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Abstract

Population aging is a global phenomenon, and choosing appropriate medical care for the
elderly is critical. Polypharmacy is suspected to increase the risk of adverse events (AEs) in
older patients. We examined the AE profiles associated with polypharmacy and aging using
the Japanese Adverse Drug Event Report (JADER) database. We attempted to mitigate the
effect of patient-related factors using a multiple-logistic regression technique and data sub-
setting. We selected case reports for AEs as specified in the Medical Dictionary for Regula-
tory Activities (MedDRA). The association between polypharmacy and “renal disorder” or
“hepatic disorder” was evaluated using reporting odds ratio (ROR) and adjusted for covari-
ates using multiple-logistic regression. For renal disorder, advanced polypharmacy showed
higher adjusted RORs, because the value of administered drugs group [1.82 (1.76—1.88), >
10] was higher than that of the number of administered drugs group [1.27 (1.24-1.31), 5-9].
The lower limit of the 95% confidence interval (Cl) of adjusted ROR for age (> 60 years)
was > 1 for renal disorder. For hepatic disorder, the adjusted RORs were as follows: 1.17
(1.14—1.20) for the number of administered drugs group (5-9) and 1.14 (1.11-1.18) for the
number of administered drugs group (> 10). The adjusted RORs of hepatic disorder com-
pared to those of renal disorder had lower adjusted RORs related to the increase in the num-
ber of administered drugs. Therefore, elderly individuals should be closely monitored for the
occurrence of renal disorder when they are subjected to polypharmacy. This approach
might apply to the simultaneous evaluation of the AE risk of polypharmacy and aging.
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Introduction

Aging of the population is a global phenomenon, and appropriate medical care for the elderly
should be ensured [1-6]. A survey by the United Nations (UN), revealed that there is one
older adult (> 60 years) in every nine people [7,8]. This value is expected to increase to one in
five people by 2050 [7,8]. In the US, the > 65-year-old population, which is the fastest growing
age group, has increased by 12.5% since 1999, reached approximately 40 million in 2009, and
there will be approximately 72 million older adults by 2030 [2,3]. In Japan, 27.3% of the total
population was aged > 65 years in 2016, and this trend is expected to continue for the next 25
years [5,6].

The elderly often have multiple diseases and, therefore, are administered numerous medi-
cations, which is referred to as polypharmacy [9-11]. In the US, the proportion of people
aged > 65 years who were administered five or more medications tripled from 12.8% to 39.0%
between 1988 and 2010 [12]. In the UK, the proportion of people aged > 65 years who were
administered 10 or more drugs more than tripled between 1995 (4.9%) and 2010 (17.2%) [13].
The Slone Survey reported that 60% and approximately 20% of elderly patients in the US
receive more than five and 10 or more medicines, respectively [14,15]. Consequently, poly-
pharmacy is common among the elderly [9-11].

A standard definition has not been determined for polypharmacy, which could be appro-
priate or problematic. When medicine use is optimized, prescriptions are based on the best
evidence, which improves the patient’s life expectancy and quality of life (QOL), and is consid-
ered appropriate polypharmacy. However, when the risk of interactions and adverse events
(AEs) of multiple drug cotreatments affects patients’ QOL and compliance, this is considered
problematic polypharmacy [16]. Despite its benefits, polypharmacy is generally considered to
increase the risk of AEs, drug-drug interactions, inappropriate prescribing, nonadherence to
drug regimens, hospitalization, and mortality in the elderly [2,11]. The coadministration of at
least two to nine medications is considered polypharmacy [2,17-21]. Generally, the adminis-
tration of > 5 or > 10 prescription drugs is defined as polypharmacy or “major” polyphar-
macy, respectively, and based on these thresholds, serious AEs and drug interaction have been
observed in both outpatients and inpatients [13,22-25].

Increased risk of AEs in the elderly might cause physiological changes related to aging that
alter pharmacokinetic and pharmacodynamic drug responses [26]. In particular, alternations
in hepatic and renal function are considered to be responsible for the change in pharmacoki-
netics in the elderly [27]. Aging decreases hepatic metabolism because of reduced liver mass,
hepatic blood flow, and albumin synthesis [27]. Aging also decreases renal drug elimination
because of reduced glomerular filtration rate (GFR) and tubular function [27]. We considered
that the evaluation of AEs related to polypharmacy and associated with hepatic and renal dis-
orders would be an extremely interesting subject.

The spontaneous reporting system (SRS) of the real-world setting has been used in pharma-
covigilance assessments [28-31]. The US Food and Drug Administration (FDA) adverse event
reporting system (FAERS) is an SRS and the largest database in the world [28-31]. Based on
the FAERS database, we previously reported that polypharmacy with antipsychotic drugs
might increase the risk of hyperglycemic AE using well-established pharmacovigilance indexes
such as the reporting odds ratio (ROR) [32]. The regulatory authority in Japan, the Pharma-
ceuticals and Medical Devices Agency (PMDA), controls the SRS of the Japanese Adverse
Drug Event Report (JADER) database which is a best-known SRS in Japan. The JADER data-
base for individual case safety reports is similar to the FAERS database and is used to assess the
risk of AEs. However, investigations of possible associations between polypharmacy and AE
are rare using the JADER database.
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The effect of aging and polypharmacy, such as the number of administered drugs, on AEs
was evaluated separately in the previous studies [2,17,24,33]. In this present study, we evalu-
ated the concomitant effects of aging and polypharmacy on AEs of hepatic and renal disorders
using adjusted RORs and a multiple-logistic regression technique in the JADER database.

Materials and methods
Data sources

Data from the JADER database, which contains data recorded from April 2004 to June 2017,
were obtained from the PMDA website (www.pmda.go.jp). All data of the JADER database
were fully anonymized by the regulatory authority before we accessed them. The structure of
the JADER database complies with the international safety reporting guidelines (International
Concil on Harmonisation [ICH] E2B). The database consists of four data tables: 1) patient
demographic information (DEMO), 2) drug information (DRUG), 3) AEs (REAC), and 4) pri-
mary illness (HIST). The JADER database does not contain the codes for identifying case
reports (A1.11) and, therefore, we could not exclude duplicate cases from the same patient
(https://www.pmda.go.jp/files/000145474.pdf). In the DRUG table, the causality of each drug
was assigned a code according to its association with the AEs such as a “suspected drug,” “con-
comitant drug,” or “interacting drug.” All drugs in the “suspected drug,” “concomitant drug,”
and “interacting drug” association classes were used for the analyses.

The description of age is recorded in the data table of DEMO that includes patient demo-
graphic information. The specific items entered in the DEMO data table are as follows: < 10,
10-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89, 90-99, > 100 years, neonate, baby,
infant, child, young adult, adult, elderly, first trimester, second trimester, third trimester, and
unknown. The reports were stratified by age as follows: < 19, 20-29, 30-39, 40-49, 50-59, 60—
69, 70-79, 80-89, and > 90 years. The stratified < 19-year-old age group for the analysis com-
bined the < 10, 10-19 years, neonate, baby, infant, and child groups. The stratified > 90-year-
old group consisted of the 90-99 and > 100-year-old. We excluded the following items, young
adult, adult, elderly, first trimester, second trimester, third trimester, and unknown because
these descriptions could not be categorized into precise 10-year intervals.

