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Background: Inappropriate use of medications (IUM), in particular inappropriate prescribing and
non-adherence to prescribed medications, are important causes of drug-related morbidities
(DRMs). They are increasing problems with the ageing populations and the growing burden of
chronic conditions. However, research is needed on the association of IUMs with DRMs in

outpatient settings and in the general population.

Aim: The aim of this thesis is to estimate and analyse the burden of potentially inappropriate
prescriptions (PIPs) in the elderly and non-adherence to long-term medications among adults

across care settings, and to investigate how IUM is associated to DRMs.

Methods: A meta-analysis summarised the previous evidence on the percentage of adverse drug
reactions (ADRs) associated to IUM across healthcare settings (Study I). From a cohort in the
general population, using medical records and register data, the prevalence of PIPs in the elderly
and its association with ADRs were estimated retrospectively (Study II). From the same cohort,
the factors associated with refill non-adherence to antihypertensive therapy, considering the use
of multiple medications, and the association between non-adherence and sub-therapeutic effects
(STEs) were investigated (Study III). A survey assessed the refill behaviour to antihypertensive,
lipid lowering and oral antidiabetic medications (undersupply, adequate supply and oversupply),

and its association with perceived ADRs and STEs (Study IV).

Results: IUM was the cause 52% and 45% of ADRs occurring in adult outpatients and inpatients
respectively. Across healthcare settings, 46% of the eldetly refilled PIPs over a 6-month period;
PIPs were considered the cause of 30% of all ADRs; and the eldetly who were prescribed PIPs
had increased odds to experience ADRs (OR 2.47, 95% CI 1.65-3.69). In total, 35% was non-

adherent to the full multidrug therapy and 13% was non-adherent to any medication (complete



non-adherence). Sociodemographic factors (working age and lower income) were associated with
non-adherence to any medication, while clinical factors (use of specialised care, use of multiple
medications, and being a new user) with non-adherence to the full multidrug therapy. STEs were
associated with non-adherence to any medication a month prior to a healthcare visit (OR 3.27,
95% CI 1.27-8.49), but not with long-term measures of non-adherence. Among survey
respondents, 22% of the medications were oversupplied and 12% were undersupplied. Inadequate

refill behaviour was not associated with reporting ADRs or STEs (p<<0.05).

Conclusions: A large proportion of ADRs occurring in hospital is caused by IUM, but more
knowledge is needed in other settings. PIPs are common in the elderly general population and
associated with ADRs. Therefore decreasing PIPs could contribute towards ADR prevention.
Considering the use of multiple medications may help to better understand the factors associated
with non-adherence to a multidrug therapy for tailoring the interventions to patient needs.
Monitoring the adherence prior to a healthcare visit may facilitate interpreting STEs. Yet, the
absence of an association between long-term measures of refill non-adherence with clinical and
perceived DRMs suggest the need to enhance the knowledge of this association in clinical practice.
In summary, this thesis shows a significant potential for improvements of medication use and

outcomes.

Key words: Drug-related morbidity, medication adherence, inappropriate prescribing, eldetly,

drug utilisation, pharmacoepidemiology.
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SVENSK SAMMANFATTNING

Felaktig anvindning av likemedel, sisom vid férskrivning av olimpliga likemedel eller vid
bristande foljsamhet till férskrivna likemedel, kan medfora likemedelsorsakad sjuklighet. Fler
personer lever idag lingre, och fler har kronisk sjukdom. Mot bakgrund av detta har problematiken
med felaktig anvindning av likemedel 6kat i omfattning. Detta avhandlingsprojekt avser att
studera potentiellt olimplig likemedelsférskrivning hos ildre, foljsamhetsproblem vid kronisk

kombinationsmedicinering och relaterad likemedelsorsakad sjuklighet.

I avhandlingen ingar fyra delstudier. Den forsta studien var en metaanalys av tidigare publicerade
studier &ver férekomst av férhindringsbara biverkningar. Delstudie tvéd och tre utgick fran svenska
patientjournaldata och registerdata for att studera potentiellt olimplig likemedelsforskrivning och
biverkningar hos dldre individer respektive f6ljsamhetsproblem och otillricklig effekt hos patienter
med kronisk blodtrycksinkande medicinering. Den fjirde delstudien anvinde uppgifter frain en
nationell befolkningsenkit och registerdata for att studera uttagsmoénster av likemedel mot hogt
blodtryck, lipidrubbningar och diabetes, samt eventuella samband med sjilvrapporterade
biverkningar och otillricklig effekt. Registerdata omfattade i de olika delstudierna exempelvis
uppgifter om receptforskrivna likemedel uthdmtade pa apotek, sociodemografiska faktorer och

sjukvirdsférbrukning.

Cirka hilften av de biverkningar som identifierades hos patienter i bide 6ppenvird och inom den
slutna varden var méjliga att férhindra utifrdn tidigare publicerade data. Svenska registerdata Sver
likemedelsuttag visade att knappt hilften av dldre patienter hade en potentiell olimplig
likemedelsforskrivning under en sex mdnaders period. I kombination med uppgifter frin
patientjournaler visade sig att en sidan forskrivning orsakade en knapp tredjedel av alla
biverkningar. Aldre med potentiell olimplig likemedelsférskrivning hade ocksi en hégre risk for
biverkningar jaimf6rt med individer utan en sidan forskrivning. Bristande f6ljsamhet till likemedel,
sdvil for enskilda likemedel som kombinationer av likemedel, var vanlig vid lingtidsbehandling.
Det fanns ett samband mellan ldg édlder respektive lig inkomst och bristande féljsamhet till ett
enskilt likemedel, medan behov av specialistvdrd, anvindning av flera likemedel, ny anvindning
uppvisade ett samband med bristande féljsamhet till hela likemedelsbehandlingsregimen.

Bristande foljsamhet till enskilt likemedel sista manaden innan ett vardbesok Okade risken for

vil



otillricklig effekt men lingtidsmatt pa bristande foljsamhet var inte associerat med otillricklig

effekt eller annan likemedelsrelaterad sjuklighet utifran kliniska eller sjilvrapporterade data.

Avhandlingsprojektet visar att felaktig anvindning av likemedel ir en viktig orsak till biverkningar.
Potentiellt olimplig likemedelsférskrivning dr vanlig hos édldre individer och édr associerad med
férekomst av biverkningar. Bristande f6ljsamhet till likemedelsordinationer vid kronisk sjukdom
férekommer ofta, har ett sirskilt monster och har ett komplext samband med behandlingsutfall.
Dessa resultat kan vara underlag for interventioner anpassade efter individens sirdrag.
Sammantaget pekar avhandlingsprojektet pa att det finns betydande potential f6r forbittringar

inom likemedelsomradet.
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TERMINOLOGY

Adherence to prescribed

medication

Adverse drug reaction

Drug-related morbidity

Potentially inappropriate

prescription

Preventable drug-related

morbidity

Sub-therapeutic effect

The extent to which an individual acts in accordance with the

prescribed dosing interval and dose of prescribed medications (1).

Response to a drug which is noxious and unintended, and which
occurs at doses normally used in man for the prophylaxis, diagnosis,
or therapy of disease, or for the modification of physiological

function (2).

Failure of a therapeutic agent to produce the intended therapeutic

outcome and the manifestation of unresolved drug-related problems

-

Prescription that introduces a significant risk of an adverse drug-
related event when there is evidence for an equally or more effective

alternative medication (4).

Drug-related morbidity resulting from an inappropriate use of
medication at any stage of the use process, reaching the patient and

causing any degree of harm.

A failure to accomplish the goals of treatment resulting from
inadequate or inappropriate drug therapy and not related to the

natural progression of disease (5).
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INTRODUCTION

Today, medications are the most common therapy in healthcare. More than half of the adult
population, and three out of four individuals aged 65 years and older, use at least one prescribed
medication, mainly to treat chronic conditions (6-10). Advances in medication therapies have
resulted in major improvements in the prevention and treatment of many diseases (11, 12). In
order to achieve optimal health outcomes and minimise adverse outcomes, medications should be
prescribed and used in accordance with the best understanding of their appropriateness for the
particular patient. Yet, drug-related morbidities (DRMs) are among the most common adverse

outcomes in healthcare (13-16).
Drug-related morbidities

Drug-related morbidities, also referred to as adverse drug events (ADEs), may be defined as “a
Jailure of a therapeutic agent to produce the intended therapentic outcome” and “the manifestation of unresolved
drug-related problems” (3). Even though definitions of DRMs vary in the literature (17-19), they
include both outcomes below or beyond the optimal medication intended outcomes (20).
Outcomes below the optimal medication intended outcomes have been categorised in sub-
therapeutic effects (STEs) (termed also therapeutic failures), and morbidities due to drug-related
untreated indications (21-23). Outcomes beyond the optimal medication intended outcomes may
be defined as new medical problems produced by the medication, and categorised in adverse drug
reactions (ADRs), drug dependence and abuse, and intoxications by overdose (21). Previous
studies on DRMs, mainly conducted in emergency and inpatient settings, have found that ADRs
and STEs are the most common DRMs (22-27). DRMs have been associated with worsening of
quality of life of patients (28-30), mortality (31-33), and increased costs for healthcare and society
(20, 34, 35).

DRMs are common in both inpatient and outpatient care (21, 36-38). Previous systematic reviews
have reported that nearly 5% of patients, at mean or median, experience a DRM at the time of
admission or during hospitalisation (39, 40), making DRMs one of the most common types of
harm experienced by inpatients (13, 16). Patients in other care settings, including ambulatory and
primary care have been estimated to experience DRMs at even higher rates (21, 38). A previous
systematic review and a large population-based study have estimated that about 13% of ambulatory
patients, and across care settings experience a DRM (21, 38). However, the frequency of DRMs

has varied widely from 0.2% to 65% in individual studies (38, 40, 41), due to differing study designs
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and settings, study populations, and detection methods of DRMs (39, 42). Moreover, DRMs are

found more often among the elderly and persons with multiple medications (38, 43-45).

Adverse drug reactions

The most recognised category of DRMs is ADRs. The World Health Organization (WHO) defines
an ADR as “a response to a drug which is noxions and unintended, and which occurs at doses normally used in
man for the prophylaxis, diagnosis, or therapy of disease, or for the modification of physiological function” (2).
While ADRs have been considered by some researchers as not preventable as they refer to the
drug product itself (17), it is now widely recognised that ADRs may result from inappropriate use
of medications (IUM), such as inappropriate prescribing of inappropriate medication, or
inappropriate dose, inappropriate monitoring or drug interactions (46-49), and are thus considered
as potentially preventable '. It should be noted that susceptibility to ADRs is greatly increasing in
patients with multiple morbidities, taking multiple medications, and with renal and hepatic failures

such as the elderly (43, 50-52).

Systematic reviews have estimated that 3-6% of hospital admissions are caused by ADRs (32, 39,
43, 53, 54). However, none of them have investigated the proportion of patients who experienced
an ADR due to IUM, termed as “preventable ADR” (PADR) or the preventability of ADRs in
different healthcare settings. In fact, reviews have either reported PADRs as part of all PDRMs,
have not used meta-analyses techniques to pool the results (47, 54), or have not applied
standardised definition for ADRs and clear criteria for preventability. Since ADRs are common
DRMs and the most consistently defined, estimating the burden of PADRs in different healthcare
settings is important prior to analysing contributing factors and to allocating resources to prevent

them.

Sub-therapeutic effects

Sub-therapeutic effects (termed also as therapeutic failures) have been defined as “a failure to
accomplish the goals of treatment resulting from inadequate or inappropriate drug therapy and not related to the
natural progression of disease” (5). STE is a complex concept and can be due to multiple factors such
as under-prescribing of the appropriate therapy (too low dose, or too short period), or patients’

under-use of prescribed medications because of non-adherence and genetic, physiological and

1 TUMs are described in more detail under the sections “Inappropriate use of medications”
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environmental factors affecting pharmacokinetics and pharmacodynamics (55-59). An example of
an STE is elevated blood pressure (BP) in a patient who has been prescribed a dose of
antihypertensive medications that is too low, or underuse of an appropriate antihypertensive

therapy because of the patient’s non-adherence.

