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Abstract
Purpose Screening tools for detecting potentially inappropri-
ate medications (PIMs) represent an important way to assess
drug prescribing in the elderly. Recently, we introduced a new
comprehensive tool to detect both PIMs and clinically impor-
tant drug-drug interactions (DDI). The aim of the study was to
assess the applicability of the new tool.
Methods The new tool was used to detect PIMs and DDI and
to assess their relation to morbidity and hospital admissions. It
was also compared to the widely used Beers criteria. The
study population included 454 consecutive patients aged
≥65 years who were acutely admitted to the Department of
Internal Medicine of the University Hospital of Osijek. The
Naranjo protocol was used to analyze the causal relationship
between a drug and an adverse event.
Results According to the new protocol, 44 % patients were
taking PIMs, while 33 % patients were taking drugs with
potentially serious DDIs. In 11 % of the overall number of
patients, the cause of admission was adverse drug reaction
(ADR), and among contributing drugs, 44 % were potentially
inappropriate according to our protocol. Gastrointestinal
bleeding was the most common diagnosis causing ADR-
associated admission, and in 72 % cases, either PIM or a
potentially serious DDI was involved.
Conclusion The new Croatian tool detected a high number of
patients taking PIMs and/or having potentially important
drug-drug interactions. The tool also detected almost half of
the drugs contributing to ADR-associated admission. We ex-
pect the tool to be useful in prescription evaluation for the
elderly inpatient and outpatient population.

Keywords Elderly patients . PIMscreening tools . Potentially
inappropriate medications . Drug–drug interactions . Adverse
drug reactions

Introduction

In recent years, geriatric pharmacotherapy has come into focus
because the elderly consume most of the health care resources
due to their rapidly growing numbers, especially in developed
countries [1, 2]. The elderly are at an increased risk of adverse
drug reactions (ADRs) as a result of co-morbidities,
polypharmacy, and age-related changes in the pharmacody-
namics and pharmacokinetics of drugs [3–7].

Potentially inappropriate medications (PIMs) may pose
more risks than benefits to a patient, particularly where safer
alternative therapies exist for the same condition. Therefore,
avoiding PIMs represents a strategy aimed at reducing drug-
related mortality and morbidity [8–12].

Several screening tools for the detection of PIMs have been
published, the most frequently cited being Beers criteria,
developed in the United States. The first version of Beers
criteria was published in 1991, with updates in 1993, 2003,
and the recent update in April 2012 [13–17]. The recent
update has brought major changes in the list of potentially
inappropriate drugs. The applicability of Beers criteria to
elderly patients in Europe is not straightforward, as many
drugs from the Beers list are still unavailable in European
countries. Also, some of the Beers criteria are controversial
(e.g., amiodarone) and the duplication of treatments or drug-
drug interactions are not addressed. Recently, we introduced a
new comprehensive tool detecting both PIMs and clinically
important drug-drug interactions [18]. The new tool detects
PIMs by adapting previously adopted tools: the adjusted 2003
version of Beers criteria (2003 version was used because it
was available when our protocol was developed in 2008), the
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French consensus panel, McLeod’s list, and Lindblad’s list of
clinically important drug-disease interactions [19–21]. We
assumed that combining PIMs and potential drug-drug inter-
actions in the same protocol would enable a more thorough
assessment of drug prescribing in the elderly. Thus, we used
Hanlon’s and Malone’s lists of drug-drug interactions in the
elderly and expanded them with four more clinically relevant
potential drug-drug interactions [18, 22, 23].

As the application of our tool in both detecting and
assessing PIM- or drug interaction-related morbidity and hos-
pital admissions had to be tested in a real-life environment, we
compared our tool with the new Beers criteria and in relation
to hospitalizations for ADRs. The study population included
acutely ill elderly patients admitted to the department of
internal medicine of a university hospital.

