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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Many different criteria have been developed

to detect potentially inappropriate
medications (PIMs), with wide variations in
prevalence estimates and inconsistent
associations with health outcomes.

• Without head-to-head comparisons, it is
difficult to know whether some PIM criteria
systematically detect more or fewer PIMs
than others in the same cohorts.

WHAT THIS STUDY ADDS
• Six sets of PIM criteria were applied to a

single cohort, with PIM prevalence ranging
from 24 to 73%.

• Criteria with a higher number of statements
and a higher percentage of local
market/institution drug availability tended
to detect more PIMs.

• Caution should be exercised in applying PIM
criteria developed in other regions when
medication availability in the local market is
limited.

AIM
Our aim was to compare the practicability of six different potentially
inappropriate medication (PIM) criteria in geriatric outpatients with
polypharmacy.

METHODS
We analysed baseline data from the Medication Safety Review Clinic in Tai-
wanese Elders (MSRC-Taiwan) study.The prevalence and correlates of PIMs
were determined on the basis of criteria developed in the USA, Canada,
France, Norway, Ireland and Thailand.The percentage of PIMs considered as
drug-related problems and the problem-solving rate are reported.

RESULTS
In the 193 participants, the prevalence of PIM varied from 24 to 73%. Applica-
tion of the criteria revealed that a high number of chronic medications was a
common risk factor for having at least one PIM. Of the 1713 medications
reviewed, 5.6–14.8% were considered PIMs. Only 30–40% of the identified
PIMs were reported as drug-related problems by the MSRC team experts.
Criteria with a higher number of statements and a higher percentage of
local market/institution drug availability tended to detect more PIMs.

CONCLUSIONS
The prevalence of PIM varied significantly when different criteria were
applied. Caution should be exercised in applying PIM criteria developed in
other regions when medication availability in the local market is limited.
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Introduction

Drug-related problem (DRP) is a general term to describe
an event or circumstance involving drug therapy that actu-
ally or potentially interferes with desired health outcomes
[1]. Drug-related problems are highly prevalent among
elderly adults and may contribute to excessive morbi-
dity and mortality, as well as increased health resource
utilization [2].

Potentially inappropriate medications (PIMs), often
defined as drugs with ineffectiveness or high risk–benefit
ratio [3], are an important aspect of preventable DRPs. The
Beers criteria developed in the USA, the latest version of
which was published in 2003 [4], are widely applied in
clinical studies in many countries as a geriatric healthcare
quality indicator [5, 6]. However, the prevalence of PIMs
detected according to the Beers criteria varied from 18 to
42% among studies performed in different countries
[7–11]. It is difficult to determine whether the differences
were due to the availability of the Beers drugs in local
markets, the familiarity of the Beers criteria to prescribing
physicians,or other study design issues.Many international
researchers have cited difficulty in applying the Beers cri-
teria in their own countries [12]. Also, several experts did
not agree with some statements in the Beers lists [13].
Therefore, several country-specific PIM criteria have been
developed to improve the prescription quality for older
adults in different regions [4, 13–17].

Compared with the Beers criteria, the newly developed
‘Screening Tool of Older Person’s Prescriptions’ (STOPP) in
Ireland could help detect more PIMs in a sample of 1329
community-dwelling elderly adults [10]. Likewise, the PIM
criteria established for France identified more PIMs than
the Beers criteria in 30 683 non-institutionalized volun-
teers in France [18]. So far, published studies have only
presented comparisons of one set of criteria against the
Beers criteria. There was a lack of data comparing the per-
formance of multiple (three or more) sets of criteria in one
cohort. Such comparisons are important to determine
whether some PIM criteria systematically detect more or
fewer PIMs than others. Theoretically, criteria with fewer
statements might detect fewer PIMs than those using cri-
teria with more statements. However, using criteria with
more statements might be more time consuming. Empiri-
cal data are necessary for enhancing the comparability of
different PIM criteria on PIM prevalence and their associa-
tions with health outcomes. In our pervious review of
seven sets of published explicit criteria for PIM, we found
little similarity among these criteria [19]. The clinical prac-
ticability of each set of criteria in different countries
outside the origin country was also not clear.

