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Background: The Beers Criteria is used as a reference to identify potentially inappropriate

medications (PIMs) prescribed to older people, and anticholinergic risk measurement scales

(ARMSs) have been continuously made for measuring the anticholinergic burden. This study

aimed to evaluate the concordance between any anticholinergics among PIMs identified by

the Beers Criteria and those assessed by 9 different ARMSs.

Methods: This studywas retrospectively conductedwith Korean older patients hospitalized in the

long-term care facility betweenMarch 2014 and August 2015. The data were collected through the

chart review of electronic medical records of the patients. The Beers Criteria 2003, 2012, and 2015

were used to detect PIMs, and the following ARMSs were also employed to assess their potential

anticholinergic effects: Anticholinergic Cognitive Burden Scale (2008), Anticholinergic Risk Scale

(2008), Chew’s Scale (2008), Anticholinergic Drug Scale (ADS; 2006), Anticholinergic Activity

Scale (AAS; 2010), Anticholinergic Load Scale (2011), Clinician-Rated Anticholinergic Scale

(2008), Duran’s Scale (2013), and Anticholinergic Burden Classification (2006).

Results: The eligible patients who met inclusion and exclusion criteria were 216 during the

study period. Most patients were females (70.4%), and the mean age was 81.0 ± 6.7 years.

Approximately 70%, 86%, and 87% of the patients included were identified as using at least

one PIM according to the Beers Criteria 2003, 2012, and 2015, respectively. Compared with

the Beers Criteria 2003, the versions of 2012 and 2015 showed more improved concordance

associated with the ARMSs. When the Beers Criteria 2015 was compared with the ARMSs,

the lowest concordance was found for AAS (κ = 0.153; 95% CI, 0.079–0.227), whereas the

highest concordance was observed for ADS (κ = 0.530; 95% CI, 0.406–0.654).

Conclusion: The heterogeneity between the Beers Criteria and the ARMSs was observed.

Compared with the Beers Criteria 2003, the versions of 2012 and 2015 showed more

enhanced concordance associated with the ARMSs.

Keywords: Beers Criteria, potentially inappropriate medications, anticholinergic burden

scale, anticholinergics, older patients, concordance

Introduction
The population of the elderly is increasing worldwide. Today, most people can live

up to 60 years or longer. It is expected that the proportion of people over 60 years in

the world’s population will almost double from 12% in 2015 to 22% in 2050.1 This
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change in the percentage constituting the elderly will occur

in low- and middle-income countries (eg, Chile, China,

Iran, and Russia). These countries will have an elderly-

people proportion similar to that of Japan, where 30% of

the population is already older than 60 years.1

It is well known that the incidence of preventable

chronic diseases (eg, cardiovascular diseases, cancer,

chronic respiratory diseases, and diabetes mellitus)

increases markedly with age.2 Consequently, the majority

of patients over 65 years have at least one chronic

disease.2 This may lead elderly patients to take multiple

medications in order to manage their chronic conditions.

This polypharmacy can cause adverse drug reactions and

drug–drug interactions as well as poor medication compli-

ance. In particular, these drug-related problems are likely

to occur more frequently among the elderly owing to

altered pharmacokinetics and pharmacodynamics, changes

in body composition, and weaker physiological functions.3

Of the drug-related problems in older adults, anticho-

linergic side effects (eg, cognitive impairment, mydriasis,

flushing, dry mouth, constipation, and urinary retention)

are more prevalent due to altered anticholinergic sensitiv-

ity by ageing.4–8 Therefore, anticholinergics are generally

categorized as potentially inappropriate medications

(PIMs).4 Nonetheless, their use remains prevalent among

the elderly.8,9 Accordingly, one simple strategy to reduce

the use of PIMs may be to avoid them prior to prescription

through interventions on the basis of reliable criteria.