Methods

We prospectively analyzed 454 consecutive patients aged 65
years or more who were acutely admitted to the Department of
Internal Medicine of the University Hospital of Osijek during
two periods: August–October 2009 and January–April 2010.
For each patient, we collected data on drug consumption
before admission and during hospital stay: data on types and
dosages of all drugs, including OTC drugs and herbal supple-
ments were collected. Drug consumption before admission
was referred to all medications that the patient was taking
regularly for at least 2 weeks before admission to the hospital,
but long-term use of NSAIDs or stimulant laxatives was
defined as at least 3 months of continuous use. Data on drugs
were obtained by interviewing the patient and were retrieved
from medical records and the patient’s family physician. Data
on the condition or disease causing hospital admission, co-
morbidities, serum creatinine values, body weight and history
of ADRs were also recorded. Estimation of glomerular filtra-
tion rate was calculated using the Cockroft-Gault formula.
Patients that were electively admitted (i.e., patients that were
admitted for diagnostic evaluation of their condition, where
the date of admission was known in advance) were not
included.

Potentially inappropriate medicines were analyzed using
both our new screening tool and the 2012 Beers criteria [15,
16, 18]. According to our screening tool, we also assessed
potentially serious drug-drug interactions.

Among causes of hospital admission, we evaluated those
that were likely to be caused byADRs. The causal relationship
between a drug and an adverse event was analyzed using the
Naranjo protocol [24]. A trained specialist in clinical pharma-
cology performed all the Naranjo scoring. As defined by the
Naranjo protocol, with scores in the range of 5–8, the rela-
tionship was considered probable, while with a score of 9 or
more, it was considered definite. Co-morbidity was calculated

using both the basic and age-adjusted Charlson co-morbidity
index [25].

The aim of the study was to determine: (1) the number of
PIMs using two different tools, (2) the frequency of prescrib-
ing drugs with potentially serious drug-drug interactions (two
drugs in a possible interaction were calculated as a case of one
interaction), (3) the frequency of hospital admission caused by
ADRs, and (4) the the importance of PIMs in those ADRs.We
also assessed the difference in the number of drugs in female
andmale patients, and also in the number of drugs in groups of
patients with or without PIMs. Differences regarding age, sex,
co-morbidity, renal function (as a percentage of patients with
estimated GF <60 ml/min), history of ADRs, and the number
of drugs in groups of patients that were admitted for ADRs or
other causes were assessed. In NSAIDs users with or without
GI bleeding, the consumption of proton pump inhibitors (PPI)
was analyzed.

The study received approval by both ethics committees of
the University Hospital of Osijek and the Medical Faculty of
Osijek.

Statistical analysis

IBM SPSS Statistics 19 software was used to analyze the data.
Comparison of the categorical variables was performed using
the χ2 test or Fisher's exact test, and a comparison of the
continuous variables was performed using the t-test or the
Mann–Whitney test, depending whether the data were nor-
mally distributed or not. The Kolmogorov-Smirnov test was
used to test the normality of data distribution. While compar-
ing continuous variables in the same patients before and
during hospitalization, we used the t-test for dependent sam-
ples and the Wilcoxon rank-sum test.

Sample size was calculated using GPower software:
with 0.05 significance level, 99 % power and large effect
size, we calculated that the minimum number of subjects
would be 238 (we included more than the minimum
number of subjects).

P<0.05 was selected as level of statistical significance.

Results

Characteristics of the study population are shown in Table 1.
Sociodemographic data, data on drug consumption, and clin-
ical data are included.

The mean number of drugs (SD) before admission and
during hospital stay was 5.3 (2.9) and 6.1 (2.9), respectively
(p<0.001).Womenwere found to be taking significantly more
drugs compared to men (5.6 (2.8)) and 4.8 (3.0), respectively,
p=0.0053).

