” “secondary suspect

drug,” “concomitant,” and “interacting” in FAERS and “suspect drug,” “concomitant,” and

“interacting” in JADER. In this analysis, we used primary suspect drug and secondary suspect

drug in FAERS and suspect drug in JADER. After these treatments, two data tables that

recorded drugs and adverse reactions were merged by each ID. Then, duplicated data were

deleted following the procedure described in a previous report [35,36]. According to the above

procedures, data tables for the analysis of both FAERS and JADER were constructed.

Comparison of the number of cases between the two databases

We compared the number of cases of anticholinergic AEs recorded in FAERS and JADER to

determine the differences. Each line in the data table for analysis constructed by the above pro-

cedure represented a drug–AE pair. We counted both the total number of lines (i.e., all drug–

AE pairs) and the number of lines (drug–anticholinergic AE pairs) that included any PTs cor-

responding to the three AEs (ALL, CNS, PNS) in these data tables. We separately evaluated the

ratio of the presence or absence of drug–anticholinergic AE pairs between FAERS and JADER

according to the chi-square test of independence. We calculated the proportion of cases of

anticholinergic AEs by the number of pairs in each data table to grasp the number of anticho-

linergic AE reports recorded in each database.

Data analysis

We calculated the RORs and 95% confidence intervals (CIs) from two-by-two contingency

tables (Fig 1) and performed Fisher’s exact tests [37]. These were performed comprehensively

for all combinations of drugs and three AEs in each data table by following previously reported
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procedures [36]. If a two-by-two contingency table contained zero in a cell, the ROR was not

calculable, and the estimate was considered to be unstable if the number was too small. There-

fore, we performed Haldane-Anscombe 1/2 corrections (i.e., the addition of 0.5 to all cells) to

correct for this bias [38].

We plotted a volcano plot [39], a scatterplot using the natural logarithms of the RORs

(lnROR) and the common logarithm of inverse P-values (−log P), to visualize the major sus-

pected drugs.

The RORs, 95% CIs, and P-values of Fisher’s exact tests were summarized as results tables

for both FAERS and JADER. We then extracted the major suspected drugs using the condi-

tions shown below. The drugs whose lower limit of the 95% CI of the ROR was greater than 1

and the proportion of pairs was greater than 0.01% were extracted and sorted by P-value in

ascending order. If the P-values of the drugs were the same, the drugs were sorted by ROR in

descending order.

Assessment based on list of Beers Criteria1

We evaluated the ROR values using drugs known to possess anticholinergic effects. These anti-

cholinergics were adopted from “Drugs with Strong Anticholinergic Properties” in AGS Beers

Criteria1 updated by the American Geriatrics Society in 2019 [25]. We only evaluated the

drugs for which the ROR could be calculated for both FAERS and JADER. Clidinium-chlordi-

azepoxide was separated into clidinium and chlordiazepoxide and they were treated

independently.

We first extracted drugs whose P-value obtained through Fisher’s exact test was less than

0.05 from each results table. The drugs were separated into two groups: anticholinergics of

Fig 1. Two–by–two contingency table and calculation formula of ROR. The two–by–two contingency table contains reports with the suspected drug,

reports without the suspected drug, reports with the suspected AE, and reports without the suspected AE (a–d indicate numbers of reports). The ROR

and 95% CI were calculated as shown.

https://doi.org/10.1371/journal.pone.0260980.g001
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Beers Criteria1 (Group B) and other drugs (Group non-B). We plotted box plots and observed

differences in the distribution of lnROR among groups by each AE. These are the outlier

box plots. The whiskers extend from the ends of the box to the outermost data point that falls

within the distances computed as follows: 1st quartile—1.5× (interquartile range), 3rd quartile

+ 1.5× (interquartile range). If the data points do not reach the computed ranges, then the

whiskers are determined by the upper and lower data point values (not including outliers)

[40]. The median lnRORs were compared between the two groups, and the Wilcoxon rank

sum test was performed. Second, we computed Spearman’s correlation coefficient to examine

the lnROR trends of the Group B drugs between the two databases by the three anticholinergic

AEs. Third, we assessed the differences in the lnROR between the two databases by all three

AEs using the Wilcoxon signed-rank test.

Statistical analysis

All data analyses were performed using JMP1Pro15.2.1 (SAS Institute Inc., Cary, NC, USA).

Any P-value <0.05 was considered significant.