Most developed world countries and the World Health Organization (WHO) have accepted
the chronological age of 65 years as a definition of “elderly” or older person. For the calculation
of the adjusted ROR, the reports were stratified by age as follows: < 59 and > 60 years, because
65 years was categorized into precise 10-year intervals in the JADER database. Neonate, baby,
infant, child, young adult, first trimester, second trimester, and third trimester were catego-
rized into the < 59-year-old group. Elderly was categorized into the > 60-year-old group. We
excluded the adult and unknown items because these descriptions could not be precisely cate-
gorized into the < 59 and > 60-year-old groups. The number of administered drugs was cate-
gorized as < 5, 5-9, and > 10 drugs [13,22-25].

Definition of adverse events

AEs are coded in the "REAC" table in the JADER database according to the terminology pre-
ferred by the Medical Dictionary for Regulatory Activities (MedDRA) (www.meddra.org). The
standardized MedDRA Queries (SMQ) index is widely accepted and used in analyzing the
JADER database. We used the SMQ version 20.0 to extract case reports related to hepatic and
renal disorders. We used the following SMQ for Drug related hepatic disorders—comprehensive
search, acute renal failure, chronic kidney disease: SMQ codes: 20000006, 20000003, and 2000
0213, respectively (Table 1). We excluded reports that were incomplete without reporting year,
age, or sex information.
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Table 1. SMQ codes related with hepatic disorder and renal disorder.

SMQ code

Hepatic Drug related hepatic
Disorders | disorders—comprehensive
search (20000006)

Renal Acute renal failure
Disorders | (20000003)

Chronic kidney disease
(20000213)

https://doi.org/10.1371/journal.pone.0190102.t001

subcategory of SMQ Preferred Reported
code terms (n) cases (n)
Drug related hepatic Hepatitis, non-infectious 21 2452
disorders—severe events | (20000010)
only (20000007)
Liver neoplasms, malignant Liver malignant 18 493
and unspecified (20000011) | tumours (20000208)
Liver tumours of 2 43
unspecified
malignancy
(20000209)
Liver neoplasms, benign (incl 9 73
cysts and polyps) (20000012)
Hepatic failure, fibrosis and 92 16347

cirrhosis and other liver
damage-related conditions

(20000013)
Liver related 96 21349
investigations, signs and
symptoms (20000008)
Cholestasis and jaundice 17 5882
of hepatic origin
(20000009)
Liver-related coagulation 40 776
and bleeding
disturbances (20000015)
50 17622
172 16081

Signal detection

The ROR is the authorized pharmacovigilance index [34] and was calculated using two-by-two
contingency tables of the presence or absence of a particular drug and a particular AE in the
case reports. The ROR is the ratio of the odds of reporting AEs versus all other events associ-
ated with the drug of interest compared with the reporting odds for all other drugs present in
the database [34]. General qualitative judgments were used for signal detection, which was
dependent on the signal indices exceeding a predefined threshold. An association was consid-
ered disproportionate when the lower limit of the 95% confidence interval (CI) was > 1 [35].
At least two cases were required to define a signal [36].

The ROR allows for adjustments using multiple-logistic regression analysis and offers the
advantage of controlling for covariates [35]. In this analysis, we refined the results with a dedi-
cated correction to detect possible confounders present in the database [35]. We calculated
adjusted RORs to control the covariates using a multiple-logistic regression analysis. The
reports were stratified by age as follows: < 59 and > 60-year-old group and < 5, 5-9, and > 10
drugs group. To construct the multiple-logistic model, reporting year, stratified age groups,
sex, and the number of administered drugs were coded. The following multiple logistic model
was used for the analysis:

log(odds) = B, + B,Y + B,S + B,A + BN+ B;S+ A+ BS« N+ A+ N
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where, Y is the reporting year, A is the stratified age group, S is sex, and N is the number of
administered drugs.

The adjusted RORs were calculated using the male, < 59-year-old group, and < 5 drugs as
a reference group. We evaluated the effects of explanatory variables using a stepwise method
[37] at a significance level of 0.05 (forward and backward, Table 2). A likelihood ratio test was
used to evaluate the effects of explanatory variables. A p < 0.05 was considered statistically sig-
nificant because the difference in the -2log likelihood followed a chi-square distribution with 1
degree of freedom. Chi-Square is the likelihood-ratio chi-square test of the hypothesis that all
regression parameters are zero. It is computed by taking twice the difference in negative log-
likelihoods between the fitted model and the reduced model that has only intercepts.
“Prob > ChiSq” in S4 and S5 Tables is the probability of obtaining a greater chi-square value
by chance alone if the specified model fits no better than the model that includes only inter-
cepts. The data analyses were performed using the JMP software version 11.0 (SAS Institute
Inc., Cary, NC, USA).

Results

The JADER contained 473,487 reports from April 2004 to June 2017, and 42,400 and 29,008
reports were related to hepatic and renal disorders, respectively. The reporting rate stratified
by age depended on the number of administered drugs and is summarized as follows: Figs 1-3
show the entire dataset, hepatic disorder, and renal disorder, respectively. The number of
reported cases for the 70-79-year-old group was 107,149 (24.8%), which was the highest
among all stratified age groups.

For the complete dataset, the reporting rates of AEs in monotherapy with each of the fol-
lowing stratified age groups < 19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89, and > 90
years were 33.5%, 27.2%, 26.2%, 24.9%, 21.2%, 20.5%, 21.5%, 23.4%, and 26.6%, respectively
(Fig 1 and S1 Table). The reporting rate of monotherapy was the highest among all stratified
age groups in the entire dataset and the subsets for hepatic and renal disorders (Fig 1 and S1
Table, Fig 2 and S2 Table, Fig 3 and S3 Table). In the entire dataset, the monotherapy reporting
rates were the highest and lowest in the < 19- and 60-69-year-old groups (33.5 and 20.5%),
respectively (Fig 1 and S1 Table).

Table 2. Multiple-logistic regression analysis.

Adverse events Adjusted RORT (95% CI) p-value

Hepatic disorder Reporting year 0.95 (0.95-0.95) <0.0001
Sex (female) 0.95 (0.93-0.97) <0.0001
Age (> 60) 0.86 (0.85-0.88) <0.0001
Number of administered drug (5-9) 1.17 (1.14-1.20) < 0.0001
Number of administered drug (> 10) 1.14(1.11-1.18) < 0.0001
Sex (female) * Number of administered drug (> 10) 1.00 (0.94-1.07) 0.0074

Renal disorder Reporting year 1.01 (1.01-1.02) < 0.0001
Sex (female) 0.81 (0.79-0.83) < 0.0001
Age (> 60) 1.32 (1.28-1.35) <0.0001
Number of administered drug (5-9) 1.27 (1.24-1.31) < 0.0001
Number of administered drug (> 10) 1.82 (1.76-1.88) < 0.0001
Sex (female) * Age (> 60) 1.60 (1.52—-1.69) <0.0001

* Significant variables selected with stepwise method

T Reporting odds ratio

https://doi.org/10.1371/journal.pone.0190102.t002
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Fig 1. Reporting rate of administered drugs stratified by age for entire dataset.
https://doi.org/10.1371/journal.pone.0190102.g001

For the entire dataset, the reporting rate (cases) of the > 5 drugs administered population
stratified by age of < 19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89, > 90 years was
28.7% (9,097), 32.2% (5,009), 34.3% (9,092), 37.7% (12,944), 42.1% (24,306), 44.8% (45,054),
46.5% (49,845), 47.3% (24,621), and 44.9% (3,022), respectively. The reporting rate of the pop-
ulation administered more than five drugs, which is commonly referred to as polypharmacy,
increased with age and was the lowest and highest in the < 19- and 80-89-year-old groups
(28.7 and 47.3%), respectively (Fig 1 and S1 Table).