The American Geriatrics Society (AGS) Beers Criteria

are some of the most popular reference sources for the pre-

vention of PIM prescription to patients of 65 years of age and

older.10 The Beers Criteria were initially published in 1991;

after multiple revisionswere implemented in 1997, 2003, and

2012, the latest version was released in 2015.11 The Beers

Criteria categorize PIMs as avoided in older adults in general

and in those with certain circumstances, prescribed at lower

doses or cautiously, or monitored carefully.10 The Beers

Criteria also include separate categories to assess medica-

tions with anticholinergic properties; however, these cate-

gories cannot comprehensively cover all anticholinergic

medications prescribed in real-world settings.10,11 Besides

the Beers Criteria, multiple attempts to produce reliable

anticholinergic risk measurement scales (ARMSs) have

been continuously made, such as Anticholinergic Cognitive

Burden Scale (ACB; 2008),12 Anticholinergic Risk Scale

(ARS; 2008),13 Chew’s Scale (2008),14 Anticholinergic

Drug Scale (ADS; 2006),15 and Anticholinergic Activity

Scale (AAS; 2010),16 for measuring the anticholinergic bur-

den and predicting the potential adverse effects.17

Several studies have assessed the prevalence of PIM

prescriptions by means of Beers Criteria 2003, 2012, and

2015 and compared the concordance of PIMs identified by

the Beers Criteria.18–20 Some studies have evaluated the

prevalence of anticholinergic medication use via the

ARMSs and compared the concordance of anticholinergics

identified by the scales.4,21,22 To our knowledge, no stu-

dies have compared the Beers Criteria with various

ARMSs. Therefore, this study aimed to evaluate the con-

cordance between any anticholinergics among PIMs iden-

tified by the Beers Criteria and those assessed by the

anticholinergic scales in Korean older patients hospitalized

in the long-term care facility.

Methods
Ethics
Ethical approval for the study was obtained from the

Institutional Review Board (IRB) of Chosun University

(2-1041055-AB-N-01-2015-0042). Informed consent was

deemed unnecessary for the study patients because their

records were anonymized and deidentified before analysis.

Study Population
Among patients who were hospitalized during the study

period, those who met the following inclusion criteria were

selected for this study: patients ≥65 years of age and patients
who had prescription information in electronic medical

records (EMRs). The following exclusion criteria were

applied: patients <65 years of age, patients without prescrip-

tion information in EMRs, the same patients who were read-

mitted to the hospital during the study period, or patients

whose duration of hospitalization was shorter than 14 days.

In the facility, 7-day medications at a time had been

prescribed, filled, and dispensed although there was an

exception depending on patients’ conditions. After the

patients finished all medications prescribed in previous hos-

pitals, the pharmacy in the facility started to fill and dispense

new medications in accordance with a doctor’s prescription

order. From this point, the patient’s medication history was

recorded in the EMR chart of the facility. Usually, it took

about 2 weeks for a patient to be hospitalized, receive an

inpatient prescription, and have a record about the medication

prescription on the EMR chart. After considering these spe-

cial conditions of the facility, we decided to select the

patients who had stayed for at least 14 days.
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Study Procedures
This study retrospectively analyzed the patients who had

been hospitalized at the long-term care facility between

March 2014 and August 2015. This facility is located in

Gwangju, South Korea, and was equipped with approxi-

mately 290 beds. Through the chart review of EMRs of the

patients, the following information was collected by a

trained hospital pharmacist by means of paper case report

forms: demographic characteristics (eg, age and gender),

disease(s) present, and prescribed medications. In case of

patients who were readmitted, the most recent prescription

information was collected. Prescription information was

not collected about injections that were administered

under special clinical conditions.

The Beers Criteria were employed in this study to

identify PIMs taken by elderly patients. The Beers

Criteria are some of the most frequently used tools for

the identification of PIMs that should be avoided by older

adults in general and especially by people with certain

diseases or syndromes, when the drugs are prescribed at

a reduced dose or taken with caution or careful monitor-

ing. These criteria were updated in 2003,23 2012,24 and

2015.10 The changes implemented in the 2015 update were

not as extensive as those in two previous versions. The

PIMs that should be avoided by elderly persons in general

and by those with certain diseases or syndromes were

selected to determine the differences among the Beers

Criteria 2003, 2012, and 2015 versions. In particular, in

case that the medications which should be avoided at

certain durations or in elderly persons with certain medical

conditions were present, these were still defined as PIMs

irrespective of treatment durations or medical conditions.

