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Therapeutic advances have undoubtedly transformed modern healthcare. Effective
and curative treatments are now available for many previously life-limiting and fatal
diseases conditions such as cardiovascular disease, infectious diseases and certain
malignancies. These advances have contributed to increased longevity worldwide, and
a marked shift in population demographics, with a population of adults now living to
older age in much greater numbers than ever before. However, the pharmaceutical
advances of the last 50 years have also contributed to an increasing number of adults
- particularly older, frailer adults - living longer with multimorbidity and associated
polypharmacy. Multimorbidity and polypharmacy are both strongly associated with
adverse medication effects. Previous research has examined multiple aspects of
adverse medication outcomes, including inappropriate prescribing and interventions
aimed at optimising problematic prescribing. However, two key components remain
relatively under-researched: (i) prescribing cascades and (ii) the impact of medication-

related burden on patients’ lived experiences and quality of life.

This thesis examines adverse medication outcomes in older adults living with
multimorbidity and polypharmacy with a particular focus on prescribing cascades and
medication-related burden. Firstly, it investigates the prevalence of prescribing
cascades in hospitalised older adults and examines factors influencing their
recognition by hospital physicians. Secondly, it addresses the measurement of
medication-related burden through the evaluation and modification of a patient-
reported outcome measure designed specifically for use in older adults living with

multimorbidity and polypharmacy.

The thesis consists of five chapters. The first chapter is an introduction, divided into

three sections: (i) medications; (ii) prescribing cascades; (iii) patient reported outcome

20



measures and medication related burden. Chapter 2 examines the prevalence of
prescribing cascades in hospitalised older adults living with multimorbidity and
polypharmacy. Chapter 3 investigates the facilitators and barriers to hospital
physicians’ recognition of prescribing cascades. Chapter 4 develops the modified
medication-related burden quality of life (MRB-QoL) tool for older adults living with
multimorbidity and polypharmacy. A mixed-methods design is used, including
examining the original MRB-QoL in the target population and Modified Nominal
Group Technique (mNGT) to achieve consensus. Finally, Chapter 5 synthesises the

finding of this thesis and suggest priorities for future research.

This thesis is presented in the form of a Publication-based Thesis. Chapters 2 and 3 of
this thesis have been published in peer-reviewed journals. The ‘Methods’ and
‘Results’ sections of these chapters are presented largely as published, while the
‘Introduction’ and ‘Discussion’ sections have been modified where necessary to
enhance the coherence of the thesis. PDF versions of published articles are provided

in Appendix 1.
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CHAPTER 1

Introduction
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1.1 Medications

1.1.1 Evolution of pharmacotherapy and therapeutic advances

The past century has witnessed unprecedented expansion in the development and
availability of pharmaceutical therapies. In the mid-1970s, the British National
Formulary (BNF), a pharmaceutical reference book containing prescribing
information about drugs available in the United Kingdom’s National Health Service
(NHS), listed approximately 650 medicinal products [1]. By 1981, this had increased
to approximately 4500 products, a figure that has increased several fold with
successive editions [2]. This proliferation of pharmaceutical products, described as
“the pharmaceutical revolution”, has influenced the approach to treating and managing
diseases and symptoms, reshaping not only the medical therapeutic framework but

also society’s expectations of pharmacological solutions for all conditions [3].

This expansion of pharmaceutical products has contributed to major improvements,
providing prescribers and patients with an ever-broader range of treatment options.
The discovery and steady development of anti-infective drugs revolutionised the
treatment of previously fatal infectious diseases [4]. Cytotoxic chemotherapy and
hormonal therapies have improved cancer survival rates [5], while disease modifying
treatments have changed the trajectory of several chronic and neurodegenerative
conditions such as multiple sclerosis [6], rheumatoid arthritis [7] and, most recently,

Alzheimer’s dementia [8].

These advances have contributed to reductions in mortality, enhanced longevity, and
consequently accelerated population ageing. However, the rapid growth in therapeutic

options has fostered what Busfield (2010) termed a ‘pill for every ill’ culture, creating
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a health system where both patients and physicians turn to prescription medicines for
every clinical problem [3]. This has resulted in a therapeutic climate in many countries
that promotes over-use of medication, particularly among older adults living with

multiple long-term co-morbidities.

1.1.2 Population ageing and multimorbidity

Population ageing is one of the most significant demographic shifts of recent decades.
Globally, life expectancy has risen steadily, with a major demographic shift in the
world’s population towards old age, an unprecedented modern sociological
phenomenon. The World Health Organisation (WHO) projects that the global number
of people over 80 years will treble between 2020 and 2050 reaching an estimated 426
million people, with a parallel increase in the number of people living with

multimorbidity and polypharmacy [9].

As people age, they are more likely to accumulate more chronic medical conditions,
this phenomenon is referred to as multimorbidity i.e. when two or more medical
conditions coexist [10,11]. Multimorbidity is currently the norm rather than the
exception in older adults. Two large systematic reviews in recent years have
demonstrated similar results. Ho ef al. analysed 193 studies and found that the
prevalence of multimorbidity in people aged over 74 years was 67% compared to 47%
in those aged 60-74 years and 28% in those aged under 60 years [12]. A systematic
review by Hai Nguyen et al. found that more than 50% of adults aged over 65 years

have multimorbidity [13].

Multimorbidity is associated with poorer functional status, increased mortality,
reduced quality of life and increased healthcare utilisation [11,14—16]. Within the

context of expanding therapeutic options, multimorbidity is also associated with

24



polypharmacy and increasingly complex medication regimens, which puts challenges
on healthcare systems that were largely designed around the management of single

diseases [17].

1.1.3 Organisation of modern healthcare

Modern health systems are predominantly organised according to an individual
disease framework. Clinical guidelines, quality standards, and professional training
remain largely single-disease specific, with each chronic condition typically linked to
its own specialty clinic, management guideline, and recommended pharmacological
regimen. Adherence to these evidence-based management guidelines in common
conditions such as hypertension, COPD and coronary artery disease has been shown
to improve clinical outcomes in those individual conditions [18-20]. However, this
framework is poorly suited to the complexity of multimorbidity and interlinked
pathophysiological processes in older adults. Healthcare professionals are encouraged
to optimise each individual co-morbidity but in doing so often fail to recognise the
cumulative impact of multimorbidity on older patients’ overall health and treatment
burden [21]. Consequently, application of multiple single-disease treatment guidelines
to individual patients can result in multiple prescriptions, some of which may be

ineffective, costly, contradictory and harmful [22].

Fragmentation of care further compounds these challenges. Older patients with
multimorbidity frequently attend several specialists, each contributing additional
treatments with poorly established communication and coordination structures [23].
Schoen et al. reported on patient care in six countries and found that patients who
attended four or more prescribing doctors were significantly more likely to experience

serious medication errors than those who attended fewer doctors [23].
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Together, the limitations of the individual disease framework and fragmented care
structures create conditions in which prescribing becomes increasingly complex,

particularly for older adults living with multimorbidity.

1.1.4 Evidence-based pharmacotherapy

These challenges are further compounded by the limitations of evidence-based
pharmacotherapy that is individual-disease focused rather than individual-patient
focused. Most clinical guidelines are derived from clinical trials, that commonly
exclude older multimorbid people [24]. Researchers seek to isolate the effect of a new
treatment on a single disease, and therefore the presence of co-morbidities and
heterogeneity in health status risks disrupting the statistical power of the study [25].
The WHO, has identified seven groups of patients who are at highest risk of ADRs,
many of whom are those most often excluded from trials, see Table 1.1 [26].
Consequently, many treatment guidelines, validated in homogenous trial populations,
may be problematic when applied to patients with a wide variety of comorbidities and
an even wider diversity of symptom constellations commonly encountered in clinical

practice [25,27,28].

Other contributing factors include faulty clinical trial methodology [29,30], exclusion
of older (‘real-world’) patients [24], ambiguity in aspects of trial design [30,31],
publication bias [31], translation challenges from population-based results to
individual patients, and bridging the gap between statistical significance and clinical
relevance [32]. Collectively, these factors combined with pharmaceutical advances,
increasing multimorbidity, and healthcare organisation are inextricably linked to the
development of polypharmacy, problematic prescribing and increasing medication

burden in older adults.
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Table 1.1: Patients at risk from medication-related harm [26].

Group No. | Patients at risk from medication-related harm

1 Residents in a care home setting

2 Patients on high-risk medications (e.g. anticoagulants,

immunosuppressive agents)

3 Patients with hyperpolypharmacy (>10 daily medications)
4 Patients with multimorbidity

5 Patients with measurable frailty

6 Patients with dementia

7 Patients receiving palliative care

1.1.5 Polypharmacy: Definition, prevalence and determinants

Polypharmacy is most commonly defined as the concurrent and continuous use of five
or more different medications [33]. Using data from over 32,000 participants aged >65
years across 17 European countries, Midao et al. reported that almost one third
(32.1%) of older adults in Europe take 5 or more daily medications [34]. In the US,
Charlesworth et al. found a threefold increase in polypharmacy prevalence among
adults aged >65 years between 1988 and 2010, rising to 39% [35]. Trends are similar
in Asian countries, where a recent study reported a prevalence of 38.8% and 46.6%
in older adults in Taiwan and South Korea respectively [36]. Other studies have
reported varying levels of polypharmacy, ranging from 2.6% to 86.6%. This variation
reflects heterogeneity in the definitions of polypharmacy used and the settings, for
example, some studies include over-the-counter medications and non-regular

medication when assessing whether a patient has polypharmacy.
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Polypharmacy is not exclusive to older individuals, many younger individuals with
multimorbidity also experience polypharmacy. However, older people are most
vulnerable to polypharmacy and medication-related harm arising as a result of age-
associated physiological changes that commonly alter their pharmacokinetic and
pharmacodynamic response to drug therapies compared to younger people; these age-
related changes are summarized in Table 1.2 [37]. Polypharmacy, in turn, is the
principal risk factor for inappropriate prescribing in older people [38]. This
phenomenon is more evident in older women, due to intrinsic differences in drug
pharmacodynamics and pharmacokinetics compared to older men [37,39—41]. These
differences included lower lean body mass, which can result in a higher concentration
of lipophilic drugs such as diazepam [40]. In addition, sex-based differences in hepatic
metabolism have been described, such that clearance of temazepam and paracetamol
is greater in men, and clearance of erythromycin and verapamil is greater in women
[41]. Moreover, beyond the age of 75 years, women outnumber men by approximately
2:1 in most developed countries, a survival difference that becomes more accentuated

the older the age cohort [42].
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Table 1.2: Age-associated pharmacokinetic and pharmacodynamic changes [37].

‘ Pharmacokinetic changes

Physiological changes | Impact on Drug examples
medication
Absorption | Slight reduction in Reduced absorption Calcium
gastric acid secretion *rarely clinically Iron supplements
significant
Distribution | {lean body mass T plasma Digoxin
{ total body water concentration of Lithium
Relative T total body fat | hydrophilic drugs
4 Total body albumin Benzodiazepines
T Permeability of blood Prolonged drug effect | Morphine
brain barricr of lipophilic drugs
Metabolism | Liver T systemic Antihypertensives
dmass bioavailability Antianginals
dperfusion
first pass metabolism Tplasma drug Warfarin
{ hepatic enzyme concentration Opiates
activity (variable) Statins
Excretion Kidney Drug accumulation Metformin
Jmass and toxicity Bisphosphonates
J perfusion Colchicine
dglomerular filtration NSAIDs
rate
Changes in: Increased effect Warfarin
e receptor activity, density and Neuroleptics
affinity Benzodiazepines
e membrane environment or Anticholinergics
binding Decreased effect Propranolol
Furosemide
Scopolamine
Isoprenaline

Abbreviation: NSAIDS: Non-steroidal anti-inflammatory drugs.
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1.1.6 Problematic polypharmacy & inappropriate prescribing

Polypharmacy is not inherently problematic. When drugs have a clear clinical
indication and are regularly reviewed, the prescription of five or more medications
for individuals with multimorbidity may be entirely appropriate to manage their
chronic health conditions [33]. However, as the number of prescribed medications
increases, there is a proportional increase in the risk of patients experiencing
medication-related harm because of problematic polypharmacy [38,43]. Problematic
polypharmacy encompasses a wide range of phenomena, including: inappropriately
prescribed or omitted medications, avoidable drug-drug interactions or drug-disease
interactions, inappropriate prescribing cascades, and a failure to align the goals of
treatment with the individual’s goals of care [38,44—46]. Inappropriate prescribing, as
defined by the most widely published criteria, has been shown to be highly prevalent

in older people across various clinical settings, see Table 1.3.

Table 1.3: Prevalence of potentially inappropriate medications in independent living
older people, older people in hospital and older people living in the long-term nursing

home setting.

Criteria Community- Hospitalised Nursing Home
dwelling adults | patients residents

STOPP 66.8% [47] 68.5%-86.1% 66%-85% [50,51]

Version 2 [48,49]

Beers criteria | 54% [47] 21.6%- 71% 51.5%-96% [54,55]

2015 [52,53,48]

Abbreviation: STOPP: Screening Tool of Older Persons' Prescriptions.
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1.1.7 Consequences of problematic polypharmacy

Problematic polypharmacy is associated with a range of adverse consequences for
individual patients including increased risk of adverse drug reactions (ADR),
increased risk of hospitalization, reduced health-related quality of life (QoL) and
ultimately, increased mortality [38,43—-45,56,57]. A UK prospective, observational
study reviewed all patients admitted via the medical assessment unit over a one-month
period [57]. The authors reported that ADRs were the main reason for, or a
contributing factor in, 18.4% of hospital admissions, and that those patients admitted
with an ADR were older, had more co-morbidities and were more likely to have
polypharmacy than patients admitted for reasons other than ADRs [57]. Similar results
were demonstrated by Cosgrave et al in a recent systematic review. Falls, delirium and
bleeding were the most frequent drug-related problems requiring hospital admission

[58].

Several studies have also demonstrated a significant association between
polypharmacy and mortality. A systematic review and meta-analysis by Leelakanok
et al. identified a dose-response relationship, with increasing numbers of medications

being significantly associated with increased mortality (P<0.05) [43].

Additionally, problematic polypharmacy also places a considerable economic burden
on healthcare systems through increased drug expenditure and expenses related to
treating medication-induced harm. Research conducted by the Intercontinental
Medical Statistics (IMS) Institute for Healthcare Informatics, entitled ‘Advancing the
Responsible Use of Medicines: Applying Levers for Change’ reported that
approximately 4% of the world’s avoidable healthcare expenditure can be attributed

to mismanaged or suboptimal prescribing [59]. A Canadian study by Morgan et al.
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reported that the use of potentially inappropriate medications (PIMs) can increase the
annual per-patient costs of care by approximately $2000, resulting in an estimated
$419 million in avoidable excess national healthcare cost [60]. Similarly, a Japanese
study by Akazawa et al. reported a significant financial impact from PIM prescribing,
with older adults prescribed PIMs incurring 33% higher average medical costs than
those not exposed to PIMs [61]. In the UK, it is estimated that the NHS spends
approximately £2.21 billion annually as a result of ADR-related hospital admissions,

most of which occur in multimorbid older people on long-term polypharmacy [57].

Medication-related harm also has a significant impact on prescribers [62].
Psychological distress, reduced professional confidence, and burnout are commonly
reported when prescribers are involved in cases of serious iatrogenic harm [63].
Despite adverse events experienced by their patients, doctors often hide their mistakes
from their colleagues and their patients due to feelings of guilt and shame, fear of
criticism or legal action, leading to missed opportunities to strengthen the safety

climate within a healthcare environment [64].

1.1.8 Recognition and prevalence of problematic polypharmacy

Multiple tools have been developed to help prescribers identify potentially
inappropriate prescribing. Explicit screening tools such as STOPP/START criteria
[65], STOPPFrail criteria [66], Beers criteria [67], and EURO-FORTA criteria [68]
provide clearly defined statements that highlight instances of potentially inappropriate
prescribing in specific clinical circumstances. Through such explicit criteria, the
prescriber is alerted to inappropriate medication use. These tools have been deployed
to investigate the prevalence of inappropriate polypharmacy in multiple settings

worldwide, including acute hospital, community settings and in long term residential
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care settings. In a large, representative sample of community dwelling adults in Spain,
Blanco-Reina investigated the prevalence of PIMs using STOPP/START version 2
criteria and Beers 2015 criteria and found that 66.8% and 54% of participants,
respectively, were prescribed at least one PIM [47]. However, most explicit criteria
focus on inappropriate prescribing and do not systematically capture other problematic

prescribing phenomena such as inappropriate drug dosage and prescribing cascades.

Implicit approaches have also been identified as means for assessing medication
appropriateness. These include the Medication Appropriateness Index, the SMART
tool, and the 10-Step Discontinuation Guide [69—71]. The user must apply clinical
judgement, contextual information, and enquire about patient preferences when
evaluating medication appropriateness. Due to these variances, there is limited

research investigating these tools in large-scale settings.

1.1.9 The WHO Global Patient Safety Challenge ‘Medication without Harm’

Given the scale of the clinical, economic and professional consequences associated
with problematic polypharmacy, safer prescribing has become a major international
patient safety priority. Recognising this, the WHO launched the third WHO patient
safety challenge, ‘Medication without Harm’, in 2017 [72]. Through this initiative, the
WHO strove to raise awareness about the importance of medication safety and to seek
new and specific commitment from global leaders in healthcare to make policy
changes to support safer medication practices. The specified target was to reduce
severe and avoidable harm from medication by 50% within five years. The WHO
challenge aimed to improve medication safety at each stage of the medication process,
from prescribing, to dispensing, to administering, to monitoring and utilisation of drug

therapy. It specifically targeted three contexts where patients face a particularly high
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risk of experiencing medication related harm. These contexts were to be the basis for
change implementation and included high risk situations, polypharmacy and
transitions of care. High risk situations encompass scenarios which pose a significant
risk of medication-related harm to patients, such as the use of higher-risk medications
like insulin and warfarin, and interruptions during critical processes such as
prescribing and administration of medication. Transitions of care from community to
hospital and later from hospital to home are also commonly associated with
unintentional medication discrepancies that can be potentially harmful [73]. Older
individuals with multimorbidity frequently encounter all three contexts (high risk
situations, polypharmacy and transitions of care) simultaneously, compounding the

risk of adverse drug events (ADESs) in this cohort.

The challenges of optimising medications in the heterogenous population of
multimorbid older adults are demonstrated by the fact that over five years since this
ambitious WHO goal was set, there still is no published evidence to indicate that the
initiative has significantly reduced medication-related harm, as expressly intended by
the WHO. To emphasize the persistent necessity of achieving this goal, the WHO
Safety Action Plan 2021-2030 prioritizes the ‘Medication without Harm’ challenge
(3.2). The WHO Safety Action Plan outlines key actions for governments, healthcare
stakeholders and the WHO secretariat, including establishing expert groups and
leadership teams, appointing medication officers/ teams in healthcare, promoting
patient involvement and medication literacy, recognizing and reporting ADRs, and

monitoring of progress.
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1.2 Prescribing Cascades

1.2.1 Overview and definition

Prescribing cascades, a component of problematic prescribing, were first described
over 30 years ago by Rochon and Gurwitz. They defined prescribing cascades as
occurring when an ADR to an initial drug (index drug) is misinterpreted as a new
medical condition, resulting in the inappropriate prescription on an additional
medication (so-called marker drug) to treat the drug-induced symptom rather than
discontinuing or adjusting the causative drug [74]. This original conceptualisation
emphasised misinterpretation, misdiagnosis and subsequent use of inappropriate
therapeutic treatments, effectively framing prescribing cascades as avoidable

medication errors.

Since then, there has been significant variability in how prescribing cascades have
been described in the literature [75,76]. It is now generally recognised that prescribing
a second medication to effectively manage the side-effect of a previously prescribed
drug may be intentional and clinically appropriate, particularly where the benefit of
continuing the index drugs outweighs the potential harm. Reflecting this
heterogeneity, a recent scoping review proposed a more encompassing definition: a
prescribing cascade is where at least one drug is prescribed to manage at least one side
effect of at least one other drug [75]. A schematic overview of how prescribing

cascades develop is presented in Figure 1.1.
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Initial Drug Prescribed
Drug A/ Index Drug

Side-effect caused by
Drug A

Subsequent Drug Prescribed
Drug B/ Marker Drug

Figure 1.1: Schematic overview of how prescribing cascades develop.

1.2.2 Classifications of prescribing Cascades

As well as multiple definitions, several cascade classification systems have also been
proposed, capturing different dimensions of prescriber decision-making, attribution of

symptoms, and clinical reasoning [75]. These classifications include:

e appropriate vs. inappropriate
e intentional vs. unintentional
e recognised vs. unrecognised

e prophylactic vs. therapeutic.

Appropriate prescribing cascades occur when a new medication is prescribed to
manage a well-recognized drug side-effect, with the benefits of initiation outweighing
the risk, such as laxatives to counteract the common and predictable problem of

constipation arising from opioid treatment [77].

In contrast, inappropriate prescribing cascades occur when drug side-effects are
misdiagnosed as new conditions, leading to the inappropriate prescription of an
unnecessary or potentially dangerous secondary medications to treat the misdiagnosed
new condition or symptom, thereby increasing the risk of medication-related harm
[77,78]. One well-known example is the prescription of diuretics to treat lower limb

oedema arising as a side-effect from prior treatment with dihydropyridine calcium
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channel blockers (CCB). In this case oedema is misdiagnosed as a sign of heart failure

rather than as a side-effect of the CCB.

The intentional/ unintentional classification reflects whether the prescription of the
marker drug was deliberate to manage a known ADR or side-effect, whereas
recognised/ unrecognised refers to whether a prescribing cascade is identified or not
by the healthcare professional. Prophylactic cascades involve prescribing medication
to prevent an anticipated side-effect, such as co-prescribing proton pump inhibitors
with NSAIDs. Therapeutic cascades involve treating an already manifest adverse
effect of an initial drug, such as introduction of bisphosphonates in patients who
develop corticosteroid-related osteoporosis where there is an ongoing indication for

systemic corticosteroid therapy.

Furthermore, sequential prescribing cascades have also been described, in which a
marker drug in turn causes a side-effect or ADR triggering the prescription of another
medication, for example, CCB-associated peripheral oedema prompting the
prescription of a diuretic, which later leads to the prescription of a medication for over-

active bladder.

1.2.3 How prescribing cascades are determined

Much of the published research has concentrated on identifying, validating and
reporting various prescribing cascades. Numerous examples of prescribing cascades
have been reported in the literature through case reports, case series, case-control
studies, cross-sectional studies and original research [79,80]. The likelihood that a
concurrent drug pair represents a prescribing cascade may be investigated through so-
called prescription sequence symmetry analysis (PSSA) methodology [79,81,82]. In

essence, PSSA compares the number of patients prescribed the index drug before
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introduction of the marker drug, to those who were prescribed the marker drug before
the index drug (so-called crude sequence ratio). PSSA may be affected by prescribing
trends such that many studies also report an adjusted sequence ratio, which is the crude
sequence ratio divided by the null-effect sequence ratio. The null-effect sequence ratio
represents the expected sequence ratio in the absence of a causal association and

reflects underlying prescribing trends.

Although PSSA is an effective and validated method of establishing whether a drug
pair constitutes a potential prescribing cascade, it cannot determine the actual clinical
relevance of a suspected inappropriate prescribing cascade, nor can it establish clear
causality [81]. Additionally, certain PSSA studies are hypothesis-free studies
screening large datasets, generating potential prescribing cascades even where
ADR/side-effect evidence is weak. This is demonstrated by examples such as direct
oral anticoagulants (DOACs) leading to antidepressant prescribing, despite depression
not being a recognised side-effect of DOACs in the Summary of Product
Characteristics (SmPC) [83]. The key point here is that PSSA may identify potential
prescribing cascades but for such potential cascades to be relevant to prescribing
practice, they should also be clinically plausible. Savage et al, in large cohort study,
used administrative prescription data to evaluate the CCB-diuretic prescribing cascade
[84]. New CCB users were monitored for subsequent initiation of diuretics. While this
method allowed for the examination of a large data set, it was limited by its inability
to prove a cause-and-effect relationship between the two drugs. These varying
approaches have generated many potential cascades in the literature, prompting the
creation of formal prescribing cascade lists to help clinicians identify and prioritise

clinically relevant examples.
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1.2.4 Explicit lists of Prescribing Cascades

One such list was developed through a systematic review by Doherty et al. (Table 2.5)
[79]. This study, which examined 101 published studies, was designed to identify
published prescribing cascades in community-dwelling adults aged 18 years and older.
From their systematic analysis of the literature, the authors generated a list of the 25
most identified prescribing cascades in community dwelling adults. However, given
that most prescribing cascades were identified by studies that utilised PSSA
methodology, including those where the ADR evidence is limited, this list may be of
limited clinical utility. Several of the prescribing cascades listed are of questionable
validity and clinical relevance such as: lower urinary tract symptoms arising from
statins leading to drugs for urinary frequency/incontinence, and; depression arising
from direct oral anticoagulants (DOACs) leading to antidepressant drug prescription.
These examples highlight the limitations of relying heavily on statistical methods such
as PSSA to define cascades without clinical data, expert endorsement and clinical
plausibility to validate proposed prescribing cascades. Nevertheless, a recent follow-
up study evaluating the strength of the evidence supporting the prescribing cascades
identified by Doherty et al. found that 84% of these prescribing cascades were
supported by moderate evidence i.e. single high-quality study or strong evidence i.e.

multiple high-quality studies [85].

Another prescribing cascades list has also been created through formal consensus
methods. The iKASKADE consortium published a consensus list (called
“ThinkCascades™) of nine clinically relevant prescribing cascades validated by the
Delphi consensus method involving international experts in geriatric pharmacotherapy

(Table 2.4) [86]. Although there is some overlap with the Doherty list, the
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ThinkCascade is of greater utility to healthcare providers as each prescribing cascade
listed has undergone explicit expert panel Delphi validation. Nonetheless, given that
only nine prescribing cascades met consensus criteria, this list very likely

underrepresents the true number of clinically relevant prescribing cascades.

1.2.5 Clinical Relevance of Prescribing Cascades

Prescribing cascades, in particular those classified as inappropriate, are clinically
important as they represent an avoidable component of problematic prescribing and
are associated with increased risk of hospitalisation, drug-related harm, functional
decline and mortality [87,88]. Inappropriate prescribing of cascades may result in
prolonged symptom burden arising from ADEs, avoidable treatment escalation, and
further inappropriate use of medications [87,89,90]. Additionally, prescribing
cascades can place considerable psychological and practical burden to patients and

caregivers, as well as unnecessary cost burden [88,91,92].

Older adults are particularly vulnerable to inappropriate prescribing cascades due to
multimorbidity and associated polypharmacy, both of which increase the risk of
inappropriate prescribing [17,38]. The cumulative effect of multiple medications also
increases the risk of ADEs which can result in the prescription of additional
medications to manage these ADEs, thus initiating a prescribing cascade [93,94]. Age-
related physiological change and altered pharmacokinetics/pharmacodynamics further
heighten susceptibility to ADEs. Preventing, recognising and resolving prescribing
cascades is therefore an essential element for improving medication safety, quality of

care and patient outcomes.
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1.2.6 Recognition of prescribing cascades

Recognition of prescribing cascades in older adults is particularly challenging as
ADEs often present with non-specific symptoms such as confusion, dizziness, or
malaise [87,95,96]. These symptoms can be misattributed to known concurrent
comorbidities, natural disease progression or misdiagnosed as new conditions,

potentially perpetuating ADEs and resulting in further inappropriate prescribing.

In addition to diagnostic uncertainty, fragmentation of care further compounds the
challenge of recognising prescribing cascades. In a healthcare system organised
around single-disease management, specialist physicians might overlook prescribing
cascades originating outside their specialty. Even when identified, physicians may be
reluctant to deprescribe medications initiated by other physicians [97] or lack
sufficient knowledge and experience to make confident decisions. For example,
routine medication reviews rarely capture initiation dates, hindering any effort to

establish the temporal relationship between medications and symptoms [92].

Awareness of prescribing cascades among both physicians and patients appears
limited [92,98]. Multiple studies report that many primary care physicians are
unfamiliar with the term and may struggle to recognise specific cascades in practice,
while patients can have difficulty understanding the concept even when explained to
them [92,99,100]. Although several tools have been developed to support cascade
recognition [86,89], healthcare professionals continue to report uncertainty regarding
identification and management of cascades [98,99]. Notably, no study to date has
examined recognition among hospital physicians, despite their central role in

medication assessment during acute illness and at points of care transition.
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Prescribing cascades can be prevented by early recognition of the ADR and can be
reversed by either dose reduction, discontinuing the index medication, or switching to
safer alternatives. McCarthy et al. proposed three considerations for clinicians: (i)
determining the optimal management of the ADE; (ii) evaluating whether the
therapeutic benefit of adding a medication outweighs the harm; and (iii) ensuring
ongoing assessment [78]. Piggott et al. suggested using a process map for improving
cascade detection as well as simply asking the question “Could my patient’s new
symptom be caused by a drug they are taking rather than a new medical condition?”
[89]. However, in older patients with multimorbidity and complex polypharmacy,
clinicians describe that even when a prescribing cascade is identified, the subsequent
decision-making around medication adjustment can become highly challenging [99].
Due to the clinical ambiguity and delicate risk/benefit balance involved in such cases,
classifying a prescribing cascade as appropriate or inappropriate has previously been
described as ‘unfeasible’ [99]. As a result, the dynamic and complex nature of
prescribing cascades makes them relatively difficult to detect and challenging to
classify. This diagnostic uncertainty in combination with limited awareness and
methodological challenges contribute to the paucity of real-world prescribing cascade

prevalence data.

1.2.7 Prevalence of prescribing cascades

Despite being described for over 30 years, the prevalence of prescribing cascades
remains unclear. Inconsistent terminology and challenges in detection have resulted in
minimal population-level data compared to other aspects of problematic prescribing.
Although multiple drug pairs have been described as potential prescribing cascades,

only a small subset have been examined in terms of prevalence and incidence (Table
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1.4). No published study has evaluated the overall prevalence of prescribing cascades

using a comprehensive list or applied a standardised identification approach.
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Table 1.4: Prevalence and incidence of specific sample prescribing cascades.

Study and setting

Population

‘ Calcium channel blocker — diuretic

Key findings

observational study[101]

Retrospective cohort >66 years 3.5% initiated a loop or thiazide
[84] >40,000 adults newly diuretic within 12 months after
dispensed a CCB starting a CCB, after excluding
heart failure and renal causes.
Cross-sectional >18 years Potential CCB—loop diuretic

47.5 million patient
visits

cascade present in 4.6% - 11.8%
of visits depending on definition
used.

Retrospective cross-
sectional analysis [102]

Adults >55 years
5.5 million CCB users

‘ Antipsychotic — Parkinson’s Medication

3.4% of CCB users started a loop
diuretic after exclusions for heart
failure/chronic kidney
disease/cirrhosis.

[104]

Retrospective Cohort
Study [105]

Retrospective Cohort Adults >50 years with 0.8% incidence of a potential
Study [103] Alzheimer’s disecase cascade

>4,500 patients
Cross-sectional study Adults >65 years. 0.2% were prescribed an

11.5 million

‘ NSAID — Proton Pump Inhibitor

Adults >40 years
>16,000 community-
dwelling adults

antipsychotic and Parkinson’s
medication concurrently

40% chronic NSAID users are co-
prescribed PPIs.

Cholinesterase Inhibitor —Anticholinergic (for urinary symptoms

sectional observational
study [107]

Retrospective Cohort >65 years The prescribing cascade was

Study [106] >117,000 patients with identified in 0.2% of this cohort.
dementia

Retrospective cross- >65 years 15% co-prescribed cholinesterase

>37,000 nursing home
residents with dementia

inhibitor and anticholinergic.

Abbreviations: CCB: Calcium channel blockers; NSAID: non-steroidal anti-inflammatory
drug; PPI: proton pump inhibitor.
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1.3 Patient Reported Outcomes and Medication related burden

1.3.1 What are PROMs and why are they important

Despite extensive research on medication-related harm, comparatively little attention
has been directed to patient-reported outcomes, specifically the impact of medication
burden on QoL [108,109]. Patient-reported outcome measures (PROMs) are
standardised instruments, most often questionnaires, that capture patients’ perceptions
of their symptoms, functioning, health status, and quality of life, as well as more
specific dimensions such as the impact of a condition and its treatment on wellbeing
[110,111]. PROMS were initially developed for research to ensure that the patient
perspective was incorporated into evaluations of treatment effectiveness, cost-
effectiveness and equity of care [112]. Over time, their application has broadened such
that PROMs are now also recognised as tools that can enhance healthcare quality and

support system-level quality improvement and policy initiatives [113].

Modern healthcare is predominately shaped by evidence-based medicine, with clinical
practice guided by research-derived guidelines, population-level data and expert
consensus. Although, evidence-based medicine is essential for delivering high-quality,
safe and effective care, this approach may inadvertently overshadow the other central
paradigm of contemporary healthcare i.e. patient-centred care [25]. Integrating
PROMs into trial design and routine clinical care provides a mechanism for ensuring
that the patient perspective is at the centre of care delivery by measuring humanistic
outcomes and effectively bridging the gap between evidence-based medicine and
patient-centred care (Figure 1.2). Without PROMs, outcomes risk remaining
predominantly clinician-centred, shaped by professional interpretation rather than the

lived realities of those receiving treatment.
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When used in clinical practice, PROMs can help healthcare professionals (HCPs)
identify patient concerns, guide clinical decision-making about treatment and to
encourage greater patient engagement in their own care [114]. This is particularly
relevant within the time-constrained physician—patient consultation, where competing
demands can limit the time available for discussion and influence what is raised or
omitted between the physician, the patient and, often, their carer [115]. Integrating
PROMs into these encounters offers a structured means through which patients’
concerns can be communicated more effectively. Across long-term conditions,
systematic reviews show that incorporating PROMs into consultations typically
prompts greater discussion of symptoms and facilitates clinicians’ recognition of

patients’ lived experiences and quality of life [116,117].

|

Patient-reported
outcome measures

2IEDd panuad-juaned

[ AUIDIPAW PASBQ-OUIPIAY ]

|

Figure 1.2: Schematic depiction of patient-reported outcome measures bridging the

gap [25].
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1.3.2 Patients-reported experiences and medication related burden

PROMs provide a structured means of capturing the entire spectrum of perspectives,
burdens and non-objective outcomes that patients associate with their medication.
These lived experiences arise from the biomedical, psychological, social, functional
and economic impact of medications [109,118,119]. They may be positive or negative
and can influence beliefs about medicines, influence compliance with medications and

impact health outcomes and quality of life.

A core burden related to medication arises from the practical challenges patients face
in managing their routine medication regimes [120,121]. This includes tasks such as
scheduling, organising and administering medications [122,123]. Older adults
describe the need to educate themselves and to seek assistance from HCPs, such as
community pharmacists, to provide dispensed medications in various daily pill
organisers [121-123]. Medication administration can also be burdensome, with
difficulties related to swallowing, taste, dosing frequency or managing particular
formulations [122]. For some people, these tasks and routines can be readily
incorporated into daily life; for others, they are interruptive, time-consuming and
burdensome [121,123]. Many older, frailer patients rely on family or carers for
assistance, particularly when the medication regimes become increasing complex in

the setting of increasing multimorbidity-driven polypharmacy [123,124].

ADEs and medication side-effects further contribute to medication-related burden
[121,122]. Beyond the physical objective effects, certain medications can cause
psychological distress, such as fear relating to prescription recurrence and change in
beliefs relating to medication efficacy [122,125,126]. Anxiety can arise from

embarrassment due to the physical effects of medications such as diuretics, as well as
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other specific medication effects such as impact on sexual wellbeing and cognitive
function [126]. Even when patients do not experience the physical side-effects of
medications, they often report other psychological effects such as reduced confidence,
and loss of lifestyle control if they have observed medication-induced changes in
others and fear their occurrence in themselves [127]. Cumulatively, this can erode trust
in pharmacotherapy and affect medication adherence, leading patients to reduce doses,

skip medications or stop treatment altogether [121].

As well as anxiety related to actual or potential ADEs, medication can also have other
significant social implications. Treatment regimens can interfere with social routines,
travel, holidays or the ability to leave home, sometimes leading to social withdrawal
and isolation [128]. Concerns about stigma or being perceived as frail or dependent
may further shape how patients manage medicines in social contexts [128].
Conversely, strong social support—from family, friends or community networks—
can promote adherence and reduce perceived burden by providing practical and

emotional assistance [123,124].

System-level factors can further impact patients’ quality of life. Fragmented
healthcare, attending multiple HCPs, irregular follow-up appointments and poor
communication structures can all contribute to the burden of medications [119].
Additionally, patients face the logistical challenges such as organising transport to and
from clinic appointments, long waiting times for appointments and undergoing regular
monitoring [129,130]. Depending on the healthcare system in question, the financial

cost of medications and associated care can further impact quality of life [129,130].

Collectively, these experiences highlight the multidimensional nature of medication-

related burden and the extent to which medicines can affect functional, social, physical
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and psychological quality of life and wellbeing. When clinicians better understand
patients’ lived experiences with medications, this could enable them to optimise
treatment plans, address adherence concerns, and improve patient outcomes [25,114].
A therapeutic relationship that is not informed by patients’ experience of their
medication burden can lead to patients struggling to self-manage their medications
potentially leading to unsafe and harmful medication use. Recognising patients’
experiences of medication is essential for fostering good therapeutic relationships,
improving treatment quality and patient outcomes [109]. PROMs provide a structured
means of eliciting these non-objective, patient-centred experiences, many of which are

difficult to capture through traditional clinical measures.

1.3.3 PROMs used to assess pharmacotherapy interventions

Studies that have used patient-reported outcomes to measure the impact of
pharmacotherapy interventions, have frequently been statistically underpowered, and
have relied on tools that lack specificity for medication-related burden [97,109,131].
Traditional QoL assessment instruments often fail to detect QoL improvements
following medication optimisation interventions, possibly because they do not
measure domains (factors) specifically related to medication-related burden
[108,109,132]. This results in inconclusive outcomes and missed opportunities to
capture meaningful improvements in patients’ lived experiences as they pertain to
long-term medication burden [132]. Widely used QoL measures such as Medical
Outcomes Short Form- 36 (SF-36) and (EuroQol 5-Dimension 5- Level
Questionnaire) EQ-5D-5L capture related but distinct constructs and are not sensitive
to medication burden [133,134]. Other tools, such as the Medication-Related QoL-

Life Scale version 1 (MR-QoL-LS vl), are considered unsuitable for measuring
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medication-related QoL in older adults [108,135]. The Multimorbidity Treatment
Burden Questionnaire (MTBQ) measures treatment burden, with the focus on the
workload imposed by managing multiple chronic conditions—including
appointments, monitoring and lifestyle demands—rather than the specific physical,
psychological and social impacts of medications [136]. The Medication-Related
Burden-Quality of Life (MRB-QoL) was the first validated PROM specifically
designed to measure the impact of medication-related burden on functioning and well-
being from the patients’ perspective [137]. Developed through a multi-phase process,
the MRB-QoL underwent psychometric and construct validation resulting in a 31-item
scale organised into five subscales: Routine and Regimen Complexity (11 items),
Psychological Burden (6 items), Functional and Role Limitation (7 items),
Therapeutic Relationship (3 items), and Social Burden (4 items). It demonstrated good
internal consistency and reliability and has been translated and culturally adapted for
Arabic populations [137,138]. The PolyPrime pilot randomised controlled trial in
Ireland showed that it can be used to reliably measure medication-related burden QoL
in older adults with polypharmacy [139]. Nonetheless, the MRB-QoL tool has
important limitations that restrict its use in older adults. The original validation study
included individuals aged >18 years, who were community dwelling, computer literate
and taking >3 prescription medications for at least one chronic medical condition
[137]. The average age was 64 years and the median number of comorbidities was
three. Older, frailer adults with multimorbidity and polypharmacy were
underrepresented despite being the cohort most likely impacted by medication-related
burden. Additionally, practical challenges such as its length, relative complexity, and
relevance of certain items make it less applicable in older, frailer populations, with

higher levels of multimorbidity. The PolyPrime study further highlighted some of
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these challenges, reporting higher rates of missing data for the MRB-QoL compared
to the EQ-5D-5L, possibly related to higher respondent burden [139]. An overview of
the more commonly used PROMs, designed to measure the impact of medications on

quality of life, are displayed in Table 1.5 below.
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Table 1.5: Comparison of patient reported outcome measures relevant to medication-related burden.

Instrument No. of Target population | What it measures Limitations
items
EuroQol 5-Dimension | 5 items | Adults > 18 years Generic health-related quality of life Ceiling effects; lacks sensitivity to
5- Level and across 5 domains, mobility; self-care; medication-related problems; limited
Questionnaire (EQ- visual usual activities; pain/discomfort; psychosocial detail.
SD-5SL) [134] analogue. anxiety/depression.
scale
Medication- related - | 14 items | Adults > 18 years, | Overall effect of polypharmacy on QoL | Considered unsuitable for measuring
quality of life taking > 5 across 3 domains, role limitations due to | medication-related QoL in older adults
(MRQOL) [135] medications medication; self-control; vitality. [108].
Does not capture cultural, societal and
psychological factors.
Living with Medicine | 41 items | Adults > 18 years Burden of living with medicines across | Lengthy; high respondent burden; not

questionnaire version

3 (LMQ) [140]

using long-term

medications

8 domains, relationships with health
professionals; practicalities;
interferences; effectiveness; side

effects; concerns; cost; and autonomy.

QoL-focused; frail adults may have

inadvertently been excluded.
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Medication- related 31 items | Adults > 18 years Medication-related burden across 5 Lengthy; high respondent burden; not
Burden- quality of life taking > 3 domains: routine and regimen developed specifically for older adults,
(MRB-QoL) [137] medications complexity, psychological burden, frail adults may have inadvertently been
functional and role limitation, excluded.
therapeutic relationship, social burden.
Medical Outcomes 36 items | Adults > 18 years Generic measure of health concepts Lengthy; high respondent burden; not
Short Form- 36 (SF- and across 8 domains; physical functioning, | medication-specific; limited sensitivity
36) [133] role functioning, bodily pain, general to polypharmacy-related impacts.
health, vitality, social functioning,
mental health, reported health transition.
Treatment Burden 13 items | Adults > 18 years Global treatment burden (drug intake, Not medication-specific; does not
Questionnaire (TBQ) and > 1 appointments, monitoring, lifestyle assess medication-related psychosocial
[141] comorbidity changes). impacts, not developed specifically for
requiring follow-up older adults.
Multimorbidity 10 items | Adults > 18 years Effort required to self-manage medical | Not medication-focused; high floor
Treatment Burden and 3 and > 3 conditions and the associated impact on | effect, does not assess psychological
Questionnaire optional | comorbidity general well-being. impact.
(MTBQ) [136] items

Abbreviation: QoL: quality of life.
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1.4 Conclusion

Advances in modern medicine and therapeutics have enabled people to live longer,
healthier lives. However, older adults living with multimorbidity and polypharmacy
whose longevity is directly related to these therapeutic advances are also those at
greatest risk of medication-related harm and problematic polypharmacy. Problematic
polypharmacy has emerged as a major healthcare and patient safety concern
worldwide, driven by multiple factors including ageing populations, multimorbidity,
fragmented healthcare systems, over-emphasis on evidence-based pharmacotherapy,
and the organisation of healthcare around an individual disease treatment framework.
Older adults are particularly vulnerable to adverse medication outcomes,
encompassing both clinically measurable effects and the broader impact of medicines
on their lived experiences. The challenge for all prescribers currently is how to make
prescribing safer while navigating the gap between evidence-based medicine and the

older, frailer patient typically encountered in clinical practice.

Reducing adverse medication outcomes in this high-risk population requires a
multifaceted, personalised approach and a comprehensive understanding of all aspects
of problematic prescribing. One such aspect, prescribing cascades, has been
conceptualised for over 30 years, yet remains under-investigated. Research to date has
focused on identifying and validating drug combinations that may represent cascades,
with limited research investigating real-world prevalence in older patients living with
polypharmacy and multimorbidity. It is clear that prescribing cascades are generally
under-recognized and a deeper exploration of the factors that influence their

recognition is required. These factors are likely to be most important in the acute
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hospital setting where older patients are frequently exposed to new medication

combinations.

Older adults with multimorbidity and polypharmacy represent a heterogenous patient
cohort that also require patient-centred, personalised clinical care that aligns with their
individual preferences and lived-experiences. PROMs can capture these experiences
and other difficult-to-measure constructs such as QoL. Medication-related burden
represents an additional yet poorly measured dimension of medication safety that can
impact patients’ QoL. Existing PROMs either measure related but distinct domains or
have limited applicability to older adults with polypharmacy and multimorbidity.
Given that this population is the most highly susceptible to medication-related burden,
a practical, reliable, and valid tool to assess the impact of medication-related burden
on QoL is required. Such a tool could support a more personalised, patient-centred

application of evidence-based medicine.

In subsequent chapters of this thesis, I will address these interconnected gaps through
original and interconnected research studies. First, I will determine the prevalence of
prescribing cascades in hospitalised older adults with multimorbidity and
polypharmacy. Second, I will identify factors influencing hospital physicians’
recognition of prescribing cascades. Third, I will develop a modified, short-form of
the original MRB-QoL, designing it specifically to improve the usability and relevance

for older adults with multimorbidity and polypharmacy.
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CHAPTER 2

Detection of Potential Prescribing Cascades in Multimorbid Older
Patients Hospitalised with Acute Illness—An Observational

Prospective Prevalence Study
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2.1 Introduction

Prescribing cascades occur when a new drug is prescribed to treat a side-effect or an
adverse drug event (ADE) caused by an existing medication, potentially resulting in
unnecessary, or hazardous additional drugs [76,78]. As outlined in Chapter 1,
prescribing cascades are clinically relevant as they can result in prolonged symptom
burden and accumulation of unnecessary medication, thereby increasing the risk of

medication-related harm [87,89,90].

Although it is over 30 years since the original concept of prescribing cascades was
described by Rochon and Gurwitz, there are currently no studies measuring the real-
world prevalence of prescribing cascades in older people living with multimorbidity
and exposed to polypharmacy i.e. the population at highest risk of inappropriate
prescribing cascades [74]. This gap in the prescribing cascades literature has been
driven largely by the lack of validated explicit prescribing cascades lists prior to 2022.
As described in Chapter 1, two validated lists have subsequently been published, the
ThinkCascade list and list compiled by Doherty et al. (henceforward referred to as the
‘Doherty list’) [79,86]. The availability of these explicit lists now enables the
identification and prevalence estimation of multiple prescribing cascades rather than

individual cascades.

In addition, no standardised approach exists to determine whether the co-prescription
of a potential drug pair represents a true prescribing cascade or appropriate treatment
for co-existing comorbidities. For example, concurrent prescription of a calcium
channel blocker (CCB) and a diuretic may be clinically indicated in a patient with

hypertension and congestive cardiac failure and does not necessarily constitute a
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prescribing cascade. While asking whether new symptoms are attributable to side
effects of current medications may facilitate real-time cascade recognition, prescribing
cascades often occur because the ADE isn’t recognised at the time of prescribing [89].
Therefore, retrospective assessment of the timeline and relationships between
symptoms, diagnoses and prescribing is required. Pigott et al. recommended using a
clinical process map to support such assessments [89]. A sample process map for
determining a prescribing cascade is presented in Figure 2.1, (modelled on the

example presented by Pigott et al.).