For the entire dataset, the number of administered drugs was 5.04 + 4.66 (mean + standard
deviation) and was the highest and lowest in the 70-79- and < 19-year-old groups (5.42 + 4.79
and 3.93 + 4.47), respectively. For hepatic disorder, the number of administered drugs was
5.37 + 4.78 and was the highest and lowest in the 80-89 and 30-39-year-old groups
(6.18 + 4.85 and 4.52 + 4.20), respectively. For renal disorder, the number of administered
drugs was 6.12 * 5.52 and was the highest and lowest in the 70-79- and < 19-year-old group
(6.44 £ 5.35 and 4.90 * 6.09), respectively. The mean number of administered drugs for renal
disorder was higher than that for hepatic disorder.

<19 Number of administered drugs
[ ] mono
20-29 - ’
30-39
4
40-49 £ s
[ I
j:” 50-59 rri
60-69 7 g
70-79
80-89
90 <
all :
0 25 50 75 100
Rate (%)

Fig 2. Reporting rate of administered drugs stratified by age for hepatic disorder subset.
https://doi.org/10.1371/journal.pone.0190102.9002
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Fig 3. Reporting rate of administered drugs stratified by age for subset data of renal disorder.
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After excluding incomplete reports that lacked information on the reporting year, age, or
sex, 432,337 reports were included in the multiple logistic regression analysis. Using a stepwise
logistic regression model, we selected significant variables related to AEs among the reporting
year, sex, age, and the number of administered drugs, and examined the interaction between
sex, age and the number of administered drugs (Table 2).

For hepatic disorder, the result of the final model indicated that in addition to the signifi-
cant contribution of reporting year (p < 0.0001), sex (female, p < 0.0001), age (> 60 years,

p < 0.0001), the number of administered drugs (5-9, p < 0.0001) and the number of adminis-
tered drugs (> 10, p < 0.0001) were observed. The interaction between sex (female) and the
number of administered drugs (> 10) was also significant (p = 0.0074). The adjusted RORs for
the number of administered drugs (5-9, p < 0.0001) and the number of administered drugs
(> 10) were 1.17 (1.14-1.20) and 1.14 (1.11-1.18), respectively. However, the interaction
between age (> 60 years) and the number of administered drugs (5-9) or the number of
administered drugs (> 10) was not significant (data are not shown).

For renal disorder, significant contributions of reporting year (p < 0.0001), sex (female,

p < 0.0001), age (> 60 years, p < 0.0001), the number of administered drugs (5-9,

p < 0.0001), and the number of administered drugs (> 10, p < 0.0001) were observed. The
interaction between sex (female) and age (> 60 years) was also significant (p < 0.0001). The
adjusted RORs of age (> 60 years), administered drugs (5-9), the number of administered
drugs (> 10), and interaction between sex (female) and age (> 60 years) were 1.32 (1.28-1.35),
1.27 (1.24-1.31), 1.82 (1.76-1.88), and 1.60 (1.59-1.69), respectively. The interaction between
age (> 60 years) and administered drugs (5-9) or administered drugs (> 10) was not signifi-
cant (data not shown).

We also expressed the results in the heat map of the adjusted RORs obtained from the inter-
action terms (A*N) from the number of administered drugs and the stratified age groups
based on 10-year intervals (Panel E in S1 Fig and S4 Table for hepatic disorder, Panel E in S2
Fig and S5 Table for renal disorder).

Discussion

The present study suggests that polypharmacy might be more associated with an increased risk
of renal disorder than of hepatic disorder based on the adjusted RORs obtained using the mul-
tiple-logistic regression technique.
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For renal disorder, advanced polypharmacy showed a trend of higher adjusted RORs
because the adjusted ROR [1.82 (1.76-1.88)] of administered drugs (> 10) group was higher
than that [1.27 (1.24-1.31)] of the number of administered drugs (5-9) group (Table 2). Drug
interactions play an important role in the effects of polypharmacy. For renal disorder, pharma-
cokinetic interactions might involve competition for active renal secretion. The frequency of
drug interactions depends on the number of administered drugs and the complexity of the reg-
imens [38].

For renal disorder, the lower limit of the 95% CI of adjusted ROR [1.32 (1.28-1.35)] for age
(> 60 years) was > 1. In the literature, the effect of aging in renal disorders is clear [38]. After
the age of 40 years, progressive glomerulosclerosis develops in the kidney, and the number of
functioning glomeruli is reduced. The GFR declines by 25-50% between the ages of 20 and 90
years. Generally, women have lower GFRs than men do [39]. According to the adjusted ROR
[1.60 (1.52-1.69)] of the interaction between sex (female) and age (> 60 years) group, we con-
sidered that female patients > 60 years are at a higher risk for renal disorder. However, the
lower limit of the 95% CI of adjusted ROR [0.81 (0.79-0.83)] for sex (female) was < 1. Consid-
ering this conflicting data, the reason is uncertain.

Objections will no doubt be raised that the interaction between aging and polypharmacy in
renal disorder was not statistically significant. However, we constructed the visual heat map of
adjusted RORs for AEs from the number of administered drugs and the stratified age group
(S2 Fig). For renal disorder, the possibility of an increased risk with concurrent increasing age
and increasing number of administered drugs might be a thought-provoking observation in
the interpretation of our results.

For hepatic disorder, polypharmacy showed the following slightly higher adjusted RORs:
1.17 (1.14-1.20) of administered drugs (5-9) group, 1.14 (1.11-1.18) of number of adminis-
tered drugs (> 10) group (Table 2). The adjusted RORs of hepatic disorder had lower adjusted
RORs than those of renal disorder, which was related to increasing number of administered
drugs. We consider that the effect of polypharmacy might be lower in hepatic disorder than it
is in renal disorder. In contrast to the result of renal disorder, the lower limit of the 95% CI of
adjusted ROR [0.86 (0.85-0.88)] for age (> 60 years) was < 1. We do not have a plausible rea-
son. This observation might have occurred because aging does not have a certain effect on
metabolism [39]. For cytochrome P450 (CYP) metabolism, the effects of advancing age on the
activity of drug-metabolizing enzymes are modest [40]. However, in most studies of human
liver samples from adult subjects of varying age, some negative relationships have been
observed [40,41]. Glucuronidation and sulfation do not appear to be associated with aging
[40]. Multiple factors control hepatic clearance, and the effect of aging differs depending on
the controlling factors [39]. No significant interaction was observed between aging and poly-
pharmacy in hepatic disorder (data not shown).

