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Abstract Elderly patients are at increased risk of drug-related
morbidity and mortality. Avoiding the use of potentially inap-
propriate medications (PIMs) is one of the strategies that has
been widely adopted to reduce the harmful consequences of
drug use. There are several PIM screening tools available. In
this review, we provide an overview of existing screening tools
to detect PIMs in the elderly, emphasizing the advantages and
disadvantages of each. Combining previously published and
adopted tools (adjusted Beers list, French consensus panel,
McLeod’s list, and Lindblad’s list of clinically important
drug–disease interactions), we develop a new comprehensive
tool that also includes the adjusted Hanlon’s and Malone’s lists
of potentially serious drug–drug interactions in the elderly. In
addition to listed PIMs and clinically important drug–drug
interactions, alternative therapeutic solutions are suggested.
The new protocol differentiates: drugs with an unfavorable
benefit/risk ratio (to be avoided regardless of the underlying
disease/condition), drugs with a questionable efficacy, and
drugs to be avoided with certain diseases/conditions, and pro-
vides a list of potentially serious drug–drug interactions. A tool
consisting of PIMs and potential drug–drug interactions within
the same protocol provides more comprehensive quality as-
sessment of drug-prescribing behavior to the elderly, which in
turn may lead to better prescribing practices.

Keywords Potentially inappropriate medications . Elderly
patients . PIM screening tools . Drug-prescribing behavior .

Drug–drug interactions

Introduction

The percentage of the total elderly population is increasing
in most countries, and it is estimated that by 2050 almost
30% of the population in developed countries will be over
65 years of age [1]. Elderly patients consume approximately
30% of all healthcare resources and, therefore, the growth of
this population group will have significant implications on
future healthcare budgets [2]. Elderly individuals often have
many chronic diseases and are consequently taking multiple
medications. They also have increased risk for adverse drug
reactions (ADRs) due to age-related changes in the pharma-
codynamics and pharmacokinetics of drugs, co-morbidities,
and polypharmacy [3]. It may thus be anticipated that this
increase in the numbers of elderly people will also lead to
higher drug-related morbidity and mortality [2, 4].

Suboptimal or inappropriate prescribing in elderly patients
pose the risk of drug-related morbidity and mortality. Inappro-
priate prescribing includes the prescribing of medications with
potentially serious drug–drug interactions or the underuse,
overuse, and misuse of drugs. Misuse encompasses the use of
potentially inappropriate medications (PIMs), inappropriate
dose, or inappropriate duration of treatment. PIMs are defined
as drugs with a potential risk that is higher than their potential
benefit to the patient, particularly when safer alternative thera-
pies exist for the same condition [4, 5].

Several screening tools for detecting PIMs in the elderly
have been developed in the USA, Canada, and European
countries [6–16]. Their role is to optimize the appropriateness
of prescribing behavior and to reduce negative outcomes,
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including preventable adverse drug effects (ADEs). These
screening tools encompass lists of drugs that should generally
be avoided by the elderly and drugs that should be avoidedwith
certain diagnoses or conditions.While most of the protocols are
explicit (criterion-based), there is only one implicit (judgement-
based) protocol, the Medication Appropriateness Index (MAI),
which was developed by Hanlon and colleagues [17] .

The aim of this review is to critically evaluate available
protocols for detecting PIMs in the elderly and summarize these
into a new comprehensive and widely applicable protocol.

Overview of the existing screening tools for detection
of PIMs in the elderly

A literature search was performed within the MEDLINE,
PubMed, OVID, and Google Scholar databases using MeSH
terms “aged,” “inappropriate prescribing,” “clinical proto-
cols,” “medication errors,” and “polypharmacy.” Articles
published between January 1991 and December 2010 were
selected if they contained explicit criteria adressing poten-
tially inappropriate prescribing in the elderly.

