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KEY MESSAGES

� In residential long-term care facilities for the elderly, healthcare professionals find monitoring inappropriate
medication use important.

� Beers criteria and STOPP rules were most frequently used.
� The high prevalence of inappropriate medication use indicates the need for medication monitoring

systems.

ABSTRACT
Background: Multi-morbidity and polypharmacy of the elderly population enhances the probabil-
ity of elderly in residential long-term care facilities experiencing inappropriate medication use.
Objectives: The aim is to systematically review literature to assess the prevalence of inappropri-
ate medication use in residential long-term care facilities for the elderly.
Methods: Databases (MEDLINE, EMBASE) were searched for literature from 2004 to 2016 to iden-
tify studies examining inappropriate medication use in residential long-term care facilities for the
elderly. Studies were eligible when relying on Beers criteria, STOPP, START, PRISCUS list, ACOVE,
BEDNURS or MAI instruments. Inappropriate medication use was defined by the criteria of these
seven instruments.
Results: Twenty-one studies met inclusion criteria. Seventeen studies relied on a version of
Beers criteria with prevalence ranging between 18.5% and 82.6% (median 46.5%) residents expe-
riencing inappropriate medication use. A smaller range, from 21.3% to 63.0% (median 35.1%),
was reported when considering solely the 10 studies that used Beers criteria updated in 2003.
Prevalence varied from 23.7% to 79.8% (median 61.1%) in seven studies relying on STOPP.
START and ACOVE were relied on in respectively four (prevalence: 30.5–74.0%) and two studies
(prevalence: 28.9–58.0%); PRISCUS, BEDNURS and MAI were all used in one study each.
Conclusions: Beers criteria of 2003 and STOPP were most frequently used to determine inappro-
priate medication use in residential long-term care facilities. Prevalence of inappropriate medica-
tion use strongly varied, despite similarities in research design and assessment with identical
instrument(s).
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Introduction

Monitoring inappropriate medication use in an elderly
population is crucial because of their frailty due to
multi-morbidity and associated polypharmacy.
Consequently, the risk of drug-drug and drug–disease
interactions as well as errors being made due to com-
plex medication regimens increases. These errors in
medication management can affect patients’ health

outcomes as inappropriate medication use is associ-
ated with higher hospitalization rates and mortality in
older patients [1,2]. Cahir et al., for instance, found
42% community-dwelling elderly to be experiencing
inappropriate medication use with being twice as
likely to experience an adverse drug event when tak-
ing at least two potentially inappropriate drugs [3].
Unfortunately, no studies have yet been carried out to

CONTACT Hannelore Storms hannelore.storms@uhasselt.be Faculty of Medicine and Life Sciences, Hasselt University, Campus Diepenbeek,
Agoralaan Building D, B-3590 Diepenbeek, Belgium
� 2017 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

EUROPEAN JOURNAL OF GENERAL PRACTICE, 2017
VOL. 23, NO. 1, 69–77
http://dx.doi.org/10.1080/13814788.2017.1288211

http://creativecommons.org/licenses/by/4.0/


support a similar hypothesis in a residential care set-
ting [4]. However, a prevalence study by O’Sullivan
et al. illustrates the likelihood of the elderly to experi-
ence inappropriate medication: with more than half of
the 732 participating nursing home residents experi-
encing potentially inappropriate prescribing [5].

It is apparent that little research on preventable
inappropriate medication use has been carried out in
residential long-term care facilities, as an important
setting for older people. To illustrate, in 2014, 506.8
million people were living in the European Union and
almost 94 million of them were aged 65 years and
over. EUROSTAT data from 2014 on living conditions
calculated almost 4% of people aged 65 years old and
over living in Germany, France or Denmark to be resid-
ing in long-term care facilities (not hospitals); in the
Netherlands and the Nordic countries (Sweden,
Norway, Finland) this is 5% and in Belgium this is 9%
[6]. Moreover, the turnover of nurses, which character-
istically is relatively high in these institutionalized care
settings, as well as the absence of on-site physicians
or pharmacists in some of them, might result in diffi-
culties with medication follow-up [7,8]. The scarcity of
research in residential long-term care facilities is in
stark contrast with the extensive research on the
potential harm of drug therapies targeting an elderly
population that has been carried out in hospital set-
tings [1]. To illustrate, Hug et al. reported 120 out of
180 preventable adverse drug events of which respect-
ively 8.9% and 6.7% could be prevented by drug-age
checking and by drug-specific guidelines [9].

The aim of this systematic review is to determine the
exposure of residents in long-term care facilities for the
elderly to inappropriate medication use expressed as
the prevalence of inappropriate medication use.