The Medication Safety Review Clinic in Taiwanese
Elders (MSRC-Taiwan) [20] was an interventional study to
determine the feasibility and effectiveness of multidisci-
plinary team evaluations in detecting and solving DRPs
among geriatric outpatients prescribed multiple medica-

tions. The aim of the present study is to compare the prac-
ticability of six sets of PIM criteria published in different
regions in the MSRC-Taiwan sample by using secondary
data analysis. Additionally, we also compare the percent-
age of PIMs considered as DRPs from experts’ review.

Methods

We analysed baseline data from the MSRC-Taiwan study
conducted at two hospitals in Taipei,Taiwan.The study was
approved by the institutional review board at the National
Taiwan University Hospital (NTUH) in October 2007. The
details of the study design have been described elsewhere
[20].

We enrolled 193 elderly adults (aged �65 years) who
had either: (i) been prescribed eight or more chronic
medications (drugs prescribed for �28 days); or (ii) visited
three or more different physicians during a 3 month
screening period. Each participant visited the clinic four
times. Drug-related problems were reported after the first
visit. The research team of geriatricians contacted the pre-
scribing physicians within 14 days and presented mutu-
ally agreed-upon interventions to patients at the week 3
visit (n = 173). Unless immediate action was necessary to
protect patient safety, all drug-level interventions were
implemented at the next scheduled visit to the prescriber
(with reminder notes attached to the medical records),
and not to the MSRCs. The participants were asked to
come back to the MSRCs at week 12 (n = 149) and week
24 (n = 139) to determine the problem-solving rates
and the changes in the baseline characteristics after
interventions.

The MSRCs only reviewed oral prescription medica-
tions and dietary supplements taken regularly for at least
28 days. Short-term and as needed medications were
excluded, because the prescribing period might end short
of the next scheduled clinic visit to the prescriber for
administering recommended interventions. Topical, local
or inhaled medications were not included owing to their
minimal systemic effects.

To determine whether each medication/dietary
supplement was problematic and to identify correlates
of DRPs, a comprehensive geriatric assessment was per-
formed for each participant. Information was collected
on demographics, chronic medical conditions (including
chronic obstructive pulmonary diseases, dementia, urinary
incontinence and 24 other medical conditions), physical
functioning {the Nagi Index [21] and the Instrumental
Activities of Daily Living (IADLs) [22]}, cognition {the Mini-
Mental State Examination (MMSE) [23]}, mental health {the
Geriatric Depression Scale-15 items (GDS-15) [24]}, fall and
dizziness history, and utilization of healthcare resources in
the past 6 months (clinics, emergency department visits
and hospitalizations).
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Initially, DRPs were identified after considering indica-
tion,dosage,adherence,interactions,adverse reactions and
therapeutic effects of each medication. A set of NTUH-
modified PIM criteria based on the 2003 Beers criteria was
also used to measure the appropriateness of use of medi-
cations. However, the modified list only included state-
ments rated as‘high severity’from the 2003 Beers criteria so
as to not overwhelm the prescribers. Furthermore, amio-
darone was excluded from our modified list because of
objections from cardiologists. When a PIM was identified,
the research team would decide if it was considered a DRP,
taking into account all relevant clinical data. Each DRP was
recorded on a Pharmaceutical Care Network Europe (PCNE)
Classification for Drug-Related Problems Version 5.1 sheet
[1]. The advantages of this instrument are its hierarchical
design and requirements to record outcomes of interven-
tions [2]. As one medication may have more than one
problem,each problem was recorded separately on a sheet.

Six out of the seven criteria described in our previous
review [19], the 2003 version of the Beers criteria [4] (from
the USA), the Rancourt (from Canada) [17], the Laroche
(from France) [13], the Screen Tool of Older Person’s Pre-
scription (STOPP; from Ireland) [16], the Winit-Watjana
(from Thailand) [15] and the Norwegian General Practice
(NORGEP) criteria (from Norway) [14] were applied to
detect PIMs in this data set. The McLeod list [25] was not
used because some statements from the 1997 criteria were
outdated, and many drugs listed were no longer used in
clinical practice. For example, the use of b-blockers for
heart failure was considered inappropriate in the McLeod
criteria. However, b-blockers are indicated for heart failure
patients in current guidelines.The number of statements in
each set of criteria ranged from 34 (the Laroche criteria) to
111 (the Rancourt criteria).