The heat map of adjusted RORs obtained from the interaction terms (A*N) of the number
of administered drugs and the stratified age group based on 10-year intervals, revealed a nega-
tive correlation between the number of administered drugs and AEs for hepatic disorders (S1
Fig). We do not have a conclusive explanation for this result. In our preliminary analysis, we
stratified the reports by the number of administered drug as follows: < 10 drugs (40,470
reports) and > 10 drugs (6,945 reports). In the group of < 10 drugs, the reporting rates of AEs
with each of the following SMQ of “drug related hepatic disorders—severe events only
(20000007),” “liver-related investigations,” “signs and symptoms (20000008),”
jaundice of hepatic origin (20000009),” and “liver related coagulation and bleeding distur-
bances (20000015)” were 41.4% (16,744 reports), 44.4% (17,959 reports), 12.8% (5,191
reports), and 1.4% (576 reports), respectively. In the group of > 10 drugs, the reporting rates
of AEs with each of the following SMQ of “drug related hepatic disorders—severe events only
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(20000007),” “liver related investigations,” “signs and symptoms (20000008),” “cholestasis and
jaundice of hepatic origin (20000009),” and “liver-related coagulation and bleeding distur-
bances (20000015)” were 38.4% (2,664 reports), 48.8% (3,390 reports), 9.9% (691 reports), and
2.9% (200 reports), respectively. The result of the chi-square test showed there was a significant
difference in the reporting number profiles stratified with each SMQ between the < 10 drugs
administered group and > 10 drugs administered group (p < 0.0001). We could not find any
persuasive explanation for our result at this time. In evaluating SRS, unadjusted confounding
factors should be considered. The covariates should be evaluated with respect to a variety of
patient backgrounds using well-organized epidemiologic studies in the future.

Media attention and publicity resulting from advertising or regulatory actions such as safety
information from the PMDA might influence the JADER database reporting based on the year
of reporting [42,43]. In this study, we adjusted the ROR for the variable of the reporting year.
Although the likelihood ratio test was significant (p < 0.0001), the value of the adjusted ROR
for reporting year was nearly one. We considered that the effects of reporting year were small.

Polypharmacy is related to increased risk of being administered potentially inappropriate
medications (PIM) [44,45]. Both polypharmacy and PIMs increase AEs, worsen physical func-
tions, and cause excessive use of health facilities [46,47]. PIMs were first devised and publicized
by Beers et al. [48] for nursing home residents, were subsequently expanded to include older
adults in all settings in 1991, and last updated in 2015 [49]. Other PIM criteria including
screening tool of older people’s prescriptions (STOPP)/screening tool to alert doctors to right
treatment (START) have been used [50]. These criteria are suitable for determining the appro-
priateness of prescriptions. The Beers criteria provide a list of drugs that the panel of experts
considered particularly problematic for older patients [1]. The STOPP and START tools iden-
tify inappropriate medications in elderly, including drug-drug and drug-disease interactions,
drugs that increase the risk of falls, and drugs that duplicate therapy [50]. The Beers and
STOPP tools are used to address over- and misuse of medications. The START tool allows the
detection of potentially inappropriate drug omissions [51]. However, information on the AE
risk dependence on the number of administered drugs is insufficient in these criteria [52]. Few
studies have examined the relationship between the number of administered drugs and AE in
the context of age-group stratification. Our results provide valuable insights into prescribing
drugs to older patients using real-world clinical setting.

The analysis using SRS such as the JADER database has several limitations that are worth
noting. The SRS is subject to over-reporting, under-reporting, missing data, exclusion of
healthy individuals, lack of a denominator, and the presence of confounding factors [34]. In
general, crude RORs are inappropriate for inferring the relative strength of association of fac-
tors and only offer an approximate indication of signal strength [34]. On the other hand, the
ROR is an applicable technique that allows the control of covariates using a multiple-logistic
regression analysis and can be used for the detailed analysis of interaction terms [30,53-58].
Multiple-logistic regression analysis mitigates the effect of confounding factors, thereby
enhancing the robustness of the result [53,54]. Despite the limitations inherent to SRSs, we
obtained reasonable results that complement or corroborate those reported in the literature
[2,17].

An observation could be made that the polypharmacy- and aging-related risks are different
for each AE and drug. However, data subsetting using the SMQs such as hepatic or renal disor-
ders might be useful for evaluating aging-, polypharmacy-, or aging-polypharmacy-related AE
associations in the interpretation of results, because the subsets consist of a population of
patients that share a set of commonly administered drugs, risk factors, or diseases. This
approach might be applicable for the simultaneous AE risk evaluation of polypharmacy and
aging. We considered that the subset analyses focusing on drugs of interest, such as antibiotics
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that are expected to cause renal disorder, might be valuable. We expect our study to make a
valuable contribution to the information available for clinicians and would facilitate the
improvement of polypharmacy management.

Conclusion

To the best of our knowledge, this study was the first to evaluate the AE profiles related to
aging and polypharmacy using the JADER database. We demonstrated that polypharmacy
might be more closely associated with an increased risk of renal disorder than hepatic disorder
because the adjusted RORs in renal disorder were higher for those who were on polypharmacy
than for those who were not. Age-related increase in renal disorder is well-known. Thus, older
patients on polypharmacy treatments should be closely monitored for renal disorder. Our
results are useful for improving the management of polypharmacy. Further research is needed
to determine the specific associations between polypharmacy and AEs for each drug.
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S1 Table. Reporting rate of administered drugs stratified by age for entire dataset.
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S2 Table. Reporting rate of administered drugs stratified by age for subset data of hepatic
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$3 Table. Reporting rate of administered drugs stratified by age for subset data of renal
disorder.
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$4 Table. Adjusted reporting odds ratio (ROR) for adverse events (AEs) of hepatic disor-
der. log(odds) = By + B1Y + BoS + B3A + B4N + BsS * A + BeS * N + B,A * N. Reports were strati-
fied by age as follows: < 19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89, and > 90 years.
Adjusted RORs were calculated using male, 19-year-old < group, and one drug as a reference
group.

(XLSX)

S5 Table. Adjusted reporting odds ratio (ROR) for adverse events (AEs) of renal disorder.
log(odds) = B + B1Y + BaS + BsA + B4N + BsS * A + B¢S * N + B,A * N. Reports were stratified
by age as follows: < 19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89, and > 90 years.
Adjusted RORs were calculated using male, 19-year-old < group, and one drug as a reference
group.

(XLSX)

S1 Fig. Heat map of hepatic disorder. A) Number of the administered drugs, B) Age, C)
Number of administered drugs * Sex (female), D) Age * Sex (female), E) Number of adminis-
tered drugs * Age. log(odds) = B + B1Y + BoS + B3A + BaN + BsS * A + ¢S * N + B,A * N.
Reports were stratified by age as follows: < 19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-
89, and > 90 years. Adjusted RORs were calculated using male, 19-year-old < group, and one
drug as a reference group.

(TIF)

S2 Fig. Heat map of renal disorder. A) Number of the administered drugs, B) Age, C) Num-
ber of administered drugs * Sex (female), D) Age * Sex (female), E) Number of administered
drugs * Age. log(odds) = Bo + B1Y + BoS + BsA + BN + BsS * A + B6S * N + B,A * N. Reports
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were stratified by age as follows: < 19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89,
and > 90 years. Adjusted RORs were calculated using male, 19-year-old < group, and one

drug as a reference group.
(TIF)

Author Contributions
Conceptualization: Junko Abe, Mayuko Masuta, Mitsuhiro Nakamura.