Medical Condition

(D
O Medication change
(.
_—

Hypertension

Drug A prescribed
(CCB)

GP consultation

Ankle swelling (not recognised as Ankle swelling (recognised as a

a side effect of CCB) side effect of CCB)

Healthcare interaction

Cascade development

--------- >  Hypothetical event

Drug B prescribed
(diuretic)

CCB discontinued

Side effect of Drug B
Hypovolaemic AKI

Hospitalisation

Figure 2.1: Sample clinical process map of a prescribing cascade [89].
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Older people with multimorbidity and polypharmacy who are hospitalised because of

acute illness represent a key population in whom prescribing cascades may occur [38].

Accordingly, the aims of this study were:

1. To investigate the prevalence of prescribing cascades in hospitalized older
adults living with multimorbidity and polypharmacy using the Doherty and
ThinkCascades explicit prescribing cascades lists in combination.

2. To develop a classification system to determine the probability that identified
drug pairs represent prescribing cascades.

3. To compare the prevalence of prescribing cascades prehospital admission and

at discharge.

2.2 Methods

2.2.1 Study design, setting and recruitment

This study was a single-centre observational prospective prevalence study conducted
in a major tertiary referral medical centre in Cork, Ireland. The local Clinical Research
Ethics Committee approved this research study. Participants were recruited between
October 2022 and July 2024. This study is reported according to STROBE guidelines

(Appendix 2) [142].

Eligible participants were adults aged >65 years admitted through the emergency
department with acute medical or acute surgical illness, with preadmission
multimorbidity (i.e.>3 chronic co-morbidities diagnosed prior to admission) and

associated polypharmacy (i. e. taking > 5 long-term i.e. > 3 months daily prescription
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medications). Exclusion criteria were: acute psychiatric illness (not including
delirium), patients at end of life or admitted directly to the intensive care unit (ICU).
Patients were also excluded if they or (if they lacked capacity) their legally authorised
representative were unable or unwilling to give consent to study participation. Apart
from their high prevalence of multimorbidity and polypharmacy, hospitalised older
patients were selected as the focus of this study because hospital admission provides
a unique opportunity to perform a comprehensive medication review, facilitating the

identification of prescribing cascades [143].

2.2.2 Sample size

To achieve a statistically valid detection of prescribing cascades, using Cochran’s
formula a sample size of 384 was determined. Based on a margin of error of 5% at
95% confidence, this sample size was calculated using an assumed prevalence of 50%,
an estimate that requires the largest sample size ensuring adequate power regardless
of the true prevalence within the population. Furthermore, the sample size was
calculated under the assumption of a large at-risk population (more than 5000)
[144,145].

Sample size was calculated using the formula:

n = Z°P(1-P) 384=1.96%0.5(1-0.5)
& 0.05

n = sample size, Z = Z statistic for level of confidence (1.96 for 95% CI), P = expected

prevalence (0.5), d = precision (margin of error) (0.05) [144,146].

2.2.3 Data collection

Patients’ data were collected at two timepoints i.e. at recruitment, which was within

72 hours of admission, and at discharge. At recruitment, I and two research assistants
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conducted patient and/or carer interviews, contacted patients’ community pharmacists
and reviewed medical records to obtain the following patient information: age, sex,
admitting speciality, long-term regular medications, admitting diagnosis, specific
diagnoses and cumulative co-morbidity as quantified by the Charlson Co-morbidity
Index score (CCI), number of reported falls in the preceding 12 months, number of
admissions in the preceding 12 months, delirium status on admission based on the 4AT
screening test, and Clinical Frailty Scale (CFS) score. At discharge, we obtained the
following information: length of hospital stay (days), discharge destination (home or

long-term care facility), and updated list of regular medications.

2.2.4 Prescribing cascade ascertainment and classification

Potential prescribing cascades were identified at the point of recruitment using the
ThinkCascades list and the Doherty list. Patients’ long-term daily medications were
screened for potential prescribing cascades using the two explicit cascades lists
separately and in combination. When potential cascades were identified, the temporal
relationship between Drug A and Drug B was determined, where ascertainable,
through discussions with the community pharmacist and review of patients’ medical
records. Establishing the temporal relationship involved firstly determining whether
Drug A was initiated before Drug B and, where possible, assessing the timeframe
between initiation of both drugs. If Drug B was initiated after Drug A, further
investigation was conducted to determine whether an ADE was implicated as the
potential indication for Drug B. Patients were interviewed and their medical records
carefully scrutinized, including correspondence letters and inpatient progress notes, to
determine whether Drug B was initiated to treat a known ADE caused by or relating

to Drug A. In this assessment, only ADEs documented on the ThinkCascades list and
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the Doherty list, were considered as indicating potential cascades. Potential ADE’s
were only included if the ADE was documented in the patients” medical records. The
likelihood of a prescribing cascade being present was categorized as ‘definite’,
‘probable’, ‘possible’, ‘uncertain,’ or ‘indeterminate’ according to pre-defined criteria

(Table 2.1).

This classification system was developed in alignment with the WHO-UMC (World
Health Organisation-Uppsala Monitoring Centre) system for standardised case
causality assessment and was informed by elements of the prescribing cascade clinical
process map described earlier [147]. Like the WHO-UMC’s adverse drug reaction
(ADR) causality assessment, this system cannot provide an accurate quantitative
measurement of the Drug A/Drug B cascade relationship likelihood. However, it helps
reduce assessor disagreement and improve the overall evaluation of potential
prescribing cascades. The standardized process to ascertain prescribing cascade

likelihood is illustrated in Figure 2.2.
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Table 2.1: Prescribing Cascade likelihood criteria.

Cascade

Likelihood

Assessment Criteria

1 Definite

Drug B follows Drug A

Drug B initiated to treat ADE caused by Drug A
Initiation of Drug B cannot be explained by other
disease/ indication

Withdrawal challenge of Drug A results in

improvement/ cessation of the side-effect

2 | Probable

Drug B follows Drug A
Drug B initiated to treat ADE caused by Drug A
Initiation of Drug B unlikely explained by another

disease or symptom

3 | Possible

Drug B follows Drug A

Drug B possibly initiated to treat ADE caused by
Drug A (Documentation of ADE in medical records
after drug A prescribed and before drug B
prescribed)

Initiation of Drug B could be explained by other

disease/ indication

4 | Uncertain

Drug B follows Drug A

Unclear if Drug B initiated to treat ADE caused by
Drug A (no documentation of ADE in medical
chart)

Initiation of Drug B could be explained by other

disease/ indication

5 Indeterminate

Drug A and Drug B co-prescribed
Cannot determine temporal relationship between
Drug A and Drug B

Data cannot be supplemented or verified

Abbreviation: ADE: Adverse drug event.
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Medication reconciliation.

Combination drugs involved in a potential prescribing cacscade identified.

4 \

Timeline of initiation of potentially implicated drugs determined through review of
medical record and discussion with community pharmacist.

Potential prescribing cascade identified
(i.e. Drug B follows Drug A).

Reason for initiation of Drug B assessed through patient interview and review of
medical record.

Potential prescribing cascades classified according to likelihood

\ J

Figure 2.2: Standardised process to ascertain prescribing cascade likelihood.

2.2.5 Prescribing cascade prevalence estimation

Prescribing cascade prevalence, the primary outcome of interest, was determined as
the proportion of patients identified with a potential prescribing cascade, categorised
as definite, probable, possible or uncertain. Patients were then classified into two
groups — (1) those with a potential prescribing cascade and (ii) those without a potential
prescribing cascade - to evaluate statistical difference in demographic and clinical
characteristics. The selected covariates were chosen based on review of the relevant
literature of related studies on inappropriate prescribing in older multimorbid adults

[44,53,94].
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At discharge, patients’ medications were reviewed to determine whether any potential
prescribing cascades identified at recruitment were still included in their regular

prescriptions.

2.2.6 Data quality assurance

To ensure accuracy and minimise data entry errors, a structured data quality assurance
process was undertaken. All data were entered manually into a secure study database
by 3 trained research physicians. Following data entry, a data quality check was
performed to identify potential errors and inconsistencies. A random sample of records
was cross-checked against original source data to confirm accuracy of data entry prior

to statistical analysis.

2.2.7 Statistical analysis

Statistical analysis was conducted using SPSS® version 28.0 software. Descriptive
statistics included the mean and standard deviation (SD) for normally distributed
variables and the median and inter-quartile range (IQR) for non-parametric variables.
Deceased patients were excluded from the analysis of medication prescriptions at
discharge. Differences in the distribution of categorical variables were compared using
Pearson’s chi-squared test and continuous variables using the independent ¢ test. The
Mann-Whitney U test was used to determine independence of two nonparametric
variables. A probability value of <0.05 was considered statistically significant. The
probability values were selected to show the differences between the two groups- those
with potential prescribing cascades and those without potential prescribing cascades -
to test the null hypothesis, which assumes no difference between the groups. To ensure

strong reliability in the classification of potential prescribing cascades and ADE’s

65



among the three researchers, inter-rater reliability was calculated using the intra-class

correlation coefficient, a two-way mixed model, assessing for absolute agreement.

2.3 Results

2.3.1 Patient Characteristics

In total, 385 patients were enrolled in this study, of whom 212 patients (55.1%) were
female with a mean (SD) age of 80.2 (7.3) years. Baseline patient characteristics are
presented in Table 2.2. The median (IQR) number of comorbid chronic conditions in
patients with a potential prescribing cascade was 8 (6-10) versus 7 (5-9) in patients
without a potential prescribing cascade (p=0.003). The three most common diagnoses
were hypertension (72.7%), dyslipidaemia (50.6%) and atrial fibrillation (34.2%). A
total of 3950 daily medications were prescribed to the 385 patients i.e. an average of

10.3 daily drugs per patient.

2.3.2 Prevalence of Potential Prescribing Cascades

Using both the ThinkCascades list and the Doherty list in combination, a total of 281
individual potential prescribing cascades were identified in 152 patients i.e. 39.4%
prevalence, with 63 patients (16.3%) classified as having possible cascades and 7
patients (1.8%) classified as having probable cascades (Table 2.3). No patient was
identified as having experienced a definite cascade. Due to overlap between the
Doherty list and the ThinkCascades list, the total number of unique patients and
prescribing cascades in the combined analysis was lower than the sum of the individual
lists. Each patient and prescribing cascade was counted only once. Cascades

categorized as ‘indeterminate’ were excluded from overall prevalence calculations.
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The ratio of drug pairs prescribed Drug A followed by Drug B to those prescribed
Drug B followed by Drug A was 1.57 (104/66) using the ThinkCascade list and 2.47

(210/85) using the Doherty list.
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Table 2.2: Baseline characteristics and univariate analysis of association.

Variable No Cascade | Cascade P
Group Group value
(n=233 (n=152
(60.6%)) (39.4%))

Female (%) 131 (55.9) 80 (52.6) 0.438

Age (years), median (IQR) 80.5 (74.75- | 80 (75-85) 0.95
86)

Living Home, number of patients (%) 218 (93.6) 139 (91.4) 0.435

arrangements

pre-admission | Long-term care facility, number 15(6.4) 13 (8.6)
of patients (%)

Charlson Comorbidity Index, mean (SD) 5.57 (1.68) 6.13 (2.06) 0.006

Number of daily medications, median (IQR) 9 (7-11) 12 (9-14) <0.001

Hyperpolypharmacy, number of patients (%) 87 (37.3) 107 (70.3) <0.001

Clinical Frailty Scale score, median (IQR) 5 (4-6) 5 (4-6) 0.476

Number of comorbidities, median (IQR) 7 (5-9) 8 (6-10) 0.003

Fall in last 12 months, number of patients (%) 123 (52.7) 79 (52.0) 0.875

Admitted in last 12 months, number of patients 128 (55.0) 88 (57.9) 0.567

(%)

4AT score at admission, median (IQR) 1 (0-2) 0(0-2) 0.886

Number of patients admitted under Geriatric 42 (18) 18 (11.8) 0.102

Medicine (%)

Admission Medical speciality, number of 218 (93.6) 141 (92.8) 0.760

service patients (%)

Surgical speciality, number of 15 (6.4) 11(7.2)
patients (%)

Five most Fall (W19) (%) 50 (21.5) 29 (19.1) 0.572

Commgn Acute lower respiratory infection | 22 (9.4) 25(16.4) 0.040

admission (J22) (%)

primary Urinary tract infection (N39.0) 17 (7.3) 8(5.3) 0.429

diagnoses (%)

(ICD Code) Syncope (R55) (%) 14 (6) 4 (2.6) 0.125
Decompensated congestive heart | 13 (5.6) 5(3.3) 0.298
failure (150.0) (%)

Length of hospital stay, days (IQR) 9 (4-17) 11 (5-21) 0.276

Survival Outcome (death), number of patients (%) | 21 (9) 10 (7) 0.391

Discharge Home, number of patients (%) 183 (78.5) 113 (74.3) 0.93

destination Long-term care facility, number | 50 (21.5) 39 (25.7)

of patients (%)

Abbreviation: 4AT : Arousal, Attention, Abbreviated Mental Test — 4, and Acute change.
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Table 2.3: Prevalence of potential prescribing cascades.

Potential prescribing | Probable Possible Uncertain Remains Indeterminate Prescribed in
cascades prescribing prescribing | prescribing | prescribed at | (sequence Drug | the sequence
(includes probable, cascades cascades cascades discharge A —> Drug B Drug B -
possible and uncertain) unknown Drug A
Combined Individual 152 (39.4%) 7 (1.8%) 63 (16.3%) 101 (26.2%) | 110 (28.6%) | 25 (6.5%) 80 (20.7%)
Lists Patients
Number (%)
No. Individual | 281 7 98 176 215 30 142
prescribing
cascades
Doherty List | Individual 135 (35.1%) 2 (0.5%) 46 (11.9%) | 95 (24.7%) 107 (27.8%) 15 (3.9%) 64 (16.6%)
Patients
Number(%)
No. Individual | 210 2 61 147 159 17 85
prescribing
cascades
Think Individual 75 (19.4%) 6 (1.5%) 39 (10.1%) | 39 (10.1%) 46 (11.9%) 11 (2.9%) 46 (11.9%)
Cascades list | Patients
Number(%)
No. Individual | 104 6 50 48 66 14 66
prescribing
cascades
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The four most common probable or possible prescribing cascades according to the
Dobherty list were:
e statin — drugs for urinary frequency and incontinence (n=17)
e dihydropyridine calcium channel blocker — loop diuretic (n =10)
e statin — antidepressant (n=10)
e selective serotonin reuptake inhibitor — drugs for urinary frequency and
incontinence (or incontinence products) (n=10).
By comparison, the four most common probable or possible prescribing cascades
according to the ThinkCascades list were:
e diuretic — overactive bladder medication (n=21)
e calcium channel blocker — diuretic (n=17)
e selective serotonin reuptake inhibitor/ serotonin-norepinephrine reuptake
inhibitor — sleep agent (e.g., benzodiazepine, benzodiazepine receptor
agonist, sedating anti-depressant, melatonin) (n==8)

e antipsychotic — antiparkinsonian agent (n=3).

The prevalence of each classification of prescribing cascade according to the

ThinkCascade list and the Doherty list are displayed in Table 2.4 and Table 2.5

respectively.
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Table 2.4: Prevalence of specific prescribing cascades according to the ThinkCascades list.

Suspected ADE  Drug B

No.

Drug A

Calcium channel

blocker

Diuretic
Antipsychotic

Benzodiazepine

Benzodiazepine

SSRI/ SNRI

Peripheral
oedema

Urinary
Incontinence

extrapyramidal
Symptoms
Cognitive
impairment

Paradoxical
agitation or
agitation
secondary to
withdrawal
Insomnia

Diuretic
OAB medication

Antiparkinsonian
agent

Cholinesterase
inhibitor or
memantine

Antipsychotic

Sleep agent (e.g.,
Benzodiazepine,
Benzodiazepine
receptor agonist,
sedating anti-
depressant,
melatonin)

Total
(probable/
possible/
uncertain)

39

30

11

16

Probable
cascade

Possible
cascade

17

17

Uncertain
cascade

22

Remains
prescribed
at
discharge

25

19

10

Indeter
-minate
cascade

Prescribed
in the
sequence
Drug B -
Drug A

13

16

31
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NSAID Hypertension Antihypertensive = 2 0 2 0 1 0 1
Urinary Cognitive Cholinesterase 2 0 2 0 1 0 0
Anticholinergics = impairment inhibitor or

memantine
Alpha-1 Orthostatic Vestibular 0 0 0 0 0 0 0
Receptor hypotension, sedative (e.g.,
Blocker dizziness betahistine,

Antihistamines,

Benzodiazepines)
Total 104 6 50 48 66 14 66

Abbreviations: SSRI: selective serotonin reuptake inhibitor; SNRI: serotonin-norepinephrine reuptake inhibitor; NSAID: nonsteroidal anti-inflammatory drug;

OAB: overactive bladder.
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Table 2.5: Prevalence of specific prescribing cascades according to the Doherty list.

No. Drug A Suspected ADE | Drug B Total Probable Possible Uncertain = Remains Indeter- Prescribed
(probable/ | cascade cascade cascade prescribed = minate isIel(;:ll:nce
possible/ at cascade  Drug B —>
uncertain) discharge Drug A

1 DH-CCB Oedema Loop diuretic 29 0 10 19 20 1 6

2 Amiodarone Hypothyroidism | Thyroxine 2 1 1 0 2 0 1

3 Inhaled CS Oral candidiasis = Topical antifungals = 2 0 2 0 2 0 0

4 Neuroleptics/ Parkinsonian Anti- Parkinson’s | 3 1 2 0 3 0 2

Antipsychotics = symptoms/ meds/ PD
extrapyramidal diagnosis
Symptoms
5 Acetylcholineste = Urinary Drugs for urinary 3 0 2 1 2 0 4
rase inhibitors incontinence frequency and
incontinence/
LUTS symptoms
6 Metoclopramide = Parkinsonian Levodopa 0 0 0 0 0 0 0
Symptoms
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10
11

12

13

14

15

16
17
18

ACEi
NSAID
Ranitidine
Rosiglitazone

SGLT2

DOAC

High ceiling
diuretics (Loop
diuretics)

Statins

Statins

Statins
Statins

Brinzolamide

Cough

GI symptoms
Heart failure
“failure’
Genital
infections
Depression

Hypokalaemia

LUTS

Skin Soft tissue

infection

Depression

Muscle cramps

Heart failure

Antitussive
Anti-ulcer med
Furosemide
Furosemide

Antifungal

Antidepressant

Potassium

Drugs for urinary

frequency and
incontinence
Antibiotics-
dicloxacillin/
Flucloxacillin
Antidepressant
Quinine

Furosemide

oS o O O O

21

59

70

oS o O O O

oS o O o O

17

10

oS o O o O

19

42

60

oS o O O O

16

40

60

oS o O o O

S O O W O

28

11

21
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19  Latanoprost Heart Failure Furosemide 0 2 0
20 | Carbamazepine @ Hypothyroidism @ Levothyroxine 0 0 0
21 | Valproate Hypothyroidism | Levothyroxine 0 0 0
22 | Lithium Drug induced Anti-Parkinson 0 0 0
tremor/ drug
parkinsonism
23 | Lithium Hypothyroidism = Thyroxine
24 | Benzodiazepine @ Dementia Anti-dementia
drug
25 | SSRI Urinary Drugs for urinary
incontinence frequency and
incontinence (or
incontinence
products)
Total 210 2 61 147 159 17 85

Abbreviations: DH-CCB: dihydropyridine calcium channel blocker; CS: corticosteroid; PD: Parkinson’s disease; LUTS: lower urinary tract infections; ACEi:
angiotensin-converting enzyme inhibitors; NSAID: nonsteroidal anti-inflammatory drug; GI: gastro-intestinal; SGLT2: sodium-glucose cotransporter-2;

DOAC: direct oral anticoagulant; SSRI: selective serotonin reuptake inhibitor.
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Potential prescribing cascades were more common in patients with
hyperpolypharmacy (i.e. taking >10 daily long-term medications) compared to
patients taking <9 daily medications (70.3% vs 37.3%, p = <0.001). In addition,
patients exposed to potential cascades had higher mean Charlson Comorbidity Index
(CCI) scores compared to patients not exposed to potential cascades (mean 6.13 [SD
2.06] vs 5.57 [SD 1.68]), p = 0.006). When comparing patients with a prescribing
cascade categorised as ‘probable’ or possible’ in combination to patients in the
‘uncertain’ cascades group, no significant differences were observed except for length
of hospital stay (median: 7 days [IQR 3-13] vs 6 days [IQR 6.25-22], p=0.018) (Table
2.6).

Hospital discharge prescriptions were reviewed to determine whether potential
prescribing cascades identified at recruitment remained in patients’ regular ongoing
prescriptions i.e. whether both Drug A and Drug B were still co-prescribed. Using
both cascades lists in combination, 76.5% (n=215) of the identified potential
prescribing cascades remained at discharge. In isolation, 75.7% (n= 159) of the
Doherty list cascades and 63.4% (n=66) of the ThinkCascades cascades remained

unchanged at discharge.

2.3.4 Inter-rater reliability

Inter-rater reliability for prescribing cascade detection and ADE classification was
also evaluated to ensure acceptable reliability among the three researchers. Thirty-nine
cases (10%) were selected at random for evaluation by the researchers. The intra-class
correlation coefficient (ICC), a two-way mixed model, assessing for absolute
agreement was calculated. For prescribing cascade classification, the ICC for the

consistency of ratings was 0.935 (95% CI [0.884, 0.964]) and for consistency of
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ratings of ADE classification, ICC was 0.896 (95% CI [0.813, 0.943]), indicating

excellent inter-rater reliability for detection and classification of potential cascades

and ADE’s.

Table 2.6: Characteristics and univariate analysis of association according to cascade

likelihood classification.

patients (%)

Variable Probable & Uncertain P
Possible Cascade value
Cascade (n=70 (n=82 (53.9%)
(46.1%))
Female (%) 34 (48.6) 45 (54.9) 0.438
Age (years), median (IQR) 80 (74- 84) 80 (76.75-86) | 0.238
Living Home, number of patients (%) 64 (91.4) 75 (91.5) 0.994
arrangements
pre-admission | Long-term care facility, number of | 6 (8.6) 7(8.5)
patients (%)
Charlson Comorbidity Index, median (IQR) 6 (5-8) 6 (5-7) 0.689
Number of daily medications, median (IQR) 12 (9-15) 11 (8-14) 0.267
Hyperpolypharmacy, number of patients (%) 52 (74.3) 55 (67.1) 0.332
Clinical Frailty Scale score, median (IQR) 5 (4-6) 5 (4-6) 0.342
Number of comorbidities, median (IQR) 7 (5-9) 8 (6-10) 0.829
Fall in last 12 months, number of patients (%) 38 (54.3) 39 (47.6) 0.408
Admitted in last 12 months, number of patients (%) 46 (65.7) 41 (50.0) 0.051
Admission Medical speciality, number of 64 (91.4) 77 (93.9) 0.557
service patients (%)
Surgical speciality, number of 6 (8.6) 5(6.1)
patients (%)
Length of hospital stay, days median (IQR) 7 (3-18) 6 (6.25-22) 0.018
Survival Outcome (death), number of patients (%) 4(5.7) 6(7.3) 0.691
Discharge Home, number of patients (%) 53 (80.3) 60 (78.9) 0.842
destination
Long-term care facility, number of | 13 (19.7) 16 (21.1)
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2.4 Discussion

This is the first prospective prevalence study of potential prescribing cascades in
hospitalised older adults living with multimorbidity and polypharmacy. It
demonstrates that prescribing cascades are substantially prevalent in this population
to a clinically significant degree, particularly among those who experience
hyperpolypharmacy. The analysis of drug pairs where Drug A was prescribed
followed by Drug B compared to the reverse order suggests that the suspected
prescribing cascades identified in this study are likely to be clinically valid. Although
the more frequent prescribing in the sequence Drug A — Drug B does not definitively
confirm the occurrence of prescribing cascades, it supports the hypothesis that the
potential prescribing cascades identified in this study are more likely to represent true
prescribing cascades. This is important, as true prescribing cascades can have serious

adverse consequences for patient safety and healthcare outcomes [89].

In this study, prescribing cascades were associated with a higher number of prescribed
medications, consistent with observed trends that increasing levels of polypharmacy
and hyperpolypharmacy are associated with a greater risk of inappropriate prescribing

[38,46,148].

While the management of patients with complex multimorbidity and associated
polypharmacy has traditionally been the remit of general practitioners and
geriatricians, the responsibility for medication management increasingly extends to all
physicians dealing with older people in their own areas of clinical practice. In the
present study, 84% (n=326) of the hospitalised patients were under the care of

physicians who were not geriatricians i.e. specialists without specific training in age-
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related multimorbidity and associated complex polypharmacy. Without sufficient
training and experience in geriatric medicine, these physicians may struggle to
recognise prescribing cascades, as was evident in the present study where very little
curtailment of potential cascades was evident between admission and discharge,
possibly related to lack of recognition of potential cascades. This challenge is
compounded by the fact that ADEs in older adults with multimorbidity are more
challenging to recognise and can often present with non-specific symptoms, such as

new-onset confusion, gastrointestinal upset and dizziness [87,95,96].

A recent systematic review by Adrien et al. examined potential interventions for
addressing prescribing cascades [82]. Fewer than half of the studies included in the
review provided specific guidance on reversing inappropriate prescribing cascades.
Among those that did, recommendations for dose reductions were often made without
confirmation of a dose-dependent association, with most studies recommending the
discontinuation of the index drug but not specifying an alternative medication. The
persistence of potentially problematic drug combinations at hospital discharge
identified in this study highlights the challenge physicians face in recognising and
addressing prescribing cascades. It also points to the need for expert medication review
at admission and particularly at discharge for older patients with multimorbidity and

associated polypharmacy.

The identification and management of prescribing cascades are further complicated by
the limitations of existing assessment tools. As discussed in Chapter 1, the
ThinkCascades list contains a limited number of prescribing cascades and the Doherty

List includes some clinically questionable prescribing cascades [79,86]. Nevertheless,
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both lists were utilised as they represent the only published explicit prescribing
cascades lists in the literature up to the initiation of the study and the use of the
ThinkCascade list alone would likely significantly underestimate the true prevalence

of prescribing cascades.

Most prescribing cascades in the present study were categorized as “possible” or
“uncertain”. Accurate identification of the prevalence of probable or definite
prescribing cascades using the criteria applied in this study is likely to be challenging,
especially when used retrospectively. Categorisation of any clinical event as
“probable” or “certain” in relation to multimorbid older patients requires rigorous
assessment and therefore, as we have demonstrated, reliance on patient recall and
physician or pharmacist documentation in patients’ medical records may not be
sufficient. A prospective study design involving contemporaneous assessment of
patients’ symptoms, as well as prescriber interviews, at the onset of possible
prescribing cascades would be required for greater clarity. The feasibility of
conducting such a labour-intensive study, likely with major recruitment challenges

and resource implications, was beyond the scope of the present study.

A more comprehensive validated explicit list of clinically relevant prescribing
cascades is likely required to enhance identification during routine medication review.
In a recent commentary, O’Mahony and Rochon pointed out that the number of
inappropriate prescribing cascades is potentially enormous, but that more clinically
relevant and common cascades can be identified more readily using a systems-based
structured explicit cascades list approach that can be applied readily in a manner that

is more suitable for routine medication review [149]. Such a structured, systems-based
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list of prescribing cascades could also be valuable as an educational tool in this
important area of geriatric pharmacotherapy. Heightened awareness of potential
cascades is likely to facilitate their prevention. Since the completion of the present
study, a more comprehensive Delphi-validated explicit list of cascades, organized by
physiological system, has been published [150]. It is likely that this larger list will help
identify potentially inappropriate prescribing cascades more readily than the

ThinkCascades tool or Doherty list.

2.4.1 Study limitations

This study has some limitations. First, the absence of a national electronic healthcare
system in most public hospitals in Ireland, coupled with frequent transitions of care
and missing medication initiation dates made reconstruction of the chronology of
potential prescribing cascades challenging and at times wholly uncertain. This limited
our ability to establish clear timelines between Drug A and Drug B initiation in some
cases. However, there is no consensus in the literature on the appropriate timeframe
for defining prescribing cascades, which can range from a short number of weeks to
several years. The timeframe can also vary according to the onset of ADE symptoms,
which may vary between medications, as well as the recognition of ADEs which may
depend on the timing of patients’ presentation to healthcare settings. For example, it
may take many months to some years before antipsychotic medication leads to drug-
induced parkinsonism leading to the addition of antiparkinsonian medication. In
contrast, gastrointestinal upsets induced by acetylcholinesterase inhibitor therapy may
lead to inappropriate proton pump inhibitor or antidiarrheal or antiemetic prescription
within days. Second, as mentioned, patients’ medical records in the Irish public

hospital system are still predominantly paper-based, with no widespread integrated
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electronic platform between community healthcare settings and hospital settings. This
resulted in incomplete access to clinical data, particularly that relating to general
practitioner assessments. Third, this study was conducted in a single hospital, which
may limit the generalizability of the finding to other hospitals or healthcare settings.
Finally, as this was an observational (i.e. non-interventional) study, we were unable to
apply the definitive test for prescribing cascades i.e. observation for resolution of ADE

symptoms by discontinuing Drug A.

2.5 Conclusion

This study, the first of its kind to report the prevalence of prescribing cascades in older
people living with multimorbidity and polypharmacy in the acute hospital setting,
indicates that potentially inappropriate prescribing cascades are both highly prevalent
and poorly recognised in hospitalized older adults in Ireland. Explicit prescribing
cascade lists can facilitate prescribers and medication reviewers with identification
and intervention towards curtailment of this under-reported element of inappropriate
prescribing in older people. In the next chapter, I will examine factors influencing

clinicians’ recognition of prescribing cascades in the hospital setting.
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CHAPTER THREE

Factors Influencing Hospital Physicians’ Recognition of Prescribing

Cascades: A Qualitative Interview Study
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3.1 Introduction

Interventions to reduce inappropriate prescribing cascades should be a priority for all
healthcare providers, especially those caring for older people experiencing
multimorbidity and associated polypharmacy. In Chapter 2, potential prescribing
cascades were identified in 39.4% of patients, with the majority persisting in patients’
discharge prescriptions, although just 1.8% had probable cascades and 16.3% had
possible cascades. These findings suggest that prescribing cascades are under-
recognised by clinicians and that opportunities to appropriately manage them are

missed.

A qualitative study was identified as the next step to investigate the factors (facilitators
and barriers) influencing recognition and curtailment of prescribing cascades during
hospital admission. Understanding the behavioural determinants underpinning
recognition of prescribing cascades is required to inform future, evidence-based
interventions. The Theoretical Domains Framework (TDF), a validated theory-
informed framework often used in qualitative research, allows an effective method for
exploring facilitators and barriers [151]. The TDF has been extensively used to guide
data collection on factors influencing prescribing behaviours in various healthcare
settings, including qualitative research on prescribing cascades [152]. It provides a
valuable framework for systematically identifying barriers and facilitators, which can

then be targeted in behaviour change interventions to improve clinical practice.

As outlined in Chapter 1, no study of prescribing cascades to date has focused

specifically on hospital physicians. We identified this as an important gap, as
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hospitalisation presents a unique and underutilised opportunity for medication reviews

and recognition of prescribing cascades.

Therefore, the aim of this study was to apply the TDF to identify the key behavioural
factors influencing hospital physicians’ recognition of prescribing cascades, including
an evaluation of their knowledge and understanding of this aspect of inappropriate

prescribing.

3.2 Methods

3.2.1 Study approval and reporting

Ethical approval for this study was granted by the Social Research Ethics Committee,
University College Cork (Reference: 2024-048). Study reporting was guided by the

COREQ checklist for reporting qualitative research findings (Appendix 2).

3.2.2 Study design, setting, and recruitment

Semi-structured interviews were undertaken as the preferred method of data collection
because they are well suited to generating detailed, nuanced descriptions of
participants’ experiences and perspectives, especially with an under-researched
phenomenon [153].

One-to-one semi-structured interviews were conducted with hospital physicians
working in a large university teaching hospital in Ireland. At the time of the interviews,
all physicians had active and ongoing clinical responsibility for patients admitted

either electively or non-electively through the hospital emergency department.
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The hospital medical records were primarily paper-based, including patients’
prescribed medication lists, which were recorded both in ward-based Kardex®
prescription sheets and in discharge reports.

To obtain a range of physicians’ perspectives, a sampling matrix was used to ensure
that the interviews were conducted with at least three participants from each grade of
non-consultant physician (intern [house officer], senior house officer [SHO or junior
resident], registrar/specialist registrar [SpR or senior resident], and consultant or
senior attending physician) and that at least one male and at least one female were
represented within each grade. This reflects the highly organised social context and
well-established hierarchical structure of clinical medicine within the Irish public
hospital system [154]. In addition, previous research suggests that prescribing
practices differ between grades of physician and that junior doctors often defer
complex prescribing decisions to senior colleagues [155,156]. While prescribing
patterns do not differ significantly according to physician sex, it can influence patient
interactions and outcomes and was therefore included in the sampling matrix [99,157].
The inclusion criteria required that participants were registered with the Irish Medical
Council and working in a recognised medical specialty in the university teaching
hospital at the time of the interview. Doctors working at any grade in a surgical
specialty, psychiatry, paediatrics, or obstetrics/gynaecology were not included in the
study, as comprehensive medication review involving larger medication lists is less of
a routine task in their usual care delivery. Physicians were also excluded from the
study if they worked in geriatric medicine at consultant or SpR grade, or if they held
an additional degree in pharmacy. Participants were recruited via convenience and

snowball sampling. Potential participants were identified through the professional
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network of the research team and were invited to participate via email, which included

an information sheet and consent form.

3.2.3 Application of the TDF

The TDF provides an accessible and structured means of identifying factors that
impact practice across a comprehensive range of potential behavioural determinants
[152]. Compared to conducting qualitative research without theory-based approaches,
using the TDF allows the generation of a broader range of responses, partially due to
its ability to mitigate against cognitive bias [158,159].

In the context of the present study, the recognition of prescribing cascades was
conceptualised as a behaviour. To acquire a thorough understanding of the facilitators
and barriers influencing this behaviour, the development of the topic guide was
informed by the 14 TDF domains and their constructs, and these domains were used

as pre-determined codes during directed content analysis.

3.2.4 Data collection

Immediately prior to their interviews, participants completed a short questionnaire
collecting demographic information (gender, grade, years of post-qualification
experience, specialty, university in which their medical degree was obtained, and
whether they received any prior education on prescribing cascades, either formally or
informally) and whether they recalled having ever identified a prescribing cascade or
witnessed a colleague recognise one. A topic guide was developed based on reviewing
the relevant literature [92,98,160], by application of the TDF version 2 [161], and
drawing from the research group’s knowledge of prescribing cascades. At least one
question was included for each of the 14 TDF domains. The topic guide (Appendix

3) aimed to elicit factors affecting recognition of prescribing cascades based on
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interviewees’ knowledge and experience, as well as barriers to and recommendations
for improving the recognition of prescribing cascades. The topic guide was pilot tested
with one physician not affiliated with the research team; this interview was not
included in the data analysis (as planned a priori).

All interviews were conducted by the principal investigator of this study, Dr Ruth
Daunt (RD). All interviews were conducted in person in a private room within the
hospital between May and July 2024. All participants provided written consent prior
to interview and verbal consent immediately prior to the interview. Field notes were
recorded by the interviewer after each interview. All interviews were audio-recorded
and transcribed verbatim, with transcripts subsequently deidentified.

It was decided a priori that interviews would continue until there were at least two
additional interviews in which no new major themes appeared, as this would help

ensure that the topic has been adequately explored [162].

3.2.5 Data analysis

NVivo® software version 14 was used to facilitate analysis. Data were analysed in four
phases. In the first phase, transcripts were read and re-read to ensure familiarity. In the
second phase, the principal investigator conducted conventional content analysis,
which involved open coding to create non-hierarchical codes that were then grouped
into initial themes [163]. The third phase involved directed content analysis, using
constructs and domains from the TDF as predetermined codes [163]. To enhance the
reliability of coding, a second researcher (Dr Kieran Dalton (KD), pharmacist)
independently identified themes and TDF domains across all transcripts. Factors
considered when identifying predominant TDF domains included the frequency of

beliefs, the presence of conflicting beliefs, and the strength of beliefs expressed [164].
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Finally, in the fourth phase, themes identified through conventional coding were
categorised under the TDF domains that best reflected the themes and their associated

codes [151].

3.2.6 Reflexivity

Research team background and professional experience

Reflexivity, defined as the active, ongoing process of critically examining how a
researcher’s own subjectivities, biases, and positionality influence the research
process and outcomes, was an important element of the present study [165]. The
research team included a research physician with specialist training in geriatric
medicine (RD), a senior academic pharmacist with experience in qualitative methods
(KD), and two consultant geriatricians (Prof. Denis O’Mahony (DOM) and Dr Denis
Curtin (DC)). Three of the interviewees had previously worked clinically with RD.
All participants were aware that DOM and DC were consultant colleagues working in
the same hospital. KD had no contact with study participants. Acknowledging the
influence of the research team’s background on the study design and methods, the
following steps were taken to leverage the advantages of the team’s background and

mitigate biases [166].

Topic guide development

The topic guide was developed using the research team’s experience in prescribing
cascades, alongside the TDF and review of relevant literature. This approach had the
advantage of creating a well-rounded guide based on current evidence and suited to

the clinical context of the study.
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Insider positionality

As a physician with higher specialist training in geriatric medicine, RD recognised her
‘insider position’ and was aware of the need to set aside her own perspectives and
retain a neutral position when interviewing physician colleagues as a researcher
[167,168]. Potential study participants were aware that RD had specialist training in
geriatric medicine; this knowledge was beneficial in accessing potential participants
within the hospital. Creating a pre-planned sampling matrix ensured diversity in
participant characteristics, thus minimising the risk of selecting participants with
potentially similar perspectives. During the interviews, the insider position meant that
RD had the advantage of a shared clinical language and contextual understanding,
facilitating rapport and easing the flow of interviews. One potential challenge of a
shared language is the so-called ‘deadening effect’, where shared understanding is
assumed and participants do not elaborate on their own individual views [169]. To
overcome this, RD encouraged participants to elaborate and clarify their answers

where needed.

Data interpretation

It is almost inevitable that the researchers’ own professional background will influence
data interpretation, with views most congruent with the team’s own most easily
received [165]. Consequently, RD debriefed the team regularly throughout the
analytical process to maintain openness and critical reflection within the research
team. Prior to finalising the TDF codes, RD and KD met to discuss the data findings

and code development.
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3.3 Results

3.3.1 Participant Characteristics

Fifteen potential hospital physician participants were contacted, of whom 14 were
interviewed. These physicians had varying levels of training and experience aligned
with the sampling matrix (Table 3.1). One physician agreed to participate but was
unable to schedule an interview within the study timeframe due to other commitments.
Seven participants were male and seven were female, with a mean of 6 years’
postgraduate experience (range: 10 months to 23 years). The mean interview duration
was 18 minutes (range: 14-35 minutes). At the time of the interviews, participants
were practising in the following specialties: respiratory medicine (n=4), rheumatology
(n=3), acute internal medicine (#=2), and one each in cardiology, geriatric medicine

(below SpR grade), endocrinology, stroke medicine, and infectious diseases.

Table 3.1: Sampling matrix details of physician participants.

Physician Characteristic Number of Minimum number required
interviewees as part of sampling strategy
Gender
Male 7 4
Female 7
Grade

Intern/House officer ?
Senior House Officer ®

Registrar/Specialist Registrar ©

w ~ W b
W W W W

Consultant

a <1 year post-qualification experience

b > 1 year post-qualification experience (typically 2 years in duration after internship).

c > 3 years post-qualification experience (the final stage of specialist training prior to
eligibility for consultancy).
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All 14 TDF domains were identified in the transcripts, with corresponding quotations
shown in Table 3.2, noting that some quotations are aligned to more than one TDF
domain. All TDF domains are presented below, whereby the first four were identified
as predominant in influencing hospital physicians’ recognition of prescribing
cascades: environmental context and resources, knowledge, skills, and

social/professional role and identity.

3.3.2 TDF Domains

(i) Environmental context and resources

(a) Lack of access to up-to-date medications
Interviewees highlighted difficulties accessing up-to-date lists of patients’
medications, as well as information relating to indications for medications, initiation
dates, and intended duration, as significant barriers to recognising prescribing
cascades. This challenge was particularly evident in the emergency department outside
routine working hours, when it is often impossible to access patients’ full medical
records or communicate with community healthcare providers.

(b) Staffing
Perceived chronic staff shortages, among both medical and pharmacy teams,
contribute negatively to the recognition of prescribing cascades because they reduce
the time available for comprehensive medication reviews.

(c) Excessive workload
Many participants identified excessive workload, specifically the responsibility for
reviewing large numbers of patients within a limited daily timeframe as a key factor

limiting their ability to devote time to recognising prescribing cascades. Time
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constraints leading to “fast-paced” ward rounds limit the opportunity for thorough
medication reviews.
(d) Information technology

Participants highlighted deficiencies in healthcare information technology (IT),
including inadequate infrastructure and limited online resources. Ireland’s
predominantly paper-based medical records system was seen as a significant
hindrance, with participants expressing a desire for electronic records systems capable
of providing alerts for potential prescribing cascades.

Online resources, such as the Summary of Product Characteristics, were commonly
cited as resources used to check drug side effects. Access to other resources, such as
the online British National Formulary (BNF), was inconsistent and challenging for
some participants. Some interviewees proposed ideas for enhancing IT resources,
including the development of smartphone applications for healthcare professionals to
check for common prescribing cascades and for patients as a method for maintaining

up-to-date medication records.

(ii) Knowledge
(a) Recognising the term ‘prescribing cascade’ and its conceptual
understanding
Familiarity with the term ‘prescribing cascade’ varied across professional grade.
Consultant physicians generally seemed unfamiliar with the term; however, they
identified with the concept once provided with the definition. In contrast, all interns
were able to define the term ‘prescribing cascades’ but admitted limited knowledge
about specific prescribing cascades. During the interviews, some participants had
difficulties explaining precisely what a prescribing cascade entailed and mistakenly

described them as drug-drug interactions and non-specific prescribing errors.
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(b) Knowing examples of prescribing cascades
When asked, most participants had difficulty providing examples of specific
prescribing cascades. When examples were provided, they were mostly ‘appropriate’
prescribing cascades (e.g. anti-emetic for nausea caused by an antibiotic) with very
few examples of inappropriate prescribing cascades provided (e.g. anti-tussive for
cough caused by an angiotensin-converting enzyme [ACE] inhibitor).

(c) Education and training deficiencies
All participants reported limited education on prescribing cascades. Few recalled
undergraduate teaching on the topic, and none had received formal postgraduate
teaching on cascades. Interviewees emphasised the need for targeted education,
particularly for the most junior physicians (e.g. interns and SHOs), to improve

recognition of prescribing cascades in clinical settings.

(iii) Skills

(a) Experiential learning
Several participants noted that most of their knowledge about prescribing and
deprescribing — including prescribing cascades — developed informally during
postgraduate training, often through experiential learning while working with geriatric
medicine consultants.

(b) Improvement with training
Participants reported that their ability to recognise prescribing cascades improved with
experience. Intern physicians, in particular, reported challenges with recognising
cascades due to limited exposure. Participants suggested that case-based learning and

early-career training (during intern/SHO years) could enhance skills.

94



(iv) Social/professional role and identity

(a) Physicians’ responsibility in prescribing cascade recognition
All interviewees stated that recognising prescribing cascades is primarily the
responsibility of the prescriber, with ultimate accountability resting with the most
senior attending physicians in the hospital system i.e. consultants. Some junior
physicians felt less responsible, as they reported prescribing most medications under
the direction of more senior colleagues. This perspective contrasted with that of senior
physicians, who noted that junior physicians can sometimes prescribe without
complete understanding of the clinical context, increasing the risk of prescribing
cascades.

(b) Pharmacists’ roles
Pharmacists were identified as crucial for recognising prescribing cascades through
routinely performing an accurate medication reconciliation and review, identifying
side effects, and highlighting potentially inappropriate medications to the attending
physicians. Some participants also suggested that a combined pharmacist-physician
ward round would be an effective method to monitor and review patients’ medications
for potential prescribing cascades.

(c) Specialty role
Geriatricians were frequently mentioned for their expertise in deprescribing
inappropriate medications and greater capacity to recognise prescribing cascades.
Some participants indicated that they were more confident recognising prescribing

cascades within their own specialty.
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(v) Social Influences

(a) Hierarchy and modelling within medical teams
Junior physicians, particularly interns and SHOs, described hesitancy with discussing
medications with senior colleagues, influenced by relationships and team culture.
They also reported that they tended to imitate the prescribing and deprescribing
practices of their senior colleagues and would hesitate to question their prescribing
decisions. In contrast, consultants indicated that they welcomed junior physician input
on patients’ medications e.g. if they were to highlight potential adverse effects and/or
potential prescribing cascades.

(b) Support from patients
Participants expressed mixed views on patients’ roles in supporting physicians to
recognise prescribing cascades. Some expected patients to maintain an accurate
medication list and to report any suspected adverse symptoms to their doctor, while
others perceived that it was “unfair” to expect patients to do this, particularly older
adults and those with limited knowledge about their medications.

(c) Support from other healthcare professionals
Many interviewees emphasised the possibly beneficial supportive role of other
healthcare professionals (i.e. other than pharmacists) in recognising prescribing
cascades, including nurses, occupational therapists, and physiotherapists. Nursing
staff, in particular, were noted to be well positioned to identify adverse effects
following medication changes. One participant commented that all healthcare
professionals should be “empowered” to speak up regarding any medication-related

concerns, which could help prescribing cascade recognition.

96



(d) Reluctance to change medications prescribed by others
Participants reported reluctance to discontinue medications initiated by other
physicians, particularly when the physician had expertise in the relevant area, even

when they suspected a prescribing cascade had occurred.

(vi) Goals

Interviewees reported that the focus during hospital admissions tends to be primarily
on the treatment of presenting acute problems rather than reviewing longstanding
medications which may be contributing to prescribing cascades. Even when a patient
presents with a new symptom or change of clinical status, the goal is usually to address
the acute problem by prescribing symptom-relieving medication rather than a more
comprehensive medication review of all drugs taken by patients that might help to

identify potential side-effects.

(vii) Memory, Attention and Decision Processes

Interviewees noted challenges with distinguishing between side-effects and new
medical conditions, highlighting that a “fresh set of eyes” can help to identify side-
effects and potential prescribing cascades.

Participants noted that the focus in the acute hospitalisation context is primarily on the
acute problem that led to admission. Therefore, less attention is given to reviewing
medications (especially long-term medications), limiting the opportunity to recognise

pre-existing prescribing cascades.

(viii) Beliefs about Consequences
(a) Prescribing cascades leading to patient harm
Participants commented on the potential for harm associated with unrecognised

prescribing cascades (polypharmacy, pill burden, increased hospitalisation). However,
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some participants appeared to downplay the consequences, viewing certain
prescribing cascades as “benign”, and had an acceptance that side-effects and
associated prescribing mistakes happen frequently.

(b) Personal impact on physicians and patient disclosure
Interviewees perceived few personal consequences for failing to recognise prescribing
cascades. Some indicated they would only inform the patient if severe adverse effects

arising from prescribing cascades occurred.

(ix) Beliefs about capabilities

Junior physicians, particularly interns/SHOs, expressed low confidence in recognising
prescribing cascades, despite familiarity with the term. In contrast, other participants,
particularly consultants, expressed confidence in recognising prescribing cascades

even if they were not familiar with the term prior to the interview.

