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ABSTRACT

Health care resources should be used and organised efficiently and equitably in such
a way that they produce as much health as possible. This dissertation consists of
four sub-studies, whose aims were to determine persons’ selection for potentially
inappropriate medication (PIM) use, and whether initiation of PIM use is associated
with health care service use, costs and mortality in older people.

The data used are from two different population-based cohort studies: data on
older people with Alzheimer’s disease (AD) between 2005 and 2011, and a 10 %
random sample of a general community-dwelling, older population between 2000
and 2013. PIMs were defined by the Meds75+ database maintained by the Finnish
Medicines Agency (FIMEA).

People with AD initiated PIM less frequently than those without AD. There were
age-related differences in the factors associated with PIM initiation, e.g. gender and
socioeconomic status, in older community-dwelling persons aged 65-74 and 275 years.
Overall, PIM initiation was more dependent on patient characteristics, but also on
some healthcare system related factors, such as differences in the prescribing of PIM
between physicians, and potentially different regional treatment practices.

PIM initiation was statistically significantly associated with hip fractures in people
with AD only after restricting the analyses for the first PIM use period. Also, in the
general community-dwelling population, the first PIM use period was particularly
associated with an increased risk of fracture-specific hospitalisations and mortality
after considering selection for PIM use. PIM users also had higher hospital costs
compared to non-users during the 12-year follow-up.

In conclusion, this dissertation confirms that PIM use is related to a variety of
interrelated patient- and physician-level factors. PIM use is associated with an
increased risk of negative health outcomes and a greater risk of hospitalisation, and
thus, higher hospital costs.

Keywords: Older people, Medication error, Health outcomes, Economic outcomes, Survival
analysis, Register-based studies
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TIVISTELMA

Terveydenhuollon voimavarojen tulisi olla kdytetty ja organisoitu tehokkaasti ja
oikeudenmubkaisesti siten, ettd ne tuottavat mahdollisimman paljon terveytta. Tama
vaitoskirja koostuu neljésta osatutkimuksesta, joissa selvitetadan idkkailla valtettavien
ladkkeiden kayttoon valikoitumista, ja valtettdvien lddkkeiden kdyton yhteytta
terveyspalvelujen kéayttoon, kustannuksiin ja kuolleisuuteen.

Tutkimuksen aineisto koostuu kahdesta eri viestopohjaisesta kohorttiaineistosta:
Alzheimerin tautia sairastavat idkkaat henkilot vuosina 20052011 ja 10 % satunnais-
otos kotona asuvista idkkaistd vuosina 2000-2013. Iakkailla valtettavat ladkkeet on
madritelty Fimean yllapitimén Ladke75+-tietokannan mukaan.

Viltettavien ldakkeiden kayton aloitus oli vahdisempaa Alzheimerin tautia sai-
rastavien idkkdiden keskuudessa verrattuna tautia sairastamattomiin henkil6ihin.
Potilaan ominaisuuksilla, mm. sukupuoli ja sosioekonominen asema, oli ikdryhmit-
taisid eroja valtettavien ladkkeiden kéayttoon valikoitumisessa kotona asuvilla 65-74-ja
>75-vuotiailla idkkailla. Valtettavien laakkeiden kdyton aloitus on yhteydessa potilaan
ladkareiden valisiin eroihin véltettavien lddkkeiden madradmisessd ja mahdollisesti
erilaisiin alueellisiin hoitokaytant6ihin.

Alzheimerin tautia sairastavilla valtettavien ladkkeiden kaytto oli yhteydessa
suurentuneeseen lonkkamurtuman riskiin vain ensimmaisen kayttdjakson aikana.
Kotona-asuvilla idkkailld erityisesti véltettavien ladkkeiden aloituskayttdjaksoon
liittyi suurentunut sairaalahoitoa vaativien murtumien ja kuolleisuuden riski, myos
otettaessa huomioon mahdollinen véltettdvien ladkkeiden kayttoon liittyva valikoitu-
misharha. Valtettavien ladkkeiden kayttdjilla sairaalakustannukset olivat suuremmat
verrattuna niihin henkil6ihin, jotka eivat kéyttaneet véltettavia laakkeita 12 vuoden
seuranta-aikana.

Taman vaitoskirjatutkimuksen perusteella viltettdvien lddkkeiden kdytto on yh-
kayttoon liittyy suurentunut terveysseurausten ja sairaalahoidon riski, ja siten myos
suuremmat sairaalakustannukset.

Avainsanat: likkddt, liikityspoikkeama, terveysseuraukset, kustannukset, elinaika-analyysi,
rekisteritutkimus
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1 INTRODUCTION

Due to limited health care resources, available resources should be optimally
allocated, meaning that they produce as much health as possible. In Finland, one of
the main objectives in the Medicines Policy 2020 is for “rational pharmacotherapy and
good medication safety [to] enhance the wellbeing of the population, improve public health and
decrease healthcare expenditures” (Ministry of Social Affairs and Health 2011). For this
purpose, the Ministry of Social Affairs and Health in Finland set up a steering group
for the Rational Pharmacotherapy Action Plan in 2016. The action plan was completed
at the end of 2017, and one of the main objectives for rational pharmacotherapy up
to 2022 is for cost-effective medication to be used, and for care providers to be able
to make extensive use of electronic systems and reliable information sources on
medications to support their decision-making. Rational pharmacotherapy means that
medication treatments are “safe, effective, cost-effective, equitable and of high quality”.
(Ministry of Social Affairs and Health 2018a, p. 10, 23.)

The general aim of this dissertation is to evaluate health and economic aspects of
potentially inappropriate medication (PIM) use in older populations. PIMs are defined
as those medications that entail more risks than benefits for older people (Beers et
al. 1991). Pharmacotherapy in older people is complex due to physiological changes
related to ageing. Ageing has effects on distribution, metabolism and excretion of
drugs (Kiveld and Raiha 2007, p. 6-7). For example, many anticholinergic medications
and medications that impact the central nervous system are defined as PIMs in older
people because they can cause e.g. cognitive decline or even delirium and increased
fall risk (Kiveld and Réiha 2007, p. 17-18; Woolcott et al. 2009).

In Finland, almost half of all medication costs are accrued by only five percent of the
population; those with the highest medication costs. Furthermore, over half of these
high-cost medication users are over 65 years old, and almost half of them are using
more than ten different medications. (Saastamoinen and Verho 2013.) Simultaneous
use of multiple medications, also known as polypharmacy, has increased during the
last four decades. Every fourth older person is using at least ten medications (referred
to as excessive polypharmacy), and every third, at least 6-9 medications. (Jyrkka 2011,
p- 101.) Polypharmacy is itself a challenge for rational pharmacotherapy, and thus
therapeutic equilibrium. Polypharmacy also increases the risk of use of PIMs (Fialova
et al. 2005; Ahonen 2011; Vieira de Lima et al. 2013). A Finnish study found that PIMs
are more commonly used among high-cost patients with polypharmacy compared to
all medication users aged over 65 years (Saastamoinen and Verho 2015).

Despite the risks of PIM being well known, PIM use is prevalent in older people
worldwide (Tommelein et al. 2015; Opondo et al. 2012; Vartiainen et al. 2017). In
Finland, the Meds75+ database is developed to support clinical decision-making and is
intended to improve medication safety for people aged 75 and over (Finnish Medicines
Agency 2015). The database divides medications that were used in the older population
into four categories (A to D), and PIMs are defined as D medications (“avoid use in
older persons”). However, only a few previous studies (e.g. Bell et al. 2013) utilise the
Meds75+, so more studies, particularly studies on associated outcomes, are needed for
the validation of the Finnish criteria. In addition, there is a need for large nationally
representative studies to find out how the health care system itself is treating older
patients at the population level.
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This dissertation consists of four sub-studies. Works 1 and 2 aimed to identify the
associations of demand and supply side factors with PIM use in older people. More
specifically, the aim was to identify risk factors for PIM use. Works 3 and 4 aimed
to identify the associations of PIM initiation with hospitalisation, hospital costs and
mortality in older people. In this dissertation, two different datasets based on Finnish
population-based registers gave a unique opportunity to evaluate this phenomenon,
in addition to the general community-dwelling older population, also in older people
diagnosed with Alzheimer’s disease, which can be spesifically vulnerable group.

The dissertation is structured as follows: Chapter 2 describes the conceptual
framework of this dissertation; the framework of health care utilisation and the
mechanisms of medication errors, in order to understand the interactions between
physician and patient that can lead to PIM use. Chapter 3 presents the empirical context
of PIM use in older people; the criteria of PIM, prevalence of PIM use, previous studies
of factors and health outcomes associated with PIM use, and the associations between
PIM use and health care utilisation and costs. Chapter 4 summarizes the previous
literature. The aims of the study will be presented in Chapter 5. Chapter 6 describes
data sources, study populations and the methods used in this dissertation. Chapter
7 presents the results. The discussion of the results will be presented in Chapter 8,
which also presents an assessment of the study and topics for future research. Lastly,
Chapter 9 concludes the dissertation.
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2 CONCEPTUAL FRAMEWORK

21 THE FRAMEWORK OF HEALTH CARE UTILISATION

In health economics, the three main interests are efficiency, organisation and
distribution of health care services. In an ideal situation, health care resources are
used and organised efficiently and equitably in such a way that they produce as much
health as possible. The aim of efficient and equitable health care leads to choices, for
example, about the type of services provided and to whom, and how those services
are organised. Making a choice always incurs opportunity costs, which are valued
according to the benefit provided by the next best alternative.

The use of health care services can be seen as a result of the interaction between
demand and supply. Demand in relation to health care services is, in an ideal world,
based only on need, and more accurately, the need for health, and needs may be
unlimited. In the real world, there are also other factors that have an effect on
demand, for example, the patient’s ability to pay for and seek care, and other patient
characterisctics, e.g. age, gender, socioeconomic status etc.

Itis obvious that the use of health care services increases with age due to increasing
morbidity. It has been found that health care utilisation increases with age even when
long-term care services are not considered. Worsening health status is the main
predictor, but health care utilisation can also increase because of different access to
or different prices of health care services in older age. (Sheiner 2011, p. 870-873.) This
can be more clearly demonstrated in insurance-based countries, but older people may
have better access to private health care services in countries with publicly funded
systems too, provided their income level is higher than that of younger people.

Gender differences in health care use have been widely studied. Generally,
women have a higher life expectancy worldwide (OECD 2018). Studies show that
women use more health care services (Suominen-Taipale et al. 2006), and self-report
poorer health status than men (e.g. Denton et al. 2004; Gerritsen and Deville 2009).
However, gender differences exist between countries and between health care
services. For example, men are hospitalised more often than women (Suominen-
Taipale et al. 2006). Explanations for differences in health care use include, for
example, structural, psychological and behavioural aspects. Between genders, there
are differences in e.g. family structure, income level, education, occupation and
social support, and these affect health differently. In addition, health behaviour
may differ, for example, men are more often smokers and consume more alcohol.
(Denton et al. 2004, p. 2597-2598.)

Lower socioeconomic status is associated with poorer subjective health and well-
being (Read et al. 2015) as well as higher mortality (Huisman et al. 2004). Income level
and education can have an impact on for example health behaviour, and thus health
and health care utilisation. On the other hand, people with higher incomes have better
access to health care, and thus can use more health care services, even when they are
in better health. People with lower incomes are more likely to avoid seeking medical
care, because they cannot afford the care (Hannikainen 2018). In Finland, it has been
found that there are socioeconomic differences in use of public and private outpatient
care services, as people with higher incomes were more likely to use more private
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services while those on lower incomes used more public services (Manderbacka et
al. 2009, p. 181; Hannikainen 2018). A Norwegian study demonstrated the existence
of socioeconomic inequality, especially in special outpatient care, and the authors
discussed whether these inequalities may be connected to e.g. the physician-patient
relationship, when general practitioners are acting as the gatekeepers of special care
(Vikum et al. 2012). It has been found that a patient’s socioeconomic status can have an
impact on the physician’s communication, e.g. they communicate in a less informative
way with patients from lower social classes (Willems et al. 2005).

Marital status and living situation may also be associated with health care service
use (Joung et al. 1995; Noro et al. 1999). It is obvious that the need for help and social
support is different for people living alone, and loneliness itself can be a risk factor
for poor health, increasing e.g. mortality (Holt-Lunstad et al. 2015). However, a recent
systematic review did not find that weaker social relationships in older people are
associated with health care utilisation (Valtorta et al. 2018). Studies have shown that
unmarried people may have a higher risk of mortality than married people (Kaplan and
Kronick 2006). Possible explanations for the protective effect of marriage on mortality
may be that married people have healthier lifestyles and that social relationships can
have an impact on perceived health. However, the protective effect decreases at poorer
levels of health. (Zheng and Thomas 2013.)

Demand in relation to health care services is obviously associated with the
availability of those services. Availability of services differs when comparing rural
and urban areas. In addition, studies have shown that people in rural areas may have
poorer health than their urban counterparts (Lankila et al. 2012). However, these
differences are mostly explained by the different socioeconomic status and health
behaviour of people living in urban and rural areas (Fogelholm et al. 2006).

Overall, patient characteristics have an effect on both the demand for and supply of
health care services. However, when patients seek care, physicians wield considerable
power as health care decision-makers and are traditionally seen as the principal agents
of patients. In economics, the traditional perspective is to see people as rational actors,
meaning that they maximise their utility functions within a set of constraints. As
a benevolent agent, a physician also maximises a patient’s utility. However, the
markets can fail due to many reasons, for example, because of information asymmetry.
Physicians might work under “bounded rationality”, which means that a person can
have both knowledge limitations and computational capacity as a decision-maker
(Simon 1990, p. 15). Information asymmetry between patients and care providers
means that the care providers have more information, for example, about the available
health care services and the health status of the patient.

It can be assumed that prescribing PIM to a patient is not in the interests of the
physician as a benevolent agent for the patient. Thus, ideally, physicians would not
prescribe PIMs, if they knew which medications cause more harm than benefits in
older people. PIM prescribing still happens quite frequently, it is not totally random,
and the patient characteristics that increase the risk of PIM use can be identified (see
Chapter 3). In this study, prescribing PIM was seen as an end result of the interaction
between patient and physician. Physicians’ decision processes were not included
in the empirical study, but this study understands that physicians and facilities
interact with patients and with each other (Anderson 1973). In addition, as other
humans, physians make mistakes, and thus PIM is an unintended consequence of
the prescribing process. When PIM is defined as medications that should be avoided
in older people, PIM prescribing can be seen as a quality deviation in the medication
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process or a medication error, which can cause adverse health outcomes, and thus a
potential increase in health care service utilisation and costs.

2.2 MECHANISMS OF MEDICATION ERRORS

A medication error is defined as “a failure in the treatment process that leads to, or has the
potential to lead to, harm to the patient” (Ferner and Aronson 2006, 1013). A medication
error does not always result in harm, but according to Aronson (2009b) it is important
to observe all errors because there is a possibility that they will lead to an error of
clinical relevance in the future. Medication errors can be related to the prescribing
process, medication manufacturing, dispensing or taking, or monitoring therapy
(Aronson 2009a).

This study focuses on medication errors that were defined as PIMs in older people.
However, it must be borne in mind that PIMs are “potentially” inappropriate, and
a physician may at times consider some PIMs appropriate based on the indications.
In addition, there is heterogeneity among older people when some are frailer than
others of the same age.

PIM use is a consequence of the prescribing process. Medication error may be
caused by mistakes or skill-based errors in prescribing. Mistakes can be divided into
knowledge-based errors and rule-based errors. A knowledge-based error means that
the error happened due to ignorance of general or specific information. (Aronson
2009b.) For example, if a physician is unaware of or ignores the fact that PIM use might
cause older patients more harm than good. Rule-based errors can be categorised as
“the misapplication of a good rule or the failure to apply a good rule; and the application of a
bad rule” (Aronson 2009b, 603). For example, misapplication of the PIM criteria can be
categorised as a rule-based error. Skill-based errors can be caused by action (a “slip”)
or memory (a “lapse”). Slips are errors that occur, for example, when a physician
prescribes the wrong medication. Lapses are memory-based, and they happen where,
for example, the physician forgets that the patient is allergic to certain medications.
(Aronson 2009b.)

Itis well known that prescribers are making decisions in multifactorial and complex
environments (Anderson et al. 2014). There are many interrelated factors that are
associated with PIM prescribing. One of the main contributors is the complexity of
the prescribing environment, in addition to complexity at the patient and physician
level. Complexity at patient level relates to multimorbidity, polypharmacy and patient
heterogeneity. This also leads to complexity at physician level, for example, when
several physicians are treating patients with several diseases. (Clyne et al. 2016b.)

2.2.1 Physician and health care system related factors

Cullinan et al. (2014b, 631) have synthesized four key concepts that are associated with
PIM prescribing from the physician’s point of view: “(1) the need to please the patient, (2)
feeling of being forced to prescribe, (3) tension between prescribing experience and prescribing
guidelines and (4) prescriber fear”. The need to please the patient occurs, for example, in
a situation where a patient wants medication. That situation also relates to the second
concept, where physicians feel that they are “forced” to prescribe medications, but
also to e.g. a lack of alternatives. In these situations, physicians often know what
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medication would be appropriate but feel unable to follow guidelines. This relates to
the third concept, in which physicians feel that the guidelines are not compatible with
real life. The fourth concept, prescriber fear, relates to e.g. the fear of causing harm to
patient. This arises, for example, where there is reluctance to stopping a medication
that is already being taken by the patient. (Cullinan et al. 2014b.)

According to a review by Anderson et al. (2014), physicians have different attitudes
towards the initiation or continuation of PIMs. For example, physicians may fear the
negative consequences of discontinuing or changing PIMs. These consequences may
be related to the prescriber him/herself, the patient or other health professionals.
(Anderson et al. 2014.)

More specifically, qualitative studies have shown that physician-related factors in
PIM prescribing can be explained by, for example, limited knowledge or experience of
PIM use in older people (Ramaswamy et al. 2011; Clyne et al. 2016b; Voigt et al. 2016),
lack of specific education or training (Cullinan et al. 2014a), or difficulties in balancing
the benefits and harms of PIMs (Anderson et al. 2014). Physicians self-reported that
the main barrier to appropriate prescribing in older people is the large number of
medications older patients is typically using (Ramaswamy et al. 2011).

Overall, physicians are generally well aware of the problems or risks related to PIM
use (Cullinan et al. 2014a; Pohontsch et al. 2017), but there is still a lack of awareness
of the PIM criteria (Ramaswamy et al. 2011; Dalleur et al. 2014; Cullinan et al. 2014a;
Clyne et al. 2016b; Pohontsch et al. 2017). Physicians emphasise that even when they
feel “forced” to prescribe PIMs, they are not putting the patient at risk (Cullinan et
al. 2014a). Physicians justify PIM prescribing, for example, with constant monitoring
(Pohontsch et al. 2017). Despite the risks, physicians report that the patient’s quality
of life is more important than the appropriateness of the prescription (Cullinan et al.
2014a). Sometimes, even when prescribers know that the medication is problematic,
they want to ease the distress of patients who have several diseases (Pohontsch et al.
2017). Often PIM also meets the needs of the patient (Anderson et al. 2014).

There is interaction between general practitioners (GP) and specialists too. There
may be a reluctance to question the prescribing choices of colleagues when GPs do
not want to make changes in medication regimen started by a specialist (Anderson
et al. 2014; Pohontsch et al. 2017). In addition, difficulties arise where patients have
several treating physicians who do not communicate with each other (Pohontsch et
al. 2017). Prescriptions are also commonly renewed via computerised systems, so the
physician does not meet the patient face to face. Furthermore, reviews of patient’s
medications may not be systematic if prescriptions are renewed without meeting the
patient (Saastamoinen et al. 2008). This may be a problem currently in Finland because
prescription validity was recently extended from one year to two years from the date
of prescribing, which is a long period without checks.

System-related errors are related to design, organisational or environmental
aspects of health care (Flynn et al. 2010, p. 411). For example, studies have shown that
system-related factors associated with PIM prescribing include: interruption (Cullinan
et al. 2014a), lack of time and effort, increased workload, limited applicability of PIM
lists in daily practice, lack of alternatives to PIMs (Anderson et al. 2014; Dalleur et al.
2014; Voigt et al. 2016), or lack of information technology infrastructure (Cullinan et
al. 2014a).
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2.2.2 Patient-related factors

As prescribing decisions result from the physician-patient relationship, the patient also
plays his/her own role in the prescribing process, and thus in producing medication
errors. Studies have shown that the physician-patient relationship with older people
can be quite paternalistic, which means that patients see physicians as authoritative
figures. This paternalism may be emphasised in situations where patients behave
more passively with respect to their medication management. (Clyne et al. 2016b.)

However, sometimes patients themselves are not concerned about risks even
though the physician has explained the risks related to PIMs (Pohontsch et al. 2017).
Patients may be reluctant to stop or change their medications (Anderson et al. 2014;
Pohontsch et al. 2017), and may not readily accept alternative medications (Anderson
et al. 2014). This can be explained, for example, by a fear of the risks that stopping
may entail or the hope that the medication will help at a later point (Reeve et al. 2013).
Some patients, especially those using a high number of medications, may demand
medications from physicians (Pohontsch et al. 2017). It is obvious that the patient
wants relief from his/her symptoms. Pressure to prescribe may also come from the
patient’s family (Cullinan et al. 2014a).

Increasing the number of medications causes difficulties in the prescribing
process also from the patient’s point of view. Sometimes patients cannot remember
all the medications that they use or forget to mention them. Notably, patients do not
necessarily report over-the-counter medications and natural remedies if they think
that they are harmless (Pohontsch et al. 2017). It is also typical for patients to fail to
report new symptoms they have experienced when taking their medications to the
prescriber. They may remain silent, leading the prescriber to believe that there are no
problems with the medication. (Britten 2009.)
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3 POTENTIALLY INAPPROPRIATE
MEDICATION (PIM) USE IN OLDER
PERSONS

3.1 CRITERIA OF PIMS

Various explicit (criterion-based) and implicit (judgement-based) criteria have been
developed to assess PIMs in order to improve medication use in older people in
different countries. Explicit criteria are often medication- or disease-oriented, while
implicit criteria are patient-oriented (Spinewine et al. 2007). Explicit criteria can often
be applied without clinical judgement, and their implementation to clinical practice
is often easier (Spinewine et al. 2007; Chang and Chan 2010).

The first and the most well-known set of explicit criteria is Beers, which was
developed in the USA at the beginning of the 1990s. It was first developed to assess
the medications of patients in institutional care, but was later updated and extended
to include all geriatric care, excluding hospice and palliative care. (Beers et al. 1991,
Beers 1997; American Geriatrics Society 2012.) The latest update of Beers was carried
out in 2015 (American Geriatrics Society 2015). Other popular explicit criteria are,
for example, the Irish Screening Tool of Older Persons potentially inappropriate
Prescriptions/Screening Tool to Alert Doctors to Right Treatment (STOPP/START)
criteria (O’Mahony et al. 2015), the French Laroche (Laroche et al. 2007), the German
PRISCUS (Holt et al. 2010) and FORTA (Kuhn-Thiel et al. 2013). The latest criteria are
to be found in the EU(7)-PIM list, which was developed to identify and compare PIM
prescribing in older people in Europe (Renom-Guiteras et al. 2015).