Data curation: Honami Suzuki, Yuri Nishibata, Yamato Kato, Natsumi Ueda, Sayaka Sasaoka,
Haruna Hatahira, Yumi Motooka, Mayuko Masuta.

Formal analysis: Junko Abe, Yamato Kato, Natsumi Ueda, Sayaka Sasaoka, Haruna Hatahira,
Yumi Motooka, Mitsuhiro Nakamura.

Funding acquisition: Mitsuhiro Nakamura.
Investigation: Sayaka Sasaoka, Yumi Motooka, Mayuko Masuta, Mitsuhiro Nakamura.

Methodology: Junko Abe, Ryogo Umetsu, Hiroaki Uranishi, Honami Suzuki, Yuri Nishibata,
Yamato Kato, Natsumi Ueda, Sayaka Sasaoka, Haruna Hatahira, Mitsuhiro Nakamura.

Resources: Mitsuhiro Nakamura.

Software: Ryogo Umetsu, Hiroaki Uranishi, Honami Suzuki, Yuri Nishibata, Haruna Hata-
hira, Mitsuhiro Nakamura.

Supervision: Mitsuhiro Nakamura.

Validation: Junko Abe, Yamato Kato, Sayaka Sasaoka, Haruna Hatahira, Yumi Motooka, Mit-
suhiro Nakamura.

Visualization: Junko Abe, Sayaka Sasaoka, Mitsuhiro Nakamura.
Writing - original draft: Junko Abe, Mitsuhiro Nakamura.

Writing - review & editing: Junko Abe, Ryogo Umetsu, Hiroaki Uranishi, Mitsuhiro
Nakamura.

References

1. Milton JC, Hill-Smith |, Jackson SHD. Prescribing for older people. BMJ. 2008; 336: 606—609. https://
doi.org/10.1136/bmj.39503.424653.80 PMID: 18340075

2. Shah BM, Hajjar ER. Polypharmacy, Adverse Drug Reactions, and Geriatric Syndromes. Clin Geriatr
Med. 2012; 28: 173—186. https://doi.org/10.1016/j.cger.2012.01.002 PMID: 22500537

3. Administration on Aging of the United State Department of Health and Human Services. A profile of
older Americans: 2010. 2011. Available: https://www.acl.gov/sites/default/files/Aging and Disability in
America/2010profile.pdf

4. Office for National Statistics. Key population and vital statistics 2005. 2005. Available: https://www.ons.
gov.uk/ons/rel/kpvs/key-population-and-vital-statistics/no—32—2005-edition/key-population-and-vital-
statistics.pdf

5. Population Estimates. Statistics Bureau, Ministry of Internal Affairs and Communications. 2016. Avail-
able: http://www.stat.go.jp/data/topics/topi970.htm

6. National Institute of Population and Social Security Research. Population Projections for Japan (2017):
2016 to 2065. 2017. Available: http://www.ipss.go.jp/pp-zenkoku/e/zenkoku_e2017/pp29_summary.
pdf

7. DagliRJ, Sharma A. Polypharmacy: a global risk factor for elderly people. J Int oral Heal. 2014; 6: i—ii.
Available: http://www.ncbi.nlm.nih.gov/pubmed/25628499

PLOS ONE | https://doi.org/10.1371/journal.pone.0190102 December 21, 2017 11/14


https://doi.org/10.1136/bmj.39503.424653.80
https://doi.org/10.1136/bmj.39503.424653.80
http://www.ncbi.nlm.nih.gov/pubmed/18340075
https://doi.org/10.1016/j.cger.2012.01.002
http://www.ncbi.nlm.nih.gov/pubmed/22500537
https://www.acl.gov/sites/default/files/Aging and Disability in America/2010profile.pdf
https://www.acl.gov/sites/default/files/Aging and Disability in America/2010profile.pdf
https://www.ons.gov.uk/ons/rel/kpvs/key-population-and-vital-statistics/no322005-edition/key-population-and-vital-statistics.pdf
https://www.ons.gov.uk/ons/rel/kpvs/key-population-and-vital-statistics/no322005-edition/key-population-and-vital-statistics.pdf
https://www.ons.gov.uk/ons/rel/kpvs/key-population-and-vital-statistics/no322005-edition/key-population-and-vital-statistics.pdf
http://www.stat.go.jp/data/topics/topi970.htm
http://www.ipss.go.jp/pp-zenkoku/e/zenkoku_e2017/pp29_summary.pdf
http://www.ipss.go.jp/pp-zenkoku/e/zenkoku_e2017/pp29_summary.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25628499
https://doi.org/10.1371/journal.pone.0190102

@° PLOS | ONE

Analysis of polypharmacy effects in older patients using the JADER database

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

Department of Economic and Social Affairs Population Division. World Population Prospects: The 2015
Revision. United Nations; 2015. Available: https://esa.un.org/unpd/wpp/Publications/Files/Key__
Findings_WPP_2015.pdf

Federal Interagency Forum on Aging-Related Statistics. Older Americans Update 2006: Key Indicators
of Well-Being. Washington, DC: US Goverment Printing Office; 2006. Available: https://www.google.
co.jp/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2vZKkrJHWA
hWImZQKHfCsASOQFggsMAA&url=https%3A%2F %2Fagingstats.gov%2Fdocs%2F PastReports%
2F2006%2FOA2006.pdf&usg=AFQJCNGQxS_sa_ZLx-TIBGfDeAfHMRp1Bw

Gurwitz JH. Polypharmacy: a new paradigm for quality drug therapy in the elderly? Arch Intern Med.
2004; 164: 1957—1959. https://doi.org/10.1001/archinte.164.18.1957 PMID: 15477428

Hajjar ER, Cafiero AC, Hanlon JT. Polypharmacy in elderly patients. Am J Geriatr Pharmacother. 2007;
5:345-351. https://doi.org/10.1016/j.amjopharm.2007.12.002 PMID: 18179993

Charlesworth CJ, Smit E, Lee DSH, Alramadhan F, Odden MC. Polypharmacy Among Adults Aged 65
Years and Older in the United States: 1988—-2010. J Gerontol A Biol Sci Med Sci. 2015; 70: 989-995.
https://doi.org/10.1093/gerona/glv013 PMID: 25733718

Guthrie B, Makubate B, Hernandez-Santiago V, Dreischulte T. The rising tide of polypharmacy and
drug-drug interactions: population database analysis 1995-2010. BMC Med. 2015; 13: 74. https://doi.
org/10.1186/s12916-015-0322-7 PMID: 25889849

By the Slone Survey. Patterns of Medication Use in the United States, 2006: a report from the Slone sur-
vey. In: Slone Epidemiology Center. [Internet]. 2006. Available: http://www.bu.edu/slone/files/2012/11/
SloneSurveyReport2006.pdf

Scott IA, Gray LC, Martin JH, Mitchell CA. Minimizing inappropriate medications in older populations: a
10-step conceptual framework. Am J Med. 2012; 125: 529-537.e4. https://doi.org/10.1016/j.amjmed.
2011.09.021 PMID: 22385783

Wise J. Polypharmacy: a necessary evil. BMJ. 2013; 347: 7033. https://doi.org/10.1136/bmj.f7033
PMID: 24286985