(x) Intentions
When new symptoms appear, hospital physicians’ primary motivations are centred on
symptom management, and were not actively inclined to identify potential prescribing

cascades i.e. to search for cascades proactively.

(xi) Emotion

Some participants highlighted that they would avoid asking questions of senior
colleagues regarding potential prescribing cascades for fear of appearing “silly” or
“unintelligent”.

In the theoretical setting of recognising that they had caused an inappropriate
prescribing cascade, some participants described that they would feel “horrible”,

whereas others described that they would feel “okay” about this.
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(xii) Behavioural regulation
Participants expressed a desire for external mechanisms, either through feedback from
colleagues or from alert systems, to learn from prescribing errors and recognise

prescribing cascades more easily in the future.

(xiii) Optimism

Some participants seemed less concerned about the consequences of prescribing
cascades, describing them as “benign” consequences.

Additionally, participants were generally pessimistic regarding the frequency of
inappropriate prescribing cascade recognition, stating that “most are not recognised”

and opportunities to recognise prescribing cascades are frequently missed.

(xiv) Reinforcement

One interviewee noted that the rapport they developed with patients reinforced their
response to patients reporting side effects (e.g. they were less likely to recognise if
lower rapport or high level of complaints in general).

Some participants suggested that junior doctors could be incentivised to report errors
related to suspected prescribing cascades, by framing it as a learning opportunity and

reassuring them that reporting would not result in punitive consequences.
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Table 3.2: [llustrative quotations.

Descriptor Quotations

Environmental context and resources

Lack of access to up-to- | “...if everybody just starts writing what this medication is indicated for and we kept it in the patient's medical records, that

date medications would be really helpful.” [SHO 1]

“..you don't know what medications they're on...significant problem with then trying to manage their medication when they
come in, because maybe you have a prescribing cascade that happens because they're on something you just don't realize they

are on...” [Consultant 3]

“..often, we don't know what drugs patients are on... if they come into the emergency department, you don't know what they're
on, so you might start instigating some treatment, for example... you might start a diuretic but unbeknownst to you they're

actually on a calcium channel blocker that was started by the GP a couple of weeks ago.” [Consultant 2]

“If [patients] write down their medications and the dates of things were changed... can be helpful because we don't have a

unified prescribing log between GPs and pharmacies and hospitals...” [SHO 2]
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Staffing

Excessive workload

“...they [patients] come in and they're not sure what medications they are on and they don’t have a list... you're looking at their

last list... hoping this is right.” [Registrar 4]
“..in general, when patients are in hospital, (they) don't tend to know what they're on...” [Intern 1]

“Like the hospital’s understaffed simple as. I think if we have more staff, more time to think about things, we are more likely to

identify [prescribing cascades].” [Intern 1]

“...there's lack of staff members in the hospital because if we have more staff, we will reduce clinical workload and then hospital

doctors can spend the time looking through the Kardex® and making decisions...” [SHO 1]

“...with a busy inpatient list, you're running around the ward, you're often dealing with one or two key aspects of the patient
care... we do try and look at the Kardex® each time ... you have to try and keep it all in your head, where you remember the
background medical history of the patient, what drugs they re on... sometimes, I think due to time constraints, you don't realise

that maybe the side effect of the drug is contributing to the symptom that you're now looking at...” [Consultant 2]

“...we just couldn't find a time to dedicate ourselves to work on that [identifying prescribing cascades] on top of our already

massive clinical workload.” [SHO 3]

“...a busy inpatient service... ideally it would be great to have a proper sit down with every patients’ Kardex ® to go through
the medications. But the reality is, if you have 30 odd patients on an inpatient list, and you have to see all of them every day,

you might overlook some of the Kardex’s®...” [Registrar 2]
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“The number one barrier that jumps out to me would be time pressure... the speed at which ward rounds happen...” [SHO 3]

Information technology | “In an ideal world, if we were doing electronic prescribing, you could probably have something say, ‘is this medication

warranted?’ or ‘what is your reason for starting it?’” [Registrar 1]

“We're living in a very archaic system that doesn't help with flagging when prescribing cascade might be happening... a simple

intervention would be having an electronic health record prescribing system, but it's a very complex intervention to put in place

unfortunately.” [Consultant 3]

“I would just type in the name of the medication and look at the SPC and then look at the information of what side effects are

common. On the computers in the hospital, they have medicines.ie, I can get information on it as well.” [Intern 3|
“I know that there's new ways to access it [the BNF], but it's always, in the last few years, been tricky.” [Consultant 1]

“...if you had an app-based system where you have common prescribing cascades, for example, you click in opiates and then

common co-prescribers, and then you could have a list of inappropriate common prescribing cascades.” [Consultant 2]

“I think it'd be brilliant if everyone [patients] had...an app or something that would have their medications on it, so that ... if

they had swelling in their legs, you'd know they were on amlodipine or...” [Registrar 4]
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Knowledge

Recognising the term “I didn't know what they [prescribing cascades] were before coming here today. And I certainly don't think a lot of the doctors
‘prescribing cascades’ in training would be familiar with the concept”. [Consultant 2]
and its conceptual

understanding “I think people would recognise what happened ... the laxative for constipation in the opioid patient ... but they wouldn't group

it together as ‘oh look at this interesting prescribing cascade’...” [Consultant 1]
“People are paralysed by lack of knowledge in regard to deprescribing, so they do nothing...” [Consultant 3]

“...oftentimes opioids can have side effects ... nausea and then people need an anti-emetic to manage that ... it's not something

I've thought about much...” [Intern 3]

Knowing examples of “... ACE inhibitor —cough, opioid — constipation — laxative. Antihypertensive and then hypotension and then, I don't know

prescribing cascades adding in something to raise the heart rate or something...uh, inotrope, or vasopressor...other barriers, just not being aware

of them... I only know the ones I mentioned and that's not very many.” [Intern 4]

“...if somebody is on a PPI like lansoprazole, and they get put on clopidogrel, or they are on omeprazole and get put onto

clopidogrel and then you have to change the omeprazole to something else.” [Registrar 1]

’

“So I'm trying to come up with examples, but I keep thinking of contraindications as opposed to prescribing cascades...’

[Registrar 2]
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Education and training

deficiencies

Experiential learning

Skills

“I don't really remember being taught anything about it in college or ... BST teaching [formal post-graduation teaching for

SHOs] or anything...” [SHO 2]

“I think it's very important to have like the foundation level of education as an undergraduate, but also have constant reminders
post-grad...” [Registrar 2]

“..general education about ‘the most common inappropriate prescribing cascades’, ‘can you screen for them’.” [Consultant
1]

“«

a medication alert system ... just to highlight that these were the inappropriate prescribing errors that have occurred..

builds your awareness of it... always comes back to education, education, re-education and reminders...” [Consultant 2]

“..at an intern level, just a lack of experience and the lack of seeing these patterns from before and... anticipating these

treatments.” [Consultant 3]

“I think as time goes on, maybe when you become a reg ... you try and to take more of that in perspective and look at people's

Kardex® before they go home and see do they need to be on everything.” [Registrar 4]

104



Improvement with

training

“In medical school, it's a bit theoretical at that point... if we had a prescribing safety course in... your first year as an intern...
where you could refresh things and... talk about common drugs and common errors, that might be a bit more practical at that

point. ...and as an SHO as well.” [Registrar 4]

“You can start by training the young doctors, so when they become consultants to keep that in mind.” [SHO 1]

Social/Professional Role and Identity

Physicians’

responsibility in
prescribing cascade

recognition

“It's probably everyone’s responsibility to recognise prescribing cascades to the best of their ability...senior staff would

probably be much more used to it and probably better at it in general” [SHO 3]

“...the medical team ... the buck stops with them ... you're the one prescribing, you're the one reviewing prescriptions on a

regular basis...” [Consultant 1]

“...the more junior, the less likely that they would be to pick it up and [more likely] to kind of give something a little bit more
‘blindly’." [Registrar 1]

“Being an intern, I'm not the one deciding to start the new medication, it'd be someone more senior on my team saying, ‘start

this medication for this patient’...” [Intern 3]

“...if we really want to solve this problem... having a specific team that review medication would be good, without interfering

with the normalL ward jobs...” [SHO 1]
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“People tend to ‘pass the buck’ to someone else when it comes to deprescribing, especially if unsure why someone is on a

medication, don’t know who started it, don’t know when it was started, don’t know why it was started — in all that uncertainty

some people just pass the buck.” [Consultant 3]

Pharmacists’ role “In my own experience, the pharmacist has been my primary source of flagging ‘this medication is inappropriate’, ‘this adverse

effect might be due to a medication’...” [SHO 1]

“...if there was if a prescribing cascade or unwanted side effects from medications, more often than not the pharmacists... flag

them to us.” [Registrar 2]

“...if there was (a) joint ward round with the pharmacist ...(and) consultants... where you sit down and go through the

medications and things like that, that might be more of a structured way...” [SHO 2]

Specialty role “In my previous rotation, my consultant was really good at reviewing patients’ Kardex®, but partly because he was the

consultant geriatrician...” [SHO 1]
“I previously worked in geriatrics ... [the consultant] was really big on stopping the extra medication.” [SHO 2]

“... what we see a lot is people come into hospital, with respiratory exacerbations, they re put on antibiotics, they re put on
Steroids ... you can often end up with people who develop peripheral oedema. They end up developing volume overload... then

you're into your prescribing cascade of giving them furosemide. Now they're hypokalaemic so you're giving them potassium ...

that's a prescribing cascade that we'd see frequently and recognise very, very quickly ...” [Consultant 3]
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Social Influences

Hierarchy and
modelling within

medical teams

Support from patients

“... our consultants change every two weeks, if [ don't know a consultant, I'm less likely to speak up. Whereas there are some

consultants... I know them more... so I'd be more comfortable speaking up.” [Intern 4]

“...it depends on the team structure and how comfortable they feel in asking for help or asking for advice or, you know, I

suppose even having things explained to them...” [Consultant 3]

“...you wouldn't want to challenge... someone more senior that has like prescribed... the team I'm working with at the moment,
I would be very happy... to bring it up with someone. But I can't say that for every team that I've been on...it's difficult to
challenge someone more senior... if you did feel that you were really challenging them... then you might not be as inclined.”

[Intern 2]

“... we all admire the SHO and intern who do speak up... I think we want people to be challenging us. And we want we want
the status quo to be challenged all the time...Empower the nurses, empower the pharmacists, empower every level of doctor to

do the same thing [speak up about medication concerns].” [Consultant 1]

“I think everyone has their preferences for the drugs they prescribe... if you're with a consultant who tends to prescribe a

certain thing... you kind of copy that.” [SHO 2]

“The patients themselves can also say ‘I'm not feeling well since this has started. These are my symptoms’...” [Intern 3]
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“Patients need to take responsibility for... their own healthcare management. I think it is their responsibility to have an up-to-
date medication list that they bring to each clinical appointment and... to the hospital. They also probably need to take a role
in the prompt recognition of change to their prescription and the prompt delivery of that prescription to their GP practice or
their pharmacy...” [Consultant 2]

’

“...it’s unfair to ask them [patients] to read up on medications... that's not their job, that's not what they re trained for...’

[Registrar 2]

“We should be empowering them to challenge us on all of these things... by giving them prompts, between printed prompts and

things like that saying, ‘it would be in your best interest to prompt the doctors with these questions every time you see them’...

[Consultant 1]

“...any senior clinician... any pharmacists... and any senior nursing staff should have a role in that [recognising prescribing

cascades] it’s the whole MDT.” [Consultant 3]

Support from other

healthcare professionals

“...nurses... they're exquisitely positioned to do it [recognise medication side effects/ prescribing cascades] because they're
giving the medicine to the patient... they have a huge amount of experience ... it's more opportunistic... Although I understand
that they might have less formal training in it, but they might have excellent experience... and we shouldn't discount their

experience...” [Consultant 1]
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Reluctance to change “I think people are probably quite speciality focussed. And while I would be comfortable changing someone's diabetes

medications prescribed | medication and things like that, and I mightn’t necessarily be comfortable..., you'd write to the rheumatologist and say, ‘does

by others this person need to be on steroids?’... but I wouldn't necessarily stop if it's been prescribed by another specialist.” [Registrar
4]
Focus tends to be on “...as a hospital doctor reviewing inpatients... we often just focus on the primary issue and try to get the patient out of hospital

treating the acute issue as soon as possible. We don't often go and review the medication, although I believe a lot of patients probably have

and often a ‘quick fix’ polypharmacy issues that are caused by prescribing cascades.” [SHO 1]

“We're always quick to start someone on a medication and less quick to look at a medication we start and go ‘is that maybe

causing that?’... we need to be looking more at deprescribing as opposed to increasing the number of drugs...” [Intern 1]

“...it sounds really bad, that we don't care. We, people would rather have a quick fix ‘oh their overloaded give them diuretics’
than going back and reviewing the medications if there's any reason for them having this rather than just fixing it easily...”

[Registrar 3]

Memory, attention and decision processes

A ‘fresh set of eyes’ can | “...on call [doctors] would review them [patients] and question things and a fresh set of eyes is good... sometimes reviewing
help identify potential the Kardex® yourself as the reg [registrar] on the ward every second day that someone has not been prescribed something
errors completely off the charts...” [Registrar 3]
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Less attention given to

medication reviews

Beliefs about Consequences

Prescribing cascades

leading to patient harm

Personal impact on
physicians and patient

disclosure

“I don't even think it would cross my mind [prescribing cascades] ... " [Intern 4]

“...if people have been put on medications, they [doctors] don't always wonder if they still need to be on them. Sometimes they
Jjust add rather than actually review... people are thinking more of the acute issue at hand rather than the long-term things...”

[Registrar 4]

“...the risk of harm to the patient... that’d be readily avoidable if we had recognised it... longer length of stay, patient harm...

more investigations, more anxiety for the patient...” [Consultant 2]

“I think both short term and long term quite significant effects to it [prescribing cascades]|, maybe less so short term if it's
something where it's just the symptom that you're trying to get under control... but you're not thinking about the long-term

outcomes.” [Intern 1]

“...polypharmacy, more interactions, longer patient stay... confusion... probably leading to frustration amongst families and

the patients and most GPs if things aren't made clear.” [Registrar 1]

“I"d probably wonder if I need to tell the patient [about a prescribing cascade] if I'm not 100% certain myself. I would do my
best to prevent or stop this happening in future... I wouldn't be a 100% certain if  would... inform the patient exactly that this
happened.” [SHO 3]
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“Open disclosure is very important. It's key to making sure that patients feel safe... patients prefer open disclosure rather than
finding out down the line... it's sometimes just as easy to be honest with the patient... ‘I made this mistake, now we've fixed it,

and it's something that we can, you know, continue to improve upon’...” [Registrar 3]

Beliefs about capabilities

Confidence in capability

to recognise prescribing

cascades

“I'd say that it has become maybe a bit more prominent, just as I have become more experienced. Maybe in my entire intern
year, I would have been happy knowing what the drug was and knowing what a drug did... I probably wouldn't have known
much else about a particular drug other than the more obvious side effects, but in terms of recognising a drug that might cause

a certain side effect and then recognising the negative cascade, I would not have been able to do that in the intern year and

maybe only slightly picking it up at this stage.” [SHO 3]

“I don't know if I would be very confident about, for some obviously, the obvious ones that you hear about, but maybe other

stuff I wouldn't really know. And then, I suppose, recognising... I'm not sure...” [Intern 2]
“It's something intuitively that we see all the time, well recognised.” [Consultant 3]

“I think people would recognise what happened [a prescribing cascade] ... but they wouldn't group it together as ‘oh look at

this interesting prescribing cascade’...” [Consultant 1]
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Intentions

Motivations are centred
on symptom

management

Emotion

“[Prescribing cascades are] probably not recognised enough... a lot of time on ward rounds, there's a reflex just to treat rather
than to think...” [Consultant 3]

“...that's [prescribing cascades] not something I would have consciously been thinking of, we look at their medication list and

pharmacy would do their med rec [reconciliation]...but prescribing cascades isn’t something ['ve actively been looking for...’
[Intern 3]

“On call I don't even think it [prescribing cascade] would cross my mind. 1'd never change a medication on call. I'd maybe write

it in the notes and say for team to review. But I'd never change it myself.” [Intern 4]

Fear of asking questions

Emotions after a mistake

“... it's probably a knowledge and experience piece... but scared perhaps to ask questions.” [Registrar 4]

“I know other staff members would have a fear of bringing up a question that they'd have and they would just choose not to
bring it up... for fear of looking silly or inappropriate or unintelligent and fear of that being known...” [SHO 3]

“If I was the one that made the mistake, I would feel terrible.” [SHO 1]

“I'd feel reasonably okay if it was the first experience of it, making sure I actually made an effort to learn from it and not make

the same mistake again.” [SHO 3]
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Behavioural regulation

Desire to learn from

€1Tors

Potentially ‘benign’
consequences of

prescribing cascades

Pessimism about

recognition

“...if 1 didn’t recognise it, then I won't recognise the next time if it hasn't been pointed out, you know that sort of way. So that's

Just like, uh, not learning from it then...” [Intern 2]

“...in previous institutions where I've worked there used to be a medication alert system that went around maybe once a month,

Just to highlight that these were the inappropriate prescribing errors that have occurred... builds your awareness of it..

[Consultant 2]

“Usually they would be benign [consequences of prescribing cascades] ... " [Registrar 1]
“...we probably miss opportunities in clinic to do a reconciliation or something of someone's drugs.” [Registrar 4]
“I'm not sure if they're [prescribing cascades] recognised...” [Intern 1]

“...in my limited experience, I have probably seen... less than five... think there's a lot more of them [prescribing cascades]

that go on, that are missed...” [SHO 3]

»
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Reinforcement

Rapport with patients “It depends on... prior interactions with the patient... they re just some patients that seem to find an issue with everything, so
influences response when they say stuff; it's like the boy who cried wolf, you're less likely to take it on board... other patients it's just the way they

say things ...it's the rapport you have with [them]...” [Intern 4]

“...people are less likely to own up to errors that are made because ... [of] ... what would happen if they did own up. So, they

Learning opportunity is . . . . . . .
£ OPP y need to be reassured that you're not going to give out to them. No one's going to lose their job over it, but it's very important

an incentive to report . . -
P that we have discussed it, so we all learn from it.” [Consultant 2]

Abbreviations: ACE inhibitor: angiotensin converting enzyme inhibitor; app: smartphone application; BST: basic specialist training; GP: general
practitioner (primary care physician); MDT: multidisciplinary team; PPI: proton pump inhibitor; SHO: senior house officer; SPC: Summary of Product

Characteristics.

Note: Kardex®: a type of medication prescription and administration record; BST: hospital-based training programme completed by senior house officers.
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3.4 Discussion

This research has uniquely identified key factors that impact hospital physicians’
recognition of prescribing cascades using the TDF, which served as the theoretical
model to gain comprehensive insights into the clinical behaviour of recognising
prescribing cascades [151].

In essence, our findings indicate that knowledge about prescribing cascades is very
limited among hospital physicians. While more junior physicians recalled being taught
about prescribing cascades during their medical education, senior physicians were
generally unfamiliar with the term. This suggests that the topic of prescribing cascades
has only relatively recently been incorporated into medical education and that as a
therapeutics concept it has not yet been integrated into routine clinical practice. This
is emphasised by the fact that no participant recalled hearing the term ‘prescribing
cascade’ mentioned in the clinical setting. Although in the three decades since
prescribing cascades were first described, considerable research has been conducted
on the topic, further efforts are needed to ensure that all physicians are familiar with
prescribing cascades as a clinical term and therapeutic concept in order to increase
awareness and recognition in practice [149]. Participants in this study were generally
unable to name more than a few examples of specific prescribing cascades, most of
which are classified as appropriate (e.g. opioid — constipation — laxative) rather than
inappropriate (e.g. ACE-inhibitor — cough — anti-tussive). A comprehensive,
validated list could serve as a resource for physicians, improving awareness, which
has been identified in previous research as a key priority to improve recognition of
prescribing cascades [98,99].

In addition to limited knowledge of prescribing cascades, participants also

demonstrated uncertainty distinguishing between polypharmacy, prescribing errors,
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prescribing cascades, and drug-drug interactions during the interviews. For example,
physicians sometimes provided examples of drug-drug interactions when asked for
prescribing cascade examples. While previous research on deprescribing interventions
has largely focused on reducing inappropriate or unnecessary medications,
recognising prescribing cascades requires an additional layer of complexity i.e.
identifying when a drug has been prescribed to treat a side-effect of another drug [170].
The conceptual overlap and confusion around the terminology is likely to further

hinder efforts to recognise prescribing cascades.

Participants indicated that the primary responsibility for recognising prescribing
cascades lies with them as prescribers. However, despite this acknowledgement,
recognising cascades was seemingly not a priority. One possible explanation is that
participants often perceived the consequences of failing to recognise prescribing
cascades in hospital as “benign” or inconsequential to the patient’s acute
hospitalisation episode. Previous research has highlighted that the absence of clear
evidence of patient harm can result in ‘deprescribing inertia’ [99]. Similarly, the
present study displays ‘recognition inertia’. Additionally, participants did not perceive
any personal negative consequences for failing to recognise and correct inappropriate
prescribing cascades, with some suggesting that medication side-effects and
prescribing errors are an inherent and to some extent unavoidable part of clinical
practice [99].

This attitude may reflect a broader view that failing to recognise prescribing cascades
is an acceptable deficiency driven by systemic challenges and the day-to-day realities
of busy clinical practice in hospitals. The lack of a well-established clinical focus on

prescribing cascades, combined with the consensus from interviews that ‘most are not
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recognised’ emphasises the low priority placed on their detection and management.
Furthermore, errors related to unrecognised prescribing cascades are rarely the sole
responsibility of one physician [98]. More often, they result from a combination of
systemic and environmental challenges within the healthcare environment that
influence the decision-making process. These challenges, frequently highlighted by
interviewees, contribute to a culture wherein the relative lack of concern may stem

from an acceptance of working in an imperfect healthcare system.

Several prominent environmental challenges were repeatedly highlighted by
participants. These included lack of accurate information regarding patients’
medications, insufficient staffing, and time constraints. A key issue identified was the
lack of basic information during medication reviews, such as accurate medication lists,
the original prescribing indications, and medications’ intended duration. The Irish
public hospital system remains predominantly paper-based, with no widespread
integrated electronic platform between community healthcare settings and hospital
settings. This fragmentation often results in incomplete access to documentation,

including medication changes made in other clinical settings.

A recent study by Jennings et al. reported that communication failures and a lack of
prescribing stewardship during healthcare transitions added to the degree of risk for
patients when making prescribing decisions in such settings [99]. In line with this
finding, interviewees in the present study emphasised that this issue was particularly
problematic in the emergency department, where they described medication decision-
making as “hoping it is right”. In addition, physicians often make prescribing

decisions in the context of limited, or at times inaccurate, information due to what one
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interviewee described as an “archaic” health record system. This lack of
comprehensive transfer of accurate information is a significant barrier to recognising
prescribing cascades and increases the risk of medication-related harm to patients. It
is unsurprising, therefore, that medication safety in transitions of care has been
identified as a priority in the World Health Organisation’s ‘Medication Without Harm’

challenge in 2017 [72].

Physicians in this study also stressed the need for improved documentation, noting
that medications are very often prescribed without a clearly documented indication.
This aligns with a similar finding from previous research which noted that patients’
health records often contain insufficient information to support decisions on
prescribing and deprescribing [78,156]. Research on deprescribing has similarly
reported that clearer documentation of drug indications and long-term plans of each
medication, as well as records of previously prescribed medications, in tandem with
the reasons for their discontinuation, could facilitate easier recognition of prescribing

cascades [171].

To improve recognition of inappropriate prescribing cascades, participants in this
study suggested implementation of integrated IT solutions, aligning with previous
research on prescribing cascades [160]. Such systems could support screening for
prescribing cascades by improving documentation around prescribing and ensuring
that all healthcare providers have access to all current medication information. Some
participants suggested software-based systems such as electronic alerts. For electronic
alerts to be effective, they must capture users’ attention whilst minimising ‘alert

fatigue’, a challenge highlighted in the present study and previous studies [160,172].
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Other considerations for electronic alert systems include grading the priority of alerts,
choosing appropriate timing, avoiding excessive numbers of alerts and cognitive
overload, and ensuring they do not undermine clinical autonomy [172,173]. A critical
factor highlighted in a previous study is the importance of accurate information in
generating alerts without which alerts may be misleading [174]. In well-organised and
fully resourced hospital systems, physicians could decide to refer patients with
suspected potentially inappropriate prescribing cascades to polypharmacy clinics for
assessment, if such clinics are available. However, in most hospitals, physicians will
need to assess and decide on deprescribing when they receive electronic alerts to
potential cascades, or to refer to specialists for advice. Furthermore, as suggested by
participants, IT solutions could incorporate the development of smartphone
applications both for patients and healthcare professionals. For patients, an application
could help them maintain a personal record of their medication regimen and identify
potential side-effects, empowering them to have an active role in medication
management and prescribing cascade recognition [98,175]. For physicians, an
application with a searchable database of common prescribing cascades could be

clinically valuable.

During inpatient admissions and ward rounds, staffing shortages, time constraints and
acute issue prioritisation were frequently cited as obstacles to comprehensive
medication reviews, with the cumulative effect of these factors limiting opportunities
for identifying prescribing cascades [92]. Routine tasks, such as rewriting medication
charts, are often delegated to the most junior members on the team due to time
constraints, possibly representing a missed opportunity for prescribing cascade

recognition [156].
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Interviewees highlighted several challenges related to recognising prescribing
cascades in older adults particularly. Hospitalised patients are increasingly older,
frailer people who live with polypharmacy relating to their multimorbidity, in line with
global demographic trends [9]. Identifying and classifying a prescribing cascade as
appropriate or inappropriate in this cohort of patients, often with complex
polypharmacy, has previously been described as “unfeasible” [99]. One strategy
proposed by the present study’s participants to address these challenges was the
implementation of routine expert medication reviews through a collaborative,
interdisciplinary model including pharmacists and physicians. Such a model aligns
with existing pharmacotherapy optimisation recommendations and could be integrated
within a polypharmacy stewardship programme. Effective management of prescribing
cascades involves several key steps: identifying the cascade, determining the
indication for the original medication, assessing whether this indication remains, and
deprescribing the original and/or subsequent medications where appropriate [143].
This model is likely to be more effective than simply increasing staff without ensuring
that the additional staff have the required training and skills to effectively recognise

and manage prescribing cascades.

In the present study, participants also commented that many older adults had difficulty
managing their medications, identifying side-effects, and communicating concerns
regarding side-effects to their physician, making the detection of prescribing cascades
more challenging. These challenges are exacerbated by the organisation of modern
medicine around a single-disease framework, in which each condition is, in general,

treated in isolation [23]. This framework is evident in hospital settings, where patients’
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assessments focus primarily on immediate presenting problems. Interviewees
generally agreed with this, commenting that hospitalisation is usually focused on the
acute presenting problem. Many participants also discussed the reluctance among
doctors to modify or discontinue long-standing medications, especially those
prescribed by other specialists expressing concerns about overstepping professional
boundaries, even when they suspected that an inappropriate prescribing cascade had

occurred.

The present study highlighted that the hierarchical structure in hospital medical teams
influences both the initiation and discontinuation of inappropriate prescribing
cascades. More senior physicians commonly direct prescribing adjustments, with
more junior physicians unlikely to question instructions from their senior colleagues
[155]. This reduces the opportunity to scrutinise whether a prescription might cause
an inappropriate prescribing cascade [149]. More junior physicians also reported
lower self-confidence in identification of prescribing cascades, often perceiving their
prescribing patterns as lower risk. These findings highlight the need for targeted
education to enhance junior physicians’ knowledge and confidence in recognising
medication side-effects and prescribing cascades. While formal educational
programmes are essential, informal learning remains invaluable [155]. Many
physicians in this study reported that they gained much of their knowledge on
prescribing and deprescribing through working with consultants, especially
geriatricians, because of their expertise with routine management of multimorbid
patients who experience polypharmacy. They also suggested that leveraging teachable
moments when prescribing cascades are identified and using these cases as direct

learning opportunities may be valuable.
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Ultimately, the integration of IT resources, a collaborative approach with specialists
in pharmacotherapy (both physicians and pharmacists), and medication educational
initiatives for both healthcare providers and patients would likely empower all parties
to recognise and address prescribing cascades effectively, improving medication

safety across healthcare settings.

3.4.1 Strengths and limitations

All interviews in this study were conducted by the same interviewer, ensuring
consistency in data collection and data analysis. Reflexivity was considered
throughout, enhancing the study’s rigour by accounting for potential biases in data
interpretation. The TDF was utilised both in topic guide development and content
analysis. This framework was beneficial to the study as it provides a structured
approach to exploring behaviours and has been shown to reveal additional themes that
may not be generated through other approaches [158,159]. Furthermore, TDF domains
can be mapped to the Behaviour Change Wheel (BCW), which can be utilised to
identify and design suitable interventions to address the barriers identified [176].

The main limitation of the present study was the potentially low degree of
transferability of the results, as this study was conducted in a single hospital in Ireland.
This hospital operates within a particular social and environmental context, where
health records are predominantly paper based. Consequently, the findings may be less
generalisable to other healthcare settings, particularly those with different systems,

resources, and cultures.

3.5 Conclusion

This study highlights the barriers that hospital physicians encounter in recognising

inappropriate prescribing cascades, including gaps in knowledge, systemic and
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environmental challenges, and cultural attitudes. Limited awareness of prescribing
cascades, combined with fragmented healthcare information systems and often
inadequate documentation of medication indication and duration, contribute to
unrecognised prescribing cascades, increasing the risk of harm to patients, particularly
multimorbid older adults with polypharmacy in the Irish hospital setting. Addressing
these challenges requires targeted behaviour change interventions informed by these
findings. These interventions could include integrated IT solutions, improved
documentation of diagnoses and medications prescribed, interdisciplinary expert
medication reviews, and enhanced education and training opportunities. Such
interventions could empower physicians to recognise inappropriate prescribing
cascades more effectively, thus facilitating their minimisation, ultimately reducing

medication-related harm and improving patient safety.
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CHAPTER FOUR

Development of a modified Medication-Related Burden Quality of
Life (mMRB-QoL) short form tool for older people with

multimorbidity and polypharmacy: a mixed-methods study.
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4.1 Introduction

Despite extensive research on prescribing safety, no patient-related outcome measure
(PROM) has been designed to specifically measure medication-related burden in older
adults living with multimorbidity and polypharmacy [108,109]. As outlined in Chapter
One, capturing patients’ perspectives using PROMs is recommended in clinical
practice and clinical research as a component of treatment evaluation, helping to
bridge the gap between evidence-based medicine and patient-centred care and

ultimately improve healthcare quality.

The original 31-item Medication-Related Burden-Quality of Life (MRB-QoL) was
designed to measure the impact of medication-related burden on functioning and well-
being from the patients’ perspective. It provides a robust foundation for modification,
due to its conceptual development from a meta-synthesis of 34 qualitative studies
(encompassing 966 participant quotes), strong psychometric validity, and good
internal consistency and reliability [137]. However, the original MRB-QoL's
application to older adults is limited and there are practical challenges such as length,
linguistic complexity, and potentially excessive respondent burden. Other PROMs
exist, such as the EQ-5D-5L, the Multimorbidity Treatment Burden Questionnaire
(MTBQ) and the Medication-Related Quality of Life (MR-QoL) tool; however, as
discussed in Chapter One, these tools measure related but conceptually distinct

constructs such as general health-related quality of life.

Given that older adults with multimorbidity and polypharmacy are often the focus of
deprescribing and medication optimisation interventions, a practical, reliable, and
valid PROM to assess the impact of medication-related burden on QoL in this

population is required [97,108,177]. Accordingly, this study aimed to develop a
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modified short-form MRB-QoL (mMRB-QoL) specifically designed for older adults
living with multimorbidity and polypharmacy that can measure the impact of

medication-related burden on overall QoL in both clinical and research settings.

4.2 Methods

4.2.1 Study ethical approval, study design, and target population

Ethical approval for this study was granted by the Clinical Research Ethics Committee,
University College Cork. This study utilised a mixed-methods approach guided by the
Goetz et al. framework for shortening composite measurement scales and the quality
criteria proposed by Terwee et al. for health status questionnaires [178,179]. The
process ensured the conceptual model was maintained, content validity was preserved,
and the psychometric properties of the MRB-QoL were retained. A schematic process
map for the development of the mMRB-QoL is presented in Figure 4.1. The study
involved five phases:

1. Prospective assessment of the original MRB-QoL in older adults living with

multimorbidity and polypharmacy.

ii.  Qualitative research with potential end-users.

a. Exploring perspectives on the MRB-QoL through semi-structured
interviews with older adults attending the geriatric medicine out-patient
department (OPD).

b. Exploring perspectives on the MRB-QoL through a focus group with
experts in geriatric medicine.

iii.  Clinical, multidisciplinary expert analysis of the MRB-QoL: evaluating for

overlap, relevance, and wording.
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iv.  Consensus panel for developing the mMRB-QoL for use in older adults living
with multimorbidity and polypharmacy

v.  Patient and public involvement for design and final modifications.

Development of Modified Medication Related Burden-Quality of Life (mnMRB-QolL)

Phase 1
Prospective study of
older adults using the
MRB-QoL

N Semi-structured Phase 4
Phase 2 interviews with Consensus Phase 5

Qualitative research with patients Panel- Patient/Public

potential end-users of the ‘ - l modified Involvement and
Nominal Group final modifications
physicians
Technique

tool

Phase 3
Expert analysis of the
MRB-QoL

Figure 4.1: Process map of development of Modified MRB-QoL.

4.2.2 Phase 1. Prospective assessment of the original MRB-QoL in older adults

living with multimorbidity and polypharmacy

4.2.2.1 Study design, setting, and participants

This phase was a single-centre observational prospective study conducted in the Cork
University Hospital OPD in Cork, Ireland. A cohort of older adults attending the
geriatric medicine OPD between August 2024 and November 2024 were
consecutively approached by me, while awaiting their clinic appointment; each patient
was recruited only once during the study period. I was not working in a clinical
capacity within the OPD during the recruitment period. Eligible participants were
adults aged >65 years, with multimorbidity (i.e. >3 chronic long-term health

conditions concurrently) and associated polypharmacy (>5 medications prescribed
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daily long term, i.e. >3 months.). Patients were excluded if they were unable or
unwilling to give consent to study participation or if they did not have sufficient
English language proficiency to complete the questionnaire. Patients completed the
MRB-QoL in a private room in the OPD. Clinical and demographic information was
obtained through interview with the patient and review of their medical records
including details of age, sex, long-term daily medications, medical diagnoses, clinical
frailty score (CFS), living situation (i.e. independently, receiving home help, or living

in a residential care facility), and whether their medications were blister packed.
4.2.2.2 Sample size

There is no universally agreed sample size calculation for shortening or adapting
composite measure scales [180,181]. One commonly used sample size calculation is
the 5:1 ratio, meaning that five participants are included for each item on a scale
[179,182]. For this study, the estimated sample size (n=155) was calculated using the

5:1 ratio, (31x5=155).
4.2.2.3 Scoring methods

The original MRB-QoL uses a formula to convert scores on the MRB-QoL to a scoring
system ranging from 0 to 100, where O indicates best possible medication-related
burden QoL and 100 indicates the worst possible medication-related burden QoL
(Appendix 4). No established cut-off points have been determined to indicate
clinically meaningful scores. The same scoring formula was applied to the modified

version.
4.2.2.4 Data analysis

Statistical analysis was conducted using SPSS® version 28.0 software and IBM®

SPSS® Amos version 26.0.0 software. Descriptive statistics included the mean and
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standard deviation (SD) for normally distributed variables and the median and inter-
quartile range (IQR) for non-parametric variables. Differences in MRB-QoL scores
between dichotomous variables were compared using the independent ¢ test.
Associations between variables were assessed using Spearman’s correlation for non-
parametric variables and Pearson’s correlation for normally distributed variables. A

probability value of <0.05 was considered statistically significant.

Factor analysis and model fit
Model fit was evaluated using four commonly applied indices: root mean square error
approximation (RMSEA), comparative fit index (CFI), Chi square, and Tucker Lewis
Index (TLI). An increase in CFI indicates an improvement in goodness of fit, with a
threshold of >0.95 considered acceptable [183]. Conversely, lower RMSEA values

reflects a better fit, with a threshold of <0.07 considered acceptable [184].

Internal consistency and reliability
Internal consistency for each subscale was measured using Cronbach’s alpha (o)
coefficient (0 < a < 1) to ensure that items within each dimension measured the same
concept. A Cronbach’s a value > 0.70 was considered indicative of satisfactory

reliability for each factor [179,185]

Items were further examined for response distribution, missing data, kurtosis, and
skewness with corresponding z-scores. Item-level skewness and kurtosis values
between —1 and +1 were considered acceptable [186]. Z-values < 1.96 were considered
to indicate approximate normality (p > 0.05), while z > 1.96 indicated significant
deviation (p < 0.05).[186] Items with <15% of missing values were considered

acceptable in line with previous studies [179,185].
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Floor and ceiling effects
Floor and ceiling effects were defined as the proportion of respondents scoring the
highest (ceiling) or lowest (floor) possible score across any given item or factor.
Significant floor and ceiling effects were defined as >15%, indicating reduced

discriminatory power and limited sensitivity to change [179,185].

4.2.3 Phase 2. Qualitative research with potential end-users- Exploring
perspectives on the MRB-QoL through semi-structured interviews with older

adults attending the geriatric medicine OPD

4.2.3.1 Study design, setting and participants

One-to-one semi-structured interviews were conducted with a subset of participants
who had completed the MRB-QoL as part of Phase 1. Semi-structured interviews were
identified as the preferred method of data collection because they are well suited to
generating detailed, nuanced descriptions of participants’ experiences and
perspectives [153]. To obtain a range of patients’ perspectives, a stratified sampling
matrix was used to ensure that the semi-structured interviews were conducted with >4
participants aged >80 years and >4 participants aged between 65 and 79 years, and
with at least two males and two females represented in each age category. Participants

were selected using stratified purposive sampling from those who had completed the

MRB-QoL tool in Phase 1 [187].
4.2.3.2 Data collection

Immediately prior to their interviews, participants completed the MRB-QoL. An
interview topic guide was developed based on reviewing relevant literature [179,188].

The topic guide was designed to elicit patients’ perspectives on the accessibility,
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relevance, completeness, and length of the original tool as well as probe for any

recommendations to improve the MRB-QoL (Appendix 3).

All interviews were conducted in person by me (RD) between August and November
2024. All participants provided written and verbal consent immediately prior to their
interview. Field notes were recorded after each interview. All interviews were audio-

recorded and transcribed verbatim, with transcripts subsequently deidentified.
4.2.3.3 Sample size

It was decided a priori that two additional interviews would be conducted after the
initial eight, and that interviews would continue until there were at least two
contiguous interviews where no new major themes appeared, as this would help ensure
that the topic has been adequately examined [162]. This approach was aligned with
the principle of information power, whereby the richness and relevance of the data,
rather than a predetermined sample size, determine the number of interviews required

[189].
4.2.3.4 Data analysis

NVivo® software version 14 facilitated data analysis. The data were analysed
according to the method of Braun and Clarke [190]. Firstly, the transcripts were read
and re-read to ensure familiarity. Secondly, I conducted conventional content analysis,
which involved open coding to create non-hierarchical codes that were then grouped
into initial themes [163]. To enhance the reliability of coding, a second researcher, Dr
Denis Curtin (DC) independently identified themes across all transcripts. Themes
were then reviewed and discussed to define the themes and subthemes, followed by

selection of supporting illustrative quotes. Factors considered when identifying key
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themes included the frequency of beliefs, presence of conflicting beliefs, and the

strength of beliefs expressed [164].

4.2.4 Phase 2. Qualitative research with potential end-users- exploring
perspectives on the MRB-QoL through a focus group with experts in geriatric

medicine.

4.2.4.1 Study design, setting and participants

One focus group was conducted with four physicians, as decided a priori. The
inclusion criteria required that participants were working in geriatric medicine, at
consultant or specialist registrar (i.e. senior resident) grade, in the participating
university teaching hospital at the time of the interview. Potential participants were
identified through the professional network of the research team, and were invited to

participate via email, which included an information sheet and consent form.

4.2.4.2 Data collection and analysis

A topic guide was developed based on reviewing relevant literature encompassing
similar domains to the patient interviews (Appendix 3) [179,191]. Immediately prior
to the focus group, participants completed a short questionnaire collecting
demographic information (gender, grade, years of post-qualification experience). The
focus group was conducted in October 2024 by me and was audio-recorded,
transcribed, and analysed using the same methodology described previously in Section

4.2.3.
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4.2.5 Phase 3. Expert analysis of the MRB-QoL: evaluating for overlap,

relevance and wording

4.2.5.1 Expert panel composition

The panel consisted of four participants (including representatives from pharmacy and
geriatric medicine) with expertise in the care of older adults and pharmacotherapy in

this population.
4.2.5.2 Review process

The panel was provided with the MRB-QoL for review prior to the meeting. During
the meeting, each item was reviewed systematically for overlap with other items,
relevance to the construct being measured, and clarity of wording. A consensus-based
decision was made for each item, with the following possible outcomes: (i) retain item

unchanged, (ii) propose revised wording, or (iii) recommend removal.
4.2.5.3 Data analysis
All decisions were documented, including justifications for retaining, revising, or

removing items.

4.2.6 Phase 4. Consensus panel for developing the mMRB-QoL for older

multimorbid adults living with polypharmacy

4.2.6.1 Consensus panel composition

The panel was identified through the inter-professional network of the research team.
It was planned a priori to include at least two physicians and two pharmacists, with
the prerequisite that the panel included one physician and one pharmacist who had not

been involved in any other phase of the study.
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4.2.6.2 Consensus method

A nominal group technique (NGT) was used to finalise the mMRB-QoL by integrating
findings from the prospective study, qualitative research, and expert analysis
[192,193]. This is a recognised approach used to achieve consensus between
specialists in a particular field where expert opinion is important in shaping
judgements, and where the literature may be limited [193,194]. A key advantage of
NGT is that by including people with varied knowledge, expertise and skills, the
results are likely to be of higher quality than those obtained through other methods
[194]. The NGT method is typically modified to optimally suit the needs of the

research study and therefore is generally referred as the modified NGT (mNGT).

4.2.6.3 Process of mNGT

The mNGT process was designed in accordance with the steps described by Dunham
et. al (Figure 4.2) [194]. The results from the prospective study, the qualitative
research and the expert panel’s proposals were reviewed by me and summarised in a
document which provided suggestions for each MRB-QoL item (Appendix 4). This
document was distributed to the panel members in advance of the meeting to facilitate
‘silent idea generation’ and anonymous topic generation. By gathering written
feedback prior to the meeting, each participant had the opportunity to share their ideas
in an equal manner. Each participant reviewed all items in the document and provided
an individual response regarding whether the specific item should be retained, revised,
or removed. Participants were encouraged to base their feedback primarily on their
expertise and if required to utilise the qualitative data and statistical results to support
their decision. Participants were also invited to offer any additional comments, provide
feedback on the Likert scale, and suggest any new items they believed should be

included in the mMRB-QoL. Participants submitted their individual responses prior to
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the consensus meeting. Feedback was consolidated and a revised document was

prepared and shared with participants, summarising:

1.

The number of participants that agreed with the suggestion for each item.

2. Feedback received on individual items.
3. Proposed actions for each item, describing potential revisions if required.
4. Summary of additional feedback from the panel.

Pre-meeting Silent idea generation (in writing)

During meeting

Post-meeting Revised document proposed

I
!

Round robin (recording of ideas)

!

Silent reflection

!

Group discussion

!

Vote

l

|

Final approval - via email

Figure 4.2: Standardised process to modified Nominal Group Technique

4.2.6.4 mNGT meeting

A structured, in-person meeting was convened to facilitate group discussion on the

consolidated feedback. The meeting was led by the group facilitator (RD), who guided

participants through the process. Following an introduction, the participants were

asked to reflect on each subscale of the MRB-QoL. During the Round-Robin

discussion, each participant was encouraged to verbalise their feedback. This was
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followed by a group discussion where differing views were explored and justifications
for retaining, revising, or removing items were discussed.

If consensus on a particular item was not initially reached, participants provided
reasons for the lack of agreement. When necessary, items were revised based on
feedback from the panel. Following the mNGT meeting, a draft mMRB-QoL was
developed and shared with all participants for review, feedback, and re-voting on any

items yet to reach consensus.
4.2.6.5 Final consensus

There is no agreed level of acceptable consensus for NGTs [195,196]. However, it was

decided a priori that an 80% consensus level would be acceptable.

4.2.7 Phase 5. Final modifications and Patient / Public involvement (PPI)

4.2.7.1 Overview and rationale

PPI helps ensure patient-centred research, offering valuable insights through informal
discussions with PPI contributors rather than formal, structured interviews [197]. In
the context of questionnaire development, PPI contributes a greater understanding of
end-users’ experiences, ultimately enhancing the questionnaire’s usefulness. It can
reduce response error and response burden as well as improving questionnaire
comprehensiveness and relevance while minimising item ambiguity [198,199]. The
consensus-agreed draft of the mMRB-QoL for older adults with multimorbidity and
polypharmacy was reviewed by a PPI group, consisting of three older adults who

provided feedback.
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4.2.7.1 Contributors

No formal selection procedures were applied. Eligibility criteria required contributors
to be representative of the tool end-users, i.e. older adults living with multimorbidity
taking multiple daily medications. The opportunity to be involved in this study was
advertised to potential contributors through a panel within the School of Pharmacy,

University College Cork and through the research team’s social network.