Results

Number of cases

The number of all drug–AE pairs was 102,916,650 in FAERS and 1,807,801 in JADER. The

numbers of pairs are shown in Table 1.

The ratio of drug–anticholinergic AE pairs that had statistically significantly differences

between FAERS and JADER were recorded. Delirium and urinary retention were more com-

mon in JADER than in FAERS, while other AEs were more common in FAERS than in

JADER. Constipation was the most reported AE in FAERS (the proportion of pairs was

0.32%), followed by a confusional state (0.25%), and thirst was the least common (0.02%). Uri-

nary retention was the most common AE in JADER (0.28%), and the least common was dry

eye (0.01%).

Table 1. Numbers of drug–AE pairs.

Number of pairs FAERS JADER

102,916,650 1,807,801

Adverse effects Na) (%) b) Na) (%) b) P- valuec)

ALL 1,110,103 (1.08) 15,605 (0.86) < 0.0001

CNS 391,053 (0.38) 6,175 (0.34) < 0.0001

Cognitive disorder 81,707 (0.08) 673 (0.04) < 0.0001

Confusional state 255,630 (0.25) 647 (0.04) < 0.0001

Delirium 53,716 (0.05) 4,855 (0.27) < 0.0001

PNS 719,050 (0.70) 9,430 (0.52) < 0.0001

Constipation 329,600 (0.32) 1,858 (0.10) < 0.0001

Dry eye 57,090 (0.06) 91 (0.01) < 0.0001

Dry mouth 118,195 (0.11) 111 (0.01) < 0.0001

Tachycardia 138,333 (0.13) 1,927 (0.11) < 0.0001

Thirst 23,440 (0.02) 340 (0.02) 0.0004

Urinary retention 52,392 (0.05) 5,103 (0.28) < 0.0001

a) Number of pairs.
b) Proportion of cases of anticholinergic AEs by the number of pairs. c) P–value of the chi–square test.

https://doi.org/10.1371/journal.pone.0260980.t001
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Major suspected drugs

Figs 2–4 are scatterplots plotted by lnROR and −log P. Each dot is a drug, and the abscissa of

the scatterplot is the lnROR axis. The ordinate of the scatterplot is the −log P axis, and the

P-value of 0.05 is represented by the dotted line of the ordinate.

Fig 2. Scatterplot of ALL. Tendency of inducing all anticholinergic AEs (ALL) by each drug. (a) FAERS and (b) JADER.

https://doi.org/10.1371/journal.pone.0260980.g002

Fig 3. Scatterplot of CNS. Tendency of inducing CNS anticholinergic AEs by each drug. (a) FAERS and (b) JADER.

https://doi.org/10.1371/journal.pone.0260980.g003
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As lnROR becomes more positive, there is a greater tendency of anticholinergic AEs, and

the increasing −log P indicates that these are more statistically significant. The size of the dots

reflects the number of cases of each drug: it is the value of “a+b” in the two-by-two contin-

gency table. The color of the dots indicates the number of cases of anticholinergic AEs of the

drug: it is the value of “a” in the two-by-two table. Accordingly, drugs plotted in the top-right

of the scatterplot and in red are the major suspected drugs. Tables 2–4 show the major sus-

pected drugs.

Several major suspected drugs in each AE differed between FAERS and JADER. Several P-

values of drugs were not able to be shown in FAERS because the values were extremely near to

zero that could not be indicated on JMP. The smallest P-value that can be indicated on JMP is

minus 2 to the power of 1022 and the common logarithm of inverse this value is 308. For these

P-values, −log P was substituted as 308. Fig 5 illustrates the drugs whose −log P was 308 and

the lnROR was greater than 0. These drugs are shown in the S1–S3 Tables.

According to Figs 2–4 and Tables 2–4, it can be seen that many drugs whose lnROR is

greater than 0 and P-value is less than 0.05 are found in FAERS in comparison with only a few

in JADER. The value of (a/(a+c)) ×100 for each drug tended to be smaller in FAERS than

JADER. Many drugs had a positive lnROR in FAERS; however the range of lnROR was narrow

and the maximum ln ROR was 3.19 for sevelamer in PNS. In JADER, the range of lnROR was

wide and the maximum was 5.96 of fesoterodine in PNS. Fig 5 shows the drugs whose -logP is

308. The drugs which had a larger lnROR tended to be a small dot and a blue color. The small

dot means that the drugs had a small number of cases regardless of the type of AEs and the

blue color means that the drugs had a small proportion of anticholinergic AEs against the

cases registered as a suspected drug, respectively. In the ALL results, three overactive bladder

agents (solifenacin, fesoterodine, and mirabegron) were common to both FAERS and JADER.

