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ABSTRACT
Purpose The aim of this study was to estimate the prevalence of potentially inappropriate medication (PIM) in the elderly as indicated
by Germany’s recently published list (PRISCUS) and to assess factors independently associated with PIM prescribing, both overall and
separately for therapeutic groups.
Methods Claims data analysis (Health Insurance Sample AOK Hesse/KV Hesse, 18.75% random sample of insurants from AOK Hesse,
Germany) is used in the study. The study population is composed of 73 665 insurants>64 years of age continuously insured in the last quarter
of 2009 and either continuously insured or deceased in 2010. Prevalence estimates are standardized to the population of Germany (31 December
2010). The variables age, sex, polypharmacy, hospital stay and nursing care are assessed for their independent association with general PIM
prescription and among 11 therapeutic subgroups using multivariate logistic regression analysis.
Results In 2010, 22.0% of the elderly received at least one PIM prescription (men: 18.3%, women: 24.8%). The highest PIM prevalence
was observed for antidepressants (6.5%), antihypertensives (3.8%) and antiarrhythmic drugs (3.5%). Amitriptyline, tetrazepam, doxepin,
acetyldigoxin, doxazosin and etoricoxib were the most frequently prescribed PIMs. Multivariate analyses indicate that women (OR 1.39;
95% CI: 1.34–1.44) and persons with extreme polypharmacy (≥10 vs. <5 drugs: OR 5.16; 95% CI: 4.87–5.47) were at higher risk for
receiving a PRISCUS-PIM. Risk analysis for therapeutic groups shows divergent associations.
Conclusion PRISCUS-PIMs are widely used. Educational programs should focus on drugs with high treatment prevalence and call
professionals’ attention to those elderly patients who are at special risk for inappropriate medication. Copyright © 2013 JohnWiley & Sons, Ltd.
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INTRODUCTION

Since publication of the first compilation of potentially
inappropriate medications (PIMs) for the elderly in the
USA in 1991—the Beers list1 and its later updates2–4—
there is an ongoing discussion about the benefits and
usefulness of such lists. Prevalence estimations of PIM
use, mostly referring to the Beers list, have been reported
for many countries, settings and patient groups5–18

with wide variations from, for example, 15% in a non-
institutionalized population in Finland14 to 48% in long-
term residents in the region of Umbria in Italy.13 Many
studies found that the listed drugs are not up to date

or not marketed in their respective countries.7,9,13,14

Country specific PIM lists or criteria for assessing PIM
prescriptions were developed.19–25 For Germany, a
specific PIM list, the so-called PRISCUS list, was devel-
oped by a council of 27 experts with eight different
specialist backgrounds. The list consists of 83 PIMs
together with recommendations for possible therapeutic
alternatives and precautions in the case of application.26

The first prerequisite for the improvement of pre-
scribing habits is transparency about PIM use. Hence,
one aim of the study was to analyze overall PIM preva-
lence as indicated by the PRISCUS list and to identify
the most frequently prescribed PIM drugs by using
regional health insurance data. A further aim was to
provide the first-ever assessment of risk factors for pre-
scribing PRISCUS-PIM in general and for 11 therapeutic
drug classes.
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METHODS

Data source

The analysis is based on claims data, the “AOKHesse/KV
Hesse Statutory Health Insurance Sample”, an 18.75%
random sample of all subjects insured by AOK Hesse,
a local statutory health insurance provider.27 The obser-
vation period is the year 2010. In 2010, the German
federal state of Hesse had a population of about 6.1million
people, 1.5 million of whom were insured by the AOK.
The data were provided by the AOK Hesse and the KV
Hesse, the association of SHI-accredited physicians in
Hesse. The utilization of the database for research purposes
was approved by the Ministry of Social Affairs of Hesse.
For the purpose of the study, the following information

of each insured person was used: age, gender, time
insured, German modification of the International
Classification of Diseases 10th edition (ICD-10-GM)
coded diagnoses (ambulatory care), hospital stay, nursing
care and prescribed drugs. The database comprises all
prescription data for ambulatory care for drugs being re-
imbursed by the SHI. Because of the nature of the admin-
istrative database, information on over-the-counter drugs
and other clinical data like bodymass index or blood pres-
sure are not included. Several health care research studies
have been conducted with this database.28–31