4.2.7.2 Steps to PPI

A key enabler of effective PPI involves the development of strong rapport between
the researcher and the contributor, which encourages more detailed feedback [198].
PPI input consisted of informal discussions to build rapport and the use of Think Aloud
Task (TAT) methodology [200]. Contributors completed the questionnaire while
verbalising their thought processes, providing insight as to how they interpreted,
processed, and responded to individual items [198,200]. Issues identified during the
TAT sessions were then further explored in an open-ended follow-up discussion.
Contributors were encouraged to share additional feedback, and the researcher had an
opportunity to ask open questions to probe any issues they detected during the TATs.
Contributor feedback was incorporated into an updated version of the mMRB-QoL,
ensuring that final refinements enhanced its clarity and usability. This process
contributed to testing for face validity, confirming that the tool was comprehensive,
relevant, and appropriately structured for the target population. PPI contribution is

reported according to the GRIPP2 short form checklist (Appendix 2) [201].
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4.2.8 Reflexivity

i.  Research team background and professional experience
The research team included a research physician with specialist training in geriatric
medicine (RD), and two consultant geriatricians (Prof. Denis O’Mahony, DOM and
Dr Denis Curtin, DC). The team’s clinical and research expertise informed the study
design, data collection, and analysis. However, as in Chapter Three, the research team
was aware of the potential for subjectivity in this study and that the team’s background
could influence the study design, methods, and conclusion. Therefore, the following
steps were taken to leverage the advantages of the team’s expertise and mitigate biases

[166].

ii.  Mixed-methods approach
A mixed-methods approach was adopted to ensure methodological triangulation,
strengthening the findings’ wvalidity [202]. Triangulation was achieved through
integrating multiple data sources (quantitative and qualitative) and involved a diverse
range of perspectives on the mMRB-QoL through the consensus panel and PPI
involvement. This approach supported the development of a valid and appropriate

mMRB-QoL for older adults.

iii.  Mitigating against response bias
The research team recognised how participants’ awareness of the research objective
might influence their responses. For example, patients might attempt to provide the
‘right’ answers that they believe align with the researchers’ expectations, leading to
response bias. To mitigate this, I implemented strategies such as emphasising the
importance of honest feedback and designing questions that reduced the likelihood of

participants providing responses to perceived expectations.
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iv.  Insider positionality
As a physician with higher specialist training in geriatric medicine, I recognised my
‘insider position’ and was aware of the need to set aside my own perspectives and to
remain neutral when interviewing physician colleagues [167,168]. Potential study
participants were aware that I had specialist training in geriatric medicine; this

knowledge was beneficial in accessing potential participants within the OPD.

v.  Data interpretation of qualitative phases
It was recognised that the research team’s own biases could influence the
interpretation of perspectives during the analysis [165]. To challenge interpretive bias
and to foster critical reflection, I debriefed the team regularly throughout the analytical
process. Prior to finalising the thematic codes, the one of the consultant geriatricians

(DC) and I met to discuss the data findings and code development.

vi.  Framing of evidence
The final development phase of the mMRB-QoL included an expert consensus panel
that comprised individuals who had not been involved in earlier study phases. These
external perspectives challenged assumptions, enhanced objectivity, and supported the
rigour of the final development phase of the mMRB-QoL. Additionally, PPI was
incorporated to ensure that the modified tool would be relevant and accessible to end-
users. The inclusion of PPI contributors helped maximise acceptability and real-world

mMRB-QoL application.
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4.3 Results

4.3.1 Phase 1. Prospective assessment of MRB-QoL in older adults with

multimorbidity and polypharmacy

4.3.1.1 Patient characteristics

In total, 155 patients were enrolled in this study phase, of whom 87 (56.1%) were
female and the remainder male, with a mean (SD) age of 80.3 (6.23) years. Baseline
patient characteristics are presented in Table 4.1. The median (IQR) number of long-
term chronic conditions was 5 (4-6). A total of 1350 daily medications were prescribed
to 155 patients i.e. an average of 8.7 daily drugs per patient, and 52 (33.5%) patients
were prescribed 10 or more medications. The median (IQR) burden score was 23 (13-
34). A breakdown of the MRB-QoL score for each subscale is presented in Table 4.2.
Of the 155 MRB-QoL questionnaires, five (3%) were incompletely filled. No
participant left more than one statement blank. Items 18, 19, 23, and 29 were excluded

from analysis due to high levels of “non applicable” responses.

Table 4.1: Baseline patient characteristics and their associations with MRB-QoL

burden scores.

Variable Values P value
Number of medications [Median (IQR)] 8 (4-10) 0.942
Use of blister pack [Number of patients (%)]* 62 (41.9) 0.724
Co-morbidities [Median (IQR)] 5 (4-6) 0.569
Age [Mean (SD)] 80.3(6.23) 0.89
Sex [Female (%)] 87 (56.1) 0.65
Clinical Frailty Scale [Mean (SD)] 4.47 (0.9) 0.936

Abbreviations: MRB-QoL: medication-related burden quality of life; IQR:
interquartile range; SD: standard deviation.

Notes: Statistical tests included Spearman’s correlation, Pearson’s correlation, and the
independent t-test; *missing data for n=7 patients.
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4.3.1.2 Scale internal consistency, reliability, skewness and kurtosis

All subscales demonstrated acceptable internal consistency, except for Subscale D
which showed questionable internal consistency. Details of Cronbach’s alpha values
are presented in Table 4.2. Subscale means (SD), skewness, and kurtosis are also
reported in Table 4.2. Z-tests indicated significant skewing for Subscales D and E.
Significant floor effect was also observed in Subscales D and E, with a less

pronounced floor effect in Subscales A and C.
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Table 4.2: Scale Internal Consistency, Reliability, Skewness, and Kurtosis.

Factor/ Subscale Number of items Cronbach’s | Floor (%) | Ceiling (%) | Interpretation | Total Mean Skewness | Kurtosis
included in analysis | Alpha of Cronbach’s | Score and SD
A: Medicine Regimen and 11 0.851 20.6 0.6 Good 18.8 (14.9) 0.337 -0.767
routines of taking medicines Z=173 Z=-198
B: Psychological Wellbeing | 6 0.834 7.7 1.9 Good 39.1 (24.4) 0.361 -0.0518
Z=1.86 Z=-1.33
C: Physical Wellbeing 4 0.742 17.4 0.6 Acceptable 27.2 (20.3) 0.396 -0.467
Z=2.03 Z=-121
D: Health Services 3 0.68 45.1 0.6 Questionable 15.1 (16.9) 1.01 0.590
7518 7Z=1.52
E: Social Wellbeing 3 0.766 42.2 0.6 Acceptable 17.6 (19.8) 1.116 0.778
7Z=59 7=2.01

Note: Four items were excluded from analysis due to high levels of “non applicable” response
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4.3.1.3 Factor analysis

Confirmatory Factor Analysis (CFA) was performed using the previously proposed
five-factor model (Subscales A to E) from the original MRB-QoL study. Item numbers
in Figure 4.3 correspond to their number in the MRB-QoL, with factor loadings and
latent factor correlations also presented. Model fit indices were as follows: Chi: 0.000,

TLI=10.797, CFI = 0.82, and RMSEA = 0.082, indicating suboptimal model fit.

Item 1
Item 2 >
.52
Item 3
.63
Item 4 .79
Item 5 S1
- 83 = Subscale A
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Item 11
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Item 16 .65
Item 17
Item 20 .80
Item 21 32
75 =
Item 22 =
Item 24
Item 25 .53
64
Item 26 §
78
Item 27
37
Item 28 .58
Item 30 |e 83
.74
Item 31

Figure 4.3: Factor Model for Confirmatory Factor Analysis.

Note: Subscales correspond to the various factors within the MRB-QoL: Subscale A: Medicine
Regimen and routines of taking medicines; Subscale B: Psychological Wellbeing; Subscale C: Physical

Wellbeing; Subscale D: Health Services; Subscale E: Social Wellbeing.
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4.3.1.4 MRB-QoL associations

The total number of medications and co-morbidities were not significantly correlated
with total MRB-QoL scores. In addition, age, gender, and CFS were not significantly

associated with higher MRB-QoL scores (Table 4.1).

4.3.2 Phase 2. Qualitative research with potential end-users

4.3.2.1 Exploring older adults’ views and perspectives on the MRB-QoL

Ten semi-structured interviews were completed with patients according to the
sampling matrix (Table 4.3). The mean age was 81.0 years (SD 8.67). The mean

interview duration was 6.24 minutes (SD 3.26), range: 3 — 14 minutes.

Table 4.3: Sampling matrix details of patient participants.

Patient Number of interviewees Minimum number required as
Characteristic part of sampling strategy
Gender

Male 4 4

Female 6 4
Age

< 80 years 5 4

>80 years 5 4

Four key themes were identified from the interviews, as shown below, with

corresponding quotations shown in Table 4.4.

i.  Accessibility issues: wording clarity and font size
Several participants, particularly those over 80 years, reported difficulties in
comprehending certain statements, describing longer statements as “a bit confusing”.

The use of examples helped item understanding. While the font size was generally

144



acceptable, some participants suggested that increasing the font size could enhance

accessibility for older adults.

ii.  Manageable length, but preferably shorter with less repetition
Some participants found the length manageable, particularly as the MRB-QoL is
divided into different sections. In contrast, others felt that a shorter version would be
preferable, describing the current length as potentially “daunting” to complete. Many
interviewees commented on repetitive items within the tool, particular within

Subscales A and E.

iii.  Likert scale complexity
Several interviewees highlighted challenges in using the Likert scale, such as
distinguishing between response options such as ‘strongly agree’ and ‘agree’. A few
participants suggested that a simpler response format, such as ‘yes” and ‘no’, might
improve usability for older adults. Others suggested that MRB-QoL users may need
guidance on how to answer according to the Likert scale and assistance may facilitate

accurate response selection.

iv.  Questionable relevance and personal applicability of some items
Overall, participants felt that the MRB-QoL dealt with all key aspects of medication-
related burden. While some statements were perceived as “umnecessary” or
“irrelevant”, it was acknowledged that perceived relevance might vary between
individuals, influenced by personal circumstances. This was particularly noted for
sexual function-related statements. In contrast, statements related to stigma and social
embarrassment were generally deemed to be less relevant to most older adults. Content

gaps were also identified in relation to side effects.
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Table 4.4: Themes and illustrative quotations from semi-structured interviews with older adults attending the geriatric medicine
out-patient department.
Descriptor Quotations

Theme 1 — Accessibility: wording clarity and font size

Difficulty “...I could understand them all... I found it easy enough to read...” [Patient 8 (<80)]
comprehending

longer or complex “...some of them were a bit long. And the long ones tended to be a bit confusing”. [Patient 1 (>80)]
items

“I could find no problem (with completing the MRB-QOL), and I thought it was grand.” [Patient 2 (>80)]

“...some of them (item statements) were long and others were okay...shorter was easier (to understand) ”. [Patient 6 (>80)]

“[The wording is a]... small bit confusing, a couple of questions, such as number 25...” [Patient 5 (<80)]

“But some of them (item statements), you know were a bit confusing...the wording ... some words you don't understand, but if it is
in a simpler language, it would be easier for people.... well for the likes of me and other older people, it would be more

beneficial.” [Patient 6 (>80)]

“I thought it’s (Subscale D) hard to make out... the way they were stated.” [Patient 3 (<80)]

Visual readability “... if you had reading glasses, it would be very good, but if I took my time, I could manage it without my reading glasses.”
and font size [Patient 10 (<80)]
preferences

“I find this is quite comfortable ... but I'd have to put my reading glasses on.” [Patient 4 (<80)]

Examples help item “...the writing (font) ... for older people, it could be larger.” [Patient 6 (=80)]
understanding “... you re putting down examples as well - made that...made it easier (to understand) ... ” [Patient 3 (<80)]
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Theme 2 — Manageable length, but preferably shorter with less repetition

Shorter MRB-QoL
preferable

Perceived overlap
between items

Challenges
distinguishing
between response
options

“I think making it shorter would make it easier...” [Patient 10 (<80)]
“... if you need to ask all those questions then you need to, but I would prefer if there were less (items).” [Patient 1 (>80)]

“... it's nice that it's in segments...It may be a bit too long... it might be a bit daunting when you see it first and you know it's not
just that page... there's more at the back... maybe a little bit shorter.” [Patient 4 (<80)]

’

“It's a bit long... if you have less questions, and if it was more to the point of what you're trying to achieve it would be better.’
[Patient 6 (>80)]

“... it's not too short or it's not too long.” [Patient 3 (<80)]

“... maybe I or 2 of the questions could have been ...and I remember thinking, ‘that could have gone in with that other one’. But
maybe they just maybe want to be specific.” Patient 9 (>80)]

“... some repetition on ‘whether anybody cares’... I would say one answer would have done the lot.” [Patient 9 (>80)]

Theme 3 — Likert Scale Complexity

“...to define between ‘strongly agree’ and ‘agree’ ... I found it difficult to distinguish ...” [Patient 1 (>80)]

“...it was a bit tricky to do it (Likert scale) but I worked it out in the end and it was okay...” [Patient 5 (<80)]
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Assistance may “...if you give me a range of answers, 1'd rather just have yes or no. ... I can find these types of things ... a bit off-putting. .... I
facilitate accurate always feel unsure as to whether I've marked the right column ... it would be nice to have somebody there that could say ‘yes, if
response selection that's how you feel, you put it in this column or that column’.” [Patient 4 (<80)]

Theme 4 — Questionable relevance and personal applicability of some items

Personal “It really applies differently to different people....” [Patient 9 (=80)]

circumstances

influenced item “I think it's important to let the doctor ... know your feelings... I think they [the item statements] are important to ask.” [Patient 8
relevance (<80)]

“I found it necessary otherwise you're not going to have any background.” [Patient 9 (>80)]

Certain items not “I found a lot of the questions unnecessarily... like ‘you’re embarrassed, people seeing how much medicine you take’...” [Patient
applicable to all 6 (=80)]

“I found an awful lot of it irrelevant.” [Patient 7 (>80)]

“ ‘I'would rather not tell others I'm taking medicines regularly’... That was true in the olden days but definitely not now.” [Patient
1 (=80)]
“... sexually frustrated... everybody's built differently. I suppose that it would be necessary to some people.” [Patient 9 (>80)]

Content gaps
identified

Abbreviations: MRB-QoL: Medication- related burden- quality of life.

“I think there should be more questions on side effects.” [Patient 5 (<80)]
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4.3.2.2 Exploring geriatric medicine experts’ views and perspectives on the MRB-

QoL

The focus group consisted of two consultant physicians and two trainee physicians
completing specialist training in geriatric medicine (meeting duration: 28 minutes).
Two participants were female and two were male, with a median of 10 years’ post-
qualification experience (range: 5-13 years). Participants reached a consensus in
ranking the items in each subscale from most important to least important in terms of
content (Appendix 5). Two key themes were identified as shown below and

corresponding quotations are presented in Table 4.5.

i.  Repetition and redundancy between multiple items
The participants identified redundancy within the MRB-QoL, noting that several items
address similar concepts with only minor differences in wording. This was particularly
evident within subscales A and E. It was suggested that streamlining these sections

could enhance usability, making the tool more accessible for older adults.

ii. Relevance and completeness of content
Overall, the tool was considered highly relevant to older adults, particularly in relation
to Subscales B, C, and D. Certain items were perceived as less relevant to older people

depending on clinical context and personal circumstances.

Additionally, participants highlighted two potential aspects of medication-related
burden relevant to older adults which are not measured in the tool. These include the
challenge of medication management in a fragmented healthcare system and the social
impact of complex medication regimens, particularly when family/carers assist with

medication management and organisation.

149



Table 4.5: Themes and illustrative quotations from focus group with experts in geriatric medicine

Descriptor Quotation

Theme 1 — Repetition and redundancy between multiple items

Many items address “They are all sorts of variations on a theme.” [Physician 3]

similar concepts with

only minor “There is a bit of duplication ... (items) four, six and ten are similar, the fitting medication routine into my schedule’ and
differences in ‘sometimes cancelling my schedule’... ” [Physician 1]

wording, resulting in

perceived repetition. | “/t might be ... simpler to administer to older people if it was ... streamlined or narrowed ... (Section A) could definitely be

narrowed ... the physical act could be tied into one thing (item) ... the organisation of the medications, is it convenient opening
the packages, difficult to organise .... There is a bit of repetition, but it is relevant, definitely.” [Physician 3]

“...(items) 18 and 19 - similar theme and 21 and 22 - similar theme...” [Physician 1]

Theme 2 — Relevance and completeness of content

Limited relevance of | “... reminded of one's health problems’... I don't know that that's a theme that I encounter much in clinic, people don't like
some items to older | polypharmacy, but they don't usually say to me, ‘this reminds me that I have heart failure’.” [Physician 2]
people

“They're all [Subscale D] pretty relevant here.” [Physician 3]
“...maybe for a younger person this is relevant (Subscale E), but for an older person, less so...” [Physician 4]

“.it's [medication management] one of the things that interferes with people’s independence at an early point, they can
manage a lot ... but they mightn’t be able to manage their medications and everybody gets very excited.” [Physician 3]
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Important content “I think impact on your care system and needing assistance with medication, such as having to blister pack, supervise
gaps medications etc. I think that's relevant ... because, if you have a carer doing it and your medications are blister packed, you
would score low burden in Section A.” [Physician 1]

“... patients have to bring medications to their appointments. We are relying on patients to relay what medications [they are
using]. [ think one of the things is that patients they end up coming to A&E, telling ED, telling the medical SHO, telling the
team.... duplication of interactions with different doctors.” [Physician 1]

Abbreviations: A&E: Accident and Emergency i.e. Emergency Department); ED: Emergency department; SHO: senior house officer i.e. junior resident.
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4.3.3 Phase 3. Expert analysis of the MRB-QoL: evaluating for overlap,

relevance, and wording

4.3.3.1 Expert panel composition

The panel consisted of four participants with expertise in the care of older adults and
pharmacotherapy in this population. The panel consisted of three physicians (two
consultants in geriatric medicine and one physician completing specialist training in
geriatric medicine) and one academic pharmacist with expertise in geriatric

pharmacotherapy.

4.3.3.2 Review outcomes

Expert analysis of the MRB-QoL produced recommendations for item refinement to
enhance clarity, relevance, and alignment with the construct of medication-related
burden in older people. Of the 31 items reviewed, four were recommended for
retention in their original form. Revised wording was proposed for 13 items, and it
was suggested that 14 items be removed from the mMRB-QoL, with their core
concepts, in some cases, integrated into the revised items. The recommended

modifications for each item are summarised in Appendix 5.

4.3.4 Phase 4. Consensus panel for developing the mMRB-QoL for older adults

living with multimorbidity and polypharmacy

4.3.4.1 Panel composition

All invited panellists agreed to participate. The panel consisted of five experts in
pharmacotherapy and clinical management of older adults, as well as the primary
researcher acting as facilitator. The panel consisted of three physicians (two

consultants in geriatric medicine and one senior academic general practitioner) and
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two pharmacists with expertise in older adults with polypharmacy. The median post-
qualification experience was 16 years (range 10 to 39 years). One physician and one
pharmacist who had not been involved in earlier study phases provided an external
perspective. All panellists completed the pre-mNGT meeting feedback document and

attended the in-person meeting.
4.3.4.2 Pre-mNGT meeting feedback

The original MRB-QoL was considered conceptually relevant but requiring

modifications to enhance applicability for the target population.

Proposals were based on results from the previous three stages. Each of the 33 items
(31 items from the original MRB-QoL plus two newly proposed items) were
independently evaluated for inclusion. Consensus agreement (>80%) was achieved for
30 items regarding inclusion. A complete summary of all 33 item outcomes is

presented in Table 4.6.

Some panellists recommended using consistent terminology (e.g. “medication” rather
than “medicines”) and standardising syntactic patterns (e.g. consistently phrasing

items as “I find it difficult to...” rather than alternating with “I find it hard to...”).

The panel reviewed feedback from the qualitative research regarding the Likert scale.
Some panellists emphasised that any modifications would need to preserve metric

equivalence with the original format.
4.3.4.3 mNGT meeting

The meeting was attended in full by all panellists. All 33 items (31 from the original
MRB-QoL plus two newly proposed items) were sequentially reviewed. Outcomes are

displayed in Figure 4.4. For the items with consensus for inclusion pending wording
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adjustments, revised phrasing was discussed and agreed upon, with an emphasis on
maximising relevance to older people with multimorbidity and polypharmacy,

improving clarity, reducing the length, and standardising terminology and syntax.

Discussion also led to the addition of two new items deemed highly relevant to the
construct of medication-related burden in the target population: one focused on
cognition-related medication side effects and one focused on the challenges of
attending follow-up appointments for medication monitoring. These additions were
supported by expert opinion and relevant literature, and consensus was reached on

their inclusion [203].

Original MR B-Qol Additional
n=31 n=2
Pre mNGT l l l l
Remove Incorporate Revise No Consensus Revise
n=10 n=4 n=14 n=3 n=2
mNGT ] ‘
Meeting
Remove Incorporate Remove Incorporate Revise Revise Incorporate Revise Additional
n=10 n=4 n=1 n=1 n=12 n=2 n=1 n=2 n=2
Post mMNGT
Revise Additional
n=14 n=4

L J

Final

Outcome mMRB-QoL

n=18

Figure 4.4: Item Outcomes from modified Nominal Group Technique

Abbreviations: MRB-QoL: medication-related burden quality of life; mNGT: modified
Nominal Group Technique
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The Likert scale format and wording was also reconsidered. While alternatives were
explored, consensus was reached to retain the original format to ensure metric
equivalence, supplemented by an optional explanatory sheet for end-users to support

consistent interpretation [204].

The mNGT process achieved >80% consensus on an 18-item modified MRB-QoL.
Detailed item-level consensus outcomes and rationales are presented in Table 4.6.

4.3.4.4 Post mNGT meeting

Following the mNGT meeting, the 18-item mMRB-QoL was compiled and circulated

via email to the panel for final feedback and approval, resulting in minor adjustments.
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Table 4.6: Consensus outcomes and rationales

Item @ Original statement
No.

Initial Proposal and Initial

rational consensus
agreement
No. (%)

Feedback

Outcome of Consensus
mNGT Meeting agreement
No. (%)

Subscale A: The following statements are about the burden associated with the medicine regimen and routines of taking medicines.

Final item from

inclusion

1 I find it difficult
organising my
medicines

2 I find it hard keeping

my medicines record

3 It is difficult for me to
manage my routines
associated with my
medicine taking

Retain as is,

‘I find it difficult
organising and
maintaining an up-to-date
list of my medicines’

2 (40%)

Incorporate into Item 1
Overlap with Item 1 -
amalgamate into one item

2 (40%)

Reframe as new item to
increase relevance to
older adults with
multimorbidity and
polypharmacy

‘I need help organising
my medications (carer
assistance / blister pack)’

2 (60%)

Retain Items 1 & 2 as
individual items.
“Organising and keeping an
up-to-date list of meds are
different issues...by
incorporating both into the
same question you risk losing
relevant information”.

Retain as individual item
“the patient may not maintain
an up-to-date record/list... is
it more about ‘keeping track’
of what medication they are
on’.

“Is the burden offset by help?

Do not incorporate
Item 2.
Incorporate item 3.

5 (100%)

Retain as individual
item.

#

5 (100%)

Important concept.
But does it capture
‘transfer’ of burden
to carer/family.
Incorporate the
concept of
‘managing
medications’ into
Item 1.

5 (100%)

I find it difficult

organising and/or

managing my
medication
without help
(carer/family).

I find it difficult

keeping an up-to-
date record of my

medication.

Not applicable
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Fitting medicine
routines into my other
life schedules is a
difficult task for me

Taking medicine/s
interferes with my
physical activities

It is difficult to
balance my daily life
schedules with taking
medicines

My current medication
regimen is not simple
for me to manage (e.g.
injections, tablets, eye
drops)

Reword as,

‘My medicine schedule
restricts me in my daily
routine’.

This terminology better
captures the impact of
medicine routines on
older adults

Medicine routine—
medicine schedule

Life schedule — daily
routine

Remove, concept
adequately covered in
Item 4

Remove, concept
adequately covered in
Item 4

Reword as,

‘Taking my medicines is
challenging (e.g.
injections, swallowing
tablets, eye drops,
inhalers, opening
medicine containers)’
This suggested phrasing
improves comprehension

5 (100%) Consensus agreement with
proposal with minor wording
adjustments

5 (100%) Consensus agreement with
proposal to remove

5 (100%) Consensus agreement with
proposal to remove

5 (100%) Consensus agreement with

proposal with minor wording
adjustments

Retain
*

No change to initial
proposal

No change to initial
proposal

Retain
*

5 (100%)

5 (100%)

5 (100%)

5 (100%)

My medication
schedule restricts
me in my daily
routine.

Not applicable

Not applicable

Taking my
medication is
challenging (e.g.
injections,
swallowing
tablets, eye drops,
inhalers, opening
medication
containers).
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10

11

Understanding the
instruction on my
medicine/s is
challenging at times

My current medicine/s
are not in a convenient
form for me to take
(e.g. difficult to
swallow, unpleasant
taste/ smell)

Sometimes I have to
cancel my daily
schedules because of
my medicines

Opening the package
of my medicines is
sometimes a difficult
task for me (e.g. child-
proof caps)

Reword as,
‘Understanding the exact
instruction on my
medicine’s label is
challenging at times (e.g.
timings in relation to
other medications/ food
etc)

5 (100%)

Examples added to
improve clarity of
statement

Incorporated into Item 7,
overlap and

poor individual factor
loading

5 (100%)

Remove, less relevant to
older adults and
overlap with Item 4

5 (100%)

Incorporated into Item 7.
Low factor loading and
overlap with Item 7.

5 (100%)

Consensus agreement with
proposal with wording
adjustments

“... the word
exact...complicates the
sentence”.

“Instructions are not just on
labels”.

Consensus agreement with
proposal -incorporated

Consensus agreement with
proposal to remove

Consensus agreement with
proposal -incorporated

Retain item with
some wording
changes
-Remove ‘exact’

-Remove ‘at times’
*

No change to initial
proposal

No change to initial
proposal

No change to initial
proposal

5 (100%)

5 (100%)

5 (100%)

5 (100%)

Understanding the
instructions on
my medication is
challenging (e.g.
timings in relation
to other
medication/food
etc).

Not applicable

Not applicable

Not applicable
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Subscale B: The following statements are about the impact of medicines associated burden on psychological wellbeing

12

13

14

15

It bothers me that I
have to take
medications for the
long term

I am concerned about
the number of
medicines [ am on

I worry about the long-
term effects of
medicines on my
health

Taking medicines on a
regular basis reminds
me of my health
problems

Incorporate into Item 13,
the number of long-term
medications is often more
significant to older adults

Reword as:

‘I am concerned about the
number of long-term
medications [ am on’

Reword as,

‘I worry about the long-
term side- effects of
medicines on my health’

Some of the ‘effects’ may
be positive and not a
cause for worry

Remove, not deemed
relevant. Low factor
loading.

5 (100%)

5 (100%)

5 (100%)

5 (100%)

Consensus agreement with
proposal - incorporated

Consensus agreement with
proposal with wording
adjustments

‘I am bothered by the number
of long-term medications I am
on’

Consensus agreement with
proposal with wording

adjustments

Add ‘potential’ side effects

Consensus agreement with
proposal to remove

No change to initial
proposal

5 (100%)

Decision to retain
the word ‘concern’

5 (100%)

Retain with changes
#

-Change ‘worry’ to
‘concern

-Add the word
‘possible’

-Remove term ‘on
my health’

5 (100%)

No change to initial
proposal

5 (100%)

Not applicable

I am concerned
about the number
of long-term
medications [ am
on.

I am concerned
about the possible
long-term side
effects of my
medication.

Not applicable
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16

17

I am concerned that
my medicines may
interact with each
other

My medicines signify
me as not being
healthy

Retain as and reword, 5 (100%)
‘I am anxious that my

medicines may interact

with each other’

Remove, less relevant 5 (100%)

Consensus agreement with
proposal with wording
adjustments

‘I am concerned that my
medications may be affected
by other medicines, food, or
drink’

Consensus agreement with
proposal to remove

Retain with changes
*#

-Change ‘anxious’ to
‘concerned’

Discussion on
whether to include
interactions with
food/ drink (incl.
alcohol). Decision
not to include to
maintain consistency
with original item
No change to initial
proposal

Subscale C: The following statements are about the impact of medicines associated burden on physical wellbeing.

18

19

I am sometimes
sexually frustrated
because of my
medicine/s

I am unable to relax
and enjoy sex because
of my medicine/s

Remove, concept 5 (100%)
adequately covered in

item 19

Reword as, 5 (100%)

‘Some of my medications
negatively affect my sex
life’

Consensus agreement with
proposal to remove

Move this item to the end of

Section C

The use of ‘some of” implies

more than one

No change to initial
proposal

Retain with changes
-Move to end of
section

-Remove term ‘some

of’

5 (100%)

5 (100%)

5 (100%)

5 (100%)

I am concerned
that my
medication may
interact with each
other.

Not applicable

Not applicable

My medication
negatively affects
my sex life.
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20

21

22

23

24

Some of my medicines
slow down my
physical health

I often have a bad
night’s sleep because
of my medicine/s

Because of my
medicine/s I feel too
tired to perform
physical activities

I work less than usual
because of the effect
of my medicine/s

Some of my medicine
make me feel
uncomfortable due to
side effects

Retain and improve
clarity

‘Some of my medicines
slow me down’.

Reword as, ‘I often sleep
poorly because of my
medicine’s’

This suggested phrasing
improves comprehension

Reword as ‘Because of
my medications I have
less energy for daily
activities’

Remove, low relevance to
older adults

Reword to improve
clarity

‘Some of my medications
cause unpleasant side-
effects’

5 (100%)

5 (100%)

5 (100%)

5 (100%)

5 (100%)

“Add ‘physically’ (as distinct
from
mentally/psychologically)”
The use of ‘some of” implies
more than one

Consensus agreement with
proposal with wording
adjustments

Consensus agreement with
proposal with wording
adjustments

Consensus agreement with
proposal to remove

Consensus agreement with
proposal with wording
adjustments

The use of ‘some of” implies
more than one

Retain and reword.
Incorporate item 20
into this item.
Decision made not
to add ‘physically’
and to prioritise
keeping statement
short and clear.
Retain with changes
*

-Remove term
‘often’, frequency
implied in Likert
scale

Rediscussed at
meeting, the
decision was
revised; due to
conceptual overlap,
it was incorporated
into Item 20

No change to initial
proposal

Retain with changes
#

-Remove term ‘some
of’

5 (100%)

5 (100%)

5 (100%)

5 (100%)

5 (100%)

I have less energy
for daily activities

and/or feel
‘slowed down’
because of my
medication.

I sleep poorly
because of my
medication.

Not applicable

Not applicable

My medication

causes unpleasant

side effects.
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New
item

Proposal to include a specific
item on the side effects of
medication on cognition

Subscale D: The following statements are about medication burden related to health services.

Consensus 5 (100%)
agreement with

proposal- very

relevant side effect,

particularly in the

target population

My medication
negatively affects
my memory and
concentration.

25 I am not treated with
respect and dignity as
a patient

26 My doctor doesn’t take
into account the health
of my body, mind and
spirit

27 My doctor/s talk about
my medicine/s as if
I’m not there

Reword as

‘I am not treated with
respect and dignity by
healthcare professionals’,
to improve specificity
related to health services

Reword as,

‘My doctor doesn’t
consider my opinions and
preferences regarding my
medication’

‘body, mind and spirit’ is
not common terminology
used by older adults

Incorporate into item 26,
overlap between both
items

4 (80%)

5 (100%)

5 (100%)

Consensus agreement with
proposal with wording
adjustments

Proposed alternative option
‘My doctor does not consider
my physical health, mental
health, and emotional well-
being all together’

Consensus agreement with
proposal to incorporate

Discussion and 5 (100%)
decision made to
remove item- vague
statement, does not
clearly relate to
MRB and significant
floor effect
measured in Phase 1
Retain with change:
-Change ‘doesn’t’ to
‘does not’ to
improve clarity

5 (100%)

No change to initial | 5 (100%)

proposal

Not applicable

My doctor does
not consider my
opinions and
preferences
regarding my
medication.

Not applicable
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‘Poor communication 5 (100%)
about my medications
between healthcare
services places a burden
on me’.

This item was added
based on focus group
feedback highlighting that
healthcare services are
poorly coordinated
regarding medications,
potentially placing a
significant burden on
patients.

Additional Item

Additional Item

Suggestion to provide some
examples of healthcare
services (e.g. my GP, the
hospital and the pharmacy)
‘Suggest ‘It is difficult for me
when changes in my medicines
are not clearly communicated
between healthcare services
(e.g. hospital and GP)’

Term ‘GP’ not
internationally
recognised- family
doctor better

Examples added to
statement

Appointments and
monitoring (i.e.
phlebotomy, blood
pressure monitoring)
in relation to
medications can
place a significant
burden on patients.

Subscale E: The following statements are about the impact of medicines associated burden on social wellbeing.

28

29

I would rather not tell =~ Remove, conceptual 5 (100%)
others I’m taking overlap with Item 30

medicines regularly

I get embarrassed Remove, not relevant to 5 (100%)

using my medicines in | target cohort

public

Consensus agreement with
proposal to remove

Consensus agreement with
proposal to remove

No change to initial
proposal

No change to initial
proposal

5 (100%)

5 (100%)

5 (100%)

5 (100%)

I find it difficult
when changes in
my medication
are not
communicated
between
healthcare
services (e.g.
hospital and
family doctor).

I find it difficult
to manage and/or
attend
appointments in
relation to my
medication (e.g.
bloods, follow
ups).

Not applicable

Not applicable
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30 I feel stigmatized
because of what
people say about the
medicine’s I take

31 If people found out I
was on medicines,

they would see me as

weak
Additional Item

Reword as, ‘I would feel
embarrassed if people
knew about the number
and/or types of medicines
I take regularly’. This
suggested phrasing
improves comprehension
Remove, not relevant

‘It bothers me that
someone else has to
organise my medicines’.
This item was added
based on focus group
feedback that needing
assistance with
medications may impact
social wellbeing

5 (100%)

5 (100%)

5 (100%)

Consensus agreement with
proposal with wording
adjustments

Consensus agreement with
proposal to remove

‘Organise’ is only one aspect
of medication management
Proposed alternative option:
It bothers me that someone
else helps me with my
medications’

Note: * ‘Medicine’ was changed to ‘medication’ throughout for consistent wording across items.
# Syntax was edited for consistent phrasing across items.

Retain with change:
-Remove term
‘regularly’

No change to initial

proposal

Retain as proposed
alternative option

5 (100%)

5 (100%)

5 (100%)

I would feel
embarrassed if
people knew
about the number
and/or types of
medication I
take.

Not applicable

It bothers me that
someone else
helps me with my
medication.
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4.3.5 Phase 5. Final modifications and Patient & Public involvement

4.3.5.1 Contributors

Three PPI contributors participated (two males, one female), with an age range of 65
to 87 years. All contributors were living with multimorbidity and were taking > 5 long-
term medications daily. One PPI contributor had prior experience with PPI exercises.
One-to-one meetings were arranged to take place in a location that suited the

contributor.
4.3.5.2 Outcome

Contributors completed a Think Aloud Task (TAT) while reviewing the first mMRB-
QoL draft. Overall, contributors reported that the mMRB-QoL was user-friendly and
relevant to older adults. Minor modifications were suggested, including repetition of
the Likert scale halfway down the page and minor wording adjustments. The resulting

final version of the mMRB-QoL tool is displayed in Figure 4.5.
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(mMRB-QoL) Tool

The modified Medication-Related Burden Quality of Life

Name/ID

Date:

Based on the past two weeks, indicate how much you agree or disagree with each statement.

Section A: The following statements are about the burden associated with yo

ur medication regimen.

Strongly | Agree Neither Disagree | Strongly | Not
agree agree nor disagree | applicable
disagree
1 | Ifind it difficult organising and/or managing my
medication without help (carer/family).
2 | Ifind it difficult keeping an up-to-date record of my
medication.
3 | My medication schedule restricts me in my daily routine.
4 | Taking my medication is challenging (e.g. injections,
swallowing tablets, eye drops, inhalers, opening
medication containers).
5 | Understanding the instructions on my medication is
challenging (e.g. timings in relation to other medication/
food etc).
Section B: The following statements are about the impact of medicines associated burden on psychological wellbeing.
6 | I am concerned about the number of long-term
medications I am on.
7 | I am concerned about the possible long-term side effects of
my medication.
8 | I am concerned that my medication may interact with each
other.
Section C: The following statements are about the impact of medication associated burden on physical wellbeing.
Strongly | Agree Neither Disagree | Strongly | Not
agree agree nor disagree | applicable
disagree
9 | Isleep poorly because of my medication.
10 | I have less energy for daily activities and/or feel ‘slowed
down’ because of my medication.
11 | My medication causes unpleasant side effects.
12 | My medication negatively affects my memory and
concentration.
13 | My medication negatively affects my sex life.
Section D: The following statements are about medication burden related to health services.

14 | My doctor does not consider my opinions and preferences
regarding my medication.

15 | I find it difficult when changes in my medication are not
communicated between healthcare services (e.g. hospital
and family doctor).

16 | I find it difficult to manage and/or attend appointments in

relation to my medication (e.g. bloods, follow ups).

Section E: The following statements are about the impact of medications associated burden on social wellbeing.

17 | I would feel embarrassed if people knew about the number
and/or types of medication I take.
18 | It bothers me that someone else helps me with my

medication.

Figure 4.5: Final version of the mMRB-QoL tool.

166




4.4 Discussion

This study describes the novel development of the first PROM specifically designed
to evaluate medication-related burden in older adults with multimorbidity and

polypharmacy.

Findings from Phase 1 highlighted the challenges in applying the original MRB-QoL
in this cohort. CFA demonstrated a ‘poor’ model fit and while some degree of overlap
between factors is expected, a stronger model fit would typically be anticipated [205].
Furthermore, several subscales demonstrated significant floor effects, indicating
limited effectiveness at discriminating between respondents [179]. Overall MRB-QoL
burden scores were relatively low, and no significant correlation was observed
between the number of medications, and number of comorbidities with reported
burden — findings consistent with previous research in similar cohorts [108,139,206].
Potential explanations include caregiving support, adaptation to long-term treatment,
and difficulty distinguishing the impact of long-term health conditions from adverse
or burdensome effects of medication [108,139]. Additionally, limitations in the
relevance and sensitivity of the original MRB-QoL may have restricted its ability to
accurately measure medication-related burden in this population [108,206]. These
findings indicated that reducing item number would be insufficient and that
modification was required to ensure relevance, clarity and appropriateness for the
target population. Such adjustments would address both the practical challenges and
deficiencies of the original tool and strengthen the reliability and validity of the

mMRB-QoL in older adults with multimorbidity and polypharmacy.

Scale modification is commonly undertaken, and almost half (45.8%) of published

assessment scales are reported as adapted from earlier versions [204]. However, scale
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shortening and modification is often based on weak methodological processes that
limit the validity and utility of the modified or abbreviated scale [178,207-209].
Where a gold standard exists, modification should be based on criterion validity;
however, for constructs such as QoL, there is no gold-standard measurement. One
commonly used but flawed method in such scenarios is to rely excessively and
uncritically on statistical results such as Cronbach’s alpha coefficient or factor analysis
to select items. This can result in problems of component under- or over-extraction,
resulting in a poor selection of items to retain and reduced construct validity [178,207].
To overcome this challenge, the present study followed a transparent mixed methods
process that integrated psychometric analysis, qualitative insights, expert consensus,
and PPI contribution. Notably, half of the participants in the qualitative phase were
aged 80 years or older, a deliberate sampling strategy designed to ensure that the
perspectives of the oldest population cohort informed scale modification and enhanced
relevance and sensitivity of the mMRB-QoL for the target population. Item-level
decisions were driven primarily by expert consensus, supported by questionnaire
results [178,207]. The final PPI review ensured usability and appropriateness for older
adults. This triangulation of data sources preserved the psychometric, construct and
content validity of the original MRB-QoL while ensuring that the mMRB-QoL is

firmly grounded in the lived experiences and preferences of end-users.

The mNGT process facilitated structured expert consensus, enhancing methodological
transparency and supporting item refinement. Retaining the original conceptual model
and Likert response format ensured continuity and comparability with the original
MRB-QoL, while wording revisions were made to improve clarity and discrimination
between respondents [204,210]. Although items relating to sexual function generated

high levels of ‘not applicable’ responses during the prospective assessment of the
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MRB-QoL, the panel concluded that omitting this aspect entirely would
inappropriately exclude a less common yet important aspect of medication-related

burden in older adults [209].

4.4.1 Comparison with existing literature

Concerns regarding scale sensitivity and relevance of existing PROMs are supported
by a systematic review by Lesage et al. [211]. In this review, which examined studies
measuring the impact of medical interventions on patient-reported burden of
treatment, the authors suggest that the use of inappropriate outcome measures that lack
specificity and relevance may explain the absence of change in patient-reported burden
[211]. This highlights the need for a specific tool for older adults living with

multimorbidity and polypharmacy.

Similar challenges have been reported with other treatment and medication-burden
questionnaires. In a UK study evaluating the MTBQ in adults over 55 years, Morris et
al. reported only modest psychometric performance and suggested that MTQB, in its
current form, was not appropriate for use in routine clinical practice [212]. The study
also demonstrated an inverse relationship between age and reported burden, a
phenomenon also observed in other studies [141,213]. While this may be attributable
to factors such as fewer competing demands following retirement, increased formal
and informal support, and changing expectations regarding healthcare burden, it may
also reflect reduced sensitivity of existing instruments when applied to older

populations living with multi-morbidity.

Other medication-focused instruments also have limitations when applied to older
adults with polypharmacy. For example, the Living with Medicines Questionnaire

(LMQ) assesses aspects of medicine-related burden but comprises 41 items and was
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developed primarily in younger adult populations [140]. In its development and
validation study, over 90% of participants were aged under 65 years and more than
half were taking fewer than five medications. These design characteristics may impose

a high respondent burden and limit feasibility and relevance in frail older adults.

4.4.2 Strengths and limitations of study

The principal study strength was its mixed-methods design, integrating statistical
analysis, qualitative input from end-users (both questionnaire administrators and
respondents), expert consensus and PPI contribution. Compared to the original MRB-
QoL, the modified version has the advantage of greater relevance and conciseness,
providing a comprehensive yet user-friendly scale to measure older patients’

medication-related quality-of-life burden.

Despite efforts to include the most important items and to maintain the holistic view
over all areas important to QoL, shortening the MRB-QoL may have compromised
the ability to address specific issues relevant to the respondent. Additionally, as with
all patient-reported measures, further validation steps are required including
confirmatory factor analysis, test-retest reliability, sensitivity and responsiveness of

the mMRB-QoL in diverse populations and clinical settings.

4.5 Conclusion

The mMRB-QoL is the first patient-related outcome measure specifically designed to
assess the individualised impact of medication-related burden in older adults with
multimorbidity and polypharmacy. It represents a comprehensive and substantial
modification of the original MRB-QoL. It has the potential to support healthcare

professionals and researchers to recognise and understand the impact of polypharmacy
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on the QoL of older people. However, further internal and external validation is
required before the mMRB-QoL can be integrated into clinical practice or used as an

outcome measure in pharmacotherapy research studies in older people.
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CHAPTER FIVE

Summary and Conclusion
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5.1 Summary of research findings

This thesis examined important aspects of adverse medication outcomes experienced
by older adults living with multimorbidity and polypharmacy. While advances in
pharmacotherapy over the past century have substantially improved health outcomes
and longevity, they have also contributed to a polypharmacy culture and consequently
patients can be subjected to complex and burdensome medication regimens.
Prescribing in older patients with multimorbidity is also complicated by the
organisation of modern healthcare, which remains largely structured around individual
disease frameworks with limited integration between specialities and disconnected
information systems across community and hospital settings. These factors, along with
the practice of excluding representative older adults with multimorbidity and frailty
from clinical trials, increases the risk of problematic prescribing and medication-
related harm. This thesis has focused on prescribing cascades and medication-related
burden, which despite their clinical relevance, remain under-investigated and under-
recognised as adverse outcomes in clinical practice. Accordingly, this thesis aimed to
contribute to the medical literature by expanding the understanding of prescribing
cascades and by developing a patient-reported outcome measure (PROM) specifically
designed to assess medication-related burden in older adults with multimorbidity and

polypharmacy.

Older adults living with multimorbidity and polypharmacy were the primary focus of
this thesis. This cohort is particularly vulnerable to medication-related harm due to
increasing comorbidity burden, frailty, age-related physiological changes and frequent
under-representation in clinical research. Across the studies described in Chapters 2
and 4, a total of 540 patient participants were included, with comparable clinical and

pharmacotherapy characteristics in both studies. The cohort had a mean age of 80.2
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years. Almost all (95%) were living independently with multimorbidity and
polypharmacy in the community i.e. not in institutional care. Almost half (45.5%) had
major polypharmacy i.e. > 10 daily long-term medications and approximately one
third (31.8%) were classified as moderately or severely frail according to Rockwood’s
Clinical Frailty Scale [214]. Half of the patient participants in the qualitative research
study were aged 80 years or older, a deliberate sampling strategy. The patient
participants included in this thesis therefore reflect ‘real-world’ older adults at high

risk of adverse medication outcomes, commonly encountered in clinical practice.

In Chapter 2, I investigated the prevalence of potential prescribing cascades in
hospitalised older adults with multimorbidity and polypharmacy. Prescribing cascades
were identified according to two explicit lists that had been published shortly before
the design and conduct of the data collection i.e. the ThinkCascade list and the Doherty
list. A prescribing cascade assessment tool was developed to standardise classification
in alignment with the WHO-UMC’s ADR causality assessment tool [79,86,147]. The
prescribing cascade assessment tool provides clear guidance on the likelihood of a
prescribing cascade, is easy to apply, and has demonstrated excellent inter-rater

reliability (ICC 0.935 (95% CI [0.884, 0.964])).

Using these sets of explicit prescribing cascade criteria, potential prescribing cascades
were identified in approximately two-fifths (39.4%) of patients, of which 41.4% were
classified as possible and 4.6% as probable. The most frequently identified probable
or possible prescribing cascade was diuretic to overactive bladder medication. Patients
with potential prescribing cascades experienced higher levels of polypharmacy and
higher comorbidity burden compared to patients with no identified prescribing

cascade. Notably, over three quarters of identified prescribing cascades remained in
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place at the time of hospital discharge i.e. they were either not identified or were
identified and not corrected. This study demonstrated that potential prescribing
cascades are highly prevalent among hospitalised older adults and are under-

recognised.

In Chapter 3, qualitative research was conducted to examine factors influencing
recognition of prescribing cascades. Semi-structured interviews were conducted with
hospital physicians across all grades, from intern to consultant. This is the first study
to explicitly elucidate determinants affecting recognition of prescribing cascades by
hospital-based physicians. The findings supported the hypothesis that prescribing
cascades are under-recognised in clinical practice. Four TDF domains appeared as
predominant, namely: ‘Environmental context and resources’, ‘Knowledge’,
‘Social/professional role and identity’, and ‘Social Influences’. Knowledge of
prescribing cascades was limited among all interviewees. Some, particularly senior
physicians, were unfamiliar with the term ‘prescribing cascade’. Furthermore, no
interviewee could recall hearing the term ‘prescribing cascades’ ever being explicitly

mentioned in a clinical setting.

Chapter 4 addressed medication-related burden and its impact on quality of life (QoL)
through the development of the mMRB-QoL, a modified short form of the original
MRB-QoL [137]. The MRB-QoL was selected for adaptation due to its strong
conceptual foundation and prior validation; however, limitations were identified when
applied to older populations i.e. its length, complexity, and questionable relevance of
some items. It is distinct from generic health-related quality of life tools as described

in Chapter 1, which measure broader treatment burden or combine medication-burden
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with other constructs such as morbidity, non-pharmacological treatments, limiting

their specificity to pharmacotherapy-related outcomes.

The mixed-methods approach was designed to achieve two primary goals. First, it
maintained the original MRB-QoL conceptual model while preserving content validity
and psychometric properties. Second, it ensured that the modified tool reflected the
lived experiences of those patients who are most vulnerable to medication-related
burden, thereby enhancing its relevance and sensitivity for this population.
Triangulation across five phases, including psychometric evaluation, qualitative
research with end-users, multidisciplinary expert analysis, formal consensus methods
(included expert representatives from geriatric medicine, pharmacy, and general
practice) and PPI contribution, informed item reduction and modification. The
resulting 18-item short form mMRB-QoL retained the original subscale structure
while improving clarity, reducing respondent burden, and maximising accessibility.
New items were added to reflect domains particularly relevant to older adults,
including cognitive burden and management of healthcare. This tool may enable the
measurement of meaningful patient-reported outcomes in a patient cohort for whom

this has been difficult to achieve using pre-existing tools.

Improving the awareness of prescribing cascades and medication-related burden
highlights the complexity of prescribing and deprescribing in this at-risk population.
Optimising medications for these older adults requires a nuanced, multifaceted
approach supported by expertise in geriatric pharmacotherapy. However, in this thesis
the great majority (84%) of hospitalised older adults with multimorbidity and
polypharmacy were under the care of specialists without expertise in geriatric

pharmacotherapy. This pattern is likely to persist, as admission under the care of other
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specialty services is often clinically appropriate (for example, admission under
cardiology for an acute myocardial infarction) and, with an ageing population, is it not
feasible for all older adults to be managed exclusively within specialist geriatric
services. This emphasises the need for novel medication management frameworks and

models of care to support older adults living with complex polypharmacy.