Other major suspected drugs of ALL were polymers in FAERS and opioids in JADER. Zolpi-

dem was the common major suspected drug in CNS. The other remarkable drugs of CNS were

Fig 4. Scatterplot of PNS. Tendency of inducing PNS anticholinergic AEs by each drug. (a) FAERS and (b) JADER.

https://doi.org/10.1371/journal.pone.0260980.g004
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dementia therapeutic agents in FAERS and analgesic drugs including opioids in JADER. In

PNS, overactive bladder agents were common, as in ALL; others included polymers in FAERS

and blood preparations in JADER. Tramadol and pregabalin were ranked in the top 10 of

ALL, CNS, and PNS result in JADER. There were no drugs ranked in the top 10 of the three

AEs in FAERS.

Assessment based on the list of Beers Criteria1

Fig 6 shows the results of the comparison of Beers Criteria1 anticholinergic agents by each AE

in FAERS or JADER.

The median of Group B was greater than that of Group non-B, and the statistical signifi-

cance of the difference was shown in all combinations of AEs and databases. All drugs of

Group B had an lnROR greater than 0 in JADER; on the other hand, drugs whose lnROR was

less than 0 existed in FAERS. The lnROR of ALL and PNS of clemastine and PNS of paroxetine

showed negative values.

The results of the correlation of lnROR by AEs between FAERS and JADER were as follows.

In PNS, a significantly high positive correlation 0.85 (P = 0.0001) was observed. There was a

Table 2. Major suspected drugs of ALL. (a) FAERS (b) JADER.

(a) FAERS

drug aa) (a/(a+cb))) ×100 RORc) 95% CI P-valued) −logPe)

1 sevelamer 2,727 0.25 15.9 (15.2–16.5) < 0.0001 308

2 solifenacin 4,913 0.44 12.3 (12–12.7) < 0.0001 308

3 fesoterodine 2,713 0.24 12.1 (11.7–12.6) < 0.0001 308

4 patiromer 3,197 0.29 8.1 (7.8–8.4) < 0.0001 308

5 tolterodine 1,778 0.16 7.1 (6.8–7.5) < 0.0001 308

6 memantine 2,332 0.21 6.2 (5.9–6.4) < 0.0001 308

7 mirabegron 2,736 0.25 5.2 (5–5.4) < 0.0001 308

8 pimavanserin 6,080 0.55 4.8 (4.7–5) < 0.0001 308

9 telotristat ethyl 1,030 0.09 4.5 (4.2–4.8) < 0.0001 308

10 oxybutynin 1,411 0.13 4.5 (4.2–4.7) < 0.0001 308

(b) JADER

drug aa) (a/(a+cb))) ×100 RORc) 95% CI P-valued) −logPe)

1 fesoterodine 1,098 7.04 224.0 (202.6–247.7) < 0.0001 308

2 mirabegron 315 2.02 36.6 (32.3–41.6) < 0.0001 308

3 solifenacin 241 1.54 32.6 (28.2–37.6) < 0.0001 251

4 oxycodone 220 1.41 17.4 (15.1–20.0) < 0.0001 178

5 pregabalin 459 2.94 4.5 (4.1–4.9) < 0.0001 142

6 venlafaxine 188 1.2 11.4 (9.8–13.2) < 0.0001 122

7 zolpidem 218 1.4 7.2 (6.3–8.2) < 0.0001 104

8 tramadol 227 1.45 6.6 (5.8–7.5) < 0.0001 101

9 propiverine 89 0.57 31.4 (24.8–39.6) < 0.0001 92

10 tapentadol 71 0.45 29.7 (22.9–38.6) < 0.0001 72

These drugs ranked in the top 10 in the ALL result. (a) FAERS and (b) JADER.
a) It is the “a” in the two–by–two table (i.e., number of cases reporting the suspected AE and the suspected drug).
b) It is the “c” in the two–by–two table (i.e., number of cases reporting with the suspected AE and without the

suspected drug).
c) Reporting odds ratio.
d) P–value of Fisher’s exact test.
e) Common logarithm of the inverse P–values. If it was not indicated, it was substituted with 308.

https://doi.org/10.1371/journal.pone.0260980.t002
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significantly positive correlation in ALL (0.63, P = 0.0028) and an insignificant weak positive

correlation in CNS (0.23, P=0.41). In CNS, the median of lnROR was 1.03 (minimum

0.55-maximum 1.66) in FAERS and 2.11 (0.47–5.17) in JADER. The range of lnROR was

wider in JADER than FAERS.