484 Eur J Clin Pharmacol (2014) 70:483–490



Potentially inappropriate medications

As identified by the new protocol, 200 patients (44,1 %) were
exposed to a total of 274 PIMs. Among those, 141 patients
(31.1%)were taking one PIM, 44 (9.7%) patients were taking
two PIMs, and 15 patients (3.3 %) had been prescribed three
PIMs. The mean number of drugs (SD) in the group of
patients taking PIMs was significantly higher as compared
to patients not taking PIMs (6.3 (2.7) and 4.5 (2.8), respec-
tively (p<0.001)).

The most common PIMs detected by the new protocol
were: inappropriate use of NSAIDs (63 times); long-acting
benzodiazepines (63 times); amiodarone (47 times), cerebral
vasodilators (25 times), and drugs with anticholinergic prop-
erties (22 times). All identified PIMs are presented in Table 2.

The new 2012 version of Beers criteria identified a total of
409 PIMs, taken by 263 patients (57,9 %). The most common
of them were: non-COX-selective NSAIDs (103), short- and
intermediate-acting benzodiazepines (99), and amiodarone
(47) (see Table 2.).

Adverse drug reaction-related hospitalizations

ADRs were considered to be cause of admission only in
patients meeting a Naranjo score ≥5, i.e., the relationship
between the drug and reactions was concluded as probable
or definite in those cases. The mean (SD) Naranjo score was
6.9 (0.9) and the highest score was 8 (i.e., there was no case of
definite relationship, as there were no re-challenge cases).

Among the 454 patients, in 50 of these ADRs were iden-
tified as a cause of admission (11.0 %) (Table 3). PIMs
identified by the new protocol contributed to 44 % cases of
ADR-related admissions, whereas those identified by 2012
Beers list contributed to 54 % cases of such admissions,
respectively.

Half of all ADR-related hospital admissions (25 patients)
were attributed to drug-induced upper gastrointestinal (GI)
bleeding. Among them, five cases of bleeding were caused
by aspirin and 20 cases by NSAIDs. The new protocol iden-
tified 64 % of all drug-induced cases of upper GI bleeding,
whereas the Beers list identified 88 % of such cases. In our
study, NSAID users without upper GI bleeding did not take
significantly more proton pump inhibitors (PPIs), as compared
to NSAIDs users that were admitted for upper GI bleeding
(10.0 % vs 10.8 %, respectively, p=1.000).

"Appropriate drugs“were also involved in admission. All
admissions caused by warfarine overdose, bradycardia, and
hypotension were associated with the use of appropriate drugs
(i.e., warfarine, beta blockers (bisoprolol and carvedilol) and
ACE inhibitors (lisinopril+hydrochlorothiazide)). Among six
patients who were admitted for hypoglycaemia, three of them
were using potentially inappropriate glibenclamide, while the
other three (appropriate) drugs included insulin, glimepiride,
and gliclazide.

Patients that presented with ADRs were more likely to be
prescribed inappropriate medications compared to patients
without ADRs (64.0 % vs 40.4 % respectively). They were
also more likely to be prescribed NSAIDs (46.0 % vs 20.8 %
respectively) and warfarine (26.0 % vs 6.9 % respectively).

Patients admitted for ADRs, when compared to those ad-
mitted for other diagnoses, did not differ statistically in terms
of age (75.6±6.1 vs 74.0.6±5.9, respectively), sex (58.0 % vs.
57.7 %, respectively), number of drugs taken before admis-
sion (4.7±2.3 vs. 5.4±3.0, respectively), co-morbidity
(expressed as basic or age-adjusted Charlson co-morbidity
index: 2.0±1.5 and 2.1±1.5, respectively, and 5.2±1.8 and
5.0±1.6, respectively), renal function impairment (50.0 % vs.
51.2 %, respectively, expressed as the percentage of patients

Table 1 Study population characteristics

Number of patients
(percentage of all patients)

Sociodemographic characteristics

Female sex 262 (57.7)

Male sex 192 (42.3)

Age, y

65–74 232 (51.1)

75–84 198 (43.6)

≥85 24 (5.3)