5.2 Strengths and limitations of these research findings

The specific strengths and limitations of each study have already been described in the
individual research chapters (Chapters 2 — 4). However, the main overarching

strengths and limitations of this thesis are outlined below.

A key strength was the complementary use of quantitative and qualitative research, in
relation to both prescribing cascades and the development of the mMRB-QoL. The
prescribing cascade work combined a prospective prevalence study with theory-
informed qualitative research, allowing both measurement of prevalence and
identification of determinants influencing prescribing cascades recognition in practice.
The development of the mMRB-QoL similarly integrated qualitative with quantitative
evidence to enhance validity, relevance and acceptability for older adults living with
multimorbidity and polypharmacy. Where available, the studies in this thesis were
reported in accordance with best practice guidelines. Reporting of the prescribing
cascade prevalence study was guided by the STROBE checklist, the qualitative
research in Chapters 3 and 4 was reported in accordance with the COREQ checklist
and the GRIPP2 checklist guided reporting of patient/public involvement (PPI) in
Chapter 4. Finally, all three research chapters in this thesis are novel and have either

been published in peer-reviewed journals or are currently under review for publication.
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Furthermore, the findings from this thesis have been presented at local, national, and
international conferences — reflecting substantial interest in this body of work, the

quality of the research conducted, and its relevance to clinical practice and research.

There are some limitations to consider. First, participants (both patients and HCP’s)
included in this thesis all were recruited from healthcare services affiliated with a
single university hospital. Consequently, the findings may not be fully transferable to

other clinical settings or healthcare systems.

Second, prescribing cascades often represent adverse medication outcomes; however,
some prescribing cascades may be therapeutically and clinically appropriate and may
not require deprescribing e.g. laxatives following opioid prescription. In this thesis,
the persistence of prescribing cascades at hospital discharge was suggestive of poor
recognition. However, it is possible that some of the identified prescribing cascades (a
small minority) were clinically appropriate and therefore were appropriately continued
at discharge. The explicit lists used to identify prescribing cascades included drug pairs
that may be appropriate in some clinical contexts (for example Amiodarone followed
by L-thyroxine). Determining the appropriateness of prescribing cascades was beyond
the scope of this thesis. Nevertheless, this limitation is partly mitigated by the
qualitative findings, which support the conclusion that prescribing cascades are poorly

recognised in clinical practice in hospitals.

Finally, while the methodology of the study in Chapter 4 was designed to preserve the

validity of the original MRB-QoL in the modified versions, prospective validation of

the mMRB-QoL was not undertaken in this thesis. This was beyond the timeframe of
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this body of work, and priority was placed on conducting a comprehensive

development process to ensure relevance and sensitivity for the target population.

5.3 Directions for future research

This thesis has identified several areas that warrant investigation. First, further
prevalence studies of potentially inappropriate prescribing cascades are required
across wider healthcare settings to improve generalisability of findings. Since
completion of the prevalence study reported in this thesis, a more comprehensive
explicit prescribing cascade list has been published: the International Expert Panel’s
Potentially Inappropriate Prescribing Cascades (PIPC) list [150]. This list includes 65
potentially inappropriate prescribing cascades identified through a modified Delphi
process and represents an advancement, both in terms of number and clinical
relevance, of prescribing cascades. In addition, longitudinal and interventional studies
are needed to better assess the prevalence of confirmed prescribing cascades by
applying a more definitive test, for example, observation for resolution of ADR/ADE

symptoms by discontinuing the index medication, where clinically appropriate.

Second, the findings from the study reported in Chapter 3 point to multiple
opportunities for behaviour change interventions aimed at improving the recognition
of prescribing cascades. The TDF is often applied with the Behaviour Change Wheel
(BCW) to systematically design targeted, theory-based interventions [215].
Identification of all 14 TDF domains in this thesis allows for a multi-faceted
intervention to be designed. For example, ‘knowledge’ was identified as a key domain
influencing physicians’ recognition of prescribing cascades. According to the BCW

model, knowledge maps onto ‘capability’, which can be addressed through
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intervention functions such as modelling, education, and enablement [215]. A
potential intervention could involve interactive, case-based learning sessions for both
junior and senior doctors, where prescribing cascade scenarios are discussed. In
addition, while ‘beliefs about consequences’ was identified as a less influential
domain, it could still be integrated into the intervention as ‘motivation” and ‘education’
components. Incorporating discussions on the potential harm to patients and the
clinical responsibility to recognise and deprescribe inappropriate prescribing cascades
could enhance the effectiveness of the intervention. Future research should focus on
the development and evaluation of multi-component interventions, such as the one

described, to address the barriers to recognising prescribing cascades.

Third, as with all PROMs, further internal external validation steps are required before
the mMRB-QoL can be integrated in clinical practice or used as an outcome measure
in pharmacotherapy research. Future validation should include confirmatory factor
analysis, test-retest reliability, sensitivity to change, and the responsiveness of the

mMRB-QoL in diverse populations and clinical settings.

Finally, improved understanding of adverse medication outcomes, including
prescribing cascades and the impact of medications on QoL, has the potential to
improve the management of complex medication regimens, with the aim of reducing
medication-related harm. Future studies are required to evaluate coordinated models
of care designed to optimise pharmacotherapy for older adults with multimorbidity
and polypharmacy. One potential framework is polypharmacy stewardship, a novel
concept intended to promote the appropriate use of medication and minimise
medication-related harm. The process model for polypharmacy stewardship is

illustrated in Figure 5.1 [143]. Implementation of a polypharmacy stewardship model
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would vary depending on the healthcare setting, and well-designed clinical trials are
required to evaluate the effectiveness of such a framework in older patients, both in
hospital and in the community setting. This model could incorporate assessment for
prescribing cascades, as well as the mMRB-QoL to help assess the burden that
medication places on patients’ lived experiences, allowing for personalised, patient-

centred intervention.

« Who? Patients with polypharmacy, frailty, multimorbidity, dementia, receiving
palliative care and care home residents.

+ When? Unscheduled hospital admission, nursing home placement, onset of
"Geriatric Syndromes" i.e. falls, delirium, functional decline.

Patient Identification

. Medication reconciliation.

. Application of validated IP criteria (e.g. STOPP/START).

. Recognition of drug-drug interactions, drug-disease interactions,
prescribing cascades and other drug-related problems.

Medication Review

. Nuanced approach.
. What matters most to patient?
. Consider time to treatment benefit and estimated life expectancy.

Personalised
Deprescribing

. Patient-centred intervention.
Support & Engagement | . Informed shared decision-making.
. Scheduled follow up with patients.

. Geriatric co-management model.

. . Communication of prescription changes to ke
Collaboration Lo S5 B0 =
stakeholders, such as primary care physician,
community pharmacist and principal carer (where

relevant).

Figure 5.1: Process Model for Polypharmacy Stewardship [143].

5.4 Conclusion

Overall, the research presented in this thesis advances the medical literature on adverse
medication outcomes in older adults living with multimorbidity and polypharmacy.
Findings demonstrated that prescribing cascades are common in hospitalised older
adults and provided insights into factors influencing their recognition. In addition, this

work presented a practical tool to measure the impact of medication-related burden in
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the population most at risk. Collectively, these findings highlight opportunities to
improve recognition of prescribing cascades and the assessment of medication-related
burden, with implications for clinical practice, undergraduate and postgraduate

education, and future research.
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Personal View

Polypharmacy stewardship: a novel approach to tackle a

major public health crisis

Ruth Daunt, Denis Curtin, Denis 0’Mahony

With growing global concern regarding medication-related harm, WHO launched a global patient safety challenge,
Medication Without Harm, in March, 2017. Multimorbidity, polypharmacy, and fragmented health care (ie, patients
attending appointments with multiple physicians in various health-care settings) are key drivers of medication-related
harm, which can result in negative functional outcomes, high rates of hospitalisation, and excess morbidity and
mortality, particularly in patients with frailty older than 75 years. Some studies have examined the effect of medication
stewardship interventions in older patient cohorts, but focused on a narrow spectrum of potentially adverse medication
practices, with mixed results. In response to the WHO challenge we propose the novel concept of broad-spectrum

1i 1
a coor inter

polypharmacy dship

igned to imp the manag of multimorbidities,

taking into account potentially inappropriate medications, potential prescribing omissions, drug-drug and drug-
disease interactions, and prescribing cascades, aligning treatment regimens with the condition, prognosis, and

fe es of the individ

1 patient. Although the safety and efficacy of polypharmacy stewardship need to be tested

w1th well designed clinical trials, we propose that this approach could minimise medication-related harm in older

people with multimorbidities exposed to polypharmacy.

Introduction

In March, 2017, WHO launched a global patient safety
challenge, called Medication Without Harm, as a
response to a growing global concern regarding drug-
related iatrogenic injury.! More drugs, vaccinations,
procedures, and medical specialists exist today than at
any other time in history. These advances in health care
have enabled people to live better and longer lives by
eradicating infectious diseases such as poliomyelitis,
allowing some previously lethal illnesses to be cured,
and providing effective management of highly prevalent
chronic conditions such as hypertension, diabetes, and
cardiovascular disease.”” However, these developments
have also created a health-care system in which both
patients and physicians expect prescription medicines
to be available for every clinical problem, which results,
in many countries, in a therapeutic climate that
promotes the simultaneous use of multiple medi-
cations, a practice known as polypharmacy.® The
minimum number of medications used to define
polypharmacy varies in the literature, but the term
generally refers to five or more drugs taken daily’
Hyperpolypharmacy, or excessive polypharmacy, refers
to concurrent use of ten or more daily medications.”
Patients older than 65 years with multimorbidity are
most vulnerable to the adverse effects of polypharmacy
and inappropriate prescribing, and are consequently at
a higher risk of medication-related harm. The
2017 WHO initiative challenged health-care leaders to
drive change and reduce iatrogenic medication-related
morbidity and mortality by 50% in the prospective
5 years to 2022." Although the Medication Without
Harm initiative was timely and appropriate, it had little
specific detail about how health-care systems would
actually implement and measure the impact of various
interventions to decrease iatrogenic injury caused by
potentially inappropriate medication.

www.thelancet.com/healthy-longevity Vol 4 May 2023

Several large-scale, multicentre clinical trials have
attempted to address this challenge by testing novel
interventions to reduce medication-related harm in older
people with multimorbidity exposed to polypharmacy.**
Given that none of these trials has yielded an intervention
that is reproducibly effective in improving clinical
outcomes for older patients, the need persists for
a different—but practical—approach to managing
polypharmacy in this section of the population. In this
Personal View, we examine the concept of polypharmacy
stewardship as a novel way of assessing and optimising
polypharmacy in older people. We will also look at the
potential of adapting the principles of antimicrobial
stewardship to polypharmacy in late life (aged =70 years)
and propose a framework for polypharmacy stewardship
that could be applied to a variety of clinical settings. In
doing so, we emphasise the large, diverse, and complex
nature of polypharmacy in the heterogeneous population
of older people with multimorbidity, as well as the need
for polypharmacy stewardship to be interdisciplinary and
highly integrated across health-care settings.

Diseases, drugs, and doctors

As individuals age, they tend to accumulate chronic
medical conditions, a concept described as multi-
morbidity (ie, the coexistence of two or more chronic
medical conditions in a patient).* Multimorbidity is
associated with reduced functional status, high mortality,
lower quality of life, and increased use of health care.”
A consistent cause-and-effect relationship exists between
ageing, multimorbidity, and polypharmacy.® Two large
systematic reviews of multimorbidity prevalence have
shown similar results: the first analysed 193 studies and
found a multimorbidity prevalence of 67% in people
older than 74 years, compared with 47% in those aged
60-74 years and 28% in those younger than 60 years,”
and the second found that more than 50% of adults older
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Y. in turn, is the principal risk
factor for uuplpropnale prescribing in older people.” This
occurrence is more evident in older women than in older
men because women older than 70 years substantially
oumumber men in the same age category in most
countries.”

Modem medn:al practice has, to a large extent, been

STOPPScreening Yool of Clder Penom’ P STARTS g Tl
_— - - e g to a fr k in which diseases
Sk el ;m managed as mfhndn: mndepend“h :n: ::n:u&
mm:( mth several different specialists, who apply best
than 65 years have multimorbidity.” WHO predicts that li imised for the parhml.‘u condition
the global population of people older than 65 years will thcy are ueahng Tather than the patient’s overall
doubl:bcszcnlOlSandZOSBwh»dlwdlmmltina bid clinical status. Tr guideli are
large i in the ber of people living lly derived from dinical trials f d on single
wnh mu]nmmbldnyand polypharmacy.™ d:seas:s and from which older, comorbid pt:ople
ing lated harm is particulardy are often luded.* Adh to evid
challenging in the context of multimorbidity and 8 guidelines for conditions such as
polypharmacy, which might be appropriate and beneficial  hy » ch obstructive pulmonary disease
when treating lex comorbidities in alder p [COPD) and coronary artery disease has been shown to
particularly when individual drugs are c:refully improve dinical outcomes for individuals with such
considered in the context of the ovenall condition and  conditions." " However, physicians often fail to recognise
gnosis of the pats Hi , polyph y can  theimpactofthe complex, interlinked, pathophysiological
beg:t a duster of interconnected probl inc ch that multimorbidity induces an old:f patients’
the risk of inappropriate ptcxnbmg advcrse dmg overall health.* A of
reactions and adverse drug events, ng cascades, idelines to an older individal can result in complcx,
drug-drug interactions, unscheduled hospmlua!wn cos!ly and at times mn!ncbctory treatment regimens”
and drugrelated mortality”” The prevalence of thati the risk of polyp y and of subseq
polypharmacy is growing globally, pnmanl'y but not medication-related harm. Repoﬂingon patient care in six
exclusively in older adults, and pred c ies, Schoen and colleagues® found that patients
prescription dmp {but also merthccounurdrup :md who were cared for by four or more doctors were
herbal dies), with the ber of daily meds ially more likely to be affected by serious
being generally pmponwnal to the number of concurrent m:d::z!um errors than those who attended consultations
chronic medical conditions. with fewer than four doctors.

The number of patients experiencing polypharmacy s Medication-related harm also has a substantial impact
growing worldwide. In the UK, this number doubled on prescribers.” Psychological distress, loss of self
between 1995 and 2010.” In the USA, Australia, and perceived competence, and burmout we repomed by
Europe, the pr of polypl y g care pr:scnbers when thur pati
home residents is estimated to range fmrn 38.1% harm.® In addi despite the adverse events
to 91.2%." In China, the preval of p faccdby doctors mxghll’udeﬂmr mistakes from
among ¢ community-dwelling adults ranges fmm 11.5% to both their colleagues and their p due to feelings of
17.5%." Older people are more vulnerable than younger  guilt and shame, or fear of criticism or litigation, which
people to polypharmacy-induced harm, as a consequence  results in missed opportunities to strengthen the safety
ofag:- lated physiological changes that ly alter  of health.care settings.”
the p kinetic and ph dy p to
medication.” 'n::lmpa:mfth:se hanges is ded Ec icc es of polypharmacy
bya hxgh bnn’len of muhxmodnclxty that o&en msults in Polypharmacy p]uu an economic burden on health-<care
older | by inc g drug expenditure and the costs of
doctors in various heﬂhh-nn: wmnp msuhmg in the ging medicati lated )nrm. WHO estimates that
accumulation of drug p due i ged or sul for

ideration of p ial ach dmg—dmg and drug- appmnmauly 4% of the world's total avoidable healthcare
Qiucain: indrractions.™ costs.” Morpn and mﬂeﬂgus" examined the cost of

Inappropri ibing” is highly prevalent in older aally i prescribed to adults
people in dmn:zl i (hhle) napprop older than €5 yars in Canada, and estimated that
prescribing is i it ially i CAS$419 million were spent on potentially inappropriate
the risk of adverse drug reactions, adverse drug anents med:ahon across the country in 2013 alone. Research
drug-drug interactions, and adv ug ducted by the [ | Medical Statisti

a9 h fhesdthy-lengeity Vold May 2023
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1 Q fm }" Itk ks ice 0 1 uu'
USS 42 billion are spent annually in the USA as a
consequence of medication errors.” The same report also

i d that optimising polypharmacy management
could save approximately 0-3% of the current global total
health expenditure. A 2022 British prospective obsrmnon

for 53% of psychotropic medications at discharge. In a
2021 Dutch study” the effect of a broaderspectrum
stewardship intervention on drug-related problems was
examined in a subgroup of 53 individuals from a larger
cohort of 127 older hospitalised patients. The intervention
invalved a pharmacist and a geriatrician. Although the

study” esti d that morbidi g from ) of drug-related problems was not statistically
reactions accounts for :ppmrm\ely oneﬂghﬂl of total  significantly reduced in patients reoeiving the mediation
expenditure on acute hosp the dship interventi drug d

UK's National Health Service appraximately £2.21 billion [q. pain. d i :md ipati \ were
annually, with most of the excess hospitalisations occurring ly 50%. However, the smdy was
in older people with multimorbidity and polyph Y. of;:nullsa]e used a bef fter d and
The economic benefits of any prog designed to Ived older surgical patients only. A 2023 Australian
dd pol)r' and its ad effects must be smdy enmmed the effect of 2 med»cahon stewardship

| = . -

3d id patient health
pmmouon and staff wcllbemg—(he so-called quadruple
aim strategy.” With these targets in mind, we propose the
idea of polypharmacy stewardship as a mulbmmponau
intervention to reach these aims ina

aged 75 years and
oMer. Patients were identified by screening of their
electronic medical records for drug burden index scores
greater than 0, mclxcatmg potentially problematic

to anticholi and ive medications.

inter in

Polypharmacy stewardship
Palypharmacy stewardship is a novel concept that aims
to promote the appropriate use of medication and

The medication steward—a skilled and experienced
pharmacist—then undertook a structured medication
review to identif; ibl for depre-
scribing of non- -exsential drugs contnbuhng to the high
drug burden 1ndex score. Drugs considered by the

11,

medicats lated harm. We define poly-
pharmacy stewardship as 3 dinated inter
designed to assess, it , and the
pharmacotherapeutic h-eatment af mu]umorb:dﬂy
taking into t sally ¥ priate medi.

cations, potential prescnbmg omusums dmg-dmg :md
drug-disease interactions, and prescnbmg

as i i for deprescribing were

discussed vnth the senior physician of the attending

medical team. In the 256 patients reviewed, the steward

identified 170 potential opportunities for deprescribing

in ll7 pcments (465¢). 829% of deprescribing recom-
by the

d were agreed to by the senior

with the aim of aligning i with !h: hym:uns o :ppropnate and were for the most psu't
overall condition, prognosis, and prefe es of the i d in the patients’ medi
individual patient. r:glmens Aiﬂlough this open label non-randomised

The concept of clinical stewardship first appeared in
the medical literature in 1996 and it referred to
antibiotic use m hospltal * for whu:b it has been sh

feasibility study was of narrow spectrum in terms of
medication focus, it nevertheless dearly shows the
tential benefit of medication stewardship in older

to imp | and ou “¥ Since
then, | other dels of pecific
stewardshi have ged and become

established in routine dinical practice in many
countries, such as corticosteroids for COPD" and
opioid therapy for chronic pain syndromes.”

However, the idea of medication stewardship in older
people is a relatively new one. In a 2018 Australian study,
Pellicano and colleagues™ reported on a psychotruplc

stewardship intervention in older pati inag
internal medicine ward. The nzwardshlp intervention
was delivered by pharmacists and was designed to

pah:nu with multimorbidity in the hospital setting.

As with antimicrobial stewardship, no single
operational model for polypharmacy stewardship exists.
Implementation of pelypharmacy stewardship requires
flexibility to adapt to a2 wide variety of health.care
settings. For example, in the hospital setting
polypharmacy stewardship could operate as a specialist
consultation service for older patients identified as being
at high risk of medicationrelated morbidity, in
mn]untnon with a dedicated outpatient service for
imilarly identified as highrisk in the
y. The principles of polypharmacy stewardship

¥

identify unnecessary or inappropriate psyd'lotmplc
drugs during structured multidisciplinary medication
rounds, with the goal of bringing these prescriptions to
the ion of the ding medical team for careful
review and possible deprescribing. This study showed
that the dship intervention was both feasible and

effective, with the dations of the dsk ',.

and its core components are intended as a framework to
guide implementation for a variety of models of
polypharmacy stmrdshxp Core pnnuplu of

polyph y p include opti tion of the
technical aspects of prescribing (eg, dose, formulation,
and frequency), setting of realistic tr goals,

idance of adverse drug events, and provision of

team being adopted for 57% of potentially probl
psychotropic medications within 24 hof adm:sswn and

ety wt comiheakthy Josgesity Vel 4 May 2023

pport and follow-up to patients with multimorbidity
and, if necessary, their carers, who might have
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responsibility for supervising medication. Polypharmacy
stewardship also entails liaison with key stalneholders
including primary care physici and
pharmacists. The process model for poh'phzn'naq
stewardship is illustrated in the figure.

Technical aspects of prescribing

Appropriate prescribing requires accurate diagnosis,
anfu] selectmn of medn::hons and doses, and focused

g of therap P Appropriate
dep ibing s imil inciples and, within
P .‘ h pcumhngutddepmscribmg

adverse drug-drug interactions and drug-disease
interactions. Over the past 30 years, multiple criteria-
based tools (eg. STOPP/START.” STOPPFrail” Beers
Criteria,” and EURO-FORTA") have been dn’cloped
and walidated to in

prescribing decisions speﬂﬁc:ﬁy for older patients. The
criteria are explicit fie, clearly defined statements that
highlight inappropriate prescribing in particular clinical
circumstances) and are bued on systematic reviews,
linical trial evid i and Delph:
consensus  validation. The SI'OPP/START criteria,
which are endorsed by the UK National Institute for

will often happm nmu!tan:ously Deprucnbmg is  Health and Care Excellence, Royal College of General
a  systematic  process that indud Practiti and British Geriatrics Sodety for use in
reconciliati ie, the p of g an and i di review for older people,”" are more
comprehensive list of all mtdx:hans (prescription ar mt) ly used in Europe. The Beers Criteria, which
that a patient is taking and identifying i are published by the American Geratrics Society,
non-adherence. Non.prescription (ie, thy fe more prominently in clinical practice in the
drugs present a particular challenge in older people USA and Canada.
during medication review. Patients might not consider
avendu:-cwnm drugs as actual medications, but rather  Nuanced prescribing and deprescribing

dditions to address symp they find  Effective management ofpalrpharlm:y in older patients

both but not gh to req the with multimorbidity req a approach, and

attention of their doctors. However, overthe.counter
drugs can have serious snde-effec:s and induce adverse

two main questions should be idered when 8
medication appropriateness. The first question is

drug-drug and drug-di An le of
an adv um:nr.non an overthe.counter dmg
and a prescription dmg u dui o(a ﬁ.rst—g:nuabon
antthistamine (eg, diph

ptucnpbon hypnouc such as znlpldem ar trlaz:olam

or confi The
munchtm d' psmdoephzdnn md:ly available nasal
1 and isan le of an

d e 3 e

Deprescribing  also mqturu consideration of the
< lative risk from multiple simul drugs and
diseases, and identifiation of potentially important

vhether the goals of treatment align with what matters
most to the patient. The goals of the physician and the
patient are often easily aligned, such as in the prescribing
of analgesics for control of pain. Disease control
medications (eg, antihypertensive drugs) or disease
preventive medications (eg. anticoagulants for patients
with atrial fibrillation) do not lly make the patient
feel better. and the p ib 1d therefore 1
technical targets (cg, blood pressure control) into goals
that are meaningful to the patient {eg, stroke prevention);
the patient is thus more likely to accept and comply with
a longterm preventive drug to avoid a major adverse

1

mm-mnwu--aqwm obi iy, or denentin k W pak
| admssion, sursng home of onset of geratric [eg. Sk, debrium, 4, deckne)
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outcome. In the context of advanced physical frailty, or
when a patient is approaching the end of lif:. achieving

patients with multimorbidity with specific emphasis on
medication safety should, in theory, increase the
likelihood of better dinical and economic outcornes.

technical goals might be of little or no benefit to the
patient, and placing g phasis on important

pauem .related goals {eg. control of pum) represents a
highervalue inter what

Patients most likely to benefit from polypharmacy
dship

most to an individual patient will g\.udc prioritisation of
treatment goals and thereby specific drug selection.”

The son is whether the prescribed drug
will ad’ueve its m\end:d benefit within the context of a
P t's circ es. In pati with advanced fnlhy
or severe chronic di . the benefit

of p

WHO proposes seven groups of patients who are most
likely to benefit from medication review {panel).” These
patients have the highest incidence of adverse drug
reactions and adverse drug events"”™ and therefore
stand to gain the most from polypharmacy stewardship.
Opportune hmepmnts for polyphzm\aq stewardship

drugs might not be reaped within the g life
expectancy of the patient. When reviewing medlcauons

such as statins and bisphosph for secondary d

inter di to hospital with acute
illness, transition to home care or nursing home care,
at a specialist gmatnc medicine clinic, and

prevention in frail older patients, deprescribing should
be considered when there is a dear mismatch between
time to treatment benefit and d life expectancy”
Although precisely predicting remaining life expectancy
is not possible, the so-called surprise question (ie, “would
1 be surprised if this patient were to die within the next
12 months?"), can be useful to physicians as a method to
dentify individuals approaching end of life.”

¥

Mation with ic medicine teams.

Seven core elements of clinical stewardship
programmes

Seven core elements of antimicrobial stewardship have
been described by the US Centers for Disease Control
and Prevention.™ Application of all seven elements is
likely to be required for the successful implementation of

Support and engagement

Deprescribing is a patient-centred intervents ted Leadership support

with inherent uncertainty and requiring shared decision  Senior leadenhlp support at the organuahona] level is
mahng, Patxnts might be mluchnt to accept medication  vital to the i and sustainability of polypl y

they the ad effects of
ducnntmumg certain drugs, and underestimate the risks
associated with continuing inappropriate drugs. Effective
communication, sharing of drug information, and
support with medication choice can help overcome this
deprescribing challenge and could facilitate the patient’s
participation in informed, shared decision making about
their medication.”” Follow-up clinical encounters allow
prescribers to itor tr and to assess
for any changes in the patient’s r.hmal status. Assessment
of medication appropri sad ic process, and
changes in patients’ dinical and ﬁuu::inml status should
trigger disc about goals.

1 5 ctakabanld,

t of key
Fragmented health care is one of the key contributors to
medication-related harm. ™" stewardship
to av such challenges through effecti

P wilh k!y Lwheld in pati

- dicats h

care.
ges under

ultgn dunng polypharmxy stewardship should be

A bkq’ il i " s )
primary care ph h ists
community health care pﬂmdets (eg home suppon staff
who supervise and dispense mcdn:ahms to fnx] pnugnts
with multimorbidity), and rel

Inf

stmn'!shlp. Heahh~are -managers must commit to
A

;“;-mu’ ﬂm‘man ﬁn;ncaal and!echmcal) and enppng
regularly with the polyph y stewardship team
through service review and audit.

Accountability
Polypharmacy stewardship programmes must have a
designated leader or coleader to be accountable for their
prognmmes activities and In antimicrobial
ip progs the most ¢ ly employed
model is the coleadership of a physician and a
pharmacist. Apart from expertise in phar herapy,
required P ses inchud mlldﬂdopedshl]sm
1 1, - X H 1 Jats 2

mnter
F P F

Panel: Patient groups most likely to benefit from
medication review

»  Residentsina care home setting

« Patientstaking hlﬂ\-r&mdiuﬁnm {eg, anticoagulants,
Immunasuppressive agents)
Patients with Ilwupolyplwmxy (=10 daidy medications)
Patients with

mvoh«l in p:henu’ care when mulhmm’hdlty is pmm
This « ive, © t model all
b bnhald c 3 o 3 ‘h!

of older

L -

Mraalbake

gevity Vel 4 May 2023
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Pharmacy expertise

significant drug-drug interactions, and drug-related
h Al e 1 -

Specific geriatric pharmacotherapy expertise is ial ¥ P in |
o fmlxhﬁe d.epusmhng and ophmal drug selection in  could be assessed by means of a validated core
polyph work shows that set of including quality-oflife
trained ph:u'mxlsts can faolmwe safe and effecti t and P control evaluation in line
deprescribing by identifying older patients who are most  with what matters most for the patient.™
;t risk of m:ppmpmtz prescribing and associated
drug and ad drug events.” Reporting
The polyph y dship team should provid

Action gular update reports on findings from evaluation of
Three pnomy interventions are required for effective processes and outcomes to key stakeholders [se, attending

pr ive audit feedback ysicians and other prescribers, pharmacists, nurses,
puaulhonsatwn of high-risk medluhons and facility- and hosplhl rnamgcrs) Shznng perfonn.uwe reports
specific treatment guidelines. and orgs can

First, prospective audit feedback involves the review of
prescribing and dcpresmbmg by an external expert
(e, not directly i mlhe i sdayoo-dzyum)

individuals and teams to improve prescribing practices
when required standards of care are darified.

Eelireats

L3

with p of rec on how to
- .". e with Tas o yage
flecti of p tive audit feedback

¥

y. The
an be

Education on appropriate prescribing in older patients
with multimorbidity and polypharmacy is essential to

maximised through faceto-face t

| 8
prescribers and a member of the polyph y

id safc and effective treatment for the gmwmg
ﬂoh:l of older p

stewardship team (ie, geriatric medical co-management).
Second, preauthorisation places a restriction on the

forms of educ:tmn from !tachmg and onlme lunung to
case based learning, should imp P

use of certain hlgh risk m:du:nons ith PP
from the polyp p team. This el t
af polypharmacy newardsl'up aims to reduce the
ppropriate use of medicati known to carry a
particularly high risk of harm for older patients with
frailty, such as high-potency annpsychm:cs for

behavumral or psychohc ymp

cy

Linking ed to inter and has
been shown to be particularly effective in antimicrobial
stewardship programmes.™

Conclusion
WHO's Medication Without Harm global patient safety
chall hrgeu one of!he mon prusmg public health

qf pol)‘pharmacy stewardship
suﬂ' to deuly plete an ion review in a
timely manner.

Thu'd facility- speclfx treatment guidelines assist the

issues of rm. Advances in
modern Lherapeuhu have largcly neglected the oldest
and frailest patients with chronic multimorbidity, which
is often complicated by fragmented health care. This
rapidly growing subset of patients is particulady

polypt Y p team in making consistent
md id based decisi about p care by ptible to ad:
ing explicit dations. These guidelines can  events that arise from

help to optimise the pharmacological m)mgement of
commeonly encountered conditions in older frailer adults
with bidity, such as deliri

Other inter and to unpme
medication safety are also ‘such as
referrals from electronic prescribing platforms when
markers of problcmam: prumbmg are identified
(eg. mew anti-psy P drug-drug
interactions), or when pati dmitted to hospital
with a suspected or probable adverse drug reaction.

Wi

bl

Tracking

drug reactions and adverse drug
P to polyph " The
current challenge for all prescribers is how to make
polypharmacy safer and more effective for these patients.
In this Personal View, we have proposed the novel
concept of polypharmacy stewardship for older people, a
multifaceted intervention targeting medication safety as
a practical way of dealing with this public health
challenge. The safety and efficacy of polypharmacy
dship will—similarly to the comprehensive
geriatric assessment that has been increasingly used in
recent decades—need to be evaluated through well
designed clinical trials, whlch are urgently needed to
identify interventi linically important

Evaluation of the safety and efficacy of polyph Y
stewardship is essential to ldem:fy:u'eas for unpnwe'ment
and to ensure that the goals of polyph

in older p:ople wx?.h multimorbid chronic
illness who are exposed to polypharmacy.

are being achieved. This evaluation can be donc through
t of the p and

processes include measuxtment of meduztlnn overuse

and underuse, inappropriate prescribing, clinically
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ABSTRACT

Introduction: The accelerated discovery and production of pharmaceutical products has resufted In
many positive outcomes. However, this progress has also contributed to problematic polypharmacy,
one of the rapidly growing threats to public health In this century. Problematic polypharmacy results In
adverse patient outcomes and imposes Increased strain and financlal burden on healthcare systems.

Areas covered: A review was conducted on the current body of evidence conceming factors contributing
10 and consequences of problematic polypharmacy. Recent trials investigating interventions that target
polyphammacy and emerging solutions, Including incorporation of artificial Intelligence, are atso examined In

this article.

Expert opinion: To shift away from problematic polypharmacy, a multifaceted Interdiscipinary approach Is
Any potentially successful strategy must be adapted to sult various healthcare settings and must

necessary.
utllize all avallable resources, Including anificial Inteligence.

1. Introduction

Physiclans have never had more access to pharmaceutical ther-
apeutic agents than they do today. The British National Formulary
{BNF), a pharmaceutical reference book containing prescribing
information about drugs avallable in the United Kingdom's
Natlonal Health Service (NHS), included approximately 650 med-
icinal products In the mid-1970s [1). By 1981, 4500 Individual
products were included, a figure that has Increased manifold in
the latest edition of the BNF [2). This proliferation of pharmaceu-
tical products, referred to as ‘the pharmaceutical revolution,” has
infi ed the approach to treating and managing diseases and
Hliness symptoms, reshaping not only the medical framework but
also soclety’s expectations around therapeutics [3). One signifi-
cant consequence of this pharmaceutical revolution Is proble-
matic polypharmacy, which Increases the risk of medication-
related harm, especially among vulnerable older adults [4,5].
Although there have been global efforts to reduce problematic
polypharmacy, no single reproducible strategy has effectively
addressed this challenge. In addition to the marked expansion
of pharmaceutical agents over the last 50 years, there has also
been an exponential advancement within the medical software
sector. Specifically, in recent years, the proliferation of artificial
intelligence (Al) driven applications has revolutionized several
industries and traditional processes [6]. Artificial intelligence will
become Increasingly iImportant in healthcare in the coming years,
particularly in diagnostic and decision-support applications [7]. In
this review article, we will discuss one of the most important
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consequences of the pharmaceutical revolution - problematic
polypharmacy - and suggest how new models of care, supported
by Innovative Al-based technologles, can help physiclans coun-
teract this problem.

2. Multimorbidity and polypharmacy

The expansion of pharmaceutical products has been broadly
paositive, providing prescribers and patients with an ever broader
range of treatment options. Curative treatments are avallable for
many previously lethal llinesses (e.g. antiblotics for many Infec-
tious di (8], chemotherapy for certain cancers [9]) and
disease modifying treatments are avallable for many chronic,
debilitating conditions such as multiple sclerosis [10], rheumatoid
arthritis [11] and, most recently, dementia [12). Many Individuals
have benefited greatly from increased avallability of treatments
such as these and are living longer, healthler lives. With life
expectancy Increasing In most countries since the early 20"
century, there has been a major demographic shift in the world's
population towards old age, an unprecedented modem soclo-
logical phenomenon. The World Health Organization estimates
that, globally, the number of people over 80 years will treble
between 2020 and 2050 reaching an estimated 426 million peo-
ple [13). As people age, they are more likely to develop chronic
medical conditions, and, when two or more co-morbidities coex-
Ist this is referred to as multimorbidity [14,15). Multimorbidity Is
assoclated with worse clinical outcomes, reduced quality of Iife,
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and Increased healthcare utilization [15-18]. Living with multi-
morbidity in this era of medication proliferation Is associated with
increasing levels of polypharmacy. Polypharmacy Is commonly
defined as the concurrent use five or more different medications
[19]. Polypharmacy and multimorbidity are Inextricably linked,
the relationship being cause-and-effect |.e. an Increasing number
of diagnosed conditions leads to a proportionate Increase in the
number of dally medications [20]. Midao et al analyzed the
SHARE (Survey of Health, Ageing and Retirement In Europe)
database, which Includes detalled Information on over 32,000
participants over 65 years In 17 European countries. They found
that almost one-third {32.1%) of older adults in Europe take five
or more daily medications [21]. Similarly, in the US, Charlesworth
et al. examined medication use In adults over 65 years between
1988 and 2010. Over this twenty-two-year period, the prevalence
of polypharmacy Increased 3-fold, rising to 39% [22]. Trends are
similar in Aslan countries, where a recent study reported
a prevalence of 38.8% and 46.6% In older adults In Taiwan and
South Korea, respectively [23). Other studies have reported vary-
ing levels of polypharmacy, ranging from 2.6% to 86.6% [24]. This
variation reflects heterogeneity In the definitions of polyphar-
macy used and the settings in which the studles were conducted.
For example, some studies Include over-the-counter medications
and non-regular medications when assessing whether a patient
has polypharmacy.

Polypharmacy Is not exclusive to older Individuals. Many
younger individuals with multimorbidity also experience poly-
pharmacy. However, reduced physiological reserve and age-
related changes In pharmacokinetics {i.e. absorption, distribu-
tion, metabolism, and excretion) and pharmacodynamics (the
predictability of the effect of the drug on the Individual
patient) predispose older people to medication-related
harm [25].

3. Problematic polypharmacy

Polypharmacy Is not Inherently problematic. Many Individuals
with multimorbidity are appropriately prescribed five or more

medications to manage thelr chronic health conditions, le.
appropriate polypharmacy [19). However, as the quantity of
consumed medication Increases, there Is a proportional
Increase In risk of patients experiencing medication-related
harm In the form of adverse drug reactions (ADRs), adverse
drug events (ADEs), drug-drug Interactions (DDlIs), drug-dis-
ease Interactions, and drug-geriatric syndrome Interactions
[4,5]. Problematic polypharmacy encompasses a wide range
of phenomena, including Inappropriately prescribed medica-
tions, Inappropriately missed medications, ADRs, avoldable
DDIs or drug-disease interactions, Inappropriate prescribing
cascades, and a fallure to align the goals of treatment with the
goals of an Individual [26-29). Multiple tools have been devel-
oped to help prescribers Identify problematic prescribing.
Among a large number of explicit screening tools designed
to detect problematic polypharmacy are STOPP/START criteria
[30], STOPPFrall criteria [31], Beers criterla [32], and EURO-
FORTA criteria [33]. Through the use of explicit criteria - clearly
defined statements that highlight instances of potentially
Inappropriate prescribing In particular clinical circumstances -
the prescriber Is alerted to Inappropriate medication use.
These tools have been deployed to Investigate the prevalence
of problematic polypharmacy In multiple settings worldwide,
Including, acute hospital and community settings and In long-
term residentlal care settings. One study investigating the
prevalence of potentially Inappropriate medications (PIMs)
using STOPP/START version 2 criteria and Beers 2015 criteria
Identified the presence of one or more PIMs In 66.6% and 54%
In community dwelling adults, respectively [34]. Implicit
approaches have also been Identified as means for assessing
medication appropriateness. These Include the Medication
Appropriateness Index [35], SMART tool [36], and the 10-Step
Discontinuation Guide [37). These tools rely on clinical judg-
ment, expertise, and patient preferences when evaluating
medication appropriateness. Due to the complex nature of
these inter { there is | d h Investigating
these tools in large-scale settings.

4. Factors contributing to problematic
polypharmacy

Advancing age and multimorbidity are recognized inter-
related factors assoclated with problematic polypharmacy
[20,21). However, the organization of healthcare delivery Is
also important. The organization of modem medicine into an
Individual disease framework giving rise to fragmented health-
care undoubtedly contributes to problematic polypharmacy
[38]. Careful consideration of these factors, along with ageing,
multimorbidity, and Increasingly complex pharmaceutical
options, Is crucial for a comprehensive understanding of the
necessary Interventions to address this public health crisis.
Individuals living with multimorbidity commonly attend multi-
ple healthcare providers (HCPs) In various different healthcare
settings for thelr medical conditions [38]. This stems from the
development of moedern medicine around a single disease
management framework. Within this framework, HCPs are
encouraged to treat each chronic disease In Isolation accord-
Ing to evidence-based best practice guidelines. These guide-
lines are based on evidence from dinical trials, which
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commonly exclude older multimorbid people [39]. The con-
cem, therefore, Is that many treatment guidelines that are
applicable to the treatment of Individuals with a single chronic
disease have the potential to be problematic In multimorbid
patients commonly encountered In  clinical practice.
Application of multiple single-d tr guidell
to Individual multimorbid patient results in multiple prescrip-
tions, some of which can be Ineffective, contradictory, and
harmful [40]. This trend toward medication accumulation Is
further compounded by poorly established communication
and coordination structures within fragmented healthcare sys-
tems [38].

Evidence-based pharmacotherapy, defined as a decision-
making approach guided by appraisal of the best avallable
scientific evidence, aims to ensure that prescribers base thelr
decisions on credible sclentific evidence rather than relying
on less reliable and potentlally blased Information such as
anecdotal evidence, case reports, or small case serles reports
[41). However, the application of all evidence-based guide-
lines on pharmaceutical products in multimorbid patients
can result in evidence-blased pharmacotherapy, |.e. the over-
use of evidence-based pharmacotherapy in an undiscerning
manner that ultimately amounts to problematic polyphar-
macy. Factors contributing to evidence-blased pharma-
cotherapy Include faulty methodology [42,43], exclusion of
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lead to enhanced medication safety and appropriateness for
older adults.

5. Consequences of problematic polypharmacy

Problematic polypharmacy Is assoclated with a range of
adverse consequences for Individual patients, including
Increased risk of ADRs, Increased hospltalization, reduced
health-related quality of life, and ultimately, increased mortal-
Ity [26-2849-51). A UK prospective, observational study
reviewed all patients admitted via the medical assessment
unit over a one-month period [50]. The authors reported that
ADRs were the main reason for or a contributing factor in
18.4% of hospital admissions and that those admitted with
an ADR were older, had more co-morbidities, and were more
likely to have polypharmacy than patients admitted for rea-
sons other than ADRs [S0).

Several studies have demonstrated a significant assoclation
between polypharmacy and mortality. A systematic review
and meta-analysis by Leelakanok et al. identified a dose-
response relationship, with increasing numbers of medications
being significantly assoclated with Increased mortality (p<
0.05) [51). Older women are Intrinsically more vulnerable to
experiencing these negative consequences, due to Intrinsic
differences in drug pharmacodynamics and pharmacokinetics

older multimorbid (‘real-world’) patients [39), ambiguity in
trial design aspects [43,44), publication blas [44], translation
challenges from population-based results to Individual
patients, and bridging the gap between statistical signifi-
cance and dlinical relevance [45). Clinical trials often employ
specific Indusion and exclusion criteria, leading to recruit-
ment of participants who may not represent the general
population [46]. Additionally, clinical trials are frequently
designed by pharmaceutical companies with a vested Inter-
est in positive results. Sometimes, negative clinical trial
results may not be subsequently put forward for publication,
a problem that Is compounded by publication blas, wherein
trials with favorable outcomes are more likely to be pub-
lished [44]. Although considerable efforts have been made
in recent years to ensure research Integrity and to Increase
the reporting of ‘negative’ trials results with balanced inter-
pretation of trial data, considerable work Is still required in
this domain [45,47].

The International Union of Basic and Clinical
Pharmacology (IUPHAR) gerlatric committee has recognized
the significant gap In the inclusion of older adults in research
literature and has published strategies to improve medica-
tion safety and efficacy for this cohort [48]. The committee
recommends improvements In clinical trial design, emphasiz-
ing the inclusion of adults with frality and the measurement
of gerlatric syndromes, such as falls, frailty, and cognition,
both at baseline and as outcomes. This approach Is particu-
larly important when older adults are the intended reciplents
of the medication. The committee advocates for a pragmatic
approach to trial design to facllitate the inclusion of frail
older adults, suggesting provisions such as home visits and
video calls with caregivers. By adopting an Improved, colla-
borative, Inclusive, and pragmatic trial design, older people
can be better represented in research. This will ultimately

compared to older men [52,53]. In addition, beyond the age of
75 years, women outnumber men by approximately 2:1 in
most developed countries, a survival difference that becomes
more accentuated the older the age cohort [54].

Polypharmacy and resultant medication-related harm place
a considerable economic burden on healthcare systems
through Increased drug expenditure and expenses related to
treating medication-induced harm. Research conducted by the
Intercontinental Medical  Statistics  (IMS)  Institute  for
Healthcare Informatics, entitled ‘Advancing the Responsible
Use of Medicines: Applying Levers for Change’ reported that
approximately 4% of the world's total avoidable healthcare
cost can be attributed to mismanaged or suboptimal prescrib-
Ing [55]. A Canadian study by Morgan et al. reported that the
use of PIMs can Increase the annual per-patient costs by
approximately $2000, resulting In an estimated total annual
cost of $419 million to the country [56). Similarly, a Japanese
study by Akazawa et al. reported a significant financial impact
from PIM prescribing, with older adults prescribed PIMs incur-
ring 33% average higher medical cost than those not exposed
to PIMs [57]. In the UK, it Is estimated that the NHS spends
approximately £2.21 billion annually as a result of ADR-related
hospital admissions, most of which occur in multimorbid older
people on long-term polypharmacy [50].

6. WHO challenge

The growing body of evidence highlighting latrogenic harm
caused by problematic polypharmacy prompted the launch of
the third World Health Organisation (WHO) patient safety
challenge ‘Medication without Harm' in 2017 [58]. Through
this initiative, the WHO strove to ralse awareness about the
Importance of medication safety and to seek new and specific
commitments from global leaders In healthcare to make policy

234



1202 (@) R DAUNT ET AL

changes to support safer medication practices. The specified
target was to reduce severe and avoldable harm from medica-
tion by 50% within five years. The WHO challenge aimed to
improve medication safety at each stage of the medication
process, from prescribing, to dispensing, to administering, to
monitoring, and utilization of drug therapy. It specifically tar-
geted three contexts where patients face a particularly high
risk of experiencing medication-related harm. These contexts
were to be the basis for change implementation and included
high-risk situations, polypharmacy, and transitions of care.
High-risk  situations encompass scenarios which pose
a significant risk of medication-related harm to patients, such
as the use of higher-risk medications like insulin and warfarin
and interruptions during critical processes such as prescribing
and administration of medication. Transitions of care from
community to hospital and later from hospital to home are
commonly assoclated with unintentional medication discre-
pancies that can be potentially harmful. Older Individuals
with multimorbidity frequently encounter all three contexts
{high-risk situations, polypharmacy, and transitions of care)
simultaneously, compounding the risk of adverse drug events
in this cohort. The challenges of optimizing medications in the
heterogenous group of multimorbid older adults are evi-
denced by the fact that over five years since this ambitious
goal was set, there Is no published evidence to Indicate that
the Initiative has significantly reduced medication-related
harm, as expressly intended by the WHO. To emphasize the
persistent necessity of achleving this goal, the WHO Safety
Action Plan 2021-2030 prioritizes the Medication without
Harm Challenge In one of its key strategies (strategy 32)
[S9). This strategy outlines key actions for govemments,
healthcare, stakeholders, and the WHO secretariat, Including
establishing expert groups and leadership teams, appointing
medication officers/teams In healthcare, promoting patient
involvement and medication literacy, recognizing and report-
ing of ADRs, and monitoring of progress. A strategic and
coordinated approach Is recommended to work toward this
goal.