Fig 7 shows the difference in the lnROR means between the two databases by all three AEs

using the Wilcoxon signed-rank test. As the drugs whose P-value was less than 0.05 were

extracted and evaluated, a total of 21 drugs were shown. Most lnRORs of the three AEs were

significantly greater in JADER. The greatest difference in terms of the absolute value was 3.84

for amitriptyline of CNS. The smallest was 0.02 for olanzapine of ALL.

Discussion

Number of cases

Based on the number of pairs and IDs, it became clear that FAERS and JADER included a

larger number of cases of anticholinergic AEs than any single- or multi-center clinical studies.

Table 3. Major suspected drugs of CNS. (a) FAERS (b) JADER.

(a) FAERS

drug aa) (a/(a+cb))) ×100 RORc) 95% CI P-valued) −logPe)

1 memantine 1,776 0.45 13.2 (12.6–13.9) < 0.0001 308

2 pimavanserin 4,587 1.17 10.4 (10.1–10.7) < 0.0001 308

3 donepezil 1,055 0.27 7.5 (7–8) < 0.0001 308

4 finasteride 3,078 0.79 6.9 (6.7–7.2) < 0.0001 308

5 rivastigmine 1,206 0.31 6.2 (5.9–6.6) < 0.0001 308

6 oseltamivir 913 0.23 4.9 (4.6–5.2) < 0.0001 308

7 lorazepam 2,120 0.54 4.6 (4.4–4.8) < 0.0001 308

8 zolpidem 2,000 0.51 4.5 (4.3–4.7) < 0.0001 308

9 carbidopa 5,257 1.34 4.5 (4.4–4.7) < 0.0001 308

10 lithium carbonate 1,186 0.30 4.5 (4.2–4.8) < 0.0001 308

(b) JADER

drug aa) (a/(a+cb))) ×100 RORc) 95% CI P-valued) −logPe)

1 oxycodone 180 2.91 35.7 (30.6–41.8) < 0.0001 200

2 zolpidem 190 3.08 16.0 (13.8–18.6) < 0.0001 150

3 tapentadol 61 0.99 63.0 (47.8–83.1) < 0.0001 82

4 suvorexant 72 1.17 22.1 (17.4–28.1) < 0.0001 67

5 fentanyl 76 1.23 16.6 (13.2–20.9) < 0.0001 62

6 valacyclovir 150 2.43 5.6 (4.8–6.6) < 0.0001 59

7 zanamivir 77 1.25 13.8 (11.0–17.4) < 0.0001 57

8 duloxetine 90 1.46 10.2 (8.2–12.6) < 0.0001 56

9 pregabalin 178 2.88 4.3 (3.7–5.0) < 0.0001 54

10 tramadol 106 1.72 7.6 (6.3–9.3) < 0.0001 54

These drugs ranked in the top 10 in the CNS result. (a) FAERS and (b) JADER.
a) It is the “a” in the two–by–two table (i.e., number of cases reporting the suspected AE and suspected drug).
b) It is the “c” in the two–by–two table (i.e., number of cases reporting the suspected AE and without the suspected

drug).
c) Reporting odds ratio.
d) P–value of Fisher’s exact test.
e) Common logarithm of inverse P–values. If it was not indicated, it was substituted with 308.

https://doi.org/10.1371/journal.pone.0260980.t003
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The analysis of a spontaneous adverse drug event reporting database would be applicable to

research on anticholinergic AEs as other AEs because the ROR of anticholinergic AEs could be

calculated. The proportion of anticholinergic AE cases in the whole database was not large,

and it was especially low in JADER. This result is consistent with a previous report indicating

that most cases recorded in JADER are severe AEs [41].

Major suspected drugs

The drugs for the treatment of pollakiuria were common major suspected drugs of ALL and

PNS. These drugs are particularly important for considering anticholinergic AEs in that they

are mostly prescribed to elderly people. In a systematic review, Durán classified oxybutynin

and tolterodine as high potency anticholinergics based on seven anticholinergic scores

[15,17,42–46]. Solifenacin and fesoterodine were ranked in the major suspected drugs of our

analysis; nevertheless, these drugs did not appear in Durán’s list. The anticholinergic scores

used in Durán’s systematic review were published from 2006 to 2011 and the International

Birth Date of solifenacin and fesoterodine were 2004 and 2007, respectively; therefore, it seems

Table 4. Major suspected drugs of PNS. (a) FAERS (b) JADER.