Studies on DRMs in hospital settings have reported that STEs occur in 1-9% of admissions or
emergency visits (22, 24, 26, 60). The WHO considers STEs of long-term therapies as a major
public health problem, as chronic conditions are widespread and often inadequately controlled,
despite the evidence of medication efficacy to control them (61, 62). Chronic conditions, such as
cardiovascular diseases or their complications are the most common causes of death worldwide
(63). Cardiovascular chronic conditions are called the “silent killers” (64), as a high proportion of
treated patients have inadequately controlled conditions (such as elevated BP or
hypercholesterolemia), and even a higher percentage are unaware of the symptoms of their
uncontrolled condition (65-69). Although healthy behaviour is recognised to have an important
role in managing non-communicable chronic diseases (70), adherence to long-term prescribed
medications is considered a crucial factor in achieving the optimal outcomes of prescribed

medications and preventing the complications of chronic conditions (58, 71-74).
Inappropriate use of medications

Appropriate use of medications implies that “#he drug is appropriate for the patient’s needs and administered
in an individnally adjusted dosage for an adequate period of time at the lowest cost to the patient and the community”
(75). An appropriate, safe and cost-effective medication treatment depends on appropriate care in
each stage of the medication use process, including: diagnosing, prescribing, administering (by the
caregiver or the patient), monitoring and patient understanding and adherence to the prescribed

medication (76).

IUM may occur at any stage of the medication use process and is considered as a therapy care
process failure (76, 77). It may be due to either a violation or a medication error. Errors are usually
unintentional, while violations are deliberate deviations from safe and well established practices
(78). The medication error has been defined as “a failure in the drug treatment process that leads, or has
the potential to lead, to harm the patient.”’(17). An error may be an act of commission (doing the wrong
thing) or an act of omission (failing to do the right thing) (76). Some examples of ITUM include
wrong medication or dosage prescribed, wrong dosage administered for a prescribed medication,

or failure to give (by the healthcare giver) or to take (by the patient) a medication.
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Inappropriate use of medications and preventable drug-related morbidities

When IUM leads to a DRM, the DRM is considered preventable (Figure 1). Thus, IUM is
recognised as a major cause of preventable drug-related morbidities (PDRMs) (36, 45), and wastage
of scarce resources (79, 80), and requires coordinated cross-system efforts to reduce preventable
harms (76, 77). Nonetheless, there is also a need to identify and study the stage of the medication
use process at which most IUM occurs in order to target interventions (81). The evidence is
accumulating from studies on recurring causes of PDRMs that could become targets for preventive
interventions. Previous systematic reviews have reported that most PDRMs have been associated
with one or more instances of inappropriate prescribing or patient non-adherence to prescribed

medications (36, 45, 82-84).

.Pre's:cribing
PDRM

Adversé_ rug UM

_Dl#pensing
reacti ;

DA: Drug abuse; DD: Drug dependence; DI: Drug intoxication by overdose; IUM: Inappropriate use of
medications; PDRM: Preventable drug-related morbidity, UTT: Morbidity due to drug-related untreated
indication

Figure 1. Association between inappropriate use of medications and preventable drug-
related morbidities

Since the prescription of a medication represents the most common healthcare intervention,
targeting research into the inappropriate use of prescribed medications, and thereby preventing
DRMs, represents an important way of improving both the safety and quality of healthcare (85).
Reducing PDRMs has a potentially positive impact on the quality of life of patients, the safety of
healthcare, and the efficient use of healthcare resources (3, 85, 86). The first step is to measure the

magnitude of the most common types of DRMs due to IUM in order to develop interventions to

improve the appropriate use of prescribed medications (81).
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Preventing DRMs has attracted considerable attention since the publication by the Institute of
Medicine in the United States of the report “To Err Is Human: Building a Safer Health Systen” in the
late 1990s (87). This publication reported that over 100 000 US hospital patients experienced
preventable deaths due to medical errors, with medication errors being the leading cause of these
preventable deaths. Improving patient safety and in particular medication safety is now firmly on

the health policy agenda of the WHO (88), international (89), and national authorities (90-92).

Numerous studies have been conducted in the recent years, mainly in hospital settings, to estimate
the prevalence and causes of DRMs resulting from IUM, and thus considered potentially
preventable (36, 37, 82). It is estimated that about 20-60% of DRMs are potentially preventable,
although estimates vary from 11% to 90% in individual studies (36, 37, 41, 93). However, despite
a large proportion of patients have mainly primary care encounters, research on IUM and related

DRMs in primary care or in the general population is less extensive.

Inappropriate prescribing in the elderly

Inappropriate prescribing may be defined as “zhe prescription that introduces a significant risk of an adverse
drug-related event when there is evidence for an equally or more effective alternative medication” (4). Inappropriate
prescribing includes: (i) the omission of prescription of a medication that is clinically indicated
(underprescribing), (i) the prescription of a medication without a clinical indication
(overprescribing), and (iii) the prescription of a medication that increases the risk of a DRM, such
as inappropriate dose or inappropriate period, or medication that increases the risk of drug-drug

or drug-disease interaction (misprescribing) (94).

Inappropriate prescribing is a significant cause of DRMs (95-97), hospitalisation and mortality (98,
99). It has therefore become an important public health issue as it represents a clinical and
economic burden to patients and society (79, 80, 100). Inappropriate prescribing in the elderly is
highly prevalent, ranging from 12-62%, depending on the study population and the method used
to assess the appropriateness of prescribing, and has been higher among the elderly in nursing
homes (94, 101). With the global ageing population, improving the quality and safety of healthcare

of the elderly, including improving prescribing, poses a global challenge.

Assessing the quality of prescribing in the elderly is complex. Many factors contribute to this
complexity, including (i) age-related physiological changes, such as hepatic and kidney failures and
increased body fat, which influence pharmacokinetics and pharmacodynamics and may lead to

increased sensitivity to medication effects (102); (ii) co-morbid conditions, multidrug therapy and
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care from several healthcare clinicians who may not coordinate medication treatment (103); (iii)
limited availability and access to appropriate evidence regarding medication effectiveness and

safety in older and frail patients (104, 105).

Since the 1990’s, several indicators have been developed to assess the appropriateness of
prescribing in the elderly (1006). These indicators may be categorised in implicit criteria (judgement-
based), and explicit criteria (criterion-based) (107). Implicit criteria rely on the clinician’s judgement
applied to patient individual medications. They may provide valid information on the
prescriptions, but they are time-consuming with low inter-rater reliability which hinders their use
for large studies and for comparison between studies (107). Therefore, explicit criteria are used in

this thesis.

Explicit potentially inappropriate prescriptions criteria

Explicit potentially inappropriate prescriptions (PIPs) criteria are commonly used to assess the
quality of prescribing among the elderly (108-111). They are developed from literature reviews,
experts’ opinions and consensus techniques and are based on choice of medication, dose, drug-

interaction and duration of medication utilisation (112).

The Beers criteria, developed primarily in North America, are among the first and most known
criteria. They were developed in the 1990’s (113), and have been updated several times, most
recently in 2012 (114). They originally included a list of medications to avoid in the elderly in
nursing homes (113), but were then updated to include community-dwelling elderly (114).
However, the previous versions of Beers criteria have been criticised because of the lack of a
reproducible association with ADRs and adverse health outcomes, and the inclusion of medication
as being absolutely contra-indicated irrespective of the diagnosis (115-118). Numerous nationally
adapted criteria have been developed and partially overlap (108-111). The majority of explicit PIPs
criteria focus on misprescribing and overprescribing, with only few of them considering
underprescribing of indicated medications (110). Therefore, in studies, “inappropriate prescribing”
often refers to overprescribing and misprescribing. An evidence-based set of PIPs criteria, called
STOPP/START (Screening Tool of Older Person's Prescriptions/Screening Tool to Alert doctors
to Right Treatment) have been developed in recent years (119). These criteria include the
mispresctibing, overprescribing (STOPP criteria) and underprescribing (START critetia).
Compared to other criteria, they consider the inappropriateness of prescribed medications within
specific clinical contexts. Thus, their application may be more suitable in the clinical context for a

comprehensive medication review of individual patients. They have been used by researchers in

22



different jurisdictions in Europe and elsewhere to evaluate the quality of prescribing in the elderly
(120-124), and have been endorsed as being an appropriate choice for evaluating the quality of

prescribing of elderly patients with multiple chronic conditions (125, 126).

For an instrument to be valid, it should demonstrate evidence of causal links with important
adverse outcomes. Yet, the majority of research on PIPs has focused on estimating the prevalence
and investigating the risk factors for PIPs (101, 123, 127-130), or the association between PIPs
and setious adverse health outcomes, such as hospitalisations and death (98, 99). Although non-
serious ADRs may be more tolerable than the severe symptoms associated with the underlying
condition, they should still be considered, as they are associated with worsening quality of life, and
increase use of healthcare (28, 30, 34), especially if safer and more tolerated therapeutic alternatives
exist. The few studies that have investigated the association between PIPs and ADRs have been
mainly conducted in hospital settings and nursing homes, and only a few of them found a
significant association between PIPs and ADRs (95, 117, 131-133). Since the elderly mainly use
primary care, there is a need to explore the evidence of the association between PIPs and ADRs

in all healthcare settings, including primary care settings.

Non-adherence to long-term medications

Adherence to prescribed medications has been defined in numerous ways but is often understood
as the extent to which an individual acts in accordance with the prescribed dosing interval and
dose of prescribed medications (1). The term adherence is preferred to the term “compliance”,
which suggests that the patient passively follows the doctor’s orders whereas the term adherence
emphasises patient and clinician collaboration in decisions (1, 134, 135). Medication adherence
may be divided into three components: (i) initiation (when the patient starts with the prescribed
pharmacotherapy); (ii) implementation (defined as the agreement between the patient’s real
medication-taking behaviour and prescribed medication dosing regimen), and (iii) discontinuation,

which marks the end of therapy, when no more doses are taken (1).

Non-adherence to prescribed medication is considered an important cause of STEs of prescribed
medications (55, 56, 58), and a major cause of morbidity (72-74, 136-141) and increased healthcare
costs (137, 142, 143). The prevalence of non-adherence has varied widely between studies,
depending on multiple factors, such as the characteristics of the disease and the therapy (144). For
example, non-adherence has been found to be higher for long-term than short term therapies
(145), for preventive than curative therapies, and for asymptomatic conditions, such as

hypertension (145, 146). The WHO estimates that up to 50% of patients with chronic conditions
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have inadequate adherence to their long-term medications (58). While patients were previously
blamed for non-adherence to prescribed medications, non-adherence is now considered as a
fundamental failure of the healthcare system (62). The seriousness of this problem has prompted
the WHO to quote the statement that “Increasing the effectiveness of adberence interventions may have a _far

greater impact on the health of the population than any improvement in specific medical treatments” (58).

Different methods have been developed to measure adherence to prescribed medications in
clinical practice, and may be categorised in direct and indirect methods (147). Direct methods
include: surveying patients, directly observing medication taking, and measuring drug or metabolite
blood levels. Indirect methods include: self-reports, pill counts, electronic medication monitors,
and pharmacy refill rates (refill adherence). Direct methods, in particular measuring drug blood
levels, are considered to be more robust than indirect methods in measuring adherence (148), but
they are costly and impractical for routine clinical use and for large epidemiological studies. Thus,
indirect methods are more widely used to measure adherence. Self-report measures of adherence
have been found associated with health outcomes, but are known to overestimate adherence, as
patients may report an overly optimistic estimation of adherence (149). Pill counts are frequently
used in randomised controlled clinical trials. However, there is a risk of data manipulation by

patients through pill dumping (150).

Refill adherence is one of the most used methods to measure adherence, and has been correlated
with other measures of adherence (151). The act of refilling prescribed medications and the
frequency of medication refills reflect different aspects of a patient’s adherence behaviour, and can
be divided into adequate refill adherence, undersupply and oversupply (152). Refill adherence is
only considered as a proxy measure of adherence if patients obtain their medications within a
closed pharmacy system, such as in countries with universal medication coverage (147). Because
of the increasing use of refill data to measure adherence, different methods have been developed,
essentially defined by the number of doses dispensed in relation to a dispensing period. The cut-

off of 80% of the time with medications available is generally used to define adherence (153-156).

A large proportion of patients with chronic conditions commonly receive multiple medications to
treat a single disease (157, 158). Therefore, enhancing the knowledge of adherence to a multidrug
therapy is of clinical significance in order to determine whether a patient is non-adherent to any
medications in the therapy regimen (i.e. complete non-adherence), or whether he has problems to
adhere to a complex multidrug therapy (non-adherence to the full multidrug therapy). Yet, the

majority of studies on refill adherence have only included patients prescribed one medication for
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a single disease, or have measured the adherence to only one medication or therapeutic class (140,
159-162). Therefore, there has been a call in recent years to better understand the measures of
refill adherence in situations where patients are prescribed multiple medications to treat a single

disease (155, 156, 163), in order to better understand patient behaviour toward a multidrug therapy.