Table 1 summarizes the protocols and screening tools for
detection of PIMs prescribed to the elderly, published in
chronological order. For each tool in the table, data on the
authors, year, country of origin, scope, main content, and
main advantages/disadvantages are presented. One of the
tools was developed by Barry et al. [13] to evaluate under-
prescribing, i.e., for detecting omission of evidence-based
medications.

We considered the potential clinical applicability of the
criteria and PIMs resulting in common clinical consequen-
ces as well as the wide applicability of a protocol to different
healthcare settings and different geographical regions to be
advantageous. Limitations or disadvantages of a protocol
were considered to be a lack of clinical assessment and
evaluation or validation of the protocol, incomplete drug
listings, and/or obsolete drugs listed.

According to different authors, newer criteria offer cer-
tain innovations and improvements compared to those on
the original Beers list and address drug–drug interactions,
underuse of drugs, drugs with questionable efficacy, among
others [18–20]. However, while several new tools need to be
evaluated and assessed in clinical studies, Beers criteria
have been the most widely used and an association of the
listed drugs with adverse outcomes has been shown by
number of authors [21–34].

The new comprehensive protocol

Taking into account the reported advantages and disadvan-
tages of existing screening tools, it may be assumed that by

combining their clinically most useful parts together, it
should be possible to develop a new comprehensive tool.
In evaluating the advantages of previous tools, we focused
on the potential clinical applicability of the criteria and on
PIMs having common clinical consequences in the elderly
[e.g., focusing on non-steroid anti-inflammatory drugs
(NSAIDs), associated with multiple possible adverse
outcomes].

The new protocol is developed by combining the adjust-
ed Beers list, the French consensus panel, McLeod’s list,
and Lindblad’s list of clinically important drug–disease
interactions, with the addition of several new drugs [8,
10–12]. As part of the protocol, a list of clinically important
drug–drug interactions in the elderly is developed by mod-
ifying Malone’s and Hanlon’s lists and adding four new
drug–drug interactions [35, 36]. A clinically based approach
was used to build the protocol. The new criteria have been
shown by many researchers to be associated with adverse
clinical and healthcare outcomes, thus confirming their rel-
evance [27–34]. By combining parts of the North American
and European tools together, we assume that new combined
tool will be widely applicable in the elderly population
(defined as 65 years or older).

The protocol groups PIMs into: (1) those with an unfa-
vorable benefit/risk ratio (drugs to be avoided regardless of
the underlying disease/condition); (2) drugs with a question-
able efficacy, and (3) drugs to be avoided with certain
diseases/conditions. Those three major subgroups are de-
fined similarly in the French consensus panel and on Beers
list. For each criterion listed, a possible alternative solution
is given [8, 12, 16]. Part (4) of the protocol presents the list
of potentially serious drug–drug interactions in the elderly
population.

Drugs with unfavorable benefit/risk ratio
(part 1 of new protocol)

The list of drugs with an unfavorable benefit/risk ratio is
based on a combination of the adjusted Beers list and the
French consensus panel, as shown in Table 2, and consists
of 33 criteria or individual drugs [10, 12]. Drugs defined
solely by the French panel include antipsychotic drugs with
anticholinergic properties and concomitant use of ≥2
NSAIDs, clonidine, and moxonidine among the centrally
acting antihypertensives and dipyridamole (according to
Beers list, dipyridamole is inappropriate medication only
in patients receiving anticoagulant therapy or in those with
blood clotting disorders). These drugs are included in the
new protocol because their use can lead to severe ADRs
[37–42] .

Drugs defined solely by the Beers list include: doxazosin,
amiodarone, fluoxetine, thioridazine, ferrous sulfate >325mg/
day, estrogens only (oral), methyltestosterone, long-term use
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of naproxen and piroxicam, and use of the opiates pentazocine
and meperidine. French experts did not find those drugs
relevant. However, since these drugs are commonly used
and possible ADRs might have serious consequences, they
are included the new protocol [43–49]. For example, even
though the European Medicines Agency in 2007 recommen-
ded restricted use of piroxicam, it seems that the extent of its
restricted prescribing among the elderly is not satisfactory
[50–52]. Amiodarone is a commonly prescribed antiarrhyth-
mic drug, partly due to the lack of similar antiarrhythmic drugs
on the market. However, not only is it associated with QT
prolongation in the elderly, but its complex pharmacokinetic
properties, very long half-life, and possible multiple drug
interactions make it a drug that warrants high caution when
used [45–49].