The following ARMSs were administered to quantify

potential anticholinergic effects of medications taken by the

patients: ACB,12 ARS,13 Chew’s Scale,14 ADS,15 AAS,16

Anticholinergic Load Scale (ALS; 2011),25 Clinician-Rated

Anticholinergic Scale (CrAS; 2008),26 Duran’s Scale (2013),8

and Anticholinergic Burden Classification (ABC; 2006).27

Each instrument has a different range for measuring antic-

holinergic activity (AA); however, a higher score indicates a

stronger AA. The evaluation ratings of most scales except for

AAS, Chew’s Scale, and Duran’s Scale were defined as fol-

lows: no AA (0), mild AA (1), moderate AA (2), and severe

AA (3). The AAS is a 5-point scale (0–4), and Duran’s Scale is

a 3-point instrument (0–2). Chew’s Scale defines medications

as having no AA at therapeutic doses (0), no or minimal AA

(0/+), low AA (+), moderate AA (++), and high AA (+++).

Lastly, the proportion of anticholinergic medications

identified by the Beers Criteria was compared with that

of anticholinergics evaluated by 9 ARMSs.

Statistical Analyses
Frequencies (n) and percentages (%) were used to present

categorical variables, whereas means and standard devia-

tions (mean ± SD) served to describe continuous variables.

The χ2 test or Fisher’s exact test were performed to assess

the differences in proportions, and the independent-sample

t-test was carried out to evaluate the differences in means.

The levels of concordance between the proportions of

anticholinergic medications identified by the AGS Beers

Criteria and the nine ARMSs were assessed by Cohen’s

kappa statistic (k). The 95% confidence interval (CI) for

Cohen’s kappa was computed via standard error. Cohen’s

kappa was interpreted as follows: poor (<0.20), fair (0.20–

0.40), moderate (0.41–0.60), good (0.61–0.80), and very

good (0.81–1.00). Sensitivity, specificity, positive predic-

tive value (PPV), and negative predictive value (NPV)

were calculated to evaluate the accuracy of anticholinergic

identification by the Beers Criteria and by the ARMSs.

Sensitivity is defined as the ability of a test to detect a true

positive result, specificity as the ability of a test to detect a

true negative result, PPV as the proportion of positive test

results that is true positive and represents the presence of

an event, and NPV is defined as the proportion of negative

test results that is true negative and represents the absence

of an event.28 All analyses were performed in the SAS

software, version 9.3 (SAS Institute Inc., Cary, NC).

Statistical significance was set at a p-value <0.05.

Results
In this study, the number of eligible patients who met the

inclusion criteria (and did not match the exclusion criteria)

was 216 during the study period (Figure 1). The complete

list of prescribed medications is presented in Table S1. The

PIMs identified by Beers Criteria 2003, 2012, and 2015

are listed in Table S2, and the PIMs with anticholinergic

properties classified according to the nine ARMSs are

shown in Table S3.

The patients’ characteristics are given in Table 1. Most

patients were females (70.4%), and the mean age was 81.0

± 6.7 years (mean ± SD) among all the study subjects. The

number of comorbidities was 4.4 ± 2.7, and the number of

prescribed drugs was 5.3 ± 2.7. The anticholinergic drugs

identified by the nine ARMSs were classified into PIMs and

non-PIMs on the basis of Beers Criteria 2003, 2012, and
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2015 versions. As the Beers Criteria were updated, most

anticholinergics identified by the ARMSs moved from non-

PIMs to PIMs. In particular, when the anticholinergics

identified by Chew’s Scale and AAS were categorized

into PIMs and non-PIMs according to Beers Criteria 2003,

there were no significant differences between the two

groups; however, significant differences were found after

classification by Beers Criteria 2012 and 2015.

The results from the evaluations of concordance

between the proportions of anticholinergics identified by

the Beers Criteria and the ARMSs are listed in Table 2.

Overall, the concordance between the Beers Criteria and

the ARMSs varied from poor to moderate. As the Beers

Criteria were updated from 2003 to 2015, improved con-

cordance levels were noted for most ARMSs except for

ABC where the concordance decreased from kappa [κ] =

0.341 in 2003 to κ = 0.158 in 2015. When Beers Criteria

2003 were compared with the nine ARMSs, the lowest

concordance was observed for AAS (κ = 0.076; 95% CI,

0.036–0.189), whereas the highest concordance was found

for ACB (κ = 0.424; 95% CI, 0.294–0.555). When Beers

Criteria 2012 were compared with the ARMSs, the lowest

concordance was noted for AAS (κ = 0.168; 95% CI,

0.092–0.244), and the highest concordance was observed

for ADS (κ = 0.535; 95% CI, 0.411–0.659). When the

Beers Criteria 2015 version was compared with the nine

ARMSs, the lowest concordance was found for AAS (κ =

0.153; 95% CI, 0.079–0.227), whereas the highest concor-

dance was noted for ADS (κ = 0.530; 95% CI, 0.406–

0.654).