Furthermore, the WHO has categorised factors associated with non-adherence to long-term
therapy into five groups that include patient, condition, therapy, socioeconomic, and health
system—related factors (58) (Figure 2). Some factors found associated with non-adherence include
younger age (164), presence of comorbidities (165), lower socio-economic status (166), the use of
multiple medications (163), and being a new user (167). Yet, previous tresearch has not
differentiated between factors associated with non-adherence to any medication in the therapy,
and with non-adherence to the full multidrug therapy, even though they may differ for the two
distinct types of non-adherence. Hence, a better understanding of the association of these factors
with the two distinct types of non-adherence to a multidrug therapy is important in order to tailor

interventions to improve adherence to patient needs.

Young age

Low sccio-economic status

Psychological/Behavioral Factors
Forpetfuiness

Treatment anxiety

Afisunderstanding of mstructions
Fear of dependence and side effects
Lackof motivation

Physical impairments

Visoal, Heaning. Cognitive, mobilify,

Lack of knowledge and education of
patients

Lack of communication Provider/patient
High drug costs, copayments, orboth
Poor zccess or missed appointments
Long wait times

Lack of contiruity of care

Chronic/ asymptomatic condition

Complexity of regimen

Duration of treatment Sevesty of symptoms
ADRs New user

Changes in therapy Depression

Psychotic disordess
Mental retardation;/ developmental disability

Figure 2. Examples of factors associated with non-adherence (58, 74, 147)

Most studies on refill-adherence do not consider the aspect when patients accumulate oversupplies
of their long-term medications. However, refilling large amounts of medications may make often
complex therapy regimens more difficult to follow. Patients, in particular the elderly with multiple
medications, may be confused about which medications they are supposed to take. They may for

example unintentionally overuse the same medication (168, 169), which increases the risk to
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experience ADRs. Previous studies have found that oversupply of medications was found in up
to 53% of patients taking antidiabetics (152, 170-173), up to 52% with antihypertensive
medications (152, 170, 174, 175), and up to 35% with lipid lowering medications (152, 170).
Clinical data suggest that patients with more than 120% of their needed medication supplies use
more healthcare resources (142, 174, 176, 177), and are more likely to be hospitalised (174, 177,
178). However, the association between refill behaviour and experienced DRMs has not been
investigated. Understanding the association between patients’ medication refill behaviour,
including the oversupply and their perceived DRMs is important for improving the management
and outcomes of medication therapies. This is of particular importance for self-managed
prescribed medications of asymptomatic chronic conditions with repeat refill prescribing and

limited contact with caregivers (179).

26



Rational of the thesis

Improvements in living conditions and healthcare have led to important progress in the survival
of global population. Persons aged 65 years and older are the fastest growing category of the
population all over the world (180, 181). In developed countties, a century ago, one individual in
20 was aged 65 years and older, in 2013 one in six, and this demographic is expected to comprise
nearly 30% of the overall population by 2050 (181). In Sweden, the number of persons over 65
yeats is estimated to increase by 48% between the years 2015 and 2050, while the corresponding
increase for the entire population is expected at 25% (182). About two-thirds of the elderly are
estimated to have two or more chronic conditions (9, 183). Up to three out of four elderly are
regularly presctribed one or more medication (6-9), and up to two thirds have polypharmacy (five
or more medications) (9, 184, 185). Moreover, people over 65 years account for three times as
many healthcare expenditures than those individuals younger than 65 years (186), and experience
more DRMs, often considered as preventable (43, 50-52). Therefore, the increasing number of

elderly people in the society will pose challenges for healthcare systems.

The twentieth century also witnessed a global rise in chronic conditions (62). In 2006, up to 40%
of the European population aged 15 years and older had a chronic health problem (66). The WHO
estimates that globally, chronic conditions (cardiovascular diseases, diabetes, and other conditions
of ageing) will represent around 65% of deaths annually by 2030 (62). Around 75% of healthcare
costs are related to chronic conditions, and the economic impact extends beyond the healthcare
system (187). Despite the availability of effective treatments, studies have shown that up to half of
patients with chronic conditions do not achieve optimal treatment outcomes, and non-adherence

to prescribed medications has been identified as a major batrier (58).

As shown from this introduction, preventing DRMs due to IUM has gained considerable attention
since the 1990°s. Therefore, summarising the previous evidence on the burden of the most
recognised category of PDRMs - PADRs - will allow to better estimate the association between
TUM and PADRSs in different healthcare settings. Furthermore, with the ageing population and the
increase burden of chronic conditions, a better understanding of inappropriate prescribing in the
elderly and non-adherence to long-term therapies and their association with DRMs in the general
population is essential. Lastly, investigating the relationship between refill behaviour of long-term
medications and perceived DRMs may contribute to improving the self-management of long-term

medications.
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AIM AND OBJECTIVES

The overall aim of this thesis is to estimate the burden of two types of inappropriate use of
medications, potentially inappropriate prescriptions in the elderly and non-adherence to long-term
medications among adults across care settings, and to investigate how inappropriate use of

medications is associated to drug-related morbidities.

Largely prescribed long-term therapies were used as a model to study non-adherence, which may

be applied to other long-term therapies.
Specific objectives of studies are described in Table 1.

Table 1. The specific objectives of the individual studies
Study Main objective

I To estimate the percentage of adult patients with preventable ADRs and the preventability
of ADRs in healthcare settings.

I1 To determine the prevalence of PIPs in the Swedish elderly general population, including
all care settings and to study the association between PIPs and the occurrence of ADRs.

111 To identify factors associated with non-adherence to antihypertensive therapy considering
the use of multiple medications, and to analyse the association between non-adherence
and elevated BP.

v To assess the refill adherence for dispensed oral long-term medications* in a random

sample of the general adult population in Sweden and to investigate whether the
percentages of self-reported ADRs and STEs differed for medications with adequate
refill adherence, oversupply, and undersupply.

ADR: Adverse drug reaction; BP: Blood pressure; PIPs: Potentially inappropriate prescriptions;
STE: Sub-therapeutic effect of drug therapy.
* Antihypertensive, lipid lowering and oral antidiabetic medications
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METHODS

Table 2 summarises the study designs, data sources and outcomes measured in studies I-IV of this
thesis.

Table 2. Overview of studies in this thesis

Statistical
analysis

Outcomes and
studied

Study Design Data source Study Study population

period

associations

I Meta-analysis  Citations in -2010 Original research: PADRs among Meta-
seven Sixteen studies with ~ healthcare visits analysis
bibliographic outpatients
databases (n=48797) and eight
(N=5770) studies with

inpatients (n=24128)
1I Retrospective  Medical 2008 Eldetly (265 years) Prevalence of PIPs  Descriptive
medical records, Care from a random
record study Data sample of general Association Multiple
Warehouse of population in the between PIPs and  logistic
Ostergdtland, county council of ADRs regression
Swedish Ostergétland
Prescribed (n=813)
Drug Register,
LISA database
(N=5025)
111 Retrospective  Same as study ~ 2007- Adults from a Factors associated ~ Descriptive
medical 1T 2008 random sample of with non-
record study the general adherence to Multiple
population in the antihypertensive logistic
county council of therapy regression
Ostergétland treated
for essential Association
hypertension between non-
(n=867) adherence to
antihypertensive
therapy and
clevated BP
v Cross- Respondents to 2010 Respondents to the Refill behaviour* Descriptive
sectional postal survey who filled of prescribed
survey study questionnaire, antihypertensive, medications.
LISA database, lipid lowering or oral
Swedish antidiabetic Association
Prescribed medications between refill
Drug Register (n=1827) behaviour and
(n=7099) perceived ADRs
and STEs

ADR: Adverse drug reaction; BP: Blood pressure; LISA: Longitudinal integration database for
health insurance and labour market studies; PADR: Preventable adverse drug reaction; PIPs:
Potentially inappropriate prescriptions; STE: Sub-therapeutic effect of drug therapy.
*Undersupply, adequate supply and oversupply of antihypertensive, lipid lowering and oral
antidiabetic medications.
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Data sources

Bibliographic databases (Study I)

Seven bibliographic databases commonly used in systematic reviews in healthcare were searched:
the Cochrane database of systematic reviews, the Cumulative Index to Nursing and Allied Health
Literature (CINAHL), the Excerpta Medica Database (EMBASE), the International
Pharmaceutical Abstract (IPA), the Medical Literature Analysis and Retrieval System Online
(Medline), the Abstract database of psychological literature (PsycINFO) and Web of Science. The
citations are organised according to index terms which are commonly used for bibliographic search

(188).

National population registers (Studies II-IV)

The Total Population Register and the longitudinal integration database for health insurance and
labour market studies (LISA) databases are held by Statistics Sweden (SCB). The Total Population
register includes demogtaphic variables (189), and the unique personal identity number (PIN)
which permits data linkage between the registers (190). The LISA database covers all Swedish

residents aged 16 years or more, and includes demographics and socioeconomic factors (191).

The Swedish Prescribed Drug Register (SPDR) is held by the National Board of Health and
Welfare (192). The SPDR covers all dispensed prescribed medications for outpatient use since
2005. It contains information on the name of the dispensed medications, the Anatomical
Therapeutic Chemical classification system (ATC code), the amount of medications dispensed, the
prescribed daily dose given in free text, and the date of dispensing (192). The SPDR excludes
medications bought over-the-counter (OTC), prescribed medications administered in hospitals,

and emergency medications in residential care and nursing homes.

The National Patient Register is held by the National Boatrd of Health and Welfare. It includes all
in-patient care in Sweden since 1987. It includes information on time of hospitalisation and
hospital discharge and diagnoses classified according to the International Classification of

Diseases, 10th revision (ICD-10) (193).

Regional depository on patient healthcare (Studies ITI-IV)

The Care Data Warehouse of Ostergétland “Vdrddatalagre?” (VDL) contains administrative data
on all healthcare resources provided by the county (194). All inpatient and public outpatient cate,

and private outpatient care reimbursed by the county are recorded in VDL, which is considered to
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have a full coverage. An electronic medical record database stores all inpatient and public

outpatient medical records.
Study designs and study populations

Meta-analysis (Study I)
The seven bibliographic databases (Cochrane, CINAHL, EMBASE, IPA, Medline, PsycINFO and

Web of Science) were searched in September 2010, using the databases’ index terms and other

commonly used terminology on DRMs and preventability in titles and abstracts of the citations.

References of included original articles and previous relevant reviews were retrieved to identify
additional relevant articles and consider their inclusion. In order to avoid inconsistent estimates
and to decrease the heterogeneity between studies, ADRs had to be defined according to the WHO
(2), or to a similar definition (48). Outcome measures of the included studies had to include the
percentage of patients with preventable ADRs or the assessment of their preventability. Data on
study characteristics, ADRs, PADRs, causes of PADRs, and data to calculate the preventability of

ADRs were extracted.

Retrospective medical record studies (Studies II and III)

A random sample of 5025 adult residents in the county council of Ostergétland (>18 years on 31
December 2007) was drawn from the Total Population Register. The county was selected due to
representative demographic distribution of the general Swedish population and the availability of

electronic medical records.

In study 1II, a retrospective cohort study was conducted using the medical and administrative data
of patients older than 65 years, who had at least one healthcare encounter (nurse or physician,

outpatient or inpatient, primary or specialised) over a 3-month period in 2008.

In study III, persons with essential hypertension, who filled any antihypertensive medication in
2007, defined by corresponding ATC codes from the SPDR, were identified through the diagnosis
of essential hypertension from their medical records (ICD-10 code: I110), or indication of

hypertension from their refill data.

Cross-sectional survey to the general adult population (Study IV)

A cross-sectional population-based sutvey was mailed in 2010 to a random sample of 13 921

residents aged 18 years and older to identify perceived DRMs (195). The sample was drawn from
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the Swedish Total Population Register. The survey and its introductory letter were mailed by SCB
in October 2010. Two reminders with a re-posted survey were posted in November 2010 and

January 2011.

In total 7099 persons (51%) returned the survey to SCB which linked the survey responses to data
on the respondents’ refilled medications from SPDR, and data on age and sex from the LISA
database. Respondents who refilled antihypertensive, oral antidiabetic or lipid lowering
medications in the period of ten months prior answering the survey were considered to be included

in the study.

Case assessment

Assessment of drug-related morbidities

Adpverse drug reactions and their preventability (Studies I, I and IV)

Adverse drug reactions were defined according to the WHO (2) or a similar definition (48).

In the meta-analysis (Study I), studies which identified ADRs exclusively through spontaneous
reporting or ICD codes were excluded, as these two methods underestimate the rate of ADRs (39,
196). To assess the preventability of ADRs, a case-by-case preventability assessment was required
in the original studies. Thus, studies were excluded if they considered all dose dependent ADRs
and those predictable from the pharmacological characteristics of the medication, as preventable

without an explicit preventability assessment.