(a) FAERS

drug aa) (a/(a+cb))) ×100 RORc) 95% CI P-valued) −logPe)

1 sevelamer 2,701 0.38 24.3 (23.4–25.3) < 0.0001 308

2 solifenacin 4,473 0.62 17.2 (16.7–17.8) < 0.0001 308

3 fesoterodine 2,500 0.35 17.2 (16.5–17.9) < 0.0001 308

4 patiromer 3,149 0.44 12.3 (11.9–12.8) < 0.0001 308

5 tolterodine 1,575 0.22 9.7 (9.2–10.2) < 0.0001 308

6 mirabegron 2,475 0.34 7.2 (6.9–7.5) < 0.0001 308

7 telotristat ethyl 1,001 0.14 6.8 (6.4–7.2) < 0.0001 308

8 erenumab 3,142 0.44 6.1 (5.9–6.4) < 0.0001 308

9 niraparib 6,704 0.93 6.0 (5.8–6.1) < 0.0001 308

10 oxybutynin 1,108 0.15 5.4 (5.1–5.7) < 0.0001 308

(b) JADER

drug aa) (a/(a+cb))) ×100 RORc) 95% CI 1. P-valued) −logPe)

1 fesoterodine 1,093 11.59 386.2 (349.0–427.4) < 0.0001 308

2 mirabegron 303 3.21 58.6 (51.4–66.7) < 0.0001 308

3 solifenacin 217 2.30 47.8 (41.2–55.5) < 0.0001 262

4 venlafaxine 147 1.56 14.6 (12.3–17.2) < 0.0001 110

5 pregabalin 281 2.98 4.5 (4.0–5.1) < 0.0001 88

6 propiverine 74 0.78 41.6 (32.3–53.4) < 0.0001 86

7 Irradiated human red blood cells 207 2.20 5.8 (5.1–6.7) < 0.0001 84

8 tolterodine 47 0.50 78.1 (55.7–109.6) < 0.0001 66

9 Irradiated human blood platelet concentrate 170 1.80 4.6 (4.0–5.4) < 0.0001 56

10 tramadol 121 1.28 5.7 (4.7–6.8) < 0.0001 48

These drugs ranked in the top 10 in the PNS result. (a) FAERS and (b) JADER.
a) It is the “a” in the two–by–two table (i.e., number of cases reporting the suspected AE and with the suspected drug).
b) It is the “c” in the two–by–two table (i.e., number of cases reporting the suspected AE and without the suspected drug).
c) Reporting odds ratio.
d) P–value of Fisher’s exact test.
e) Common logarithm of inverse P–values. If it was not indicated, it was substituted with 308.

https://doi.org/10.1371/journal.pone.0260980.t004
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that when these anticholinergic scores were created, these new drugs were not thoroughly eval-

uated. As Lisibach pointed out [14], these major anticholinergic scores were developed in the

early 2000s, and it is inferred that the trend of drug prescription and administration and the

occurrence of AEs have been changing over time. Taking these changes into account, these

anticholinergic scores might be not able to cover the currently major drugs inducing

Fig 5. Plots of drugs whose −log P is 308. Drugs whose −log P is 308 and lnRORs are greater than 0 in FAERS: (a) ALL, (b) CNS, and (c) PNS. The size of the dots

reflects the number of cases of each drug: It is “a+b” in the two–by–two contingency table. The color of the dots indicates the number of cases of anticholinergic AEs

of the drug: It is “a” in the two–by–two table. Each dot is a drug, and the abscissa is the lnROR axis. The ordinate axis is the drug number by the descending lnROR.

https://doi.org/10.1371/journal.pone.0260980.g005

PLOS ONE Analysis of anticholinergic adverse effects using FAERS and JADER

PLOS ONE | https://doi.org/10.1371/journal.pone.0260980 December 2, 2021 12 / 20

https://doi.org/10.1371/journal.pone.0260980.g005
https://doi.org/10.1371/journal.pone.0260980


anticholinergic AEs. These scores need to be updated as is the case Beers Criteria. The results

of our study suggest that the analysis using the spontaneous adverse drug event report database

might be utilized for one of the assessment tools of clinical anticholinergic AEs. Other major

suspected drugs differed between FAERS and JADER. The cause of this difference may be dif-

ferences in the prescription of these drugs or the reporting of cases instead of the mechanism

of the drugs. For instance, opioids are major suspected drugs of CNS in JADER. In Japan, the

prescription and inventory management of opioids has always been under very strict control

by law, and their indications are limited mostly to cancer pain and some types of chronic pain