For PIM analysis, only information on prescription
medications was used. Dietary supplements were not used
because only one set of criteria included ginkgo biloba
and other complementary and alternative medicines as
PIMs.The availability each medication listed in all six sets of
criteria was investigated in the medication database of the
Bureau of National Health Insurance [26] and the NTUH
formulary. Previous secondary data analysis on PIM uses
often applied only statements independent of co-morbid
conditions because detailed medical diagnoses were often
lacking.We were able to apply all statements from each set
of criteria because chronic medical conditions were com-
prehensively collected. Some criteria suggested simulta-
neous prescription of two medications/medication classes
as PIMs. For example, concomitant use of warfarin and
nonsteroidal anti-inflammatory drugs was discouraged in
all but the Laroche criteria. When this type of drug–drug
interaction was detected, both offending medications/
medication classes were considered as PIMs.

As one participant might have more than one PIM,
prevalence of PIM is presented as both drug level and
person level. At drug level, prevalence is defined as the

numbers of PIMs divided by the total numbers of medi-
cations prescribed for the entire cohort. At person level,
prevalence is defined as the percentage of participants
who were prescribed with at least one PIM.

Also, we approached our analysis from two com-
plementary perspectives: person level and drug level. In
person-level analysis, individuals with at least one PIM
identified from each set of criteria were compared with
those without. Bivariate analysis was performed using Stu-
dent’s unpaired t-test for continuous variables and c2 test
with Fisher’s exact adjustment when appropriate for cat-
egorical variables. Stepwise multivariate logistic regression
models were used to identify correlates of having at least
one PIM at the person level after adjusting the demo-
graphic and health-related and drug-related characteris-
tics. In drug-level analysis, the number and percentage of
PIMs identified from each set of criteria were reported. In
addition, the number and percentage of PIMs considered
as DRPs by MSRC-Taiwan research team experts as well as
the problem-solving rate were recorded. All tests were
two-tailed, and significance (a) was set at P < 0.05. Data
were analysed using the Stata version 8 statistical package
(Stata, College Station, TX, USA).

Results

Only 50–89% of listed medications under six sets of pub-
lished explicit criteria were available in Taiwan, with
27–67% available at the NTUH. Overall, availability (per-
centage) of medications listed under the Laroche criteria
from France was the lowest (Table 1).

In person-level analysis, the mean age (�SD) of the
participants (n = 193) was 76.2 � 6.2 years,and half of them
were men. The mean number of chronic conditions and
chronic medications were 9 � 2.6 and 8.9 � 3.1, respec-
tively, demonstrating the high medical complexity in this
group. Despite these complicated chronic conditions, the
functional status (Nagi Index 25; IADL score 29) and mental
status (MMSE score 27) were relatively preserved (Table 2).

The proportion of patients who had at least one PIM
varied from 24% (the NORGEP criteria) to 73% (the Winit-
Watjana criteria; Figure 1). For those prescribed with PIMs,
most used only one or two listed drugs. When more than
three PIMs were found for one patient, often drug–drug
interactions were involved, because both drugs with inter-
actions were considered as PIMs (data not shown). Among
these criteria, the increase of PIM prevalence was concor-
dant with the number of statements and the availability of
PIMs in the local market, except for the Rancourt criteria
(Figure 2).

In the bivariate analysis, the common characteristics
associated with having at least one PIM in all criteria were
a high number of chronic conditions and a high number of
chronic medications. Other factors associated with higher
likelihood of having at least one PIM included age, sex,
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frequency of emergency department visits, the Nagi Index
score, the GDS score, and history of dizziness or falls
(Table 2).

Correlates of having at least one PIM varied signifi-
cantly for the six sets of criteria in multivariate logistic
regressions. A higher number of chronic medications was
associated with higher likelihood of PIM use based on five
of the six sets of criteria. Correlates independently associ-
ated with PIM use based on three sets of criteria included
advanced age and history of falls. A higher number of
chronic conditions, higher IADL score and higher number
of emergency department visits were independent corre-
lates based on two sets of criteria. Higher Nagi Index,
higher GDS score, having dizziness and being male were
significant when only one particular set of criteria was
applied (Table 3).

