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Abstract

Background Several classifications to identify and avoid

use of potentially inappropriate medications (PIMs) in the

elderly have been published. To what extent these classi-

fications match each other and whether there are differ-

ences in the prevalence of PIM use at admission, during the

inpatient stay and at discharge are largely unreported.

Objectives To determine the PIM prevalence in elderly

patients at a university hospital, with a special focus on

different classification systems and the chronological

sequence, and to examine a possible association between

PIM use and the reason for admission, as well as severe

side effects and consequences of PIM use during

hospitalization.

Methods On the basis of the criteria provided by FORTA

(Fit for the Aged), PRISCUS (Latin for ‘time-honoured’)

and STOPP (Screening Tool of Older Persons’ Potentially

Inappropriate Prescriptions), medication in patients over

the age of 65 years was screened retrospectively within

four point prevalence analyses at admission, during the

inpatient stay and at discharge. Evaluation of a possible

association between PIM use and the primary diagnosis or

severe side effects during hospitalization was performed

according to an analysis using the World Health Organi-

zation Uppsala Monitoring Centre system for standardized

case causality assessment.

Results Of 200 patients, 176 (88 %) received at least one

PIM at admission, during the inpatient stay and/or at

discharge (116 patients according to FORTA, 113

according to PRISCUS and 138 according to STOPP).

When the PIM prevalence was compared between the

three different sets of criteria, STOPP identified signifi-

cantly more patients receiving PIMs than FORTA

(P = 0.022) and PRISCUS (P = 0.010). At the patient

level and at the drug level, the use of PIMs increased

during the inpatient stay; however, the PIM prevalence

was similar at admission and at discharge, both at the

patient level and at the drug level.

Conclusion Medication is rated significantly differently

by FORTA, PRISCUS and STOPP. In addition, a signif-

icant rise in prescribing of PIMs during the inpatient stay

illustrates that a reduction in PIM use during the inpatient

stay is essential, as it is known that avoiding PIM use in

older adults is one strategy to decrease the risk of adverse

events.
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Key Points

Three sets of criteria—FORTA (Fit for the Aged),

PRISCUS (Latin for ‘time-honoured’) and STOPP

(Screening Tool of Older Persons’ Potentially

Inappropriate Prescriptions)—rate drugs as

potentially inappropriate medications (PIMs) quite

differently. A comparison of FORTA, PRISCUS and

STOPP showed that there are significant differences

between them.

Especially during the inpatient stay, the prescribing

of PIMs was shown to be high. As it is known that

avoiding PIM use in older adults is one strategy to

decrease the risk of adverse events, a reduction in

PIM use during the inpatient stay is essential.

Polypharmacy has been identified as a risk factor for

use of PIMs, so reducing the total number of

prescribed drugs might be a starting point to reduce

PIM use.

1 Introduction

Elderly people often suffer from multiple co-morbidities,

which predispose them to potentially harmful polyphar-

macy and inappropriate prescribing. Therapy based on

guidelines can be problematic and is rarely examined in

clinical trials in elderly patients. In addition, alterations in

pharmacokinetics and pharmacodynamics, due to the

advanced age of patients, have to be considered [1]. As a

result, the elderly are particularly vulnerable to certain

drugs—e.g. long-acting benzodiazepines, which might

result in prolonged sedation and increase the risk of falls

[2]. Therefore, these drugs are classified as potentially

inappropriate medications (PIMs) for the elderly because

they carry an increased risk of adverse drug events and

result in major patient safety concerns. Several classifica-

tions have been published to identify and avoid PIM use. In

the USA, the Beers list is the prevailing one [3]. In Europe,

several sets of criteria have been published. In our study,

the following three screening tools were chosen to identify

PIMs: FORTA (Fit for the Aged) [4], PRISCUS (Latin for

‘time-honoured’) [5] and STOPP (Screening Tool of Older

Persons’ Potentially Inappropriate Prescriptions) [6],

because they have been shown to be suitable for the Ger-

man pharmaceutical market.

In several studies, STOPP and the Beers criteria have

been applied to detect PIM use [7–9]. One study has

compared PRISCUS with Beers and STOPP [10], and in a

recent study, the overlap between different sets of criteria

was shown to be small [11].