Stewart RB, Cooper JW. Polypharmacy in the aged. Practical solutions. Drugs Aging. 1994; 4: 449—
461. Available: http://www.ncbi.nlm.nih.gov/pubmed/8075473 PMID: 8075473

Bikowski RM, Ripsin CM, Lorraine VL. Physician-patient congruence regarding medication regimens. J
Am Geriatr Soc. 2001; 49: 1353—1357. Available: http://www.ncbi.nim.nih.gov/pubmed/11890495
PMID: 11890495

Jorgensen T, Johansson S, Kennerfalk A, Wallander MA, Svardsudd K. Prescription drug use, diagno-
ses, and healthcare utilization among the elderly. Ann Pharmacother. 2001; 35: 1004—1009. https://doi.
org/10.1345/aph.10351 PMID: 11573845

Linjakumpu T, Hartikainen S, Klaukka T, Veijola J, Kivela S-L, Isoaho R. Use of medications and poly-
pharmacy are increasing among the elderly. J Clin Epidemiol. 2002; 55: 809-817. Available: http://
www.ncbi.nim.nih.gov/pubmed/12384196 PMID: 12384196

Fulton MM, Allen ER. Polypharmacy in the elderly: a literature review. J Am Acad Nurse Pract. 2005;
17: 123-132. https://doi.org/10.111/.1041-2972.2005.0020.x PMID: 15819637

Burgess CL, Holman CDJ, Satti AG. Adverse drug reactions in older Australians, 1981-2002. Med J
Aust. 2005; 182: 267—270. Available: http://www.ncbi.nIm.nih.gov/pubmed/15777140 PMID: 15777140

Bourgeois FT, Shannon MW, Valim C, Mandl KD. Adverse drug events in the outpatient setting: an 11-
year national analysis. Pharmacoepidemiol Drug Saf. 2010; 19: 901-910. https://doi.org/10.1002/pds.
1984 PMID: 20623513

Johnell K, Klarin I. The relationship between number of drugs and potential drug-drug interactions in the
elderly: a study of over 600,000 elderly patients from the Swedish Prescribed Drug Register. Drug Saf.
2007; 30: 911-918. Available: http://www.ncbi.nlm.nih.gov/pubmed/17867728 PMID: 17867728

Haider Sl, Johnell K, Thorslund M, Fastbom J. Trends in polypharmacy and potential drug-drug interac-
tions across educational groups in elderly patients in Sweden for the period 1992—-2002. Int J Clin Phar-
macol Ther. 2007; 45: 643-653. Available: http://www.ncbi.nim.nih.gov/pubmed/18184532 PMID:
18184532

Scott IA, Hilmer SN, Reeve E, Potter K, Le Couteur D, Rigby D, et al. Reducing Inappropriate Polyphar-
macy: The Process of Deprescribing. JAMA Intern Med. 2015; 175: 827-834. https://doi.org/10.1001/
jamainternmed.2015.0324 PMID: 25798731

ElDesoky ES. Pharmacokinetic-pharmacodynamic crisis in the elderly. Am J Ther. 2007; 14: 488—498.
https://doi.org/10.1097/01.mi|t.0000183719.84390.4d PMID: 17890940

Sakaeda T, Tamon A, Kadoyama K, Okuno Y. Data mining of the public version of the FDA Adverse
Event Reporting System. Int J Med Sci. 2013; 10: 796—803. https://doi.org/10.7150/ijms.6048 PMID:
23794943

PLOS ONE | https://doi.org/10.1371/journal.pone.0190102 December 21, 2017 12/14


https://esa.un.org/unpd/wpp/Publications/Files/Key_Findings_WPP_2015.pdf
https://esa.un.org/unpd/wpp/Publications/Files/Key_Findings_WPP_2015.pdf
https://www.google.co.jp/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2vZKkrJHWAhWImZQKHfCsAS0QFggsMAA&url=https%3A%2F%2Fagingstats.gov%2Fdocs%2FPastReports%2F2006%2FOA2006.pdf&usg=AFQjCNGQxS_sa_ZLx-T9BGfDeAfHMRp1Bw
https://www.google.co.jp/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2vZKkrJHWAhWImZQKHfCsAS0QFggsMAA&url=https%3A%2F%2Fagingstats.gov%2Fdocs%2FPastReports%2F2006%2FOA2006.pdf&usg=AFQjCNGQxS_sa_ZLx-T9BGfDeAfHMRp1Bw
https://www.google.co.jp/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2vZKkrJHWAhWImZQKHfCsAS0QFggsMAA&url=https%3A%2F%2Fagingstats.gov%2Fdocs%2FPastReports%2F2006%2FOA2006.pdf&usg=AFQjCNGQxS_sa_ZLx-T9BGfDeAfHMRp1Bw
https://www.google.co.jp/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2vZKkrJHWAhWImZQKHfCsAS0QFggsMAA&url=https%3A%2F%2Fagingstats.gov%2Fdocs%2FPastReports%2F2006%2FOA2006.pdf&usg=AFQjCNGQxS_sa_ZLx-T9BGfDeAfHMRp1Bw
https://doi.org/10.1001/archinte.164.18.1957
http://www.ncbi.nlm.nih.gov/pubmed/15477428
https://doi.org/10.1016/j.amjopharm.2007.12.002
http://www.ncbi.nlm.nih.gov/pubmed/18179993
https://doi.org/10.1093/gerona/glv013
http://www.ncbi.nlm.nih.gov/pubmed/25733718
https://doi.org/10.1186/s12916-015-0322-7
https://doi.org/10.1186/s12916-015-0322-7
http://www.ncbi.nlm.nih.gov/pubmed/25889849
http://www.bu.edu/slone/files/2012/11/SloneSurveyReport2006.pdf
http://www.bu.edu/slone/files/2012/11/SloneSurveyReport2006.pdf
https://doi.org/10.1016/j.amjmed.2011.09.021
https://doi.org/10.1016/j.amjmed.2011.09.021
http://www.ncbi.nlm.nih.gov/pubmed/22385783
https://doi.org/10.1136/bmj.f7033
http://www.ncbi.nlm.nih.gov/pubmed/24286985
http://www.ncbi.nlm.nih.gov/pubmed/8075473
http://www.ncbi.nlm.nih.gov/pubmed/8075473
http://www.ncbi.nlm.nih.gov/pubmed/11890495
http://www.ncbi.nlm.nih.gov/pubmed/11890495
https://doi.org/10.1345/aph.10351
https://doi.org/10.1345/aph.10351
http://www.ncbi.nlm.nih.gov/pubmed/11573845
http://www.ncbi.nlm.nih.gov/pubmed/12384196
http://www.ncbi.nlm.nih.gov/pubmed/12384196
http://www.ncbi.nlm.nih.gov/pubmed/12384196
https://doi.org/10.111/j.1041-2972.2005.0020.x
http://www.ncbi.nlm.nih.gov/pubmed/15819637
http://www.ncbi.nlm.nih.gov/pubmed/15777140
http://www.ncbi.nlm.nih.gov/pubmed/15777140
https://doi.org/10.1002/pds.1984
https://doi.org/10.1002/pds.1984
http://www.ncbi.nlm.nih.gov/pubmed/20623513
http://www.ncbi.nlm.nih.gov/pubmed/17867728
http://www.ncbi.nlm.nih.gov/pubmed/17867728
http://www.ncbi.nlm.nih.gov/pubmed/18184532
http://www.ncbi.nlm.nih.gov/pubmed/18184532
https://doi.org/10.1001/jamainternmed.2015.0324
https://doi.org/10.1001/jamainternmed.2015.0324
http://www.ncbi.nlm.nih.gov/pubmed/25798731
https://doi.org/10.1097/01.mjt.0000183719.84390.4d
http://www.ncbi.nlm.nih.gov/pubmed/17890940
https://doi.org/10.7150/ijms.6048
http://www.ncbi.nlm.nih.gov/pubmed/23794943
https://doi.org/10.1371/journal.pone.0190102