PRISCUS-PIM

For the analysis, we included all drugs on the PRISCUS
list classifiedwith “1” (drugs to avoid) or “2” (indicating
formulations that are not recommended). Drugs rated as
PIM for higher doses (e.g., Haloperidol >2mg, in total
nine drugs on the PRISCUS-list) were not included, as
calculation of actually used doses is hampered by the
defined daily dose (DDD)-methodology. The PRISCUS
list contains PIMs out of 15 therapeutic subgroups (cf.
Holt et al. 26).

Study populations

The study population for prevalence estimates comprised
all insurants>64years of age continuously insured in the
last quarter of 2009 and either continuously insured or
deceased in 2010 (n=73665, Figure 1). Definition of
PIM user: receiving at least one prescription of an explicit
PRISCUS-drug in 2010 that was reimbursed by the
sickness fund.
When comparing PIM recipients to recipients without

any PIM drug and for the analysis of risk factors
for PIM prescribing, only persons receiving at least
one prescription from the 15 therapeutic subgroups
(PIM or no PIM) were included. Risk factors for PIM
use are analyzed according to 11 of the 15 therapeutic

subgroups only, because, in four subgroups (antithrombotic
drugs, antibiotics, ergotamine and laxatives), the sample
size was too low (proportion of PIM< 5%). The study
population for risk analysis comprised 41 808 persons.

Risk assessment for PIM prescribing

The following factors possibly influencing the prescribing
of a PRISCUS drug were assessed: (i) sex; (ii) age;
(iii) number of different drugs according to Anatomical
Therapeutic Chemical (ATC) classification system (5th
level, chemical substance) prescribed in the year 2010
(less than five different drugs, five to nine different drugs,
and 10 and more different drugs); (iv) hospital stay in the
last quarter of 2009 (yes/no); and (v) nursing care status
(at least one documented nursing care service in the last
quarter of 2009, yes/no), place of nursing care (ambula-
tory nursing care and institutionalized nursing care). In
cases where different places of care were documented,
the person was assigned to institutionalized care. We
did not consider the number of different diagnoses as risk
factors for PIM prescription because multicollinearity
has been shown in other studies.7

Statistics

Treatment prevalence was standardized according to
age and sex distribution of the population of Germany
on 31 December 2010. Confidence intervals (95%) were
computed for proportions. Differences between the
populations receiving a PRISCUS drug or no PRISCUS
drug were assessed by chi square test for categorical
variables. Multivariate logistic regression was performed
to determine independent risk factors for PIM prescribing.
Odds ratios (ORs) and 95% confidence intervals were
calculated. For all tests, a p-value <0.05 was considered
to be statistically significant. All analyses were performed
using SAS for Windows Version 9.2 (SAS Institute Inc,
Cary, NC, USA). Database software wasMS-SQL-Server
2008 for Windows Server 2003.

Sensitivity analysis

To further assess the robustness of our findings regarding
risk factors for PIM use in therapeutic subgroups, a
sensitivity analysis on exposure was performed. In the
therapeutic groups with a wide range of indications
(analgesics/anti-inflammatory drugs, anticholinergic
drugs, antihypertensives and neuroleptics), the threemain
diagnoses for receiving a prescription for the respective
indication were included in the regression model to con-
trol for confounding by indication. To evaluate the diag-
noses in 2010, we compared the PIM recipients with sex
and age-matched controls. The first three diagnoses with
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higher prevalence in patients with PIM compared with
controls were rated as specific for PIM-recipients, and
they accounted for (yes/no) influencing factors in the
regression analysis. For the diagnoses, see e-Table 1.