7. Evidence-based interventions to reduce harm
associated with problematic polypharmacy

Since the WHO launched this challenge, several large-scale
multicentre trials have Investigated novel Interventions
designed to reduce problematic polypharmacy. A cluster ran-
domized dinical trial In Canada, the MedSafer Study, utilized
an electronic deprescribing support tool which created perso-
nalized deprescribing reports In older adults with polyphar-
macy [60]. MedSafer enrolled 5698 hospitalized participants
who were randomized to standard care or personalized depre-
scribing reports. This study’s alm was to evaluate the effect of
this support tool on adverse drug events after hospital dis-
charge. For the primary outcome In MedSafer, ADEs, there was
no significant difference between the treatment groups.
However, use of the deprescribing support tool successfully
identified opportunities for deprescribing, although uptake of
these recommendations by attending cliniclans was varlable.
In the case of certain medications with high side effect profiles

In older patients, substantial levels of deprescribing took place
In the Intervention cohort Le. benzodiazepines and sedative
hypnotics, gabapentinolds, and trazadone were deprescribed
In 40%, 35%, and 30% of users, respectively.

Low Implementation of prescribing advice points was also
a feature of the SENATOR trial, a large multicentre, rando-
mized control trial, which enrolled 1537 hospitalized patients
[61]. Patients were randomized to usual pharmaceutical care
or to the intervention arm, which Involved provision of indivi-
dualized software generated reports with prescribing advice
points to attending doctors. The prescribing advice was lar-
gely based on STOPP/START version 2 criteria. There was no
significant difference In the Incidence of ADRs as the primary
endpoint between the groups, not surprising, given that only
15% of the advice points were iImplemented in the Interven-
tion patient cohort. An accompanying qualitative study [62)
Investigating factors that influenced prescribing advice imple-
mentation Identified a number of key factors that mitigate
against prescribing advice Implementation, including low dlin-
Ical relevance of some recommendations in the acute setting,
time constraints In a busy hospital setting, prescribers level of
experience, and patient-specific Issues. Fallure of the MedSafer
and SENATOR trials to show significant reductions in the
Incidence of ADRs in the intervention groups was fundamen-
tally linked with suboptimal implementation of prescribing
adwvice.

Challenges with reducing PIMs were also a feature In the
SPPIRE trial [63]. This was a community-based cluster rando-
mized controlled trial that enrolled 404 participants. The inter-
vention was delivered by general practitioners (GPs) who
underwent pre-trial training on polypharmacy management
In older people. PIMs were identified by GPs based on learning
through training videos. Medication changes were implemen-
ted by GPs using clinical judgment. There was no change In
the number of PIMs prescribed or other outcome measures in
the intervention patient cohort compared to the control
cohort.

These trials underscore the complexity of deprescribing
PIMs both in the acute hospital setting and in the community.
Furthermore, they highlight the challenges of implementing
medication changes when recommendations are generated
by an external source or by primary care physicans who
know their multimorbid older patients in greater detail.

A cumulative update, |.e. a review of sy atic revi
evaluating Interventions designed to improve polypharmacy
management was recently published by Keller et al. in which
fourteen systematic reviews, accounting for 179 unique pub-
lished studies were evaluated [64]. Their results highlighted
the ongoing lack of sufficlent high-quality evidence to endorse
the widespread Implementation of Interventions targeting
polypharmacy. The authors noted that detalled comprehen-
sive medication reviews (Involving prescription review, medi-
cation adherence review, and a face-to-face review of
medications and conditions with the patient) were the most
effective interventions and the only intervention assoclated
with a reduction In unplanned hospital admissions.

As highlighted, the absence of high-quality evidence
around Interventions to address problematic polypharmacy
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does not stem from a lack of substantial investment in this
area. Furthermore, the inherent heterogeneity of multimorbid
older adults with complex medical conditions and assoclated

blematic polyph y complicates the response pattemns

pr polyp
of prescribers to Interventions. The results from large, multi-
center, trials such as Senator and MedSafer, have shown that
simply applying explicit PIM criterla such as STOPP/START
criteria or Beers criteria to medication lists may not result in
a meaningful improvement in clinically important patient out-
comes. Some smaller, single-center studies have reported ben-
efits In patient outcomes. O'Connor et al. demonstrated that
the application of STOPP/START criteria to medication lists of
hospitalized older adults resulted In significantly fewer ADRs
compared with usual pharmaceutical care [65). Garcla et al.
highlighted that patients who recelved a deprescribing Inter-
vention were less likely to experience falls, delirlum, and hos-
pital admissi [66). Similarly, Frankenthal et al. reported
a reduction In falls in patients who recelved a deprescribing
intervention [67). The variability of results likely relates to
factors beyond simply applying explicit criteria. For example,
in smaller studies Implementation rates tend to be higher, for
example, O'Connor et al. reported a Implantation rate of 83.4%
[65]. In the study by Garcia et al, the patient's own physicians
were trained to identfy PIMs using explicit criterla. These
physicians, who had established relationships with patients,
likely adopted a nuanced approach to deprescribing informed
by their own understanding of the individual patient histories.
Moreover, their authority to deprescribe eliminated challenges
with implementation [66]. This emphasizes the necessity for
a multifaceted, personalized approach to successfully improve
problematic polypharmacy in this high-risk cohort of patients.
The Geratrics 5Ms framework has been proposed as

*Who? Patients with polypharmacy, frailty,
recefving palh

and care home residents,
*When?
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*Onset of *
functronal decl

Medication
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*Recogniton of PIMs/ PPO's

o
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a method of approaching medication optimization in older
adults [68). The 5Ms brings focus to broader aspects of older
person care, Including Mobility, Mind, Multicomplexitity, What
Matters Most, in addition to Medications. The goal is to pro-
vide an Age-Friendly Health System where these elements of
high-quality care are rellably provided across healthcare set-
tings. While elegant and holistic, it Is a framework for high-
quality care rather than a specific tool or procedure for addres-
sing complex polypharmacy.

8. Polypharmacy stewardship

A new concept referred to as ‘polypharmacy stewardship’
addresses many of the shortcomings of previously described
Interventions and has been proposed as a model of care to
reduce the risks assoclated with problematic polypharmacy in
older people [69). Polypharmacy stewardship Is defined as
a coordinated Intervention designed to assess, monitor,
Improve, and measure the pharmacotherapeutic treatment of
multimorbidity, taking into account potentially inappropriate
medications, potential prescribing omissions, potentially or
actually detrimental drug - drug and drug - disease interac-
tions, and prescribing cascades, with the aim of aligning treat-
ment regimens with the overall condition, prognosis, and
preferences of the Individual patient. The concept of this
stewardship model is adapted from the principles of antimi-
croblal stewardship, which has been shown to Improve both
patient and economic outcomes [70-73). A polypharmacy
stewardship program Includes the following core components:
optimization of the technical components of prescribing, per-
sonalized prescribing, and deprescribing In view of realistic
treatments goals, avoldance of medication-related harm,
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patient-centered care with provision of supports and follow-
up as necessary and collaboration with key stakeholders
including community-based health care providers (Figure 1).
Several of these core components align closely with the ten
recommendations published by the International Group for
Reducing Inappropriate Medication Use & Polypharmacy
(IGRIMUP), such as recommendation four, ‘employ mixed
implicit and explicit approaches to polypharmacy,” and recom-
mendation ten, ‘decisions In older complex patients should
routinely consider expected survival and quality of life, giving
the highest priority to patient/family preferences’ [74]. There is
no single evidence-based preferred operational model for
a polypharmacy stewardship program. Nevertheless, as health-
care providers strive to implement the key actions outlined in
the WHO Safety Action Plan 2021-2030 [59], a polypharmacy
stewardship program serves as an effective strategy to meet
these targets. Initlal steps to Integrate a stewardship program
into practice Include securing leadership support, establishing
accountability and reporting structures, appointing physicians
and pharmacists with appropriate expertise, and monitoring
outcomes. Successful Implementation of polypharmacy stew-
ardship across a diverse range of healthcare settings Is theo-
retically feasible and requires adaptation of the core
comp ts while considering the resources avallable and
the financlal viabllity of the program.

9. Artificial intelligence (Al)

One raplidly evolving resource that Is anticipated to play an
increasing role In polypharmacy management is Al [7]. To
date, Al-based advances In healthcare have been most pro-
minent In radiology and surgery [75-78], where the applica-
tion of Al-based technigues has shown improved patient
outcomes compared to conventional clinical practice. The
Radiology Health Al register provides an overview of Al
software avallable in Europe for clinical radiclogy practice.
Over 200 products are currently listed that can enhance
diagnostic precision and Identification of abnormalities on
imaging [79). Al In surgery Is currently transforming tradi-
tional surgical treatment approaches. Robotic surgical sys-
tems are being Increasingly utilized in specialties such as
urology and gynecology where they offer increased preci-
slon of surgical intervention, safer procedures and Improved
patient outcomes compared to traditional surgical treat-
ment [76-78,80).

The role of Al In supporting physiclans to manage poly-
pharmacy has been evaluated more recently. In a 2023
single-center study, Akyon et al. described the develop-
ment of a rule-based auxiliary tool and Al supported web
application to ald physiclans’ management of polyphar-
macy [81). This tool was created to Incorporate patients’
age, medications, and comorbidities and applies prescrib-
ing criterla and guidelines. Drugs were screened according
to six PIM criterla and classified as 'usable,” ‘risky’ and ‘no
warning found.” Medications were also screened for and
classified according to drug-drug interaction and drug-
disease Interactions. Medications were evaluated in 296
older adults. The comparison between physicians and the

Al tool revealed a substantial difference In the time taken
to detect PIMs, PPOs, and DDIs, with physicians averaging
38 min while the Al tool took only 34 s

Dil Nahlieli et al. validated an Artficlal Pharmacology
Intelligence (API) system [82]. The APl system Integrated
data from patients’ health records and other sources, incor-
porating medications, medical history, and personal para-
meters. This enabled the APl system to generate prioritized
personalized assessments of drug-related risk in accordance
with up-to-date medical literature and guidelines. AP| sys-
tem significantly outperformed clinical pharmacist reviews
(p=00001) In Identifying medication-related problems.
Both these studies underscore the potential of Al as an
ald to healthcare professionals, particularly in synthesizing
extensive amounts of data efficlently.

TIME (Turkish Inappropriate medication use in the
elderly) criterla were developed by a group of pharmaceu-
tical experts In Turkey and include recommendations for
both prescribing and deprescribing medications In older
people [83). Recognizing the challenge of Integrating com-
prehensive criterla Into busy clinical settings, the group
designed and developed a smartphone application of TIME
enabling cliniclans to efficiently deploy the tool in clinical
practice.

Other studies have utllized Al technology to Improve dos-
Ing In patients using warfarin, as well as predicting DDIs in
patients through a framework which integrated phenotypic,
chemical, therapeutic, and genomic properties [84,85].

These Initial research findings Indicate that Al can support
prescribers by synthesizing large volumes of drug safety and
Interaction data on a practical and accessible platform.
However, It Is cruclal to also consider the challenges asso-
clated with Al. Key challenges include understanding the com-
plexity of Al algorithms, overcoming technical Issues,
mitigating blas, ensuring data security, and avolding over-
dependence on technology. Notwithstanding these chal-
lenges, given the scale of the task of improving medication
safety, leveraging advanced technologies to tackle complex
polyph y seems \ Idable. With appropriate safe-
guards and governance, Al has the potential to enhance decl-
slon -making and efficlencies in the care of patients with
complex polypharmacy.

10. Conclusion

Problematic polypharmacy Is @ growing concemn with Increas-
Ing prevalence interationally despite a global effort to reduce
this problem for over five years. Failure to successfully reduce
problematic polypharmacy in multimorbid older adults stems
largely from the challenges of tackling a multi-factorial pro-
blem In a rapidly growing heterogenous population.
Successful interventions will need to be mult-faceted, involve
face-to-face contact with multimorbid older patients, and will
likely benefit from Incorporating Al technologles. We contend
that such an Intervention can be developed and deployed
successfully, which will improve outcomes for millions of
older adults living with problematic polypharmacy worldwide.
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11. Expert opinion

Problematic polypharmacy Is a major healthcare and patient
safety concemn worldwide, st g from factors
incduding ageing populations, multimorbidity, fragmented
healthcare systems, over-emphasis on evidence-based phar-
macotherapy, and the organization of healthcare around an
individual disease t fra rk. The multi-layered,
multifactorial nature of polypharmacy In late life underscores
its complexity, making It challenging to manage. Nonetheless,
it Is imperative that progress is made In reducing problematic
polypharmacy due to its wide-ranging negative consequences
for patients, healthcare systems and macro-economics.
Therefore, any inter targeting problematic polyphar-
macy should alm to Improve outcomes across these domains.
Despite numerous randomized controlled trials seeking to
address problematic polypharmacy, successes have been lim-
ited in terms of Impact on clinically relevant endpoints. That Is,
while many of these dinical trials, such as SENATOR [61] and
MEDSAFER [60] have demonstrated methods that identify
PIMs and PPOs to prescribers, implementation of advice points
has been poor, and they have generally falled to demonstrate
clear Improvements In patient outcomes such as hospital
readmission, medication-induced Impairment of quality of
life and mortality. A significant Issue lies in the complexity of
the polypharmacy-attenuating Interventions in question and
the finandal es needed to support them. Unlike many
other areas of pharmacotherapy where pharmaceutical com-
panies promote and fund pharmacotherapy research, Inter-
ventions focusing on deprescribing will struggle to attract
such support. While this helps maintain research Integrity, it
poses a challenge to researchers to successfully undertake
polypharmacy-improving research through federal and state
government and philanthropic funding sources.

Another obstacle with determining successful interventions
to target problematic polypharmacy Is the complexity of
patients living with multimorbidity-induced polypharmacy
and the complex multitude of factors that contribute to pro-
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preferences, involving patients In the decision-making process
to a greater extent, and providing follow-up. While initial
research has been undertaken, further research Is required to
fully pl the p lal benefits of Al within
a polypharmacy stewardship program. Without leveraging
the clinical potential of Al, the feasibility of funding interven-
tions that require significant manpower will remain
a challenge to researchers and healthcare systems alike. We
expect that the integration of Al Into polypharmacy steward-
ship programs will help to optimize resource allocation and
Improve patient and economic outcomes.

Looking ahead to the next 10-20 years, polypharmacy Is
expected to become more prevalent In tandem with ageing
demographic changes which will inevitably generate higher
levels of multimorbidity and its by-product, polypharmacy.
A more focused, better structured and funded approach to
polypharmacy research Is needed to elucidate the theoretical
value of multifaceted interventions like polypharmacy stew-
ardship, augmented by Ir tive Al-based technologles. If
such approaches are proven to be successful, the patient
safety and economic dividends could be very substantial
Indeed.

Funding
This paper was not funded.

Declaration of interest

The authores hive no relevant affifations or financial involvement with any
organization or entity with a financial interest in or finandal conflict with
the sub}m matter ov materials discussed in the manuscript, This includes

« s, stock ownership or optioﬂs. expert

"

lestmony. Grants or patents d or pending, of roy

Reviewer disclosures

Peer reviewers on this manuscript have no relevant finandcial or other

blematic polypharmacy. To address this challenge, we p

polypharmacy stewardship as a novel collaborative, mumfa-
ceted, Intervention approach. The framework for polyphar-
macy stewardship s modeled on the anti-microblal
stewardship program which has been applied successfully in
many countries to Improve patient and economic outcomes
related to antimicroblal pharmacotherapy. A key component
of polypharmacy stewardship Involves optimizing the techni-
cal aspects of prescribing, encompassing optimal dosing, for-
mulation, dispensing, as well as identification of PIMs and
PPOs, DOIs, and prescribing cascades. It Is within this domain
that artificial intelligence (Al) will likely demonstrate ts prac-
tical value, particularly in reducing the time taken to Identify
prescribing errors, potentlally inappropriate prescribing (IP),
and potential medications for deprescribing. Al technologles
can be applied to operationalize and automate IP criterla such
as STOPP/START criteria [30] and Beers criteria [32] enabling
prescribers to streamline the |dentification of PIMs and PPOs.
Integration and utllzation of such technologles would then
afford physiclans more time to focus on more nuanced
aspects of polypharmacy, such as establishing patient

hps to disdose,

ORCID
Ruth Daumt (0 httpforcid 0rg0000-0003-0464-3057

References

Papers of special note have been highlighted as either of interest (+)
or of considerable interest (+) to readers,

1. Trodd ). Celebrating 70 years of the BNF [Internet], Pharm J, 2019
Nov [dited 2024 Apr 22] Avilable frome htps/fpharmaceutica-
jourmal laticlelop b G-70-years-of-the-bnf

2. Joirt Formulary C ittee, Breitish National F lary [Imernet].
London: British Medical Association and Royal Pharmaceutical
Society of Great Britainy [updated 2024 Apr 9, dted 2024 Apr 22|,
Avadable from: httpsJ/www mediinescomplete comyd/browseond

3. Busfield ). °A pill for every ill: explaining the expansion in medidne
use. So¢ Sci Med. 2010 Mar 1:70(6:934-941. doi: 10,1016/jsocs
cimed 200910 068

4. Prybys K Polypharmacy in the elderly. dinikal challenges in emer-
gency practice part 1: overview, eticlogy, and drug nteractions,
Emerg Med Rep, 2002.23:145-153

238



1206 (@) R DAUNT ET AL

5. Field TS, Gurwitz JH, Avorn ), et al. Risk factors for adverse drug
events among nursing home residents. Arch Intem Med. 2001;161
(131:1629-1634. doi: 10,1001 farchinte. 161.13,1629

6, kis 5. The forth g artificial intelligence (Al} revolution:
its impact on society and firms. Futures, 2017:9046-60. doi: 10
1016/ futures 2017 03 006

7.Mamet P, Tremblay J. Artificial inteligence in medkine.

Metabolism. 2017,65:536-540. dot 10.1016/jmetabol 2017.01.011

u)wnnanym& Matsczo P, Pant S, et al Access to effective anti-

richwid hallenge.  Lancet  2016;387

('IWMHG&-"S doi: 10.1016/50140-6736(15/00474-2

Early Breast Cancer Triaksts’ Collaboratve Group. Effects of che-

motherapy and hormonal therapy for early breast cancer on recur-

rence and 15-year sunival: an overview of the randomised trials.
Lancet. 2005365(9472)1687-1717. dot 10.101&/50140-6736(05)
55440
10. Torkildsen @, Myhr K, Bo L. Disease-medifying treatments for multi-
ple sclerosis ~ a review of approved medications. Euro J Newrol
201623{51):18-27. dok 10.1111/ene. 12883

11. Smolen JS, Aletaha D, Koeller M, et al. New therapees for treatment
of rheumatoid arthritis. Lancet. 2007,370(9602)1861-1874. doi: 10.
1016/50140-6726(0760784-2
12. Van Dyck CH, Swanson CJ), Aisen P, et & Lecanemab in early
Alzheimer's disease. N Engl J Med, 2023:388(1x9-21. doi: 10,1056/
NEM0aZ212948

13, Woreld Health Organization. Ageing and health [Internet]. [cited
2024 Apr 22]. Avalable from: hitpsy/www who intnews-roomfact-
sheets/detal/ageing-and-health
14. The Lancet. Making more of multmerbidity: an emerging pricrity.
Lancet. 2018;391(10131):1637. doi: 10.101&/S0140-6736(15)30541-3
15. Violan €, Foguet-Boreu Q, Flores-Mateo G, et al. Prevalence, deter-
mlnlm: and patterns  of mdnmorhdny in primary care
review of ob ional studies. PLOS ONE. 2014317
e'|02149 doi: 10,0371 /journal pone.0102149
16, Makavsks TT, Scheitz 5, Zeegers MP, et al. Multimerbidity and
quality of Be systematic literature review and meta-analysis
Ageing Res Rev, 2019 Aug 1,53:100903. doi: 10.1016/jarr 2019.04.
005

17. Giynn LG, Valderas Jt4, Healy P, et al. The prevalence of mudtimorbidity
In prmary care and its effect on health care utdization and cost. Fam
Pract 201128(5x516-523. dox 10.1093 fampra/omr13

18. Gisen R Hoeymans N, Schellevis FG, et al. Causes and conse-
quences of comorbidity: a review, J Cin Epidemiol. 2001;54
(7):661-674, dok 10,1016/50895-4356(00)00363-2

19. Masnoon N, Shakib 5, Kalisch-Ellett L, et al. What is polypharmacy?
A sy ic review of definitions, BMC Geriatr, 2017;17(1):230, doi
10.1186/512877-017-0621-2

20. Manlon P, Ncholl B, Jars BD, et al. Frailty and pre-fnlhy n rmddr

aged md older adults and its with y and

ap lyss of 493737 UK biobank parucr
pants. I.ancet Pl.hk Health. 20183{7):e323-332. doi: 10.101&/
$2458-2667{18)30091-4

. Middo L, Giardini A, Menditto E et al. Polypharmacy prevalence

among older adults based on the survey of health, ageing and
retkement in Europe. Arch Gerontol Geriatr, 2018,78:213-220. dot
10,1016/ archger 2018 06018
22. Charlesworth CJ, Smit E, Lee DSM, et 3l Polypharmacy among
adults aged 65 years and older in the United States: 1988-2010.
J Gerontol Ser AL 2015;70(81989-995. doi: 10.1093/gerona/glvo13
23, Lee H, Baek YH, Kim JH, et al. Trends of polypharmacy among older
people in Asia, Australia and the United Kingdom: a multinational
population-based study. Age Ageing, 2023,52(2):afad014. dei: 10,
1093/ageing/afad014
24. Nichalson K, Liu W, Fitzpatrick D, et al. Preval of muktimorbid

L

b

2

26. Petrovic M, O'Mahony D, Chenbini A. Inappropriate prescribing:
hazards and solitions. Age Ageing, 2022 Feb 2,51(2):aab269.
27. Tommelein E, Mehuys E Petrovic M, et al, Potentially inappropriate
prescriving in community-dwelling clder people across Europe:
@ systematic literature review, Ewr J Cin Pharmacol 201571
(12):1415-1427. dok 10.1007/500223-015-1954-4
28. Davies LE, Spiers G, King: A et al Adv of poly-
pharmacy in older people: systematic review of reviews. J Am Med
Dw Assoc. 2020,21(2):181-187. doe 10. 101&‘;;:"#:2019 10.022
29. Steinman MA, Hanlen JT. Managing in clinically com-
plex elders: ‘there's got to be 2 happy medium’. JAMA. zow,soa
(14):1592-1601. doc 10.1001/jama.2010.1482
30. O'Mahony D, Cherubini A, Guiteras AR, et al, STOPP/START criteria
for potentially inappropriate prescribing in older people: version 3,
Ewr Geriatr Med. 2023;14(4)625-632. doi: 10,1007/541999-023-
00777y
31. Curtin D, Gallagher P, O'Mahony D. Deprescribing in older pecple
approaching end-of-e: development and validation of STOPPFrail
version 2. Age Ageing. 2021;50(2):465-471. dox 10.1053/ageing/
afaalss
32 By the 2023 American geriatrics sodety beers criteria® update
expert panel. American geriatrics sodety 2023 updated AGS beers
criteria® for potentially inappropriate medication use in older
adults. ) Am Geriatr Se<, 2023 Ml 1,71(7):2052-2081. dot 101111/
jgs 18372
31 Pazan F, Weiss C, Wehling M. The EURO-FORTA {Fit fOR the Aged)
list version 2: consensus validation of 2 dinical tool for improved
pharmacotherapy in older adults. Drugs Aging. 2023:40:417-426.
34, Blanco-Reina E, Vakdellés ), Aguilar-Cano L, e1 & Beers criteria and
STOPP v2 for detecting potentially inappropriate medication in
community-cwelling older people: prevalence, profile, and risk
factors. Eur J Clin Pharmacol, 2019;75(10):1459-1466. doi: 10,
1007/$00228-019-02722-0
15 Hanlon JT, Schmader KE, Samsa GP, et al A method for assessing
drug therapy appropriateness. J Clin  Epidemiocl. 1992:45
(10):1045-1105. doc 10.1016/0895-4356(92)50144-C
6. Vogt-Ferier N. Reviewing 2 hcated drug Eur
Geriatr Med. 2010;1{3):198- 202. doi: 10. tot&]uguzawmnoi
37. Scott 1A, Gray LC, Martin JH, et al, Effects of a drug minimization
guide on prescribing  intentions in elderly persons  with
polypharmacy. Drugs Mm 2012:29:659-667. doi: 10.2165/
1186
s SMC.OsbomkHuthT €1 3. Taking the pulse of health care
of p with health p i six countries,
Heakth Mij Hope. 2005,24/Suppl! JWS-509-WS-525. dok 101377/
WNthatf WS 509
39 Van Spall HGC, Toren A, Kiss A, et 2. Eligbilty cntena of rando-
mized controlled trials pubkshed in high-impact general medical
joumals: a systematic sam review. JAMA. 2007297
(11):1233-1240. dox 10.1001/jama.297.11.1233
40 Mhes LD, McMurde MET, Gutheie B. Guidelines for pecple not for
the chall of applying UK clinicdl guidelines to pec-
ple with multimorbidity, Age Mehg 2013:42(11:62-69. doi: 10,
1093/ageing/als100
41. Etminan M, Wright JM, Carleton BC. Evid
apy: review of basic pts and applications in dincal p
Ann Pharmacother. 1958;32(11):1193-1200. doi: 10.1345/aph.1 7333
42 Steneck NH. Fostering imegrity in research: definitions, current
knowledge, and future directions. Sa Eng Ethics. 2006;12:53-74,
doi: 10.1007/51 1948-006-0006-y
43 Nuiez-Nufez M, Maes-Carballo M, Mignini LE et a Research
integrity in randomized clinical Trials: a scoping umbrella review.
Im ) Gynecol Obst, 2023;162{3}860-876. doi: 10,1002/jgo 14762

based ph th

ity and polypharmacy among adults and cider adults: 2 systematic
review. Lancet Healthy Longev. 2024;5(4):e287-¢296. doi: 10,1014/
S2e00-7568|24)00007-2

25, Knhezrian M, McNeil CJ, Murray AD, et al. An overview of prevalence,
determinants and health cutcomes of . Ther Adv Drug
Sal. 2020;11:2042098620933741, doi: 10.1177/2042096620933741

4. C WJ, Hendroe N, Bansal A, et al. Favorable and publicly
funded studies are more likely to be published: a systematic review
and meta-analysis. J Cin Epidemicl. 2017,92:58-68. dot: 10.101&/).
jchnepe.2017.08.004

45. Bauchner H, Golub RM, F PB. Reporting and i
tion of randomized clinical trials. JAMA 2019.322{8&732—735 doi:
10,1001 /jama 2019.12056

239



46, Jakovljevid M. Myths and facts in contemporary psychopharma-
cotherapy: evidence-based vs evidence-biased treatment algo-
rithms practice, Psychiatry Danub. 2007;19(4)342-349,

47, Aubert Bonn N, Pinxten W. A decade of empirical research on ressarch
integrity: what have we [not} looked At? J Empir Res Hum Res Ethics.
019,14(4)338-352. dot 10.1177/1556264619658534

48. Mimer SN, Schwartz J, Petrovic M, et al Addressing the gaps in
evaluation of new drugs for older adults: strategies from the inter-
national union of basic and dirical pharmacology (IUPHAR) geria-
tric committee. J Am Geriatr Soc. 2024:1-5. doc 10.1111/)gs.18826

49, Counter D, Millar JWT, McLay JS. Hospital readmissions, mortality
and potentially inappropriate prescribing: a retrospective study of
older adults discharged from hospital Br ) Clin Pharmacol, 201884
(81:1757-1763. dot 10.1111/bxp 13607

50. Osanlou R, Walker L, Hughes DA, et al. Adverse drug reactions,
Mimorbidity and polyph Y. a prospective analysis of |

month of medal admissions. BMJ Open. 2022;12(7):¢055551, doi
100136/ Dmjopen-2021-055551

. Leelakanck N, Holcombe AL, Lund BC, et al Assoocation between
polypharmacy and death: a systematic review and meta-analysis.
J Am Pharm Assoc. 2017,57(6):729-738.210. doi: 10.1016/).japh.
201706002

. Nothelle SK, Sharma R, Oakes A, et al. Factors associated with
potentially inappropriate medication use in community-dwelling
alder adults in the United States: a systematic review. Int J Pharm
Pract, 2019;27(51408-423, doi: 10.1111/ijpp. 12541

53. Rademaker M. Do women have more adverse drug reactions? Am
J Cin Dermatol. 20012{6):349-351. dot 10.2165/00128071-
200102060-00001

54, Burostat Statistics Explained [nternet] (dled 2024 Ml m
Available from: https//ec.europa.cu/
fAindex.php?title=Ageing_Europe_-_statistics_on_population_
developmentséOider_people_E2.80.94_differences_between_the_
waes

55. Aitken M, Gorokhovich L Ad g the responsible use of medi-
cines: applying levers for change. IMS Insttute for Healthcare
Informatics; 2013 Feb 23joted 2024 Apr 22). Available from:
http//papers ssn.com/sol3/papers cfm’abstract_id=2222541

56. Morgan 5G, Hunt J, Rioux ), et al, Frequency and cost of p ity
inappropriate prescribing for older adwu\ @ cross-sectional sludy
CMAJ Open. 20164(20E346 dot 10.9778/cmaje. 20150131

57, Akazawa M, Imai H, Igarashi A, et al. Potentially inappropriate
medication use i elderdy Japanese patients. Am J Geriatr
Pharmacother. 2010,8(2):146-160. dok 10.1016/jamjopharm 2010,
03 005

s

-

5

~

58. Medi Without Marm [int ) [oted 2024 Apr 22]. Available
from: hetp//apps.whoint/irs/bi F10665/255263/1/WHO-HIS-
$DS-2017 6-eng pdflua=1&ua=1

« WHO 3rd Global challenge ‘Medication Without Marm’.

59. World Health Organization. Global patient safety action plan
2021-2020 [Internet]. [cited 2024 Jun 15). Available frome httpsy/

ho.int/publ Atem/9 78924003270

60, McDonald  EG, Wu PE, Rashidi 8, et al. The MedSafer
study-electronic decision support for deprescribing in hospitalized
older adults: a duster randomized dinical trial JAMA Intern Med.
2022,182(35265-273. doi: 10,1001 jamainternmed 20217429

61. OMahony D, Gudmundsson A, Soiza RL, et al. Prevention of
adverse drug reactions in hospitalized older patients with multi-
morbidity and polypharmacy: the SENATOR* randomized con-
trolled clinical trial. Age Ageing. 2020,49(4):505-614. dot: 10.1093/

ageing/af2a0 2
62, Dalon K, O'Mahony D, Cullinan S, et al Factors affecting prescriber
imp jon of comp g d medication recommenda-

tions in the SENATOR trial: a qualitative study. Drugs Aging
2020:3719k703-713. doi: 10,1007/540266-020-00757-6
63. McCarthy €, Clyne 8, Boland F, et al. GP-dell d

EXPERT OPINION ON PHARMACOTHERAPY 'S 1207

64 Keller MS, Qureshi N, Mays AM, et al (umulm updm of
@ systematic ovendew evaluati
polypharmacy. JAMA Netw Open 2024, 7(l|:e2350963-02350963
dol Iolwlnanunetwoﬁopenmz

. riew of inter lyph

&5. O'Connor MN, O'Sullvan D, Gallaglm PF et al. Prevermon of hospe-
tal-acquired adverse drug reactions in okder people using screening
tool of older persons’ prescriptions and screening tool to alert to
night treatment critena: a cluster randomized controlled tral. J Am
Geriatr Soc. 2016,64(2)x1558-1566. doi: 10.1111/jg=.14312

66, Garcia-Gollarte F, Baleriola-Nilvez ), Ferrero-Lopez |, et al. An edu-
cational intervention on drug use in nursing homes impraves
health outcomes resource utilization and reduces inappropriate
drug prescription. J Am Med Dir Assoc 201415(121:885-891. doi:
101016/ jamda 201404010

67. Frankenthal D, Lerman Y, Kakerdiaryev E, et al. Intervention with the
screening tool of older persons patentially inappropriate prescriptions/
soreening ool 1o akert doctors to right treatment criteria in eldedy
resicents of a cheonic geratric fadlty. a randomized dinical trial. J Am
Geriatr Soc. 201462(91:1658-1665. doi: 10.1111/gs.12993

&8 Tinetti M, Muang A, Molnar F. The Geriatrics SM's: 2 new way of
communicating what we do. J Am Geriatr Soc. 2017 Sepi65(9):2115.
doi: 10.1111/)gs.14979

9. Daunt R, Curtin D, O'Mahony D. Polypharmacy stewardship: a novel
approach to tackle a major public health crisis. Lancet Healthy
Longey, 20234(5):e228-235. dot 10 1016/52666-7568(23)00036-3

+ First article describing the polyp dship model,

70. McGowan JEJ, Gerdqu DN. Does anlibio« resmmon prevent
resistance? New Horiz Baltim Md, 1996:4(31370-376

71. Goff DA, Bauer KA, Reed EE, 1 al. Is the Tow-hanging fruit” warth
piking for amimicrobial stewardship programs? Cin Infect Dis,
2012,55(4):587-592. dok 10.1093/cid/cis494

72. Schuts EC, Mulscher MEJL, Mouton JW, et al. Current evidence on
haspital antimicrobial stewardship objectives: a systematic review
and meta-analysis. Lancet Infect Dis. 2016;16(71247-856. doi: 10.
1016/51473-305916)00065-7

73. Centers for Disease Control and Prevention (CDC). The core ele-
ments of hospital k dshep programs (I ). [cited
2024 Apr 22]. Available from: hitps/fwww cdegoviantibiotic-use
/core-elements/hospital. html

74 Mangin D, Bahat G, Golomb BA, et al International group for
reducing inappropriate  medication use & polypharmacy
(GRIMUP): positi nd 10 dations for action,
Drugs Aging, 201835(71:575-587. dot 10.1007/540266-018-0554-2

75. Hosny A, Parmar €, Quackenbush J, et al. Artifical intelligence in
radiclogy. Nat Rev Cancer. 201818{81:500-510. doi: 10.1038/
541568-018-0016-5

76. Gumbs AA, Frigerio |, Spolverate G, et al. Artificial inteligence
surgery: how do we Qel 10 JULONOMOUS actions in surgery?
Sensors, 2021,21(16), deoi: 103390/521165526

77. De Backer P, Van Praet C, Simoens J, et al. Improving augmented
reaity through deep learning: real-tlime instrument delineation in
robotic renal surgery, Eur Urol, 2023;84(1)86-91. doi 1010167,
eunro 202302024

78. Nobbenhuis MA, Gul N, Barton-Smth P, et al. Robotic surgery in gynae-
cology: scentific impact paper No. 71 (July 2022). B)OG Int J Obstet
Gynaecol. 2023;130{11e1-8. dot 10.1111/1471-0528.1 7242

79. van Leeuwen KG, Schalekamg 5, Rutten MICM, et al. Artificial
intelligence in radiclogy: 100 commercially avalable products
and their scientific evidence, Eur Radiol 2021:31(6)3797-36804,
doi: 10.1007/s00330-021-07392-2

£0. Peters 8BS, Armigo PR, Krause C, et al Review of emerging surgical
robati technology. Surg Endosc. 2018321626-1655. doi: 10.1007/
s00464-018-6079-2

al.Akymﬂi.AlqmF(.w"uzTLAmﬁddmdhgmmpawdvub

review of polypharmacy, deprescribing, and patient priorities in
older people with multimorbidity in Insh pnmary care (SPPIRE
studyl: a Cluster randomised controlled trial. PLOS Med. 202219
({1):21003862. dot 10.1371/jowrnal. pmed. 1003862

1l desgn and develop g polyph y side
effects and supporting rational drug use in g Front Med.
2023,10:1029198 doc 10.3389¥med 20231029198

82, Dil-Nahlieli D, Ben-Yebuda A Souroujon D, et al. Validation of
a novel anificial pharmacology inteligence (AP} system for the

240



1208 () R DAUNT ET AL

ofp with pelyph y. Res Soc Adm Pharm
2024;20(71:633-639. doi: 10,1016/ sapharm 2024 04 003
+ Recent publication describing a novel Artifical Intelligence
System.

83, Bahat G, Ihan B, Erdogan T, et al. Turkish inappropriate medication
use in the elderly [TIME) criteria to improve prescribing in older
adults: TIME-to-STOP/TIME-to-START, Eur Geriatr Med. 202011
(3):491-498. dow 10,1007/541999-020-00297-2

84, Daniels PR, Manning DM, M y @, et al. Imp g ir
warfarin therapy safety using a pharmacist-managed protocel,
BAU Open Qual, 2018:7(2):2000290. doi: 10.1136bmjog-2017-
000290

&5. Cheng F, Zhao Z. Machine leaming-based prediction of drug-drug
i by integrating drug phenotypic, therapeutic, chemical,
and genomic properties. J Am Med Inform Assoc. 201421(e2):
€278-¢286. doi: 10.1136/amiainl-2013-002512

241



Drugs & Aging (2025) 42:535-546
hittps-//doi org/10.1007/540266-025-01201-9

ORIGINAL RESEARCH ARTICLE

Chrech Sor
updates

Detection of Potential Prescribing Cascades in Multimorbid Older
Patients Hospitalised with Acute lliness—An Observational
Prospective Prevalence Study

Ruth Daunt'?( . Siobhan McGettigan'? - Lorna Kelly? - Denis Curtin® - Denis 0'Mahony '

Accepted: 13 March 2025 / Published online: 4 Apri 2025
©The Author(s) 2025

Abstract

Background Prescribing cascades occur when a new drug is prescribed to treat an adverse drug event caused by an exist-
ing medication, resulting in unnecessary, or potentially hazardous additional drugs. To date, there are no published studies
assessing the prevalence of prescribing cascades in older hospitalised adults.

Objective To investigute the prevalence of prescribing cascades in hospitalised older adults.

Methods We conducted a prospective observational study of adults aged = 65 years with multimorbidity and polypharmacy
presenting to hospital with acute unselected medical or surgical illness. Prescribing cascades were identified using two pre-
defined validated explicit cuscade lists, i.¢. ThinkCuscades, and a list derived from a recently published systematic review
of prescribing cascades in community-dwelling adults, referred to here as the 'Doherty list'. Potential prescribing cascades
were classified as 'definite’, ‘probable’, ‘possible’, ‘uncertain’ or ‘indeterminate’ according to pre-specified criteria
Results The study included 385 consecutive patients (55.1% female, mean age 80.2 years, standard deviation 7.3 years). A
total of 281 potential prescribing cascades (drug A — drug B) were identified in 152 patients (39.4%). Probable or possible
prescribing cascades were identified in 48 patients (12.4%) using the Doherty list and in 44 patients (11.4%) using Think-
Cascades. Patients exposed to potential prescribing cascades experienced greater levels of polypharmacy than patients not
exposed to prescribing cascades (median interquartile range [IQR] of 12 [9-14)] daily drugs versus 9 [IQR 7-11), p < 0.001).
Condusions Putential prescribing cascades were highly prevalent in older hospitalised adults. Practical tools are needed to
assist prescribers in prevention, recognition and management of inappropriate prescribing cascades.

1 Introduction

A prescribing cascade occurs when a new drug is pre-
scribed to treat a side effect or an adverse drug event
(ADE) caused by an existing medication and can be clas-
sified as cither appropriate or inappropriate [1, 2]. Appro-
priate prescribing cascades occur when 2 new medication
is intentionally prescribed to manage a well-recognized
drug side effect, with the benefits of initiation outweighing
the risk, such as laxatives to counteract the common and
predictable problem of constipation arising from opioid
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Prescribing cascades are clinically significant as they can
result in prolonged burden of symptoms and accumula-
tion of unnecessary medications which increases the risk
of medication-related harm.

This study demonstrates that potential prescribing
cascades are substantially prevalent in older adults with
multimorbidity and polypharmacy.

Potential prescribing cascades are more common in
patients with hyperpolypharmacy (prescribed = 10 daily
medications) and higher mean Charlson Comorbidity
Index scores.
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treatment [3). In contrast, inappropriate prescribing cas-
cades occur when drug side effects are misdiagnosed as
new conditions, leading to the inappropriate prescrip-
tion of an unnecessary or potentially dangerous second-
ary medication to treat the misdiagnosed new condition
or symptom, thereby increasing the risk of medication-
related harm [3). One well-known example of an inappro-
priate prescribing cascade is the prescription of diurctics
to treat lower limb oedema arising as a side effect from
prior treatment with dihydropyridine calcium channel
blockers, the oedema being misdiagnosed as a sign of heart
failure rather than as a side effect of the calcium channel
blocker. Inappropriate prescribing of cuscades may result
in prolonged and excessive burden of symptoms arising
from adverse drug events, avoidable additional medication
burden and further inappropriate use of medications [4-6).

Numerous examples of prescribing cascades have been
reported in literature through cuse reports, case series,
case-control studies, cross-sectional studies and origi-
nal research [7, 8]. The likelihood that a concurrent drug
pair represents a prescribing cascade may be investigated
through so-called prescription sequence symmetry analysis
(PSSA) methodology [7, 9, 10). PSSA compares the num-
ber of patients prescribed the index drug (drug A) before
introduction of the marker drug (drug B) to those who
were prescribed the marker drug before the index drug
(so-called crude sequence rativ). PSSA may be affected
by prescribing trends such that many studies also report
a null-effect sequence ratio or adjusted sequence ratio,
which is the crude sequence ratio divided by the null-effect
sequence ratio, to account for prescribing trends. Although
PSSA is an effective and validated method of establishing
whether 4 drug pair constitutes a potential prescribing cas-
cade, it cannot determine the actual clinical relevance of a
suspected inappropriate prescribing cascade, nor cannot it
establish causality [9].

A recent systematic review by Doherty et al., designed
to identify published prescribing cascades in community-
dwelling adults, examined 101 published studies. From
their systematic analysis of literature, the authors high-
lighted the 25 most commonly identified prescribing cas-
cades in community-dwelling adults, the majority of which
were identified by studies that utilised PSSA methodology
[7]). Separately, the IKASKADE consortium recently pub-
lished a consensus list (called “ThinkCascades™) of nine
clinically relevant prescribing cascades validated by the
Delphi consensus method [11]. Not surprisingly, the list
of the 25 most common prescribing cascades identified
by Doherty et al. and the ThinkCascades list overlap to
some extent. Nevertheless, they represent an advance in
prescribing cascades research in that they embody explicit
validated lists of cascades not previously described in
literature.

5 Adis

Although it is nearly 30 years since the original concept
of prescribing cascades was described by Rochon and Gur-
witz, there are no studies describing the real-world preva-
lence of prescribing cascades in older multimorbid people
exposed to polypharmacy, i.¢. the population at highest risk
of inappropriate prescribing cascades [12]. This deficiency
in the prescribing cascades literature relates largely to the
lack of validated explicit prescribing cascades lists prior to
2022. In addition, the need to carefully evaluate the probabil-
ity of true cascades being observed has not been addressed
through prospective prevalence studies in real-world mul-
timorbid older patients experiencing polypharmacy. Older
people undergoing hospitalization because of acute illness
represent one of the most multimorbid patient cohorts who
experience long-term polypharmacy [13]. Accordingly, the
principal aim of this study was to investigate the prevalence
of prescribing cascades in hospitalised older adults with
multimorbidity and polypharmacy using the explicit pre-
scribing cascades lists of Doherty et al. and ThinkCascades
in combination.

2 Methods

This study was a single-centre observational prospective
prevalence study conducted in a major tertiary referral
medical centre in Cork, Ireland. The local Clinicul Research
Ethics Committee approved this research study. Participants
were recruited between October 2022 and July 2024.

Eligible participants were adults aged = 65 yeurs admit-
ted through the emergency department with acute surgical
or medical illness, with preadmission multimorbidity (i.e. 2
3 chronic co-morbidities diagnosed prior w admission) and
associated polypharmacy (ie. 2 5 prescribed daily medi-
cations). Exclusion criteria were: acute psychiatric illness
(not including delirium) and patients at end of life or admit-
ted directly to the intensive care unit (ICU). Patients were
also excluded if they or their legally authorised representu-
tive (if they lacked capacity) were unable or unwilling to
give consent to study participation. Apart from their high
prevalence of multimorbidity and polypharmacy, hospital-
ised older patients were selected as the focus of this study
becuuse hospital admission provides a unique opportunity
to perform a comprehensive medication review, facilitating
the identification of prescribing cascades [14).

To achieve a statistically valid detection of prescrib-
ing cascades, a sample size of 384 wus determined. This
was calculated on the basis of & margin of error of 5% at
95% confidence. This sample size was calculated using an
assumed prevalence of 50%, an estimate that requires the
largest sample size ensuring adequate power regardless of
the true prevalence within the population. Furthermore, the
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sample size was calculated under the assumption of a large
at-risk population (more than 5000) [15, 16).

Patients’ data were collected at two timepoints, i.e. at
recruitment within 72 h of admission and at discharge. At
recruitment, three trained research physicians (R.D., S.M.,
and LK.} conducted patient and/or carer interviews, con-
tacted patients’ community pharmacists and reviewed medi-
cal records to obtain the following patient information: age,
sex, admitting speciality, long-term regular medications,
admitting diagnosis, specific diagnoses and cumulative co-
morbidity as quantified by the Charlson Co-morbidity Index
score (CCI), number of reported falls in the preceding 12
months, number of admissions in the preceding 12 months,
delirium status on admission based on the 4AT screening
test and Clinical Frailty Scale (CFS) score. At discharge,
the research physicians obtained the following informa-
tion: length of hospital stay (days), discharge destination
(home or long-term care facility) and updated list of regular

Putential prescribing cascades were identified at the point
of recruitment using the ThinkCascades list (Table 1) and
the list compiled by Doherty et al. (hereafter referred to
as the ‘Doherty list”) (Table 2). Patients' long-term daily
medications were screened for potential prescribing cas-
cades using the two explicit cascades lists separately and
in combination. When potential cascades were identified,
the temporal relationship between drug A and drug B was
determined, where ascertainable, through discussions with
the community pharmacist and review of patients’ medi-
cal records. Establishing the temporal relationship involved
firstly determining whether drug A was initiated before drug
B and, where possible, assessing the timefrume between ini-
tiation of both drugs. If drug B was initiated after drug A,
further investigation was conducted to determine whether
an ADE wus implicated as the potential indication for drug
B. Patents were interviewed and their medical records
carefully scrutinized, including correspondence letters
and inpatient progress notes, to determine whether drug B
was initigted to treat @ known ADE caused by or relating
to drug A. In this assessment, only ADEs documented on
the ThinkCascades list and the Doherty list were considered
as indicating potential cascades. Potential ADE's were only
included if the ADE was documented in the patients’ medi-
cal records. The likelihood of 4 prescribing cascade being
present wus categorized as “definite’, ‘probable’, ‘possible’,
‘uncertain,' or ‘indeterminate’ according to pre-defined cri-
teria (Tuble 3). This clussification system was developed
in alignment with the World Health Organisation-Uppsala
Monitoring Centre (WHO-UMC) system for standardised
case causality assessment [17]. Similar to the WHO-UMC’s
ADR causality assessment, this system cannot provide an
accurate quantitative measurement of the drug A/drug B
cascade relationship likelihood, but it helps reduce assessor

disagreement and improve the overall evaluation of potential
prescribing cascades. The standardized process t ascertain
prescribing cascade likelihood is illustrated in Fig. 1.

Prevalence, the primary outcome of interest, was deter-
mined as the proportion of patients identified with & poten-
tial prescribing cascade, categorised as definite, probable,
possible or uncertain. Patients were then classified into two
groups—those with a potential prescribing cascade and
those without—to evaluate statistical difference in demo-
graphic and clinical charactenistics. The selected covariates
were chosen on the basis of review of the relevant literature
of related studies on inappropriate prescribing in older mul-
timorbid adules [18-20].

At discharge, patients' medications were reviewed to
determine whether any potential prescribing cascades
identified at recruitment were still included in their regular
prescriptions.