The accuracy characteristics of anticholinergic identi-

fication by the Beers Criteria and by the ARMSs are

presented in Table 3. When Beers Criteria 2003 were

compared with the ARMSs, ACB and Duran’s Scale man-

ifested the highest sensitivity (81.46% and 81.46%,

respectively), ABC showed the highest specificity

(87.50%), ABC the highest PPV (91.30%), and ACB the

highest NPV (58.82%). When the Beers Criteria 2012

version was compared with the nine ARMSs, the highest

sensitivity was observed for Duran’s Scale (82.16%), the

highest specificity for ARS (100.00%), the highest PPV

for ARS (100.00%), and the highest NPV for ADS

(46.15%). When the Beers Criteria 2015 version was

compared with the ARMSs, the highest sensitivity was

Figure 1 Flow chart of selecting the study subjects.

Abbreviations: PIMs, potentially inappropriate medications; ACB, Anticholinergic Cognitive Burden Scale; ARS, Anticholinergic Risk Scale; Chew, Chew’s Scale; ADS,

Anticholinergic Drug Scale; AAS, Anticholinergic Activity Scale; ALS, Anticholinergic Load Scale; CrAS, Clinician-Rated Anticholinergic Scale; Duran, Duran’s Scale; ABC,

Anticholinergic Burden Classification.
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Table 2 Concordance Between The Proportions Of Anticholinergic Identified By The Beers Criteria And Various Anticholinergic Scales

Anticholinergic Scale Beers Criteria 2003 Beers Criteria 2012 Beers Criteria 2015

PIMs Non-PIMs PIMs Non-PIMs PIMs Non-PIMs

ACB, n (%)

Point = 0 28 (13.0) 40 (18.5) 41 (19.0) 27 (12.5) 43 (19.9) 25 (11.6)

Point > 0 123 (56.9) 25 (11.6) 144 (66.7) 4 (1.9) 144 (66.7) 4 (1.9)

Agreement (%) 75.463 79.167 78.241

Kappa (95% CI) 0.424 (0.294–0.555) 0.434 (0.307–0.561) 0.403 (0.275–0.531)

ARS, n (%)

Point = 0 41 (19.0) 46 (21.3) 56 (25.9) 31 (14.4) 58 (26.9) 29 (13.4)

Point > 0 110 (50.9) 19 (8.8) 129 (59.7) 0 (0.0) 129 (59.7) 0 (0.0)

Agreement (%) 72.222 74.074 73.148

Kappa (95% CI) 0.398 (0.274–0.522) 0.398 (0.290–0.506) 0.374 (0.267–0.481)

Chew, n (%)

Point = 0 60 (27.8) 34 (15.7) 67 (31.0) 27 (12.5) 69 (31.9) 25 (11.6)

Point > 0 91 (42.1) 31 (14.4) 118 (54.6) 4 (1.9) 118 (54.6) 4 (1.9)

Agreement (%) 57.870 67.130 66.204

Kappa (95% CI) 0.112 (−0.017–0.240) 0.276 (0.171–0.380) 0.253 (0.151–0.356)

ADS, n (%)

Point = 0 30 (13.9) 35 (16.2) 35 (16.2) 30 (13.9) 36 (16.7) 29 (13.4)

Point > 0 121 (56.0) 30 (13.9) 150 (69.4) 1 (0.5) 151 (69.9) 0 (0.0)

Agreement (%) 72.222 83.333 83.333

Kappa (95% CI) 0.340 (0.205–0.475) 0.535 (0.411–0.659) 0.530 (0.406–0.654)

AAS, n (%)

Point = 0 83 (38.4) 42 (19.4) 97 (44.9) 28 (13.0) 99 (45.8) 26 (12.0)

Point > 0 68 (31.5) 23 (10.6) 88 (40.7) 3 (1.4) 88 (40.7) 3 (1.4)

Agreement (%) 50.926 53.704 52.778

Kappa (95% CI) 0.076 (−0.036–0.189) 0.168 (0.092–0.244) 0.153 (0.079–0.227)

ALS, n (%)