RESULTS

Treatment prevalence

Raw and standardized prevalence estimates for PIM
use in 2010 are given in Table 1. Overall, 22.0% of
the elderly received at least one PIM prescription
(men: 18.3%, women: 24.8%). Extrapolated to the
population of Germany in 2010, this equals about
3.7 million persons. PIM use increased with age. For
those with nursing care, the standardized treatment

prevalence with PIM was 36.6% (32.9% ambulatory,
34.6% institutionalized).
In Table 2, the treatment prevalence for therapeutic

subgroups is presented. The highest PIM treatment
prevalence was observed for antidepressants, with 6.5%
of all insured persons (65 years and older) receiving a
PIM-prescription of this indication group. A total of
3.8% of all insured individuals received at least one
PIM prescription with an antihypertensive drug.
Overall, the most frequently prescribed drugs were

amitriptyline (2.8%), tetrazepam (2.3%), doxepin
(2.2%), acetyldigoxin (1.7%), doxazosin (1.3%) and
etoricoxib (1.3%). Among patients with a PIM prescription
(n=16535), 48.7% received one of these drugs (prevalence
estimates for PIM ≥0.5%, see Table 3; for each active

Insurees of AOK Hesse in 2009/2010

18.75% random sample

> 64 years of age, 

continuously insured in 4/2009 and 

continuously insured or deceased in
2010 (n=73,665) 

Prevalence: PIM users: insurees with 
prescription of PRISCUS drug in
2010 (all 15 subgroups)
(n=16,535) 

All other insurees (with other 
prescription and without drug use
in 2010) (n=57,130) 

PIM vs. no PIM: PIM users: insurees with
prescription of at least one
PRISCUS drug in 2010 
(all 15 subgroups) (n=16,535)   

No PIM users: insurees receiving
prescriptions of 15 PRISCUS
subgroups but no PIM in 2010
(n=45,828)

PIM risk factors: PIM users: insurees with
prescription of at least one
PRISCUS drug in 2010 (all 15
subgroups and of 11 subgroups
separately), excluding
antithrombotic drugs, antibiotics,
ergotamine and laxatives
because of small sample size     

No PIM users: insurees receiving
prescriptions of 15 or 11
PRISCUS subgroups,
respectively, but no PIM in 2010    

Figure 1. Study population
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substance, see e-Table 2). The mean number of PIM
prescriptions per year was 3.5 for men and 3.7 for women.

Factors associated with PIM prescribing

A description of the study population according to PIM
drug use is given in Table 4. Of all 16 535 persons with a
PIM prescription, 34%were men and 66%were women
with a mean age of 75.3 years (SD: 6.6 years) and
77.7 years (SD: 7.6 years), respectively. Unadjusted, a
higher percentage of PIM users than non-users received
10 or more different drugs. For PIM recipients, a higher
number of hospital stays and a significantly higher
percentage of nursing care receipt were documented.

To identify factors associated with PIM prescription in
prevalent users, multivariate logistic regression analysis
was conducted for all PIM prescriptions (Table 5)
and for selected indication subgroups (Table 6). When
mutually adjusting for all variables presented in the
table, female gender and receiving more than five
different drugs were associated with PIM prescribing.
Table 6 presents the results of the multivariate analysis

for 11 indications groups. For most of these indications
(analgesics/anti-inflammatory drugs, antidementia drugs,
antidepressants, neuroleptic drugs, muscle relaxants and
sedatives/anxiolytic drugs), age is inversely related to
PIM prescribing when adjusted for all other variables in
the table. But people>70years of age with a prescription
of antiarrhythmic drugs had a higher risk for PIM
compared with persons younger than 70 years.
Overall, a higher percentage of women received PIM

drugs (Table 5). With respect to drug classes, women
have a higher risk to receive PIM drugs out of the
groups of analgesics, anticholinergics, antidepressants,

Table 1. Treatment prevalence of insured elderly with drugs of the PRISCUS list (PIM) according to gender and age groups in 2010