Drug-related characteristics

Number of drugs used before admission

≤4 193 (42.5)

≥5 262 (57.5)

≥9 70 (15.4)

Use of cardiovascular system drugs
(ATC class C)

378 (83.3)

Use of ACE inhibitors or ATII blockers 264 (58.2)

Use of nervous system drugs
(ATC class N)

243 (53.5)

Use of benzodiazepines 144 (31.7)

Use of NSAIDs 103 (22.7)

Clinical characteristics

Diagnoses leading to admission

Ischaemic heart disease 106 (23.3)

Congestive heart failure 79 (17.4)

Acute upper gastrointestinal bleeding 52 (11.5)

Heart conduction disorder 44 (9.7)

Poorly controlled diabetes mellitus 27 (6.0)

Co-morbidities

Hypertension 220 (48.5)

Ischaemic heart disease 168 (37.0)

Congestive heart failure 137 (30.2)

Diabetes mellitus 131 (28.8)

Peptic ulcer disease 40 (8.8)
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Table 2 Potentially inappropriate medications identified by the new protocol and the 2012 Beers criteria

New protocol 2012 Beers criteria

Type of medication Number of drugs,
N=274 (percentage
of all PIMs)

Type of medication Number of
drugs, N=409
(percentage
of all PIMs)

Drugs with unfavourable benefit/risk ratio Drugs to be avoided independent of diagnoses or conditions

Analgesics Pain

Indomethacin 5 (1.8) Indomethacin 5 (1.2)

Concomitant use of two or more NSAIDs 4 (1.5) Non-COX-selective NSAIDs, oral 103 (25.2)

Long-term use of full-dosage, longer half-life
NSAIDs: piroxicama

12 (4.3)

Drugs with anticholinergic properties Central nervous system

Amitriptyline 4 (1.5) Tertiary TCAs - amitriptyline 4 (1.0)

Maprotiline 1 (0.4) Antipsychotics – first and second generation 17 (4.2)

Fluphenazine 2 (0.7)
Promazine 10 (3.6)

Biperiden 3 (1.1)

Sedative or hypnotic drugs

Long-acting benzodiazepines Benzodiazepines

Diazepam 44 (16.1) Long-acting (diazepam, flurazepam) 45 (11.0)
Nitrazepam 12 (4.4)

Flurazepam 1 (0.4)

Bromazepam 6 (2.2) Short- and intermediate-acting 99 (24.2)

Meprobamat 4 (1.5) Meprobamat 4 (1.0)

Nonbenzodiazepine hypnotics 26 (6.4)

Antihypertensives
Centrally-acting: moxonidine 16 (5.8)

Nifedipine, short-acting 2 (0.7) Cardiovascular

Doxazosine 1 (0.4) Alpha1 blockers – doxazosin 1 (0.2)

Antiarrhythmics Antiarrhythmic drugs

Amiodarone 47 (17.2) amiodarone 47 (11.5)

propafenone 7 (1.7)

Drugs used to treat gastrointestinal disorders Anticholinergics (excludes TCAs)

Scopolamine 2 (0.7) Antispasmodics - scopolamine 2 (0.5)

Long-term use of stimulant laxatives: bisacodylb 2 (0.7) Gastrointestinal

Metoclopramide 8 (2.0)

Long-acting sulfonylureas Endocrine

Glibenclamide 7 (2.6) Sulphonylureas, long duration - glibenclamide 7 (1.7)

Other Anti-infective

Nitrofurantoin 2 (0.7) Nitrofurantoin 2 (0.5)

Drugs to be avoided with certain diseases/conditions Drugs to be avoided considering disease or syndrome

Heart failure – long-term prescription of NSAIDsa 7 (2.6) Heart failure – NSAIDs 7 (1.7)

Hypertension – long-term prescription of NSAIDsa 16 (5.8)

Chronic renal failure – long-term prescription of NSAIDsa 5 (1.8) Chronic kidney disease (stage IV,V) - NSAIDs 5 (1.2)