Because generalising the criteria developed in other countries can be, to some
extent, problematic, national criteria are always the most desirable (Dimitrow et al.
2011). Chang and Chan (2010) reported in their review that differences between the
explicit criteria included in the study, were mostly related to differences in medication
availability and prescribing practices across countries. For example, one half of the 74
medications listed in the Beers Criteria (2003) did not have marketing authorisation in
Finland in 2010 (Hartikainen and Ahonen 2011). In Finland, the Database of Medication
for Older Persons (Meds75+ since 2015) was initially developed by the Centre for
Pharmacotherapy Development (ROHTO) in 2008. The database, intended for use by
health care professionals, was published in 2010, and has since then been maintained
by the Finnish Medicines Agency (FIMEA). (Jyrkka et al. 2017.) In the database, about
500 medications (Anatomical Therapeutic Chemical (ATC) -codes) are divided into
four classes from A to D: “A) suitable for older persons, B) lack of research evidence, clinical
experience or efficacy among older persons, C) suitable for older persons, with specific cautions,
and D) avoid use in older persons” (Finnish Medicines Agency 2015; Jyrkka et al. 2017).
The Meds75+ can be considered as explicit PIM criteria, as the database does not take
into account e.g. patient’s individual characteristics or adherence (Dimitrow et al.
2013). In addition, this study does not take into account drug-drug or drug-disease
interactions, indication, dosage, or duration of therapy.
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3.2 PREVALENCE OF PIM USE

Despite the risks, PIM use has been found to be common among older people
worldwide (Curtis et al. 2004; Fialova et al. 2005; Nyborg et al. 2012; Bradley et al. 2014;
Price et al. 2014; Chang et al. 2015; Moriarty et al. 2015; Grina and Briedis 2017). Table 1
presents the studies reporting on the prevalence of PIM use in older people. According
to reviews, the prevalence of PIM use varies from 11.5 % to as much as 79 % depending
on the criteria used or the study setting (Guaraldo et al. 2011; Hill-Taylor et al. 2013).
A review by Opondo et al. (2012) reported that the median prevalence of PIM use was
20 % among older patients in primary care setting. A recent review by Tommelein et
al. (2015) concluded also that the prevalence of PIMs is over 20 % among people aged
65 or older in Europe. Differences in prevalences can be explained e.g. by differences
in PIM criteria, exposure period and study populations and settings (Jiron et al. 2016).
For example, prevalences are often lower if they were estimated cross-sectionally as a
point prevalence compared to e.g. a 12-month period prevalence (Mantel-Teeuwisse
etal. 2001). In addition, prevalence rates can vary when comparing self-reported PIM
use to register-based estimates. Also criteria and their versions differ, for example, the
newer Beers Criteria include longer list of drugs and drug-disease interactions than
older versions (e.g. 2003) (Jiron et al. 2016).

People living in a long-term care could be at higher risk of PIM use (Morin et al.
2016). The review by Morin et al. (2016) found that almost half of the older people
living in nursing homes are using PIMs. A Finnish study showed that almost 35 % of
nursing home residents used at least one PIM as defined by the Beers (2003) Criteria
(Hosia-Randell et al. 2008). The review by Morin et al. (2016) indicated that prevalence
estimates were increasing among nursing home residents.

PIMs are also common in people with dementia or cognitive impairment (Johnell
2015). A recent review found that the prevalence of PIM use varied from 15 % to almost
47 % among people aged =65 with dementia (Patel et al. 2017). Renom-Guiteras et al.
(2018) studied PIM use among people with dementia in eight European countries and
found that almost 60 % of study subjects were prescribed at least one PIM as defined
by the EU(7)-PIM list. The authors discussed how the prevalence of PIM use might be
higher than in other studies because the study population was frailer, with some subjects
already in long-term care. In addition, the development of the EU(7)-PIM list was based
on several published PIM criteria (such as the PRISCUS, Laroche, Beers and McLeod
criteria) (Renom-Guiteras et al. 2015), so it can take more medications into account.

In Finland, a study by Leikola et al. (2011) found that almost 15 % of people aged 65
or over had been prescribed PIMs as defined by the Beers Criteria (2003) in 2007. In a
study using the Meds75+ database, 30 % of people aged =75 used PIMs in 2004 (Bell et
al. 2013). A recent study, using the data from this dissertation, showed higher prevalence
(43 %) when the prevalence was estimated as an one-year period prevalence including
persons aged 265 used PIMs in 2000 (Vartiainen et al. 2017). PIM use decreased during
the study period, so 18 % of older people used PIMs during the last year of the study
period (year 2013). It must be noted that the study followed the same population during
the 14-year study period, so the real reduction in PIM use within the entire Finnish older
population is smaller. (Vartiainen et al. 2017.) However, the recent 4-month prevalence
estimates from the Finnish registers showed that PIM use has slightly decreased within
the entire Finnish older population: in 2015, PIMs were used by 24.7 % of people aged
275, 1in 2016, by 23.4 % and in 2017 by 20.3 % (Jauhonen et al. 2018). Studies conducted
in the general older populations showed that the prevalence of PIM use has decreased
in many countries, e.g. in the USA, France and Norway, during the last decade (Bongue
et al. 2009; Hovstadius et al. 2014; Price et al. 2014; Jiron et al. 2016).
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3.3 RISKFACTORS FOR PIM USE

3.3.1 Patient-related factors

A high number of comorbidities, typically operationalized by Charlson comorbidity
score, is one of the factors most often associated with PIM use (Stock et al. 2014;
Tommelein et al. 2015). A high number of comorbidities is related to polypharmacy,
so as expected, the risk of PIM use increases with the number of medications used
(Ahonen 2011; Guaraldo et al. 2011). Polypharmacy is one of the major predictors for
PIM use (Fialova et al. 2005; Ahonen 2011; Vieira de Lima et al. 2013; Tommelein et al.
2015), which is most commonly defined as the current use of five or more medications
(Gnjidic et al. 2012), and the use of ten or more medications is often called excessive
polypharmacy (e.g. Jyrkka 2011, p. 4). A Finnish study of nursing home residents
found that PIM users as defined by the Beers Criteria (2003) were more likely to have
nine or more medications daily compared to non-users (Hosia-Randell et al. 2008).
Also, in people with dementia, the higher number of medications used is associated
with a higher risk of PIM use (Patel et al. 2017). Cognitive impairment and dementia
alone is associated with a lower risk of PIM use. One reason might be that physicians
are more cautious about prescribing PIMs to more vulnerable patients. (Johnell 2015.)

Older age is most often found to be associated with PIM use (e.g. Bongue et al. 2009;
Guaraldo et al. 2011; Price et al. 2014,). The underlying reasons for the increasing risk
of PIM use with age could be greater morbidity and the higher number of medications
used. A study by Mo et al. (2015) found that people aged >80 have more PIMs than
people aged less than 80 years. However, the association between older age and
PIM use was barely significant after taking into account the number of diseases and
medications in the analysis. Nevertheless, the association between older age and PIM
use is still unclear because there are also contradictory or mixed findings. A review
by Tommelein et al. (2015) showed that only about half (12/25) of the studies that
evaluated age as a risk factor for PIM use found a positive association. According
to the findings of a study by Miller et al. (2016), older age is a predictor of lower
PIM use as defined by the Beers Criteria (2012). Also a study by Jiron et al. (2016)
found a lower risk for PIM use in older age groups after adjusting for individual
characteristics and health care utilisation. In addition, Bradley et al. (2014) found that
PIMs were less common among people aged over 85 in the United Kingdom. A recent
systematic review by Nothelle et al. (2017) found that PIMs were associated with
younger age among nursing home residents. The older the patient, the lower the risk
of PIM use, which may reflect increasing awareness of the age-related risks of PIMs
among physicians (e.g. Fialova et al. 2005).

Generally, studies have shown that women are more likely to use PIMs than men
(Guaraldo et al. 2011; Stock et al. 2014; Miller et al. 2016; Morgan et al. 2016). Potential
explanations for the higher proportion of PIM users among women include the fact
that generally speaking women live longer, use more medications (Manteuffel et al.
2014) and use health care services more frequently than men (Suominen-Taipale et
al. 2006). However, there are also contradictory findings depending on, for example,
the criteria used. A recent study, using the Beers and the EU(7)-PIM list, found that
women had a 30 % higher risk of PIM use, as defined only by the EU(7)-PIM list, but
the risk was lower than for men according to the Beers Criteria (versions 2003 and
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2015) (Grina and Briedis 2017). Also, a study by Bradley et al. (2014) found that women
used slightly fewer PIMs compared to men in the UK.

Studies have mainly shown that there is an association between lower socioeconomic
status and PIM use (Bongue et al. 2009; Tommelein et al. 2015; Miller et al. 2016). A
recent French study found that those municipalities with high PIM prevalence are more
likely to be characterised by low socioeconomic status defined by e.g. unemployment
rate, average net taxable and non-taxable income (Beuscart et al. 2017). A Swedish
study by Haider et al. (2009) found that a low educational level is associated with PIM
after adjusting for age, gender, place of residence and comorbidities.

Previous studies have mainly found that living situation is not associated with
PIM use or associations were unclear. A review by Tommelein et al. (2015) reported
a positive association between PIM use and living alone in only half of the studies
(3/6). On the contrary, Fialova et al. (2005) found that living alone was negatively
associated with PIM use. Two recent studies found no association between PIM use
and living alone in older primary care patients (Projovic et al. 2016) or older people
with dementia (Wucherer et al. 2017).

3.3.2 Physician and health care system related factors

Generally, previous studies have found that the risk of PIM use increases with the
number of prescribing physicians (Nyborg et al. 2012; Holmes et al. 2013; Chang
et al. 2014; Lim et al. 2016; Projovic et al. 2016). The risk of PIM prescription was
found to be higher in visits to family doctors and GPs compared to other specialised
physicians (Lai et al. 2009). Rothberg et al. (2008) found that geriatricians have the
lowest rate of PIMs compared to internists, family practitioners and hospitalists or
cardiologists. Holmes et al. (2013) found that PIM prescribing rates are the highest
among primary care, surgery, and pain medicine specialists. They also found variation
in PIM prescribing among individual physicians. The study found that 4 % of the
variation in PIM use among patients is attributable to physicians (Holmes et al. 2013).
A study by Cabhir et al. (2014) reported that patient-level characteristics (e.g. number of
medications) more significantly explained potentially inappropriate prescribing (PIP),
that there was little variation among GPs, and that the variation was not significant
after controlling for patient-related factors.

There are mixed findings regarding physicians” demographic characteristics and
PIM prescribing. Two studies have not found any association between the physician’s
age or gender and PIM prescribing (Goulding 2004; le et al. 2017). Two Taiwanese
studies found that male physicians had a higher risk of PIM prescribing (Lai et al. 2009;
Chang et al. 2014). A study by Lai et al. (2009) found that the risk of PIM prescribing
was higher among the older physicians. The authors discussed that the differences
between younger and older physicians can be explained by a lack of continuum of
medical education programs. In a study by Chang et al. (2014), there were diverging
results with respect to the association between physician’s age and PIM prescribing,
depending on the PIM criteria used.

Previous studies have also found regional differences in PIM prescribing (Rothberg
et al. 2008; Lund et al. 2013; Jiron et al. 2016; Beuscart et al. 2017). A cross-sectional
study reported that older veterans living in rural areas are at higher risk of PIP than
those living in urban areas (Lund et al. 2013). A French study evaluated regional
differences in PIM prescribing and found that those municipalities with high PIM
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prescribing had larger populations and e.g. higher unemployment rates (Beuscart et
al. 2017). In that study, there were no considerable differences in health care provision
between municipalities with high or low PIM prescribing. One study found that older
people living in southern or western parts of the USA were more likely to receive PIMs
than their counterparts living in northeastern or north-central parts (Jiron et al. 2016).
However, the study did not take into account, for example, socioeconomic differences
between regions. Rothberg et al. (2008) found lower rates of PIMs in smaller hospitals
and hospitals in urban areas. In addition, there were lower rates of PIMs in those
hospitals with geriatricians. In a study by Goulding (2004), there were no associations
between PIP and the location of the physician’s office or hospital. In addition, Zhan
et al. (2001) reported that there was no association between PIM use and urban/rural
location or region after controlling for other factors, such as sociodemographic factors
and health status.

3.4 PIMS AND HEALTH OUTCOMES

Previous studies have found that PIMs increase the risk of adverse drug reactions
and events (ADRs/ADEs) (e.g. Lund et al. 2010; Stockl et al. 2010; Hamilton et al.
2011; Hedna et al. 2015). ADEs are any events that occurred during the medication
treatment, while ADRs are reactions or events caused by taking a medication (Nebeker
et al. 2004). ADRs include typically, for example, dry mouth, constipation, memory
disorder, cognitive decline or even delirium (Kiveld and Raihd, p. 17). However,
previous results on the association between PIMs and ADRs/ADEs are contradictory
depending on the criteria used or study setting. Hedna et al. (2015) studied the
association between PIMs and ADRs within the general older population aged >65
in Sweden. The study found that those exposed to PIMs, as defined by the STOPP
criteria, had over a twofold increased risk of ADRs. Lund et al. (2010) showed a weak
association between PIMs, as defined by implicit MAI criteria, and an increased risk
of ADEs in veterans aged >65. However, the study did not report any association
between PIMs, as defined by the Beers Criteria (2003), and ADEs. A study by Fick et
al. (2008) found that medication-related problems are more prevalent among older
people taking PIMs, but the results were not adjusted for any covariates. Hamilton et
al. (2011) found a significant association between PIMs and ADEs among hospitalised
older people when PIMs were defined by the STOPP criteria, but the association was
not significant according to the Beers Criteria (2003). Page and Ruscin (2006) did not
find any association between PIMs defined by the Beers Criteria (2003) and ADEs
after controlling for covariates. Stockl et al. (2010) found that people using sedative
hypnotics as defined by the Beers Criteria (2003) are at higher risk of falls and fractures
(hazard ratio [HR] 1.22; 95 % CI 1.10-1.35). In addition, a study by Berdot et al. (2009)
combined the Beers and Laroche criteria and found that PIMs, especially long-acting
benzodiazepines, increase the risk of falling (odds ratio [OR] 1.40; 95 % CI 1.10-1.79).
However, when the full PIM list was considered, the association between regular PIM
use and falls was not significant, and barely significant with occasional use (OR 1.23;
95 % CI 1.04-1.45).

There are mixed findings regarding the associations between PIM use and
functional status. A study by Koyama et al. (2014) found that PIM use was associated
with a higher risk of functional impairment among older women. In a study by Fromm
etal. (2013), PIM use as defined by the PRISCUS list was not associated with functional

31



status upon discharge from the hospital. In addition, Lau et al. (2011) did not find
any association between PIM use and functional decline among older people with
dementia.

Previous studies have mainly not found any association between PIM use and
mortality (Hanlon et al. 2002; Klarin et al. 2005; Raivio et al. 2006). In addition, studies
of the Finnish general older population showed no significant association between
PIM use and mortality (Ahonen 2011, p. 61). A recent review concluded that PIMs are
associated with mortality but only in studies which excludes prevalent users (Muhlack
et al. 2017). The authors conclude also that all studies with new-user designs were
conducted in the USA, so generalisation to other countries should be made with
caution. However, the results of new-user design studies can be seen more adequate,
because it avoids prevalent user or healthy-user bias. Comparison of prevalent PIM
users with non-users can underestimate the connection between PIM exposure and
outcomes because prevalent users are those who have survived under treatment (e.g.
Danaei et al. 2012)

3.5 PIMS AND HEALTH CARE UTILISATION AND HEALTH
CARE COSTS

3.5.1 Cohort and case-control studies

Based on our review (Hyttinen et al. 2016), PIM use is associated with an increased risk
of hospitalisation and thus higher health care costs. The systematic review included 39
studies that evaluated PIM use in relation to health care utilisation e.g. hospitalisation,
length of stay, and health care visits. The review included only studies with general
older populations, so all disease-specific articles were excluded. In accordance with a
previous review by Jano and Aparasu (2007), our review indicated that more studies
with better data are needed. Most of the studies included in our review included quite
short follow-ups (min. 2 months and max. 12 years; median 12 months). Furthermore,
in most studies, PIM use was assessed at baseline or in a cross-sectional setting which
do not take into account the prevalence user bias or variation in PIM use over time.

Table 2 summarises the studies published after our review (Hyttinen et al. 2016).
The studies are mainly in accordance with the previous findings that PIM use is
associated with an increased risk of health care utilisation (Endres et al. 2015; Henschel
et al. 2015; Narayan and Nishtala 2015; Chen and Cheng 2016; Moriarty et al. 2016;
Heider et al. 2017; Varga et al. 2017). However, the connections between PIM use
and health care utilisation are quite weak in most studies. In most of the studies that
found a positive association between PIM use and increased risk of health care use,
the outcome of interest was hospital admissions.

Varga et al. (2017) studied all-cause hospitalisations and reported that PIM use, as
defined by Maio criteria, is associated with a 16 % higher risk of hospitalisation over a
10-year period. Narayan and Nishtala (2015) found that PIM use defined by the Beers
Criteria (2012) is associated with an increasing risk of fall-related hospitalisation and
the use of primary care visits in a large population-based study including almost
all New Zealanders. Endres et al. (2015) studied the risk of all-cause hospitalisation
associated with PIM use, as defined by the PRISCUS list, and compared this to
PIM alternatives in the PRISCUS list, which can be considered to the best possible
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comparator. Their results showed that during a 180-day follow-up since cohort entry,
PIM use (versus use of PIM alternatives) was associated with a 38 % increased risk
for hospitalisation. The PRISCUS list was also used in a study by Heider et al. (2017),
which found that the incident PIM users defined by the PRISCUS list have more days
in hospital or in rehabilitation clinics compared to those not exposed to PIMs. The
advantage of the study was that they matched PIM-users and non-users by entropy
balancing to minimize the selection bias. Bias here means that the selection to PIM
user and non-user groups is not random (see Chapter 6.5.1). Henschel et al. (2015)
matched PIM users and non-users by propensity score matching and they found a
positive association between incident PIM use as denifed the PRISCUS and ADE-
related hospitalisations. Chen and Cheng (2016) address the selection to the groups
by using the instrumental variable (IV) analysis. The IV in the study was a physician’s
PIM prescription rate as patients may be more likely to receive PIM prescriptions
from the physicians with a high PIM rate. The study showed an increasing risk of
hospitalisation (excluding non-medical or poisoning events or chemotherapy) for
those who used PIMs as defined by the Beers Criteria (2003). They compared also the
IV analysis to naive generalized estimating equation (GEE) model, and found that
the likelihood of hospitalization was larger in the IV model compared to the naive
GEE model.

Four studies published after our review (Hyttinen et al. 2016) found mixed findings
regarding the criteria used or the level of PIM exposure. A study by van der Stelt
(2016) found that PIMs defined by the STOPP criteria were significantly associated
with medication-related hospitalisation, but PIM use defined by the Beers Criteria
(2012) was associated with hospitalisation only when the subject was using at least
two PIMs. Additionally, Wallace et al. (2017) compared two different PIM criteria
and found that PIM use defined by the STOPP criteria is associated with emergency
department (ED) visits but not with emergency admissions. There was also a significant
reduction in health-related quality of life (HRQoL) for patients using at least two PIMs
at the baseline. When PIMs were defined by the Beers Criteria (2012), there were
no associations between PIM use and ED visits, emergency admissions or HRQoL.
The authors discussed that different results depending on the criteria used can be
explained by the medication availability, because there were several medications in
the Beers Criteria that were not available in the Irish setting. Moriarty et al. (2016)
studied ED and GP visits and found that PIMs defined by the STOPP criteria are
associated with a higher number of GP and ED visits, but when the number of PIMs
was considered, the association with ED visits was statistically significant only where
a subject was using at least two different PIMs. Wauters et al. (2016) studied PIM use
among the oldest subjects (aged 280) and did not find any association between PIM
use and higher risk of unplanned hospitalisation after adjusting for covariates.

Our review (Hyttinen et al. 2016) included only seven studies that investigated
the association of PIM use on health care costs, and five of those articles found higher
medical or total health care costs in PIM users compared to those who did not use
PIMs. Our review excluded those studies which only evaluated the medication costs
associated with PIM use. The majority (4/7) of the previous studies were conducted
in the USA. To our knowledge, only one published study has evaluated PIM use in
relation to health care costs after the publication of our review. A German study by
Heider et al. (2017) found that PIM users, as defined by the PRISCUS list, had higher
mean annual health care costs compared to those who do not use PIMs (6809 euros
vs. 4488 euros) (Heider et al. 2017).
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3.5.2 Intervention studies

Our review included only four intervention studies, which evaluated the effects of
interventions (pharmacist-patient intervention or physician education intervention)
on PIM reduction and health care utilisation. The studies did not find any significant
results related to PIM reduction and ED visits or hospitalisations (Hyttinen et al.
2016). One study found that physician and nurse visits decreased after an educational
intervention targeting PIM-prescribing reduction for physicians in nursing homes
(Garcia-Gollarte et al. 2014).

The five recently published intervention studies are mainly in accordance with
previous studies included in our review. There were no significant differences between
the intervention and control groups in relation to implementig medication reviews
in hospitalisations, ED visits, mortality (Campins et al. 2017; Frankenthal et al. 2017;
Kiel and Phillips 2017), length of stay (O’Connor et al. 2016) or falls (Frankenthal et
al. 2017). A study by Campins et al. (2017) found significant differences in primary
care visits at three and six months but not at 12 months. In addition, there were
no differences in ED visits or visits to specialists (Campins et al. 2017). A study by
O’Connor et al. (2016) found that the STOPP/START intervention reduced ADRs and
medication costs, but there were no differences in the median length of stay between
intervention and control groups. In addition, another study by Kiel and Phillips (2017)
showed significant differences in medication-related problems between intervention
and control groups, but no statistically significant differences were reported in
hospitalisations or ED visits between the two groups. However, the sample size was
small (n=52) and the follow-up only 90 days. Frankenthal et al. (2017) retrospectively
evaluated the outcomes of written medication reviews after extending the previous
randomised controlled trial (RCT) by an additional 12 months and compared these
to orally communicated medication reviews. Their study did not find any significant
difference in hospitalisation between intervention and control group, and there were
significantly more PIMs in the intervention group between 12 and 24 months but still
fewer than in the control group. Authors concluded that the orally communicated
medication review, which was implemented at the baseline, was more efficient than
the written medication review (Frankenthal et al. 2017). Campins et al. (2017) found
that the intervention reduced PIMs compared to the baseline. One recently published
economic evaluation also found that a multifaceted intervention significantly reduced
the number of PIMs but the intervention was not cost-effective since there were no
significant differences in mean quality-adjusted life years (QALYs) between the
intervention and control groups (Gillespie et al. 2017). Authors discusses that the
study period could be too short to capture effects in longer periods, and the sample
size could be too small.