2.1 Statistical Analysis

Statistical analysis was conducted using SPSS® version 28.0
software. Descriptive statistics included the mean and stand-
ard deviation (SD) for normally distributed variables and the
median and inter-quartile range (IQR) for non-parametric
variables. Deceased patients were excluded from the analysis
of medication prescriptions at discharge. Differences in the
distribution of categorical variables were compared using
Pearson's chi-squared test and continuous variables using
the independent i-test. The Mann-Whitney U test was used
to determine independence of two nonparametric variables.
A probability value of < 0.05 was considered statistically
significant. The probability values were selected to show the
differences between the two groups — those with potential
prescribing cascades and those without potential prescrib-
ing cascades — allowing for testing of the null hypothesis,
which assumes no difference between the groups. To ensure
strong reliability in the clussification of potential prescribing
cascades and ADE's among the three rescarchers, inter-rater
reliability was calculated using the intra-class correlation
coefficient, a two-way mixed model, assessing for absolute
agreement.

3 Results

In totul, 385 patients were enrolled in this study, of whom
212 patients (55.1%) were female with & mean (SD) age of
80.2 (7.3) years. Bascline patient characteristics are pre-
sented in Tuble 4. The median (IQR) number of comorbid
chronic conditions in patients with a potential prescribing
cascade was 8 (6-10) versus 7 (5-9) in patients without
a potential prescribing cascade (p = 0.003). The most
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common diggnoses were hypertension (72.7%), dyslipidae-
mia (50.6%) and atrial fibrillation (34.2%). A totul of 3950
daily medications were prescribed to the 385 patients, i.c.
an average of 10.3 daily drugs per patient. Statistically
significant p values are highlighted in bold in Table 4.

Using both the ThinkCascades list and the Doherty
list in combination, a total of 281 individual potential
prescribing cascades were identified in 152 patients, i.c.
39.4% prevalence, with 63 patients (16.3%) classified as
having possible cascades and 7 patients (1.8%) classified
as having probable cascades (Table 5). Owing to over-
lap between the Doherty list and the ThinkCascades list,
the total number of unigue patients and prescribing cas-
cades in the combined analysis is lower than the sum of
the individual lists. Each patient and prescribing cascade
wis counted only once. Cascades categorized as ‘indeter-
minate’ were excluded from overall prevalence calcula-
tions. The overall prevalence of potential prescribing cas-
cades, including those classified as probable, possible and
uncertain, is highlighted in bold in Table 5.

The ratio of drug pairs prescribed drug A followed by
drug B to those prescribed drug B followed by drug A
wis 1.57 (104/66) using the ThinkCascade list and 2.47
(210v85) using the Doherty list.

The four most common probable or possible prescribing
cascades according to the Doherty list were:

® statin — drugs for urinary frequency and incontinence
(n=17)

* dihydropyridine calcium channel blocker — loop diu-
retic (n =10)

® statin — antidepressant (n = 10)

* selective serotonin reuptake inhibitor — drugs for
urinary frequency and incontinence (or incontinence
products) (1 = 10).

By comparison, the four most common probable or pos-
sible prescribing cascades according to the ThinkCascades
list were:

® diurctic — overactive bladder medication (n = 21)

e calcium channel blocker — diuretic (n = 17)

* selective serotonin reuptake inhibitor/serotonin-norepi-
nephrine reuptuke inhibitor — sleep agent (e.2. benzo-
diazepine, benzodiazepine receptor agonist, sedating
anti-depressant and melatonin) (n = §)

* antipsychotic— antiparkinsonian agent (n = 3).

Potential prescribing cascades were more common in
patients with hyperpolypharmacy (i.e. taking = 10 daily
long-term medications) compared with patients tuking <9
daily medications (70.3% versus 37.3%, p < 0.001). In addi-
tion, patients exposed to potential cascades had higher mean
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Table3 Prescribing cascade likelihood criteria
Cascade likelibood Assessment criteria
1 Definite Drug B follows Drug A
Drug B initiated to treat ADE caused by drug A
Initiation of drug B cannot be explained by other disease/indi
Withdrawal challenge of drug A resalts in improvement/cessation of the side-effect
2 Probable Drug B follows drug A
Drug B initiated to treat ADE caused by drug A
Initiation of drug B unlikely explained by another disease or symptom
3 Possible Drug B follows drug A
Drug B possibly initiated to treat ADE caused by drug A (& ion of ADE in medical records
after drug A prescribed and before drug B prescribed)
Initiation of drug B could be explained by other di finds
4 Uncertain Drug B follows drug A
Unclear if drag B initiated to treat ADE caused by drug A (no d 100 of ADE in medical chart)
Initiation of drug B could be explained by other di findicaty
5 Indeterminate Drug A and drug B co-prescribed
Cannot d i poral relationship b drug A and drag B
Data cannot be supplemented or verified
ADE adverse drug event

Fig. 1 Standardized process to
ascertain prescribing cascade
likelshood

Medication reconaliation.

Combination drugs invalved in a potential prescribing cacscade identified.

Timeline of initiation of patentially implicated drugs determined through review of medical

record and discussion with community pharmacdist.

Reason for initiation of Drug 8 assessed through patient interview and review of medical record.

[ Patential prescribing cascade identified (i.e. Drug 8 follows Drug A).

Potential prescribing cascades dassified according to likelihood

Charlson Comorbidity Index (CCI) scores compared with  patients with a prescribing cascade categorised as “probuble’

patients not exposed to potential cascades (mean 6.13 [SD
2.06] versus 5.57 [SD 1.68]), p = 0.006). When comparing

or possible” in combination to “uncertain' no significant dif-
ferences were observed except for length of hospital stay
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Table4 Bascline characteristics and univariate analysis of association
Variables No cascade group (r = 233 Cascade group (n = 152 Povalue
(60.6%)) (39.4%))
Female (%) 131 (559 80 (52.6) 0438
Age, median (years, IQR) 0.5 (74.75-86) 80(75-85) 0.95
Living arrangements pre-admassion
Home, number of patients (%) 218 (93.6) 139(91.4) 0435
Long-term care facility, number of patients (%) 15(6.4) 13(8.6)
Charlson Comorbidity Index, mean (SD) 5.57 (1L.68) 6.13 (2.06) 0.006
Number of daily medications, median (IQR) 9(7-11) 12(9-14) < 0.001
Hyperpolyph ¥, number of patients (%) §7(31.3) 107 (70.3) < 0.001
Clinical frailty Scale score, median (IQR) 5(4-6) 5(4-6) 0476
Comorbidities, median (IQR) 7(59) 8(6-10) 0.003
Fall in last 12 months, number of patients (%) 123(52.7) 79(52.0) 0.875
Admitted in last 12 months, number of patients (%) 128 (55.00 88(57.9) 0.567
4AT score, median (IQR) 1(0-2) 0(0-2) 0.886
Admitted under geriatr dici ber of (%) 42(18) 18(11.8) 0.102
Admitted under
Medical speciality, number of patients (%) 218 (93.6) 141 (92.8) 0.760
Surgical speciality, namber of patients (%) 15 (6.4) 11(1.2)
Primary diagnosis (1CD code)
Fall (W19) (%) 50(21.5) 29(19.1) 0.572
Acute lower respimatory infection (J22) (%) 2294 25(16.4) 0.040
Urinary tract infection (N39.0) (%) 17(7.3) 8(53) 0429
Syncope (RS5) (%) 14(6) 4(26) 0.125
Decompensated congestive heart failure (150.0) (%) 13(5.6) 5(33) 0.298
Length of hospital stay, days (IQR) 9{4-17) 11(5-21) 0.276
Survival outcome (death), number of patients (%) 219 10 0.391
Discharge destination
Home, number of patients (%) 183 (78.5) 113(743) 093
Long-term care facility, number of patients (%) 50(21.5) 39(25.7)

4AT Arousal, Attention, Abbreviated Mental Test-—4 and Acute change

(median: 7 days [IQR 3-13] versus 6 days [IQR 6.25-22], p
=0.018) (Appendix 1).

Hospital dischurge prescriptions were reviewed to deter-
mine whether potential prescribing cascades identified at
recruitment remained in patients' regular prescriptions, ie.
whether both drug A and drug B were still prescribed. Using
both cascades lists in combination, 76.5% (1 = 215) of the
identified potential prescribing cascades remained at dis-
charge. In isolation, 75.7% (r = 159) of the Doherty list
cascades and 63.4% (n = 66) of the ThinkCascades cascades
remained at discharge.

Inter-rater reliability for prescribing cascade detec-
tion and ADE classification was also evaluated to ensure
acceptable reliability among the three researchers. In total,
39 cases (10%) were selected at random for evaluation by
the reseurchers. The intra-class correlation coefficient (ICC),
a two-way mixed model, assessing for absolute agreement
was calculated. For prescribing cascade classification, the

5 Adis

ICC for the consistency of ratings was 0.935 (95% CI [0.884,
0.964]) and for consistency of ratings of ADE classification,
ICC wus 0.896 (95% CI [0.813, 0.943)), which indicates
excellent inter-rater reliability for detection and classifica-
tion of potential cascades and ADE's.

4 Discussion

This is the first prospective prevalence study of potential
prescribing cascade prevalence in hospitalised multimorbid
older adults exposed tw polypharmacy. It demonstrates that
prescribing cascades are substantially prevalent in this popu-
lation to & clinically significant degree, particularly among
those who experience hyperpolypharmacy. The analysis of
drug pairs where drug A was prescribed followed by drug B
compared with the reverse order suggests that the suspected
prescribing cascades identified in this study are likely to
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Table$ Prevalence of p ial p ibing d
Potential Probable Possible 1 R Ind Prescribed in
prescribing  prescribing  prescribing  prescribing  prescribed at q the seq
d d cascades discharge drug A« drug B— drug
(includes drag B A
probable, unknown
possible and
uncertain)
Combined Individual 152 (394%) T7(1.8) 63 (163) 101 (26.2) 110(286%) 25(6.5) 80(20.7)
lists patients no.
(%)
No. individual 281 7 98 176 215 0 142
prescribing
cascades
Doherty list Individaal 135 (35.1%)  2(0.5) 46(119) 95(24.7) 107(27.8) 15(3.9) 64 (16.6)
patients no.
(%)
No. individual 210 2 6l 147 159 17 85
prescribing
cascades
Think cas- Individual T5(194%) 6(1.5) 39100 39100 46(119) 11(29) 46 (11.9)
cades list patients no.
(%)
No. individual 104 6 50 48 66 14 66
peescribing
cascades

be clinically valid. Although the more frequent prescrib-
ing in the sequence drug A — drug B does not definitively
confirm their status as prescribing cascades, it supports the
hypothesis that the potential prescribing cascades identified
in this study are true prescribing cascades. This is impor-
tant, as true prescribing cascades can have serious adverse
consequences for patient safety and healthcare outcomes [5).

As ageing demographic trends intensify as a global phe-
nomenon, the prevalence of multimorbidity is increasing in
tandem, resulting in ever increasing levels of polypharmacy
and hyperpolypharmacy [21-23). As older people are pre-
scribed more medications, their risk of experiencing inup-
propriate prescribing (IP) in gencral also rises [13, 24). The
present study aligns with this observed association, confirm-
ing that potential prescribing cascades as another manifesta-
tion of IP are associated with a higher number of prescribed
medications [25].

While the management of patients with complex mul-
timorbidity and associated polypharmacy has traditionally
been the responsibility of general practitioners and geriatri-
cians, the responsibility for medication management will
increasingly extend to all physicians dealing with multimor-
bid older people in their own areas of clinical practice. In
the present study, 84% (n = 326) of patients were under the
care of physicians who were not geriatricians, i.c. specialists
without specific training in age-related multimorbidity and
associated complex polypharmacy. Without the necessary

training and experience in geriatric medicine, these physi-
clans may struggle to recognise prescribing cascades, as was
evident in the present study where very little curtailment
of potential cascades was evident between admission and
discharge, possibly related to luck of recognition of poten-
tial cascades. This challenge is compounded by the fact that
ADE:s in older adults with multimorbidity are more chal-
lenging to recognise and can often present with non-specific
symptoms, such as new-onset confusion, gastrointestinal
upsct and dizziness [4, 26, 27).

A recent systematic review by Adrien et al. assessed rec-
ommendations for addressing prescribing cascades [10).
Fewer thun half of the studies included in the review pro-
vided specific guidance on reversing inappropriate prescrib-
ing cascades. Among those that did, recommendations for
dose reductions were often made without confirmation of a
dose-dependent association, with most studies recommend-
ing the discontinuation of the index drug but not specifying
an alternative medication. The persistence of potentially
problematic drug combinations at hospital discharge identi-
fied in this study highlights the challenge physicians face
in recognising and addressing prescribing cascades. It also
points to the need for expert medication review at admission
and particularly at discharge of older patients with multimor-
bidity and associated polypharmacy.

The identification and management of prescribing cus-
cades are further complicated by the limitations of existing
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assessment tools. The ThinkCascades list, developed through
three rounds of & modified Delphi validation process and
involving international experts in genatric pharmacotherapy,
produced a list of only nine common and clinicully impor-
tant prescribing cascades [11]. This list very likely underrep-
resents the true number and prevalence of clinically relevant
prescribing cascades. Although the Doherty list includes the
25 most commonly published appropriate and inappropriute
prescribing cascades [7), some of the prescribing cascades
listed raise questions about some of the cascades’ frequency
and clinical relevance. Examples include lower urinary tract
symptoms arising from statins leading to drugs for urinary
frequency/incontinence and depression anising from direct
oral anticoagulants (DOACs) leading to antidepressant
drug prescription. These examples highlight the limitations
of relying heavily on statistical methods such as PSSA to
define cascades without clinical data, expert endorsement
and clinical plausibility to validate proposed prescribing
cascades. Nevertheless, a recent follow-up study evaluat-
ing the strength of the evidence supporting the prescribing
cascades identified by Doherty et al. found that 84% of these
prescribing cascades were supported by moderate evidence,
ic. single high-quality study or strong evidence, i.c. multiple
high-quality studies [28].

Most prescribing cascades in the present study were cat-
cgorized as ‘possible’ or 'uncertain’. Accurate identifica-
tion of the prevalence of probable or definite prescribing
cascudes using the criteria applied in this study is likely to
be challenging during medication review. Categorization of
any clinical event as “probable’ or “certain’ in relation to
multimorbid older patients requires rigorous assessment and
therefore, as we have demonstrated, reliance on patient recall
and physician or pharmacist documentation in patients’
medical records may not be sufficient. A prospective study
design involving contemporancous assessment of patients’
symptoms, as well as prescriber interviews, at the onset of
possible prescribing cascades would be required for greater
clarity. The feasibility of conducting such a labour-intensive
study, likely with major recruitment challenges and resource
implications, was beyond the scope of the present study.

A more comprehensive validated explicit list of clinically
relevant prescribing cascades is likely required to enhance
identification during routine medication review. In a recent
commentary, O'Muahony and Rochon pointed out that the
number of inappropriate prescribing cascades is potentially
enormous but that more clinically relevant and common
cascades can be identified more readily using a systems-
based structured explicit cascades list approach that can be
applied readily in & manner that is more suitable for rou-
tine medication review [29). Such a structured, systems-
based list of prescribing cascades could also be valuable
as an educational tool in this important area of geriatric

5 Adis

pharmacotherapy. Heightened awareness of potential cas-
cades is likely to facilitate their prevention.

4.1 Study Limitations

This study has some limitations. First, the absence of a national
clectronic healtheare system in most public hospitals in Ireland,
coupled with frequent transitions of care and missing medica-
tion initiation dates, made reconstruction of the chronology of
potential prescribing challenging and at times wholly uncertuin.
This limited our ability to establish clear imelines between drug
A and drug B initigtion in some cases. However, there is no
consensus in literature on the appropriate timeframe for defining
prescribing cascades, which can runge from a short number of
weeks to several years. The timeframe can also vary according
1o the onset of ADE symptoms, which may vary between medi-
cations, as well as the recognition of ADEs which may depend
on the timing of patients”’ presentation to healthcare settings. For
example, it may take many moaths to some years before antip-
sychotic medication leads to drug-induced parkinsonism lead-
ing to antiparkinsonian medication. In contrast, gastrointestinal
upsets induced by acetylcholinesteruse inhibitor therapy may
lead w inappropriate proton pump inhibitor or antidiarrheal pre-
scription within days. Second, as mentioned, patients” medical
records in the Irish public hospital system are still predominantly
paper-based, with no widespread integruted electronic platform
between community healthcare settings and hospital settings.
This resulted in incomplete access to clinical data, particularly
that relating to general practitioner assessments. Third, this study
was conducted in a single hospital, which may limit the general-
izability of the finding to other hospitals or healthcare settings.
Finally, as this wus an observational rather than an interventional
study, we were unable to apply the definitive test for prescribing
cascades, ie. observation for resolution of ADE symptoms by
discontinuing drug A.

5 Conclusions

This study, the first of its kind to report the prevalence of pre-
scribing cascades in multimorbid older people exposed to
polypharmacy in the acute hospitalization setting, indicates
that inappropriate prescribing cascades are both prevalent and
poorly recognised in hospitalised older adults in southern Ire-
land. Explicit prescribing cascades lists can facilitate prescribers
and medication reviewers with identification and intervention
towards curtailment of this under-reported clement of inappro-
priate prescribing in multimorbid older people. Further research
is needed to help the development of practical tools to support
prescribers in the prevention, identification und management of
inappropriate prescribing cascades.
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Abstract

Introduction A prescribing cascade occurs when a medication is prescribed to manage a side effect of another medication.
Prescribing cascades represent a key component of problematic prescribing and can result in harm to patients, especially
older adults with multimorbidity and polypharmacy.

Objective The objective of this study was to explore factors influencing hospital physicians’ recognition of prescribing
cascades using the Theoretical Domains Framework (TDF), a validated theory-based qualitative methodology.

Methods Semi-structured interviews were conducted in May-July 2024 with hospital physicians of all grades. Interviews
were audio-recorded and transcribed verbatim. Transcripts underwent conventional and directed content analysis to identify
themes and TDF domains.

Results From 14 interviews, four predominant TDF domains were identified: (i) environmental context and resources: busy
work conditions, lack of up-to-date medication lists and limited information technology (IT) infrastructure hinder prescrib-
ing cascade recognition; (ii) knowledge: physicians demonstrated limited knowledge of the term “prescribing cascade’ and
highlighted education and training deficiencies at undergraduate and postgraduate level; (i) skills: recognition skills are often
developed through experiential learning while working (especially with geriatric medicine consultants) and (iv) social/profes-
sional role and identity: physicians perceived themselves as primarily responsible for recognising prescribing cascades, while
pharmacists enable their recognition through medication reconciliation, medication review and ward round participation.
Condlusions This study highlights significant gaps in the knowledge and understanding of prescribing cascades among
hospital physicians, as well as potential targets for future intervention. Focused education, integrated IT solutions, and a
collaborative physician-pharmacist approach would likely improve prescribing cascade recognition in at-risk older people
with multimorbidity and polypharmacy.

1 Introduction

A prescribing cascade occurs when a new drug is pre-
scribed to manage an adverse effect of another drug [1].
Prescribing cascades can be cither appropriate or inap-
propriate [2]. The latter typically occur if an adverse drug
event (ADE) is misdiagnosed as a new medical condition
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and a second drug is inadvertently prescribed to manage it.
Inappropriate prescribing cascades are clinically important
as they represent an avoidable component of inappropriate
prescribing and are associated with increased risk of hos-
pitalisation, drug-related harm and, ultimately, increased
morbidity and mortality [3, 4]. A prescribing cascade can
be considered inappropriate when the risks associated with
the combined use of the initial drug and the subsequent
drug outweigh the potential benefits [5].

Older adults are particularly vulnerable to inappropriate
prescribing cascades due to multimorbidity and associated
polypharmacy, both of which increase the risk of inappro-
priate prescribing generally [6, 7]. Furthermore, this risk
is increased due to age-related reduction in physiological
systems reserve as well as pharmacokinetic (e.g. decreased
renal and liver function) and pharmacodynamic (e.g. altered
sensitivity to medications) changes that predispose patients
to ADEs. The cumulative effect of multiple medications also
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In this study. hospital physicians across all grades
demonstrated limited knowledge and understanding of
prescribing cascades.

Heavy workloads and understaffing limit physicians’
available time to comprehensively review medications
and recognise prescribing cascades.

Other important barriers to prescribing cascade recogni-
tion include lack of access to up-to-date medication lists,
limited software infrastructure and prescribing education
deficiencies.

increases the risk of ADEs which can result in the prescrip-
tion of additional medications to manage these ADEs, thus
initiating a prescribing cascade [8, 9]. Recognition of pre-
scribing cascades in this cohort is particularly challenging
as ADEs often present with non-specific symptoms such as
confusion, dizziness or malaise [3, 10, 11]. These symptoms
can casily be misattributed to known concurrent comor-
bidities or misdiagnosed as new conditions, potentially
perpetuating ADEs and resulting in further inappropriate
medication. Therefore, interventions to reduce inappropriate
prescribing cascades should be a prionty for all healthcare
providers, especially those caring for older people experi-
encing multimorbidity and associated polypharmacy.

To date, research has focused predominantly on iden-
tifying and validating drug combinations that may repre-
sent prescribing cascades, with limited research exploring
why and how prescribing cascades occur [12-14). A recent
study investigating the prevalence of potential prescribing
cascades in acutely hospitalised older adults found that
39.4% of patients were prescribed potential prescribing
cascades [15]. This finding suggests that the problem of
prescribing cascades is under-recognised by clinicians and
that opportunitics to appropriately manage prescribing
cascades are missed, highlighting the need for interven-
tions to improve recognition in hospitalised patients.

For these reasons, a knowledge gap exists for rescarch
to explore the factors (facilitators and barriers) influencing
recognition of prescribing cascades amongst hospital phy-
sicians. Using the Theoretical Domains Framework (TDF),
a validated theory-informed framework often used in qual-
itative rescarch, allows an effective method for explor-
ing these factors [16]. The TDF has been widely used to
guide data collection on factors influencing prescribing
behaviours in various healthcare settings, including quali-
tative rescarch on prescribing cascades [17]. It provides
a valuable framework for systematically identifying these
factors, which can then be targeted in behaviour-change
interventions to improve practice.

£ Adis

Previous studies have examined perspectives and aware-
ness of prescribing cascades amongst primary care physi-
cians and patients [18, 19], as well as problematic polyphar-
macy and prescribing cascades with multiple stakcholders
[20]. These studies indicate that both physicians and patients
often struggle to recognise and manage prescribing cascades.
This challenge arises due to difficultics in identifying new
symptoms as potential drug adverse effects, limited aware-
ness of specific prescribing cascades and the time required
to address potential prescribing cascades even when recog-
nised. No study to date has focused specifically on hospital
physicians. We identified this as a key knowledge gap, as
hospitalisation presents a unique and underutilised opportu-
nity for medication reviews and recognition of inappropriate
prescribing cascades. Therefore, the aim of this study was
to utilise the TDF to identify the key behavioural factors
influencing hospital physicians’ recognition of prescribing
cascades, including an evaluation of their knowledge and
understanding of this aspect of inappropriate prescribing.

2 Methods

2.1 Study Approval and Reporting

Ethical approval for this study was granted by the Social
Rescarch Ethics Committee, University College Cork (refer-
ence: 2024-048). Study reporting was guided by the COREQ
checklist for reporting qualitative research findings (Online
Resource 1).

2.2 Study Design, Setting and Recruitment

Semi-structured interviews were undertaken as the preferred
method of data collection because they are well suited to
generating detailed, nuanced descriptions of participants’
experiences and perspectives, especially with an under-
rescarched phenomenon [21].

One-to-one semi-structured interviews were conducted
with hospital physicians working in a large university teach-
ing hospital in Ircland. At the time of the interviews, all
physicians had clinical responsibility for patients admitted
cither clectively or non-clectively through the hospital emer-
gency department.

The hospital medical records were primarily paper-based,
including patients’ prescribed medication lists which were
recorded both in ward-based Kardex® prescription sheets
and in discharge reports.

To obtain a range of physicians’ perspectives, a sampling
matrix was used to ensure that the interviews were conducted
with at least three participants from cach grade of physician
(intern [house officer], senior house officer [SHO or junior
resident], registran/specialist registrar [SpR or senior resident]
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and consultant or senior attending physician) and that at least
one male and at Jeast one female was represented within cach
grade. This reflects the highly organised social context and
well-established hicrarchical structure of clinical medicine
within the Irish public hospital system [22]. In addition, previ-
ous rescarch suggests that prescribing practices differ between
grades of physician and that junior doctors often defer complex
prescribing decisions to senior colleagues [23, 24]. While pre-
scribing patterns do not differ significantly according to physi-
cian sex, it can influence patient interactions and outcomes and
was therefore included in the sampling matrix [20, 25].

The inclusion criteria required that participants were reg-
istered with the Irish Medical Council and working in a rec-
ognised medical specialty in the university teaching hospital
at the time of the interview. Doctors working at any grade
in a surgical specialty, psychiatry, pacdiatrics or obstetrics/
gynaccology were not included in the study, as comprehen-
sive medication review involving larger medication lists is
less of a routine task in their usual care delivery. Physicians
were also excluded from the study if they worked in geriat-
ric medicine at consultant or SpR grade or if they held an
additional degree in pharmacy. Participants were recruited
via convenience and snowball sampling. Potential partici-
pants were identified through the professional network of
the research team, and were invited to participate via email,
which included an information sheet and consent form.

2.3 Application of the TDF

The TDF provides an accessible and structured means of
identifying factors that impact practice across a comprehen-
sive range of potential behavioural determinants [17). Com-
pared with conducting qualitative research without theory-
based approaches, using the TDF allows the generation of
broader range of responses, partially due to its ability to
mitigate against cognitive bias [26, 27).

In the context of the present study, the recognition of
prescribing cascades was conceptualised as a behaviour.
To acquire a thorough understanding of the facilitators and
barriers influencing this behaviour, the development of the
topic guide was informed by the 14 TDF domains and their
constructs, and these domains were used as pre-determined
codes during directed content analysis.

2.4 Data Collection

Immediately prior to their interviews, participants completed a
short questionnaire collecting demographic information (gen-
der, grade, years of post-qualification experience, specialty,
university in which medical degree was obtained and whether
they received any prior education on prescribing cascades,
cither formally or informally) and whether they recalled having
ever identified a prescribing cascade or witnessed a colleague

recognise a prescribing cascade. A topic guide was developed
on the basis of reviewing relevant literature [18, 19, 28], the
Theoretical Domains Framework (TDF) version 2 [29] and the
authors” knowledge of prescribing cascades. At least one ques-
tion was included for cach of the 14 TDF domains. The topic
guide (Online Resource 2) aimed to elicit factors affecting recog-
nition of prescribing cascades based on interviewees” knowledge
and experience, as well as barriers to and recommendations for
improving the recognition of prescribing cascades. The topic
guide was pilot tested with one physician not affiliated with the
rescarch team; this interview was not included in the data analy-
sis (as planned a priori).

All interviews were conducted by a research physician
with 8 years of postgraduate clinical experience (R.D.).
All interviews were conducted in person in a private room
within the hospital between May and July 2024. All partici-
pants provided written consent prior to interview and verbal
consent immediately prior to the interview. Field notes were
recorded by the interviewer after cach interview. All inter-
views were audio-recorded and transcribed verbatim, with
transcripts subsequently deidentified.

It was decided a priori that interviews would continue
until there were at least two additional interviews where no
new major themes appeared, as this would help ensure that
the topic has been adequately explored [30].

2.5 Data Analysis

NVivo® software version 14 was used to facilitate analysis. Data
were analysed in four phases. In the first phase, transcripts were
read and re-read to ensure famibiarity. In the second phase, the
rescarch physician conducted conventional content analysis,
which involved open coding to create non-hierarchical codes
that were then grouped into initial themes [31]. The third phase
involved directed content analysis, using constructs and domains
from the TDF as predetermined codes [31]. To enhance the
reliability of coding, a second rescarcher (K.D., pharmacist)
independently identified themes and TDF domains across all
transcripts. Factors considered when identifying predominant
TDF domains included the frequency of beliefs, presence of
conflicting belicfs. and the strength of belicfs expressed [32].
Finally, in the fourth phase, themes identified through conven-
tional coding were categorised under the TDF domains that best
reflected the themes and its associated codes [16).

2.6 Reflexivity

2.6.1 Research Team Background and Professional
Experience

The rescarch team included a research physician with spe-

cialist training in geriatric medicine (R.D.), a senior aca-
demic pharmacist with experience in qualitative methods
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(K.D.) and two consultant genatricians (D.OM. and D.C.).
A total of three of the interviewees had previously worked
clinically with R.D. All participants were aware that D.O.M.
and D.C. were consultant colleagues working in the same
hospital. K.D. had no contact with study participants.
Acknowledging the influence of the researcher team's back-
ground on the study design and methods, the following steps
were taken to leverage the advantages of the team's back-
ground and mitigate biases [33].

2.6.2 Topic Guide Development

The topic guide was developed using the rescarch team's
experience in prescribing cascades, along with the TDF and
review of relevant literature. This approach had the advan-
tage of creating a well-rounded guide based on current evi-
dence and suited to the clinical context of the study.

2.6.3 Insider Positionality

As a physician with higher specialist training in geriatric
medicine, R.D. recognised her ‘insider position’ and was
aware of the need to set aside her own perspectives and try
to remain neutral when interviewing physician colleagues
as a rescarcher [34, 35]. Potential study participants were
aware that R.D. had specialist training in genatric medicine:
this knowledge was beneficial in accessing potential partici-
pants within the hospital. Creating a pre-planned sampling
matrix ensured diversity in participant characteristics, thus
minimising the risk of selecting participants with potentially
similar perspectives. During the interviews, the insider posi-
tion meant that RD had the advantage of a shared clinical
language and contextual understanding, facilitating rapport
and casing the flow of interviews. One potential challenge
of a shared language is the “deadening effect’, where shared
understanding is assumed and participants do not claborate
on their views [36]. To overcome this, R.D. encouraged
participants to claborate and clarify their answers where
needed.

2.6.4 Data Interpretation

It is almost inevitable that the researchers” own professional
background will influence data interpretation, with views
most congruent with the team’s own most casily received
[37]. Consequently, R.D. debricfed the team regularly
throughout the analytical process to maintain openness and
critical reflection among the participants. Prior to finalising
the TDF codes, R.D. and K.D. met to discuss the data find-
ings and the code development.

5 Adis

3 Results

A total of 15 potential hospital physician participants were
contacted, of whom 14 were interviewed. These physicians
had varying levels of training and experience aligned to the
sampling matrix (Table 1). One physician agreed to par-
ticipate but was unable to schedule an interview within the
study timeframe due to other commitments. A total of seven
participants were male and seven were female, with a mean
of 6 years of postgraduate experience (range 10 months to 23
years). The mean interview duration was 18 minutes (range
14-35 min). At the time of the interviews, participants were
practising in the following specialities: respiratory medicine
(n = 4), theumatology (n = 3), acute internal medicine (n =
2) and one cach in cardiology, geriatric medicine, endocri-
nology, stroke medicine and infectious discases.

All 14 TDF domains were identified in the transcripts,
with corresponding quotations shown in Table 2, noting that
some quotations are aligned to more than one TDF domain.
All TDF domains are presented below, whereby the first four
were identified as predominant in influencing hospital physi-
cians’ recognition of prescribing cascades: environmental
context and resources, knowledge, skills and social/profes-
sional role and identity.

3.1 Environmental Context and Resources
3.1.1 Lack of Access to Up-to-Date Medications
Interviewees highlighted difficultics accessing details of

up-to-date lists of patients” medications, as well as infor-
mation relating to indications for medications, initiation

Table 1 Sampling matrix details of physician participants.

Physician Characteristic  Number of  Mimi number required
interview-  as part of sampling strategy
oS

Gender

Male 7 4
Female 7 4
Grade
Intern/house officer” 4 3
Senior house officer” 3 3
Registrar/specialist 4 3
registrar
Consultant 3 3

*< 1 year post-qualification experience
"> 1 year post-qualification experience (typically 2 years in duration
after internship).

2 3 years post-qualification experience (the final stage of specialist
traming peior to eligibility for consultancy
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Factors Influencing Hospital Physicians’ Recognition of Prescribing Cascades &N

dates and intended duration as significant barriers to
recognising prescribing cascades. This challenge was
particularly evident in the emergency department out-
side routine working hours, when it is often impossible
to access patients’ full medical records or communicate
with community healthcare providers.

! [osern

3.1.2 Staffing

Perceived chronic staff shortages, among both medical and
pharmacy teams, contributes negatively to the recognition
of prescribing cascades because they reduce the time avail-
able for comprehensive medication reviews.

LAt's the rapport you have with [them].

3.1.3 Excessive Workload

Many participants identified excessive workload, specifi-
cally the responsibility for reviewing large numbers of
paticnts within a limited timeframe as a key factor limit-
ing their ability to devote time for recognising prescribing
cascades. Time constraints leading to ‘fast-paced’ ward
rounds limit the opportunity for thorough medication

1]
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3.2 Knowledge

3.2.1 Recognising the Term ‘Prescribing Cascade”and its
Conceptual Understanding

Familiarity with the term ‘prescribing cascade” varied
across professional grade. Consultant physicians gener-
ally seemed unfamiliar with the term; however, they iden-
tified with the concept once provided with the definition.
In contrast, all interns were able to define the term ‘pre-
scribing cascades’ but admitted limited knowledge about
specific prescribing cascades. During the interviews some
participants had difficulties explaining preciscly what a
prescribing cascade entailed and mistakenly described
them as drug—drug interactions and non-specific prescrib-
ing errors.

3.2.2 Knowing Examples of Prescribing Cascades

When asked, most participants had difficulty providing
examples of specific prescribing cascades. When examples
were provided, they were mostly “appropriate’ prescribing
cascades (c.g. anti-emetic for nausea while on an antibiotic)
with very few examples of inappropriate prescribing cas-
cades provided (c.g. angiotensin-converting enzyme [ACE]
inhibitor and anti-tussive).

3.2.3 Education and Training Deficiencies

All participants reported limited education on prescribing
cascades. Few recalled undergraduate tuition on the topic,
and none had received formal postgraduate teaching on cas-
cades. Interviewees emphasised the need for targeted educa-
tion, particularly for the most junior physicians (e.g. interns
and SHOs), to improve recognition of prescribing cascades
in clinical settings.

3.3 Skills

3.3.1 Experiential Leamning

Several participants noted that most of their knowledge
about prescribing and deprescribing—including prescrib-
ing cascades—developed informally during postgraduate
training, often through experiential learning while working
with geriatric medicine consultants.

3.3.2 Improvement with Training

Participants reported that their ability to recognise prescrib-
ing cascades improved with experience. Intern physicians in

I\ Adis

particular reported challenges with recognising cascades due
to limited exposure. Participants suggested that case-based
learning and carly career training (during intern/SHO years)
could enhance skills.

3.4 Social/Professional Role and Identity

3.4.1 Physidans’ Responsibility in Prescribing Cascade
Recognition

All interviewees stated that recognising prescribing cascades
is primarily the responsibility of the prescriber, with ulti-
mate accountability resting with the most senior attending
physicians, i.c. consultants. Some junior physicians felt less
responsible, as they reported prescribing most medications
under the direction of more senior colleagues. This perspec-
tive contrasted with that of senior physicians, who noted that
junior physicians can sometimes prescribe without complete
understanding of the clinical context, increasing the risk of
prescribing cascades. This leads to senior physicians feeling
responsible for monitoring and overseeing the prescribing
practices of junior colleagues.

3.4.2 Pharmacists'Roles

Pharmacists were identified as crucial for recognising pre-
scribing cascades through routinely performing an accurate
medication reconciliation and review, identifying side effects
and highlighting potentially inappropriate medications to the
attending physicians. Several participants also suggested that
a combined pharmacist-physician ward round would be an
cffective method to monitor and review patients’ medica-
tions for potential prescribing cascades.

343 Specialty Role

Geratricians were frequently mentioned for their exper-
tise in deprescribing inappropriate medications and greater
capacity to recognise prescribing cascades. Several partici-
pants indicated that they were more confident recognising
prescribing cascades within their own specialty.

3.5 Social Influences
3.5.1 Hierarchy and Modelling within Medical Teams

Junior physicians, particularly interns/SHOs, described
hesitancy with discussing medications with senior col-
leagues, influenced by relationships and team culture. They
also reported that they tended to imitate the prescribing
and deprescribing practices of their senior colleagues and
would hesitate to question the prescribing decisions of senior
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colleagues. In contrast, consultants indicated that they wel-
comed junior physician input on patients’ medications (e.g.
if they were to highlight potential adverse effects and/or
potential prescribing cascades).

3.5.2 Support from Patients

Participants expressed mixed views on patients’ roles in sup-
porting physicians to recognise prescribing cascades. Several
expected patients to maintain an accurate medication list and
to report any suspected adverse symptoms to their doctor,
while others perceived that it was "unfair’ to expect patients to
do this, particularly older adults and those with limited knowl-
edge about their medications.

3.5.3 Support from Other Healthcare Professionals

Many interviewees emphasised the possibly beneficial sup-
portive role of other healthcare professionals in recognising
prescribing cascades, including nurses, occupational therapists
and physiotherapists. Nursing staff in particular were noted to
be well positioned to identify adverse effects following medi-
cation changes. One participant commented that all healthcare
professionals should be “empowered” to speak up regarding
any medication-related concerns which could help prescribing
cascade recognition.

3.5.4 Reluctance to Change Medications Prescribed
by Others

Participants reported reluctance with discontinuing medi-
cations initiated by other physicians, particularly when the
physician had expertise in the relevant area, even when they
suspected a prescribing cascade had occurred.

3.6 Goals

Interviewees reported that the focus during hospital admis-
sions tends to be primarily on acute issues rather than review-
ing longstanding medications which may be contributing to
prescribing cascades. Even when a patient presents with a new
symptom or change of clinical status, the goal is usually to
address the acute problem by prescribing a symptom-relieving
drug rather than a more thorough medication review to identify
a potential side effect.

3.7 Memory, Attention and Decision Processes

Interviewees noted challenges with distinguishing between
side effects and new medical conditions, highlighting that
a “fresh set of eyes’ can help in identifying side effects and
potential prescribing cascades.

Participants noted that the focus in the acute hospitalization
context is primarily on the acute problem that led to admission.
Therefore, less attention is given to reviewing medications
(especially long-term medications), limiting the opportunity
1o recognise pre-existing prescribing cascades.

3.8 Beliefs about Consequences
3.8.1 Prescribing Cascades Leading to Patient Harm

Participants commented on the potential for harm associ-
ated with unrecognised prescribing cascades (polyphar-
macy, pill burden and increased hospitalisation). However,
several participants appeared to downplay the conse-
quences, viewing certain prescribing cascades as “benign’,
and had an acceptance that side effects and associated pre-
scribing mistakes happen frequently.

3.8.2 Personal Impact on Physidians and Patient Disclosure

Interviewees perceived low personal consequences for fail-
ing to recognise prescribing cascades. Several indicated
they would only inform the patient if severe consequences
occurred.

3.9 Beliefs about Capabilities

Junior physicians, particularly interns/SHOs, expressed
low confidence in recognising prescribing cascades,
despite familiarity with the term. By contrast, other par-
ticipants, particularly consultants, expressed confidence
in recognising prescribing cascades even if they were not
familiar with the term prior to the interview.

3.10 Intentions

When new symptoms appear, hospital physicians’ primary
motivations are centred on symptom management and not
actively inclined to identify potential prescribing cascades.

3.11 Emotion

Several participants highlighted that they would avoid
asking questions of senior colleagues regarding poten-
tial prescribing cascades for fear of appearing ‘silly’ or
‘unintelligent’.

In the theoretical setting of recognising that they had
caused an inappropriate prescribing cascade, some partici-
pants described that they would feel *horrible’, whereas oth-
ers described that they would feel "okay” about this.
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3.12 Behavioural Regulation

Participants expressed a desire for external mechanisms,
cither through feedback from colleagues or from alert sys-
tems, to learn from prescribing errors and recognise pre-
scribing cascades more casily in the future.

3.13 Optimism

Several participants seemed less concerned about the con-
sequences of prescribing cascades, describing them as
‘benign’ consequences.

Additionally, participants were generally pessimistic
regarding the frequency of inappropriate prescribing cas-
cade recognition, stating that ‘most are not recognised” and
opportunities to recognize prescribing cascades are fre-
quently missed.

3.14 Reinforcement

One interviewee noted that the rapport they developed with
patients reinforced their response to patients reporting side
cffects (e.g. less likely to recognise if lower rapport or high
level of complaints in general).

Several participants suggested that junior doctors could
be incentivised to report errors related to suspected prescrib-
ing cascades by framing it as a lcarning opportunity and
reassuring them that reporting would not result in punitive
consequences.

4 Discussion

This rescarch has uniquely identified key factors that impact
hospital physicians’ recognition of prescribing cascades
using the TDF, which served as the theoretical model to
gain comprehensive insights into the clinical behaviour of
recognising of prescribing cascades [16].

In essence, our findings indicate that knowledge about
prescribing cascades is very limited among hospital physi-
cians. While more junior physicians recalled being taught
about prescribing cascades during their medical educa-
tion, senior physicians were generally unfamiliar with the
term. This suggests that the topic of prescribing cascades
has only relatively recently been incorporated into medical
education and that, as a therapeutics concept, it has yet to
integrate into routine clinical practice. This is emphasised
by the fact that no participant recalled hearing the term
‘prescribing cascade’ mentioned in the clinical setting.
Although in the three decades since prescribing cascades
were first described, considerable rescarch has been con-
ducted in the topic, further efforts are needed to ensure
that all physicians arc familiar with prescribing cascades
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as a clinical term and concept to increase awareness and
recognition in practice [38]. Participants in this study were
generally unable to name more than a few examples of
specific prescribing cascades, most of which are classified
as appropriate (e.g. opioid — constipation — laxative)
rather than inappropriate (¢.g. ACE-inhibitor — cough —
anti-tussive). A recently published explicit cascades list,
called 'ThinkCascades’, includes only nine inappropriate
prescribing cascades in older adults, significantly under-
representing their number [39]. A more comprehensive,
validated list could serve as a resource for physicians,
improving awareness, which has been identified in previ-
ous research as a key priority to improve recognition of
prescribing cascades [18, 20].

In addition to limited knowledge of prescribing cascades,
participants also demonstrated uncertainty distinguishing
between polypharmacy, prescribing errors, prescribing
cascades and drug-drug interactions during the interviews.
For example, physicians sometimes provided examples of
drug-drug interactions when asked for prescribing cascade
examples. While previous research on deprescribing inter-
ventions has largely focused on reducing inappropriate or
unnecessary medications, recognising prescribing cascades
requires an additional layer of complexity, i.c. identifying
when a drug has been prescribed to treat the side effect of
another drug [40]. The conceptual overlap and confusion
around the terminology is likely to further hinder cfforts to
recognise prescribing cascades.

Participants indicated that the primary responsibility for
recognising prescribing cascades lies with them as prescrib-
ers. However, despite this acknowledgement, recognising
cascades was scemingly not a priority. One possible expla-
nation is that participants often perceived the consequences
of failing to recognise prescribing cascades in hospital as
‘benign’ or inconsequential to the patient's acute hospi-
talisation episode. Previous research has highlighted that
the absence of clear evidence of patient harm can result in
“deprescribing inertia’ [20]. Similarly, the present study dis-
plays ‘recognition failure’. Additionally, participants did not
perceive any personal negative consequences for failing to
recognise and correct inappropriate prescribing cascades,
with several suggesting that side effects and prescribing
crrors arc an inherent and to some extent unavoidable part
of clinical practice [20].

This attitude may reflect a broader view that failing to
recognise prescribing cascades is an acceptable deficiency
driven by systemic challenges and the day-to-day realitics of
busy clinical practice. The lack of a well-established clinical
focus on prescribing cascades, combined with the consensus
from interviews that ‘most are not recognised’ emphasises
the low priority placed on their detection and management.
Furthermore, errors related to unrecognised prescribing cas-
cades are rarcly the sole responsibility of one physician [18].
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More often, they result from a combination of systemic and
environmental challenges within the healthcare environment
that influence the decision-making process. These chal-
lenges, frequently highlighted by interviewees, contribute to
a culture wherein the relative lack of concern may stem from
an acceptance of working in a flawed healthcare system.

Several prominent environmental challenges repeatedly
highlighted by participants included lack of accurate infor-
mation regarding patients’ medications, insufficient staffing
and time constraints. A key issue identified was the lack of
basic information during medication reviews, such as accu-
rate medication lists, the original prescribing indications and
medications” intended duration. The Irish public hospital
system remains predominantly paper-based, with no wide-
spread integrated clectronic platform between community
healthcare settings and hospital settings. This fragmentation
often results in incomplete access to documentation, includ-
ing medication changes made in other clinical settings.

A recent study by Jennings et al. reported that commu-
nication failures and a lack of prescribing stewardship dur-
ing healthcare transitions added to the degree of risk when
making prescribing decisions in such settings [20]. In line
with this finding, interviewees in the present study empha-
sised that this issue was particularly problematic in the emer-
gency department, where they described medication deci-
sion-making as "hoping it is right'. In addition, physicians
often make prescribing decisions in the context of limited,
or at times inaccurate, information due to what one inter-
viewee described as an ‘archaic” health record system. This
lack of comprehensive transfer of accurate information is a
significant barrier to recognising prescribing cascades and
increases the risk of medication-related harm to patients. It is
unsurprising, therefore, that medication safety in transitions
of care has been identified as a priority in the World Health
Organisation’s "Medication Without Harm' challenge [41].

Physicians in this study also stressed the need for
improved documentation, noting that medications are very
often prescribed without clearly documented indication,
a similar finding to previous rescarch which noted that
patients” health records often contain insufficient informa-
tion to support decisions on prescribing and deprescribing
[5. 24). Rescarch on deprescribing has similarly reported
that clearer documentation of drug indications and long-term
plans of cach medication, as well as records of previously
prescribed medications, in tandem with the reasons for their
discontinuation, could facilitate easier recognition of pre-
scribing cascades [42].

To improve recognition of inappropriate prescribing cas-
cades, participants in this study suggested implementation
of integrated IT solutions, aligning with previous rescarch
on prescribing cascades [28]. Such systems could support
screening for prescribing cascades by improving documen-
tation around prescribing and ensuring that all healthcare

providers have access to all current medication information.
Several participants suggested software-based systems such
as clectronic alerts. For electronic alerts to be effective, they
must capture users’ attention whilst minimising ‘alert fatigue’,
a challenge highlighted in the present study and previous stud-
ics [28, 43]. Other considerations for clectronic alert systems
include grading the priority of alerts, choosing appropriate
timing, avoiding excessive number of alerts and cognitive
overload and ensuring that they do not undermine clinical
autonomy [43, 44]. A critical factor highlighted in a previous
study is the importance of accurate information in gencrating
alerts, without which the alerts may be misleading [45]. In
well-organized and fully resourced hospital systems, physi-
cians could decide to refer patients with suspected potentially
inappropriate prescribing cascades to polypharmacy clinics
for assessment, if such clinics are available. However, in
most hospitals, physicians will need to assess and decide on
deprescribing when they receive electronic alerts to potential
cascades, or to refer to specialists for advice. Furthermore, as
suggested by participants, IT solutions could incorporate the
development of smart phone applications both for patients and
healthcare professionals. For patients, an application could
help them maintain a personal record of their medication regi-
men and identify potential side effects, empowering them to
have an active role in medication management and prescribing
cascade recognition [18, 46]. For physicians, an application
with a searchable database of common prescribing cascades
capability could be clinically valuable.