Point = 0 37 (17.1) 39 (18.1) 50 (23.1) 26 (12.0) 51 (23.6) 25 (11.6)

Point > 0 114 (52.8) 26 (12.0) 135 (62.5) 5 (2.3) 136 (63.0) 4 (1.9)

Agreement (%) 70.833 74.537 74.537

Kappa (95% CI) 0.339 (0.207–0.470) 0.354 (0.233–0.476) 0.350 (0.230–0.470)

CrAS, n (%)

Point = 0 41 (19.0) 38 (17.6) 49 (22.7) 30 (13.9) 50 (23.1) 29 (13.4)
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registered for Duran’s Scale (81.82%); the highest specifi-

city for ARS (100.00%), ADS (100.00%), and CrAS

(100.00%); the highest PPV for ARS (100.00%), ADS

(100.00%), and CrAS (100.00%); and the highest NPV

for ADS (44.62%).

Discussion
To the best of our knowledge, the present study is the first

to compare any anticholinergic medications among PIMs

identified by Beers Criteria 2003, 2012, and 2015 and

anticholinergics identified by nine ARMSs among

Korean elderly patients hospitalized in a long-term care

facility. Some differences were uncovered in the preva-

lence of PIMs identified by the Beers Criteria 2003, 2012,

and 2015. Of note, differences were also found in the total

prevalence of anticholinergic use evaluated by the antic-

holinergic scales: the lowest (42.1%) was yielded by AAS

and the highest (72.2%) by Duran’s Scale. Generally, the

highest concordance between the proportions of anticholi-

nergics identified by the Beers Criteria and the ARMSs

was observed for ADS, whereas the lowest concordance

was found for AAS.

The prevalence rates of PIMs in this study are higher

than those reported in other studies. As many as 70%,

86%, and 87% of the patients included in this study

were found to take at least one PIM as determined by

Beers Criteria 2003, 2012, and 2015, respectively. A

study conducted in China revealed that 45% and 54%

of patients take at least one PIM as determined by Beers

Criteria 2012 and 2015, respectively.18 Two separate

studies conducted in China indicate that PIMs identified

by the Beers Criteria 2012 version are taken by 53%

and 72% of elderly patients.29,30 According to a study

on 38,250 inpatients in the United States, the prevalence

of PIM use as assessed by Beers Criteria 2012 was

37.6% in 2007 and 34.2% in 2012.31 In a study out of

India, 29% and 40% of elderly patients were found to

take at least one PIM as determined by Beers Criteria

2003 and 2012, respectively.19 The higher prevalence of

PIM prescription in the present study can be explained

as follows. Most of the elderly patients had been hospi-

talized for at least 14 days at the long-term care facility

because of serious diseases such as cancer, thus possibly

receiving palliative care. This setting might lead to more

frequent prescription of PIMs. A lack of knowledge

Table 2 (Continued).

Anticholinergic Scale Beers Criteria 2003 Beers Criteria 2012 Beers Criteria 2015

PIMs Non-PIMs PIMs Non-PIMs PIMs Non-PIMs

Point > 0 110 (50.9) 27 (12.5) 136 (63.0) 1 (0.5) 137 (63.4) 0 (0.0)

Agreement (%) 68.519 76.852 76.852

Kappa (95% CI) 0.295 (0.163–0.427) 0.427 (0.312–0.543) 0.424 (0.310–0.538)

Duran, n (%)

Point = 0 28 (13.0) 32 (14.8) 33 (15.3) 27 (12.5) 34 (15.7) 26 (12.0)

Point > 0 123 (56.9) 33 (15.3) 152 (70.4) 4 (1.9) 153 (70.8) 3 (1.4)

Agreement (%) 71.759 82.870 82.870

Kappa (95% CI) 0.314 (0.177–0.451) 0.499 (0.366−0.631) 0.492 (0.360–0.625)

ABC, n (%)

Point = 0 67 (31.2) 56 (26.0) 95 (44.2) 28 (13.0) 97 (45.1) 26 (12.1)

Point > 0 84 (39.1) 8 (3.7) 89 (41.4) 3 (1.4) 89 (41.4) 3 (1.4)

Agreement (%) 65.116 54.419 53.488

Kappa (95% CI) 0.341 (0.237–0.445) 0.173 (0.096–0.251) 0.158 (0.083–0.234)