There was one intervention study that was regretfully omitted from our abstract-
based review when the systematic review was conducted. The study by Pitkala et al.
(2014) evaluated the effect of nursing training on potentially harmful medication use,
which was defined as anticholinergic medication use, use of multiple psychotropic
medications, nonsteroidal anti-inflammatory drugs (NSAIDs) and proton-pump
inhibitors and PIMs according to the Beers Criteria (2003). The study also investigated
the effect of the intervention on the participants’ HRQoL, health care service use
and mortality during a 12-month follow-up. The results of this study showed that
as a whole the intervention reduced potentially harmful medications statistically
significantly in the intervention group, but in the control group the mean number
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of potentially harmful medications remained constant. There were no differences
in the mean number of the Beers (2003) medications between the groups, but the
authors mentioned that the updated Beers (2012) Criteria now also included other
potentially harmful medications. The results related to health care service use showed
that the nursing training intervention reduced hospitalisation after adjusting for age,
gender and morbidity, but there were no differences in the use of ambulatory services
between the intervention and control groups. In addition, the authors concluded that
the intervention maintained HRQoL and that the intervention is not associated with
mortality. (Pitkéala et al. 2014.)

There are two recent reviews of RCTs that address PIM use in older people (Clyne
et al. 2016a; Hill-Taylor et al. 2016). Clyne et al. (2016a) found that interventions
(including pharmacist interventions, computerised clinical decision support systems
and multifaceted interventions) reduce the number of PIPs but there was no evidence
on improvements in patient outcomes. Health care utilisation was evaluated in only
two of twelve studies in the review. One study found that intervention reduces
hospitalisations but not ED visits (Clyne et al. 2016a). In the review by Hill-Taylor
et al. (2016), three out of four studies evaluated health care utilisation. The authors
reported evidence that interventions reduce falls, length of stay in hospital, delirium
episodes and primary and ED visits. The review found no evidence on improvements
regarding quality of life or mortality, or readmissions (Hill-Taylor 2016). However,
the evidence of improvements related to ED visits or length of stay in hospital is still
quite weak because only one study investigated ED visits and two length of stay
in hospital. Only one study found that the number of ED visits or length of stay in
hospital increased in the control group and was unchanged in the intervention group.
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4 SUMMARY OF THE LITERATURE

PIM prescribing can be seen as a quality deviation in the medication process or
a medication error, where PIMs are defined as those medications for which risks
outweigh benefits. PIM is a consequence of the prescribing process, which happens
in multifactorial and complex environments; there are therefore many interrelated
patient and physician factors associated with PIM prescribing. In this study, PIM is
defined as an unintended consequence of the prescribing process. In the empirical
setting, this study does not discuss motivations, objective functions or information
problems of the physician—patient interaction, where a decision regarding a certain
prescription is made. Based on the literature, we can assume that there is more
variation when interacting with younger and healthier people to find appropriate
treatments. As patients age and have more diseases, resulting in multiple medications,
the probability of medication error is higher.

Based on previous literature, PIM use is prevalent depending on the criteria used
or the study setting, but there is evidence that PIM prevalence is decreasing in many
countries. The Beers Criteria are the most widely used, also in Finland, but recent studies
show that the use of national criteria in defining PIM use is becoming more common
as most of the latest studies have used national criteria e.g. the German PRISCUS, the
Italian Maio criteria and the Irish STOPP/START criteria. Only a few previous studies
used the Meds75+ database for assessing PIM use in older Finnish people.

Factors associated with PIM use have been extensively studied. The patient groups
most affected by PIM use are older, female, have low socioeconomic status, suffer from
multimorbidity and polypharmacy, and receive prescriptions from several physicians.
Overall, patient-related characteristics have been studied comprehensively while
fewer studies have investigated physician-related factors. Most of the studies were
conducted in cross-sectional settings and have mainly investigated the risk factors
related to prevalent PIM use. Only a few studies have determined the risk of incident
PIM use, or initiating PIM use, so there is a clear need for studies that determine the
factors related to the selection of persons for PIM use. Also, there are little research on
the association between factors related to health care system and PIM use.

As different patients have different probabilities of being prescribed PIMs, so there
is a selection process or endogeneity for PIM use. Endogeneity here means that the
selection to PIM user and non-user groups is not random, but depends on, e.g. a
person’s health status, thus making the comparison of health outcomes between the
two groups biased. This selection is important to consider, particularly in observational
studies (Malmivaara 2015), when assessing outcomes associated with PIM use. Only
a few previous studies have taken endogeneity into account (e.g. Chen and Cheng
2016), which may be problematic for observational studies looking at the association
between PIM use and health care utilisation.

Previous studies have shown that PIM use can increase the risk of hospitalisation,
and thus health care costs. However, most previous studies had quite short follow-ups,
which do not take e.g. cumulative effects into account. Furthermore, in most studies,
PIM use is assessed at baseline or in a cross-sectional setting. Recently published
studies investigated mainly incident PIM use or treated PIM use as a time-varying
variable, but there is still need for longitudinal studies.

Previous literature regarding RCTs on PIM use in older persons has found that
interventions are effective for decreasing the number of PIMs and thus medication costs,
but evidence on the effects on health outcomes and health care resource use is scarce.
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5 AIMS OF THE STUDY

The aim of this study was to find out whether PIM initiation (defined by the Meds75+
database) is associated with health care service use, health care costs and mortality, by
using two different longitudinal study settings. In addition, this study aims to identify
risk factors for PIM initiation or the selection for PIM use.

The specific research questions of this dissertation were:
1. How are the demand side (patient characteristics) and supply side (physician,
hospital district) factors associated with PIM initiation in older people? (Works

1 and 2)

2. Is PIM initiation associated with an increased risk of hospitalisation and higher
costs in older people? (Works 3 and 4)

3. Does initiation of PIM use increase the risk of adverse health outcomes (e.g.
mortality) in older people? (Work 4)
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6 DATAAND METHODS

6.1 FRAMEWORK

To answer the research questions, Work 1 evaluates incident PIM use and associated
factors in a Finnish nationwide cohort of community-dwelling people aged =65 with
and without Alzheimer’s Disease (AD) between 2005 and 2011. Work 2 complements
Work 1 in assessing the physician effect on PIM use in addition to other associated
factors of incident PIM use in community-dwelling people aged 65-74 and 275 during
the years 2002-2013. Work 3 evaluates the association between incident PIM use and
hip fracture hospitalisations in the Finnish nationwide cohort, which includes all
people aged 265 diagnosed with AD between 2005 and 2011. Work 4 investigates
the association between PIM use and fracture-specific hospitalisations, mortality and
hospital costs in community-dwelling older people aged 265 during the 12-year study
period (2002-2013).

Figure 1illustrates the conceptual framework of this dissertation and the connections
between the sub-studies (Works 1-4) in the dissertation. The studies compare PIM use
to non-use in order to evaluate risk factors, health outcomes, health care service use
and costs associated with PIM use.

Patient’s knowledge, skills, fears, beliefs

2
E .
o Works 1 and 2 - selection for PIM user
g
k]
[
Works 3 and 4 — PIMs and hospitalisation Work_ 4 ~FIMsand
@ hospital costs
g Lo - _
9 >
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2 ) _ service use
S = ‘ -
» —
0
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=1
o
«
'LJ
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©®
=1
<
g
2,
£

Physician’s knowledge, skills, fears, beliefs

Figure 1. Conceptual framework of the association of PIM use with health and economic
outcomes
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6.2 DATA SOURCES

Data for Works 1-4 were gathered from the following nationwide registers: the
Prescription Register maintained by the Social Insurance Institution (SII), the Care
Register for Health Care (HILMO) maintained by the National Institute for Health
and Welfare (THL) and the registers of causes of death and socioeconomic factors
maintained by Statistics Finland (SF). In addition, the data for Works 1 and 3 included
information that was gathered from the Special Reimbursement Register maintained
by the SII. Also decisions on long-term institutional care were collected from registers
of the SII. All data were linked by using a unique personal identification code.

In Finland, as well as in other Nordic countries, registers offer a valid opportunity
to conduct longitudinal pharmacoepidemiological studies (Furu et al. 2010). Based on
the systematic review by Sund (2012) the HILMO register has good validity as a whole,
but more specifically, hip fractures (for example) are found to be valid outcomes
(Sund et al. 2007; Sund et al. 2011). The limitations of the HILMO register are related
particularly to subsidiary diagnoses and secondary operations (Sund 2012).

Prescription register

The Prescription register contains information on all reimbursed medication purchases
in ambulatory care. In this study, information on the purchases made contains ATC
code, the date of purchase, number of packages, strength of the medication, package
size, dispensed amount in defined daily doses (DDDs), the identification code of the
prescribing physician (or nurse) and information on the residential area of patient.
(Social Insurance Institution 2014; Tolppanen et al. 2016.)

Special Reimbursement Register

The Special Reimbursement Register includes information on reimbursement for
medication. The register contains information on people who have been entitled to
basic or special reimbursement for the medication of diseases diagnosed by a physician.
A person is granted entitlement for special reimbursement for medication costs due to
certain, severe chronic diseases. The information includes the reimbursement number
given to entitlements, the start and end dates of entitlements, and the diagnoses of
the diseases for which the entitlement to reimbursement for medication costs were
granted. (Social Insurance Institution 2013.)

Care Register for Health Care (HILMO)

The HILMO register includes information on the use of outpatient and inpatient
services in special health care, inpatient services in primary health care, inpatient and
housing services in social care, and home care services (National Institute for Health
and Welfare 2016a). In this dissertation, the data include information on the use of
inpatient services, and the use of outpatient services in special health care. The data
used contain information on: patient, service provider, arrival and discharge dates for
the services, discharge diagnoses and the reason for admission (National Institute for
Health and Welfare 2016b, p. 14, 38, 42).
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Registers of Statistics Finland (SF)

In this study, data used from the SF registers includes information on the date of birth
and gender, date of death, socioeconomic status (the annual disposable income of the
household-dwelling unit, occupational social class) and the number of people living
in the household.

6.3 STUDY POPULATIONS

6.3.1 Medication use and Alzheimer’s disease (MEDALZ) data

Works 1 and 3 are based on the national MEDALZ study, which includes all Finnish
community-dwelling patients diagnosed with AD between 2005 and 2011 (N =70,719),
and two comparison individuals without AD matched for age, gender and region of
residence (N =141,436) (Tolppanen et al. 2016). Data were gathered from the nationwide
registers, including the Prescription Register, the Special Reimbursement Register,
the HILMO, and SF registers (causes of death and socioeconomic information). AD
diagnosis was based on the Special Reimbursement Register, which includes all patients
entitled to reimbursement for AD medications. This information is comprehensive
because the current Finnish care guidelines recommend prescribing anti-dementia
medication to everyone with a clinically verified AD diagnosis (Duodecim 2010). Table
3 shows characteristics of the study populations in Works 1 and 3.

Anyone who purchased at least one medication listed in Category D of the Meds75+
database in the 12 months (=wash-out period) preceding the index date was excluded.
The index date was the date of AD diagnosis and the corresponding matching date
for comparison subjects. Anyone hospitalised for at least 90 days during the wash-out
period or at the end of the wash-out period was excluded because the registers do not
include information on the medications given to patients at the hospital. Furthermore,
those aged under 65 were excluded since the study investigated PIM use in older
people and this age limit is in line with other PIM studies. The final study population
for Work 1 was 156,800 people, of which 50,494 people had AD.

The study population for Work 3 constituted only those with AD. In addition to the
above-mentioned exclusion criteria, those people who had previously been diagnosed
with hip fractures prior to AD diagnosis or were hospitalised or in institutional care
at the start of the study period were excluded. The final study population for Work 3
included 47,850 people with AD.
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6.3.2 Potentially inappropriate medication (PIM) use data

The data for Works 2 and 4 were gathered from the Prescription Register as a 10 %
random sample of Finnish community-dwelling people aged 265 at the beginning
of the year 2000 (N = 64,250). The data were linked to the HILMO register and the
registers of SF (socioeconomic information and causes of death) using a unique
identification code. The study population was followed until the end of 2013. Table 4
shows the characteristics of the study populations in Works 2 and 4.

In both sub-studies, a two-year wash-out period was implemented, which means
that those purchasing at least one PIM, as defined by the Meds75+ database, during
this period (the years 2000-2001 = wash-out period) were excluded. Also, people who
stayed in hospital 290 days during the wash-out period or were hospitalised at the
beginning of the study period (index date =1 Jan 2002) were excluded. Those who died
during the wash-out period, or for whom the Prescription Register did not include
any information on their medication purchases after the index date (incl. e.g. persons
living in institutions), were dropped.

In Work 2, the final study population included 28,541 people. In Work 4, those who
had earlier fractures were also excluded. As a result, the study population included
27,576 people before matching. In Work 4, propensity score matching (PSM) analysis
was used to reduce the bias resulting from a selection process for PIM use (see Chapter
6.5.1). The matched study population included 10,333 PIM users with one matched
non-user, totalling 20,666 people. There were 141 people with no matching non-user.

50



AoeweydAjod
geL'o0  (9zL)zoe't  (e€L) vigL 100°0> (s6)9z9'L  (¥eL) Lov'L 100°0> (86)vvs'L  (9°€L) GSP'L BAISS90X]
1000> (8'¢ee) 06¥'c  (8°0%) LIZ'¥ 100°0> (92e) 625's  (L'0¥) €92’y - - SAIVSN
€610 (1'5) ogs ('9)2L8 100°0> (zy)s1L (5'5) 08s - - spioldo
suoneosipaw
- - - - 100°0> (z'1) oze (970) €9 eluswap-uy
suoleodipaw
8z9'0 (6'69) 2222 (969)S6L°L 6110 (502 950CL (969) 1622 8900  (02) 28621 (¥'69) 9zv'.L Je|nosenoipied
alv'o (z12)oel'c (L12)8sz'e 100'0> (e'61)80€'c  (8'12)Z8Z'C 100°0> (g'61) 1zg'e (z'ze)sieC soidosjoyohsd
Z5¢€°0 (0'8) 0e8 (2°2) v6L 6290 (g'2) v82'L (2°2) €08 G610 (5°2) 1ve'L (92) s18 sopeqgelpiuy
-,9SN uoljedipa\
Gz00 (g9g)eBL'e  (£GE) PPO'E 100°0> (58g) 885'9  (0's€) 899°c 100°0> (6'8g) 0c6'9  (£76€) 922°¢ qouole BuiAr
- - (s'1) 8ve (20)zL (s'1) 89z (2°0) 62 umouxun
(6'¢) cov (2'¢) 98¢ (0°¢) 205 (g'¢) c6€ (6'2) 228 (8'¢) 60¥ 30000€<
(1'8) zes (¥'8) ¥98 (0°2) 06L°1L (#'8) 628 (0'2) 9g2'L (¥'8) €68 366662—00002
(8'6S) 22L'9  (2'65) 89L°9 (g's5) vva'e  (2'69S) L6L'9 (9°65) 268'6  (1'69) 2Z€'9 366661.—00001
(e82) 1z6'z  (2'82) G162 (gze)e19's  (0'92) ££6'C (0'eg)9/8's  (0'82) G66°C 36666>
q(dwoaur)
G080 100°0> 100°0> SNjejs J1Wou0I90190g
(e29) vev'eo  (#'29) 9v¥'9 (2'85) ov0'0L  (S'29) G¥S°9 (#'65) 996°0L  (2'29) 0L slewsad
(2728)668'c  (9°2€) 188°C (e1¥)290'2  (52€) 626°C (oov)ecz'2,  (£1€) 886' El=T
£98°0 100°0> 100°0> Japuan
(6'%) 20s (6'v) ¥0S (0'11) 988°L (0's) gzs (€11) 6002 (1'9) LGS G8<
(g'se)0os'c  (8'v€) 009°c (vee) 622’9  (0°SE) 1L99'E (96g) 6¥0°2  (0°GE) v¥L'e ¥8-G/
(e'69) LeL'9  (£09) 6229 (96v) 28v's  (0°09) 88Z'9 (1'ev) LvL's  (6'6S) €09 ¥/-G9
Lve0 100°0> 100°0> «S1edk ‘oby
(eec'oL=u) (gegoL =) (zoL'zL=u) (viv'0L =) (66221 =u) (869°0L =u)
w:_m>-n_ SJ19sSn-UON sJasn Nid 0=_N>-n_ S19sSn-UON sJasn Nid w:_m>-n_ SJ9SN-UON slashn Nid
WSd 183V sJINSd @10409
¥ oM ZHom

"BJEp 8sn |\||d 8y} Jo suonejndod Apnis sy Jo sonsusioeIRy) “ 8|gel

51



1013s1p |endsoy Ausianiun ‘(AoewlteydAjod anissaoxa ‘spioido ‘soidoljoyoAsd) asn uoiesipaw ‘snjeis d1Wouod90I00s ‘Japuab ‘abe (| NSd dyl Ul papn|oul SalelleA0D),

saesA|eue sy} Ul papnjoul 0N,

1002—000¢ SsiedA,
000¢ 1BdAq

dn-moj|of 8y} JO HEIS BU} IYe

Bnup Alojewwepul-ijue [epiosajsuou ‘giySN ‘ol|gejieae
Jou ‘yN ‘eseasip Aleuow|nd 8A13ONISO 21UOIYD ‘QdOD ‘Bulysiew a100s Aysuadoid ‘NS ‘uoneoipaw ayeudoiddeur Ajleiualod ‘|\d ‘9seasIp s Jawidyz|y ‘v

- - (2°0) szl (20) 12 (2'0) 9z1 (20)eL umousun/ppuely
(6'62) 160’ (¥'62) GE0°E (g22)voL'vy  (z'62) 950°C (922)gz6'y  (0'62) BOL'E BUIS|oH
(2721)ee8'L  (2°21)628°L (g'81) 251'c  (9721) 8¢e8‘L (s'g1) 162’ (2'21) €68°L N
(v'1e) 8oz’ (L'12)6gT'e (9'12)669'c  (9'12) 852’2 (212)ge8'e  (L'12)9le'e asedwe|
(0'81) 2681 (6'21) ¥S8°L (2'81)eoz'e  (821) ¥98°L (981)90e'c  (9°21)g88°L oidonyy
(oeL) vve'L  (e€1)9L¢'L (oel)vigcz (zel)18¢°L (6'21)962'c (geL) Tz’ nino
13sIp [epdsoy
2680 1200 9200 Aysionun
(eeg'oL=u) (gegoL =) (zoL'zL=u) (vLv'0L =) (66221 =u) (869°0L =u)
anjea-d S19Sh-UON s19sn \Id anjea-d S19Sh-UON s19sh NId anjea-d s19Sh-UoN s19sh NId
NSd 18uY sINSd @10509
¥ dIOM ZIIOM

(panunuod) 4 8|qeL



6.4 DEFINITIONS AND MEASURES

6.4.1 PIM use

PIM use was defined as category D medications listed in the Meds75+ database in 2010
(Appendix 1). In Works 1 and 2, PIM use was classified as a dichotomous variable
on whether a person initiated or did not initiate at least one PIM during the follow-
up. In Work 2, the physician effect models considered a person’s new different PIM
purchases. In Works 3 and 4, overlapping PIM use periods were taken into account
by joining them together and all PIM exposure times were classified as a dichotomous
variable of PIM use. In Work 4, exposure times (or risk periods; see Chapter 6.4.2)
were one, three and six-month periods, but if there were overlapping PIM use periods
calculated from the date of every PIM purchase, the real exposure period varied from
person to person. The overlapping PIM use periods meaning that if a person purchased
the new PIM before the end of e.g. 1-month exposure period, the calculation continued
from that point (Figure 2). In addition, in Works 3 and 4, analyses were also restricted
to the first PIM use periods assuming that ADRs occur quite soon after the initiation
of the new medication. In the cost model of Work 4, PIM exposure was defined yearly
as a dichotomous variable on whether a person purchased or did not purchase at least
one PIM in each year of the 12-year follow-up. All medications were classified using
the ATC System of the World Health Organization (WHO) (WHO 2011).

New PIM
purchasebefore
First PIM end of the

purchase exposure period

1 month

v
© ©

<l month

v

Real exposure period

Figure 2. The example of PIM exposure periods in Work 4.

PRE2DUP method

In Work 1 and 3, medication use (in Work 3 also PIM use) periods were calculated
using a previously utilised method, called the Prescriptions to Drug Use Periods
(PRE2DUP) method. The method calculates medication use periods (continuous use
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of a drug) for each person and each medication (ATC code) separately, based on the
dispensed medication recorded in the Prescription Register, taking into account the
individual purchase pattern: estimated dose over time (based on DDDs), regularity of
purchases, and long hospitalisation or nursing home periods. The latter is important,
because medications given in hospital are not recorded in the Prescription Register, so
the method excludes hospital or nursing home days from medication use periods. The
strength of this method is that it yields accurate estimates of medication use over time,
and generates reliable estimates of the simultaneous use of medications. (Tanskanen
et al. 2015; Taipale et al. 2016.)

New-user design

In all Works, a new-user design was used to investigate incident PIM use. This means
that wash-out periods (Works 1 and 3: 12 months; Works 2 and 4: 24 months) were
used to exclude prevalent users, who made at least one PIM purchase during the
wash-out period. The advantage of new-user design is that it decreases prevalent user
bias by restricting data to incident users only (Ray 2003), and excluding those who
had survived under the treatment. Including prevalent users can also lead to selection
bias, if confounders were measured only after treatment. (e.g. Danaei et al. 2012.)

According to a study by Roberts et al. (2015), wash-out periods longer than 6-12
months are sufficient when controlling for prevalent user bias. However, the sufficient
period may be depend on e.g. reimbursement system or for how long a period
medications are dispensed, or on whether medications are taken daily or as-needed
(Rikala et al. 2010).

6.4.2 Health outcomes/health care utilisation

Health care utilisation was estimated by the risk of fracture-specific hospitalisations,
which were classified by using the Finnish version of the WHO's International
Classification of Diseases 10th Revision (ICD-10) coding system (National Institute
for Health and Welfare 2011), and gathered from the HILMO register. Hospitalisations
were considered to be associated with PIM use, if the fracture-spesific hospitalisation
occurred during PIM exposure period (or in risk period in Work 4; see Chapter 6.4.1).