However, to our knowledge, FORTA, PRISCUS and

STOPP have not been applied to one patient collective

simultaneously. The objective of the present study was to

determine which PIMs are used by elderly patients at the

University Medical Centre Hamburg Eppendorf (UKE) and

how the prevalence of PIM use changes from admission

over the course of the inpatient stay to discharge. In

addition, a possible association between PIM use and the

primary diagnosis/reason for admission, as well as severe

adverse events and consequences of PIM use during hos-

pitalization, were examined. This information was then

used to develop a practical tool for minimizing PIM use.

2 Methods

2.1 Setting and Participants

The study was conducted at UKE, a university hospital

with 1460 beds. On the basis of the criteria provided by

FORTA, PRISCUS and STOPP, medication use in patients

above the age of 65 years was screened retrospectively

within four point prevalence analyses (distributed equally

over one year in September 2011, December 2011, May

2012 and July 2012) at admission, during the inpatient stay

and at discharge. Patients were included in the study if they

were admitted via the emergency department and had at

least five drugs prescribed at admission. Patients were not

eligible if they were admitted because of a malignant dis-

ease or had undergone solid organ or stem cell

transplantation.

Medication data were recorded using Anatomical

Therapeutic Chemical (ATC) classification codes [12]. The

reason for admission and all diagnoses were coded

according to the International Statistical Classification Of

Diseases And Related Health Problems, 10th revision,

German Modification (ICD-10-GM), version 2012 [13].

Information on medication use at admission was

extracted from the admission form in each electronic

patient record (Soarian� Clinicals, Erlangen, Germany). If

it was not recorded there, medication use at day 1 during

the hospital stay was graded as medication use at admis-

sion, leaving out acute medication, such as antibiotics or

analgesics. Information on medication use at discharge was

extracted from the discharge letter. Information on all

drugs used during the hospital stay could be obtained from

the computerized physician order entry (CPOE) ATCHost�

(Baxter, Utrecht, the Netherlands). Details of the medica-

tion were recorded in a database and correlated with the

diagnoses and reason for admission.
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2.2 Classification Systems for PIMs

The FORTA drug classification system assigns positive and

negative labels (ranging from class A to class D) to 190 of

the substances most frequently used for long-term drug

therapy in older patients, according to the state of evidence

as to risk/benefit and age appropriateness. FORTA was

validated in 2014 [14].

The PRISCUS list was created for the German phar-

maceutical market on the basis of expert knowledge, using

the Delphi technique. Eighty-three drugs in a total of 18

drug classes are rated as potentially inappropriate for

elderly patients [5].

STOPP 2008 comprises 65 clinically significant criteria

for potentially inappropriate prescribing in older people.

The STOPP criteria are arranged according to the relevant

physiological systems, for ease of use. Each criterion is

accompanied by a concise explanation as to why the pre-

scription is potentially inappropriate. Eighteen experts in

geriatric pharmacotherapy were recruited to establish the

content validity of STOPP by a Delphi consensus method

[6].

2.3 Data Analysis

Statistical analyses were performed using Microsoft�

Office Access 2010, Microsoft� Office Excel 2010 and

SAS (Statistical Analysis System) version 9.4 (SAS Insti-

tute Inc., Cary, NC, USA). The two-sided significance level

was set at 5 % (P B 0.05).

The primary objectives of the study (which PIMs are

used by elderly patients at UKE, and how the prevalence of

PIM use changes from admission over the course of the

inpatient stay to discharge) were evaluated using mixed

logistic regression with the binary endpoint of PIM use

(yes or no) and a mixed Poisson regression with the

number of PIMs as the endpoint to examine statistically

significant differences. PIM use was studied in total and

separately on the basis of the FORTA, PRISCUS and

STOPP criteria.

Subgroup analyses were performed concerning age, sex,

previous residential situation, number of prescribed drugs,

length of the hospital stay, and hospital stay in a surgical

ward versus an internal medicine ward. Metric variables

were dichotomized.

Evaluation of a possible association between PIM use

and the primary diagnosis or severe side effects during

hospitalization (secondary objectives) was performed

according to an analysis using the World Health Organi-

zation Uppsala Monitoring Centre (WHO-UMC) system

for standardized case causality assessment [15]. The

causality assessment was performed independently by three

pharmacists. Different ratings were discussed until a

consensus was reached. Severe side effects were rated

according to the US Food and Drug Administration defi-

nition of grade 3: severe or medically significant but not

immediately life threatening; hospitalization or prolonga-

tion of hospitalization indicated; disabling; limiting self-

care activities of daily living.