Drugs with unfavorable benefit/risk ratio listed in the
new protocol that are on neither the French or Beerslist
include glibenclamide, a long-acting sulphonylurea drug
associated with a higher risk of inducing prolongedhypo-
glycemia, and promazine, an antipsychotic drug with strong
anticholinergic properties [40, 53, 54].

The remaining drugs with an unfavorable benefit/risk
ratio on the new list are in agreement with both the French
and Beers list as being potentially inappropriate.

Drugs with a questionable efficacy (part 2 of new protocol)

The French list of PIMs in the elderly is the only available
tool that contains drugs with questionable efficacy as poten-
tially inappropriate [12]. Medications defined as question-
ably efficacious are cerebral vasodilators, such as gingko
biloba, pentoxyphylline, piracetam, and dihydroergotoxine.
These four commonly used vasodilator drugs are included in
the new protocol, with the addition of two more drugs,
betahistine and cinarizine (except in the indication of
Meniere syndrome and vestibular vertigo), which are often
used as cerebral vasodilators in patients with cerebrovascu-
lar insufficiency (Table 3). Drugs used as cerebral vaso-
dilators do not have a proven efficacy but they do have a

potential to cause ADRs in the elderly, such as postural
hypotension, falls, headache, or stomach upset [55–60].

The French panel recognizes a category of drugs with
both unfavorable benefit/risk ratio and questionable effica-
cy, such as nitrofurantoin, anticholinergic antispasmodic
scopolamine, or short/intermediate half-life benzodiazepines
in doses higher than half the dose given in the young
patients. In the new protocol these drugs are classified
among those with unfavorable benefit/risk ratio [12].

Drugs to be avoided with certain diseases/conditions (part 3
of new protocol)

This part of the new protocol includes 71 individual drug–
disease interactions involving 28 diseases or conditions, as
shown in Table 4. Criteria from the adjusted Beers list,
McLeod’s list, and Lindblad’s list of clinically important
drug–disease interactions are combined and respective data
updated [10–12, 61–69]. Some of the inappropriate drug–
disease combinations are defined by all three tools, such as
NSAIDs in peptic ulcer disease or tricyclic antidepressant in
benign prostate hyperplasia. However, only McLeod’s list
recognizes the long-term use of NSAIDs in patients with
heart failure and hypertension or long-term use of NSAIDs
to treat osteoarthritis regardless of the accompanying dis-
ease, as potentially inappropriate. NSAIDs are commonly
prescribed to the elderly, and their risk/benefit ratio should
regularly be checked in individual patients. As a general
principle, the long-term use of NSAIDs should be avoided
in patients with chronic renal or heart failure, hypertension,
and peptic ulcer disease, but also in older patients regardless
of their underlying disease [38]. Not only is there always the
possibility that NSAIDs can worsen renal or heart failure or
cause gastrointestinal toxicity, but there are emerging data
on the increased risk of stroke and myocardial infarction
associated with their use [39]. Also, gastrointestinal bleed-
ing is often the most common cause of ADRs related hos-
pital admissions in the elderly [70–72]. Therefore, it seems
reasonable to include McLeod’s NSAIDs criteria in the new

Table 3 Drugs with question-
able efficacy Drug Possible

adverse effects
Possible
therapeutic solutions

Cerebral vasodilators

Dihydroergotoxine No really proven efficacy while
there is risk of postural
hypotension, falls, headache, or
stomach upset

Therapeutic abstention
Gingko biloba

Pentoxifylline

Piracetam

Betahistine (except in the indication of
Meniere syndrome and vestibular vertigo)

Cinarizine (except in the indication of
Meniere syndrome and vestibular vertigo)
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PIMs screening tool. Preventing excessive NSAID use in
the elderly is one of the most important strategies to reduce
drug-related morbidity and mortality.