In Work 3, the outcome variable was determined as a dichotomous variable of
incident hip fractures (the main diagnosis) (ICD-10-codes: S72.0, S72.1, 572.2). In Work
4, the outcome variable included potentially fall-related incident fractures (ICD-10-
codes: 522, S32, 542, S52, S62, S72, S82).

In Work 4, the secondary outcome variable was all-cause mortality, which was
gathered from the causes of death register. Also, the mean number of total hospital
episodes and the mean length of stay of episodes were examined.

6.4.3 Hospital costs
In Work 4, health care costs of all-cause hospitalisations were defined in each

hospitalisation episode using the HILMO register. Costs were calculated according
to the National Institute for Health and Welfare’s estimates of unit costs of social and
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health care in Finland in 2011 (Kapiainen et al. 2014). The cost calculation took into
account the length of stay of the episode.

6.4.4 Covariates
Patient-related variables

The basic characteristics used in all Works were age, gender, socioeconomic status,
morbidity and use of medication. Available information on the most common diseases
in older people and factors shown to be associated with the use of PIMs were gathered
from the registers. In Works 3 and 4, factors possibly related to a higher probability
of falling and fractures were gathered.

Sociodemographic and economic variables

Age was categorised into two (Work 2) or three (Works 1, 3, 4) age groups. In
Works 1 and 3, a person’s socioeconomic status was based on the information on
the person’s highest occupational position in the middle age (categorized into four
classes: high, medium, low and unknown) (Table 3). In Works 2 and 4, a person’s
socioeconomic status was based on the information on the household-dwelling unit’s
disposable income, which was divided by the equivalent number of people living in
the household. This was coded into four income classes (Table 4).

In Works 2 and 4, a person’s living situation was determined based on information
on whether a person was living alone. It was formulated based on the SF register’s
variable, including the number of people living in a household. All four Works
included information on the hospital district where the patient was living based on
the person’s municipality of residence.

Morbidity and medication use

In Works 1 and 3, information on morbidity was gathered from the Special
Reimbursement Register and HILMO register for the years 1972-2012. Information
gathered from the Special Reimbursement Register included diagnoses of asthma
or chronic obstructive pulmonary disease (COPD), diabetes, rheumatoid arthritis,
cardiovascular diseases and epilepsy. Information from the HILMO register included
previous strokes, previous fractures (other than hip fracture), depression, bipolar
disorders or schizophrenia or other psychiatric disorders. Histories of psychiatric
disorders were gathered at least 5 years before the diagnosis of AD (the index date).
All diseases from the HILMO register were classified using the Finnish version of
the WHO’s ICD-10 coding system (National Institute for Health and Welfare 2011).

Information on other medication use was gathered from the Prescription Register.
In Works 1, 3 and 4 this information contained the use of opioids and psychotropics
(excluding PIMs according to Meds75+). In Work 3 other medication use also included
bisphosphonates, antihypertensives and NSAIDs. In Work 4, NSAIDs were also taken
into account.

In Works 2 and 4, morbidity was assessed by medication purchases using the
Prescription Register. The groups of medication included were antidiabetics,
cardiovascular medications, and psychotropics. In Work 2 included also anti-dementia
medications. Data on the use of the medications were obtained during the wash-out
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period (years 2000-2001). Excessive polypharmacy was defined as annual use of at
least ten different medications (ATC codes) during the wash-out period.

Health care related variables

Health care related variables included university hospital district and physician
identification codes, which exist for all licensed Finnish physicians. The university
hospital area (five areas) was extracted from the information on the person’s residential
area from the Prescription Register. In Work 2, the analysis included the more specific
classification of hospital area (including 21 hospital areas). Physician identification
codes were available from the Prescription Register and were included in the analysis
in Work 2.

6.5 STATISTICAL METHODS

Table 5 summarises the statistical methods and covariates used in Works 1-4.
Differences in baseline characteristics between PIM users and non-users were tested
by cross tabulation and chi-square tests. In addition, t-tests and non-parametric tests
were used for continuous variables. In Work 4, the correlation between polypharmacy
and PIM use was checked by using the Spearman correlation test. The results were
reported as hazard ratios (HR), odds ratios (OR) and coefficients with 95 % confidence
intervals (CI).

In all four Works, Cox proportional hazard regression (survival analysis) (Cox 1972)
was used to analyse the factors associated with PIM use or the association between
PIM use and hospitalisation or mortality. The Cox regression is a semiparametric
model that compares survival between two groups with a special case of the log-rank
test (Harrell 2001, p. 389, 465).

In all Works, the survival time was right-censored, which means that the study
ends after a certain period of time or after the failure event has occurred (Harrell
2001, p. 392). In Works 1 and 2, the survival time was censored at the first PIM
purchase, at end of study (Work 1: 31 Dec 2012; Work 2: 31 Dec 2013), at death or a
long hospitalisation period (290 days) - whichever came first. In Work 1, the follow-
up also ended if comparison subjects were diagnosed with AD. In Works 3 and 4, the
survival time was censored at the first failure (Work 3: hip fracture; Work 4: fracture-
specific hospitalisation, and all-cause mortality), end of study (Work 3: 31 Dec 2012;
Work 4: 31 Dec 2013), death or long (=90 days) hospitalisation - whichever came first.

The Proportional hazard assumption is the most important assumption in the Cox
regression. It dictates that the hazard curves for the groups should be parallel (Bradburn
et al. 2003). In this study, the fulfilment of the proportional hazard assumption was
tested with the Schoenfeld residuals, Kaplan-Meier curves and the log-log plot graph.

In Work 1, analyses were performed separately on people with and without AD,
because there were interactions between explanatory factors and AD. Also violation
of the proportional hazard assumption supported groupwise analysis, which was
confirmed by Schoenfeld residuals and Kaplan-Meier curves. In Work 2, analyses were
made separately on people aged <75 years and 275 years after testing the proportional
hazard assumption. In Work 4, the proportional hazard assumption did not hold
in mortality analyses. An attempt was made to correct the violation by conducting
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separate analyses between genders and age groups, but when the underlying problem
related specifically to the hazards between PIM users and non-users, the separate
analyses did not fully alter the results of the post-estimation tests.

In Work 2, multilevel mixed-effects logistic regression was used to investigate
the physician effect on PIM initiation in both the first (2002) and the last year (2013)
of the study period. These models only considered a person’s new PIM purchases
(different PIM initiations). Two models were formulated; 1) the unconditional
(constant-only) model, which estimates the overall probability of a PIM initiation
and the variance between physicians, and 2) the random-intercept model, which also
includes patient-related fixed predictors: gender, socioeconomic status, the use of
antidiabetics, psychotropics or cardiovascular medications, excessive polypharmacy
and living situation. A physician identification code was used to define the prescribing
physician in each medication purchase.

The proportion of the total variation in PIM purchases explained by the physician
effect was calculated by intraclass correlation (ICC). ICC is an index that ranges
between 0 and 1 and examines the level of variance of the dependent variable that is
explained by study groups. (Xing 2016, p. 351.)

In Work 4, a fixed effects linear model was used to analyse the association between
PIM use and hospital costs. The dependent variable was the natural logarithm of
hospital costs because the cost distribution was right-skewed. Yearly zero costs were
taken into account in the second model, in which the dependent variable was log(x+1)
transformation of costs. The models were adjusted for morbidity (defined yearly), time
variable (year) and year of death, which was included because health care costs tend
to increase near the end of life (e.g. Forma et al. 2009).

The data were analysed using the Stata statistical package (STATA IC 13.1 and IC
14.1, StataCorp, College Station, TX, USA). The significance level was set at p-value
0.05.
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Table 5. Research questions and applied statistical methods

Work | Specific research Wash-out | Statistical Dependent/ Covariates
questions in period methods outcome
sub-studies variable
1 Which risk factors were | 12 Cox PIM initiation | The Prescription
associated with PIM months proportional Register: age group,
initiation in people with hazard gender, other medication
and without AD? regression use, university hospital
district
SF: socioeconomic
status
HILMO and the Special
Reimbursement Register:
comorbidities
2 How does PIM 24 Cox PIM initiation/ | The Prescription
initiation accumulate months proportional | new PIM pur- | Register: gender,
in community-dwelling hazard chase morbidity/medication use,
people aged 65-74 and regression excessive polypharmacy,
275 years, and which Levels: Patient | hospital district
patient and health care Multilevel and physician
related factors are mixed-
associated with PIM effects SF: socioeconomic
initiation over time? logistic status, living situation
regression
3 Is PIM use associated |12 Cox Incident The Prescription
with an increased risk | months proportional | hip fracture Register: PIM use, age
of hip fractures in peo- hazard groups, gender, other
ple with AD? regression medication use
SF: socioeconomic
status
The Special
Reimbursement Register:
comorbidities
HILMO: previous
fractures
4 Is PIM use associated |24 Cox Incident The Prescription
with fracture-specific months proportional | fracture Register: PIM use, age
hospitalisations, hazard group, gender, morbidity/
mortality, or hospital regression All-cause medication use, exces-
costs? mortality sive polypharmacy
F'Xed effects SF: socioeconomic
linear model | Health care
status,
costs of all-

cause hospital-
isations during
the 12-year
follow-up

living situation

6.5.1 Endogeneity in PIM use

As described in Chapter 2, many interrelated factors are associated with PIM use. For
this reason, it can be assumed that PIM users and non-users are not two randomly
selected homogenous groups that can be directly compared because there may be
a selection process for PIM use. Selection may be related to partly known or partly
unknown factors, or may be unobservable. This may lead to an endogeneity problem,
which arises when at least one of the predictors for PIM use is also associated
simultaneously with the dependent outcome variable (Li 2013), so a covariate is
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correlated with unobserved error terms. In health economics studies, endogeneity
is often caused by unobserved health status. (Deb et al. 2017, p. 201.) In this study,
PIM users might have, for example, a higher risk of falls due to these known or non-
observable factors. In addition, endogeneity can arise due to differences in prescribing
practices among physicians, if the patient had a higher risk of PIM use when visiting
a physician with a high PIM prescribing rate (Chen and Cheng 2016).

In this study, PSM analysis was used to remove, or at least reduce, the bias caused
by the selection process for PIM use. The PSM analysis with nearest neighbour (1:1)
matching searched the PIM user and non-user pairs which were the most similar
according to their relevant characteristics before treatment (Caliendo and Kopeinig
2008, p. 32). Available information on those covariates that were related to PIM initiation
based on previous studies (e.g. Works 1 and 2) were gathered and the covariates
(age, gender, socioeconomic status, use of psychotropics, use of opioids, excessive
polypharmacy, university hospital region) were included in the PSM analysis. The
advantage of one-to-one matching is that afterwards the groups included the same
number of observations. In addition, after nearest neighbour matching there tended
to be similarity between the groups increased. (Holmes 2014, p. 107-109.) It should
be noted that PSM analysis controls only the potential selection effects of observable
variables, but not selection associated with unknown or non-observable factors.

6.6 RESEARCH ETHICS

This research was conducted according to the Responsible Conduct of Research
(Finnish Advisory Board on Research Integrity 2012). Pursuant to Finnish legislation
there is no need for ethical approval for register-based studies. However, the PIM
use data (Works 2 and 4) have been approved by the research ethics committee of the
Northern Savo Hospital District (register number 77//2014). Appropriate permissions
to access the data have been obtained from each register: SII (71/522/2014), THL
(THL/1441/5.05.00/2014) and SF (TK53-1381-14).

According to the Personal Data Act (§ 24) there is no duty to provide information
to data subjects in studies where register-based information is collected from sources
other than the data subject. In Works 2 and 4, the Data Protection Ombudsman has
been notified via submission of a description of the study in accordance with the
Personal Data Act (§ 36).

Personal information about the study population was anonymised by creating
new study codes for the research purpose during data collection. Researchers had no
access to the subjects’ real identification codes at any stage of the research. In Works
2 and 4, the registers were merged by the first author.

The data was checked before use and handled carefully. Data in Works 2 and 4
were used via the remote access service provided by SF’s Research Services due to
the risk of indirect identification from income information (Statistics Finland 2017).
All reported analyses were checked by SF’s Research Services before they were given
to researchers. According to SF’s guidelines on preserving the anonymity of study
populations, minimum and maximum values were not reported. All studies were
conducted within the facilities of the Department of Health and Social Management
at the University of Eastern Finland.
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7 RESULTS

7.1 SELECTION FOR PIM USER (WORKS 1 AND 2)

Work 1 investigated the risk factors associated with the initiation of PIM use in older
people with and without AD. The results showed that people with AD initiated PIMs
less often than people without AD. However, the mean duration of PIM use was
longer in the AD group than in the non-AD group (203 days vs. 166 days, p<0.001). In
both, AD and non-AD groups, people aged <75 initiated PIMs more often than people
aged 275 years. When comparing the risk of PIM initiation by gender, women had a
higher risk of PIM initiation in people without AD, whereas men had a higher risk in
the AD group. As expected, in both groups, the risk of PIM initiation increased with
several diseases, such as asthma or COPD, cardiovascular disease, cancer, and with
other medication use, e.g. opioids and psychotropics. In people without AD, diabetes,
epilepsy and depression or bipolar disorders also increase the risk of PIM initiation.

Work 2 examined the role of patient characteristics and the physician effect in PIM
initiation in older people aged 65-74 and >75. Overall, 37.5 % of the study population
initiated PIM use during the 12-year follow-up. The mean number of different PIMs
was 1.1 per year and 2.8 by the study period. However, 17 % of the PIM initiators
purchased =5 different PIMs. The study found that women had a higher risk of PIM
initiation in the 65-74 age group but in the =75 age group gender was no longer
significantly associated with PIM initiation. The results also showed that the risk
of PIM initiation increased with higher income in the younger age group but not in
the older ones (275 years). In both age groups, PIM initiation was associated with
excessive polypharmacy and psychotropic medication use. Work 2 found that 16 %
of the total variance of PIM initiations in people aged 65-74 years was attributable
to physicians in the first year of the follow-up (year 2002). The corresponding figure
was 11 % among people aged 275 years. In the last year of the follow-up (2013),
physician-related variance of PIM initiations decreased two percentage points but the
study population was also more selected, because the data included only those who
had survived. Works 1 and 2 also found statistically significant differences between
hospital districts. Table 6 summarises the factors associated with PIM initiation in
Works 1 and 2.
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Table 6. Factors associated with PIM initiation

Work 1 Work 2
People People People People
with AD without AD aged aged
<75 years 275 years
Age
65-74 years Reference Reference
75-84 years Eiid B
285 years S B
Gender Gender
Male Reference Reference Male Reference Reference
Female S Frx Female Frx NS
Socioeconomic Socioeconomic
position (at middle position (income)
age)
High Reference Reference <9,999€ Reference Reference
Medium -* NS 10,000-19,999€ +* FHEE
Low NS NS 20,000-29,999€ +** +*
Unknown NS Bl >30,000€ e NS
Medication use Medication use
Opioids +** e Antidiabetics NS NS
Psychotropics FEEE e Psychotropics e FEEE
Cardiovascular NS NS
medications
Comorbidities Anti-dementia NS NS
medications
Asthma or COPD FEEE +*
Diabetes NS +r* Excessive e L
polypharmacy
Rheumatoid NS NS
arthritis
Cardiovascular FEHx +EEx Living alone NS NS
disease
Epilepsy NS +rEE
Previous stroke NS -
Previous hip racture NS -*
History of cancer +** +*
History of NS +*
depression or
bipolar disorders
History of NS NS
substance abuse
Hospital district [ [+ Hospital district > **

Prescribing
physician

ke

NS, non-significant; *p<0.05; **<0.01; ***<0.001

AD, Alzheimer’s disease; COPD, chronic obstructive pulmonary disease
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7.2 HEALTH CARE UTILISATION AND COSTS (WORKS 3
AND 4)

7.2.1 Fracture-specific hospitalisations

Work 3 determined whether PIM initiation is associated with an increased risk of hip
fractures in older people with AD. PIM initiation was not associated with hip fractures
when all PIM exposure periods were considered (HR 1.21; 95 % CI 1.00-1.48, p=0.056).
However, after restricting the analysis to the first PIM use period, the study found that
PIM initiation was statistically significantly associated with hip fractures (HR 1.31; 95
% CI 1.06-1.63, p=0.014).

Work 4 analysed whether PIM initiation is associated with potentially fall-related
incident fractures in the general older community-dwelling population. Based on
results, PIM use is associated with fracture-specific hospitalisations in all PIM exposure
periods (one-month: HR 1.20; 95 % CI 1.01-1.44, p=0.039; three-month: HR 1.30; 95 %
CI 1.16-1.46, p<0.001; and six months: HR 1.30; 95 % CI 1.17-1.43, p<0.001), but the
association was weak in the one-month exposure period (see Kaplan-Meier survival
curves in Figure 3). The associations were stronger when the exposure period was
restricted to the first PIM use period. The results of PIM use remained quite similar
with and without PSM adjusting. Table 7 summarises the main results of Works 3
and 4 on the association between PIM use (Work 4: one-month PIM exposure) and
hospitalisations.

Kaplan-Meier survival estimates
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Figure 3. Fracture-specific hospitalisation-free survival curves for PIM users (one-month
exposure) and non-users during the 12-year follow-up
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7.2.2 All-cause hospitalisations

In Work 4 also reported that the unadjusted mean number of all-cause hospital
episodes (without zero cost patients) is higher among PIM users (33.9 episodes [95 %
CI 32.9-34.9]; median 25 [95 % CI 24-25]) compared to non-users (22.4 episodes [95 %
CI 21.8-23.0]; median 16 [95 % CI 15-16]) (p<0.001). However, among non-users the
mean length of stay per episode is longer (4.7 days; 95 % CI 4.5-4.8) compared to the
PIM user group (3.6 days 95 % CI 3.5-3.7) (p<0.001) (median 1 day [95 % CI 1-1] in
both groups).

There were minor differences in the classifications of hospital episodes (p<0.001).
Most of the hospital episodes were follow-up appointments (PIM users: 47 % of the
episodes; non-users: 44 %) and inpatient care (PIM users: 23 %; non-users: 24.7 %)
in both groups. Approximately 11 % of all episodes were appointments and 13 %
emergency care visits in both groups. The smallest proportions of visits were in
consultation, outpatient surgery, and rehabilitation.

7.2.3 Hospital costs

Work 4 determined the associations between PIM use and unit hospital costs of all-
cause hospitalisations during the 12-year follow-up. The results of the fixed linear
regression showed that PIM users have 15 % higher hospital costs. There were only
401 people with zero hospital costs during the 12-year follow-up, but when yearly
zero costs were taken into account, the results showed that PIM users had 50 %
higher hospital costs during the follow-up. Table 8 presents the results related to the
association between PIM use and hospital costs.

The unadjusted mean hospital costs (without zero costs) were 60,114 euros [95 %
CI 58,434-61,793] (median 35,297 euros [95 % CI 34,404-36,309]) in PIM users and
52,435 euros [95 % CI 50,483-54,388] (median 24,636 euros [95 % CI 23,668-25,493])
in non-users (p<0.001).
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Table 8. The association between PIM use and all-cause hospital costs in PSM-adjusted

fixed effects linear model

Model without zero costs®

Model with zero costs®

Coef. 95%CI p-value | Coef. 95 % ClI p-value
PIM use
Non-users 1.00 (reference) 1.00 (reference)
PIM users 0.15 (0.12-0.18)  <0.001 |0.50 (0.44-0.55) <0.001
Medication use®
Antidiabetics -0.12 (-0.17—0.06) <0.001 |-0.01 (-0.11-0.09) 0.820
Psychotropics 0.20 (0.17-0.23) <0.001 |0.40 (0.35-0.46) <0.001
Cardiovascular
medications 0.04 (-0.00-0.07) 0.054 |0.33 (0.26-0.39) <0.001
Excessive polypharmacy® 0.76 (0.73-0.79) <0.001 |1.94 (1.89-1.99) <0.001
Year
2002 1.00 (reference) 1.00 (reference)
2003 0.11 (0.07-0.15)  <0.001 |0.23 (0.16-0.29) <0.001
2004 0.17 (0.13-0.21)  <0.001 |0.33 (0.26-0.39) <0.001
2005 0.23 (0.19-0.28) <0.001 |0.62 (0.55-0.69) <0.001
2006 0.20 (0.16-0.24) <0.001 |0.75 (0.68-0.82) <0.001
2007 0.24 (0.20-0.28) <0.001 |0.85 (0.78-0.92) <0.001
2008 0.28 (0.24-0.32)  <0.001 |1.00 (0.93-1.07) <0.001
2009 0.29 (0.25-0.33)  <0.001 |1.01 (0.93-1.08) <0.001
2010 0.35 (0.30-0.39) <0.001 |1.17 (1.09-1.24) <0.001
2011 0.39 (0.34-0.43) <0.001 |1.33 (1.25-1.41) <0.001
2012 0.45 (0.40-0.50) <0.001 |1.42 (1.34-1.50) <0.001
2013 0.45 (0.40-0.50) <0.001 |1.56 (1.48-1.64) <0.001
Year of death 1.22 (1.18-1.26) <0.001 |2.68 (2.59-2.77) <0.001
Number of observations 110,577 190,856
Number of subjects 20,180 20,666
R-squared
Within 0.1015 0.1011
Between 0.1330 0.1705
Overall 0.1155 0.1252

PIM, potentially inappropriate medication; Cl, confidence interval
aDependent variable: logged hospital costs
"Dependent variable: logged(x+1) hospital costs

°Defined yearly
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7.3 HEALTH OUTCOMES (WORK 4)

7.3.1 All-cause mortality

Work 4 investigated the association between PIM use and all-cause mortality. The
results showed that PIM use is associated with mortality in all exposure periods (one-
month: HR 1.38; 95 % CI 1.24-1.54, p<0.001; three-month: HR 1.67; 95 % CI 1.56-1.78,
p<0.001, and six months). The strongest association was in the six-month exposure
period (HR 1.81; 95 % CI 1.71-1.92, p<0.001) (Table 9). The associations were even
stronger when follow-up was restricted to the first PIM use period. However, the
post-estimation tests showed that the hazards for the PIM user and non-user groups
were not parallel so the proportional hazard assumption was violated. The violation
was attempted corrected by stratifying the models according to age and gender, which
may relate to different hazards of death. However, the models were not corrected by
such stratifying, because there were still different and converging hazards between
PIM users and non-users.
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Table 9. The association between PIM use (six-month PIM exposure period) and mortality in
time-varying cox proportional hazards regression in the matched and non-matched popula-

tions
PSM
adjusted HR without
HR 95 % CI p-value | PSM 95 % CI p-value
The first PIM use period?
Non-users 1.00 (reference) 1.00 (reference)
PIM users 2.22 (2.06-2.39) <0.001 |1.98 (1.84-2.12) <0.001
Number of deaths 5,066 8,372
Number of deaths during PIM
use 833 847
PIM use (all exposure
periods)
Non-users 1.00 (reference) 1.00 (reference)
PIM users 1.81 (1.71-1.92) <0.001 [1.72 (1.62-1.81) <0.001
Age®
65-74 years 1.00 (reference) 1.00 (reference)
75-84 years 245 (2.34-2.57) <0.001 |2.53 (2.43-2.64) <0.001
=85 years 6.57 (6.04-7.14) <0.001 |7.44 (7.01-7.91) <0.001
Gender
Male 1.00 (reference) 1.00 (reference)
Female 0.55 (0.53-0.58) <0.001 |0.56 (0.53-0.58) <0.001
Socioeconomic status
(income)®
<9,999 € 1.00 (reference) 1.00 (reference)
10,000-19,999 € 0.94 (0.89-0.99) 0.013 |0.90 (0.86-0.94) <0.001
20,000-29,999 € 0.81 (0.73-0.89) <0.001 |0.78 (0.72-0.84) <0.001
>30,000 € 0.71 (0.62-0.81) <0.001 |0.70 (0.62-0.78) <0.001
Living alone® 1.11 (1.05-1.17) <0.001 |1.09 (1.04-1.14) <0.001
Medication use®
Antidiabetics 1.53 (1.43-1.64) <0.001 |1.52 (1.43-1.61) <0.001
Psychotropics 1.17 (1.11-1.24) <0.001 [1.17 (1.12-1.23) <0.001
Cardiovascular medications 1.30 (1.23-1.37) <0.001 |1.31 (1.25-1.37) <0.001
Opioids 1.35 (1.24-1.48) <0.001 |1.33 (1.22-1.44) <0.001
NSAIDs 0.87 (0.83-0.91) <0.001 |0.88 (0.85-0.92) <0.001
Excessive polypharmacy® 1.48 (1.39-1.58) <0.001 |1.43 (1.35-1.52) <0.001
Number of deaths 8,033 11,361
Number of deaths during PIM
use 1,365 1,390
Number of subjects 20,666 27,255

PSM, propensity score matching; PIM, potentially inappropriate medication; HR, hazard ratio; Cl, confi-
dence interval, NSAID, nonsteroidal anti-inflammatory drug
aAdjusted for age, gender, socioeconomic status (income), living situation, morbidity (the use of antidia-
betics, psychotropics, cardiovascular medications, opioids and NSAIDs) and excessive polypharmacy.

bAt the start of the follow-up (1 Jan 2002)

®Year 2000

dAt the wash-out period (years 2000—-2001)
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8 DISCUSSION

8.1 INTERPRETATION OF THE RESULTS

This dissertation evaluates the selection for PIM use, and how PIM initiation (defined
by the Meds75+ database) is associated with health care service use, health care
costs and mortality. PIM use was evaluated in two different older populations, and
the results show that PIM use is prevalent. Of those community-dwelling people
aged 265, 37.5 % initiated PIM use during the 12-year study period. People with AD
initiated PIMs less often than the general community-dwelling older population. This
is in line with a previous review that reported a lower probability for PIM use among
people with cognitive impairment or dementia, which can indicate that physicians are
cautious when prescribing PIMs to this specific and more vulnerable patient group
(Johnell 2015).