To assess severe side effects and consequences of PIM

use during hospitalization, all clinical records of the

patients were checked, e.g. concerning documented falls.

3 Results

3.1 Study Population

The characteristics of the patients and the number of PIMs

used per patient according to the FORTA, PRISCUS and

STOPP criteria are presented in Table 1. In summary, 200

patients were included in the study, the average age was

78.8 years and 61 % of the patients were female.

Table 1 Patient characteristics

Characteristics Values

Sex (N)

Female 121

Male 79

Age (years)

Median 79.0 (range 65–96)

Mean 78.8 (SD 7.5)

Duration of inpatient stay (days)

Median 12.0 (range 3–28)

Mean 13.1 (SD 6.2)

Number of drugs per patient

Median 18.0 (range 8–35)

Mean 18.6 (SD 5.5)

Number of PIMs per patient

Total

Median 4.0 (range 0–8)

Mean 2.3 (SD 1.8)

FORTA

Median 2.5 (range 0–5)

Mean 1.0 (SD 1.1)

PRISCUS

Median 2.5 (range 0–6)

Mean 1.1 (SD 1.0)

STOPP

Median 3.0 (range 0–6)

Mean 1.4 (SD 1.4)

FORTA (Fit for the Aged), PIM potentially inappropriate medication,

PRISCUS [Latin for ‘time-honoured’], SD standard deviation,

STOPP (Screening Tool of Older Persons’ Potentially Inappropriate

Prescriptions)
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The most common reasons for hospitalization were

fractures (N = 35), strokes (N = 12), left-ventricular heart

failure (N = 11) and secondary right ventricular heart

failure (N = 10).

Of 200 patients, 176 (88 %) received at least one PIM at

admission, during the inpatient stay and/or at discharge.

The median number of PIMs received by the patients

was 4, ranging from 0 (in 12 % of patients) to 8 (in 1 % of

patients). Most patients received 1 PIM (in 28 %) or 2

PIMs (in 22 %) during the study period (see Table 2).

In total, 116 patients received FORTA PIMs, 113

patients received PRISCUS PIMs and 138 patients

received STOPP PIMs. Eight patients received only

FORTA PIMs, 19 patients received only PRISCUS PIMs

and 23 patients received only STOPP PIMs. Eleven

patients received FORTA ? PRISCUS PIMs, 32 patients

received FORTA ? STOPP PIMs, 18 patients received

PRISCUS ? STOPP PIMs and 65 patients (37 % of all

patients receiving PIMs) received FORTA ? PRISCUS ?

STOPP PIMs (see Fig. 1).

3.2 Primary Objectives

Which PIMs are used by elderly patients at UKE, and how

does the PIM prevalence change from admission to

discharge?

The PIMs prescribed most often were zopiclone

(N = 63; PRISCUS), acetylsalicylic acid (N = 23;

STOPP), lorazepam (N = 22; FORTA, PRISCUS and

STOPP), amlodipine (N = 21; STOPP) and ibuprofen

(N = 20; FORTA and STOPP). When grouped according

to level 3 ATC codes, drugs from the group of hypnotics

and sedatives were by far the most commonly used

(N = 84).

At admission, 126 patients (63 %) received at least one

PIM. During the inpatient stay, 168 (84 %) received at

least one PIM. At discharge, 126 (63 %) received at least

one PIM. Multiple classifications were possible (see

Fig. 2a).

Concerning drugs, the PIM proportion of the total

number of medications was 12.5 % (463 of 3717); 12.7 %

of drugs (223 of 1757) at admission, 11.9 % (397 of 3324)

during the inpatient stay and 10.5 % (217 of 2068) at

discharge were regarded as PIMs (see Fig. 2b).

To summarize, at the patient level and at the drug level,

the numbers of PIMs rose during the inpatient stay. At the

patient level, it could be shown that the differences were

significant (P\ 0.0001) between admission and the inpa-

tient stay, as well as between the inpatient stay and dis-

charge. At the drug level, the rise in the overall number of

prescribed drugs during the hospital stay has to be con-

sidered. Nevertheless, the numbers of PIMs differed sig-

nificantly between admission and the inpatient stay

(P = 0.0087), as well as between the inpatient stay and

discharge (P = 0.0091) (see Fig. 2a, b).