In study II, ADRs were detected in a stepwise manner in the elderly who had a healthcare
encounter during the study period. Individuals’ medical records data and dispensed medications
from the SPDR were linked using their PIN. In the primary review, research pharmacists extracted
information on suspected ADRs from the medical records for the 3-month study period, up to
nine months before and three months after. In the secondary review, a clinical pharmacologist and
a senior pharmacist independently assessed the causality between the prescribed medications and
the suspected ADRs using the Howard criteria (197). Conflicting assessments were solved by
consensus. Suspected ADRs with at least possible causality were considered. The seriousness of

ADRs was assessed (48).

In study IV, persons were asked about their health conditions, medications and experienced ADRs

in the past month using questions developed by the research group based on earlier studies (198,
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199). The definition of ADRs was not provided, as the survey targeted the general public. The
questionnaire was tested with healthcare professionals, administrative personnel, the elderly, and

immigrants to ensure the correct interpretation of questions.

Sub-therapeutic effects (Studies III and IV)

Three largely prescribed long-term medications (antihypertensive, lipid-lowering, and oral
antidiabetic medications) were taken as examples. They were chosen as they require long periods
of adequate adherent use to achieve the desired outcomes. In study 111, elevated BP was detected
from the medical records of individuals who had a healthcare visit in the period of three month in
2008. The reviewers of the medical records were not aware of participants refill adherence.
Elevated BP was defined as a BP>140/90mmHg or 2130/80mmHg in individuals with diabetes
mellitus (157). As the study aimed to investigate the association between non-adherence and
elevated BP, the visit with the highest BP value was considered when multiple measurements were
available. In study IV, questions on perceived STEs of antihypertensive, lipid-lowering, and oral
antidiabetic medications one month prior answering the survey were developed, following a similar

method as for ADRs.
Assessment of inappropriate use of medications

Potentially inappropriate prescribing in the elderly (study II)

The detection of PIPs was based on the Screening Tool of Older Person's potentially inapproptiate
Prescriptions (119). It consists of 65 criteria of overprescribing and misprescribing, including drug-
drug and drug-disease interactions, unnecessary therapeutic duplications and medications which
can increase the risks of cognitive decline and falls in older patients (119). Patients’ medical
histories, diagnoses, and current medications were recorded by one research pharmacist, other
than those involved in the detection of ADRs. Prescribed medications were identified from the
SPDR through their ATC codes during a six-month period in 2008 including three-months prior
the period of review of medical records. Current diagnoses and medical histories were retrieved
from the medical records and from patient administrative data through their ICD-codes. The
research pharmacist referred to the research team in case of uncertainty regarding a criterion in
individual cases. PIPs with at least possible causal contribution to the identified ADRs were

considered.
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Non-adherence to long-term medications (Studies III and IV)

Two common measures of refill adherence were used: the ‘proportion of days covered” method
(PDC) (study I1I), and the ‘cumulative measure of medication acquisition’ (CMA) (study IV) (154).
Both methods report medication availability by estimating the proportion of prescribed days’
supply obtained during a specified observation period. The main difference between the PDC and
the CMA is that PDC method truncates any oversupply, whereas adherence values of >100% are
allowed with the CMA, to include the oversupply (154). (Figure 3). In both studies, medications
were identified through their AT'C codes.

£
D
E H
I ]r
Z
Cumulative measure of medication acquisition (CMLA) Proportion of davs covered (PDC)
Total refilled days of supply Total of days the medication is available
Total days of follow up Total days of follow up
_ Number days (AB + CD + EF 4 GZ) _ Number days (AC + CD + EG 4+ GZ)
~  Number of days between A and Z Number of days between A and Z

Z: End of the measurement period of adherence

Figure 3. Measure of refill adherence by the cumulative measure of medication acquisition

and the proportion of days covered methods (154).

In study III, refill adherence was measured from the date of the first refill in 2007 (index date)
until 01/01/2009 or until death, whichever occurred first. Two definitions of refill adherence to a
multiple medication therapy were used: (i) adherence to at least one antihypertensive medication
and (i) adherence to the full antihypertensive therapy regimen, defined as adherence to all
antihypertensive medications of the therapy regimen (155, 163). In order to compare to previous
studies, patients with PDC 280% were considered as adherent (153-156). Moreover, to assess the
sensitivity of measured adherence in predicting BP outcomes, the adherence 30 days prior to the

BP measurement was also measured.

36



In study IV, refill adherence was measured for a period of ten months preceding the completion
of the survey. The same cut-off as for study III was applied to define undersupply. However,
values >100 were not truncated, as the objective of the study was to investigate whether the
oversupply, defined as a CMA >120%, was significantly associated with perceived DRMs (ADRs
and STEs).

Statistical analysis

Study 1

The summary measures for the percentage of patients with preventable ADRs and for the
preventability of ADRs were calculated separately in different healthcare outpatient and inpatient
settings. The meta-analyses was performed using DerSimonian and Laird random effects model
with the estimate of heterogeneity being taken from the inverse variance random effect model
(200). The percentage of patients with PADRs was calculated by dividing the reported number of
healthcare visits with PADRs by the total number of healthcare visits. The preventability of ADRs
was calculated by dividing the number of PADRs by the total number of ADRs.

Study IT

The six-month prevalence of elderly patients with at least one PIPs was estimated, with the total
number of the elderly who had a healthcare encounter during the study period as the denominator.
The proportion of PIPs considered to have caused ADRs was calculated. The main organ systems
and individual symptoms affected by ADRs were categorised according to the Medical Dictionary
for Regulatory Activities (MedDRA) (201). The three-month prevalence of individuals with ADRs,
and the proportion of ADRs considered caused by PIPs, were calculated. The association between
PIPs and ADRs was investigated with a multiple logistic regression. The results were adjusted for
age (65-74,75-84, =85 years), sex, number of dispensed prescribed medications three months prior
the study period (0, 1, 2-5, 6-9, 210), level of healthcare use (defined by Diagnosis-related group
(DRG) weight (primary care exclusively (DRG weight=0), use of specialised inpatient or outpatient
care (DRG weight>0)) (202), and use of multidose drug dispensing (203). A sensitivity analysis
was performed without the 12 criteria excluded from the updated STOPP version (204).

Study IIT

The association between person’s characteristics and non-adherence to any antihypertensive
medication and to the full antihypertensive regimen was investigated with multiple logistic

regressions. The results were adjusted for age (<65, 65-79, 280 years), sex, highest attained
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education (mandatory or less, secondary, post-secondary or higher), monthly individual disposable
income (in quartiles, the 31% December 2007; Q1=<Euro 99, Q2=Euro 100-139, Q3=Euro 140-
201, Q4==Euro 202. Euro 1=Swedish Crown 9.3), presence of cardiovascular comorbidities, user
profile (new users (defined by no refill of antihypertensive medication one year prior to the index
date), and prevalent user), number of antihypertensive medications in the therapy regimen (defined
as the maximum number of dispensed antihypertensive medications during the study period), level
of healthcare use, (primaty care exclusively, use of specialised care). As the index date occurred in
different dates in 2007, a Poisson regression analysis was performed to confirm that the

measurement period of adherence did not affect the findings.

The association between non-adherence (long-term measures, and 30 days prior to the BP
measurement) and elevated BP, was investigated using multiple logistic regressions, adjusted with

the same covariates.

Study IV

The number and percentage of medications with oversupply, adequate supply and undersupply
were reported for the three medication classes and at person-level. Chi-squared tests were used to

analyse whether the percentages of perceived ADRs or STEs differed with refill behaviour.

In all studies, statistical significance was considered for p<<0.05. In studies II and III, odds ratios
(ORs) with 95% confidence intervals (Cls) were calculated for each independent variable in the
multiple regression models. The fit of the models was assessed using the Hosmer-Lemeshow test
(205). Stata software versions 10 (Studies I and II), and 11 (Studies III and IV) was used for

statistical analysis.
Ethical considerations

In study I exclusively aggregated, previously published data were used and therefore no ethical

approval was required.

Studies II-IV presented ethical challenges due to the handling of sensitive personal data. The
research studies were developed and undertaken in accordance with the Declaration of Helsinki
(2006). Informed consent of participants to studies II and III was not obtained. The retrospective
study design did not affect the healthcare of included patients and it was believed that it was not

possible to undertake the research with informed consent. Moreover, the studies were described
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in local media advertisements and potential participants could contact the study coordinators. The

respondents to study IV explicitly consented to participating by answering the survey.

As the risk of intrusion to participants’ personal integrity was considered for studies II-IV, data
linkage was done by SCB and the registers datasets used in the studies were de-identified and
analysed anonymously. Locating medical records in studies II and III required PINs, which were
replaced with new identifiers after the review of medical records. SCB kept the code between the
PINs and the new identifiers. Data were protected from being available to persons other than the
researchers by confidential handling and storing. The researchers involved were committed to
professional secrecy. The expected value of the research was considered to outweigh the integrity

risks for the study subjects.

Ethical approvals were sought from the Regional Ethical Review Board in Gothenburg according
to Swedish regulations on medical research on humans. Studies IT and III are covered by the ethical

approval no: 644-2008. Study IV is covered by the ethical approval no: 238-2010.
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MAIN RESULTS

Preventable adverse drug reactions in healthcare settings (Study I)

All included studies were conducted in hospital settings. Sixteen studies representing outpatients
with 48 797 emergency visits or hospital admissions and eight studies representing 24 128
inpatients were included in the meta-analysis. The mean age of the study populations ranged
between 38 (207) and 82 years (208), and studies included a majority of elderly patients. In total,
PADRs occurred in 2.0% (95% CI 1.2-3.2%) of outpatients and 52.0% (95% CI: 42-62%) of ADRs
present at the time of hospitalisation or an emergency visit were considered preventable.
Moreover, 1.6% (95% CI 0.1-51%)) of inpatients experienced a PADR during their hospital stay
and 45.0% (95% CI 33-58%) of ADRs were considered preventable, but the percentage of
hospitalised patients with PADRs could not be estimated precisely. The preventability was higher
in the three studies including only the elderly (208-210), for which 71.0% (95% CI 51-91%) of

ADRs were preventable.

All included studies in the meta-analysis used explicit criteria for determining the preventability,
and the common criterion was that the PADR was due to an inappropriate medication treatment,
taking into consideration the current knowledge of good medical practice. In studies that reported
the causes of PADRs, the main reasons reported were inappropriate prescribing or inappropriate
monitoring of commonly prescribed medications, such as: acetylsalicylic acid, digoxin, diuretics,

nonsteroidal anti-inflammatory drugs (NSAIDs), and anticoagulants (Table 3).

Table 3. The main reported causes of preventable adverse drug reactions in included
studies of the meta-analysis

Study Causes of PADRs
Alexopoulou 2008 Prescription of too high doses of digoxin. Absence of protective
(Greece) (211) medications with NSAIDs or acetylsalicylic acid. Inappropriate

monitoring of anticoagulants
Baniasadi 2008 (Iran) The reasons of PADRs not specified

(212)

Chan 2001 Prescribing of multiple medications (cardiovascular, medications acting
(Australia) (208) on the central nervous system, anti-inflammatory, antithrombotic)
Courtman 1995 Inappropriate dose or schedule of prescribed medications (antidiabetics,
(Canada) (210) digoxin, diuretics, antihypertensive, NSAIDs, warfarin, lithium)
Dartnell 1999 Inappropriate prescribing of corticosteroids, NSAIDs, antithrombotic

(Australia) (213)
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Table 3. The main reported causes of preventable adverse drug reactions in included

studies of the meta-analysis (Continued)

Study Causes of PADRs

Davies 2006
(United Kingdom)
(214)

Davies 2009
(United Kingdom)
(215)

Dormann 2003
(Germany) (216)

Dormann 2004
(Germany) (217)
Farcas 2010
(Romania) (218)

Fransceschi 2008
(Italy) (209)

Gholami 1999
(Iran) (219)

Hopf 2008
(United Kingdom)
(220)

Olivier 2002
(France) (221)

Patel 2007

(India) (222)
Pearson 1994
(United States) (223)

Pirmohamed 2004
(United Kingdom)
(224)

Pourseyed 2009 (Iran)
(225)

Ruiz 2008

(Spain) (226)
Tafreshi 1999 (United
States) (227)

Van Der Hooft 2008
(Netherlands) (207)

Zed 2008
(Canada) (228)

The reasons of PADRSs not specified

Drug-drug interactions. Absence of prophylactic medications

Inappropriate prescribing, in particular in the elderly with polypharmacy
(diuretics and analgesics)

Only medications causing ADRs were reported

Drug interactions. High prescribed doses. (Main medications:
Acencoumarol, digoxin, theophylline, amiodarone)