This study found that PIM initiation was mainly dependent on patient
characteristics and morbidity, which may be referred to as demand-side factors.
Supply-side factors were also associated, because there were differences in PIM
prescribing among physicians. In addition, regional differences in PIM initiation
were found. Characteristics associated with PIM use are largely studied but previous
studies mainly evaluate prevalent PIM use. This dissertation studied incident PIM
use, meaning that those already using PIMs were excluded because the focus was on
studying the selection for PIM use. In practice, physicians can only decide whether
or not to initiate patient on medication or to deprescribe medications (Korhonen et al.
2018). The results of new-user design yield information on factors related to initiation
of medications that can be taken into account in e.g. preventing PIM use, and thus can
be considered more relevant for supporting decision-making.

PIM initiation was more frequent among people aged <75. The findings of this
dissertation are contrary to those of previous studies, which mainly found that older
age is one of the main factors associated with PIM use, but mixed findings also exist
(Tommelein et al. 2015). A recent study by Miller et al. (2016) also reported that older
age is a predictor for lower PIM use as defined by the Beers Criteria (2012). The
results indicate that physicians are probably aware of ageing-related changes when
prescribing PIMs. The differences from previous studies may be partly explained
by different study designs because this study captures only factors associated with
PIM initiation, not the factors associated with the continuing of PIMs. According to a
previous review by Anderson et al. (2014), physicians have different attitudes towards
initiating or continuing PIMs, so this might have an effect on results related to the
association between PIM use and age, when comparing prevalent and incident PIM
use. In addition, higher age is associated with higher mortality, which may have an
effect on the results as a competing risk (e.g. Fialova et al. 2005).

Based on this study, women had a higher risk of PIM initiation among people
without AD than those with AD, which is in line with previous studies conducted
on general older populations (Guaraldo et al. 2011; Stock et al. 2014; Miller et al.
2016; Morgan et al. 2016). The higher risk for PIM use among women is also reported
in other settings, for example, in long-term and acute care settings (Nothelle et al.
2017). Possible reasons for the increased risk of PIM use among women can be that
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women use more health care services and medications (e.g. Suominen-Taipale et al.
2006; Manteuffel et al. 2014), and also live longer than men. However, the results of
this study showed that men have a higher risk of PIM initiation among people with
AD, which is contrary to the results reported in a recent review of PIM use among
community-dwelling patients with dementia (Patel et al. 2017). The results might
be partly explained by treatment differences for urge incontinence and overactive
bladder, as men were more likely to use urinary antispasmodics than women in the
data. However, this study also indicates that gender differences in PIM initiation
depend on age, while female gender was associated with PIM initiaton only in people
aged <75. In people aged 275 years, there was no difference in PIM initiation between
genders. This finding is consistent with a previous Finnish study, which did not find
any association between PIM use as defined by the Meds75+ database and gender
among older people aged 275 (Ahonen 2011, p. 87-88).

The results related to socioeconomic status are mainly contrary to those of previous
studies, which generally reported that a lower socioeconomic status is associated with
PIM use (Bongue et al. 2009; Tommelein et al. 2015; Miller et al. 2016). In this study,
no association between a low socioeconomic status and PIM use was shown. Higher
income was associated with PIM initiation in people aged <75. This might be explained
by better access to health care, and thus a higher risk of PIM prescription. In people
aged 75, the highest income group was no longer associated with PIM initiation. In
regard to living situation no association with PIM use was shown in this study. These
results are consistent with previous studies which predominantly found that living
alone was not associated with PIM use (Projovic et al. 2016; Wucherer et al. 2017).
However, living situation is sensitive to time-dependent changes in older people.

As expected, several comorbidities (e.g. asthma or COPD, cardiovascular diseases,
cancer) and medication use (opioids, psychotropics, polypharmacy) are associated
with PIM initiation, so this study confirms that morbidity and multiple medications
are associated with a higher probability of medication error. This finding is in line
with previous results on the positive association between PIM use and the use of
psychotropic medications or polypharmacy (e.g. Fialova et al. 2005; Vieira de Lima
et al. 2013; Tommelein et al. 2015). Based on previous studies, a high number of
medications is the main barrier to appropriate prescribing from the physician’s point
of view (Ramaswamy et al. 2011). This can be explained by the complexity at patient
level among patients with multiple diseases or polypharmacy (Clyne et al. 2016b).
People with polypharmacy may have a positive attitude to medication so they demand
medications from physicians and PIM may meet the needs of patient (Anderson et
al. 2014; Pohontsch et al. 2017). In addition, sometimes prescribers only want to ease
the distress of patients with multimorbidity even if they know the medication may
be problematic (Pohontsch et al. 2017).

Differences in PIM prescribing among physicians were found in this study,
which means that some physicians prescribe PIMs more likely than other physicians.
Interestingly, the physician effect remained relatively the same even though patient
characteristics were controlled. Previous studies have also reported that PIM prescribing
varied among physicians (Holmes et al. 2013; Cahir et al. 2014), but in the Irish
study by Cahir et al. (2014) physician-related variance remained not significant after
adjusting for patient-level variables. In this dissertation, physician-related variance
of PIM initiations decreased during the 12-year study period, when comparing the
first and the last year of the follow-up. This can indicate that physicians avoid PIM
prescribing when people are getting older and, later, they have better knowledge of
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the risks related to PIM use, and more information is also available. For example, the
Finnish Meds75+ database, which was published in 2010, may have an impact on
the prescribing patterns of Finnish physicians. The first published and widely used
set of criteria was already available in the 1990’s (Beers et al. 1991), but its influence
was probably weaker in Finland than in many other countries since it was published
in English. However, it should be noted that the population of this study was more
selected in the last year of the follow-up. It can be assumed that more people lived
at home at the beginning of the follow-up, but the study population was older and
frailer in the last year of follow-up, so more people would probably have been living
in, for example, sheltered housing. In addition, there are changes in availability and
purchasing system of medications during the follow-up. For example, in the last year
of the follow-up (2013), opiate-related cough medications were not belonging on the
Finnish purchasing system, and the marketing authorisation for e.g. glibenclamide
and quinine was no longer valid (Vartiainen et al. 2017). This dissertation cannot
control for the physician-related differences (e.g. specialty, unit) from the registers, for
example, previous studies have found that the physician’s specialty or demographic
factors can be associated with PIM prescribing (Rothberg et al. 2008; Lai et al. 2009).

Regional differences in PIM initiation between hospital or university hospital
districts were observed, as PIM initiation was the highest in the Helsinki University
Hospital area both in patients with and without AD. However, this study did not
evaluate the underlying reasons behind this variation. Previous studies have also
found regional differences in PIM prescribing (Jiron et al. 2016; Beuscart et al. 2017),
but it is difficult to compare these studies because of e.g. different geographical areas
and health care systems.

In this study, PIM initiation is associated with fracture-specific hospitalisations.
Several previous studies have investigated all-cause hospitalisations (e.g. Reich et al.
2014; Endres et al. 2015; Varga et al. 2017), but in this dissertation, fractures were chosen
as outcome measures because PIMs include many fall-risk-increasing medications
(e.g. Woolcott et al. 2009). Hip fractures are also costly and cause major harm to
patients. PIMs include anticholinergic medications, which can weaken the effect of AD
medication, so people with AD can have an even higher risk of adverse-drug events
associated with PIMs. This study revealed that PIM initiation is associated with an
increased risk of hip fracture in people with AD. However, results were significant
only when the analysis was restricted to the first PIM use period, which means that
when all exposure periods were taken into account, PIM use was not associated with
hip fracture. It has to be noted that AD itself is a risk factor for hip fracture (Baker et
al. 2011). Previous studies focused on general older populations have found that PIMs
are associated with a higher risk of falls and fractures (e.g. Berdot et al. 2009; Stockl
et al. 2010; Lu et al. 2015). Our study shows similar results concerning the association
between PIM use and increased risk of fracture-specific hospitalisation in the general
older community-dwelling population. However, the association was weak in the
one-month exposure period, which might be the most appropriate exposure period
for negative outcomes, assuming that ADRs/ADEs occur quite soon after PIM use.
Nevertheless, the associations are stronger in the first PIM use period, which indicates
a higher risk of a negative outcome when starting PIM. It should be noted that the
results are different when all exposure periods are considered because only those
who are not hospitalised can survive longer after the first PIM use period. Our studies
show also that other patient characteristics, such as older age, female gender and
polypharmacy were significant risk factors for fracture-specific hospitalisations,
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which is in line with previous studies investigating the association between PIM use
and falls/fractures (e.g. Berdot et al. 2009; Narayan and Nishtala 2015).

This study shows that PIM use is weakly associated with an increased risk of
mortality, which is in line with a recent review by Muhlack et al. (2017) that reported
a higher risk of mortality among PIM users only in studies with a new-user design.
Previous studies have mainly not found any associations between PIM use and
mortality (e.g. Jano and Aparasu 2007; Lu et al. 2015). However, it should be noted,
that modelling cannot correct violation of the proportional hazard assumption, so
the results on the association between PIM use and mortality should be construed
carefully.

As described earlier in this dissertation, it may be possible that there is a selection
effect for PIM use, which means that PIM users had already, for example, a higher risk
of fall, due to some observable (e.g. morbidity) or unobservable (e.g. life habits, weight
in register-based data) factors, compared to non-users. In this study, the possible
selection effect for PIM use was taken into account using PSM analysis. The results of
the association between PIM use and hospitalisation or mortality were quite similar
both with and without PSM adjustment. However, a register-based study with PSM
analysis can only take into account observable heterogeneity.

PIM users had higherhospital costs during the 12-year follow-up, which is consistent
with previous studies investigating the association between PIM use and health care
costs (e.g. Hyttinen et al. 2016; Heider et al. 2017). Among those hospitalised, PIM
users had 15 % higher hospital costs compared to non-users. During the follow-up,
only 401 people were not hospitalised (with zero costs). When hospitalisations were
observed yearly, about 40 % had yearly zero costs, which indicates that a person was
hospitalised e.g. once or a few times during the long follow-up. When yearly zero
costs were included in the analysis, PIM users still had 50 % higher hospital costs,
which indicates that PIM users had a higher probability of all-cause hospitalisation.

The results of this dissertation confirm the previous literature in that there should
be more awareness of the risks related to PIMs since PIM use is associated with a
higher risk of negative health outcomes, and thus greater health care utilisation and
higher hospital costs. This study offers new information that the risks of negative
health outcomes are especially related to starting PIM use and highlights the need
to pay attention to PIM initiation. Physicians play a key role in conducting rational
pharmacotherapy. In theory, it can be assumed that physicians know that PIMs cause
more harm than good and, in an ideal world, they do not prescribe PIMs without
careful consideration. This study confirms that the complexity of individual patients,
such as people with polypharmacy or multiple diseases, affects PIM prescribing.
Based on the results of this dissertation, PIM initiation was mainly explained by
patient characteristics or demand-side factors. However, the supply side matters too
since differences still exist in PIM prescribing among physicians after controlling for
patient-related factors. This confirms that the PIM prescription decision is related to
a variety of interrelated patient- and physician-level factors (Clyne et al. 2016b).

In Finland, the Meds75+ database supports clinical decision-making on the
medication treatment of people aged =75 years and the database is available free
of charge at the FIMEA’s website (Finnish Medicines Agency 2015). In addition,
the MEDS75+ can be found on the Terveysportti health portal (Jyrkka et al. 2017).
However, a little is known how compatible physicians feel the use of the database
in clinical practice. According to a recently published national report, the Rational
Pharmacotherapy Action Plan by Ministry of Social Affairs and Health (2018a, p.
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20), health care organisations should exert more control over how physicians utilise
available electronic systems to support their decision-making in prescribing.

Feedback on physicians’ prescribing practices is one instrument for improving
rational prescribing (Ministry of Social Affairs and Health 2018b, p. 35). In 2018, the
Finnish Social Insurance Institution sent feedback to physicians on their prescribing
of amitriptyline, nortriptyline and pregabaline, which are categorised as PIMs
(D-medications; avoid use in older persons) in the Meds75+ database. The aim of this
feedback was to improve rational medication use in people over 75 years of age and
increase the awareness of the risks related to these medications in pain management.
(Social Insurance Institution 2018.) However, it has to be borne in mind that older
people are a very heterogenous group and in some situations PIMs may be needed,
for example, in hospice and palliative care (American Geriatrics Society 2015, p. 2228).

A recent review by Clyne et al. (2016a) concluded that interventions (e.g.
computerised clinical decision support systems) work differently when comparing PIM
initiation and continuation. Better results related to the effectiveness of interventions
have most often been reported when decreasing new PIM prescriptions compared
to existing PIMs (Clyne et al. 2016a). This can be explained by the different attitudes
of physicians towards initiating or continuing PIMs, for example, physicians may be
reluctant to discontinue or change PIMs if they have a fear of negative consequences
(Anderson et al. 2014).

8.2 METHODOLOGICAL CONSIDERATIONS

The main strength of this dissertation is in its two large, nationally representative
longitudinal register-based datasets, which allowed the comparison of PIM use in
two different older populations. Several possible biases were taken into account in
the analyses. Firstly, prevalent user bias was taken into account by using a wash-out
period to restrict the analyses to new PIM users. Secondly, outcome analyses were
also restricted to the first PIM use period to decrease possible healthy survivor bias.
Thirdly, possible endogeneity bias was decreased by using PSM analysis. Fourthly,
PIM exposure was also measured using the PRE2DUP method which, studies have
shown, yields the lowest error rates for duration of medication use compared to, for
example, time windows (Tanskanen et al. 2017).

There are also some limitations that have to be considered in this dissertation.
Firstly, after the exclusion of prevalent PIM users, it could be the case that the study
population is healthier and wealthier. Secondly, the Prescription Register includes
only reimbursed medication purchases, so there was no information available on
non-reimbursed medications, over-the-counter medications, vitamins or herbal
products. Thirdly, it is possible that patients were not really taking the medications
that were registered as medication purchases in the Prescription Register. Fourthly,
the follow-up started in all sub-studies before the Meds75+ database was published,
the possibility exists that prescribing practices or the availability of medications
changed during the follow-up. In addition, the study population included people aged
<75, but Meds75+ supports the medication use of people aged >75. However, when
the database was developed, the commonly used criteria (e.g. Beers, STOPP/START,
Laroche) were taken into account (Finnish Medicines Agency 2015). Furthermore, the
mean ages of the study populations were already relatively high at the beginning of
the study periods. Fifthly, although PSM analysis was used to decrease the selection
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bias, there remains the possibility of unobserved heterogeneity that we cannot capture
from register-based data, and also time-dependent confounding. In addition, there
is evidence that variables that are strongly associated with the exposure and not
associated or only weakly associated with the outcome should not be included in
the PSM as this may actually increase the variance and bias of the estimates of the
measures of association. However, estimating is not simple, while many variables
can be associated both the exposure and outcome. (Patrick et al. 2011.) Sixthly, the
modelling in Study 4 cannot correct violation of the proportional hazard assumption.
Also, education information accompanied by income information would have been
a better measurement of socioeconomic status, but this information was missing for
most of the older people. Finally, the data include community-dwelling older people
and visits to hospital, so results cannot be generalised to other settings. In addition,
PIMs were studied as a group even though they are quite heterogeneous. However,
this study’s focus was on the phenomenon, not specific classes of medication.

8.3 FUTURE RESEARCH

The underlying reasons behind the variation in PIM prescribing among physicians
and regions should be investigated in future studies. In addition, it would be
interesting to identify the effects of the Meds75+ database on prescribing practices
after its publication in 2010.

This dissertation includes only the use and costs of hospital visits, so future
studies on the association between PIM use and primary care visits are needed. In
addition, there is a need for cost-effectiveness studies of physician prescribing practice
interventions, e.g. computerised clinical decision support systems, which would
improve medication use in older people.

Furthermore, studies using different methods for diminishing the effect of potential
selection effects (e.g. instrumental variable methods) are needed.
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9 CONCLUSIONS

Based on this dissertation, PIM use is prevalent among older people. PIM initiation
was mainly explained by patient-related variables, such as younger age, female
gender, excessive polypharmacy and several morbidities, as well as by the use of
psychotropics, but there is also variation in PIM prescribing among physicians, and
university hospital regions. The findings indicate a decreasing physician-related
variance in PIM prescribing during the 12-year follow-up.

According to the findings of this dissertation, the first PIM use period in particular
is associated with an increased risk of fracture-specific hospitalisation and mortality.
Older people exposed to PIMs had higher hospital costs compared to those who did
not use any PIMs over a one decade period.

An implication of this is the importance of conducting interventions and
implementing new practices which aim to improve the rationality of medication in
older people in different care settings. More support, e.g. electronic systems to support
decision-making, is needed for physicians and other health care personnel to aid
decisions on the suitability of medication, especially when initiating medication. This
is one way to advance the achievement of rational pharmacotherapy in health care
and, potentially, to avoid the harmful effects of PIMs at patient and society level.
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APPENDIX 1. PIMS ACCORD
DATABASE (YEAR 2010)

ING TO THE MEDS75+

ATC code’

‘ Medication

A02 Drugs for acid related disorders

A02ADO1

Ordinary salt combinations

A02BX02 Sucralfate
A02BX13 Alginic acid
A03 Drugs for functional gastrointestinal disorders

A03BBO1

Butylscopolamine

AO03CA02 Clidinium and psycholeptics
AO03DA02 Pitofenone and analgesics
AO3FA01 Metoclopramide

A04 Antiemetics and antinauseants

A04ADO1

Scopolamine

A06 Drugs for constipation

AO06AB02 and AO6AG02 Bisacodyl

AO0BABO6 Senna glycosides

AO06AB08 and AO6AB58 Sodium picosulfate (and combinations)
A0BAG10 Docusate sodium, incl. combinations
AO0BAG11 Sodium lauryl sulfoacetate, incl. combinations

A10 Drugs used in diabetes

A10BBO01

Glibenclamide

C01 Cardiac therapy

C01BAO1 Quinidine
C01BAO3 Disopyramide
C01BDO1 Amiodarone
C02 Antihypertensives

C02ACO01 Clonidine
C02ACO05 Moxonidine
C02CAO01 Prazosin

C04 Peripheral vasodilators

C04ADO3

Pentoxifylline

CO04AEO01

Ergoloid mesylates

CO07 Beta blocking agents

CO07AA03

Pindolol
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CO07AA05 Propranolol
C08 Calcium channel blockers

CO08DAO01 Verapamil
C08DB01 Diltiazem
G04 Urologicals

G04BD04 Oxybutynin
G04BDO0O7 Tolterodine
G04BD08 Solifenacin
G04BD09 Trospium
G04BD10 Darifenacin
G04BD11 Fesoterodine

J01 Antibacterials for systemic use

JO1XEO1

‘ Nitrofurantoin

MO01 Antiinflammatory and antirheumatic products

MOTABO1
and MO1AB51

‘ Indometacin

MO03 Muscle relaxants

MO03BCO01 and MO3BC51

Orphenadrine (citrate) (and combinations)

M03BX01

Baclofen

MO03BX02

Tizanidine

MO09 Other drugs for disorders of the musculo-skeletal system

MO9AAT2

Quinine, combinations with psycholeptics

NO2 Analgesics

NO2AC52 Methadone, combinations excl. psycholeptics
NO2BAO1 and NO2BA51 ﬁgse]tylsallcyllc acid (and combinations excl. psycholep-
NO2CAO01 Dihydroergotamine

NO2CA52 Ergotamine, combinations excl. psycholeptics
NO3 Antiepileptics

NO3AB02 Phenytoin

NO3AEO1 Clonazepam

NO04 Anti-parkinson drugs

NO4AA02 Biperiden

N04BBO01 Amantadine

N04BCO1 Bromocriptine

N04BCO06 Cabergoline

N04BDO01 Selegiline

NO5 Psycholeptics

NO5AA01 Chlorpromazine
NO5AA02 Levomepromazine
NO5AB03 Perphenazine
NO5AB04 Prochlorperazine
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NO5ACO01 Periciazine
NO5AE03 Sertindole
NO5AFO01 Flupentixol
NO5AF03 Chlorprothixene
NO5AF05 Zuclopenthixol
NO5AHO02 Clozapine
NO5ANO1 Lithium
NO5BA01 Diazepam
NO5BA02 Chlordiazepoxide
NO5BA09 Clobazam
NO5BA12 Alprazolam
NO05BB01 Hydroxyzine
NO05CD02 Nitrazepam
NO5CD05 Triazolam
NO05CD08 Midazolam
NO5CF03 Zaleplon

N06 Psychoanaleptics

NO6AA04 Clomipramine

NO6AA06 Trimipramine

NOG6AA09 Amitriptyline

NO6AA10 Nortriptyline

NOB6AA12 Doxepin

NO6AB03 Fluoxetine

NO6CAO01 Amitriptyline and psycholeptics

RO1 Nasal preparations

RO1BAO1

Phenylpropanolamine

RO1BA51

Phenylpropanolamine, combinations

RO3 Drugs for obstructive airway diseases

RO3DA04

Theophylline

R0O5 Cough and cold preparations

RO5DA01

Ethylmorphine

RO5DA09 Dextromethorphan

RO5DA20 ziﬁ:r;?:&ggghan and salbutamol
RO5FA01 Opium derivatives and mucolytics
RO5FA02 Opium derivatives and expectorants
R06 Antihistamines for systemic use

RO6AE03 Cyclizine

ROBAEOQ5 Meclizine

RO6AE53 Cyclizine, combinations

'Classified using the ATC System of the WHO
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Abstract

Background Various criteria have been created to define
potentially inappropriate medications (PIMs) to help
improve the quality and safety of medicine use in older
patients. Individuals with Alzheimer’s disease (AD) may
be at higher risk of adverse drug events associated with
PIMs (such as falls).