[47]. Consequently, regarding the AE reports of opioids in JADER, it is considered that the

AEs induced by appropriate usage (constipation, delirium, etc.) are frequent and those

induced by inappropriate use (addiction, abuse, etc.) are quite rare. Thus, the RORs of ALL

and CNS are large. In contrast, the AE reports of opioids in FAERS are also obtained from var-

ious countries in which the regulation of opioids is less strict. Therefore, the RORs of anticho-

linergic AEs are smaller. Interestingly, tramadol and pregabalin were ranked in the top 10 of

three AEs in JADER. These two drugs are prescription drugs for pain but are not specially reg-

ulated by law; therefore, they have been prescribed to many patients in recent years in Japan.

The reason for these being drugs ranked in JADER is as follows. Both drugs have notes to pay

attention to central nervous system AEs in the package insert. Tramadol has a high risk of

inducing constipation because it is an opioid analgesic and pregabalin has been reported in

cases of constipation and tachycardia. However, to clearly prove the connection more research

is needed. These two drugs are likely to be prescribed to elderly persons because most of them

have some pain so that we need to be aware of the inappropriate usage of these drugs.

The major suspected drugs in CNS were observed to have different trend types of medicines

in ALL or PNS contrary to our expectations. Typical anticholinergics were not listed in the

major suspected drugs of CNS; instead, cholinesterase inhibitors were ranked in FAERS, and

antiviral drugs were ranked in JADER. However, the accumulation of anticholinergic effects

Fig 6. Comparison of Beers Criteria1 anticholinergic drugs and other drugs. These box plots show the distribution of the lnROR by the anticholinergic drugs and

the other drugs. (a) FAERS and (b) JADER.

https://doi.org/10.1371/journal.pone.0260980.g006
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might be one of the factors inducing central AEs, since several drugs with anticholinergic

effects are included in the major suspected drugs [48]. The patient’s background factors may

also need to be considered, as we adopted “cognitive impairment” and “confusional state” as

CNS in this analysis. Several prior clinical studies have suggested no relationship between anti-

cholinergic effects and cognitive disfunction [49,50]. Thus, these CNS symptoms might not be

anticholinergic AEs. These previous studies and results of our study lead us to presume that

revealing the relationship of AEs of CNS and drugs is a very difficult challenge. AEs of CNS

are a serious problem not only for the patients, but also their families, and caregivers. In any

case, the relationship between anticholinergic effects and CNS AEs should be studied further.

It became clear from our study that spontaneous adverse drug event report databases include a

large number of anticholinergic AEs; thus we would like to perform a continuous study that

considered an accumulation of the drug burden and patient characteristics.

Beers Criteria1 anticholinergic drugs

The fact that the lnRORs of almost all anticholinergics of Beers Criteria1 are greater than 0

indicates that these drugs induce anticholinergic AEs. This result indicates that the ROR helps

assess drugs that have anticholinergic AEs. For this reason, the spontaneous adverse drug

event report database can be applied for research on anticholinergic AEs.

Fig 7. Comparison of the lnROR between FAERS and JADER. The lnROR of FAERS and JADER by each drug. Each line is a drug.

https://doi.org/10.1371/journal.pone.0260980.g007
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The lnRORs of anticholinergics of the Beers Criteria1 tended to be greater in JADER than

in FAERS. This difference of lnROR is considered to be the reason for the insignificant weak

correlation in CNS. The values of the lnROR result of JADER in CNS were widely distributed

in comparison with that of FAERS. Major drugs that had a large value of the lnROR results of

JADER in CNS were amitriptyline, perphenazine, and oxybutynin. These drugs are listed in

“List of drugs to be prescribed with special caution” in the “Guidelines for medical treatment

and its safety in the elderly 2015” [51] published by The Japan Geriatrics Society. In this list,

these drugs are flagged to be careful of cognitive impairment and delirium. It can be presumed

that the cases of JADER are reported drugs that have antimuscarinic effects because they are

frequently reported by healthcare professionals, and that leads to larger RORs. If the difference

in the value of ROR reflects the actual status of drug use, it conforms to the opinion that the

anticholinergic rating scale differs for each country [52]. It should be noted that this is only a

hypothesis and further study to pursue the reason for the differences in the lnROR between

the two databases and weak correlations in CNS should be conducted.