The top three offending drugs from each set criteria
varied significantly (Table 4). However, the top three drugs

Table 1
Basic characteristics of six sets of published explicit criteria for potentially inappropriate medications*

NORGEP [14] Laroche [13] Rancourt [17] Beers [4] STOPP [16] Winit-Watjana [15]

Year of publication 2009 2007 2004 2003 2008 2009
Country Norway France Canada USA Ireland Thailand
Number of statements 36 34 111 68 65 77

1. Specific drug names listed, n (%) 22 113 74 103 28 54
2. Available drugs in Taiwan, n (%) 15 (68) 57 (50) 60 (81) 71 (69) 25 (89) 50 (93)
3. Available drugs at NTUH, n (%) 7 (32) 30 (27) 39 (53) 44 (43) 21 (75) 36 (67)

Abbreviations: NORGEP, Norwegian General Practice criteria; NTUH, National Taiwan University Hospital; STOPP, the Screening Tool of Older Person’s Prescriptions. *The order of each
set of criteria was based on their prevalence in our study population, from low to high.

Table 2
Baseline characteristics of the entire study cohort by presence of potentially inappropriate medications (PIMs) with six criteria

Total
+PIMs with
NORGEP [14]

+PIMs with
Laroche [13]

+PIMs with
Rancourt [17]

+PIMs with
Beers [4]

+PIMs with
STOPP [16]

+PIMs with
Winit-Watjana [15]

n = 193 n = 47 (24%) n = 95 (49%) n = 103 (53%) n = 106 (55%) n = 121 (63%) n = 140 (73%)
n (%) or n (%) or n (%) or n (%) or n (%) or n (%) or n (%) or
mean (SD) mean (SD) mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)

Demographics
1. Age 76.2 (6.2) 78.4 (6.7)** 76.7 (6.3) 78.3 (5.9)*** 76.8 (6.2) 77 (6.3)* 76.6 (6.4)
2. Sex (male) 103 (53.4) 25 (53.2) 54 (56.8) 51 (49.5) 64 (60.4)* 67 (55.4) 83 (59.3)*
3. Education (>9 years) 96 (49.7) 27 (57.5) 48 (50.5) 51 (49.5) 54 (50.9) 62 (51.2) 74 (52.9)

Health-related characteristics
4. Number of chronic conditions 9.0 (2.6) 9.8 (2.4)* 9.6 (2.6)*** 9.4 (2.3)* 9.7 (2.6)*** 9.6 (2.5)*** 9.5 (2.6)***
5. Number of chronic medications 8.9 (3.1) 10.2 (3.2)*** 10 (0.3)*** 9.6 (3.2)*** 9.8 (3.1)*** 9.6 (3)*** 9.4 (3.1)***
6. Number of ED visits in 6 months 0.17 (0.4) 0.21 (0.4) 0.22 (0.4) 0.16 (0.4) 0.24 (0.4)* 0.22 (0.4)* 0.19 (0.4)
7. Nagi Index Score 24.9 (4) 24.3 (4.1) 24.8 (4.3) 24.6 (4.4) 24.7 (4.3) 24.7 (4) 24.9 (4)
8. IADL Score 29.3 (4.6) 28.8 (5) 29 (5.2) 29 (4.8) 29.4 (4.5) 29.4 (4.1) 29.5 (4.3)
9. MMSE Score 27.3 (3.7) 27.1 (4.2) 26.9 (4.3) 26.9 (4.1) 27.1 (3.8) 27.1 (3.7) 27.2 (3.7)

10. GDS-15 Score 1.3 (3.3) 1.4 (3.3) 2 (3.9)** 1.7 (3.7) 1.7 (3.6) 1.5 (3.4) 1.5 (3.5)
11. Dizziness (Yes) 69 (35.8) 18 (38.3) 37 (39.5) 46 (44.7)** 42 (39.6) 48 (39.7) 54 (38.6)
12. Falls (Yes) 29 (15) 8 (17) 20 (21.1)* 17 (16.5) 25 (23.6)*** 27 (22.3)*** 25 (17.9)