Inappropriate prescribing: Drug-drug interaction, drug-disease
interaction, medications not indicated, contraindication. No prescribing
of gastro-protective agents with acetylsalicylic acid or NSAID.
Insufficient monitoring (anticoagulants)

Inappropriate dose interval. Inappropriate prescribed medication or dose,
Inappropriate monitoring. Inappropriate laboratory tests

Inappropriate prescribing of NSAID and acetylsalicylic acid. Drug
interaction. The majority of medications responsible of ADRs were
prescribed in primary care

Inadequate indication. Inappropriate monitoring. Previous history of
allergy. Self-medication

Inappropriate prescribing

High doses or inappropriate dosing interval in patients with renal
dysfunction. Inappropriate monitoring of medications’ serum
concentrations. Anticoagulant or thrombolytic prescribed despite
bleeding. Administration of antibiotics or narcotics despite known allergy

Inappropriate prescribing of NSAID and diuretics. High prescribed
doses of aspirin. Drug interactions

The reasons of PADRs not specified

Inappropriate monitoring (digoxin, acenocoumarol). Inappropriate
prescribing of antihypertensive and diuretics

Inappropriate prescribing or monitoring. Lack of patient education or
counselling

Inappropriate prescribed medications: Too high doses, inappropriate

monitoring, absence of gastro protective therapy. Duplex anticoagulant
therapy

The reasons of PADRs not specified

ADR. Adverse drug reaction; NSAID: Non-steroidal anti-inflammatory drug; PADR. Preventable adverse

drug reaction.
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Potentially inappropriate prescribing and adverse drug reactions in the

elderly (Study IT)

Potentially inappropriate prescribing

Data were collected from 813 elderly patients. Among them, 66.7% had exclusively primary care
encounters. Overall, 46.0% received at least one PIPs during the period of six months. The
prevalence of PIPs was 42.8% among those with exclusively primary healthcare contacts, 52.4%
among those with specialised healthcare, and 66.1% among those hospitalised at least once during
the 3-month study period. The most common PIPs were (i) inappropriate prescribing of
acetylsalicylic acid (high dose or not indicated) (ii) medications that increase the probability of falls
(long-acting benzodiazepines, antihypertensives in those with postural hypotension, long-term
opiates) (iii) inappropriate prescribing of NSAIDs and corticosteroids, and (iv) prolonged use of

medications acting on the central nervous system and psychotropic drugs.

Potentially inappropriate prescribing and adverse drug reactions

Overall, 19.6% (159) of the study population experienced =1 ADRs during the 3-three-month
petiod, among them 40.9% (65/159) had 21 ADR considered caused by PIPs (Figure 4). At ADR
level, 245 ADRs were identified, among them 73 were considered as caused by PIPs (29.8 % of all
ADRs).

Persons with ADRs not
caused by PIPs (94/813)
11.6%

Persons with =21 ADRs caused
by PIPs (65/813) 8.0%

= Persons with = 1 PIPs but no
ADRs (309/813) 38.0%

= Persons with no PIPs and no
ADRs (345/813) 42.4%

ADRs: Adverse drug reactions; PIPs: Potentially inappropriate prescriptions

Figure 4. The association between PIPs and ADRs among the study population
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The multiple regression analysis found that persons prescribed PIPs had increased odds to
experience ADRs (OR 2.47, 95% CI 1.65-3.69). When the sensitivity analyses were limited to the
53 criteria included in the updated STOPP version (204), PIPs remained significantly associated
with the occurrence of ADRs (OR 2.57, 95% CI 1.75-3.77).

PIPs were considered the cause of a high percentage of ADRs affecting the vascular and nervous
systems (60.0% and 50.0% respectively). Moreover, 62.5% of ADRs resulting in falls were
considered to be caused by the inappropriate use of benzodiazepines. Twelve serious ADRs were
identified; among them eight were considered to be caused by PIPs, mainly by antipsychotics and

NSAIDs. One death was considered to be caused by the long-term use of nitrazepam.

Non-adherence to long-term medications and related morbidities (Studies

ITI and IV)

Non-adherence to long-term medications

In study 111, 34.9% of the study population was non-adherent to the full antihypertensive regimen,
and 12.7% was non-adherent to any antihypertensive medication (complete non-adherence).
Among survey respondents (study IV), 21.9% of the long-term medications were oversupplied

and 12.4% were undersupplied.

Factors associated with non-adherence

In study III, the multiple logistic regression found that non-adherence to any antihypertensive
medication was more common among persons younger than 65 years old (OR 2.75, 95% CI 1.18-
6.43) and those with the lowest income (OR 2.05, 95% CI 1.01-4.16) (Figure 5). Non-adherence
to the full antihypertensive regimen was more common among new users (OR 2.04, 95% CI, 1.32-

3.15) and those who used more healthcare resources (OR 1.63, 95% CI, 1.14-2.32) (Figure 0).

Persons with multiple antihypertensive medications were more likely to be adherent to any
medication (OR 0.46, 95% CI 0.28-0.75 and OR 0.24, 95% CI 0.13-0.45 for 2 and =3
antihypertensive medications respectively) and less likely to be adherent to the full therapy (OR
1.85,95% CI 1.25-2.75) and OR 5.22, 95% CI 3.48-7.83 for 2 and =3 antihypertensive medications
respectively) (Figures 5 and 6). Gender, level of education and presence of cardiovascular

comorbidities did not affect adherence.
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Age (years)

<65 : 280* t | |
65-79 : 280 [ - - |
Sex
Male : Female* —
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Disposable income
Q2-Q3 : Q4* ——
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N antihypertensive med
2 med: 1 med* HlH
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DRG weight
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User profile
New:prevalent* —

Cardiovascular comorbidities

yes : No* n—F—|
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*Reference group in the regression analysis. DRG Weight: Diagnosis Related Group weight; New: New
user of antihypertensive therapy; Q: Quartile of income.

The multiple regression model was adjusted for number of hypertension medications in treatment
regimen, sex, age, highest attained education, disposable income, DRG weight and presence of
cardiovascular comorbidities.

Figure 5: Factors associated with non-adherence to any antihypertensive medication

Age (years)
<65 : 280* —a—
65-79 : 280
Sex
Male : Female*
Level of education
Secondary : < Mandatory* —
2Post secondary : <Mandatory —
Disposable income
Q2-Q3: Q4* ——
Q1:Q4 N -u
N antihypertensive med
2 med : 1 med* —,—
23 med. : 1 med ! ] |
DRG weight
>0: 0* ——
User profile
New : prevalent* —a—
Cardiovascular comorbidities

yes : No* }—.Y—{

*Reference group in the regression analysis. DRG Weight: Diagnosis Related Group weight; New: New
user of antihypertensive therapy; Q: Quartile of income.

The multiple regression model was adjusted for number of hypertension medications in treatment
regimen, sex, age, highest attained education, disposable income, DRG weight and presence of
cardiovascular comorbidities.

Figure 6. Factors associated with non-adherence to the full antihypertensive therapy
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Non-adherence and drug-related morbidities

In study III, the proportion of individuals with elevated BP was significantly higher among those
who were non-adherent to any antihypertensive medication 30 days before the measurement of
BP (Figure 7). The association remained significant when the analysis was adjusted with covariates
(OR 3.27, 95% CI 1.27- 8.49). The long-term measures of adherence were not associated with
elevated BP.

% patients with elevated BP
80%

70% I
60%
50% I I
40% I
30% No
20% mYes
10%
0%

Long-term Long-term 30 days adherence 30 days adherence
adherence to any adherence to the full to any to the full AHT
antihypertensive AHT antihypertensive

medication medication

AHT: Antihypertensive therapy; BP: Blood pressure

Figure 7. Association between different measures of refill adherence and elevated blood
pressure from medical records

In study IV, the percentages of self-reported ADRs and STEs did not differ between medications
with adequate refill adherence, oversupply, and undersupply for the three therapeutic classes.
These percentages were respectively 2.6%, 2.7%, and 2.1% (p>0.5) for ADRs and 1.1%, 1.6%,
and 1.5% (p>0.5) for STEs (Figure 8). For lipid lowering medications and oral anti-diabetics,
differences in reporting ADRs or STEs for medications with different refill behaviour could not

be statistically analysed because of few reported ADRs and STEs.
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% of self-reported ADRs or STEs

10%
8%
6% m Adequate refill
4% Undersupply
m Oversupply

- i I - ﬁ I -
0%
ADR STE

ADR: adverse drug reaction; STE: Sub-therapeutic effect
Adequate refill: Cumulative measure of medication acquisition (CMA) 20.8 and =1.2; Undersupply:
CMA<0.8; Oversupply: CMA>1.2

Figure 8. Association between refill behaviour and perceived adverse drug reactions and
sub-therapeutic effects
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DISCUSSION

Preventable adverse drug reactions in healthcare settings

The finding of this thesis that 2% of outpatients being hospitalised or visiting emergency
department experience PADRs was lower than in a previous review on all DRMs, where at median,
4.3% of all admissions among outpatients were due to PDRMs (93). Their higher estimate
compared to the percentage of patients with PADRs in study I was expected, as they included
other DRMs such as STEs and drug intoxications in their analysis. The percentage of inpatients
who experienced a PADR could not be estimated precisely as only two studies were identified.
Another review found that at median, 1.8% of inpatients experienced a PDRM (36). However,

predictable ADRs due to the characteristics of the medication were excluded from their analysis.

The approximately 50% preventability of ADRs among adult outpatients was higher than in earlier
reviews, in which the median and pooled preventability of ADRs among patients being
hospitalised has been 31% and 29%, respectively (47, 54). The difference may arise from
inconsistent definitions for ADRs in previous reviews. For providing consistent estimates, the
WHO?’s (2) or a similar (48) definition for ADRs was required in study I, while previous reviews
on outpatients have accepted various definitions for ADRs (47, 54). The ctiteria for preventability
may also have influenced differing preventability estimates. An original preventability assessment
in included studies was required in this meta-analysis while previous reviews have used more
narrow ctiteria, such as exclusively considering ADRs due to inappropriate medication selection
or dose as preventable. Therefore, PADRs caused by other reasons may have been overlooked in
previous studies resulting in lower preventability estimates. Moreover, although the time period of
the bibliographic research was not limited in this meta-analysis, the majority of included studies
were published in the 2000’s, while previous reviews have included older studies. The growing
interest in medication safety since the 1990’s (87) may have reinforced the acknowledgement of
ADR preventability in newer studies. Two previous reviews among inpatients have found a median
preventability of all DRMs of 35% and 46% respectively (36, 37), which were comparable to study

I estimates on preventability of ADRs among inpatients.

The preventability of ADRs was higher in studies including exclusively elderly patients. Although
the few number of studies including exclusively elderly patients would hinder drawing any

conclusion regarding the increase of preventability of ADRs with age, this is in accordance with
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previous evidence about the challenge to ensure appropriate and safe use of medications among

the elderly population (94, 101).

Implications

TUM was the cause of about half of ADRs among inpatients and outpatients. PADRs should be
considered as a failure of the therapy care system (76, 77). Yet, there is also a need to identify and
study the stage of the medication use process where most unsafe acts are committed in order to
target interventions. According to the findings of the meta-analysis, IUM causing PADRs appears
to occur commonly at the prescribing and monitoring stages. Therefore targeting interventions to
improve the appropriate use of medications to prescribing and monitoring stages could have a

potential benefit in preventing ADRs.

Knowledge on the percentage of patients with PADRs and the preventability of ADRs in primary
care or in the general population is limited, since no studies were identified among outpatients
without a hospital admission or emergency visit. This supports the need to extend the research on
ADRs due to IUM to the general population and all healthcare settings, including primary care. A
recent study conducted in the general Swedish adult population found that the majority of ADRs
were not serious and different in nature than those occurring in hospital settings (21). Since setious
ADRs have been found more preventable than others (21), the preventability of ADRs occurring
in the general population may be different than found in this thesis. Furthermore, medications
responsible for ADRs causing emergency visits or hospitalisations are mainly prescribed in primary
care (207). Thus, interventions to prevent ADRs, implemented exclusively in hospital settings to
target serious ADRs, would omit an important proportion of ADRs, which may be less serious

but cause discomfort and worsen perceived quality of life of patients (29, 30).