Gastric or duodenal ulcers – NSAIDs 6 (2.2) History of gastric or duodenal ulcers – NSAIDs 6 (1.5)

Gastric or duodenal ulcers – aspirin 2 (0.7) History of gastric or duodenal ulcers – aspirin 2 (0.5)

Patients receiving anticoagulant therapy - NSAIDs 1 (0.4)
Patients receiving anticoagulant therapy – aspirin 1 (0.4)

COPD - long-acting benzodiazepines 5 (1.8)

Osteoarthritis - long-term prescription of NSAIDsa 7 (2.6)

Dementia - benzodiazepines 7 (2.6) Dementia or cognitive impairment -benzodiazepines 7 (1.7)
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with estimated glomerular filtration rate <60 ml/min), or a
positive history of adverse drug reactions (24.0 % vs. 14.9 %,
respectively).

Individual drugs (as defined by the new protocol) that
caused PIM-related hospital admissions are presented in
Table 3. Diclofenac was associated with five cases of upper
GI bleeding caused by PIMs.

Drug-drug interactions

A total of 149 patients (32.8 %) were found to be taking drugs
with potentially serious drug-drug interactions, as defined by
our protocol. Among those, 115 patients (25.3 %) had one
potential drug-drug interaction, 21 (4.6 %) patients had two,
11 patients (2.4%) had three and two patients (0.4%) had four
potentially serious drug-drug interactions. The most common
potential drug-drug interactions were: interactions possibly
resulting in hyperkalaemia, involving ACE inhibitors, ATII
blockers, potassium-sparing diuretics or potassium supple-
ments (56 times); interactions involving the inhibiting effects
of amiodarone on other drugs, e.g., warfarine, atorvastatin/
simvastatin or methyldigoxin (36 times); interactions between
two drugs with CNS depressing properties, e.g., benzodiaze-
pines and opiate analgesics (31 times); and interactions
invoving two drugs with anticoagulant/antiplatelet activity
(28 times).

Drug-drug interactions possibly contributed to two hospital
admissions caused by warfarine overdose and seven caused
by upper GI bleeding. Among the latter seven interactions,
two were the sole reason for GI bleeding-related admission
(interactions of aspirin with diclofenac or ibuprofen), while in
the other five cases both PIMs and drug-drug interactions
were present. By evaluating both PIMs and drug-drug inter-
actions, our protocol was able to detect 18 among 25 cases of
ADR-related GI bleeding.

Discussion

Our protocol identified PIMs in 44.1 % patients and the 2012
Beers criteria identified them in 57.9% patients. The Beers list
identifies entire classes of drugs as potentially inappropriate:
all benzodiazepines (short- and long-acting), all new and older
antipsychotics, and all non-selective NSAIDs. Our patients
were taking those drug classes commonly (31.7 %, 22.7 %,
and 5.0 % were taking benzodiazepines, non-selective
NSAIDs, and antipsychotics, respectively), which resulted in
high percentage of patients with PIMs, as measured by the
newBeers criteria. Each drug listed as inappropriate according
to the 2012 Beers criteria is not absolutely, but is relatively
inappropriate in predefined conditions, which in turn makes
straightforward comparison between the 2012 Beers and other
explicit criteria difficult.

Including NSAIDs in the PIMs list is appreciated, and we
advocated for that when developed our protocol. As con-
firmed by many studies, NSAIDs are commonly used by the
elderly, mostly for chronic musculoskeletal pain [26, 27]. In
our study, almost one-quarter of all patients reported taking
NSAIDs regularly prior to hospital admission. Chronic pain
syndromes in the elderly often necessitate permanent analge-
sics use, while this age group is particularly at a high risk for
NSAID-related ADRs. Advanced age is an independent risk
factor for NSAID-related GI toxicity, and when such toxicity
occurs, the elderly are at a higher risk for serious complica-
tions, e.g., bleeding or perforation [28, 29]. Also, numerous
studies have demonstrated theunderutilization of
gastroprotective drugs in elderly patients taking NSAIDs [30].