Men Women Total

Age (years) n % (95% CI) n % (95% CI) n % (95% CI)
65–69 1178 15.6 (14.8–16.5) 1598 21.2 (20.3–22.2) 2776 18.4 (17.8–19.0)
70–74 1638 17.4 (16.7–18.2) 2614 24.3 (23.5–25.1) 4252 21.1 (20.6–21.7)
75–79 1340 20.0 (19.1–21.0) 2442 27.0 (26.1–27.9) 3782 24.0 (23.3–24.7)
80–84 927 22.0 (20.8–23.3) 2042 27.1 (26.1–28.1) 2969 25.3 (24.5–26.1)
≥85 548 21.3 (19.8–23.0) 2208 26.4 (25.5–27.4) 2756 25.2 (24.4–26.0)
Total 5631 18.5 (18.1–19.0) 10904 25.2 (24.8–25.6) 16535 22.4 (22.1–22.8)
Standardized* 18.3 24.8 22.0

PIM, potentially inappropriate medication.
Study population 1: n= 73 665 persons age 65 years and older.
*Standardized to the population of Germany (31 December 2010).

Table 2. Prevalence of PIM prescriptions according to different therapeu-
tic subgroups in 2010

Men Women Total

PIM within n % n % n %
Antidepressants (N06A,
N06C)

1215 4.0 3577 8.3 4792 6.5

Antihypertensives (C02,
C08, N07BB06)

1201 3.9 1591 3.7 2792 3.8

Antiarrhythmic drugs
(C01A, C01B, C07A,
C07B, C08D)

888 2.9 1686 3.9 2574 3.5

Sedatives/anxiolytic drugs
(N05B, N05C, N01BX06)

715 2.3 1776 4.1 2491 3.4

Analgesics/antiinfl. drugs
(M01, N02 excl.
N02C; R05XA10)

787 2.6 1421 3.3 2208 3.0

Muscle relaxants (M03) 674 2.2 1237 2.9 1911 2.6
Anticholinergic drugs
(G04, R06)

513 1.7 891 2.1 1404 1.9

Antidementia drugs (C04,
N06B, N06D)

353 1.2 431 1.0 784 1.1

Antibiotics (J01) 206 0.7 554 1.3 760 1.0
Antiepileptics (N03,
N05C)

116 0.4 285 0.7 401 0.5

Neuroleptics (N05A excl.
N05AD01, N05AH03)

127 0.4 167 0.4 294 0.4

Antiemetics (A04) 10 0.0 26 0.1 36 0.0

PIM, potentially inappropriate medication.

Table 3. Treatment prevalence of the insured population (≥ 0.5%) and of
PIM recipients in 2010

ATC Substance % Insured % PIM-recipients

N06AA09 Amitriptyline 2.8 12.6
M03BX07 Tetrazepam 2.3 10.1
N06AA12 Doxepin 2.2 9.8
C01AA02 Acetyldigoxin 1.7 8.4
C02CA04 Doxazosin 1.3 5.8
M01AH05 Etoricoxib 1.3 5.7
N05BA08 Bromazepam 1.2 5.5
N06AA06 Trimipramine 1.1 4.9
C08CA05 Nifedipine 1.0 4.6
N05BA01 Diazepam 1.0 4.5
J01XE01 Nitrofurantoin 0.9 4.5
C07AA07 Sotalol 0.8 3.9
C02AC01 Clonidine 0.7 3.2
G04BD04 Oxybutynin 0.7 3.4
M01AC06 Meloxicam 0.6 2.5
G04BD08 Solifenacin 0.5 2.4

PIM, potentially inappropriate medication.
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antiepileptics, antiarrhythmics and sedatives (Table 6),
whereas men are at a higher risk to receive an antihyper-
tensive, antidementia or neuroleptic PIM drug. Within
the group of antiemetics andmuscle relaxants, no sex-re-
lated differences in odds ratios were observed.
With the exception of antiepileptic drugs, neuroleptic

drugs, antiemetic drugs, muscle relaxants and sedatives,
the number of different drugs prescribed in 2010 is
significantly associated with PIM prescribing. For

patients treated with analgesics, antidementia drugs,
antidepressants, antihypertensives or sedatives, those
with nursing care are at lower risk for PIM prescription
and among patients treated with antiepileptic drugs,
antiarrhythmics or sedatives, those with hospital stay
are at lower risk for PIM prescription.
Including the three main indications for receiving

analgesics, anticholinergic drugs, antihypertensives or
neuroleptic drugs into the logistic regression model does
not change the estimates substantially (see e-Table 3).