Comparisons were made between subjects with at least one PIM and subjects without a PIM. Abbreviations: ED, emergency department; GDS, geriatric depression scale; IADL,
instrument activity of daily life; MMSE, minimal mental state examination; NORGEP, Norwegian General Practice criteria; STOPP, the Screening Tool of Older Person’s Prescriptions.
*P < 0.05, **P < 0.01, ***P < 0.001.
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were most similar among the Beers (doxazocin, alprazolam
and dipyridamole), the Rancourt (alprazolam, atovastatin
and dipyridamole) and the Winit-Watjana criteria (alpra-
zolam, aspirin and doxazocin).

From drug-level analysis, the prevalence of PIM ranged
from 5.6 (the NORGEP criteria) to 14.8% (the Winit-Watjana
criteria; Table 5). Approximately 31% (the STOPP criteria) to
42% (the NORGEP criteria) of PIMs identified were consid-
ered as DRPs by the medication review team experts.
Approximately 60–70% of the DRPs had outcomes avail-
able at the week 24 visits, with the problem-solving rate
ranging from 72 to 84% (Table 5).

Discussion

We found that the prevalence of PIM varied significantly
with the applied instruments. Criteria with a higher
number of statements and a higher percentage of local
market/institution drug availability tended to detect more
PIMs. Furthermore, having greater number of chronic
medications was associated with higher likelihood of
having at least one PIM at person level. Only 30–40% of
identified PIMs were considered as DRPs by medication
review team experts. Approximately 70–85% of the PIM
problems could be solved in 24 weeks.

To the best of our knowledge, this is the first study in
which more than two sets of PIM criteria were applied to a
single cohort. Among the six sets of explicit criteria
applied, prevalence of PIMs from previous research was
available for the Beers (18–42%) [7, 9, 10, 27], the STOPP
(21–25%) [10], the Rancourt (55%) [17] and the Laroche
criteria (22%) [28]. Our prevalence estimates were signifi-
cantly higher (at least 50%) than those reported from the
Beers, the STOPP and the Laroche criteria because we
enrolled participants prescribed with very high numbers

of medications, a known risk factor for PIMs. Nevertheless,
our prevalence according to the Rancourt criteria was
similar to that from a nursing home population [17].

When applying PIM criteria developed from other
countries, availability of medications in the local market
might have a strong impact on PIM prevalence estimates.
Our findings also indicated that significant portions of
PIMs listed under the six sets of criteria were not available
in Taiwan. Several authors cited drug availability issues as a
major determinant for creating country-specific PIM crite-
ria [13, 16, 29]. Furthermore, there was no consensus
regarding which drugs should be included in some medi-
cation classes, such as anticholinergics or muscle relaxants.
We found it difficult to compare our prevalence estimates
with other studies because of these methodological differ-
ences. We suggest that authors attach their detailed PIM
lists as appendices to increase the comparability across
international studies.

The number of statements also had a positive correla-
tion with prevalence of PIM, except in the Rancourt criteria.
According to the Rancourt criteria, some drugs can poten-
tially be inappropriate for different reasons. Each reason is
treated as one statement. For example, use of triazolam is
discouraged when a single dose >0.25 mg, a daily dose
>1.25 mg or a prescribing duration >30 days are detected
(three statements) [17].When significant amounts of these
drugs are not available at the NTUH, the prevalence might
be greatly underestimated.

Our previous review paper found few similarities in PIM
listed under the six sets of published criteria [19]. Signifi-
cant variations of the top three offending medications
identified from each set of criteria in the MSRC data set are
expected. In PIMs independent of co-morbidities, alpra-
zolam (the Beers, Rancourt and Winit-Watjana criteria) and
dipyridamole (the Beers, Rancourt and Laroche criteria)
were among the top three offending medications. This
result was similar to previous studies which showed the
most frequent Beers PIMs were benzodiazepine and dipy-
ridamole [11, 30]. In PIMs considering chronic conditions,
aspirin prescribed for patients with peptic ulcer was a
common PIM (roughly 12%) when the STOPP and Winit-
Watjana criteria were applied. In contrast, only 1% of older
adults in a Irish national representative cohort was pre-
scribed aspirin without concomitant use of histamine H2

receptor antagonists or proton pump inhibitors with the
STOPP criteria [31]. The difference was probably from lack
of reimbursement of these two medication classes for gas-
trointestinal protection purpose from the Taiwanese
National Health Insurance.