Now that high cardiovascular risk has been recognized as a
consequence of selective cyclooxygenase-2 (COX-2) inhibi-
tors use, non-selective NSAIDs have also come into focus for
assumed prothrombotic effects and CV toxicity. It appears that
NSAID-induced fluid retention and hypertension also contrib-
ute to CVadverse effects. There are meta-analyses showing an

Table 2 (continued)

New protocol 2012 Beers criteria

Type of medication Number of drugs,
N=274 (percentage
of all PIMs)

Type of medication Number of
drugs, N=409
(percentage
of all PIMs)

Dementia – conventional neuroleptics 5 (1.8) Dementia or cognitive impairment - antipsychotics 5 (1.2)

Drugs with questionable efficacy
Gingko-biloba 9 (3.3)

Pentoxifylline 4 (1.5)

Betahistine 8 (2.9)

Cinnarizine 4 (1.5)

a long-term use of NSAIDs defined as continuous every day use for ≥3 months
b long-term use of stimulant laxatives defined as continuous every-day use for ≥3 months
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increased risk for myocardial infarction and stroke with indi-
vidual non-selective NSAID use. Risks for NSAID-related
CV side effects include established CV disease or an estimat-
ed 10-year risk >20 % [31].

While some authors opt for the evaluation of GI and CV
risk prior to NSAID use in the elderly, regulatory agencies,
including the European Medicines Agency (EMA) and the
Food and Drug Administration (FDA) recommend using
NSAIDs "in minimum effective dose[s] for the shortest pos-
sible duration“. In October 2012, the EMA finished its new
review on the cardiovascular risks of non-selective NSAIDs,
concluding that "the overall benefit-risk balance of these
medicines remained positive, but that a small increased car-
diovascular risk could not be excluded"[32]. However, the
guidelines of the American Geriatrics Society (AGS) for the
management of persistent pain in older persons (published in
2009) are in concordance with our recommendations for ap-
propriate analgesics use in the elderly [33]. According to the
AGS guidelines, acetaminophen is recommended as an initial
and ongoing pharmacotherapy in the treatment of persistent
mild to moderate pain in the elderly, while all patients with
moderate to severe pain should be considered for opioid

therapy. Nonselective NSAIDs and COX-2 selective inhibi-
tors "may be considered rarely, and with extreme caution, in
highly selected individuals".

Most studies show that ADRs cause approximately 5 % of
hospital admission in general population, but the percentage
rises to 10 % in the elderly, which is in concordance with our
results [34–38]. In a similar Swedish retrospective study of
154 elderly patients admitted to the emergency department of
a university hospital, the admission was drug-related in 14 %
patients [39].

The only Croatian study on ADR-related admissions ana-
lyzed adult patients (regardless of their age) admitted to the
department of internal medicine of a university hospital. The
result show that 2.5 % of admissions were caused by ADRs.
The difference between results in our two studies (i.e., 2.5 %
vs 11 % of ADR-caused admissions) could be explained by
the difference in age of the studied population and by different
inclusion criteria for acute admission. The main cause for
admission in both studies was upper gastrointestinal tract
bleeding (64.6 % and 50 %). In the other study, the second
cause was cardiac rhythm disturbances caused by
methyldigoxin, while in our study the second cause was

Table 3 Hospital admissions caused by adverse drug reactions (ADRs) and the role of PIMs

Type of ADRs causing
admission

No. of patients with
ADRs causing admission,
N=50 (percentage of
patients with ADRs
causing admission)

PIMs causing ADRs, identified by the new protocol (N=22) No. of patients with
PIMs causing ADRs,
identified by 2012
Beers list N=27
(percentage of patients
with ADRs causing
admission)

Type of potentially inappropriate medication No. of patients
(percentage of
patients with ADRs
causing admission)