Methods

Search strategy

Electronic databases (EMBASE, MEDLINE) were
searched from January 2004 to March 2016 to identify
studies examining the prevalence of inappropriate

medication use in residential long-term care facilities –
HP.2 Classification of Health Care Providers (ICHA-HP)
[10] – for the elderly. Research articles and conference
papers written in English, Dutch, French and German
relying on minimum one of seven instruments fre-
quently used to assess inappropriate medication use
(Beers criteria, STOPP, START, PRISCUS list, ACOVE,
BEDNURS and MAI [11–21]) were considered (Table 1)
[22–24]. Keywords ‘medication errors’ and ‘adverse
drug event’ in the setting ‘nursing home’ were also
included in the search strategy. Additional studies of
interest were searched in reference lists of included
articles (Figure 1). A full electronic search strategy is
provided in a supplemental file.

Selection of studies: inclusion and exclusion
criteria

Two independent researchers (HS, KM) screened titles,
abstracts and full texts in correspondence with inclu-
sion criteria. When abstracts were not available, the
full text, if available, was consulted. Research articles
were included when inappropriate medication use was
examined, in a setting of residential care for the eld-
erly and when at least one of seven studied instru-
ments was used for assessment.

Exclusion criteria were: less than 100 residents par-
ticipating in the study, irrelevant study design or topic,
and research in which only medication administration
errors were examined.

Quality assessment of studies

A quality assessment of included studies was carried
out using critical appraisal skills programme (CASP)
tools. Allocation concealment, as well as random
sequence generation, were irrelevant in generating
potential bias because only baseline data were found
eligible for this review. Researchers could not be
blinded to outcome because assessment of inappropri-
ate medication use implied the use of sets of criteria
on data. Because of non-randomization, included

Table 1. Characteristics of researched instruments.
Appropriateness of
medication use

Drug-drug
interactions

Drug–disease
interactions Overtreatment

Therapeutic
duplications Underuse

Beers criteria þ þ
STOPP þ þ þ þ
START þ
PRISCUS þ
ACOVE þ þ
BEDNURS þ þ þ þ
MAI þ þ þ þ
STOPP: screening tool of older persons’ potentially inappropriate prescriptions; START: screening tool to alert right treatment; ACOVE: assessing care of
vulnerable elders; BEDNURS: Bergen District Nursing Home; MAI: medication appropriateness index.
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studies can be subjected to sampling bias (number of
nursing homes; representativeness of sample; geo-
graphical area of participating nursing homes).
Information on the loss of participants was examined
to address attrition bias. Transparency in data report-
ing was assessed to determine reporting bias – data
clearly stated; potential bias being addressed; critical
reflection on data (limitations and strengths). The qual-
ity of studies was categorized low, medium or high: a
representative setting, clearly stated data (proportion
versus total number), and a rigorous description of
methodology were prevailing domains in the quality
assessment of included studies.

Data extraction and analysis

Two researchers (HS, KM) independently extracted
data using a pre-defined extraction form (Microsoft
Excel). Discordances were resolved by consensus.
Research with incomplete data was excluded from
analysis because of risk on bias. In case of studies with
multiple settings, only data of residential long-term
care facilities for the elderly were considered.
Regarding intervention studies, data of the initial

review of medication (before intervention) were
retained. Studies comparing intervention groups to
control groups were regarded as generating two sep-
arate populations (baseline data of both groups were
analysed). Despite overlap between criteria of prede-
fined instruments, the prevalence assessed with differ-
ent instruments could not be compared. The
prevalence of inappropriate medication use was
expressed as the percentage of residents experiencing
inappropriate medication use. For studies relying on
MAI, inappropriate medication use was set out as a
sum score with standard deviation. Additionally,
descriptive data (number, mean and standard devi-
ation) on drug use of residents were reported. No
meta-analysis could be realized because of heterogen-
eity in data resulting from varying study designs,
length of studies and resources for data gathering.

Results

Twenty-one out of 536 studies identified, met inclu-
sion criteria. The main reasons for exclusion are
described in the flow diagram of the study selection
process (Figure 1).

Figure 1. Flow diagram of study-selection process
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Characteristics

Most studies were carried out in Europe (Table 2)
[5,22,25–31]. In seventeen studies (81%), researchers
assessed inappropriate medication use relying on crite-
ria developed by Beers et al., with the majority (10
studies) relying on the criteria updated in 2003
(Table 2) [11–14]. STOPP-criteria are used in seven
(33%) studies, being the second most referred to
[15,18]. Three studies assessed the prevalence of
inappropriate medication use relying on Beers criteria
updated in 2012 (Table 2) [11]. Only one study used
the implicit tool ‘MAI’ [16,19,28]. Some researchers
relied on additional (national) tools: these were often
inspired by the Beers criteria [22,25,29,32]. Seven stud-
ies used several instruments, in particular, Verrue et al.,
and Elseviers et al. [22,28].