Potentially inappropriate prescribing and adverse drug reactions in the

elderly

Potentially inappropriate prescribing

The nearly 50% prevalence of PIPs among the elderly across care settings found in this thesis was
higher than previous studies in primary care using other criteria (101). However, there is a large
variation in the prevalence of PIPs between studies, depending on the study setting and design
and the PIPs criteria used (101, 229, 230). Notwithstanding, STOPP criteria have been found more

sensitive than others in detecting PIPs in European healthcare settings (231-233). The prevalence
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of PIPs in studies based on STOPP criteria have ranged between 21% and 79% (233). However,
the comparison between studies should be done with caution because of different settings and
populations. In accordance with previous findings (94, 234), the prevalence of PIPs was higher in
specialised care compared to primary care. Persons using more advanced care probably have more
complex co-morbidities, which has been associated with PIPs (235). However, the elderly in
specialised care may not be representative of the elderly population as a whole. Despite an absence
of an exact estimation of the prevalence of PIPs, it is evident from the thesis findings and from
numerous others (101, 229, 230), that PIPs are common in the elderly. Thus, preventive measutes

adapted to different settings are needed.

The use of long-acting benzodiazepines and neuroleptics as long-term hypnotics were among the
most common PIPs in this thesis, similar to studies using STOPP criteria conducted in nursing
homes and hospital settings (105, 124, 231, 236). Acetylsalicylic acid was the most common PIPs,
mainly for primary prevention of cardiovascular complications, as in other studies, conducted
exclusively in primary care settings and among community dwelling elderly (95, 237). However,
acetylsalicylic acid was less commonly reported in studies on PIPs conducted in specialised care
settings, which may be explained by the different prescribing patterns between primary and
specialised care. The variation in the most common PIPs between studies may also be explained
by differing local clinical prescription guidelines, prescribing regulation, population and disease
burden (121, 238, 239). The availability of some medications included in the PIPs criteria as OTC
medications, such as acetylsalicylic acid and some NSAIDs, may cause an underestimation of their

inappropriate use in studies using exclusively prescription data.

Potentially inappropriate prescribing and adverse drug reactions

The eldetly using PIPs had more than two-fold increased odds of experiencing ADRs, suggesting
that PIPs cause potentially preventable morbidity across care settings. These findings are in
accordance with the few studies, mainly conducted in hospital settings, which have investigated
the association between the PIPs STOPP critetia and ADRs (95, 117, 231). Since STOPP criteria
are currently largely used to evaluate the quality of prescribing in the elderly, this finding extends
the evidence on their predictive value to detect ADRs across healthcare settings, including primary
care. The main limitations of other prescribing criteria, including the widely used Beers, is the lack
of evidence on causal association with adverse health outcomes including ADRs (109, 110, 240).
Moreover, while previous studies have found that PIPs, defined by other criteria, were the cause

of a relatively small percentage of ADRs (241, 242), one third of detected ADRs in this thesis was
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considered to be caused by PIPs, which suggests that interventions aiming at improving the
prescribing of medications also leads to prevent certain ADRs in the elderly. But the evidence is

still scarce.

Similar to a recent study on PIPs conducted in community dwelling elderly (95), most ADRs
considered to be caused by PIPs were non-serious, while previous studies have mainly focused on
the associations between PIPs and serious adverse outcomes, such as hospitalisation and death
(98,99), or were conducted among hospitalised patients (117, 132, 133), who may experience more
serious ADRs, compared to the general population (198, 243). However, even non-serious ADRs
are important to consider as they are associated with lower quality of life and may cause prescribing

cascades to treat symptoms of unrecognised ADRs (29, 30, 198), especially if safer therapies exist.

Based on the findings of this thesis, the PIPs listed in the STOPP criteria are particularly sensitive
in detecting ADRs affecting nervous and vascular disorders and ADRs resulting in falls. This
finding complements previous evidence as ADRs caused by PIPs have not been previously
categorised by system organ classes and symptoms. Falls have been the most common adverse
outcomes identified by STOPP criteria in a study conducted in a hospital setting (117). Moreover,
interventional studies to improve the quality of prescribing in nursing homes have found a
significant decrease in the number of falls among the intervention groups (244, 245), but not in
other health outcomes (245). However, these interventional studies should be interpreted with
caution because of small samples, and the characteristics of study populations. Similar to previous
research on DRMs (82, 84), the most common ADRs were those affecting the gastro-intestinal
and cardiovascular systems. However, only a few of them were considered to be caused by PIPs

in this thesis.

Implications

In this thesis, PIPs were common across healthcare settings. Prescribing patterns and traditions
and patients’ characteristics differ between hospitals, nursing homes, and primary healthcare (246,
247). Therefore, knowledge of the most common PIPs in each setting, especially those associated
with adverse outcomes, is advocated in order to tailor interventions to improve prescribing to
healthcare structure needs. Since a large proportion of elderly people use mostly primary care,

interventions to improve prescribing of the elderly should also be implemented in primary care.

The findings of this research suggest that decreasing PIPs could contribute towards ADR

prevention, in particular falls and associated symptoms. Elderly patients may be unable to
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recognise the symptoms of conditions that increase the risk of falls, such as hypotension or
dizziness; or they may not report them to their healthcare givers, increasing the risk of experiencing
falls, if the medication regimen is not adjusted (248). Safety issues of medications with repeat
prescribing, including antihypertensive medications, have also been warranted (249). Although falls
are considered multifactorial by nature (250), medication review may help to reduce the risk of fall

among elderly patients (251).

Reducing both inappropriate prescribing and ADRs requires system interventions to routinely
evaluate medication appropriateness, effectiveness and to monitor safety, while balancing the risk
of underuse of beneficial medications (252). The PIPs criteria aim to evaluate and improve the
quality of prescribing in the eldetly. Yet, they also imply the improvement of other stages of the
medication use process, such as the monitoring of renal functions when medications with narrow
therapeutic intervals are prescribed, or control coagulation with medications increasing the risk of
bleeding such as acetylsalicylic acid. Even when medications are appropriately prescribed, they may
be associated with ADRs, such as gastrointestinal bleeding with acetylsalicylic acid (224).
Improving the quality of prescribing requires a collaboration of prescribers and other healthcare
professionals and a better continuity of care for elderly patients with chronic conditions (253).
Moreover, patients should be engaged in monitoring their medications to track their perceived
adverse outcomes (252). Prescribers’ views about PIPs should also be considered in order to
improve the understanding of the reasons of inappropriate prescribing in the elderly despite the

availability of safer and evidence-based alternatives (254).

Several interventions have been suggested to improve the quality of prescribing in the elderly (255).
Yet, the applicability of the prescribing criteria in clinical practice and community pharmacy needs
to be established. In Sweden, developed and implemented interventions include: the development
of national quality prescribing indicators (256); the education of healthcare professionals to
geriatric pharmacology and the creation of regional recommendations for drug therapy in the
elderly by the Drug and Therapeutic Committees; computerised decision support systems (257);
medication review in primary care and nursing homes (258, 259); medication reconciliation at
hospital discharge (260) and pharmacist-based interventions (261). Moreover, the Swedish
government has provided financial incentives that award counties achieving performance targets
for certain local prescribing indicators (262). The Swedish National Board of Health and Welfare
annually publishes healthcare quality indicators including several indicators of drug utilisation
among the elderly in order to direct attention to areas of possible improvement (263). These efforts

have shown a positive effect on the quality of prescribing in the elderly according to local indicators
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(264). Future research should focus on studying whether improving the quality of prescribing is

translated into improved health outcomes of the elderly.
Non-adherence to long-term medications and related morbidities

Non-adherence to long-term medications

The finding of this thesis that persons taking a multidrug therapy are more adherent to at least one
medication in their therapy than to the full therapy regimen demonstrates that adherence rates vary
by the definition for non-adherence. In previous studies, adherence rates varied widely from 35%
to 97% for antihypertensives (265, 2606); from 37% to 80% for lipid-lowering medications (267);
and from 36% to 93% for oral anti-diabetics (268), depending mainly on population characteristics
and measurement methods. Yet, only a few studies have considered the multidrug-therapy when
adherence was measured from refill data and have distinguished between the two definitions of
non-adherence (155, 163). The results of this thesis support considering the use of multiple

medications when measuring adherence.

The findings of this research corroborate the conclusions of previous studies on the commonness
of oversupply of largely prescribed long-term medications (152, 170, 174, 175). The high
percentage of oversupply may be explained by the Swedish reimbursement system (269). Long-
term medications are often prescribed for three months and can be refilled when two-thirds of the
previous medication period has passed. Moreover, the reimbursement increases during a calendar
year with the accumulated co-payment (269), which may provide incentives to stockpile and

oversupplies, especially for individuals exempted from co-payment.
Factors associated with non-adherence

The results of this thesis add to previous evidence that persons younger than 65 years and those
with the lowest incomes are more often non-adherent to any medication in their therapy. Although
younger age and lower socio-economic status have been previously identified as barriers to
adherence to long-term medications (164, 166, 270), previous research has not considered the two
distinct measures of non-adherence to a multidrug therapy. Working-age persons’ non-adherence
to any medication may be explained by the difficulty they face to include a regular medication
intake routine in their daily schedules or by their perception of treatments for often asymptomatic
conditions as unnecessary (270). The commonness of non-adherence to any medication in persons

with the lowest income may be explained by multiple factors, including financial barriers (271).
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Although the Swedish Pharmaceutical Benefits Scheme has universal coverage independently of
an individual’s income (269), the effect of socio-economic status on non-adherence found in this
thesis suggests a healthcare inequality. In addition, health behaviour of persons with lower

socioeconomic status has been suggested to partly explain non-adherence (272).

This thesis confirms previous findings on the commonness of non-adherence among persons
using specialised healthcare and new users (167, 273). It also supplements the previous evidence
that these two groups are adherent to at least one medication but not the full therapy regimen.
Persons using specialised healthcare may have more comorbidities, and may prioritise managing
symptomatic conditions over controlling an asymptomatic condition such as hypertension (165).
Among new users, the lower adherence to the full therapy regimen may be due to a switch to
another antihypertensive class to adjust the treatment. Moreover, previous research has found that
more than one out of five patients discontinues their initial medications during the first year (274),

partially because of concerns of dependence and ADRs of multiple medications (275).

Consistent with a previous large study [163], individuals were more likely to adhere to at least one
antihypertensive medication and less likely to adhere to their full therapy. Higher rates of non-
adherence to the full therapy regimen among persons with multiple antihypertensive medications
may reflect the difficulties that patients face in following more complex treatment regimens. The
better adherence to at least one medication with additional medications may be due to people
taking multiple medications having more occasions to refill any medication in their therapy. While
some studies have found a better adherence for additional concurrent medications (2706), this study
highlights the variability in the effect of the number of medication on the overall adherence when

applying two different definitions of adherence to a multidrug therapy.

Non-adherence and drug-related morbidities

The findings of this thesis that long-term measures of non-adherence were not associated with
higher percentages of clinical and perceived STEs of long-term therapies confirm the evidence
from systematic reviews and meta-analysis on the complexity of studying the association between
adherence and health outcomes in real-life settings (277-279). Some previous studies that have
found an association between refill adherence and health outcomes have either included patients
from insurance databases (136, 139, 163); new users (280, 281); those using a monotherapy (140);
measured the adherence to one therapeutic class in persons with a multidrug therapy (282); or were
conducted in controlled clinical trials (71), which may not represent patients from the general

population. The absence of an association between long-term measures of adherence and STEs to
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the prescribed long-term medications may be explained by the effects of important factors other
than adherence in the management of chronic cardiovascular diseases, diabetes, and
hyperlipidaemia. As recognised by the WHO, the adherence to healthy behaviour, such as
cessation of smoking, a balanced diet and regular physical activity also has a great impact on the
management of cardiovascular chronic conditions (62). Long-term measures of adherence may be
a marker of individuals’ overall healthy behaviour (58), known as the “healthy adherer effect”
(283), as a better adherence to placebo has been associated with better outcomes in controlled
clinical trials (284). Nonetheless, the low number of perceived STEs in the survey study may also
be due to asymptomatic conditions, as persons may have failed to identify disease symptoms

associated with STEs (65, 66, 285).

Non-adherence to any antihypertensive medication a month ptior to a healthcare visit was
associated with elevated BP, while no significant difference was found for non-adherence to the
full therapy regimen. The difference between the findings of the short and long-term measures of
non-adherence to any medication on health outcomes may be explained by the phenomenon of
“white-coat adherence”, as patients commonly improve their medication-taking behaviour in the
short period before and after their appointment with their healthcare provider (147). The impact
of non-adherence to the full therapy regimen on clinical outcomes may also depend on the
characteristics of prescribed medications, such as their duration of action. Some research highlights
the importance to consider the “forgiveness” of prescribed medications when studying the
association between non-adherence and health outcomes, and to adjust the threshold to define
non-adherence to the medication characteristics (286), but this was beyond the scope of this

research.