Upper gastrointestinal
bleeding

25 (50) indomethacin 1 (2) 22 (44)
piroxicam 2 (4)

NSAIDs with PUD meloxicam 2 (4)

ketoprofen 1 (2)

aspirin with PUD aspirin 1 (2)

long-term NSAIDs in osteoarthritis diclofenac 1 (2)

long-term NSAIDs in hypertension diclofenac 2 (4)

long-term NSAIDs in heart failure ibuprofen 1 (2)

diclofenac 1 (2)

long-term NSAIDs in renal failure diclofenac 1 (2)

NSAIDs in patients taking warfarin diclofenac 1 (2)

aspirin in patients taking warfarin aspirin 1 (2)

concomitant 2 NSAIDs piroxicam +
meloxicam

1 (2)

Warfarine overdose 10 (20) / 0 0

Hypoglycemia 6 (12) glibenclamide 3 (6) 3 (6)

Bradycardia 3 (6) / 0 0

Anaphylactic shock 2 (4) amiodarone 1 (2) 1 (2)

Hypotension 2 (4) / 0 0

Bowel dysfunction 1 (2) bisacodyl 1 (2) 0

Hyperthyreosis 1 (2) amiodarone 1 (2) 1 (2)
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warfarine overdose, indicating that digitalis was commonly
used 20 years ago. An increasing number of elderly patients
are prescribed warfarine today, notably for chronic atrial fi-
brillation [40].

An Italian study involving 1,756 elderly patients admitted
to a geriatric unit showed that 5.8 % of patients had an ADR-
related hospitalization. Gastrointestinal disorders, platelet,
bleeding, and clotting disorders and cardiovascular disorders
were the most frequent ADRs in this study, which is in
concordance with our results [41]. Similar results in our study
and in studies from other European countries show that we
share the same consequences of adverse drugs effects in our
elderly patients.

Geriatrics is not recognized as a separate medical specialty
in Croatia, nor does a separate geriatric ward exist in our
hospitals. This study evaluated patients admitted to the De-
partment of Internal Medicine, and drugs causing ADR-
related hospital admissions differ when compared to drugs
responsible for admissions to geriatric wards (e.g., side effects
of psychotropic drugs are often involved in such cases).
Although 53.5 % of the patients were taking at least one
ATC class N drug (nervous system), we didn’t detect any
CNS adverse effects as a cause of admission (e.g., falls or
syncope), as those patients would be admitted to a neurology
or psychiatry ward instead.

In our study, patients taking PIMs were taking significantly
higher numbers of drugs (6.3±2.7 vs. 4.5±2.8), confirming an
increased risk for PIMs in patients with polypharmacy. Similar
to other studies, a significant number of eldely patients were
taking benzodiazepines (31.7 %) or NSAIDs (22.7 %).

The average number of drugs taken by the patients was
high both before admission and during hospital stay. This
result is also similar to other studies showing polypharmacy
in outpatient and inpatient elderly population [42–44]. Most
authors agree, however, that we can’t define polypharmacy
simply as prescribing more than five or nine drugs, but in-
stead, as prescribing "at least one potentially inappropriate
drug“, because in patients with several chronic conditions
the underuse of drugs should also be avoided.

We plan to further test this tool against other similar and
widely used tools, such as STOP/START and the Priscus list,
in both ambulatory and clinical settings [45–47].

Conclusion

Eleven percent of the study population was acutely hospital-
ized due to probable ADRs. In this population, the new
Croatian tool detected a high number of patients taking PIMs
and/or having potentially important drug-drug interactions.
The number of detected PIMs was lower compared to the
2012 Beers list.

The tool revealed almost half of the drugs contributing to
ADR-associated admission, as well as three-quarters of drugs
causing admission due to GI bleeding. We expect this tool to
be useful in the evaluation of prescription patterns in the
elderly inpatient and outpatient population, and will continue
to test the tool in various settings, comparing it to other
explicit tools.
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