Within FORTA, PRISCUS and STOPP, significant

changes could be found at the patient level from admission

to the inpatient stay, as well as from the inpatient stay to

discharge, concerning FORTA PIMs (P = 0.0071 and

P = 0.0007, respectively) and PRISCUS PIMs (both

P\ 0.0001). For STOPP PIMs, the difference was signif-

icant only between admission and the inpatient stay

(P = 0.0214). The difference between admission and dis-

charge was not significant in any classification system. At

the drug level, a significant difference in prescribing of

PRISCUS PIMs could be shown between admission and

the inpatient stay (P = 0.0060) and between the inpatient

stay and discharge (P = 0.0005); for STOPP PIMs, a

Table 2 Numbers of patients prescribed potentially inappropriate

medications (PIMs), and numbers of PIMs prescribed per patient,

during the study period

PIMs Values

PIMS per patient

1 PIM 55

2 PIM 44

3 PIM 30

4 PIM 26

5 PIM 8

6 PIM 7

7 PIM 4

8 PIM 2

Total number of patients receiving PIMs 176 Fig. 1 Venn diagram showing the degrees of overlap between the

FORTA, PRISCUS and STOPP tools in terms of potentially

inappropriate medications (PIMs) identified; 65 patients (37 % of

all patients receiving PIMs) received FORTA ? PRISCUS ? -

STOPP PIMs. FORTA (Fit for the Aged), PRISCUS [Latin for

‘time-honoured’], STOPP (Screening Tool of Older Persons’ Poten-

tially Inappropriate Prescriptions)
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significant difference could be shown between admission

and the inpatient stay (P = 0.0023).

When FORTA, PRISCUS and STOPP were compared

with each other, significant differences in the numbers of

PIMs could be shown at admission and at discharge

between all sets of criteria at the patient level and at the

drug level. During the inpatient stay, no significant

difference concerning the numbers of PIMs was found

between FORTA and PRISCUS (see Table 3).

Concerning individual PIMs, it can be stated that at

admission, acetylsalicylic acid (N = 19; STOPP), followed

by amlodipine (N = 15; STOPP) and prednisolone

(N = 12; FORTA and STOPP) were the PIMs prescribed

most often.

a Patient level

PIM (total) FORTA PRISCUS STOPP

At admission 126 patients, thereof 77   (61 %) 45   (36 %) 100 (79 %)

Inpatient stay 168 patients, thereof 104 (62 %) 104 (62 %) 123 (73 %)

At discharge 126 patients, thereof 70   (56 %) 44   (35 %) 107 (85 %)

b Drug level

PIM (total) FORTA PRISCUS STOPP

At admission 12.7 %: 223 of 1757 drugs 98   (44 %) 55   (25 %) 163 (73 %)

Inpatient stay 11.9 %: 397 of 3324 drugs 157 (40 %) 161 (41 %) 224 (56 %)

At discharge 10.5 %: 217 of 2068 drugs 88   (41 %) 58   (27 %) 158 (73 %)

nu
m

be
r o

f d
ru

gs
nu

m
be

r o
f p

at
ie

nt
s

Fig. 2 Changes in the

prevalence of potentially

inappropriate medication (PIM)

use from admission to

discharge. FORTA (Fit for the

Aged), PRISCUS [Latin for

‘time-honoured’],

STOPP (Screening Tool of

Older Persons’ Potentially

Inappropriate Prescriptions)
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During the inpatient stay, zopiclone was classified as a

PIM (N = 60; PRISCUS) most often (at admission, N = 8

only), followed by amlodipine (N = 22; STOPP) and lor-

azepam (N = 17; FORTA 17, STOPP 6 and PRISCUS 3).

At discharge, amlodipine (N = 20), followed by

acetylsalicylic acid (N = 16) and risperidone (N = 12),

were the PIMs prescribed most often, all according to the

STOPP rating, as was risperidone, according to the FORTA

rating. Zopiclone (N = 7; PRISCUS) was ranked only

eighth.