Objective Our objective was to determine the risk factors
for PIM initiation in a nationwide cohort of community
dwellers aged >65 years with and without AD.
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Methods The Finnish nationwide MEDALZ cohort
includes all patients diagnosed with AD in 2005-2011
(n =70,718) and two comparison individuals without
AD (non-AD) matched for age, sex and region of resi-
dence for each person with AD. After a 1-year washout
period for PIM use and exclusion of those aged
<65 years, we included 50,494 patients with AD and
106,306 comparison subjects. PIM use was defined
according to Finnish criteria.

Results Subjects without AD initiated PIMs more fre-
quently than those with AD (16.4 vs. 12.2%, respectively;
p < 0.001). The most common PIMs were muscle relax-
ants and urinary antispasmodics. Older individuals (aged
>75 years) were less likely to initiate PIMs. In the AD
group, women were less likely to initiate PIMs than men.
More comorbidities were associated with PIM initiation,
especially in the non-AD group. The use of opioids or
psychotropic medicines was associated with PIM initiation
in both cohorts. Regional differences between university
hospital districts were observed.

Conclusion PIM initiation was dependent on patient
characteristics and possibly also some healthcare system-
related factors such as differing regional treatment prac-
tices. It is important that medicines prescribed to the older
vulnerable population are assessed regularly to avoid
adverse effects and ensure safe pharmacotherapy, espe-
cially in those with multiple comorbidities.
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Key Points

Initiation of potentially inappropriate medications
(PIM) was less common in patients with Alzheimer’s
disease (AD) than in those without AD.

A high number of comorbidities and use of opioids
or psychotropic medicines (at baseline) were
associated with a higher risk for PIM initiation.
Older age (>75 years) had a negative association
with PIM initiation.

The effect of sex on PIM initiation differed between
individuals with and without AD. Among those with
AD, women were less likely to initiate PIMs than
were men; however, among those without AD,
women were more likely to initiate PIMs than were
men.

1 Introduction

Pharmacotherapy in older patients is often complex
because of physiological age-related changes and the
increasing number of comorbid conditions and medicines
used. Older patients are at higher risk of adverse drug
reactions and events associated with potentially inappro-
priate medications (PIMs) [1, 2]. PIMs are defined as
medicines with a greater potential for risks than benefits
among older patients [3] and have been associated with
greater healthcare service utilization, such as hospitaliza-
tion [4-7], and thus higher healthcare costs [8, 9].

Both explicit (criterion-based) and implicit (judgement-
based) criteria for defining PIMs have been created to
improve and ensure the quality and safety of pharma-
cotherapy in older patients. The first and best-known is the
Beers criteria [3, 10-13], which are widely used. However,
country-specific criteria are often more applicable to the
different healthcare settings and medical products autho-
rized across countries. In Finland, the Database of Medi-
cation for the Elderly was published in 2010 by the Finnish
Medicines Agency to support clinical decision making and
to improve the safety of medicine use among patients aged
>75 years [14]. A previous cross-sectional study using the
Finnish criteria found PIM use to be highly prevalent: 30%
of a random sample (n = 234) of patients aged >75 years
used PIMs on a regular or as-needed basis [15].

Various studies have been conducted on the prevalence
and predictors of PIM use worldwide [16-19]. For
instance, factors more frequently associated with the use of
PIMs include polypharmacy and the number of different
medicines [16, 17, 19], being female [16, 19], being more
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elderly [16, 19], having lower socioeconomic status [19]
and living in residential care [16]. However, these results
are partly inconclusive because other studies have also
indicated that PIMs were more commonly used in those
aged <85 years and in males [17]. A recent systematic
review found that the most important factors generally
associated with potentially inappropriate prescribing (PIP)
are polypharmacy, poor functional status, depression and a
high comorbidity score [20].

Population ageing means the number of patients with
dementia will increase worldwide [21]. A recent systematic
review concluded that PIM use is very prevalent among
patients with cognitive impairment or dementia (varying
from approximately 10 to >50%) [22]. A previous French
study found that approximately 47% of patients with Alz-
heimer’s disease (AD) living at home had at least one PIM
according to the Laroche list [23]. Being female and
receiving polypharmacy have also both been associated
with PIM use in older patients with AD or dementia
[23, 24]. Results were also similar in patients with mild
cognitive impairment [25]. A Swedish study by Skoldunger
et al. [6] found that PIM use was also associated with
hospitalization in patients with dementia.

However, studies on PIM use in patients with AD,
particularly longitudinal evidence, are lacking. Patients
with AD may be at higher risk of adverse drug events
associated with PIMs because, for example, anticholinergic
medicines may weaken the effect of AD medicines. It is
important to identify risk factors for PIM initiation and
outcomes associated with PIM to be able to target inter-
ventions such as medication reviews to those at highest
risk. The aim of this study was to investigate risk factors
associated with the initiation of PIM use, defined according
to Finnish criteria of the Database of Medication for the
Elderly (hereafter, the ‘Finnish criteria’) [14], in a Finnish
nationwide cohort of community-dwelling people aged
>65 years with and without AD.

2 Methods
2.1 Study Population

The study population in this retrospective cohort study was
based on the MEDALZ (Medication use and Alzheimer’s
disease) cohort [26], which included all Finnish commu-
nity-dwelling patients diagnosed with AD between 2005
and 2011 (n = 70,718). The data also included two com-
parison individuals without AD matched for age, sex and
region of residence (n = 141,436) for each person with
AD. Comparison people without AD (non-AD) were
identified from registers of the Social Insurance Institution
(SII) of Finland, including those covered under the
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National Health
population.

Patients with AD were identified from the SII's Special
Reimbursement Register, which includes patients entitled
to special reimbursement of medicines because of chronic
diseases, including AD. The Finnish current care guideline
recommends that anti-dementia medicines should be pre-
scribed for all people with clinically verified AD if there
are no contraindications for use [27]. For AD medicines to
be reimbursed, a predefined protocol for the diagnosis of
AD must be fulfilled and sent to the SII, which grants the
special reimbursement if the criteria are fulfilled. The AD
diagnosis must include clinical examination, exclusion of
alternative diagnoses, computed tomography or magnetic
resonance imaging (MRI) scan and confirmation of the
diagnosis by a neurologist or geriatrician.

Data were extracted from the SII nationwide prescrip-
tion register (medicine use, 1995-2012), the Special
Reimbursement Register (comorbidities, 1972-2012), the
National Institute for Health and Welfare Hospital Dis-
charge Register (HILMO; previous stroke, history of hip
fracture, depression and bipolar disorder, 1972-2012) and
Statistics Finland registers (socioeconomic position).

We used the Finnish criteria [14] to define PIM use in
our study because this comprehensive -categorization
comprises all medicines with marketing authorization in
Finland in 2010. Medicines in the database are classified
into four categories from A to D: category A medicines are
appropriate (e.g. simvastatin, bisoprolol, rivastigmine);
category B medicines have limited research evidence of
appropriateness or practical experience or efficacy in older
patients (e.g. glucosamine, antitussives); medicines in
category C are suitable for older patients with certain
conditions only (e.g. digoxin, temazepam, duloxetine); and
medicines in category D are potentially inappropriate for
older individuals. In this study, we considered only
medicines in category D (medicines to be avoided in older
adults) to assess PIMs (see Table S1 in the Electronic
Supplementary Material [ESM]). PIM use was classified as
a dichotomous variable if a person had purchased at least
one PIM during the follow-up period.

All medicines were classified according to the
Anatomical Therapeutic Chemical (ATC) classification
system [28]. Patient use of opioids (ATC class NO2A) and
psychotropic medicines that were not included in the PIM
definition was measured at the start of follow-up. Psy-
chotropic medicines included antipsychotics (NOSA
excluding lithium), antidepressants (NO6A) and benzodi-
azepines and related medicines (NOSBA, NO5CD, NO5CF),
and were included as a proxy for dementia-related beha-
vioural symptoms. Medicine use start and end dates were
determined from Prescription Register data using a previ-
ously utilized Prescriptions to Drug Use Periods

Insurance—in practice, the whole

(PRE2DUP) method for each person and each medicine
(ATC code) [29]. The method takes into account the
individual purchase pattern of medicines, i.e. regularity of
medicine use, stockpiling and hospitalization periods when
medicines are provided by the care unit and not recorded in
the Prescription Register data. In the modelling, many
restrictions that are placed on medicines (such as minimum
dose for each medicine package) and dispensing regula-
tions (maximum of 3 months’ supply may be dispensed at
once) affect the duration of use.

Figure 1 shows the derivation of the study population. A
1-year washout period for PIM use before the index date
(the date of AD diagnosis and the corresponding matching
date for comparison subjects) was applied to define inci-
dent PIM use. After all exclusions, 156,800 subjects were
included in the study, 50,494 of whom had diagnosed AD.

2.2 Comorbidities and Other Covariates

Data on comorbidities, including asthma or chronic
obstructive pulmonary disease (COPD), diabetes, rheuma-
toid arthritis, any cardiovascular disease, epilepsy and his-
tory of cancer, were extracted from the Special
Reimbursement Register. History of hip fracture
(S§72.0-72.2), previous stroke (160-64) and history of
depression (F32-39) or bipolar disorders (F30-31) were
extracted from the HILMO according to the Finnish version
of International Statistical Classification of Diseases and
Related Health Problems (ICD)-10 codes [30] and corre-
sponding ICD-8 and ICD-9 codes. Socioeconomic position
was defined as the highest occupational social class recorded
for study participants when they were aged 45-55 years,
according to classification by Statistics Finland. Socioeco-
nomic position was categorized into four classes (high,
medium, low and unknown). The highest class included
entrepreneurs and higher clerical workers, ‘medium’ inclu-
ded lower clerical workers and employees, the lowest class
included unemployed, retired and students, and ‘unknown’
included people with an unknown position and those for
whom data were missing at Statistics Finland (about 5% of
the cohort). Information about university hospital districts
was extracted from the SII register in terms of a person’s
residential area at the start of the follow-up. Finland has five
university hospital areas: Helsinki and Uusimaa (Helsinki
University Hospital), Pirkanmaa (Tampere University
Hospital), Southwest Finland (Turku University Hospital),
Northern Savo (Kuopio University Hospital) and Northern
Ostrobothnia (Oulu University Hospital).

2.3 Statistical Analysis

Baseline characteristics of patients with AD and partici-
pants without AD (non-AD) with and without PIM
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Fig. 1 Flow chart of the study
population. AD Alzheimer’s
disease; MEDALZ Medication
use and Alzheimer’s disease;
PIM potentially inappropriate
medication

Persons diagnosed with AD in
2005-2011 in the Finnish MEDALZ

cohort
n=70,718

without AD
n=141,436

Age-, sex- and region of residence-
matched comparison persons

Exclusion of persons who used at
least one PIM during a washout
period

AD:n=17,537

Non-AD:n=31,323

¥

Exclusion of persons who stayed in
hospital over 90 days in the
washout period (-
AD:n=761
Non-AD: n =34

1-year washout period

v

Exclusion of persons who were
hospitalized at the end of the
washout period

AD:n=215

Non-AD:n=2

¢ -

years

Exclusion of persons aged < 65

AD:n=1,711
Non-AD:n=3,771

in the study

50,494 AD persons were included

106,306 non-AD persons were
included in the study

initiation were compared using a chi-squared test. Cox
proportional hazards regression was used to identify risk
factors for PIM initiation. Survival time was censored at
the first PIM or for any reason at the end of follow-up
(follow-up ended on 31 December 2012, at death or at
>90 days hospitalization, whichever came first). In addi-
tion, the follow-up period for the comparison participants
ended if they were diagnosed with AD. Associations
between predictors (sociodemographic characteristics,
comorbidities and medications) and PIM initiation were
investigated with Cox regression. Analyses were per-
formed separately in the AD and non-AD cohorts. Group-
wise analyses were supported by statistically significant
interaction terms between predictors and AD. The pro-
portional hazard assumption was tested using the Schoen-
feld residuals and Kaplan—Meier curves. Hazards for PIM
initiation differed between people with and without AD
according to age, sex, socioeconomic position, epilepsy,
previous stroke, history of cancer and other medicine use.
Results were reported as hazard ratios (HRs) with 95%
confidence intervals (Cls), and the significance level was
set at 0.05. All statistical analyses were performed using
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Stata statistical package (STATA IC 13.1; StataCorp,
College Station, TX, USA). No ethics committee approval
was required according to Finnish legislation, because the
data were de-identified before being delivered to
researchers.

3 Results
3.1 Characteristics of the Study Population

The mean =+ standard deviation (SD) age of the study
population was 80.7 (%6.14) years, and 64.4% were
women. Patients with PIM initiation were more often
women and aged <85 years and were more likely to have
asthma or COPD, rheumatoid arthritis, any cardiovascular
diseases and history of depression or cancer or bipolar
disorders than people without PIM initiation. In the AD
population, those with PIM initiation were more often
slightly younger and male than those without PIM initia-
tion (Table 1). In addition, a higher proportion of people
with AD with than without PIM initiation were receiving
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AD and non-AD

PIM initiation (n = 88,897)

PIM initiation

initiation (n = 44,329)

initiation (n = 6165)

with PIM initiation

(n = 17,409)

0.062

<0.001

0.003

University hospital district

13,020 (14.7)

2362 (13.6)

6369 (14.4)
9344 (21.1)

903 (14.7)
1267 (20.6)
1458 (23.7)

Oulu

18,554 (20.9)
21,859 (24.7)

3486 (20.1)

Kuopio

4361 (25.1)
2081 (12.0)
5087 (29.3)

10,886 (24.6)
5535 (12.5)

Tampere
Turku

11,021 (12.4)
24,173 (27.3)

708 (11.5)

12,074 (27.3)

1812 (29.5)

Helsinki
Reason for end of follow-up

<0.001
<0.001
<0.001

<0.001

4760 (5.4)

784 (4.5)
3194 (18.4)
13,431 (77.2)

9201 (20.8) <0.001

1097 (17.8)
1618 (26.2)

3450 (56.0)

Hospitalization

Death

0.014
<0.001

17,023 (19.2)

0.001

10,755 (24.3)
24,373 (55.0)

67,114 (75.5)

0.148

End of study

Data are presented as number of individuals (%) unless otherwise indicated

AD Alzheimer’s disease, COPD chronic obstructive pulmonary disease, NA not applicable, PIM potentially inappropriate medication

@ At time of the diagnosis of AD or at the start of follow-up for comparisons

b Excluding PIMs on the list of the Finnish criteria (see Table S1 in the Electronic Supplementary Material)

psychotropic medicines (excluding PIMs on the Finnish
criteria list) at the start of follow-up (with PIM initiation:
34.8%; without PIM initiation: 31.3%; p < 0.001).

In the non-AD population, those with PIM initiation
were more often younger and female than were those
without PIM initiation (Table 1). They were also more
likely to use opioids and psychotropic medicines (with PIM
initiation: 27.1%; without PIM initiation: 19.4%;
p < 0.001). Moreover, patients without PIM initiation were
more likely to have had a previous stroke or history of hip
fracture than those with PIM initiation.

In the AD population, those with PIM initiation were
more often slightly older and likely to be male than patients
without AD with PIM initiation. Furthermore, patients with
AD with PIM initiation were more likely to have diabetes
or a previous stroke or history of hip fracture than were
patients without AD with PIM initiation. In contrast, those
without AD with PIM initiation were more likely to have a
history of cancer and to have used opioids more frequently
than were patients with AD with PIM initiation.

Most of the PIMs were prescribed by physicians who
worked in primary outpatient care, followed by those in
hospitals, but information about physicians’ workplace was
missing for approximately one-fourth of subjects.

The mean follow-up time for all participants was
1120 days (median 975 days). In patients with AD, the
mean follow-up time was 987 days (median 850 days); in
the comparison population, it was 1183 days (median
1036 days) (p < 0.001).

3.2 Initiation of Potentially Inappropriate
Medications (PIMs)

Overall, 23,574 (15.0%) patients initiated PIMs during the
study period. Of those, 6165 had AD (12.2% of the AD pop-
ulation) and 17,409 did not (16.4% of the non-AD population)
(p < 0.001). The mean length of PIM use was 203 days
(median 79 days) in patients with AD and 166 days (median
52 days) in those without AD (p < 0.001).

In the AD group, there were more differences between
males and females, as men used more urinary antispas-
modics (33.3% among men and 26.1% among women with
AD). Overall, the study population purchased 60 different
PIMs (see Table S1 in the ESM). In both groups, the most
common purchased PIMs were tizanidine, metoclopramide,
solifenacin, orphenadrine combinations, diazepam and
propranolol (Table 2). The ten most frequent medicines
also included tolterodine, trospium and fesoterodine in the
AD group and orphenadrine, moxonidine and amitriptyline
in the non-AD group. Comparing the use of medicines by
sex, the ten most commonly purchased PIMs included
oxybutynin and moxonidine in women and theophylline
and fesoterodine in men.
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Table 2 Most commonly initiated potentially inappropriate medications in subjects with and without Alzheimer’s disease
ATC code Medicine Subjects with AD ATC code Medicine Subjects without AD
Total Female Male Total Female Male
AO3FAO1  Metoclopramide 794 (12.9) 595 (15.7) 199 (84) MO03BX02 Tizanidine 2892 (16.6) 1948 (16.7) 944 (16.3)
G04BDO08  Solifenacin 616 (10.0) 313 (8.3) 303 (12.8) AO3FAOl Metoclopramide 2196 (12.6) 1494 (12.8) 702 (12.2)
MO3BX02 Tizanidine 593 (9.6) 368 (9.7) 225(9.5) MO3BC51 Orphenadrine, 1751 (10.1) 1212 (10.4) 539 (9.3)
combinations
NO5BAO1 Diazepam 383 (6.2) 235(6.2) 148 (6.2) GO4BDO8 Solifenacin 1491 (8.6) 970 (8.3) 521 (9.0)
MO3BC51  Orphenadrine, 344 (5.6) 211(5.6) 133(5.6) CO7AA05 Propranolol 824 (4.7) 534 (4.6) 290 (5.0
combinations
G04BD07  Tolterodine 330 (54) 194 (5.1) 136(5.7) MO3BCOl Orphenadrine 757 (4.3) 498 (4.3) 259 4.5
(citrate)
G04BD04  Oxybutynin 262 (42) 174 (4.6) 88 (3.7) NO5SBAOl Diazepam 698 (4.0) 457 39) 241 (42)
CO7AAO05  Propranolol 221 (3.6) 152 (4.0) 69 (2.9) C02ACO05 Moxonidine 676 (3.9) 480 (4.1) 196 3.4
GO04BD09  Trospium 204 (3.3) 95(2.5) 109 (4.6) NO6AA09 Amitriptyline 621 (3.6) 411 3.5) 210 (3.6)
G04BD11  Fesoterodine 196 (3.2) 97 (2.6) 99 (4.2) G04BD04 Oxybutynin 549 (3.2) 424 3.6) 125(22)
NOSBA12  Alprazolam 180 (2.9) 127 34) 53 (2.2) RO3DA04 Theophylline 376 (2.2) 178 (1.5) 198 (3.4)
G04BD10  Darifenacin 17529 118 3.1 57 (2.4)
RO3DA04 Theophylline 193 3.1) 101 2.7) 92 (3.9)

Data are presented as n (%) unless otherwise indicated. The ten most commonly purchased medicines are in bold, and the single most commonly

purchased medicines are underlined

ATC Anatomical Therapeutic Chemical classification

3.3 Risk Factors for PIM Initiation

In the Cox proportional hazards regression, women in
the non-AD group had a higher risk of PIM initiation,
whereas being female decreased the risk of PIM initia-
tion in the AD group (HR 0.85, 95% CI 0.80-0.89;
p < 0.001) (Table 3). In both groups, younger people—
aged 65-74 years—were more likely to initiate PIM use
than those aged >75 years.

Several comorbidities—asthma or COPD, diabetes,
any cardiovascular disease, epilepsy, history of cancer or
history of depression or bipolar disorders—significantly
increased the risk of PIM initiation in the non-AD group
whereas previous stroke or hip fracture decreased the
risk. In the AD group, the risk of PIM initiation was
higher among those with asthma or COPD, any cardio-
vascular disease or history of cancer. In both groups, the
risk of PIM initiation increased with the use of opioids
(AD: HR 1.25, 95% CI 1.09-1.45; non-AD: HR 1.70,
95% CI 1.60-1.81) or psychotropic medicines (AD: HR
1.24, 95% CI 1.17-1.30; non-AD: HR 1.51, 95% CI
1.46-1.57).

All university hospital districts were associated with the
initiation of PIMs in the non-AD group. The highest risk of
PIM initiation was associated with Helsinki (HR 1.29, 95%
CI 1.23-1.35) compared with Oulu. In the AD group, only
Helsinki was associated statistically significantly with PIM
initiation (HR 1.23, 95% CI 1.14-1.34).