In this thesis, the oversupply of prescribed long-term medications was not associated with
increased perceived DRMs. Although previous research has found oversupply associated with
adverse health outcomes, such as hospitalisation (174, 177, 178), study IV of this thesis is the first
to investigate an association between oversupply, as a form of refill non-adherence, and perceived
DRMs. The absence of an association between refill behaviour and perceived DRMs may be in
part due to the low number of perceived ADRs and STEs. The low number of reported ADRs
may have been contributed by respondents’ insecurity of a medication’s causality with the
experienced symptoms. Previous research has found that patients may experience an ADR for a

long time before informing their healthcare provider (248).

Implications
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The finding of this thesis that factors associated with non-adherence to a multidrug therapy differ
for the two definitions of non-adherence improves the understanding of barriers to adherence in
clinical practice. Furthermore, this information can be used to tailor interventions to improve
adherence to patients’ needs. For example, it is important to understand whether a patient is non-
adherent to any prescribed medication, or whether he has hinders to adhere to a complex multiple
drug therapy, requiring decreasing the complexity of the regimen. Moreover, the extent of
disparate interpretations of the effect of multiple medications on adherence may pose decision-
making issues for health practitioners for the management of chronic diseases that require a
multidrug therapy. A healthcare provider has to consider whether a patient must adhere to all
medications as prescribed, or whether the adherence to at least one medication in the therapy

regimen may be considered as acceptable (156).

Numerous multi-level interventions to promote adherence have been developed (277, 287). Given
the complexity of implementing interventions in clinical practice, some authors suggest selecting
the most effective component considering the patient’s individual situation (277). For instance,
working-age persons and those with the lowest socio-economic status, being those most
commonly non-adherent to any medication, may benefit from education about their chronic
condition and the importance of taking their medications. Moreover, the physician should discuss
with the patients the best time of the medication intake in order to reduce forgetfulness (74).
Emerging technologies, such phone reminders, have been promoted to improve adherence, but
evidence on their efficacy in real-world settings is limited (288). The healthcare giver should also
recognise patients’ economic constraints as a potential barrier to adhere to any medication and
may choose to prescribe less costly medications (74). Persons with multiple medications, those
with co-morbidities and new users would benefit from a reduction of the prescribing complexity,
such as the use of fixed combinations, and once-daily dosing (289, 290), and have appropriate

information when any new prescribed medication is introduced in the therapy.

Monitoring the refills of any prescribed medication prior to healthcare visits may facilitate
interpreting the STE of prescribed medications prior to adjusting the therapy regimen (291). The
clinician may attribute uncontrolled conditions to therapeutic ineffectiveness and increase the
dosage of current medications which can potentially lead to ADRs. Assessment of adherence in
the clinical routine could be feasible, as the measure of refill-adherence to any antihypertensive
medication is a non-invasive, sensitive and easy to calculate method. Yet, there is a lack of evidence
on how to introduce it into clinical practice. Moreover, the effect of white-coat adherence should

be considered, when considering the effect of adherence on health outcomes as previously
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discussed (147). The two-way communication between physicians, pharmacists and patients
should be enhanced to improve the rational use and adherence of long-term, repeat prescribing

medications (179).

Oversupply was common, and even if it may not lead to higher occurrence of ADRs, it remains a
source of extra high costs and wastage of healthcare resources (142, 174, 176, 177). Although this
thesis did not focus on generic substitution, it should be highlighted that with generic substitution,
patients may stockpile the same medication in different packages, appearances and names.
Previous research has found that up to ten percent of patients in certain social groups erroneously
used two equivalent medications or were unaware of their equivalence (168). The risk of overuse
of the same medication may increase with the oversupply, especially in the eldetly who have
cognitive and sight decline. Healthcare providers should approach and inform each patient
individually; especially the elderly and those with multiple long-term medications, and better

monitor their refilled medication.

The thesis findings that STEs were present in more than 40% of patients adherent to the full
therapy regimen, and that only a few sutvey respondents perceived DRMs from their long-term
regimen, confirms the importance of considering the whole picture of the medication use process
to improve both medication use and outcomes. Numerous interventions that showed an
improvement of adherence were not followed by improvements of associated health outcomes
(277). Therefore, it is of importance to consider if patients were prescribed appropriate
medications at the appropriate doses and dose-intervals, and whether they are well monitored and

informed about their medications and conditions (144).
Methodological considerations

Meta-analysis on preventable adverse drug reactions

Study I was the first meta-analysis to estimate the percentage of patients with PADRs using explicit
criteria of preventability and standardised definitions of ADRs. Seven bibliographic databases and
a wide range on common search terms on DRM and preventability wetre used to increase the
likelihood to capture relevant articles. Search strategy was comprehensive, but arduous with a large
number of citations. However, research was limited to studies published in English. Therefore,

some relevant studies published in other languages may have been omitted.
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Compared to previous reviews (36, 47, 54, 93), the meta-analysis provides more consistent
estimates on the preventability of ADRs and the proportion of patients with PADRs. The outcome
measure was more standardised as WHO’s (2), ot a similar definition (48), for ADRs was required
to decrease the heterogeneity between studies. Nonetheless, the diverse definitions and various
methods for assessing the preventability contributed most likely to the heterogeneity, and should
be considered while interpreting the results. The existing instruments should be improved and
standardised to assess the preventability more accurately and to better identify common

contributing factors of PADRs that interventions should target in priority.

This thesis focused on estimating the preventability ADRs, since they are a common category of
DRMs and the most consistently defined. However, there is a need for more standardised
definitions of the other categories of DRMs to enhance the knowledge of contributing factors and

facilitate the compatison across studies.

Information on inappropriate use of medications

One strength of this thesis is the use of multiple and complementing data sources to study two
common aspects of IUMs: the PIPs in the elderly and non-adherence to commonly prescribed
long-term medications. However, some weaknesses of this research should be acknowledged.
Other drug-related problems common in the elderly would have been relevant to consider, as they
may have also contributed to the occurrence of DRMs (18, 292). Moreover, the results of studies
are not possible to combine, such as the association between inappropriate prescribing and non-
adherence, which would have given a better picture of the IUMs as a whole. In addition, as
previously discussed, the monitoring of medications would have been important to consider as
some medications listed in PIPs may be appropriate with an appropriate monitoring (252). Yet,
the nature of register data, did not allow an exploration of other possible aspects of ITUM. The
results of studies III and IV were not possible to combine, such as comparing the proportions of
persons who reported STEs and those with STEs from their medical records. However, this was
not feasible, as this would have required informed consents of participants of the medical record

study and would have therefore decreased its representativeness.

Sampling errors were not a concern in studies II-IV as study populations were identified from a
random sample of the Swedish adult population, drawn by SCB. However, selection bias among
persons who visited a healthcare setting during the three-month period should be considered in
study III, because of the difference of their characteristics with the total study population. A

response bias is also consideted in the survey study because of the answer rate of around 50% and
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the over representation of persons with high socio-economic status, those with a Swedish
background, and the elderly (195); but the high rate of the elderly was expected because of the
studied medications. Persons with severe medical conditions might not have answered the survey.
However, some of them may require multidose dispensing and would therefore be excluded from

the analysis.

Potentially inappropriate prescribing in the elderly

Study 1II is the first to investigate the association between PIPs according to STOPP criteria and
ADRs among a representative sample of the elderly general population. Nevertheless, the findings
should be interpreted with some limitations in mind. The SPDR has full coverage of dispensed
prescribed medications in Swedish pharmacies and nursing homes but does not include
prescriptions during hospitalisations and emergency medications in nursing homes and specialised
care (192). However, a small proportion of the elderly had short hospitalisation episodes during
the study periods, which may not affect findings. The results could not be stratified by the type of
residence due to unavailability of these data. Although previous studies have found significant
differences in PIPs by type of residence (234), the potentially small number of elderly living in
nursing homes (293), with regards to the total sample size, would limit interpreting such stratified
analysis. The inappropriate use of some medications listed in the PIPs and available as OTC

medications, such as acetylsalicylic acid and some NSAIDs, may not be estimated accurately.

One strength of study II was the record-linkage of pharmacy claims data with clinical information
from inpatient and primary care medical records, in order to gain more insight on the patient’s
specific inappropriate medications. Nevertheless, some PIPs criteria were impossible to evaluate

in cases with insufficient clinical information and history (e.g. information about an intact uterus).

Some limitations are associated with the use of explicit criteria of PIPs, as they do not incorporate
patient’s preferences and individuality. Moreover, some medications classified as PIPs may be
appropriate for patient circumstance. Therefore, the dichotomisation of prescribed medications
into appropriate versus inappropriate may be an oversimplifications of the clinical situation in real

life practice.

STOPP criteria were selected to evaluate the quality of prescribing, as these criteria have been
endorsed by different jurisdictions and research groups in Europe and elsewhere to evaluate the
quality of prescribing in the elderly (120-126), and in order to facilitate the comparison with other

studies. However, there are nationally developed criteria that have been adapted to Swedish
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settings (111). The structure of nationally developed criteria is similar to STOPP. Furthermore,
some criteria overlap, but other STOPP criteria are not considered as inappropriate in Sweden
(Appendix 1). There is therefore a need for standardised criteria to compare findings between

studies. The association of national criteria with ADRs will be investigated in future research.

Similar to previous research, this study focused on overprescribing and misprescribing. However,
underprescribing of indicated medications has also been reported as an important cause of DRMs,
such as therapeutic failures (294). Therefore, future research should also consider the

underprescribing of evidence-based indicated medications to reduce PIPs in the elderly.
Non-adherence to long-term medications

Two methods to measure refill adherence were used, depending on the objectives of study (295).
The CMA method used in study IV is likely to overestimate the medication adherence to a
multidrug therapy, especially during a short study period. This method was used, as the objective
was to include the oversupply of medications and to account for the real amount of available

medications.

Studies I1I and IV did not allow assessing primary non-adherence, i.e. persons who were prescribed
medications but never refilled them (296). Nevertheless, only 3.1% of those with diagnosed
essential hypertension did not purchase any medication during the study period in study III, which
may not affect the findings, while only persons who initiated their medications were included in
study IV. Furthermore, in the two studies, patients prescribed multidose dispensing were excluded,
because of the absence of prescribed daily doses. However, more research is needed to evaluate
adherence in persons using multidose dispensing, especially with regards to concerns about the

appropriate use of medications in patients using multidose dispensing (203).

One strength of study III was the combination of a sensitive and a specific method to detect non-
adherent persons to a multidrug therapy. Non-adherence to any medication may be practically
useful to screen non-adherent patients to any antihypertensive medications while non-adherence
to the full therapy regimen, being more specific, may better detect behaviour changes (155). Yet,
the method to assess adherence to the full therapy regimen may underestimate adherence when
persons switch appropriately to another antihypertensive class. However, there is no gold standard

method to assess the adherence to a full multidrug therapy for chronic conditions.

61



The common threshold of 80% was used to define non-adherence. However, the validity of this
value is questionable since the association between non-adherence and STEs depends also on the
medication’s pharmacological characteristics, such as the medication plasma halftime (286). For
example, taking 90% of the prescribed doses of the angiotensin-converting enzyme inhibitor
enalapril is predicted to be inappropriate, while taking 50% of the prescribed doses of the calcium
channel blocker amlodipine may still give close to the full therapeutic effect (286). Moreover, the
threshold of CMA or PDC of 80% can describe very different patterns of medication-refill
behaviour (286). Therefore, more research is needed to standardise the measurement methods of
adherence in order to facilitate the comparisons between studies (153, 154). Other measures of
refill adherence, such as adherence trajectories have gained interest recently as they were found to

better predict clinical outcomes (297).

Similar to register-based studies, studies II-IV reported medication prescription and refill patterns,
considering them as a proxy of the actual use of medications by patients. Prescribed medications
dispensed before the study period and not taken as prescribed or discontinued because of non-
adherence were not taken into account in the analyses of PIPs in study II. Similatly, the assumption
of medication consumption may overestimate adherence in studies IIT and IV. Nevertheless, the
act of refilling a medication reflects a patient’s active decision to continue with medication, and

refill adherence is correlated with other measures of adherence (151).
Assessment of drug-related morbidities

One strength of study II was the access to the medical records, including medical histories, and
prescription data of patients across care settings. However, the retrospective design was
challenging, but was the only possibility since a prospective design would not be feasible. The
method used to assess ADRs was based on biological and clinical data, and allowed the detection
of ADRs that were not perceived or reported as such in the medical records. However, symptoms

of ADRs not reported in the medical records could not be detected.