When grouped according to level 3 ATC codes, drugs

classified as hypnotics and sedatives were by far the most

commonly used (N = 84). At admission, they were pre-

scribed less frequently (N = 13). Antithrombotic agents

(N = 28; STOPP 26 and PRISCUS 2), antipsychotics

(N = 26; STOPP 23, FORTA 19 and PRISCUS 5) and

antidepressants (N = 20; FORTA 15, STOPP 8 and

PRISCUS 7) were the PIMs prescribed most often at

admission (see Table 4).

During the inpatient stay, hypnotics and sedatives were

prescribed most often (N = 80; PRISCUS 80, FORTA 11

and STOPP 7), followed by antipsychotics (N = 39;

FORTA 30, STOPP 30 and PRISCUS 6) and selective

calcium channel blockers with mainly vascular effects

(N = 33; STOPP 30 and PRISCUS 6).

At discharge, drugs classified as antipsychotics were

prescribed most often (N = 26; STOPP 23, FORTA 19

and PRISCUS 3), followed by selective calcium channel

blockers with mainly vascular effects (N = 24; STOPP 23

and PRISCUS 2) and antidepressants (N = 23;

FORTA 18, STOPP 10 and PRISCUS 9).

Subgroup analyses exhibited significant differences in:

• STOPP concerning sex (P = 0.0324). More women

were receiving STOPP PIMs.

• PRISCUS (P = 0.0435) and STOPP (P = 0.0384)

concerning the previous residential situation. Patients

living at home were prescribed more PIMs according to

PRISCUS but fewer PIMs according to STOPP, in

comparison with patients living in nursing homes.

• FORTA (P = 0.0034) and PRISCUS (P\ 0.0001)—as

well as the total (P = 0.0092)—concerning the number

of prescribed drugs. The more drugs were prescribed,

the more PIMs were prescribed as well.

• PRISCUS (P = 0.0298) concerning the length of the

hospital stay. A longer hospital stay was related to

prescription of more PIMs.

• STOPP (P = 0.0010) concerning the hospital stay in a

surgical ward versus an internal medicine ward. More

STOPP PIMs were prescribed for patients staying in

surgical wards.

3.3 Secondary Objectives

Is there a possible association between PIM use and the

primary diagnosis/reason for admission, as well as severe

Table 3 P values for comparisons of the differences in prescribing of FORTA, PRISCUS and STOPP potentially inappropriate medications

(PIMs) at admission, during the inpatient stay and at discharge

Stages P values

Patient level Drug level

FORTA/PRISCUS FORTA/STOPP PRISCUS/STOPP FORTA/PRISCUS FORTA/STOPP PRISCUS/STOPP

Admission 0.0001 0.0176 0.0001 0.0001 0.0001 0.0001

Inpatient stay NS 0.0490 0.0280 NS 0.0005 0.0003

Discharge 0.0011 0.0001 0.0001 0.0048 0.0001 0.0001

FORTA (Fit for the Aged), NS not significant, PRISCUS [Latin for ‘time-honoured’], STOPP (Screening Tool of Older Persons’ Potentially

Inappropriate Prescriptions)

Table 4 Numbers of patients receiving the three most frequently prescribed potentially inappropriate medication types (grouped according to

level 3 Anatomical Therapeutic Classification codes) at admission, during the inpatient stay and at discharge

Frequency of

prescription

Stages

Admission Inpatient stay Discharge

1st most

frequent

B01A: antithrombotic

agents (N = 28)

N05C: hypnotics and sedatives (N = 80) N05A: antipsychotics (N = 26)

2nd most

frequent

N05A: antipsychotics

(N = 26)

N05A: antipsychotics (N = 39) C08C: selective calcium channel blockers with

mainly vascular effects (N = 24)

3rd most

frequent

N06A: antidepressants

(N = 20)

C08C: selective calcium channel blockers with

mainly vascular effects (N = 33)

N06A: antidepressants (N = 23)
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side effects and consequences of PIM use during

hospitalization?

Following an analysis using the WHO-UMC system for

standardized case causality assessment, an association with

the reason for admission could be found for amlodipine (in

10 of 15 patients) most often, followed by risperidone (in 6

of 9 patients), lorazepam (in 4 of 6 patients) and diclofenac

(in 2 of 5 patients). These PIMs had severe side effects

during the inpatient stay, such as falls following amlodip-

ine, lorazepam and risperidone intake, and gastrointestinal

bleeding following non-steroidal anti-inflammatory drug

(NSAID) intake.