4 Discussion

To our knowledge, this is the first study to determine the
initiation of PIMs in community-dwelling older people
with and without AD. In both groups, the most commonly
purchased PIMs were tizanidine, metoclopramide, solife-
nacin, orphenadrine combinations, diazepam and propra-
nolol. PIM initiation was more frequent among people
without AD. The higher proportion of PIMs among those
without AD might be explained by their longer follow-up
time and that prescribing practices differed between par-
ticipants with and without AD. The latter is supported by a
finding from a recent review that patients with cognitive
impairment and dementia had a lower risk of PIMs, as
physicians might be more cautious in prescribing PIMs to
more vulnerable patients [22]. In addition, patients with
AD often have more contact with geriatricians or neurol-
ogists because of their diagnostic process, so their
medicines might also be assessed more carefully. PIM
criteria were first developed to improve pharmacotherapy
in frail nursing home residents [3]. It seems that recom-
mendations for avoiding PIMs have been taken into
account in clinical practice. However, it should be noted
that the duration of PIM use was longer in the AD group
despite the shorter follow-up time.

Our study is one of few studies, e.g. Bradley et al. [17],
to find that older age had a negative association with PIM
use. This finding is in contrast to that of a recent systematic
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Table 3 Cox proportional hazards regression of risk factors for initiation of potentially inappropriate medications

Subjects with AD p Value Subjects without AD p Value

Age, years®

65-74 1.00 (reference) 1.00 (reference)

75-84 0.87 (0.82-0.93) <0.001 0.85 (0.82-0.88) <0.001

>85 0.71 (0.66-0.77) <0.001 0.62 (0.59-0.65) <0.001
Sex

Male 1.00 (reference) 1.00 (reference)

Female 0.85 (0.80-0.89) <0.001 1.11 (1.08-1.15) <0.001
Socioeconomic position (middle age)

High 1.00 (reference) 1.00 (reference)

Medium 0.94 (0.89-0.99) 0.019 1.01 (0.98-1.05) 0.437

Low 1.04 (0.89-1.20) 0.638 1.00 (0.92-1.09) 0.963

Unknown 1.10 (0.93-1.31) 0.257 0.42 (0.38-0.46) <0.001
Comorbidities

Asthma or COPD 1.29 (1.18-1.41) <0.001 1.31 (1.25-1.38) <0.001

Diabetes 1.05 (0.98-1.14) 0.189 1.10 (1.04-1.15) <0.001

Rheumatoid arthritis 1.10 (0.97-1.24) 0.124 1.07 (1.00-1.15) 0.046

Any cardiovascular disease 1.12 (1.06-1.18) <0.001 1.14 (1.11-1.18) <0.001

Epilepsy 0.92 (0.74-1.13) 0.407 1.28 (1.12-1.47) <0.001

Previous stroke 1.04 (0.95-1.13) 0.410 0.92 (0.86-0.97) 0.005

Previous hip fracture 0.99 (0.88-1.12) 0.886 0.89 (0.81-0.98) 0.014

History of cancer 1.18 (1.05-1.32) 0.004 1.43 (1.34-1.53) <0.001

History of depression or bipolar disorders 1.15 (1.00-1.33) 0.057 1.12 (1.02-1.24) 0.019

History of substance abuse 1.13 (0.97-1.32) 0.115 1.10 (0.98-1.24) 0.113
Medicine use®

Opioids 1.25 (1.09-1.45) 0.002 1.70 (1.60-1.81) <0.001

Psychotropic medicines® 1.24 (1.17-1.30) <0.001 1.51 (1.46-1.57) <0.001
University hospital district

Oulu 1.00 (reference) 1.00 (reference)

Kuopio 1.06 (0.97-1.15) 0.203 1.08 (1.03-1.14) 0.004

Tampere 1.05 (0.97-1.14) 0.225 1.14 (1.09-1.20) <0.001

Turku 1.02 (0.93-1.13) 0.660 1.10 (1.03-1.16) 0.002

Helsinki 1.23 (1.14-1.34) <0.001 1.29 (1.23-1.35) <0.001
Number of subjects 50,356 106,004
Number of failures 6148 17,377

Data are presented as hazard ration (95% confidence interval) unless otherwise indicated

AD Alzheimer’s disease, COPD chronic obstructive pulmonary disease, PIM potentially inappropriate medication

* At the time of the diagnosis of AD, or at the start of follow-up for comparisons

o Excluding PIMs on the list of the Finnish criteria (see Electronic Supplementary Material Table S1)

review, which found that older age is an important risk
factor for PIP [20]. However, we studied PIM initiation,
whereas other studies have mainly investigated the preva-
lence of PIMs. Nevertheless, our results indicate that pre-
scribers may have been aware of aging-related changes and
adverse events associated with PIMs among their oldest
patients.

In the non-AD group, several comorbidities increased the
risk of PIM initiation. This finding is consistent with an
earlier study in the general aged population [31]. There were
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differences in the AD group, where only asthma or COPD,
any cardiovascular disease or history of cancer were asso-
ciated with PIM initiation. In the non-AD group, previous
stroke or hip fracture decreased the risk of PIM initiation.
This may be because prescribing is more careful in those with
a history of serious health events. Many PIMs, especially
long-acting benzodiazepines and anticholinergic medicines,
might increase the risk of falls [32].

In addition, our results indicated people receiving opi-
oids or psychotropic medicines at baseline had a high risk



Risk Factors for PIM Initiations in Older Adults with and without AD

75

of PIM initiation. Previous studies of this same cohort
reported that a higher proportion of patients with than
without AD used antipsychotics and antidepressants [33].
In addition, the incidence of benzodiazepine use was three
to four times higher in the AD population [34]. Some PIMs
may be used to treat adverse effects from psychotropic
medicines (e.g. urinary anticholinergics, anticholinergic
antiparkinson medicines). Alternatively, in an AD popu-
lation, users of psychotropic medicines may have more
comorbidities or more severe disease with neuropsychiatric
symptoms of dementia, and these lead to more frequent
PIM initiation. As PIM initiation was strongly correlated
with psychotropic medicine use, it may be considered a
marker for increased PIM initiation risk.

In the non-AD group, women were more likely to ini-
tiate PIMs, while the opposite association was observed in
the AD group. The higher risk of PIM initiation in men
with AD contrasts with the findings of a previous study
conducted by Montastruc et al. [23] who found women
with AD were more likely to initiate PIMs than men with
AD. However, they analysed the overall risk for PIM use
according to the Laroche list, which affects study compa-
rability. In our study, men more often used urinary
antispasmodics, which can be one explanation for the
higher risk of PIM initiations among men. An earlier study
by Torvinen-Kiiskinen et al. [35] also found that men with
AD had a higher prevalence of concomitant use of urinary
antispasmodics and acetylcholine esterase inhibitors than
women with AD. Our subgroup analyses on sex and PIM
categories showed that men were more likely to use urinary
antispasmodics than women. This might be explained by
different treatment traditions between males and females.
For example, women with incontinence may be offered
pads while men are treated with urinary antispasmodics
[35].

In this study, socioeconomic position had no association
with PIM initiation or the results were inconclusive. Pre-
vious studies conducted in the general aged population
found that low education level is associated with higher
risk of PIM consumption [19]. However, our measure was
occupational social class, so the difference can be
explained by differences in definitions.

Our study revealed regional differences between uni-
versity hospital districts that was not explained by any
specific PIM medicine (data not shown). Previous studies
have also found regional differences in PIM prescribing
[36, 37], but they were not comparable with our study
because of different study designs, populations and
healthcare systems. One study included only inpatients, but
also found lower rates of PIMs in smaller hospitals and
urban areas [36]. In contrast, another cross-sectional study
found that older veterans living in rural areas might be at
higher risk of PIP [37]. The underlying reasons and

healthcare system-related factors behind the regional dif-
ferences in PIM initiation should be assessed in future
studies.

We found only one earlier study that predicted incident
PIM use by the same method, the Cox proportional hazards
model [38]. The study did not find any associated charac-
teristics with incident PIM use, but the authors stated that
this finding might be explained by the small sample size
(n = 217). Assessment of risk factors for PIM initiation is
important; various studies have identified the challenges of
discontinuing and deprescribing medicine use [39], and
there is a need to provide additional motivation for patients
and slowly decrease the dose.

A strength of this study is its large nationally repre-
sentative data, which included all people diagnosed with
AD between 2005 and 2011, so there is very low selection
bias. In addition, we implemented a 1-year washout period
for PIM use to restrict our analyses to incident PIM users.
However, it is possible that the cohort was healthier
because these patients were excluded after the washout
period, and the cohort may not have included all AD cases
if they were not considered to benefit from or tolerate anti-
dementia medicines, although actual use of anti-dementia
medicines was not an inclusion criterion. Register-based
data avoid the possible recall bias present in interview-
based studies. Furthermore, other limitations should also be
considered. First, registers include only reimbursed, not all
prescribed, medicines. In addition, registers do not include
over-the-counter medicines. Second, we do not know
whether PIM purchases reflect the real consumption of
medicines. However, data on medicine purchases are
considered a more reliable estimate of medicine use than
prescribing data [40]. Third, the Finnish criteria were
developed to support clinical decision making among
patients aged >75 years. Our study also included people
aged 65-74 years. However, patients with AD can be
considered older than their actual age, and the age of
65 years was most often also used in other studies using
explicit criteria (e.g. Beers, Screening Tool of Older Peo-
ple’s Prescriptions [STOPP]/Screening Tool to Alert to
Right Treatment [START]) [13, 41] for assessing PIMs.
Finally, the Finnish criteria were published in 2010, and
our follow-up started at earliest in 2005, so the availability
of medicines and prescribing practices may have changed
in the interim [15]. However, the first Beers criteria were
published in 1991 [3]. Although the Finnish criteria are
consistent with Beers, we did not use Beers because several
of the medicines it lists do not have marketing authoriza-
tion in Finland.

It should be noted that, by definition, PIMs are ‘poten-
tially’ inappropriate, and are sometimes necessary. Phar-
macotherapy in older patients is often complex, especially
for those with many comorbidities and multiple medicines.
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Moreover, explicit criteria do not take into account indi-
vidual patient characteristics and the heterogeneity
between older patients. Heterogeneity also relates to
comorbidities as risk factors for PIM initiation as no par-
ticular disease was strongly associated with PIM initiation.
In addition, the clinical picture and progress of disease
differs between patients with the same disease. However, it
is important that clinicians address risk factors to prevent
adverse effects or events. The risks and benefits of initi-
ating PIMs should always be considered for each individual
patient.

5 Conclusion

PIM initiation depended on both patient characteristics and
morbidities and possibly also some healthcare system-re-
lated factors such as differing regional treatment practices.
In future, evaluation of the continuation as well as of the
initiation of PIMs will be important. Overall, it is important
to assess the medicines being prescribed to older vulnera-
ble populations regularly to avoid adverse effects and to
ensure safe pharmacotherapy, especially in those with
multiple comorbidities.
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Abstract

Aims To determine (1) whether potentially inappropriate medication (PIM) use defined by the Meds75 + database is associ-
ated with fracture-specific hospitalisations and all-cause mortality, and (2) the association between PIM use and all-cause
hospitalisation costs in a 12-year follow-up of a nationwide sample of people aged > 65 years in Finland.

Methods This is a longitudinal study of 20,666 community-dwelling older persons with no prior purchases of PIMs within
a 2-year period preceding the index date (1 Jan 2002), who were followed until the end of 2013. Data were obtained from
the Finnish Prescription Register, and it was accompanied by information on inpatient care, causes of deaths and socio-
economic status from other national registers. Propensity score matching (PSM) analysis was used to account for potential
selection effect in PIM use. Cox proportional hazards regression was used to identify the time to the first fracture or death
by comparing PIM-users (n=10,333) with non-users (n=10,333). The association between PIM use and hospital costs was
analysed with a fixed effects linear model.

Results PIM use was weakly associated with an increased risk of fractures and death. The association was stronger in the first
PIM-use periods. Hospitalised PIM-users had 15% higher hospital costs compared to non-users during the 12-year follow-up.
Conclusion PIM initiation was associated with an increased risk of fracture-specific hospitalisation and mortality and PIM-
users had higher hospital costs than non-users. Health care providers should carefully consider these issues when prescribing
PIM for older persons.

Keywords Potentially inappropriate medications - Older persons - Register-based study - Health outcomes - Hospital costs

JEL Classification J14 Economics of the Elderly

Introduction

Potentially inappropriate medications (PIMs) are defined as
medications whose potential harms outweigh their benefits
[1]. Despite risks, the use of PIMs is widely recognised to
be quite common among older persons. A previous review
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article (https://doi.org/10.1007/s10198-018-0992-0) contains

supplementary material, which is available to authorized users. estimated that in Europe, overall PIM use prevalence is over
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virva.hyttinen@uef.fi in the older population, depending on the study setting and

Department of Health and Social Management, University criteria used [3, 4].

of Eastern Finland, P.O. Box 1627, 70211 Kuopio, Finland Several criteria have been formulated to define PIM
2 Assessment of Pharmacotherapies, Finnish Medicines use to support and improve the safety of medication use
Agency, Kuopio, Finland in older persons. The first, and well-known is the Beers
3 Kela Research, The Social Insurance Institution, Helsinki, Criteria, which were developed in the United States at the

Finland beginning of the 1990s and the latest update of this criteria
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was published in 2015 [1, 5]. Other commonly known crite-
ria are, for example, the STOPP/START [6] and PRISCUS
criteria [7]. One of the latest sets of criteria is the EU(7)-
PIM-list, which was developed to identify and compare PIM
prescribing in older people in a European context [8]. How-
ever, many national criteria have been developed, because all
commonly used criteria cannot be applied in every country
due to differences in treatment practices and selection of
medications. In Finland, the database of medication for the
elderly (Meds75+) maintained by the Finnish Medicines
Agency (FIMEA) was published in 2010 [9], but only a few
studies have used the Meds75+ criteria up to date.

Previous studies on PIM use and health outcomes have
found that there is an association between PIM use and
higher risk of adverse drug events [10], falls and fall-related
hospitalisations [11, 12] or all-cause hospitalisations [13,
14], and thus higher health care costs [15]. However, there
are few studies examining the association of PIM use on
health care costs in Europe, but studies indicate that PIM
use is associated with higher health care costs [16]. Most of
the previous studies used quite short follow-ups, so there is
a clear need for longitudinal evidence in nationwide repre-
sentative data in the European context [15]. In addition, the
association between PIM use and mortality is controversial
[17, 18], and only a few studies have taken into account
possible endogeneity between PIM use and health outcomes
[19]. The selection of patients—in this study for PIM use—
is important to consider particularly in observational studies
[20].

Finnish registers provide a valuable opportunity to gain
evidence on PIM use and health outcomes, e.g. health care
utilisation. To our knowledge, this is the first study inves-
tigating the association between PIM use and fracture-
specific hospitalisations with a matched cohort in terms of
factors that were related to PIM initiation, which decreases
the selection bias by controlling for potential confounders
associated with PIM use.

The aims of this study were to determine (1) the associa-
tion between PIM use and potentially fall-related fractures
and all-cause mortality, and (2) the association between PIM
use all-cause hospitalisation costs in a 12-year follow-up of
a nationwide sample of people aged > 65 years in Finland,
taking into account the potential selection effect in PIM use.

Methods

Data sources

This study was conducted using the Finnish nationwide
register data from the years 2000-2013. The Prescription

Register that is maintained by the Social Insurance Institu-
tion (SII) includes all Finnish persons who have received
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reimbursement of their prescription medication purchases.
This means practically the whole noninstitutionalised popu-
lation, since in Finland, all residents are covered by National
Health Insurance and the medicines reimbursement scheme
covers most medication purchases in outpatient care. All
medications in the Prescription Register were classified
based on the World Health Organization’s Anatomical
Therapeutic Chemical (ATC) classification system [21]. The
Prescription Register was linked using a unique personal
identity code to the Care Register for Health Care (the use
of inpatient care) maintained by the National Institute for
Health and Welfare, and causes of deaths and socioeconomic
information of the study population maintained by Statistics
Finland.

Study design and participants

The study population was a 10% random sample of peo-
ple aged > 65 years from the Prescription Register in the
beginning of the year 2000 (n=64,250) (Fig. 1). An incident
PIM-user was defined as a person who did not have any
prescription PIM purchases during 2 years (washout period)
preceding the index date (1 January 2002). Persons who pur-
chased at least one PIM during the preceding 2-year period
(years 2000-2001) before the index date were excluded
(n=32,087). In addition, we excluded those persons who
suffered a fracture during the washout period. Those per-
sons who were hospitalised for > 90 days during the washout
period or were at the hospital at the beginning of the study
period were also excluded. This was because the prescription
data do not include information on the medications given
at hospital. After all exclusions, the study cohort included
27,576 persons. After propensity score matching (PSM) (see
statistical analysis), there were 10,333 PIM initiators with
one matched non-user, which totalled 20,666 persons in the
matched study population. Figure 1 shows the flow chart of
the study population.

PIM exposure

PIMs were defined according to the Finnish Meds75+ data-
base (information on medications from the year 2010) [9].
In the database, medications are divided into four categories:
A (suitable for older persons), B (lack of research evidence,
clinical experience or efficacy among older persons), C (suit-
able for older persons, with specific cautions) and D (avoid
use in older persons). In the current study, a PIM-user was
a person purchasing at least one prescription medication in
category D during the follow-up period.

PIM exposure was a time-varying variable, which means
that a person was defined as PIM exposed for a 31-day
(1 month) period (for sensitivity also 90-day (3 months) and
6-month periods) from the date of every PIM purchase, so
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Fig. 1 Flow chart of the study
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the real exposure period can vary between persons if there
were overlapping periods. In addition, the analyses were
restricted for the first PIM-use period to analyse the risk of
fracture after the start of a new medication. The first PIM-
use period was defined as the period starting when a person
purchased the first PIM and ending after the above-men-
tioned exposure periods. If there were overlapping periods,
the end of the first PIM-use period was calculated from the
last PIM purchase date where the exposure period did not
include the purchase of other PIMs.

Patient outcome is considered to be associated with PIM
exposure, if the fracture-based hospitalisation occurred dur-
ing PIM exposure period. In the hospital cost model, PIM
exposure was defined yearly as a dichotomous variable,
whether or not a person had purchased at least one PIM in
each year of the follow-up.

Outcome variables

Our primary outcome was a potentially fall-related incident
fracture gathered from the Care Register for Health Care
based on the Finnish version of International Classifica-
tion of Diseases (ICD) version ten codes [22]: S22, S32,
S42, S52, S62, S72 and S82. The secondary outcome was

all-cause mortality obtained from the register of causes of
deaths.

Hospital costs of all-cause hospitalisations were defined
in each hospital episode according to the National Institute
for Health and Welfare’s estimates of unit costs of social
and health care in Finland in 2011 [23]. The length of stay
of each hospital episode was taken into account in cost cal-
culation. In addition, the number of hospital episodes were
calculated for each year and the total number of hospital
episodes during the follow-up.

Study covariates

In addition to basic patient characteristics, such as age and
gender, information on morbidity and socioeconomic status
was included for study covariates in the models. Baseline
medication use of different ATC groups was obtained as a
proxy for morbidity such as metabolic syndrome (medica-
tions used in diabetes: A10), psychiatric disorders (psycho-
leptics, NOS; and antidepressants, NO6A) and cardiovascu-
lar disease (cardiovascular system, C01-04 and C07-C10).
Other medication use also included opioids (NO2A) and non-
steroidal anti-inflammatory drugs (NSAIDs; MO1A exclud-
ing glucosamine MO1AXO05). Medication use was defined
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during the washout period (years 2000-2001). Excessive
polypharmacy was defined as the annual purchase of ten or
more different medications (ATC codes) during the washout
period.

Income information was used to measure socioeconomic
status. In the Finnish population, the variation of education
(as measured by the number of school years) is quite small in
our age cohort people aged > 65 years. Thus, the socioeco-
nomic status was described by dividing spending money of
a household-dwelling unit by the equivalent number of per-
sons (number of equivalent consumers) living in a household
and this was coded into four different income classes. The
variable recording whether a person was living alone was
based on the information on the number of persons living in
a household in the registers of Statistics Finland.

Statistical analysis

It can be assumed that there is a selection process in PIM
use, so that users and non-users are not homogenous groups
that can be directly compared. Some observable or non-
observable factors may explain both the PIM use and the
outcomes, i.e. the PIM-users might have a higher probability
of a fall due to these observable or non-observable factors.
The effect of these factors should be controlled to find the
genuine association of PIM with the outcomes. The vari-
ables in this selection can be partly known (such as age and
income) and partly unknown or unobservable. This can lead
to an endogeneity problem when, for example, at least one
of the predictors for PIM use is also associated simultane-
ously with the dependent outcome variable [24]. To remove
or at least diminish the bias caused by the selection pro-
cess, PSM analysis was used before the regression models,
for matching PIM-users and non-users. PSM analysis with
nearest neighbour (1:1) matching identified from the non-
users group those persons who are the most closely similar
to PIM-users based on their relevant characteristics before
treatment [25]. Using PSM, the potential selection effects of
known variables can be controlled, but not selection associ-
ated with unobserved or non-observable factors. Covariates
included in the PSM analyses were those that were related to
PIM initiation based on previous studies [26]: age, gender,
socioeconomic status psychotropic medications, opioids,
excessive polypharmacy and hospital area.

Cox proportional hazards regression was used to inves-
tigate the time to the first failure (fall-related fracture or
death) by comparing PIM-users with non-users. Survival
time was censored at the first failure or for any reason for
the end of follow-up (death, >90 days hospitalisation or
end of the study on 31 Dec 2013), whichever came first.
Schoenfeld residuals were used to test the fulfilment of the
proportional hazard assumption. It is important to consider
that the assumption holds, which means that the hazard
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curves for the groups should be parallel [27]. Cox models
included those variables that were considered to be related to
falls and fractures: age, gender, socioeconomic status, other
medication use (psychotropics, antidiabetics, cardiovascular
medications, opioids, NSAIDs and excessive polypharmacy)
and living situation.

The association between PIM use and hospital costs were
analysed with a fixed effects linear model. The distribution
of hospital costs was right skewed, so the natural logarithm
of hospital costs was used for the dependent variable. Hos-
pital costs amounting to zero were excluded in the log trans-
formation, so the model took into account only those years
when a person was hospitalised. During 12-year follow-up,
there were 401 persons with zero costs. Yearly zero costs
were taken into account using log (x+ 1) transformation
of costs for the dependent variable. The cost models were
adjusted for time variable (year) and year of death, because
health care service use, and thus costs, tend to increase near
the end of life [28]. Morbidity covariates were defined yearly
in the model, because only variables that vary over time can
be included in the fixed effects model.

In addition, mean differences of the total hospital costs
and total number of hospital episodes and length of stay
per episode during the follow-up between PIM-users and
non-users were analysed using the Wilcoxon rank-sum test.