@° PLOS | ONE

Analysis of polypharmacy effects in older patients using the JADER database

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

Bate A, Evans SJW. Quantitative signal detection using spontaneous ADR reporting. Pharmacoepide-
miol Drug Saf. 2009; 18: 427—436. https://doi.org/10.1002/pds.1742 PMID: 19358225

Abe J, Umetsu R, Kato Y, Ueda N, Nakayama Y, Suzuki Y, et al. Evaluation of Dabigatran- and Warfa-
rin-Associated Hemorrhagic Events Using the FDA-Adverse Event Reporting System Database Strati-
fied by Age. Int J Med Sci. 2015; 12: 312-321. https://doi.org/10.7150/ijms.10703 PMID: 25897292

Umetsu R, Abe J, Ueda N, Kato Y, Matsui T, Nakayama Y, et al. Association between Selective Seroto-
nin Reuptake Inhibitor Therapy and Suicidality: Analysis of U.S. Food and Drug Administration Adverse
Event Reporting System Data. Biol Pharm Bull. 2015; 38: 1689—1699. https://doi.org/10.1248/bpb.b15-
00243 PMID: 26521821

Kato Y, Umetsu R, Abe J, Ueda N, Nakayama Y, Kinosada Y, et al. Hyperglycemic adverse events fol-
lowing antipsychotic drug administration in spontaneous adverse event reports. J Pharm Heal Care Sci.
2015; 1: 15. https://doi.org/10.1186/s40780-015-0015-6 PMID: 26819726

Steinman MA, Miao Y, Boscardin WJ, Komaiko KDR, Schwartz JB. Prescribing quality in older veter-
ans: a multifocal approach. J Gen Intern Med. 2014; 29: 1379—1386. https://doi.org/10.1007/s11606-
014-2924-8 PMID: 25002159

Van Puijenbroek EP, Bate A, Leufkens HGM, Lindquist M, Orre R, Egberts ACG. A comparison of mea-
sures of disproportionality for signal detection in spontaneous reporting systems for adverse drug reac-
tions. Pharmacoepidemiol Drug Saf. 2002; 11: 3—10. https://doi.org/10.1002/pds.668 PMID: 11998548

van Puijenbroek EP, Egberts AC, Heerdink ER, Leufkens HG. Detecting drug-drug interactions using a
database for spontaneous adverse drug reactions: an example with diuretics and non-steroidal anti-
inflammatory drugs. Eur J Clin Pharmacol. 2000; 56: 733—738. Available: http://www.ncbi.nim.nih.gov/
pubmed/11214785 PMID: 11214785

Poluzzi E, Raschi E, Piccinni C, De Ponti F. Data Mining Techniques in Pharmacovigilance: Analysis of
the Publicly Accessible FDA Adverse Event Reporting System (AERS). INTECH; 2012. pp. 265-302.

Harrell F. Regression modeling strategies: with applications to linear models, logistic and ordinal regres-
sion, and survival analysis (Springer Series in Statistics). 2nd edition. Springer; 2015.

Wildinson GR. Goodman, Gilman’s, 2010. The Pharmacological Basis of Therapeutics, 12th ed. New
York: McGraw-Hill; 2010. pp. 1-100.

Rowland M, Tozer TN. Clinical Pharmacokinetics and Pharmacodynamics. Fourth edi. Lippincott Wil-
liams & Wilkins; 2010.

Burton ME, Shaw LM, Schentag JJ, Evans WE. Applied Pharmacokinetics and Pharmacodynamics:
Principles of Therapeutic Drug Monitoring. Lippincott Williams & Wilkins; 2006.

Wilkinson GR. The effects of diet, aging and disease-states on presystemic elimination and oral drug
bioavailability in humans. Adv Drug Deliv Rev. 1997; 27: 129-159. Available: http://www.ncbi.nlm.nih.
gov/pubmed/10837555 PMID: 10837555

De Bruin ML, van Puijenbroek EP, Egberts AC, Hoes AW LH. Non-sedating antihistamine drugs and
cardiac arrhythmias—biased risk estimates from spontaneous reporting systems? Br J Clin Pharmacol.
2002; 53: 370—-374. https://doi.org/10.1046/j.1365-2125.2002.01569.x PMID: 11966667

Motola D, Vargiu A, Leone R, Conforti A, Moretti U, Vaccheri A, Velo G MN. Influence of regulatory mea-
sures on the rate of spontaneous adverse drug reaction reporting in ltaly. Drug Saf. 2008; 31: 609-616.
https://doi.org/10.2165/00002018-200831070-00006 PMID: 18558794

Lipton HL, Bero LA, Bird JA, McPhee SJ. The impact of clinical pharmacists’ consultations on physi-
cians’ geriatric drug prescribing. A randomized controlled trial. Med Care. 1992; 30: 646—658. Available:
http://www.ncbi.nim.nih.gov/pubmed/1614233 PMID: 1614233

Steinman MA, Seth Landefeld C, Rosenthal GE, Berthenthal D, Sen S, Kaboli PJ. Polypharmacy and
Prescribing Quality in Older People. J Am Geriatr Soc. 2006; 54: 1516—1523. https://doi.org/10.1111/}.
1532-5415.2006.00889.x PMID: 17038068

le K, Felton M, Springer S, Wilson SA, Albert SM. Physician Factors Associated with Polypharmacy
and Potentially Inappropriate Medication Use. J Am Board Fam Med. 2017; 30: 528-536. https://doi.
org/10.3122/jabfm.2017.04.170121 PMID: 28720634

Gyllensten H, Rehnberg C, Jonsson AK, Petzold M, Carlsten A, Andersson Sundell K. Cost of illness of
patient-reported adverse drug events: a population-based cross-sectional survey. BMJ Open. 2013; 3:
e002574. https://doi.org/10.1136/bmjopen-2013-002574 PMID: 23794552

Beers MH. Explicit criteria for determining potentially inappropriate medication use by the elderly. An
update. Arch Intern Med. 1997; 157: 1531-1536. Available: http://www.ncbi.nlm.nih.gov/pubmed/
9236554 PMID: 9236554

By the American Geriatrics Society 2015 Beers Criteria Update Expert Panel. American Geriatrics Soci-
ety 2015 Updated Beers Criteria for Potentially Inappropriate Medication Use in Older Adults. J Am Ger-
iatr Soc. 2015; 63: 2227-2246. https://doi.org/10.1111/jgs.13702 PMID: 26446832