DISCUSSION

We determined an annual PIM prevalence of about
22% in an elderly population on the basis of the claims
data for one sickness fund (AOK) and one region
(Hesse) of Germany. The annual prevalence increased
with age and was higher in persons receiving nursing
care. Our results are in line with the analysis of
Thuermann et al. (2012)32 who, using a nation-wide
AOK database, reported a PIM prevalence of 24%
for Germany and 23.3% for Hesse in 2010. The higher
percentage of their study might be due to different
inclusion criteria for PRISCUS drugs (allowing for
drugs rated as PIM in higher dosage). Amann et al.
(2012),33 applying nationwide and regional health
insurance data of Germany for the year 2007, reported
a much higher PIM prevalence of 28%. Here too,
discrepancies can be attributed to methodological
differences (year of observance, kind of insurance
and inclusion of PIM drugs). International studies
investigating PIM have also addressed the difficulties
of comparing results from multiple studies.7,9,12,14

In our study, the highest PIM prevalence was
observed for antidepressants and antihypertensives
followed by PIMs for antiarrhythmic drugs. This
result—a small set of drug groups accounting for a
high percentage of PIM—is not astonishing as these
therapeutic groups are prominent in the elderly, and
many PIM drugs were identified in these classes.
Psychotropic PIMs are the most frequently prescribed
PIM drugs in other countries as well.5,10,14,34 The
prevalence of bromazepam and other benzodiazepines
might be underestimated in our study, as there are hints
that prescriptions are also issued for out-of-pocket
payment.35 Moreover, a considerable number of benzo-
diazepines and so-called Z-drugs (e.g. zolpidem) are
dose-specified on the PRISCUS-list and therefore not
considered in this analysis.
Drugs classified as PIM might be in contradiction

with other prescribing recommendations.36 This is
the case for amitriptyline, which is recommended
as the drug of choice for non-selective monoamine

Table 5. Association of prevalent PIM prescription and risk factors

OR 95%-CI

Age (years)
65 to <70 1.00
≥70 to <75 1.02 0.96–1.08
≥75 to <80 1.04 0.98–1.11
≥80 to <85 1.01 0.95–1.07
≥85 0.97 0.91–1.04

Sex
Male 1.00
Female 1.39 1.34–1.44

Number of different drugs
<5 drugs 1.00
≥5 to <10 drugs 2.23 2.10–2.36
≥10 drugs 5.16 4.87–5.47

Hospital stay
No 1.00
Yes 1.03 0.97–1.09

Nursing care
No 1.00
Yes 1.03 0.98–1.08

PIM, potentially inappropriate medication.

Table 4. Description of study population according to PIM drug use in
2010

Recipient of
PIM

(n= 16535)

Recipient of
no PIM

(n= 45828)

n % n % p-value

Age (years)
65 to <70 2776 16.8 8885 19.4
≥70 to <75 4252 25.7 12 421 27.1
≥75 to <80 3782 22.9 9912 21.6
≥80 to <85 2969 18.0 7550 16.5
≥85 2756 16.7 7060 15.4 <0.0001

Sex
Male 5631 34.1 19 361 42.2
Female 10 904 65.9 26 467 57.8 <0.0001

Number of different
drugs

<5 drugs 1796 10.9 13 298 29.0
≥5–<10 drugs 6286 38.0 20 632 45.0
≥10 drugs 8453 51.1 11 898 26.0 <0.0001

Hospital stay
No 14 268 86.3 41 096 89.7
Yes 2267 13.7 4736 10.3 <0.0001

Nursing care
No 12815 77.5 37 833 82.6
Yes 3720 22.5 7995 17.4 <0.0001

PIM, potentially inappropriate medication.
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reuptake inhibitors in a budgetary agreement between
sickness funds and the associations of SHI-accredited
physicians. Amitriptyline is also frequently used as a co-
analgesic in pain treatment. However, this drug is included
in all PIM-lists, irrespective of the indication.1–4,23–25