Baseline characteristics of PIM-users and non-users were
analysed using cross-tabulation and chi-square tests. Other
results were reported as hazard ratios (HR) or coefficients
with 95% confidence intervals (CI). Results were considered
significant with p values <0.05. All analyses were performed
using the Stata statistical package (STATA IC14.1. Stata-
Corp, College Station, TX, USA). Ethical approval of the
study was granted by the Research Ethics Committee of the
Northern Savo Hospital District.

Results
Descriptives

The mean age of the study population was 74.6 years (SD
5.5, median 73.5) and 62.3% were women. After PSM
analysis, there were no differences between PIM-users and
non-users according to the covariates included in the PSM
(Table 1).

Overall, the study population used 69 different PIMs (see
Online Resource 1). The most commonly used PIM was tiza-
nidine, which was used by 19.7% of persons, followed by
metoclopramide (14.4%), tolterodine (9.6%), opiate-related
cough medications (8.9%) and orphenadrine combinations
(8.8%) (Online Resource 2). The ten most commonly used
PIMs were otherwise the same between genders, but men
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Table 1 Characteristics of the study population

Before PSM After PSM
PIM-users (n=10,474) Non-users (n=17,102) p value PIM-users (n=10,333) Non-users (n=10,333) p value
n (%) n (%) n (%) n (%)
PSM covariates
Age® <0.001 0.341
65-74 years 6288 (60.0) 8487 (49.6) 6229 (60.3) 6131 (59.3)
75-84 years 3661 (35.0) 6729 (39.4) 3600 (34.8) 3700 (35.8)
> 85 years 525 (5.0) 1886 (11.0) 504 (4.9) 502 (4.9)
Gender <0.001 0.863
Male 3929 (37.5) 7062 (41.3) 3887 (37.6) 3899 (37.7)
Female 6545 (62.5) 10,040 (58.7) 6446 (62.4) 6434 (62.3)
Socioeconomic status <0.001 0.805
(income)®
<9999€ 2933 (28.0) 5613 (32.8) 2915 (28.2) 2921 (28.3)
10,000-19,999€ 6197 (59.2) 9544 (55.8) 6168 (59.7) 6177 (59.8)
20,000-29,999€ 879 (8.4) 1190 (7.0) 864 (8.4) 832 (8.1)
>30,000€ 393 (3.8) 507 (3.0) 386 (3.7) 403 (3.9)
NA 72 (0.7) 248 (1.5) - -
Use of psychotropics® 2282 (21.8) 3308 (19.3) <0.001 2238 (21.7) 2190 (21.2) 0.416
Use of opioids® 580 (5.5) 715 (4.2) <0.001 572(5.5) 530 (5.1) 0.193
Excessive 1401 (13.4) 1626 (9.5) <0.001 1374 (13.3) 1302 (12.6) 0.136
polypharmacy®
University hospital 0.021 0.892
district
Oulu 1387 (13.2) 2214 (13.0) 1376 (13.3) 1344 (13.0)
Kuopio 1864 (17.8) 3203 (18.7) 1854 (17.9) 1857 (18.0)
Tampere 2258 (21.6) 3699 (21.6) 2239 (21.7) 2208 (21.4)
Turku 1838 (17.6) 3157 (18.5) 1829 (17.7) 1833 (17.7)
Helsinki 3056 (29.2) 4704 (27.5) 3035 (29.4) 3091 (29.9)
Aland/NA 71 (0.7) 125 (0.7) - -
Other covariates included in the analysis
Medication use®
Antidiabetics 803 (7.7) 1284 (7.5) 0.629 794 (7.7) 830 (8.0) 0.352
Cardiovascular 7291 (69.6) 12,056 (70.5) 0.119 7195 (69.6) 7227 (69.9) 0.628
medications
NSAIDs 4263 (40.7) 5579 (32.6) <0.001 4211 (40.8) 3490 (33.8) <0.001
Living alone® 3668 (35.0) 6588 (38.5) <0.001 3644 (35.3) 3799 (36.8) 0.025
NA 73 (0.7) 245 (1.4) - -

PSM propensity score matching, PIM potentially inappropriate medication, NA not available, NSAID nonsteroidal anti-inflammatory drug

#At the start of follow-up (1 Jan 2002)
®Year 2000
€At the washout period (years 2000-2001)

4Not included in the analyses

used theophylline instead of propranolol, which was used
more often by women.

PIM use and associated risk of fractures

Overall, there were 128 (of which 28 occurred in the
first PIM-use period) fractures during the 1-month PIM

exposure period in the sample of 20,666 individuals. Over
the 3-month period, there were 322 (94) fractures and with
the 6-month period, 443 (252) fractures. PIM use was asso-
ciated with an increased risk of fracture for all exposure
periods, but the association was weak in the 1-month PIM
exposure period (PSM-adjusted HR 1.20, 95% CI 1.01-1.44,
p=0.039) (Table 2). After restricting our analyses to the first
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Table 2 Associated risk of fracture within 1, 3 and 6 months PIM exposure periods in time-varying cox proportional hazards regression

1 month 3 months 6 months
PSM-adjusted HR ~ 95% CI pvalue PSM-adjusted HR ~ 95% CI pvalue PSM-adjusted HR ~ 95% CI p value
The first PIM-use
period*
Non-users 1.00 (reference) 1.00 (reference) 1.00 (reference)
PIM-users 1.61 (1.11-2.33)  0.013 1.50 (1.22-1.84) <0.001 1.38 (1.21-1.57)  <0.001
Number of frac- 2351 2417 2575
tures
Number of 28 94 252
fractures during
PIM use
PIM use (all expo-
sure periods)
Non-users 1.00 (reference) 1.00 (reference) 1.00 (reference)
PIM-users 1.20 (1.01-1.44)  0.039 1.30 (1.16-1.46)  <0.001 1.30 (1.17-1.43)  <0.001
Age®
65-74 years 1.00 (reference) 1.00 (reference) 1.00 (reference)
75-84 years 1.85 (1.72-198)  <0.001 1.85 (1.72-198) <0.001 1.85 (1.72-1.98)  <0.001
>85 years 3.35 (2.92-3.85) <0.001 3.34 (291-3.84) <0.001 3.34 (2.90-3.83)  <0.001
Gender
Male 1.00 (reference) 1.00 (reference) 1.00 (reference)
Female 1.77 (1.63-1.92)  <0.001 1.77 (1.64-1.92) <0.001 1.77 (1.64-1.92)  <0.001
Socioeconomic
status (income)®
<9999 € 1.00 (reference) 1.00 (reference) 1.00 (reference)
10,000-19,999 €  1.02 (0.94-1.10)  0.600 1.02 (0.95-1.10)  0.581 1.02 (0.95-1.10)  0.583
20,000-29,999 €  1.08 (0.95-1.24)  0.241 1.08 (0.95-1.24)  0.234 1.08 (0.95-1.24)  0.236
>30,000 € 1.05 (0.87-1.26)  0.602 1.05 (0.88-1.26)  0.586 1.05 (0.88-1.26)  0.589
Living alone® 1.13 (1.05-1.21)  0.002 1.13 (1.05-1.21)  0.002 1.13 (1.05-1.21)  0.002
Medication use!
Antidiabetics 1.16 (1.03-1.31)  0.014 1.16 (1.03-1.31)  0.017 1.16 (1.03-1.31)  0.017
Psychotropics 1.23 (1.14-1.33)  <0.001 1.22 (1.13-1.32)  <0.001 1.22 (1.13-1.32)  <0.001
Cardiovascular 0.95 (0.88-1.02)  0.136 0.95 (0.88-1.02)  0.130 0.95 (0.88-1.02)  0.129
medications
Opioids 1.16 (1.01-1.34)  0.039 1.16 (1.01-1.34)  0.042 1.16 (1.00-1.33)  0.043
NSAIDs 0.98 (0.91-1.05)  0.511 0.98 (0.91-1.04)  0.470 0.97 (0.91-1.04)  0.448
Excessive 1.26 (1.14-1.39)  <0.001 1.26 (1.14-138) <0.001 1.25 (1.14-1.38)  <0.001
polypharmacy?
Number of frac- 3715 3715 3715
tures
Number of 128 322 443
fractures during
PIM use
Number of 20,666 20,666 20,666
subjects

PSM propensity score matching, PIM potentially inappropriate medication, HR hazard ratio, CI confidence interval, NSAID nonsteroidal anti-

inflammatory drug

*Adjusted for age, gender, socioeconomic status (income), living situation, morbidity (the use of antidiabetics, psychotropics, cardiovascular
medications, opioids and nonsteroidal anti-inflammatory drugs) and excessive polypharmacy

b At the start of the follow-up (1 Jan 2002)

“Year 2000

At the washout period (years 2000-2001)
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PIM-use period, the associations between PIM use and the
risk of fractures were stronger in all PIM exposure periods
(1, 3 and 6 months).

PIM use and mortality

In total, there were 339 (of which 114 occurred in the first
PIM-use period) deaths during PIM use in the 1-month
exposure period, 940 (385) deaths in the 3-month exposure
period, and 1365 (833) deaths in the 6-month exposure
period (Table 3). PIM use was associated with an increased
risk of death for all PIM exposure periods. The association
was the strongest in the 6-month exposure period (PSM-
adjusted HR 1.81, 95% CI 1.71-1.92, p <0.001). When the
follow-up was restricted to the first PIM-use periods, the
results showed that the association with an increased risk
of death was stronger in all first PIM-use periods. However,
according to post-estimation tests, the assumption of pro-
portionality was violated between PIM use and mortality,
which means that the hazards for the groups were not con-
stant over time. Figure 2 shows that the hazard curves for
the PIM-users (with the 6-month exposure period) and non-
users converge, and thus were not parallel.

PIM use and hospital costs

Hospital costs were 15% higher in those persons exposed
to PIMs (Table 4). After hospital episodes, the main cost
drivers in the model were excessive polypharmacy and the
last year of life. When yearly zero costs were included in
the analyses, meaning persons without hospitalisations,
PIM-users had 50% higher hospital costs during the 12-year
follow-up.

The unadjusted mean hospital costs were 60,114 euros
(95% CI 58,434-61,793) in those PIM-users who were
hospitalised and 52,435 euros (95% CI 50,483-54,388) in
hospitalised non-users (p <0.001) during the 12-year fol-
low-up. Comparing the number of hospital episodes during
the follow-up between PIM-users and non-users, the mean
number of total hospital episodes was higher among PIM-
users [33.9 (95% CI32.9-34.9) vs. 22.4 (95% CI 21.8-23.0),
p<0.001], whereas the mean length of stay per episode was
longer among non-users [4.7 days (95% CI 4.5-4.8) vs.
3.6 days (95% C13.5-3.7), p<0.001]. In both groups, most
of the hospital episodes were follow-up appointments (about
45-47% of the episodes) and inpatient care (almost 25%).
The proportion of emergency care visits were approximately
13% of all episodes in both groups.

Discussion

In this longitudinal 12-year study, we found that PIM use
was associated with an increased risk of fracture-specific
hospitalisations and mortality in older people. In addition,
our study indicated that PIM-users had higher hospital costs
compared to non-users during the follow-up period.

Earlier studies have mainly analysed the association
between PIM use and all-cause hospitalisation [13, 29, 30],
and found that PIM use was associated with an increased
risk of hospitalisation [13, 29-31]. We wanted to investi-
gate fracture-specific hospitalisations, because there can
be more uncertainty in causality between PIM use and all-
cause hospitalisation. In addition, we investigated incident
PIM use and treated PIM use as a time-varying variable. In
most of the previous studies, PIM use was defined cross-
sectionally [15]. Our results are in line with a study by Lu
et al. [31], which found that PIM-users defined by the Beers
criteria had a greater risk of fracture-specific hospitalisation.
However, our results showed that the association was weak
with the 1-month exposure period, and the risk increased
with longer exposure periods. Nevertheless, our findings
indicated that the risk of fracture-specific hospitalisation
was greater, particularly in the first PIM-use periods. This
result is consistent with a previous study that evaluated the
association between PIM use (defined by Meds75+) and hip
fracture in older persons with Alzheimer’s disease in Finland
[32]. Also, Henschel et al. [14] used the 1-month exposure
period after taking a new PIM when studying the association
between PIM use and adverse drug event-related hospitalisa-
tions, and found that PIM-users had over 50% higher risk of
hospitalisation.

This study is one of the few studies [14, 16, 19] that takes
into account endogeneity with PIM use to draw causal asso-
ciations between PIM use and health outcomes or costs. Hei-
der et al. [16] used entropy balancing and they found that
PIM-users defined by the PRISCUS criteria had a greater
use of health care services (measured by days in hospital
and rehabilitation) and higher health care costs. A study by
Chen and Cheng [19] used the instrumental variable (IV)
approach and found that PIM use defined by the Beers cri-
teria increased the risk of hospitalisation in older people in
Taiwan. In the study, the likelihood of hospitalisation was
even greater in the IV model compared to the model without
Iv.

Previous results of the association between PIM use
and mortality were inconclusive. Most studies have not
found significant associations between PIM use and mor-
tality among community-dwelling older people [31, 33]. A
recent review concluded that PIMs were associated with an
increased risk of mortality only in studies with a new user
design (which excluded prevalent users) [34]. Our findings
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Table 3 Associated risk of mortality within 1, 3 and 6 months PIM exposure periods in time-varying cox proportional hazards regression

1 month 3 months 6 months

PSM-adjusted 95% CI p value PSM-adjusted 95% CI1 p value PSM-adjusted 95% CI p value
HR HR HR

The first PIM-use period®

Non-users 1.00 (reference) 1.00 (reference) 1.00 (reference)
PIM-users 3.54 (2.94-4.26) <0.001 3.19 (2.88-3.55) <0.001 2.22 (2.06-2.39) <0.001
Number of 4347 4618 5066
deaths
Number of 114 385 833
deaths during
PIM use
PIM use (all
exposure
periods)
Non-users 1.00 (reference) 1.00 (reference) 1.00 (reference)
PIM-users 1.38 (1.24-1.54) <0.001 1.67 (1.56-1.78) <0.001 1.81 (1.71-1.92) <0.001
Age®
65-74 years 1.00 (reference) 1.00 (reference) 1.00 (reference)
75-84 years 2.46 (2.34-2.58) <0.001 2.45 (2.34-2.57) <0.001 2.45 (2.34-2.57) <0.001
> 85 years 6.66 (6.13-7.24) <0.001 6.61 (6.08-7.18) <0.001 6.57 (6.04-7.14) <0.001
Gender
Male 1.00 (reference) 1.00 (reference) 1.00 (reference)
Female 0.55 (0.52-0.58) <0.001 0.55 (0.53-0.58) <0.001 0.55 (0.53-0.58) <0.001
Socioeconomic status (income)®
<9999 € 1.00 (reference) 1.00 (reference) 1.00 (reference)
10,000- 0.93 (0.88-0.98) 0.009  0.93 (0.89-0.99) 0.012  0.94 (0.89-0.99) 0.013
19,999 €
20,000- 0.81 (0.73-0.88) <0.001 0.81 (0.74-0.89) <0.001 0.81 (0.73-0.89) <0.001
29,999 €
> 30,000 € 0.71 (0.62-0.81) <0.001 0.71 (0.62-0.81) <0.001 0.71 (0.62-0.81) <0.001
Living alone® 1.11 (1.05-1.17) <0.001 1.11 (1.05-1.17) <0.001 1.11 (1.05-1.17) <0.001
Medication use®
Antidiabetics 1.55 (1.45-1.67) <0.001 1.54 (1.43-1.65) <0.001 1.53 (1.43-1.64) <0.001
Psychotropics  1.19 (1.13-1.25) <0.001 1.18 (1.12-1.24) <0.001 1.17 (1.11-1.24) <0.001
Cardiovascular  1.30 (1.24-1.37) <0.001 1.30 (1.23-1.37) <0.001 1.30 (1.23-1.37) <0.001
medications
Opioids 1.36 (1.24-1.48) <0.001 1.35 (1.24-1.48) <0.001 1.35 (1.24-1.48) <0.001
NSAIDs 0.87 (0.83-0.91) <0.001 0.87 (0.83-0.91) <0.001 0.87 (0.83-0.91) <0.001
Excessive 1.49 (1.40-1.59) <0.001 1.49 (1.40-1.58) <0.001 1.48 (1.39-1.58) <0.001
polypharmacy*
Number of 8033 8033 8033
deaths
Number of 339 940 1365
deaths during
PIM use
Number of 20,666 20,666 20,666
subjects

PSM propensity score matching, PIM potentially inappropriate medication, HR hazard ratio, CI confidence interval, NSAID nonsteroidal anti-
inflammatory drug

*Adjusted for age, gender, socioeconomic status (income), living situation, morbidity (the use of antidiabetics, psychotropics, cardiovascular
medications, opioids and nonsteroidal anti-inflammatory drugs) and excessive polypharmacy

YAt the start of the follow-up (1 Jan 2002)
“Year 2000
At the washout period (years 2000-2001)
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Fig.2 Proportional hazard assumption test for PIM use (6-month
exposure) in mortality analysis

of the increased risk of mortality with those exposed PIMs
were consistent with the review. However, it seems that the
association between PIM use and mortality is not simple,
and there is something unobservable that our modelling can-
not capture based on the proportionality assumption tests.
Stratifying can be one solution for correction of the propor-
tional hazard assumption, but we noticed that the under-
lying problem related the hazards between PIM-users and
non-users, so the separate analyses between genders and age
groups did not change the results of post-estimation tests
(see Online Resource 3).

To our knowledge, this is the first study investigating
health care cost associated with PIM use in Europe over
a one-decade period. Our finding of higher hospital costs
among PIM-users during the 12-year follow-up is in line
with previous studies [16, 35]. Our results are explained by

Table 4 PIM use and associated all-cause hospital costs in PSM-adjusted fixed effects linear model

Model without zero costs

Dependent variable: logged hospital costs

Model with zero costs
Dependent variable: logged (x+ 1) hospital costs

Coef. 95% CI p value Coef. 95% CI p value
PIM use
Non-users 1.00 (reference) 1.00 (reference)
PIM-users 0.15 (0.12-0.18) <0.001 0.50 (0.44-0.55) <0.001
Medication use®
Antidiabetics -0.12 (= 0.17--0.06) <0.001 —0.01 (= 0.11-0.09) 0.820
Psychotropics 0.20 (0.17-0.23) <0.001 0.40 (0.35-0.46) <0.001
Cardiovascular medications 0.04 (= 0.00-0.07) 0.054 0.33 (0.26-0.39) <0.001
Excessive polypharmacy® 0.76 (0.73-0.79) <0.001 1.94 (1.89-1.99) <0.001
Year
2002 1.00 (reference) 1.00 (reference)
2003 0.11 (0.07-0.15) <0.001 0.23 (0.16-0.29) <0.001
2004 0.17 (0.13-0.21) <0.001 0.33 (0.26-0.39) <0.001
2005 0.23 (0.19-0.28) <0.001 0.62 (0.55-0.69) <0.001
2006 0.20 (0.16-0.24) <0.001 0.75 (0.68-0.82) <0.001
2007 0.24 (0.20-0.28) <0.001 0.85 (0.78-0.92) <0.001
2008 0.28 (0.24-0.32) <0.001 1.00 (0.93-1.07) <0.001
2009 0.29 (0.25-0.33) <0.001 1.01 (0.93-1.08) <0.001
2010 0.35 (0.30-0.39) <0.001 1.17 (1.09-1.24) <0.001
2011 0.39 (0.34-0.43) <0.001 1.33 (1.25-1.41) <0.001
2012 0.45 (0.40-0.50) <0.001 1.42 (1.34-1.50) <0.001
2013 0.45 (0.40-0.50) <0.001 1.56 (1.48-1.64) <0.001
Year of death 1.22 (1.18-1.26) <0.001 2.68 (2.59-2.77) <0.001
Number of observations 110,577 190,856
Number of subjects 20,180 20,666
R-squared
Within 0.1015 0.1011
Between 0.1330 0.1705
Overall 0.1155 0.1252

PSM propensity score matching, PIM potentially inappropriate medication, CI confidence interval

“Defined yearly

@ Springer



V. Hyttinen et al.

the higher total number of hospital episodes among PIM-
users during the study period. A study by Heider et al. [16]
investigated total health care costs in a 12-month period,
including also outpatient, rehabilitation and medication
costs, and found that the biggest difference between PIM-
users and non-users was caused by the mean hospitalisation
costs. However, comparing the results with previous studies
is problematic, for example, regarding different health care
settings.

The main strength of this study is the large, nationally
representative longitudinal 12-year register-based data. In
Finland, as well as in other Nordic countries, the health reg-
isters are quite comprehensive and thus offer a valid oppor-
tunity to study medication use in the longitudinal setting
[36]. We used a 2-year washout period to restrict our analy-
ses to new PIM-users to avoid prevalent user bias [37]. One
strength is that we decreased the possible endogeneity bias
using propensity score matching. In addition, we restricted
our analyses to the first PIM-use period, which decreases
possible healthy survivor bias.

This study has some limitations that have to be consid-
ered. First, the Prescription Register includes data only from
reimbursed medication purchases, so there was no informa-
tion available on non-reimbursed medications, over-the-
counter medications, vitamins or herbal products. Second,
register-based information on medication purchases may not
necessarily indicate that those medications were really taken
by a patient. However, information on medication exposures
is more valid based on registers than self-reported data [38].
Third, the Finnish criteria were published in 2010, and our
follow-up started already in 2002, so there might be changes
in prescribing practices and availability of medications.
Fourth, our study evaluates only fracture-specific hospitali-
sations, but there are also other causes of hospitalisation that
can be associated with PIM use. Fifth, our modelling cannot
correct the violation of the proportional hazard assumption;
thus our results on the association between PIM use and
mortality should be interpreted carefully. Last, even though
we used PSM analysis for controlling potential confound-
ers associated with PIM use, there still is a possibility for
unobserved heterogeneity that we cannot capture in register-
based data (e.g. life style habits, quality of life, physician’s
knowledge and specialities).

Conclusion

We investigated the association between PIM use and health
outcomes and costs in a longitudinal nationally representa-
tive data set with a matched cohort of PIM-users and non-
users, which decreases the selection bias for PIM use. Our
study indicated that particularly PIM initiation defined by

@ Springer

the Finnish Meds75+ criteria is associated with an increased
risk of fracture-specific hospitalisations and weakly associ-
ated with all-cause mortality. In addition, PIM-users had a
higher number of hospital visits and thus, higher hospital
costs, compared to non-users. Overall, health care providers
should carefully consider these findings when prescribing
PIM for older persons.
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Potentially inappropriate medications (PIMs)
are defined as medications that entail more
risks than benefits for older people. Despite
the risks of PIM being well known, PIM use

is prevalent in older people. This dissertation

examines demand and supply factors
associated with the initiation of PIM use, and
whether PIM initiation is associated with
health care service use, costs and mortality by
using nationwide register-based data.
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