Lindblad’s list defines corticosteroid use in diabetic
patients or opiate use in patients with constipation as inap-
propriate [11]. Both of these drug–disease combinations are
considered clinically important and included in the new
protocol.

Potentially serious drug–drug interactions (part 4 of new
protocol)

In the quality assessment of drug-prescribing behavior to the
elderly, an evaluation of potential drug–drug interactions lead-
ing to clinically important events is necessary. A list of 25
Delphi method-based drug–drug interactions with the greatest
clinical importance in the general population was developed
by Malone and colleagues in 2004 [35]. It was an important
expert-based attempt to assess the clinical importance of drug
interactions. These 25 interactions mostly involve drugs with
a narrow therapeutic index (i.e., warfarin, cyclosporine, or
digoxin) and generally are pharmacokinetic in their origin,
acting through inhibition or induction of hepatic drug metab-
olism. Hanlon and Schmader [36] analyzed possible drug
interactions in the elderly and suggested broadeningMalone’s
list with seven clinically significant pharmacokinetic drug–
drug interactions involving antiarrythmics, 12 involving anti-
epileptics, and 15 involving other drugs. They also suggested
adding nine clinically significant pharmacodynamic drug–
drug interactions, such as the combination of ACE inhibitors
with potassium-sparing diuretics or potassium supplements
[36].

In order to extend the evaluation of prescribing quality,
we included the adjusted Malone’s and Hanlon’s lists of
potentially serious drug–drug interactions in the new screen-
ing tool (Table 5) [35, 36]. As Malone’s list focuses on the
general population, we excluded drugs never or rarely pre-
scribed in the elderly (e.g, oral contraceptives, zidovudine,
or dexfenfluramine). Sibutramine was also excluded as it
was withdrawn from all markets in the European Union in
January 2010 due to increased cardiovascular risk [73]. The
original Malone’s list (25 drug–drug interactions) was re-
duced to 17 drug interactions overall. Among other potential
clinically important drug combinations assessed by the
Malone’s expert panel but not reaching the final list were
four combinations of drugs commonly used by the elderly:
levodopa–monoamine oxidase inhibitors inhibitors; potassi-
um–potassium-sparing diuretics; HMG Co-A reductase
inhibitors–gemfibrozil; cytochrome P450 (CYP) 3A4-
metabolized HMG Co-A reductase inhibitors–macrolide
antibiotics [35]. In addition to these four combinations, the
new protocol includes another four important potential inter-
actions of drugs commonly prescribed to the elderly andT
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Table 5 Potentially serious drug–drug interactions