Abbreviations: PIMs, potentially inappropriate medications; ACB, Anticholinergic Cognitive Burden Scale; ARS, Anticholinergic Risk Scale; Chew, Chew’s Scale; ADS,

Anticholinergic Drug Scale; AAS, Anticholinergic Activity Scale; ALS, Anticholinergic Load Scale; CrAS, Clinician-Rated Anticholinergic Scale; Duran, Duran’s Scale; ABC,

Anticholinergic Burden Classification.
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Table 3 Accuracy And Predictability Of Anticholinergic Identified By The Beers Criteria And Various Anticholinergic Scales

Anticholinergic Scale Beers Criteria 2003 Beers Criteria 2012 Beers Criteria 2015

PIMs Non-PIMs PIMs Non-PIMs PIMs Non-PIMs

ACB, n (%)

Point = 0 28 (13.0) 40 (18.5) 41 (19.0) 27 (12.5) 43 (19.9) 25 (11.6)

Point > 0 123 (56.9) 25 (11.6) 144 (66.7) 4 (1.9) 144 (66.7) 4 (1.9)

Sensitivity (%) 81.46 77.84 77.01

Specificity (%) 61.54 87.10 86.21

PPV (%) 83.11 97.30 97.30

NPV (%) 58.82 39.71 36.76

ARS, n (%)

Point = 0 41 (19.0) 46 (21.3) 56 (25.9) 31 (14.4) 58 (26.9) 29 (13.4)

Point > 0 110 (50.9) 19 (8.8) 129 (59.7) 0 (0.0) 129 (59.7) 0 (0.0)

Sensitivity (%) 72.85 69.73 68.98

Specificity (%) 70.77 100.00 100.00

PPV (%) 85.27 100.00 100.00

NPV (%) 52.87 35.63 33.33

Chew, n (%)

Point = 0 60 (27.8) 34 (15.7) 67 (31.0) 27 (12.5) 69 (31.9) 25 (11.6)

Point > 0 91 (42.1) 31 (14.4) 118 (54.6) 4 (1.9) 118 (54.6) 4 (1.9)

Sensitivity (%) 60.26 63.78 63.10

Specificity (%) 52.31 87.10 86.21

PPV (%) 74.59 96.72 96.72

NPV (%) 36.17 28.72 26.60

ADS, n (%)

Point = 0 30 (13.9) 35 (16.2) 35 (16.2) 30 (13.9) 36 (16.7) 29 (13.4)

Point > 0 121 (56.0) 30 (13.9) 150 (69.4) 1 (0.5) 151 (69.9) 0 (0.0)

Sensitivity (%) 80.13 81.08 80.75

Specificity (%) 53.85 96.77 100.00

PPV (%) 80.13 99.34 100.00

NPV (%) 53.85 46.15 44.62

AAS, n (%)

Point = 0 83 (38.4) 42 (19.4) 97 (44.9) 28 (13.0) 99 (45.8) 26 (12.0)

Point > 0 68 (31.5) 23 (10.6) 88 (40.7) 3 (1.4) 88 (40.7) 3 (1.4)

Sensitivity (%) 45.03 47.57 47.06
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Table 3 (Continued).

Anticholinergic Scale Beers Criteria 2003 Beers Criteria 2012 Beers Criteria 2015

PIMs Non-PIMs PIMs Non-PIMs PIMs Non-PIMs

Specificity (%) 64.62 90.32 89.66

PPV (%) 74.73 96.70 96.70

NPV (%) 33.60 22.40 20.80

ALS, n (%)

Point = 0 37 (17.1) 39 (18.1) 50 (23.1) 26 (12.0) 51 (23.6) 25 (11.6)

Point > 0 114 (52.8) 26 (12.0) 135 (62.5) 5 (2.3) 136 (63.0) 4 (1.9)

Sensitivity (%) 75.50 72.97 72.73

Specificity (%) 60.00 83.87 86.21

PPV (%) 81.43 96.43 97.14

NPV (%) 51.32 34.21 32.89

CrAS, n (%)

Point = 0 41 (19.0) 38 (17.6) 49 (22.7) 30 (13.9) 50 (23.1) 29 (13.4)

Point > 0 110 (50.9) 27 (12.5) 136 (63.0) 1 (0.5) 137 (63.4) 0 (0.0)

Sensitivity (%) 72.85 73.51 73.26

Specificity (%) 58.46 96.77 100.00

PPV (%) 80.29 99.27 100.00

NPV (%) 48.10 37.97 36.71

Duran, n (%)