Another issue is the inclusion of nitrofurantoin on the
PRISCUS-list, which is currently the recommended drug
for short-term and long-term treatment of lower urinary
tract infection according to the German College of
General Practitioners and Family Physicians.37 Neverthe-
less, nitrofurantoin is also included on the most recently
updated Beers list in the USA.4

Most studies analyzing PIM versus non-PIM use
assess several factors independently associated with the
prescribing of PIM5–7,9–13,16,18,21,38–41 (for an overview,
see Liu34). All studies include age and sex, and most
studies assess the number of drugs and/or morbidity,
hospitalization and nursing care. Some studies include
patient characteristics such as ethnicity, marital status,
income, geographic region, referral status, self-reported
health6,7,21,42 and physician characteristics.5,6,43 The
analyzed variables are closely related to the setting of
the study and the data available. Therefore, no clear
picture concerning risk factors for PIM prescribing can
be generated.
In our analysis, women were at higher risk for PIM

prescribing. Most studies report female sex as an inde-
pendent factor for PIM use,6,11,21,39,40 others do
not.9,41 Yet the results of the latter two have to be eval-
uated against the prevalence of the most frequently

prescribed PIMs, as in both studies doxazosin was
the most frequently prescribed PIM, which can be
used as an antihypertensive drug and for the treatment
of benign prostatic hyperplasia. Furthermore, Maio
et al.9 were not able to assess benzodiazepines in their
prescription claims database—a drug group that is
more frequently used by women than men and is
included in PIM lists. The contradicting results with
regard to the influence of sex on PIM prescription
may be due to the substantial difference between the
compositions of the study populations.
In the multivariate analysis, we could not observe a

statistically lower risk for the highest age group to
receive a PIM prescription, which has been reported
in several studies from other countries6,7,13,17,40,44

and in the study of Költzsch et al.38 for nursing homes
in Germany. By contrast, some other studies report
higher prevalences for older age groups even when
adjusting for sex and number of prescriptions.9,16

A high number of prescriptions (>5,>10) was iden-
tified to be independently positively associated with
PIM prescribing in our study. This, again, is in line
with many other studies.6,7,9,11,13,34,39–41

Drugs classified as PIM are not equally distributed
between indication groups. Thus, predictors for total
PIM prescribing are likely to characterize mostly
patients receiving psychotropic or cardiovascular
drugs, as most PIMs are identified in these drug
groups. We therefore performed separate risk analysis
restricted to single indication groups in order to

Table 6. Association of prevalent PIM prescription and risk factors

Analgesics/Anti-inflamm. drugs Anticholinergic drugs Antidementia drugs Antidepressants Antiepileptic drugs

OR 95%-CI OR 95%-CI OR 95%-CI OR 95%-CI OR 95%-CI

Age (years)
65 to <70 1.00 1.00 1.00 1.00 1.00
≥70 to <75 1.02 0.90–1.16 0.99 0.81–1.22 0.65 0.44–0.94 0.96 0.85–1.09 1.01 0.71–1.43
≥75 to <80 0.97 0.85–1.11 1.12 0.91–1.37 0.46 0.32–0.65 0.84 0.74–0.95 1.08 0.71–1.54
≥80 to <85 0.86 0.74–1.00 1.13 0.91–1.40 0.33 0.23–0.48 0.81 0.71–0.93 1.09 0.76–1.58
≥85 0.80 0.68–0.95 0.99 0.78–1.25 0.47 0.33–0.68 0.73 0.63–0.84 1.57 1.09–2.24

Sex
Male 1.00 1.00 1.00 1.00 1.00
Female 1.11 1.01–1.21 5.81 5.11–6.61 0.78 0.64–0.95 1.14 1.05–1.22 1.37 1.09–1.72