Applying both the results reported herein and an anal-

ysis of the available literature, a standardized workflow

could be established to minimize the prescription of PIMs.

This tool, designated as GERAS (Geriatrische Arzneimit-

teltherapie-Sicherheit [German for ‘geriatric medication

safety’]), is used in routine clinical practice at UKE.

GERAS consists of five items, is illustrated on just one

page and is more a guidance for clinical situations than a

list of single substances. For example, in item 4 (‘Proce-

dure for insomnia’), it is recommended that in patients

aged over 65 years, the dosage of zopiclone should be

limited to 3.75 mg. GERAS is provided in the Electronic

Supplementary Material.

4 Discussion

In the present study, FORTA, PRISCUS and STOPP were

applied simultaneously to one collective of patients for the

first time. These three sets of criteria were chosen because

they have been shown to be suitable for the German

pharmaceutical market.

An overall PIM prevalence of 88 % was found. In

Germany, the PIM prevalence in elderly patients found in

other investigations has ranged between 16 and 67 %

[10, 16–19]. Most studies have been conducted in the

community/outpatient setting. Siebert et al. [10] found a

PIM prevalence of 43 % according to the PRISCUS rating

and 67 % according to the STOPP rating in a geriatric

rehabilitation clinic. In particular, drugs from the group of

hypnotics and sedatives, as well as antidepressants, have

been identified as PIMs in many studies [8, 10, 16]. This is

in accordance with the results of the present study. The

reason for the observed high PIM prevalence might be that

the study inclusion criteria included multimorbid patients

receiving polypharmacy. In addition, if the PIM ratings

according to FORTA, PRISCUS and STOPP are consid-

ered, it should be noted that the three sets of criteria rate

drugs as PIMs quite differently. This also contributed to the

high PIM prevalence in the present study. The intersections

between the different sets of PIM criteria were quite small,

which resulted in a greater number of medications being

identified as PIMs.

Significant differences could be found at both the patient

level and the drug level. Whereas PRISCUS primarily rates

drugs from the group of hypnotics and sedatives as PIMs,

FORTA and STOPP particularly rate antipsychotics and

NSAIDs as PIMs. NSAIDs were striking in an investiga-

tion by Gallagher and O’Mahony [8] as well. Gallagher and

O’Mahony [8] and Dormann et al. [17] also rated

amlodipine as negative or as being associated with adverse

events. In the present study, amlodipine was evaluated as a

‘vasodilator drug’ in accordance with STOPP and ranked

as a PIM in all patients who were admitted to hospital

because of a fall (even if postural hypotension could not

always be identified as its cause), because of the retro-

spective design of the study. This possibly led to an

increased negative rating but ensured a consistent rating

within the study.

In the present study, a significant rise in use of PIMs

during the inpatient stay was detected. A similar finding

was also reported by Siebert et al. [10] and might be

explained by the increased (temporary) use of hypnotics

and sedatives during the inpatient stay. The increased use

of potentially inappropriate analgesics during the inpatient

stay also adds to this point.

The significant rise in PIM use from admission to the

inpatient stay and the significant decrease from the inpa-

tient stay to discharge illustrate that a reduction in pre-

scribing of PIMs during the inpatient stay is essential, as it

is known that avoiding PIM use in older adults is one

strategy to decrease the risk of adverse events.

Reducing the total number of prescribed drugs might be

a starting point, as a subgroup analysis of this study

revealed that an increase in the number of prescribed drugs

had a significant effect on the number of PIMs prescribed.

Polypharmacy is a risk factor for PIM use. This has also

been reported in several other studies [7, 9, 18, 20–28].