The number of participants in the reviewed studies
ranged from 100 to 4557 residents (Table 2). Eligibility
for participation mostly depended on meeting an age
requirement, overall being aged 65 years or more.
Furthermore, reviewed studies excluded residents who
required palliative care, who’s data were incomplete or
if they were transferred or died during the study period.
Data on inappropriate medication use were gathered
through medical records [5,27,30,31,32–38], medication
charts and databases [5,22,25,26,28,29,39–43].

Prevalence of inappropriate medication use

The prevalence of inappropriate medication use varied
from 18.5% to 82.6% (median 46.5%) when relying on
Beers criteria in general (‘B1991,’ ‘B1997,’ ‘B2003’ and
‘B2012’ in Table 2). Prevalence ranged from 21.3% to
63.0% (median 35.1%) when inappropriate medication
use was assessed solely relying on the complete crite-
ria list of Beers 2003 (‘B2003,’ both criteria independ-
ent of disease ‘ID’ and criteria considering disease
‘CD’) (Table 2). Reported prevalence of inappropriate
medication use was 63.0% and 82.6% in studies rely-
ing on the 2012 update of the Beers criteria (‘B2012’)
[34,36]. Studies based on STOPP, reported a prevalence
of 23.7% to 79.8% (median 61.1%); prevalence ranged
between 30.5% and 74.0% (median 48.6%) for research
based on START (Table 2). In Table 3, drug classes
most prevalent inappropriately used were listed per
study: these were often benzodiazepines.

Discussion

Main findings

Most studies that relied on the instruments most fre-
quently used – Beers criteria or STOPP – were, despite

their origin, carried out in Europe: respectively eight in
European countries and two in the USA versus five in
Europe and zero in the USA. Divergence in scope as
well as differently expressed results, caused heterogen-
eity in presented data. Consequently, a meta-analysis
was hampered.

Prevalence of inappropriate medication use and
assessment criteria

This review suggests a strongly varying prevalence of
inappropriate medication use in institutionalized care
settings for the elderly. The prevalence did not seem
to correlate with the extent of the assessment of
inappropriate medication use: studies relying on more
extensive criteria, did not report a higher prevalence
of inappropriate medication use. However, consistent
with previous research, the prevalence of inappropri-
ate medication use detected by STOPP was, except for
one study [33], higher than assessed with Beers criteria
[5,28,33]. Studies with similar characteristics relying on
identical instruments could not be compared, not
even within the same (continental) region. The latter
can be attributable to country specific market regula-
tions, resulting in medication being unavailable and
therefore variations in the applicability of identical
instruments.

Prevalence of inappropriate medication use and
polypharmacy

In studies relying on STOPP, with a similar sample size,
a similar prevalence was found (53.8% and 46.5% ver-
sus 66.8% and 62.4%) [28,30,40]. The same can be
stated about studies based on the 2003 Beers criteria
with similarities in number of participating residents,
average drug use, as well as (not) taking into account
residents’ diseases (‘ID’) (48.9% and 34.9%) [22,29].
Limited data hampered any further statement on con-
tributing or causal factors.

In the five studies based on Beers 2003 with condi-
tion-dependent criteria (B2003 ‘CD’), the proportion of
residents experiencing inappropriate medication use
(53.6%) was the highest in studies with residents tak-
ing the highest number of drugs [5,26,32,33]. An
analogous trend – a correlation between residents
using a high number of drugs and a high prevalence
of inappropriate medication use – could be distin-
guished in research based on Beers criteria updated in
2012 [34,36]. The reviewed studies suggest a correl-
ation between inappropriate medication use and poly-
pharmacy in residential long-term care facilities
[5,26,27,29,32,33,36,38,41–43], in analogy with both
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hospital as home-care settings [1,44,45]. If there is a
higher risk on inappropriate medication use due to
polypharmacy, as suggested in this review, it is valu-
able to monitor inappropriate medication use in resi-
dential long-term care facilities’ populations
[26,37,43,46,47]. A European study across eight coun-
tries, concluded 49.7% of 4023 residents to be experi-
encing polypharmacy (taking five to nine drugs) and
24.3% residents experiencing excessive polypharmacy
(taking 10 or more drugs) [48].