Number of different drugs
<5 1.00 1.00 1.00 1.00 1.00
≥5 to <10 1.26 1.09–1.46 1.29 1.03–1.63 1.39 1.03–1.89 1.07 0.93–1.23 1.21 0.77–1.90
≥10 1.86 1.62–2.15 1.37 1.09–1.72 1.59 1.17–2.15 1.19 1.04–1.37 1.18 0.76–1.82

Hospital stay
No 1.00 1.00 1.00 1.00 1.00
Yes 0.97 0.85–1.10 1.10 0.92–1.32 0.89 0.66–1.19 0.94 0.85–1.05 0.73 0.54–0.97

Nursing care
No 1.00 1.00 1.00 1.00 1.00
Yes 0.52 0.45–0.59 1.21 1.03–1.43 0.20 0.16–0.25 0.55 0.50–0.60 0.92 0.74–1.16

PIM, potentially inappropriate medication.
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identify patient groups whose prescriptions should
be reviewed in particular. Some risk factors differ
among indication groups. Female sex was inversely
associated with the risk of receiving a potentially
inappropriate antidementia, antihypertensive or neuro-
leptic drug. Previous nursing care was identified as
risk factor for the prescribing of only two PIM groups,
that is, anticholinergic and antiemetic PIM drugs.
The issue of unequally distributed PIM drugs within

the indication groups has rarely been addressed by other
studies.We are only aware of the study by Carey et al.,21

who presented risk estimates for analgesic, antidepres-
sants and sedatives/anxiolytic drugs for patients receiv-
ing a PIM drug from the respective pharmacological
subgroup adjusted for age, sex, practices and number
of drugs prescribed. Much like our findings, they report
a lower risk among older age groups for analgesic
and antidepressants and found no age dependency for
sedatives or anxiolytic drugs. Again, comparison is
hampered by differing PIM lists and methodologies.

Limitations and strengths of the study

Our study has several limitations. First of all, we analyzed
data of one sickness fund in one region of Germany. This
has to be kept in mind when trying to generalize our
results to the whole population of Germany. In the
light of other German studies,32,33 however, we feel con-
fident that our results are transferable to other funds and
regions in Germany. The prevalence of PIM use in the

population might be higher, as we used claims data
analyzing reimbursed drugs only, we did not include
data on drugs administered during a hospital stay,
over-the-counter drugs or drugs on private prescription.
The latter two might affect the estimates for antihista-
mines and benzodiazepines in particular, whereas the
PRISCUS-list does not include OTC-drugs. Like other
studies applying claims data, we have no information
on whether the drugs were taken. Furthermore, we could
only assess a limited number of variables associated with
PIM prescribing, as other factors of interest such as other
patient or physician characteristics are not available
in our database. We also were unable to evaluate the
inappropriateness of the treatment for the individual pa-
tient and to assess the reasons for the choice of the drug.
The strength of our study is that it includes insured

people independently of their living situation, mental
and health status or capacity to understand German.
Selection and recall bias are not issues. As the data
are related to individual persons, both administrative
prevalence for each single PIM and percentages
related to those receiving a PIM can be estimated.
Moreover, our data allowed for analyzing drug groups
controlled for confounding by indication.

Conclusion and perspective

In our study, women and persons with polypharmacy
were at higher risk for receiving a PIM on the PRISCUS
list. To improve the ability to address risk groups, we

Neuroleptic drugs Antiarrhythmic drugs Antiemetic drugs Antihypertensives Muscle relaxants Sedatives

OR 95%-CI OR 95%-CI OR 95%-CI OR 95%-CI OR 95%-CI OR 95%-CI

Age (years)
65 to <70 1.00 1.00 1.00 1.00 1.00 1.00
≥70 to <75 0.86 0.59–1.24 1.25 1.07–1.45 0.34 0.10–1.10 1.10 0.96–1.27 0.88 0.69–1.11 1.04 0.88–1.24
≥75 to <80 0.71 0.49–1.04 1.65 1.42–1.91 0.90 0.34–2.37 1.14 0.99–1.32 0.75 0.59–0.97 1.01 0.85–1.19
≥80 to <85 0.41 0.27–0.63 1.87 1.60–2.18 1.38 0.49–3.93 1.09 0.93–1.27 0.74 0.55–0.98 0.87 0.73–1.04
≥85 0.26 0.17–0.40 2.47 2.11-2.89 0.90 0.20–4.00 1.15 0.97–1.36 0.77 0.55–1.08 0.76 0.63–0.91