Consistent with previous studies, a higher number of
medications was a strong determinant of PIMs based on
five of the six sets of criteria [11, 30, 32]. In contrast, the
number of chronic conditions was no longer significant for
most criteria when the number of medications was
adjusted in multivariate analysis. Older adults prescribed
with multiple drugs should receive frequent medication
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reviews to avoid use of PIMs [30]. Older age was associated
with a higher prevalence of PIM in our study. Both positive
[30] and negative associations [27] have been reported in
the literature. The association between falls and PIMs was
found with three of the six sets of criteria in our study.
Elderly patients prescribed benzodiazepine or anticholin-
ergic medications have an increased risk of falling [33, 34].

These medications are commonly listed PIMs in most sets
of criteria. For those PIM correlates identified for only one
or two sets of criteria, the existing literature often have
inconsistent findings. For example, use of PIMs from the
Beers and the STOPP criteria were associated with a higher
number of emergency department visits in our analysis.
The relationship between PIM use and utilization of

Table 3
Multivariate logistic regression for having at least one drug as potentially inappropriate medication with six sets of criteria

NORGEP [14] Laroche [13] Rancourt [17] Beers [4] STOPP [16] Winit-Watjana [15]
Odds ratio (95%
confidence
interval)

Odds ratio (95%
confidence
interval)

Odds ratio (95%
confidence
interval)

Odds ratio (95%
confidence
interval)

Odds ratio
(95% confidence
interval)

Odds ratio
(95% confidence
interval)

Demographics
1. Age 1.1 (1–1.1*) 1.1 (1.1–1.2***) 1.1 (1–1.1*)
2. Sex (male) 2.8 (1.4–5.7**)

Health-related characteristics
3. Number of chronic conditions 1.2 (1–1.4*) 1.4 (1.2–1.6***)
4. Number of chronic medications 1.2 (1.1–1.4**) 1.4 (1.2–1.6***) 1.2 (1.1–1.3**) 1.4 (1.2–1.6***) 1.2 (1–1.4*)
5. Number of ED visits in 6 months 2.9 (1.1–7.2*) 2.9 (1.1–8.2*)
6. Nagi Index Score 1.1 (1–1.2*)
7. IADL Score 1.1 (1–1.2*) 1.1 (1–1.2*)
8. GDS-15 Score 1.2 (1–1.3*)
9. Dizziness (Yes) 2.0 (1–3.8*)

10. Falls (Yes) 3.1 (1.1–8.2*) 8.3 (2.6–27**) 18.7 (3.6–96.5***)

Only variables retained in the stepwise selection model are reported. Abbreviations: ED, emergency department; GDS, geriatric depression scale; IADL, instrument activity of daily
life; NORGEP, Norwegian General Practice criteria; STOPP, the Screening Tool of Older Person’s Prescriptions. *P < 0.05, **P < 0.01, ***P < 0.001.

Table 4
The leading three potentially inappropriate medications identified among geriatric outpatients prescribed with multiple medications (total number of
patients = 193)

NORGEP [14] Laroche [13] Rancourt [17] Beers [4] STOPP [16] Winit-Watjana [15]

First ranking, n (%) Aminophylline Zolpidem Alprazolam Doxazocin Aspirin Alprazolam
17 (8.8) 17 (8.8) 18 (9.3) 24 (12.4) 24 (12.4) 34 (17.6)

Second ranking, n (%) Zolpiclone Dipyridamole Atovastatin Alprazolam Amlodipine Aspirin
11 (5.7) 14 (7.3) 15 (7.8) 15 (7.8) 20 (10.4) 24 (12.4)

Third ranking, n (%) Celecoxib Pentoxifylline Dipyridamole Dipyridamole Furosemide Doxazocin
8 (4.1) 13 (6.7) 14 (7.3) 14 (7.3) 16 (8.3) 24 (12.4)

The ranking of each set of criteria was based on their prevalence in our study population, from low to high. Abbreviations: NORGEP, Norwegian General Practice criteria; STOPP,
the Screening Tool of Older Person’s Prescriptions.