The detection of STEs in study III was based on BP measurements in healthcare settings.
However, the different practices used to measure BP (298), and the risk of white-coat hypertension
(299), may have affected the findings. Moreover, since the objective of this thesis was to assess the
association of non-adherence with elevated BP, the visit with the highest BP values was considered,

and the findings may therefore not be generalisable for patients with labile BP. Yet, the method of
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study III may serve as an impetus for larger studies to better understand the relationship between

refill adherence and clinical outcomes in real-life settings.

Respondents to the survey self-assessed the medications causing their perceived STEs and ADRs.
The questionnaire was tested for content and face validity. However, the administered questions
may not be sensitive enough for STEs of asymptomatic conditions. It has been found that patients
report more adverse health outcomes when their categivers ask them specifically about their
medication and to detail the symptoms of adverse outcomes (300). In fact, the population of study
IV was identified from the respondents of a larger survey on all DRMs, and respondents have
mainly reported symptomatic STEs and ADRs (195). Furthermore, a recall bias is to be considered
as respondents may not have reported some accepted ADRs (300). Yet, considering patients with
chronic conditions, often self-administering a multidrug therapy, and renewing their medications
without meeting their physician, this finding may reflect a lack of information received by persons
for ADRs and STEs of medications for chronic cardiovascular conditions. Thus, there may be a
need for better communication and adaptation of information given by caregivers, especially for

individuals with chronic conditions.

Statistical considerations

To study the association between PIPs and ADRs, the regression model was adjusted with known
factors associated with PIPs and ADRs. However, some confounders might have been undetected
or not included, because of their unavailability. The new STOPP criteria were purposefully not
considered in the sensitivity analysis as they are based on new recommendations that may be

irrelevant to apply to prescriptions in 2008.

In study II, regression models were adjusted with known patient factors associated with medication
non-adherence. However, the nature of data did not allow investigating other factors, such as
patients’ understanding of side effects, and other healthcare system factors (147). Other possible
sources of bias include the use of ICD codes to identify comorbidities (301). Moreover, the small
sample size did not allow adjusting for a larger number of variables as, non-cardiovascular
comorbidities. Healthcare resource use was assessed simultaneously with adherence, hindering
establishing temporality as non-adherence might have led to increasing morbidity and higher

medical care use in some patients.
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CONCLUSIONS

The findings of this thesis suggest that IUM is the cause of about half of ADRs occurring in

inpatients and outpatients.

Potentially inappropriate prescriptions affected about half of elderly patients across care settings,
and were associated with increased odds to experience ADRs, in particular nervous and vascular

disorders and falls. Therefore, decreasing PIPs could contribute towards ADR prevention.

Sociodemographic factors (younger age and the lowest income) were associated with non-
adherence to any prescribed medication while clinical factors (using specialised healthcare, having
multiple medications, and being a new user) were associated with non-adherence to the full
multidrug therapy. Thus, the findings of this thesis improve the understanding of the barriers to
adherence to a multidrug therapy for tailoring interventions to improve adherence to patients’
needs. Monitoring refilled medications prior to healthcare visits may assist in interpreting observed
STEs. Yet, the absence of an association between long-term measures of non-adherence and STEs

advocates for better comprehension of this association in clinical practice.

Undersupply and oversupply of long-term prescribed medications were common, but this
inadequate refill behaviour of long-term medications was not associated with perceived DRMs,
probably contributed by the low number of perceived ADRs and STEs. Thus, a better
understanding of patients’ refill behaviour and their perceived adverse outcomes from their long-

term medications is needed.

The increasing number of the elderly and persons with chronic conditions constitute a significant
challenge for the healthcare. The high prevalence of PIPs among the eldertly, the commonness of
both non-adherence and oversupply of long-term therapies, and the high proportion of ADRs due

to IUM, reveal a significant potential for improvements of medication use and outcomes.
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FUTURE RESEARCH

Based on the findings of this thesis, areas of interest for future research have been identified. More
research is needed on ADRs due to IUM occurring in primary care and in the community, since

previous research was mainly conducted in hospital settings.

Future research should focus on studying the applicability of PIPs criteria in clinical practice, and
whether improving the quality of prescribing is translated into improved health outcomes of the
elderly. Both patients’ preferences and physicians’ views must be considered in order to understand
the reasons of inappropriate prescribing despite the availability of safer alternatives in order to
efficiently target future interventions to improve the quality of prescribing in the elderly. Further,
standardising the instruments to evaluate the quality of prescribing would enhance the comparison

between studies and the knowledge on medications commonly inappropriately prescribed in

different settings.

Since a significant proportion of persons with chronic conditions use a multidrug therapy,
considering the use of multiple medications and homogenising the definitions of adherence to a
multidrug therapy would improve the understanding of adherence and related barriers. Such
>

improved understanding may facilitate tailoring interventions to improve adherence to patients

needs.

Finally, future research on the association between non-adherence and DRMs should also inspect
other factors that may influence this association such as the healthy adherer effect and patients’

knowledge about their medications, and consider both clinical and patient perspectives.
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APPENDIX

Comparison of STOPP and the Swedish National Board of Health and

Welfare (Socialstyrelsen) criteria to evaluate PIPs in the elderly
1. PIPs criteria present in both STOPP and Socialstyrelsen criteria
1. Drug-specific indicators

1.1 Drugs that shounld be avoided unless specific reasons exist
Long-acting benzodiazepines

Drugs with significant anticholinergic properties (e.g., tricyclic antidepressants’, bladder
antimuscarinic drugs’)

Tramadol

1.2 Drugs for which the use requires a corvect and current indication

NSAIDs as analgesics when only treatment with paracetamol is sufficient

Opioids without indication of pain or without first line of mild pain killers
Antipsychotics without existence of indication (psychotic syndrome, severe aggression)’

Proton pomp inhibitor (PPI) without appropriate indication (Ulcer disease, Gastro-esophageal
reflux disease (GERD), or prophylaxis with NSAIDs)

Loop diuretics without actual known indication®

1.3 Inappropriate dosage regimen
Antipsychotics>3 months without review’
Neuroleptics>3 months without review®

Systemic corticoids>1 year without review’

2 Excluded in STOPP criteria with diagnosis of glaucoma, cardiac conductive abnormalities, constipation, prostatism
or history of urinary retention

3 Excluded in STOPP criteria with diagnosis dementia, chronic glaucoma, chronic constipation, and chronic
prostatism

4 Non-indicated in in osteoarthritis in STOPP. Both criteria highlight the inappropriateness of NSAIDs in case of
heart failure, hypertension, renal failure

5 Inappropriate indication as hypnotics
¢ For ankle edema or as first line therapy in hypertension

7 One month in STOPP criteria
8 One month in STOPP criteria

 Maintenance therapy for moderate-severe chronic obstructive pulmonary disease in STOPP
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1.4 Inappropriate daily dose
Low-dose acetylsalicylic acid (ASA)>75 mg"

1.5 Pobypharmacy

Drug duplication: Two or more opioids or hypnotics
1.6 Drug combinations that may lead to clinically relevant drug-drug interactions

1.7 Drug use and renal function

Metformin, digoxin, potassium-sparing diuretics, atenolol, NSAIDs'"

1.8 Drug use and certain symptoms
Symptomatic orthostatic hypotension: antihypertensives, antipsychotics
Falls: Diuretics, hypnotics, antidepressants'?

Cognitive impairment: Anticholinergic drugs, opioids, antiepileptics

1.9 Psychotropic drugs
Benzodiazepines with long half-time (Diazepam), medications with anticholinergic effects

(propiomazine)

2. Diagnosis-specific indicators

2.1 Hypertension

A combination of a beta-blocker and a cardioselective calcium channel blocker (verapamil,
diltiazem)

Cardioselective calcium channel blocker in concurrent heart failure (verapamil, diltiazem)

2.2 Heart failure
NSAID or ASA at low dose

Cardioselective calcium channel blocker
2.3 Chronic obstructive pulmonary disease

Non-selective b-receptor blocker

Oral theophylline

10150 mg/day in STOPP
"1 NSAIDs, Digoxin in STOPP

12 And first generation antihistamines in STOPP
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2.4 Diabetes, type 2
Glibenclamide

2.5 GERD and peptic nlcer disease
NSAIDs with a history of GERD or peptic ulcer

PPI for long-term use without review

2.6 Pain
NSAIDs in continuous treatment without review'
NSAIDs as analgesics when only treatment with paracetamol is sufficient

Opioids without indication of pain or without first line of mild pain killers

2.7 Dementia

Drugs with significant anticholinergic properties
General sedation with sedatives or hypnotics
Long-acting benzodiazepines

Antipsychotic drugs for other indications than psychotic symptoms or severe aggression

2.8 Steep disturbance
Long-acting benzodiazepines

Triazolam, propiomazine, alimemazine, hydroxyzine and promethazine

2. PIPs criteria present only in Socialstyrelsen criteria

1. Drug-specific indicators

1.1 Drugs for which the use requires a corvect and current indication

Digoxin without indication of atrial fibrillation, or moderate - severe heart failure

1.2 Inappropriate dosage regimen

Hypnotics>1 month of regular use without review

Antiepileptics>1 year without review

NSAIDs in a regular dosage daily for more than two weeks without review

Contact laxatives daily for more than one week, without indication (prophylaxis of constipation
during treatment with strong opioids)

13 For osteoarthritis in STOPP
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Glucocorticoids for systemic use, in continuous for more than one year without review

1.3 Inappropriate daily dose
Risperidone >1.5 mg
Oxazepam >30 mg
Paracetamol, daily dose >4 g
Haloperidol >2 mg
Zopiclone >7.5 mg

1.4 Pobypharmacy
Use of ten or more drugs

Use of three or more psychotropic drugs
2. Diagnosis-specific indicators

2.1 Ischemic heart disease—angina pectoris

Nitrates without free interval in patients with ischemic heart disease or angina pectoris

2.2 Heart failure
Digitalis glycoids without presence of atrial fibrillation

Association of potassium as mineral supplement with medications counteracting potassium
losses (preparations containing potassium, amiloride or spironolactone)

The non-selective beta-blocker: Sotalol

The antiarrhythmic: disopyramide, propafenone or flecainide

2.3 Chronic obstructive pulmonary disease
Oral beta-2-receptor agonists

Inhaled anticholinergics beta-2 stimulants or inhaled steroids without observed effects
2.4 Diabetes, type 2
Metformin with decreased renal function (estimated glomerular filtration rate

<60 ml/min)
Sulfonylureas in those= 80 years

Glinide, glitazones, acarbose, incretins, gliptine and glucagon-like peptide receptor agonists

2.5 GERD and peptic nlcer disease
Glucocorticoids for systemic use, in combination with NSAID/ASA, without ulcer prophylaxis

Potassium

2.6 Pain
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NSAID in continuous treatment without review

NSAIDs in high doses (more than half of the maximum dose. E.g>1200 mg for ibuprofen, >75
mg of diclofenac and >500 mg naproxen, >4 g paracetamol)

2.7 Dementia

Anticholinesterases or memantine without favourable effect within 6 months

2.8 Depression

Prescription of anxiolytics and hypnotics without antidepressant treatment

3. PIPs criteria only present in STOPP

1 Medications acting on the cardiovascular system
Thiazide diuretics with a history of gout
Calcium channel blocker with chronic constipation'

ASA with no history of coronary, cerebral or peripheral arterial symptoms or occlusive arterial

event
ASA to treat dizziness not clearly attributable to cerebrovascular disease
Dipyridamole as monotherapy for cardiovascular secondary prevention

Warfarin for first, uncomplicated deep venous thrombosis for longer than six months duration

2 Medications acting on the central nervous system and psychotropic drugs
Phenothiazines in patients with epilepsy'

Selective serotonin re-uptake inhibitors with a history of clinically significant hyponatraemia

3 Medication acting on the gastro-intestinal system
Diphenoxylate, loperamide or codeine phosphate for treatment of diarrhoea of unknown cause
Prochlorperazine (stemetil) or metoclopramide with Parkinsonism

Diphenoxylate, loperamide or codeine phosphate for treatment of severe infective gastroenteritis

4 Medications acting on the respiratory system

Nebulised ipratropium with glaucoma

5 Medications acting on the musculoskeletal system

Colchicine for chronic treatment of gout where there is no contra-indication to allopurinol

14 Excluded from the new STOPP version

15 Only tricyclic antidepressants included in Socialstyrelsen criteria
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6 Medications acting on the urogenital system

Alpha-blockers in males with frequent incontinence i.e. one or more episodes of incontinence
daily

Alpha-blockers with long-term urinary catheter in situ i.e. more than two months

7 Medications acting on the endocrine system

Beta-blockers in those with diabetes mellitus and frequent hypoglycaemic episodes i.e. one
episode per month

Oestrogens with a history of breast cancer or venous thromboembolism

Oestrogens without progestogen in patients with intact uterus
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