1. Clinically significant pharmacokinetic drug-drug interactionsa

Antiarrhythmics

Disopyramide–Cimetidine ↑

Disopyramide–Macrolides (except azithromycin) ↑

Procainamide–Amiodarone ↑

Procainamide–Cimetidine ↑

Procainamide–Trimethoprim ↑

Quinidine–Cimetidine ↑

Quinidine–Fluvoxamine ↑

Antiepileptics

Carbamazepine–Danazol ↑

Carbamazepine–Diltiazem ↑

Carbamazepine–Macrolides ↑

Carbamazepine–Verapamil ↑

Phenytoin–Amiodarone ↑

Phenytoin–Cimetidine ↑

Phenytoin–Fluoxetine ↑

Phenytoin–Isoniazid ↑

Phenytoin–Omeprazole ↑

Quinidine–Phenytoin ↓

Theophylline–Phenytoin ↓

Warfarin Phenytoin–PT-INR ↓

Other drugs with low therapeutic index

Digoxin–Clarithromycin ↑

Digoxin–Amiodarone ↑

Digoxin–Propafenone ↑

Digoxin–Quinidine ↑

Digoxin–Verapamil ↑

Lithium–ACE inhibitors ↑

Lithium–Diuretics ↑

Lithium–NSAIDs ↑

Procainamide–Cimetidine ↑

Salicylates–Probenecid ↑

Theophylline–Cimetidine ↑

Theophylline–Erythromycin, clarithromycin ↑

Warfarin–Amiodarone ↑

Warfarin–Macrolides ↑

Warfarin–Quinolones ↑

Warfarin–Sulfamethoxazole ↑

2. Drug–drug interactions selected by Malone et al. as having greatest clinical importance (pharmacokinetic and pharmacodynamic)b

Benzodiazepines–Azole antifungal agents

Cyclosporine–Rifampin

Ergot alkaloids–Macrolide antibiotics (except azithromycin)

MAO inhibitors–Sympathomimetics (dopamine, ephedrine, phenylephrine, pseudoephedrine)

Meperidine–MAO inhibitors

Methotrexate–Trimethoprim

Nitrates–Sildenafil

SSRIs–MAO inhibitors

Theophyllines–Fluvoxamine

Theophyllines–Quinolones
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possibly leading to serious adverse events: combination of
amiodarone with CYP3A4-metabolized HMG Co-A reduc-
tase inhibitors, i.e. either simvastatin or atorvastatin (acting
by inhibiting CYP3A4, amiodarone increases the concen-
tration of the two statins and leads to increased risk of
rhabdomyolysis); combination of selective serotonin reup-
take inhibitors with either tramadol or metoclopramide (both
combinations could result in high serotonin levels and life-
threatening serotonin syndrome); combination of clopidog-
rel with proton pump inhibitors (PPIs) (acting through
CYP2C19 inhibition, PPIs decrease the formation of the
clopidogrel-active metabolite and reduce its antiplatelet ac-
tivity) (Table 5) [74–78].

Hanlon’s adjunct to Malone’s list contains overall 34 phar-
macokinetic and nine pharmacodynamic drug–drug interac-
tions in the elderly population. Among the pharmacodynamic
interactions, a potential interaction between corticosteroids
and NSAIDs (increased risk of peptic ulcer disease) was

defined by Hanlon and Schmader [36]. The new protocol
extends the list to potential interactions between aspirin and
corticosteroids, also leading to the increased risk of peptic
ulcer, and to potential interactions between two antiplatelet
agents, resulting in increased risk of bleeding [74].

In total, 70 potentially clinically important drug–drug
interactions were included in the new protocol.

Discussion and conclusion

There are numerous strategies aimed at improving drug-
prescribing behavior to the elderly, which is the population
most sensitive to adverse effects of drugs. These strategies
include reducing the underuse, overuse, and misuse of
drugs, as well as reducing potentially important drug–drug
interactions. The overuse of drugs and polypharmacy, lead-
ing to increased risk of ADRs and drug–drug interactions,