Sex
Male 1.00 1.00 1.00 1.00 1.00 1.00
Female 0.70 0.55–0.89 1.10 1.01–1.20 2.03 0.92–4.48 0.78 0.71–0.85 0.97 0.81–1.16 1.16 1.04–1.30

Number of different drugs
<5 1.00 1.00 1.00 1.00 1.00 1.00
≥5 to <10 0.81 0.55–1.20 1.54 1.34–1.77 0.08 0.01–0.73 1.00 0.86–1.17 0.80 0.57–1.13 0.97 0.79–1.19
≥10 0.75 0.52–1.10 1.88 1.63–2.16 0.25 0.04–1.38 1.60 1.38–1.85 0.74 0.53-1.04 0.98 0.80–1.19

Hospital stay
No 1.00 1.00 1.00 1.00 1.00 1.00
Yes 1.21 0.90–1.62 0.86 0.76–0.97 0.43 0.18–1.06 1.02 0.89–1.16 1.14 0.87–1.50 0.80 0.70–0.92

Nursing care
No 1.00 1.00 1.00 1.00 1.00 1.00
Yes 1.28 0.99–1.66 1.06 0.96–1.18 3.84 1.79–8.23 0.86 0.76–0.97 1.13 0.90–1.41 0.79 0.70–0.89

Table 6. (Continued)
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recommend the analysis of indication groups and the
inclusion of additional risk factors.
Our claims-data analysis can be updated for subse-

quent years in order to evaluate the impact of the imple-
mentation of the PRISCUS list on prescribing habits.
Yet one has to remember that drugs not included on the

list might be inappropriate as well. To enhance patient
safety, multifaceted interventions involving different
professions will be necessary.45 Besides list distribution
and electronic tools, training to evaluate the appropriate-
ness of prescribing by applying review tools,45,46 the
Medication Appropriateness Index47 or other compre-
hensive protocols22 and chart reviews by pharmacists
and physicians can be useful. However, feedback to phy-
sicians on their prescribing practices and a discussion
about frequently prescribed substances are the first steps
for optimizing therapy. We recommend focusing on the
most frequently prescribed PIM drug groups: psychotropic
drugs and—for Germany—acetyldigoxin. But following a
warning of Gurwitz and Rochon,48 we have to be cautious
not to reduce the quality of medication use to an easy-to-as-
sess single measure of “drugs to avoid”, as we could miss
other (perhaps more relevant) problems such as the
underuse of evidence-based therapies or problems re-
lated to polypharmacy.
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KEY POINTS

• Nearly one quarter of the elderly (22.0%) received
at least one potentially inappropriate medication
(PIM) defined by the German PRISCUS list in am-
bulatory care during an observation period of 1 year.

• The highest PIM prevalence was observed for
antidepressants followed by antihypertensives
and antiarrhythmic drugs.

• Most PIMs are used for long-term treatment.
• To improve prescribing, professionals involved in
the care of the elderly should focus on alternatives
for the most frequently prescribed PIMs: amitripty-
line, tetrazepam, doxepin, acetyldigoxin, doxazosin
and etoricoxib.

• Women and persons with polypharmacy are at
higher risk for PIM prescription.

SUPPORTING INFORMATION

Additional supporting information may be found in
the online version of this article.

e-Table 1: First three higher prevalence diagnoses in
PIM recipients compared to sex and aged matched
controls, accounted for in sensitivity analysis.
e-Table 2: Annual treatment prevalence of the insured

population (≥ 0,1%) and of PIM recipients (2010).
e-Table 3: Association of prevalent PIM prescription

and risk factors adjusting for indications.
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