Implications for policy and research

Variations in or incomparability of prevalence reported
in this review can be partly explained by geographical
variations in medication being unavailable, therefore
affecting data. Because of its repercussions on generaliz-
ability, prevalence studies will be more valuable when
data are generated based on actual medication use
rather than on available medication only. In light of glo-
balization, problems and advantages of implicit or expli-
cit guidelines to assess the inappropriate use of
medication need to be weighed up as patients might
have access to – and therefore take – medication that is
not authorized on the local, national, continental mar-
ket. An approach to bypass the obstacle of medication
not being on the market is the use of a more generic
tool, for instance an instrument like the ‘appropriate
medication for older people tool’ [49]. A downside of
the latter is that healthcare professionals are required to
have sufficient knowledge about medication and its
characteristics (drug-drug interactions, side effects).

Future policies should promote systematically exe-
cuted medication reviews to make them standard
practice in residential long-term care facilities. Ideally,
when assessments are carried out more frequently,
researchers as well as healthcare professionals would
become accustomed to it and might even feel the
need to use these measurements as quality indicators
and to benchmark. Consequently, this could be benefi-
cial for methodological quality of studies, for instance
by being transparent on prevalence, by providing
information on the loss of participants and by encour-
aging complete medication history taking.

An accurate medication overview is a prerequisite
determining if medication is clinically indicated, par-
ticularly for elderly people with polypharmacy [50,51].
To inform healthcare professionals about all medica-
tion taken by the resident, it is crucial that it is regu-
larly updated. Moreover, this updated medication
overview should allow healthcare professionals to
detect inappropriate medication use quickly. Moreover,
by incorporating evidence-based guidelines in clinical

decision support systems, the prescriber can be alerted
of possible hazardous drug (-disease) combinations
[23,50,52,53].

Strengths and limitations

Studies included in this review generated heteroge-
neous data because of diversity in study design; study
period and how inappropriate medication use is
expressed (about medication being used or as people
subjected to inappropriate medication use). Based on
preliminary, narrow search strategies – with restrictions
on study design and the use of one (or two) instru-
ment(s) assessing inappropriate medication use – a
broad search strategy was chosen to gather sufficient
data. It was decided: to research only two databases
because no additional, relevant studies were found
searching others (e.g. CINAHL); and to research the
seven instruments based on geographical origin (USA,
Europe) and their merit resulting in frequent use and
therefore the potential to generate studies that might
be comparable to some extent [4]. Consequently, stud-
ies reporting on prevalence of inappropriate medica-
tion use using other assessment tools are not
included. The chosen study period allowed detection
of studies relying both on older instruments and rela-
tively new ones. However, the broadened search strat-
egy also resulted in a varying methodological quality
of eligible studies. Quality assessment of included
studies most frequently consisted of determining sam-
pling, attrition and reporting bias. In numerous studies,
palliative care patients were excluded. Because for this
group of people medication use can be expected to
relate strongly to their complex condition, including
them would probably result in a higher prevalence of
inappropriate medication use. However, exclusion
might be justified as there might not be a medicinal
alternative to manage these patients’ conditions.
Studies lacked information on loss of participants, dis-
regarding the (only) mentioning of exclusion because
of ‘incomplete’ data. Several studies required recalcula-
tions, because of non-transparent data.

In this review, inappropriate medication use among
residents was set out as point prevalence. Weighing
(heterogeneous) data would have improved data visu-
alization and would have corrected data spreading.
However, in our opinion, given varying scope and
methodologies of included studies, analysis based on
weighed data would have had a relatively small
impact on the main findings.

To the best of our knowledge, this is the first
review to gain insight into the extent of inappropriate
medication use in residential long-term care facilities
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for the elderly, explicitly considering various instru-
ments for assessment. Despite the restrictions, findings
of this review suggest an awareness of the importance
to monitor inappropriate medication use.

Conclusion

Inappropriate medication use is broadly defined as
inappropriate medication use by the criteria described
by the instruments set out to be researched (Beers crite-
ria, STOPP, START, PRISCUS list, ACOVE, BEDNURS, MAI)
[11–21]. Prevalence of inappropriate medication use
was most often assessed relying on the Beers criteria
updated in 2003 and STOPP [14,15,18]. Heterogeneity in
data hampered meta-analysis, limiting statements on
the prevalence of inappropriate medication use: preva-
lence of inappropriate medication use strongly varies,
even among studies with similar characteristics. Despite
varying quality, numerous studies assessed inappropri-
ate medication use, suggesting an awareness to moni-
tor inappropriate medication use in residential long-
term care facilities in the elderly.
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