Point = 0 28 (13.0) 32 (14.8) 33 (15.3) 27 (12.5) 34 (15.7) 26 (12.0)

Point > 0 123 (56.9) 33 (15.3) 152 (70.4) 4 (1.9) 153 (70.8) 3 (1.4)

Sensitivity (%) 81.46 82.16 81.82

Specificity (%) 49.23 87.10 89.66

PPV (%) 78.85 97.44 98.08

NPV (%) 53.33 45.00 43.33

ABC, n (%)

Point = 0 67 (31.2) 56 (26.0) 95 (44.2) 28 (13.0) 97 (45.1) 26 (12.1)

Point > 0 84 (39.1) 8 (3.7) 89 (41.4) 3 (1.4) 89 (41.4) 3 (1.4)

Sensitivity (%) 55.63 48.37 47.85

Specificity (%) 87.50 90.32 89.66

PPV (%) 91.30 96.74 96.74

NPV (%) 45.53 22.76 21.14

Abbreviations: PIMs, potentially inappropriate medications; ACB, Anticholinergic Cognitive Burden Scale; ARS, Anticholinergic Risk Scale; Chew, Chew’s Scale; ADS,

Anticholinergic Drug Scale; AAS, Anticholinergic Activity Scale; ALS, Anticholinergic Load Scale; CrAS, Clinician-Rated Anticholinergic Scale; Duran, Duran’s Scale; ABC,

Anticholinergic Burden Classification; PPV, positive predictive value; NPV, negative predictive value.
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regarding PIMs among physicians at this facility was

also likely to result in the greater number of PIMs

prescribed to the patients. Moreover, a lack of appro-

priate intervention provided by pharmacists using vali-

dated screening tools might contribute to the higher

prevalence of PIM prescription. As reported in another

study, pharmacist interventions can decrease the number

of PIMs prescribed to elderly people.32,33

The Beers Criteria are some of the most popular guide-

lines for the prevention of PIM prescription to older patients.

Several ARMSs have been developed to evaluate anticholi-

nergic drugs prescribed to older patients. As revealed by the

results from the comparison of the Beers Criteria with the

nine ARMSs in this study, some heterogeneity was observed

when these analyses were administered to the elderly patients

hospitalized at the long-term care facility. Overall, the con-

cordance between the Beers Criteria and the ARMSs varied

from poor to moderate. Specifically, when the Beers Criteria

2015 version was compared with the ARMSs, the lowest

concordance was found for AAS (κ = 0.153; 95% CI, 0.079–

0.227) and the highest concordance for ADS (κ = 0.530; 95%

CI, 0.406–0.654). This tendency may be caused by the dif-

ference in the number of medications listed and the rating of

anticholinergic activity assigned to them in each ARMS.17,22

The number of medications ranges from 27 to 117 across the

ARMSs.17 In the ARMSs, the inclusion and rating of med-

ications with anticholinergic properties were decided based

on expert opinions from an interdisciplinary team consisting

of various healthcare professionals such as geriatricians,

pharmacists, primary care physicians, and nurses.22

Therefore, the subjective decision on their inclusion and

rating was predominantly affected by the panel’s knowledge

about the adverse effects of anticholinergic medications.

Overall, compared with Beers Criteria 2003, the

2012 and 2015 versions showed improved concordance

with the ARMSs in our study. All medications with

anticholinergic properties according to ARS, ADS, or

CrAS were classified as PIMs by Beers Criteria 2015;

however, the number of PIMs with anticholinergic prop-

erties (ARS, 129; ADS, 151; CrAS, 137) varied. This

finding could be explained by the number of anticholi-

nergics listed in each ARMS and the subjects analyzed

to compile the anticholinergic medication lists. ARS,

ADS, and CrAS include 49, 117, and 60 anticholiner-

gics, respectively.13,15,26 The medication list of ARS has

been derived from the patients over 65 years of age who

have visited geriatric and primary care clinics.13

Rudolph and colleagues have retrospectively reviewed

medical records of geriatric patients to include medica-

tions into ARS and prospectively evaluated this instru-

ment on elderly patients in primary care clinics.13

Carnahan and colleagues have derived the medication

list of ADS from older residents of a long-term care

facility, and Han et al have established the medication

list of CrAS on the basis of medical records of men

older than 65 years who received a diagnosis of

hypertension.15,26

The Beers Criteria 2015 version was compared with

the ARMSs. The highest sensitivity was found for

Duran’s Scale (81.82%) followed by ADS (80.75%).