Limitations

Our study has several limitations. First, a study using a spontaneous adverse drug event report-

ing database has various biases [53,54]. Clearly, only reported AE cases were recorded in the

databases, while unreported cases could not be obtained from the databases. Almost the cases

in the database were not verify for a causal association. Hence, it is not always said that the

drugs caused the side effects. Second, these cases might have been affected by concomitant

drug use and comorbidities. These factors can affect the incidence of AEs, although we ana-

lyzed only suspected drugs in this study. Mirabegron is a β3 agonist, and it led to the same

number of anticholinergic AEs as a placebo according to a clinical study [55]. Its high ROR in

this study may have been influenced by these factors.

Some drugs that are not classified as antimuscarinics might have the possibility to possess

antimuscarinic mechanisms inducing anticholinergic AEs and it is necessary to verify these

drugs using a chemical structure for the affinity of the muscarinic receptor. Moreover, the

symptoms of anticholinergic AEs defined in this study are not always caused by antimuscarinic

effects; that is, other pharmacological mechanisms can also cause them. However, the point is

that the problems of giving prescriptions to the elderly in developed countries are symptoms

with a phenotype of anticholinergic AEs. Whether antimuscarinic effects cause the symptoms

is not the main point of argument. From this point of view, it is important to note that this

study quantified the phenotype of anticholinergic AEs.

As we have indicated in the results section, the number of cases and the results of the analy-

ses have commonalities and differences between the two databases. In the results of the major

suspected drug, the value of (a/(a+c)) ×100 tended to be smaller in FAERS, which indicated

that many suspected drugs were reported to have one AE. This suggests that various AE cases,

which were not biased a specific suspected drug, were reported widely. In the results of

JADER, limited several major suspected drugs had a large lnROR. This implies that cases of

anticholinergic AEs in JADER were converged on some typical drugs. These results suggest

that the databases must be chosen properly for the purpose of analysis. For example, it is sug-

gested that FAERS might be suitable to detect an unknown mechanism of a drug because there

are a large number of cases and the cases are not constrained by already known pharmacologi-

cal actions, while JADER might be suitable to research the actual incidence of AEs and to eval-

uate AEs based on already known mechanisms. Needless to say, JADER will also apply to

research local settings in Japan. Moreover, collating the results from these databases might

help to elucidate AEs that happen in the real world.
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Clearly, anticholinergic AEs are a problem that troubles patients and caregivers in devel-

oped countries, as numerous studies have reported to date. However, the assessment of the

association between anticholinergic AEs and medications is generally difficult because almost

all of these AEs lack objective parameters, like laboratory data or data from imaging studies,

and similar symptoms result from physiological changes caused by aging. It seems that these

facts can explain the variation in the many studies performed on anticholinergic AEs.

A further study of anticholinergic burden would be of value to the field of pharmacotherapy

for the elderly. We hope that this study using spontaneous adverse drug event report databases

will contribute to a solution to the problem. The idea of data mining is to find new knowledge

without being hindered by the noise. In particular, the analysis of spontaneous adverse drug

event reporting databases combined with other methods will result in more useful outcomes.

Conclusions

A sufficient number of cases of anticholinergic AEs to perform a disproportional analysis was

recorded in FAERS and JADER. The RORs of anticholinergics were assessed using Beers Cri-

teria1. Using a spontaneous adverse drug event reporting database can be an effective method

of anticholinergic AEs research in that it is an efficient way to collect a large number of cases.

It is important to select databases depending on the aim of the research because the results of

our analysis differed between the two databases. We recommend FAERS to search for a wide

range of suspect drugs including unknown mechanisms of drugs and JADER to understand

the real current status of known AEs or situations in Japan.

This study indicates that the principal suspected drugs of anticholinergic AEs are those

used for the treatment of pollakiuria. The relationship of anticholinergic AEs of CNS and

drugs should be studied further, including the patient’s background, concomitant drug use,

and drug type (e.g., opioids and antidementia drugs). We hope that the causal association of

anticholinergic AEs and drugs can be clarified by performing research studies combined with

several methods of analysis.
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