Thiopurines–Allopurinol

Warfarin–Fibric acid derivatives

Warfarin–NSAIDs

Warfarin–Cimetidine

Warfarin–Thyroid hormones

Warfarin– Barbiturates

3. Other clinically important drug–drug interactions (pharmacokinetic and pharmacodynamic)c

Atorvastatin/simvastatin–Amiodarone

Potassium– Potassium-sparing diuretics

Clopidogrel–PPIs

Levodopa–MAO inhibitors

SSRIs–Metoclopramide

SSRIs–Tramadol

HMG Co-A reductase inhibitors–gemfibrozil

Atorvastatin/simvastatinMmacrolide antibiotics

4. Clinically significant pharmacodynamic drug–drug interactionsd

Object drug/drug class Interacting drug/drug class Outcome

ACE inhibitors Potassium-sparing diuretics ↑ Potassium level

ACE inhibitors Potassium supplements ↑ Potassium level

Anticholinergic Anticholinergic ↑ Anticholinergic effect

Antihypertensive NSAIDs ↓ Antihypertensive effect

CNS agents (e.g., diazepam) CNS agents (e.g., codeine) ↑ CNS effect

Diuretics NSAIDs ↓ Diuretic effect

NSAIDs, Aspirin Corticosteroids ↑ Peptic ulcer risk

Verapamil Beta blockers ↓ Heart rate

Warfarin Antiplatelet agents ↑ Risk of bleeding

Antiplatelet agent Antiplatelet agent ↑ Risk of bleeding

Arrow indicates the influence of the second (interacting) drug on the concentration of the first, object drug
a Clinically significant pharmacokinetic drug–drug interactions selected by Hanlon and Schmader [36]
b Clinically significant drug-drug interactions selected by Malone et al. [35]
c Other clinically important drug–drug interactions, not selected by Malone’s panel, including an additional four drug–drug interactions we added [35]
d Clinically significant pharmacokinetic drug–drug interactions selected by Hanlon and Schmader, including additional two drug–drug interactions
we added [36]
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can be avoided if only drugs with a clear indication, proven
efficacy, and favorable risk-to-benefit profile are used [5,
18]. The overall number of drugs should be the smallest
possible and the duration of treatment the shortest possible.

Potentially inappropriate medications represent one form
of drug misuse. Numerous authors have concluded that
avoiding PIMs reduces drug-related morbidity and mortality
in elderly patients [2]. The use of explicit screening tools, as
the most simple and easiest method of detecting PIMs, is
expected to improve the quality of prescribing [4]. There are
several tools currently available, each with a different de-
gree of comprehensiveness and complexity and some with
more advantages than others. As there are marked differ-
ences between the availability of drugs in different
countries, we recommend that each country adapt the most
acceptable screening tool. For European countries, adapta-
tion of the French or German screening tools together with
Beers criteria may be advisable.

However, no one screening tool can substitute for the
prescriber’s thorough consideration of each individual el-
derly patient. Appropriate prescribing in the elderly also
includes all measures aimed at improving the patient’s ad-
herence to the therapy, including good communication be-
tween the prescriber and the patient, but also among all
physicians involved in providing healthcare to that patient
[3–5, 18, 79]. Reducing the use of PIMs is just one of the
strategies that can be adopted for better and safer prescribing
in the elderly, but all useful strategies should be imple-
mented together.

The new protocol reported here, which combines the
French, Beers, McLeod, and Lindblad criteria, represents a
well-balanced and comprehensive tool that may be widely
applied in the analysis of drug prescribing in the elderly
(defined as 65 years or older). It could be argued that the
present protocol contains drugs that have not been found to
be potentially inappropriate by some other experts (i.e.,
amiodarone), but it follows both the Beers’ criteria and the
French panel. Although the McLeod criteria were developed
back in 1997, the definition of inappropriate long-term
NSAIDs use along with hypertension, chronic renal, or heart
failure in these criteria is still relevant and should be part of
screening tools for PIMs.

Table 5, which lists potentially clinically important drug–
drug interactions, may seem complex and difficult to follow,
but there are many potentially important drug–drug interac-
tions and while reducing their number would make the tool
easier to follow, it would result in very important adverse
drug combinations being ignored.

In conclusion, the new protocol is able to detect poten-
tially clinically important drug–drug interactions and PIMs
in the elderly and suggests alternative therapeutic solutions.
As PIMs and drug interactions are often overlaping, analyz-
ing them within the same protocol will provide more

comprehensive quality assessment of drug prescribing in
the elderly and facilitate the detection of adverse outcomes
caused by either PIMs or drug interactions. Both outcomes
may in turn result in better prescribing practices. We expect
the new tool to be used internationally by prescribers and
pharmacists in ambulatory and clinical settings as well as in
nursing homes. Combining North American and European
tools together makes the tool applicable worldwide in the
elderly population.

The sensitivity of our tool in detecting PIMs and in
assessing PIM- or drug interaction-related morbidity and
hospital admissions should be tested against other criteria
in the real life environment.
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