PLOS ONE | https://doi.org/10.1371/journal.pone.0190102 December 21, 2017 13/14


https://doi.org/10.1002/pds.1742
http://www.ncbi.nlm.nih.gov/pubmed/19358225
https://doi.org/10.7150/ijms.10703
http://www.ncbi.nlm.nih.gov/pubmed/25897292
https://doi.org/10.1248/bpb.b15-00243
https://doi.org/10.1248/bpb.b15-00243
http://www.ncbi.nlm.nih.gov/pubmed/26521821
https://doi.org/10.1186/s40780-015-0015-6
http://www.ncbi.nlm.nih.gov/pubmed/26819726
https://doi.org/10.1007/s11606-014-2924-8
https://doi.org/10.1007/s11606-014-2924-8
http://www.ncbi.nlm.nih.gov/pubmed/25002159
https://doi.org/10.1002/pds.668
http://www.ncbi.nlm.nih.gov/pubmed/11998548
http://www.ncbi.nlm.nih.gov/pubmed/11214785
http://www.ncbi.nlm.nih.gov/pubmed/11214785
http://www.ncbi.nlm.nih.gov/pubmed/11214785
http://www.ncbi.nlm.nih.gov/pubmed/10837555
http://www.ncbi.nlm.nih.gov/pubmed/10837555
http://www.ncbi.nlm.nih.gov/pubmed/10837555
https://doi.org/10.1046/j.1365-2125.2002.01569.x
http://www.ncbi.nlm.nih.gov/pubmed/11966667
https://doi.org/10.2165/00002018-200831070-00006
http://www.ncbi.nlm.nih.gov/pubmed/18558794
http://www.ncbi.nlm.nih.gov/pubmed/1614233
http://www.ncbi.nlm.nih.gov/pubmed/1614233
https://doi.org/10.1111/j.1532-5415.2006.00889.x
https://doi.org/10.1111/j.1532-5415.2006.00889.x
http://www.ncbi.nlm.nih.gov/pubmed/17038068
https://doi.org/10.3122/jabfm.2017.04.170121
https://doi.org/10.3122/jabfm.2017.04.170121
http://www.ncbi.nlm.nih.gov/pubmed/28720634
https://doi.org/10.1136/bmjopen-2013-002574
http://www.ncbi.nlm.nih.gov/pubmed/23794552
http://www.ncbi.nlm.nih.gov/pubmed/9236554
http://www.ncbi.nlm.nih.gov/pubmed/9236554
http://www.ncbi.nlm.nih.gov/pubmed/9236554
https://doi.org/10.1111/jgs.13702
http://www.ncbi.nlm.nih.gov/pubmed/26446832
https://doi.org/10.1371/journal.pone.0190102

@° PLOS | ONE

Analysis of polypharmacy effects in older patients using the JADER database

50.

51.

52.

53.

54.

55.

56.

57.

58.

O’Mahony D, O’Sullivan D, Byrne S, O’'Connor MN, Ryan C, Gallagher P. STOPP/START criteria for
potentially inappropriate prescribing in older people: version 2. Age Ageing. 2015; 44: 213-218. https://
doi.org/10.1093/ageing/afu145 PMID: 25324330

Dalleur O, Boland B, De Groot A, Vaes B, Boeckxstaens P, Azermai M, et al. Detection of potentially
inappropriate prescribing in the very old: cross-sectional analysis of the data from the BELFRAIL obser-
vational cohort study. BMC Geriatr. 2015; 15: 156. https://doi.org/10.1186/s12877-015-0149-2 PMID:
26630873

Hilmer SN, Gnijidic D. The effects of polypharmacy in older adults. Clin Pharmacol Ther. 2009; 85: 86—
88. https://doi.org/10.1038/clpt.2008.224 PMID: 19037203

Egberts ACG, Meyboom RHB, van Puijenbroek EP. Use of measures of disproportionality in pharma-
covigilance: three Dutch examples. Drug Saf. 2002; 25: 453-458. Available: http://www.ncbi.nIm.nih.
gov/pubmed/12071783 PMID: 12071783

Harpaz R, DuMouchel W, Shah NH, Madigan D, Ryan P, Friedman C. Novel data-mining methodolo-
gies for adverse drug event discovery and analysis. Clin Pharmacol Ther. 2012; 91: 1010-1021. https://
doi.org/10.1038/clpt.2012.50 PMID: 22549283

Abe J, Mataki K, Umetsu R, Ueda N, Kato Y, Nakayama Y, et al. Stevens-Johnson syndrome and toxic
epidermal necrolysis: The Food and Drug Administration adverse event reporting system, 2004-2013.
Allergol Int. 2015; 64: 277-279. https://doi.org/10.1016/j.alit.2015.01.002 PMID: 26117261

Abe J, Umetsu R, Mataki K, Kato Y, Ueda N, Nakayama Y, et al. Analysis of Stevens-Johnson syn-
drome and toxic epidermal necrolysis using the Japanese Adverse Drug Event Report database. J
Pharm Heal Care Sci. 2016; 2: 14. https://doi.org/10.1186/s40780-016-0048-5 PMID: 27330825

Suzuki Y, Suzuki H, Umetsu R, Uranishi H, Abe J, Nishibata Y, et al. Analysis of the Interaction between
Clopidogrel, Aspirin, and Proton Pump Inhibitors Using the FDA Adverse Event Reporting System Data-
base. Biol Pharm Bull. 2015; 38: 680—686. https://doi.org/10.1248/bpb.b14-00191 PMID: 25947914

Takeyama M, Sai K, Imatoh T, Segawa K, Hirasawa N, Saito Y. Influence of Japanese Regulatory
Action on Denosumab-Related Hypocalcemia Using Japanese Adverse Drug Event Report Database.
Biol Pharm Bull. 2017; 40: 1447—-1453. https://doi.org/10.1248/bpb.b17-00266 PMID: 28867727

PLOS ONE | https://doi.org/10.1371/journal.pone.0190102 December 21, 2017 14/14


https://doi.org/10.1093/ageing/afu145
https://doi.org/10.1093/ageing/afu145
http://www.ncbi.nlm.nih.gov/pubmed/25324330
https://doi.org/10.1186/s12877-015-0149-2
http://www.ncbi.nlm.nih.gov/pubmed/26630873
https://doi.org/10.1038/clpt.2008.224
http://www.ncbi.nlm.nih.gov/pubmed/19037203
http://www.ncbi.nlm.nih.gov/pubmed/12071783
http://www.ncbi.nlm.nih.gov/pubmed/12071783
http://www.ncbi.nlm.nih.gov/pubmed/12071783
https://doi.org/10.1038/clpt.2012.50
https://doi.org/10.1038/clpt.2012.50
http://www.ncbi.nlm.nih.gov/pubmed/22549283
https://doi.org/10.1016/j.alit.2015.01.002
http://www.ncbi.nlm.nih.gov/pubmed/26117261
https://doi.org/10.1186/s40780-016-0048-5
http://www.ncbi.nlm.nih.gov/pubmed/27330825
https://doi.org/10.1248/bpb.b14-00191
http://www.ncbi.nlm.nih.gov/pubmed/25947914
https://doi.org/10.1248/bpb.b17-00266
http://www.ncbi.nlm.nih.gov/pubmed/28867727
https://doi.org/10.1371/journal.pone.0190102