Table 5
The relationships between potentially inappropriate medications (PIMs) and drug-related problems (DRPs) among geriatric outpatients prescribed with
multiple medications (total number of patients = 193; total number of medications = 1713)

Number of medications considered as PIMs
NORGEP [14] Laroche [13] Rancourt [17] Beers [4] STOPP [16] Winit-Watjana [15]
n = 96 (5.6) n = 132 (7.7) n = 185 (10.8) n = 177 (10.3) n = 199 (11.6) n = 254 (14.8)

Reported as DRP (%) 40 (41.7) 51 (38.6) 73 (39.5) 69 (39) 61 (30.7) 86 (33.9)
DRP follow up in 24 weeks (%) 29 (72.5) 36 (70.6) 45 (61.6) 43 (62.3) 36 (59) 59 (68.6)
Problem-solving rate* (%) 22 (75.9) 26 (72.2) 38 (84.4) 31 (72.1) 30 (83.3) 46 (78)

*(Problem totally solved + problem partly solved/follow-up numbers). The ranking of each set of criteria was based on their prevalence in our study population, from low to high.
Abbreviations: NORGEP, Norwegian General Practice criteria; STOPP, the Screening Tool of Older Person’s Prescriptions.
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healthcare resources was not supported in a previous
review [12].

The MSRC-Taiwan study was designed to detect and
solve DRPs for geriatric outpatients with multiple medica-
tions.The 6 month overall problem-solving rate for all DRPs
was approximately 90% (data available on request). When
performing this secondary data analysis, only approxi-
mately 40% of the PIMs from the six sets of criteria were
reported as DRPs, and their problem-solving rates were
72–84%. In the MSRCs, only high-severity Beers drugs were
considered as PIMs and amiodarone was excluded. Even
when Beers drugs were detected, it was left to the dis-
cretion of the research team whether to report them as
DRPs. Some medications listed under the other five sets of
explicit criteria were not considered as PIMs in the Beers
criteria. However, significant portions of them were still
considered as DRPs from expert reviews, such as zolpiclone
and zolpidem. A previous study also showed that the
agreement between explicit criteria and expert assess-
ment of PIMs was low [35]. Many prescribers were not
familiar with PIM criteria, which may explain the lower
problem-solving rate compared with other aspects of
DRPs, such as duplication of medication.

Clinicians have limited time during their busy practice.
To increase the applicability of PIM criteria to routine prac-
tice, time efficiency is an important issue to consider. We
found that criteria with fewer drug–disease and drug–drug
interaction statements (e.g. Laroche criteria) or fewer total
statements were usually less time consuming (e.g. the
NORGEP criteria).The sets of criteria with concerns on inap-
propriate dose, duration and duplication of medication
often needed more time to administer (e.g. the Rancourt
criteria). Several sets of criteria considered entire medica-
tion categories (such as long-acting benzodiazepines) as
PIMs. Sets of criteria (e.g. the Laroche criteria) specifying
the medications available in each medication category
were easier to apply than those that did not (e.g. the STOPP
criteria).

Our study had several limitations. First, we may have
underestimated the prevalence of PIM because several
medications available in Taiwan with similar pharmaco-
logical properties to certain PIMs were not included in the
six sets of criteria. Second, individual drugs included in
several medication classes, such as anticholinergics, may
have been different from those used in other studies.Third,
the causal relationship of PIM correlates could not be
established with a cross-sectional study. Finally, findings
from two hospitals can be generalized to only a certain
degree.

In conclusion, the prevalence of PIM varied significantly
when different criteria were applied. The number of state-
ments and availability of PIMs in the local market were
major determinants of PIM prevalence according to six
different sets of criteria. Caution should be exercised in
applying PIM criteria developed in other countries when
medication availability in the local market is limited.

Country-specific PIM criteria may be more efficient in
indentifying PIMs in routine practice. Further prospective
clinical studies are needed to address the impacts of PIMs
on elderly patients’ healthcare outcomes.
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