Concerning the causality between PIM use and the

reason for admission, amlodipine and risperidone were the

prevailing ones. These drugs were also associated with

adverse events in the study by Dormann et al. [17]. As they

used PRISCUS to identify PIMs, amlodipine and risperi-

done were rated as non-PIMs in that study. Concerning

PRISCUS PIMs, acetyldigoxin, diazepam, tetrazepam and

zolpidem were associated with falls in the study by Dor-

mann et al. [17]. In the study by Gallagher and O’Mahony

[8], which used the STOPP criteria, overt digoxin toxicity

with high-dose digoxin and renal impairment, upper gas-

trointestinal bleeding with inappropriate NSAID use, and

falls with inappropriate psychotropic use could be identi-

fied as causal or contributory to admission. In the present

study, NSAIDs were also found to be potentially causal for

admission.
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During the inpatient stay, use of lorazepam, risperidone,

mirtazapine, zopiclone and dimenhydrinate was associated

with falls. Therefore, hypnotics and sedatives seem to be of

particular importance.

Nevertheless, it has to be stated that PIMs are only

potentially (not definitely) inappropriate, and that detailed

clinical judgment is always needed, based on a full review

of the medical record.

4.1 Comparison of FORTA, PRISCUS and STOPP

Negative lists such as PRISCUS, which provide an explicit

listing of drugs, independent of the diagnosis, are easy to

use—the main advantage being good practicability. On the

other hand, constant updates are needed, and such lists

carry the risk of an assumption that drugs not listed would

be appropriate in every case. As an example, the NSAID

indometacin is listed, but diclofenac is not. In particular,

the STOPP criteria have the advantage of greater flexibility

due to a waiver of indexing certain drugs, so international

transferability is assured, and an adaption to current market

conditions is not necessary. In addition, contraindications

and duplicate prescriptions can also be identified using

STOPP. As a critical note regarding STOPP, it can be

stated that use of the criteria is sophisticated, and a gradual

rating is not possible. FORTA allows a disease-related

evaluation revealing over-treatment and under-treatment,

and substances rated negatively as class D can be replaced

by more suitable substances in class A or class B.

The three sets of criteria have in common that they refer

to long-term medication. Drugs frequently used during the

inpatient stay, such as antibiotics, are hardly taken into

account. The only antibiotic listed by PRISCUS is

nitrofurantoin.

The superiority of more complex criteria, such as

STOPP, to negative lists has already been demonstrated by

Hamilton et al. [29] with respect to adverse events and

resulting hospital admissions.

In the present study, in 176 of 200 patients, at least one

PIM in their medication was found: in 116 patients according

to FORTA, in 113 patients according to PRISCUS and in 138

patients according to STOPP. So, the largest number of PIMs

were identified by STOPP. It is striking that medication is

rated quite differently by the three sets of criteria. A com-

parison between FORTA, PRISCUS and STOPP showed that

there are significant differences between them. Thus, the

present study confirms the superiority of STOPP to purely

negative lists, as has also previously been shown by Gal-

lagher and O’Mahony [8] and Hamilton et al. [29], who

compared the STOPP and Beers criteria.

Looking at PIM use related to the reason for admission,

FORTA identified 30 possible and 50 unlikely relation-

ships, PRISCUS identified 9 possible and 19 unlikely

relationships, and STOPP identified 50 possible and 66

unlikely relationships. In percentage terms, FORTA iden-

tified 38 % possible PIM–adverse drug event associations,

PRISCUS identified 32 % and STOPP identified 43 %.

With the implementation of the new practical tool

GERAS in routine clinical practice at UKE, the rate of

zopiclone 7.5 mg being the most frequently prescribed

PIM in the present study could be reduced from 30 to 7 %

(unpublished results).

4.2 Limitations

Because of the retrospective design of the study, only

events documented in the patient record were considered,

so the rate of adverse events might have been higher in

reality. In addition, only possible associations following

the WHO-UMC causality categories of PIMs and adverse

events could be stated. Moreover, only the medication

documented in the electronic patient record could be con-

sidered. The study population was quite small, and so

larger, randomized, multicentre studies are needed to

confirm the findings of the present study.

5 Conclusion

The three sets of criteria—FORTA, PRISCUS and

STOPP—rate drugs as PIMs quite differently. A compar-

ison between FORTA, PRISCUS and STOPP showed that

there are significant differences between them. In addition,

especially during the inpatient stay, prescribing of PIMs was

shown to be common. As it is known that avoiding PIM use

in older adults is one strategy to decrease the risk of adverse

events, a reduction in PIM use during the inpatient stay is

essential. Polypharmacy was identified as a risk factor for

PIM use, and so reducing the total number of prescribed

drugs might be a starting point to reduce PIM use.
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