The highest specificity was observed for ARS

(100.00%), ADS (100.00%), and CrAS (100.00%).

These data indicate that 81.82% and 80.75% of the

187 patients taking PIMs as revealed by Beers Criteria

2015 might be identified as patients taking anticholiner-

gics as determined by Duran’s Scale and ADS, respec-

tively. Furthermore, all 29 patients taking non-PIMs as

determined by Beers Criteria 2015 might be classified as

people not taking anticholinergics as determined by

ARS, ADS, or CrAS. Because both sensitivity and spe-

cificity in this study were defined only on the basis of

patients taking or not taking PIMs, these parameters

could not serve for estimating the probability of PIM

use by individual patients.34 Therefore, PPV and NPV

were also calculated. ARS (100.00%), ADS (100.00%),

and CrAS (100.00%) yielded the highest PPV, and the

highest NPV was observed for ADS (44.62%). These

findings suggest that all the patients who take antic-

holinergics as determined by ARS, ADS, or CrAS prob-

ably do not take any PIMs, and 44.62% of the 65

patients who did not take anticholinergics as determined

by ADS might be taking non-PIMs. Nonetheless, it is

important to bear in mind that both PPV and NPV can

vary depending on the prevalence of PIM use.34

According to another study (conducted by Sumukadas

et al), the proportion of the elderly taking anticholiner-

gic medications has increased over time.35 Thus, the use

of anticholinergics may increase further, and the con-

cordance between the Beers Criteria and the ARMSs

may change, too. In particular, it is possible that PPV

and NPV show pronounced disparities because they are

affected by the prevalence of PIM prescription.

In terms of clinical applicability of the findings from

this study, these nine ARMSs, especially ADS and

Duran’s Scale, can serve as supplementary tools for

the latest version of the Beers Criteria to more closely
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monitor anticholinergics prescribed to older patients.

Nevertheless, there are big discrepancies between their

lists and ratings. For example, atenolol, a β-blocker, was
identified as anticholinergic medication only by ACB

and CrAS. Quetiapine, an atypical antipsychotic, was

identified as an anticholinergic drug by all ARMSs

except for ALS and ABC, but its anticholinergic activity

was ranked differently. In addition, because older popu-

lations are poly-medicated and have individual biologi-

cal differences,3 the effects of dosing and of the

administration route on the anticholinergic activity

have to be considered when this activity is rated.22

This study has some limitations, which must be

considered when our data are interpreted. First, the

cross-sectional design of this study was likely to detect

only medication use patterns in the 2 weeks after the

patients were hospitalized instead of examination of

their chronic medication patterns. Nevertheless, most

of the analyzed medications (eg, amitriptyline, nortripty-

line, oxybutynin, tolterodine, amiodarone, and haloper-

idol) are usually taken chronically. Therefore, this

limitation may be mild. Second, the patients included

in this study were elderly people with serious diseases

who had stayed for at least 14 days at the long-term

care facility in Korea. Consequently, it may be difficult

to extrapolate the results of this study to better-function-

ing elderly people. Third, the selection procedure of the

medications avoided at certain durations or in people

with certain medical conditions might affect the preva-

lence rates of PIMs. Fourth, if implicit criteria such as

medication appropriateness index36 had been applied

instead of using only explicit criteria, more comprehen-

sive results might be obtained. Lastly, the new version

of the Beers Criteria 2019 had been already published,

but this could not be applied in this study due to the

date of the study cohort.

Conclusion
Among Korean elderly patients, this study evaluated the

concordance in identified anticholinergic PIMs among var-

ious versions of the Beers Criteria and concordance in iden-

tified anticholinergics between the Beers Criteria and other

anticholinergic scales. Heterogeneity was noted between the

Beers Criteria and the ARMSs, and the concordance between

them varied from poor to moderate. Compared with Beers

Criteria 2003, the 2012 and 2015 versions manifested higher

concordance with the ARMSs. Currently, there is no stan-

dardized rating scale for the measurement of the

anticholinergic burden; therefore, further research is neces-

sary to develop a useful and comprehensive tool identifying

medications with anticholinergic properties.
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