During inpatient admissions and ward rounds, staffing
shortages, time constraints and acute issuc prioritisation
were frequently cited as obstacles to comprehensive medi-
cation reviews, with the cumulative effect of these factors
limiting opportunities for identifying prescribing cascades
[19]. Routine tasks, such as rewriting medication charts, are
often delegated to the most junior members on the team duc
to time pressures, possibly representing a missed opportu-
nity for prescribing cascade recognition [24].

Interviewees highlighted several challenges related to rec-
ognising prescribing cascades in older adults particularly.
Hospitalised patients are increasingly older, frailer people
who live with polypharmacy and multimorbidity, in line in
global demographic trends [47]. Identifying and classifying
a prescribing cascade as appropriate or inappropriate in this
cohort of patients, often with complex polypharmacy, has
previously been described as ‘unfeasible’ [20]. One strat-
egy proposed by the present study's participants to address
these challenges was the implementation of routine expert
medication reviews through a collaborative, interdiscipli-
nary model including pharmacists and physicians. Such a
maodel aligns with existing pharmacotherapy optimisation
recommendations and could be integrated within a polyp-
harmacy stewardship programme. Effective management of
prescribing cascades involves several key steps: identifying
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the cascade, determining the indication for the original med-
ication, assessing whether this indication remains and depre-
scribing the original and/or subsequent medications where
appropriate [48]. This model is likely to be more effective
than simply increasing staff without ensuring the additional
staff have the required training and skills to effectively rec-
ognisc and manage prescribing cascades.

In the present study, participants also commented that
many older adults had difficulty managing their medications,
identifying side effects and communicating concerns regard-
ing side cffects to their physician, making the detection of
prescribing cascades more challenging. These challenges
are exacerbated by the organisation of modern medicine
around a single-discase framework, in which cach condition
is treated in isolation [49]. This framework is evident in hos-
pital settings, where patients’ assessments focus primarily
on immediate presenting problems. Interviewees generally
agreed with this, commenting that hospitalisation is usually
focused on the acute presenting problem. Many participants
also discussed the reluctance among doctors to modify or
discontinue long-standing medications, especially those pre-
scribed by other specialists expressing concerns about over-
stepping professional boundaries, even when they suspected
that an inappropriate prescribing cascade had occurred.

This present study highlighted that the hierarchal struc-
ture in hospital medical teams influences both the initiation
and discontinuation of inappropniate prescribing cascades.
More senior physicians commonly direct prescribing adjust-
ments, with more junior physicians unlikely to question
instructions from their senior colleagues [23). This reduces
the opportunity to scrutinise whether a prescription might
create an inappropriate prescribing cascade [38]. More jun-
ior physicians also reported lower self-confidence in iden-
tification of prescribing cascades, often perceiving their
prescribing patterns as lower nisk. These findings highlight
the need for targeted education to enhance junior physicians’
knowledge and confidence in recognising medication side
cffects and prescribing cascades. While formal educational
programmes are essential, informal learning remains invalu-
able [23]. Many physicians in this study reported that they
gained much of their knowledge on prescribing and depre-
scribing through working with consultants, especially geni-
atricians, because of their expertise with routine manage-
ment of multimorbid patients who experience polypharmacy.
They also suggested that leveraging teachable moments
when prescribing cascades are identified and using these
cascs as direct learning opportunitics may be valuable.

4.1 Potential Behaviour-Change Interventions
The findings from this study highlight multiple opportuni-

ties for behaviour change interventions aimed at improving
the recognition of prescribing cascades. One key value of
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using the TDF is its ability to provide a validated, structured,
theory-based approach to understanding current practice-
related challenges and supporting intervention design [16].
Previous rescarch has indicated that theory-based behaviour
change interventions are more cffective than those without a
theoretical foundation [50]. The TDF is often applicd with
the behaviour change wheel (BCW) to systematically design
targeted, theory-based interventions [51). A key strength of
identifying all 14 TDF domains is that it allows for a multi-
faceted intervention to be designed. While the results of
this study were not specifically analysed according to the
BCW, the BCW may be applicd in a number of ways. For
example, in this study, 'knowledge’ was identified as a key
domain influencing physicians’ recognition of prescribing
cascades. According to the BCW model, knowledge maps
onto “capability’, which can be addressed through interven-
tion functions such as modelling, education and enablement
[51]. A potential intervention could involve interactive, case-
based learning sessions for junior doctors, where prescribing
cascade scenarios are discussed. Additionally, while “beliefs
about consequences’ was identified as a less influential
domain, it could still be integrated into the intervention as
‘motivation” and ‘education’ components. Incorporating
discussions on the potential harm to patients and the clini-
cal responsibility to recognise and deprescribe prescribing
cascades could enhance the effectiveness of the intervention.

Ultimately, the integration of IT resources, a collaborative
approach with specialists in pharmacotherapy (both physi-
cians and pharmacists) and medication educational initia-
tives for both healthcare providers and patients would likely
empower all partics to recognise and address prescribing
cascades cffectively, improving medication safety across
healthcare settings.

4.2 Strengths and Limitations

All interviews in this study were conducted by the same
interviewer, ensuring consistency in data collection and data
analysis. Reflexivity was considered throughout, enhanc-
ing the study’s rigour by accounting for potential biases in
data interpretation. The TDF was utilised both in topic guide
development and content analysis. This framework 1s benefi-
cial as it provides a structured approach to exploring behav-
iours, and it has been shown to reveal additional themes that
may not be generated through other approaches [26, 27]. Fur-
thermore, TDF domains can be mapped to the BCW, which
can be utilised to identify and design suitable interventions
to address the barriers identified [51]. However, while an
example of how the BCW can be utilised is provided in the
discussion, a limitation of this study is that the results were
not specifically analysed according to the BCW.

The main limitation of the present study is the poten-
tially low degree of transferability of the results, as this
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study was conducted in a single hospital in Ireland. This
hospital operates within a particular social and environ-
mental context, where health records are predominantly
primarily paper-based. Consequently, the findings may be
less generalisable to other healtheare settings, particularly
those with different systems, resources and cultures.

5 Conclusions

This study highlights the barriers that hospital physicians
encounter in recognising inappropriate prescribing cascades,
including gaps in knowledge, systemic and environmental
challenges and cultural attitudes. Limited awareness of pre-
scribing cascades, combined with fragmented healthcare
information systems and often inadequate documentation
of medication indication and duration, contribute to unrec-
ognised prescribing cascades increasing the risk of harm to
patients, particularly multimorbid older adults with poly-
pharmacy. Addressing these challenges requires targeted
behaviour-change interventions informed from these find-
ings. These interventions could include integrated IT solu-
tions, improved documentation of diagnoses and medica-
tions prescribed, interdisciplinary expert medication reviews
and enhanced education and training opportunitics. Such
interventions could empower physicians to recognise inap-
propriate prescribing cascades more effectively, thus facili-
tating their minimisation—ultimately reducing medication-
related harm and improving patient safety.

Supplementary Information The online version contains supplemen-
tary material available 2¢ hitps-//doi.org/10.1007/540266.-025.01222.4.

Declarations

Funding Open Access fundi

ided by the IReL. C

5 F

Conflict of interest Denis O'Mahony is an Editorial Board member
Drugs and Aging. Denis O'Mahomy was not involved in the selecti
of peer reviewers for the manuscript noe any of the subsequent editorial
decisions. The authors Ruth Daunt, Kicran Dalton and Denis Curtin
have no competing interests to declare that are relevant to the content
of this article.

Availability of data and
are available from the corresp

ial ‘lbe d d in this study
auimtanrumuhluvqu:n

Ethical approval Ethical approval for this study was granted by the
Social Research Ethacs Committee, University College Cork (refer-
ence: 2024.048).

Consent to participate Written informed
0 enrolment from 2l particip

Consent for publication Not applicable

Code availability Not applicable

Author contributions: All auhm thuted to the study T

and design. Material was perfi d by Ruth Daunt. Analy-
xlslzspufurmedbykudl[)mmandxmnbahm The first draft of
the manuscript was written by Ruth Daunt and all authoes commented
on previous versions of the manuscript. All authoes read and approved
the final manuscripe.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonC: ial 4.0 ional License, which permits any
non l use, sharing, adap distribation and reproduction
in any mediam or format, as long as you give appropriate credit to the
ariginal authar(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other
third party material in thas article are included in the article’s Creative
Commons licence, unless indicated otherwise in a credit line to the
1. If 12l is not included in the articlke’s Creative Commons
licence and your i ded use 15 not | d by y regula-
tion or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
hitp://creativecommeons.org/licenses/by-nc/d.OV.

References

1. Rochon PA, Gurwitz JH. The prescribing cascade revisited.
Lancet. 2017;386:1778-80.

2. Sternberg SA, Gurwitz JH, Rochon PA, et al. Prescribing cas-
cades. In: Cherubina A, Mangoni AA, O'Mahony D, et al., ﬂh
lm“"‘ g phar "ﬁ,wald:r 3 an i

ch Cham: § | Publishing:

2023. p. "50.468.

3. Rochon PA, Gurwitz JH. Optimising drug treatment for elderly
people: the prescribing cascade. BMJ. 1997:315:1096.

4. Kalisch LM, Caughey GE, Roughead EE, et al. The prescribing
cascade. Australian Prescriber 2011;34,

5. McCarthy LM, Visentin JD, Rochon PA. Assessing the scope
and appropriatensss of prescribing cascades. J Am Genatr Soc.
2019:67:1023-6.

6. Hanlon P, Nicholl BI, Jani BD, et al. Frailty and pre-frailty in
middle-aged and older adults and its association with malti.
morbidity and mortality: a prospective analysis of 493,737 UK
Biobank participants. Lancet Public Health. 2018;3:¢323.32.

7. Davies LE, Spiers G, Kingston A, et al. Adverse outcomes of
polypharmacy in older people: systematic review of reviews. J
Am Med Dir Assoc. 2020;21:181-.7.

8. Stevenson JM, Davies JG, Martin FC. Medication-related harm:
a geriatric syndrome. Age Ageing. 2020;49:7-11.

9. Khezrian M, McNeil CJ, Murray AD, et al. An overview of
prevalence, determinants and health outcomes of polypharmacy.
Ther Adv Drug Saf. 2020;11:2042098620033741.

. Lavan AH, Gallagher P. Predicting risk of adverse drug reac-
tions in older adults. Ther Adv Drug Saf. 2016;7:11-22.

. Petravic M, van der Cammen T, Onder G. Adverse drag reac-

tions in older people. Drugs Aging. 2012;29:453.62.

Shahid F, Doherty A, Wnlln:e E, et al. Prescribing cascades in

bulatory care: a sir hesis of evidence. Pharma-
cotherapy. 2024;44:87-96.

. Doherty AS, Shahid F, Moriarty F, et al. Prescribing cuud.es
in community-dwelling adults: a sy ic review. Ph
Res Perspect. 2022;10: 01008,

. ChenZ LiuZ, Zeng L, et al. Research on prescribing cascades:
a scoping review. Front Pharmacol. 2023;14.

O Adis

268



&78 R.Dauntetal.
15. Daunt R, McGettigan S, Kelly L, et al. Detection of poten- 33, Olmos-Vega FM, Stalmeijer RE, Varpio L, et al. A peactical gusde
tial prescribing cascades in multimorbid older patients hos- to reflexivity in qualitative research: AMEE Guide No. 149. Med
pitalised with acute illness—an observational prospective Teach. 2023;45:241-51.
prevalence study. Drugs Aging. 2025, hitps://dos.ceg/10.1007/ 34, Warner BE. Clinical coll ag and clinical acad : a physi-
540266-025.01201.9. cian’s h hical reflexive of oppor
16. MhnsL anclsl Islam R, etal. Ag\nd:lonsm@llm Ihccl:nul and challenges as an “insider’ researcher. Int J Qual Methods.
ek of behaviour change to imvestigate imj 2024;23:16094069241256278.
tation problems. Implement Sci. 2017;12:77. 35. Folkes L. Moving beyond “shopping list” positionality: using

17. Dysoa J, Cowdell F. How is lh: h | domains fi ok kitchen table reflexivity and infvisible tools to develop reflexive
applied in designing inter to support healthcare practi- qualitative research. Qual Res. 2023:23:1301-18.
tiomer behaviour c)lmge" A systematic review. Int J Qual Health 36. Mannay D. Making the familiar strange: can visual research
Care. 2021;33: mzabl06. methods render the familiar setting more perceptible? Qual Res.

18. Farrell B, Galley E, Jeffs L, et al. "Kind of hlmy" denpbermg 2010;10:91-111.
clues to pr L, in and ge p g 37. Jami MK, Govaart GH, Pownall M. Reflexivity in quantita-
Pl.nSONF. 2022;17: 0272418, tive ch: 2 rationale and beginner’s guide. Soc Pers Psychol

19. Farrell BJ, Jeffs L, Irving H, et al. Pmem and pmvld:r penp:: Compass. 2023:17: ¢12735.
tives on the develop and | of p g 38. O'Mahoay D, Rochon PA. Prescribing cascades: we see oaly
2 gualitative study. BMC Geriatr. 20’0.20368 what we look for, we look for only what we know. Age Ageing.

20. Jenmings AN, Dahmy AS, Clyne B ot nl Stakeholder perceptions 2022;51: afac38.
of and attitudes polyph y and prescrib- 39. McCarthy LM, Snvnsc R, Dalton K, et al. ThinkCascades: a tool
ing cascades: nqunhmwe study. Age Ageing. 2024;53: afac116. for identifying clinically important | iba des affecting

21. DeJonckheere M, Vaughn LM. Semistructured interviewing in older people. Drugs Aging. 2022;39- 82940,
primary care ch: 2 bak of relationship and ngour. Famaly 40. Sawan M, Reeve E, Turner J, eul.Asysiemsapptwchtmdennfy
Med Community Health. 2019;7. ing the chall of impl ibing in older adults

2. V M, Gri L. Thinking about social power and hier- across different health.care mhngs nnd countries: a narrative
archy in medical education. Med Educ. 2022;56:91-7. review. Expert Rev Clin Pharmacol. 2020;13:233.45.

23. Noble C, Billett S. Learning to prescribe through co.work- 41. World Health Org: Medicati ithout harm: WHO
ing: junior doctors, pharmacists and consultants. Med Educ. global patient safety challenge. 2017. http:/fapps. who int/irs/batst
2017;51:442-51. ream/10665/255263/1/WHO-HIS-SDS-2017.6-eng.pdffua=1&

24, Dalten K, O° Ma.hany D, Cullinan S, et al. Fnclun aﬂ:chng pre- ua=1. Accessed 24 Jan 2025.
scriber impl of rec- 42, Linsky A, Zunmemun KM. Pl'mldtl’ and system-level barriers
ommendations in the SB»\'IOR trial: 0 qualitative study. Drags to deprescribing: and soluty Public
Aging. 2020:37:703-13. Policy Aging Reparl. 20!828]29 a3,

25. Kthupi A, Rochon PA, Santini S, et al. Exploring sex, gender, and 43, Mmlly R, Ammenwerth E, \'useur l' et al. Usability flaws of
gender-related sociocultural factors mdulxnl dennm mnl:ng fnl' 3 lated alerting fu ic qualitative
older adults using a p ibt review. J Biomed Inform. 2015;55: 260-7]
qualitative study. Drugs Agmg 2024. hlqu I/dm org/10.1007/ 44, Ancker JS, Edwards A, Nosal S, et al. Effects of workload, work
s40266-024.01158-1. complexity, and repeated alerts on alert fatigue in a chinical deca-

26. DysonJ, Lanton R, Jackson C, et al. Does the use of a theoretical sion support system. BMC Med Inform Decis Mak. 2017:17:36.
approach tell us more abowt hand hygiene bebaviour? The barri 45. Tamblyn R, Huang A, P It R, et al. The medical office of the
and levers to hand hygiene. J Infect Puv 2011:12: 17-24 21:& century (MOXXI) @ﬂ’ccun:n:n od'colq:uhenzcd decision-

27. Birken SA, Presseau J, Ellis SD, et al. Py 12l d of P ibing in primary
health-care pm&sslonals useofsumvonhlp care plms aquuh care. CMAJ ZMS 169549
tative study using the th 3 P 46. Grindrod KA, Li M, Gates A. Evaluating user perceptions of
Sci. 2014;9:167. mobile medicati lications with older adults:

28. Dalton K, Callaghan R, O'Sullivan N, et al. Commanity phar- a usability study. IMIR mlkallh uHullh 2014:2: ell.
macists' awareness, klentification, and management of prescrib- 47. World Health Organization. Ageing and health. 2024, htips://
ing cascades: a cross-sectional survey. Res Soc Adm Pharm. www.who.int/news-room/fact-sheets/detailiageing -and-health.
2024;20:102-12. Accessed 24 Jan 2025,

29. Cme I, 0 Connor D, Michie S Validation of the theoretical 48. Daunt R, Curtin D, O'Mahony D. Polypharmacy stewardship:

' k for use in b ioar change and implemen- a novel approach to tackle a major public health crisis. Lancet
tation research. Implement Sci. 2012;7:37. Healthy Longev. 2023;4:¢228.35,

30. Francis JJ, Johnston M, Robertson C, et al. What is an adequate 49. Schoen C, Osborn R, Hnynh PT et al. Taking the pulse of
sample size? Operationalising data ion for theory-based health care sy 5 of pat with health prob.
mterview studies. Psychol Health. 2010;25:1229.45. lems in six countries. llealth AR (Mxllwood) 2005:Suppl Web

31. Hsich H-F, Shannon SE. Three approaches to qualitative content Exclusives-WS5.509.25.
analysis. Qual Health Res. 2005;15:1277-88. 50. Glm K, Bishop DB The role of behavieral science theory in

32. Patey AM, Islam R, Francis JJ, et al. Imeslhaiolop’m and sur- X and 1 ion of public health interventions.
geom pm:puons about routine pu-opcnnm n:nmg in low.risk Annu Rev Public Health. 2010;31:399-418.

of the th rk (TDF)  51. Michie S, Atkins L, West R. The behaviour change wheel. A guide
t n‘knﬂfy factars that inf " d 1o order to designing interventions. 2014;1:1003-10.
pre-operative tests. Imp) Sc11012.752
I\ Adis

269



APPENDIX 2

STROBBE, COREQ AND GRIPP2 Checklists

270



STROBE (Strengthening the Reporting of Observational Studies in

Epidemiology) Checklist for study described in Chapter 2.

demographic, clinical, social) and information on
exposures and potential confounders

Item Recommendations Page
No. number
Title and abstract 1 (a) Indicate the study’s design with a commonly 56
used term in the title or the abstract
(b) Provide in the abstract an informative and Provided in
balanced summary of what was done and what published
was found article
Introduction
Background/rationale 2 Explain the scientific background and rationale 57-58
for the investigation being reported
Objectives 3 State specific objectives, including any 59
prespecified hypotheses
Methods
Study design 4 | Present key elements of study design early in the 59
paper
Setting 5 Describe the setting, locations, and relevant dates, | 59-61
including periods of recruitment, exposure,
follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources 59
and methods of selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, | 60-62
potential confounders, and effect modifiers. Give
diagnostic criteria, if applicable
Data sources/ 8 For each variable of interest, give sources of data | 61
measurement and details of methods of assessment
(measurement). Describe comparability of
assessment methods if there is more than one
group
Bias 9 Describe any efforts to address potential sources 65
of bias
Study size 10 | Explain how the study size was arrived at 60
Quantitative 11 | Explain how quantitative variables were handled 65
variables in the analyses. If applicable, describe which
groupings were chosen and why
Statistical methods 12 | (@) Describe all statistical methods, including 65
those used to control for confounding
(b) Describe any methods used to examine 65
subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, describe analytical methods N/A
taking account of sampling strategy
(e) Describe any sensitivity analyses N/A
Results
Participants 13 | (a) Report numbers of individuals at each stage of | 66
study—eg numbers potentially eligible, examined
for eligibility, confirmed eligible, included in the
study, completing follow-up, and analysed
(b) Give reasons for non-participation at each N/A
stage
(c) Consider use of a flow diagram
Descriptive data 14 | (a) Give characteristics of study participants (eg 68
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(b) Indicate number of participants with missing
data for each variable of interest

N/A

Outcome data

15

Report numbers of outcome events or summary
measures

69

Main results

16

(a) Give unadjusted estimates and, if applicable,
confounder-adjusted estimates and their precision
(eg, 95% confidence interval). Make clear which
confounders were adjusted for and why they were
included

N/A

(b) Report category boundaries when continuous
variables were categorized

N/A

(c) If relevant, consider translating estimates of
relative risk into absolute risk for a meaningful
time period

N/A

Other analyses

17

Report other analyses done—eg analyses of
subgroups and interactions, and sensitivity
analyses

77

Discussion

Key results

18

Summarise key results with reference to study
objectives

78

Limitations

19

Discuss limitations of the study, taking into
account sources of potential bias or imprecision.
Discuss both direction and magnitude of any
potential bias

81

Interpretation

20

Give a cautious overall interpretation of results
considering objectives, limitations, multiplicity of
analyses, results from similar studies, and other
relevant evidence

78 & 82

Generalisability

21

Discuss the generalisability (external validity) of
the study results

82

Other information

Funding

22

Give the source of funding and the role of the
funders for the present study and, if applicable, for
the original study on which the present article is
based

N/A (no
funding)
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COREQ (COnsolidated criteria for REporting Qualitative research) Checklist

nonparticipants

researchers?

for Chapter Three.
Topic Item Guide Questions/Description Reported on
No. Page No.

Domain 1: Research

team and reflexivity

Personal

characteristics

Interviewer/facilitator | 1 Which author/s conducted the interview or focus 88
group?

Credentials 2 What were the researcher’s credentials? E.g. PhD, 89
MD

Occupation 3 What was their occupation at the time of the study? | 89

Gender 4 Was the researcher male or female? Not relevant to

the subject
matter.

Experience and 5 What experience or training did the researcher 88 & 89

training have?

Relationship with

participants

Relationship 6 Was a relationship established prior to study 89 & 90

established commencement?

Participant 7 What did the participants know about the 89 & 90

knowledge of the researcher? e.g. personal goals, reasons for doing

interviewer the research

Interviewer 8 What characteristics were reported about the inter 89 & 90

characteristics viewer/facilitator? e.g. Bias, assumptions, reasons
and interests in the research topic

Domain 2: Study

design

Theoretical

framework

Methodological 9 What methodological orientation was stated to 89 & 90

orientation and underpin the study? e.g.

Theory grounded theory, discourse analysis, ethnography,
phenomenology, content analysis

Participant selection

Sampling 10 | How were participants selected? e.g. purposive, 85 & 86
convenience, consecutive, snowball

Method of approach 11 | How were participants approached? e.g. face-to- 85 & 86
face, telephone, mail, email

Sample size 12 | How many participants were in the study? 91

Non-participation 13 | How many people refused to participate or dropped | 91
out? Reasons?

Setting

Setting of data 14 | Where was the data collected? e.g. home, clinic, 85

collection workplace

Presence of 15 | Was anyone else present besides the participants and | No
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themes

of minor themes?

Description of 16 | What are the important characteristics of the 91

sample sample? e.g. demographic data, date

Data collection

Interview guide 17 | Were questions, prompts, guides provided by the See Appendix 3

authors? Was it pilot tested?

Repeat interviews 18 | Were repeat inter views carried out? If yes, how No

many?

Audio/visual 19 | Did the research use audio or visual recording to 88

recording collect the data?

Field notes 20 | Were field notes made during and/or after the inter | 88

view or focus group?

Duration 21 | What was the duration of the inter views or focus 91

group?

Data saturation 22 | Was data saturation discussed? N/A —data
saturation
techniques not
recommended.

Transcripts returned 23 | Were transcripts returned to participants for No

comment and/or correction?
Topic Item Guide Questions/Description Reported on
No. Page No.

Domain 3: analysis

and findings

Data analysis

Number of data 24 | How many data coders coded the data? 88

coders

Description of the 25 | Did authors provide a description of the coding 88

coding tree tree?

Derivation of themes | 26 | Were themes identified in advance or derived from | 88

the data?

Software 27 | What software, if applicable, was used to manage 88

the data?

Participant checking 28 | Did participants provide feedback on the findings? No

Reporting

Quotations presented | 29 | Were participant quotations presented to illustrate 100

the themes/findings?
Was each quotation identified? e.g. participant
number

Data and findings 30 | Was there consistency between the data presented 115

consistent and the findings?

Clarity of major 31 | Were major themes clearly presented in the 92-95

themes findings?

Clarity of minor 32 | Is there a description of diverse cases or discussion | 95-99

Developed from: Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research
(COREQ): a 32-item checklist for interviews and focus groups. International Journal for Quality in
Health Care. 2007. Volume 19, Number 6: pp. 349 — 357
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COREQ (COnsolidated criteria for REporting Qualitative research) Checklist

nonparticipants

researchers?

for Chapter Four.
Topic Item Guide Questions/Description Reported on
No. Page No.

Domain 1: Research

team and reflexivity

Personal

characteristics

Interviewer/facilitator | 1 Which author/s conducted the interview or focus 131
group?

Credentials 2 What were the researcher’s credentials? E.g. PhD, 131, 139
MD

Occupation 3 What was their occupation at the time of the study? 138

Gender 4 Was the researcher male or female? Not relevant

to the subject
matter.

Experience and 5 What experience or training did the researcher have? 138,139

training

Relationship with

participants

Relationship 6 Was a relationship established prior to study 138

established commencement?

Participant 7 What did the participants know about the researcher? | 139

knowledge of the e.g. personal goals, reasons for doing the research

interviewer

Interviewer 8 What characteristics were reported about the inter 138-139

characteristics viewer/facilitator? e.g. Bias, assumptions, reasons and
interests in the research topic

Domain 2: Study

design

Theoretical

framework

Methodological 9 What methodological orientation was stated to 131

orientation and underpin the study? e.g.

Theory grounded theory, discourse analysis, ethnography,
phenomenology, content analysis

Participant selection

Sampling 10 | How were participants selected? e.g. purposive, 130
convenience, consecutive, snowball

Method of approach 11 | How were participants approached? e.g. face-to-face, | 130
telephone, mail, email

Sample size 12 | How many participants were in the study? 144, 149

Non-participation 13 | How many people refused to participate or dropped 144
out? Reasons?

Setting

Setting of data 14 | Where was the data collected? e.g. home, clinic, 130

collection workplace

Presence of 15 | Was anyone else present besides the participants and No
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themes

minor themes?

Description of 16 | What are the important characteristics of the sample? | 144, 149

sample e.g. demographic data, date

Data collection

Interview guide 17 | Were questions, prompts, guides provided by the Appendix 3

authors? Was it pilot tested?

Repeat interviews 18 | Were repeat inter views carried out? If yes, how No

many?

Audio/visual 19 | Did the research use audio or visual recording to 131

recording collect the data?

Field notes 20 | Were field notes made during and/or after the inter 131

view or focus group?

Duration 21 What was the duration of the inter views or focus 144, 149

group?

Data saturation 22 | Was data saturation discussed? N/A —data
saturation
techniques not
recommended.

Transcripts returned 23 | Were transcripts returned to participants for comment | No

and/or correction?
Topic Item Guide Questions/Description Reported on
No. Page No.

Domain 3: analysis

and findings

Data analysis

Number of data 24 | How many data coders coded the data? 131

coders

Description of the 25 | Did authors provide a description of the coding tree? 131

coding tree

Derivation of themes | 26 | Were themes identified in advance or derived from 131

the data?

Software 27 | What software, if applicable, was used to manage the | 131

data?

Participant checking 28 | Did participants provide feedback on the findings? No

Reporting

Quotations presented | 29 | Were participant quotations presented to illustrate the | 146- 151

themes/findings?
Was each quotation identified? e.g. participant
number

Data and findings 30 | Was there consistency between the data presented and | See Results

consistent the findings? and Discussion
Sections

Clarity of major 31 | Were major themes clearly presented in the findings? | 145, 149

themes

Clarity of minor 32 | Is there a description of diverse cases or discussion of | 145, 149

Developed from: Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative
research (COREQ): a 32-item checklist for interviews and focus groups. International Journal for
Quality in Health Care. 2007. Volume 19, Number 6: pp. 349 — 357
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Guidance for Reporting Involvement of Patients and the Public 2 (GRIPP2)

ChecKklist for Chapter Four.

Section Description of section Reported
on page
No.
1. Aim Report the aim of PPI in the study 136
2. Methods Provide a clear description of the methods used for | 137
PPIE in the study
3. Study results Outcomes — Report the results of PPI in the study, | 165
including both positive and negative outcomes
4. Discussion and Outcomes — Comment on the extent to which PPI | 170
conclusions influenced the study overall. Describe positive
and negative effects
5. Reflections/critical | Comment critically on the study, reflecting on the | 170
perspective things that went well and those that didn’t, so
others can learn from this experience

Abbreviation: PPI, Patient and Public Involvement.
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Topic Guide for semi-structured interviews with hospital physicians (Chapter 3).

Section 1: Current knowledge base

1.

Before being invited to participate in this interview, what was your
understanding of the term ‘prescribing cascade’?

Could you provide me with example(s) of (a) prescribing cascade(s) you are
aware of?

You indicated that you learned about prescribing cascades in

(undergraduate/postgraduate training): tell me more about that.

Prior moving to section two: ‘Prescribing cascades can be described as
appropriate or inappropriate; for example, an appropriate prescribing
cascade would be using laxatives for a patient who has constipation secondary
to opioid use required for cancer-related pain. An inappropriate prescribing
cascade would be a calcium channel blocker causing ankle oedema resulting
in the prescription of a diuretic. For the purpose of this study, we will focus

primarily on inappropriate prescribing cascades for the rest of the interview’.

Section 2: Clinical practice

4.

How often do you think prescribing cascades are recognised amongst general
medical inpatients in this hospital?
What do see as the barriers to recognising prescribing cascades? (memory/
attention)

a. Environment

b. Social influences (team dynamic)

c. Resources (phone, apps etc)

If participant indicated they personally have recognised a prescribing cascade or if

they have witnessed a colleague recognising a prescribing cascade, ask Question 8

6.

You indicated that you have/ your colleague has recognised a prescribing
cascade: can you tell me more about it?
a. Can you describe to me how you/your colleague determined it was a

true prescribing cascade?
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7. What resources do you find help you recognise adverse drug reactions /drug
side effects/ prescribing cascades? (e.g. other HCPs/ apps etc)

8. What are the risks associated with not recognising a prescribing cascade?

Section 3: Priorities and social behaviours

9. Where are prescribing cascades on your list of priorities/considerations when
reviewing a patient?

10. How would feel about informing a patient that you (unintentionally) initiated
a prescribing cascade? i.e., that you did not recognise symptoms as a drug side
effect and prescribed a second drug - instead of stopping the first drug.

11. Whose responsibility is it to recognise prescribing cascades?

a. Why do you feel it is your/their role?
b. If they do not say it is their role: ask what is their role in recognising
prescribing cascades.

12. What do you see as the role that patients play in aiding the recognition of
prescribing cascades?

13. If a patient attributed a symptom they were experience as a medication side

effect, how might this change your review or management of them?

Section 4: Improvement strategies

14. What would help you or other doctors recognise prescribing cascades?
a. Environment
b. Social/ belief about capabilities

c. Strategies to enhance knowledge/ understanding and recognition
That brings us to the end of the interview. Based on the topic or what we have

discussed, do you have any other comments that you would like to add or anything

that you would like to expand on?
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Topic Guide for semi-structured interviews with older adults attending the

geriatric medicine out-patient department (Chapter 4).

Opening question
1. Having just completed the MRB-QoL tool, do you have any initial feedback?

a. Can you expand on this?

Accessibility
2. How did you find the wording of the statements?
a. Are there any statements that were particularly confusing / difficult to
understand?
b. Are there any statements that were particularly clear and easy to
understand?
3. What do you think about the general length of statements?
a. For example, statement 2 and statement 9?
4. Could you comment on the readability?

a. Font size / statement / answer layout

Relevance
5. Do you think the statements are relevant to the topic of medication related
burden (how medication impacts your health and well-being)?
6. Are there any statements you think are unnecessary / irrelevant?

7. Are there any statements you think are repetitive?

Completeness
8. Do your medications impact your health and well-being in ways that weren’t

asked in the MRB-QoL tool?

Length
9. How did you find the length of the tool?
a. If answers that it is too long, ask: how long would you recommend it

to be?
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Recommendations
10. What changes do you think we could make that would help you and your peers
complete the MRB-Qol tool?
That brings us to the end of the interview. Based on the topic or what we have
discussed, do you have any other comments that you would like to add or anything

that you would like to expand on?

Topic Guide for the focus group with experts in geriatric medicine (Chapter 4).

Introduction
Welcome. The purpose of this focus group is to gather insights and suggestions as to

how best to modify the MRB-QoL tool to improve its usefulness with older adults.

Overview
1. What are your initial thoughts on using the MRB-QoL tool as it is for older
adults?

2. Inyour opinion, how would your patients find this tool?

Relevance
3. Do you think the statements are relevant to the topic?

4. Can you rank the statements in each section according to relevance?

Completeness

5. Are there any important topics missing from the MRB-QoL Tool?

Recommendations
6. What changes do you think we could make that would help your patients
complete the MRB-QoL tool?

That brings us to the end of the focus group. Based on the topic or what we have
discussed, do any of you have any other comments that you would like to add or

anything that you would like to expand on?
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Conversion formula for MRB-QoL score

Total MRB-QoL score =

Total actual raw score of each item — number of items in the subscale X 100

Maximum possible raw score or all items — number of items in the subscale

The score ranges from 0 to 100, where,

0 = no medication-related burden and thus, the best possible medication-related quality
of life

100 = highest level of medication-related burden and thus, the worst possible

medication-related quality of life
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Document for modified Nominal Group Technique

Subscale/ Section A: The following statements are about the burden associated with the medicine regimen and routines of taking medicines.

General themes from interview with doctors:
e  Subscale one cover 3 main concepts — scheduling, organising your medications and physical administration.
e  Very relevant section but could be streamlined, a lot of duplication
e Older adults often need external assistance with their medications
General themes from interviews with patients: Some statements could be incorpoated together
Original statement Quantitative | Qualitative Doctors Expert Proposal Your Feedback
data Opinion
CFA loadings
Ranking | Comments

1 I find it difficult organising .59 1 1,2,3,7 all No Retain as is, O Yes

my medicines similar Change ‘I find it difficult organising and O No
maintaining an up-to-date list of
my medicines’

2 I find it hard keeping my .52 7 1,2,3,7 all Change Incorporated into item 1 O Yes
medicines record similar wording 0O No

3 It is difficult for me to 53 6 1,2,3,7 all Overlap in | Reframe as new item to increase O Yes
manage my routines similar items 3- relevance to older adults with O No
associated with my medicine 6,10 multimorbidity and polypharmacy
taking ‘I need help organising my

medications (carer assistance /
blister pack)’

4 Fitting medicine routines into | .79 9 4,5, 6 and Overlap in | Reword as, O Yes
my other life schedules is a 10 similar/ items 3- ‘My medicine schedule restricts O No
difficult task for me duplication 6,10 me in my daily routine’.

Wording

5 Taking medicine/s interferes .81 8 Scheduling O Yes

with my physical activities not a O No
massive
issue for
older people
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6 It is difficult to balance my .83 10 O Yes
daily life schedules with O No
taking medicine

7 My current medication 46 2 Very Overlap Reword as, O Yes
regimen is not simple for me relevant with 9 and | ‘Taking my medicines is O No
to manage (e.g. injections, improve challenging (e.g. injections,
tablets, eye drops) wording swallowing tablets, eye drops,

inhalers, opening medicine
containers)’

8 Understanding the instruction | .53 3 Important Improve Reword as, O Yes
on my medicine/s is Cross- wording ‘Understanding the exact 0 No
challenging at times loadings with instruction on my medicine’s

subscale B label is challenging at times (e.g
timings in relation to other
medications/ food etc)

9 My current medicine/s are not | .38 4 3,7,9 and Overlap Incorporated into item 7 O Yes
in a convenient form for me 11 similar — | and (Poor individual loading) O No
to take (e.g. difficult to practical wording
swallow, unpleasant taste/ consideratio
smell) ns

10 | Sometimes I have to cancel 72 11 Less Overlap in | Incorporated into item 4- less O Yes
my daily schedules because of relevant items 3- relevant and overlap O No
my medicines 6,10

11 | Opening the package of my 35 5 Important Improve Incorporated into item 7. (Low O Yes
medicines is sometimes a statement to | wording CFA loading) 00 No
difficult task for me (e.g. include
child proof caps)

Subscale/ Section B: The following statements are about the impact of medicines associated burden on psychological wellbeing.

General themes from interview with doctors:

e Less duplication compared to section
e Relevant section to older adults
Original statement Quantitative | Qualitative Doctors Expert Proposal Your Feedback
data Opinion
CFA loadings Ranking | Comments
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12 | It bothers me that I have to .70 2 Relevant Incorporat | Incorporate into item 13 O Yes
take medications for the long e into item O No
term 13

13 | I am concerned about the .74 1 Relevant Overlap Reword as: O Yes
number of medicines [ am on with 12 ‘I am concerned about the number | o N

of long-term medications I am
on’.

14 | I worry about the long-term 75 4 Improve Reword as, O Yes
effects of medicines on my wording ‘I worry about the long-term side- | 0 g
health effects of medicines on my

health’

15 | Taking medicines on a regular | .51 5 Not a theme | No change | Low factor loading, not deemed O Yes
basis reminds me of my encountered relevant. Remove O No
health problems in clinical

practise

16 | I am concerned that my 73 3 No change | Retain as and reword, O Yes
medicines may interact with Cross- ‘I am anxious that my medicines O No
each other loadings with may interact with each other’

item 24

17 | My medicines signify me as .65 Cross- 6 Less Possible Remove, less relevant and cross- O Yes
not being healthy loadings with relevant to to remove, | loading O No

subscale C older people | overlap

Subscale/ Section C: The following statements are about the impact of medicines associated burden on physical wellbeing.

General themes from interviews with patients:

Patients: important to ask about sex ‘it would be necessary to some people’
More clarity on questions relating to side effects- difficult to know if symptom caused by ageing of meds

Original statement Quantitative | Qualitative Doctors Expert Proposal Your Feedback
data Opinion
CFA loadings Ranking | Comments
18 | I am sometimes sexually Selected as 6 18 & 19 Improve Reword as, O Yes
frustrated because of my N/A 83.9% similar- wording ‘Some of my medications O No
medicine/s important to | to be more | negatively affect my sex life’
include relevant
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19 | I am unable to relax and enjoy | Selected as 4 Incorporat O Yes

sex because of my medicine/s | N/A 89.7% ¢ into item 0 No
18

20 | Some of my medicines slow .80 5 Vague, non- | Overlap, Retain and improve clarity O Yes
down my physical health specific remove ‘Some of my medicines slow me 0 No

down’.

21 | I often have a bad night’s .52 2 21 &22 Reword Reword as, ‘I often sleep poorly O Yes
sleep because of my similar- because of my medicine’s’. O No
medicine/s

22 | Because of my medicine/s [ 75 3 Hard for a Improve Because of my medications [ have | [T Yes
feel too tired to perform patient to wording less energy for daily activities O No
physical activities quantify

23 | I work less than usual because | Selected as 7 Less Remove- Remove O Yes
of the effect of my medicine/s | N/A 73% relevant less 0 No

relevant

24 | Some of my medicine make .57 Cross- 1 High Improve Reword to improve clarity (and O Yes
me feel uncomfortable due to | loadings with relevance wording cross-loadings) ‘Some of my O No
side effects subscale B medications cause unpleasant

side-effects’

Subscale/ Section D: The following statements are about medication burden related to health services.

General themes from interview with doctors:

e  Important section
e Another point raised is the challenge of medication management in healthcare- reliance on patient to bring meds to appointments/ED. No integrated system

Significant floor effect in this section

Original statement Quantitative | Qualitative Doctors Expert Proposal Your Feedback
data Opinion
CFA loadings Ranking | Comments
25 | I am not treated with respect .53 3 Too broad- | No change | Reword as O Yes
and dignity as a patient doesn’t ‘I am not treated with respectand | 7 N
clearly state dignity by healthcare
healthcare professionals’
professional
s
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26 | My doctor doesn’t take into .64 2 Older Improve Reword as, O Yes
account the health of my people less wording ‘My doctor doesn’t consider my O No
body, mind and spirit familiar opinions and preferences

with this regarding my medication’
terminology

27 | My doctor/s talk about my 78 1 Overlap Incorporate into item 26 O Yes
medicine/s as if I’'m not there with item O No

26
Additional Item ‘Poor communication about my medications between O Yes
healthcare services places a burden on me’. O No
This item was added based on focus group feedback
highlighting that healthcare services are poorly coordinated
regarding medications, potentially placing a significant burden
on patients.

Subscale/ Section E: The following statements are about the impact of medicines associated burden on social wellbeing.

General themes from interview with doctors:
e  This section seems less relevant
e  Could be summarised into one statement
e Other aspect- complex medication regimes can interfere with people sense of independence as family/ carers may need to get involved

General themes from interviews with patients:
e  Embarrassment not a significant factor for most older adults ‘everyone is on tablets’

Significant floor effect in this section

Original statement Quantitative | Qualitative Doctors Expert Proposal Your Feedback
data Opinion
CFA loadings | Ranki | Comments
ng
28 | I would rather not tell others .58 3 Low Incorporate into item 30 O Yes
I’'m taking medicines relevance O No
regularly in older
adults
29 | I get embarrassed using my Selected as 1 Remove O Yes
medicines in public N/A 20% O No
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30 | I feel stigmatized because of .85 Side effects Reword as, ‘I would feel O Yes
what people say about the can be more embarrassed if people knew about | [ N
medicine’s I take limiting the number and/or types of

than stigma medicines I take regularly’.

31 | If people found out I was on 74 Not Remove- Remove, not relevant O Yes
medicines, they would see me necessary to | low O No
as weak include this | relevance
Additional Item ‘It bothers me that someone else has to organise | [ Yes

my medicines’. O No

This item was added based on focus group
feedback that needing assistance with
medications may impact social wellbeing
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COISTE EITICE UM THAIGHDE CLINICIUIL

Clinical Research Ethics Committee of the Cork Teaching Hospitals

Tel: +353-21-4901901
Email: crec@ucc.ie

University College Cork
Lancaster Hall

6 Little Hanover Street
Cork

Ireland

Note. Ethical approval for the data collected in Chapter 2 is covered under this broader

study.

CREC Review Reference Number: 4 (i) 09/08/2022
& ECM 5 (6) 31/08/2022 & ECM 3 (m) 01/11/2022

Date: 29" September 2022

Professor Denis O'Mahony
Consultant Geriatrician
Cork University Hospital

Wilton

Cork

Study Title: Medication Review of Multimorbid Older Patients Admitted with Unsel d lliness Including D ion of
Inappropriate Medicati Falls Risk | ing Drugs and Drug-Drug Interactions.

Dear Professor O’'Mahony

The following documents have been approved:

Application Form Signed 16" September 2022

Participant Information Leaflet (PIL) Version 2 dated 16" September 2022
Revised Study Protocol Version 2 dated 16" September 2022
Revised Consent Form Version 2 dated 16" September 2022

CV for Chief Investigator.

Full approval is now granted to carry out the above study. The date of this letter is the date of authorization of the study.

Please keep a copy of this signed approval letter in your study master file for audit purposes. The study must be carried out in
accordance with General Data Protection Regulation and Health Research Regulation 2018/2021.

You should note that ethical approval will lapse if you do not adhere to the following conditions:

1.

Submission of an Annual Progress Report/Annual Renewal Survey (due annually from the date of this approval
letter). We would encourage you to keep note of this date as the CREC will not issue a reminder.

Report unexpected adverse events, serious adverse events or any event that may affect ethical acceptability of the
study

Submit any change to study documentation (minor or major) to CREC for review and approval. Amendments must be
submitted on an amendment application form and revised study documents must clearly highlight the changes and
contain a new version number and date. Amendments cannot be impl 1ted without written approval from CREC.

Notify CREC of discontinuation of the study

Submit an End of Trial Declaration Form and Final Study Report/Study Synopsis when the study has been
completed.

Yours sincerely

QS fosr

Professor
Chairman

David Kerins

Clinical Research Ethics Committee
of the Cork Teaching Hospitals
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COISTE EITICE UM THAIGHDE CLINICIUIL
Clinical Research Ethics Committee of the Cork Teaching Hospitals

University College Cork

Tel: +353-21-4901901 Lancaster Hall
Email: crec@ucc.ie 6 Little Hanover Street
Cork
Ireland
CREC Review Reference Number: 4 (i) 09/08/2022

& ECM 5 (6) 31/08/2022 & ECM 3 (ff) 14/02/2023
Date: 19™ January 2023

Professor Denis O’Mahony
Consultant Geriatrician
Cork University Hospital
Wilton

Cork

Study Title: Medication Review of Multimorbid Older Patients Admitted with U lected lliness Including Detection of
Inappropriate Medications, Falls Risk Increasing Drugs and Drug-Drug Interactions.

Dear Professor O’'Mahony
The following amendment has been approved:
»  Amendment Application Form signed 10" January 2023

>  Study Protocol Version 3 dated 10" January 2023
>  Patient Information Leaflet Version 3 dated 10" January 2023.

Yours sincerely

Qa S S

Professor David Kerins

Chairman

Clinical Research Ethics Committee
of the Cork Teaching Hospitals

The Clinical Research Ethics Committee of the Cork Teaching Hospitals, UCC, is a i Ethics C it under Regulation 7 of the P
Communities (Clinical Trials on Medicinal Products for Human Use) ions 2004, and is ised by the Dep. of Health and Children to carry
out the ethical review of clinical trials of ir igatic icinal products. The C it is fully iant with the Regulatic as they relate to Ethics

C it and the itions and princif of Good Clinical Practice.
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19/11/2025, 21:07 University College Cork Mail - Ethics Application

Ruth Lydia Daunt <111322631@umail.ucc.ie>
University College Cork, Ireland
Colaiste na hOllIscoile Corcaigh

Ethics Application

Ethics Committee, Social Research <srec@ucc.ie> Tue, Apr 2, 2024 at 8:46 AM
To: Ruth Lydia Daunt <111322631@umail.ucc.ie>

Dear Ruth,

The Social Research and Ethics Committee has now approved your application Log 2024-048
entitled “An Investigation into Factors Influencing Recognition of Prescribing Cascades Amongst
Medical Hospital Doctors ".

The Committee wishes you every success with your research.

Kind regards,
Maria

Maria FitzGerald Houlihan | Research Ethics Supportl SRECI University College Cork | srec@ucc.ie
Website: https://www.ucc.ie/en/research/support/ethics/socialresearch/
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COISTE EITICE UM THAIGHDE CLINICIUIL

Clinical Research Ethics Committee of the Cork Teaching Hospitals

Tel: +353-21-4901901
Email: crec@uccie

University College Cork
Lancaster Hall

6 Little Hanover Street
Cork

Ireland

CREC Review Reference Number: ECM 4 (o) 14/05/2024
Date: 15" May 2024

Professor Denis O’Mahony
Consultant Geriatrician
Department of Geriatric Medicine
Cork University Hospital

Wilton

Cork

Study Title: Development of a short form of the tool, Medication - Related Burden Quality of Life (MRB-QoL),
for older adults on long-term medications.

Dear Professor O'Mahony

Approval is granted to carry out the above study at:

Geriatric Medicine Outpatient Department and Assessment and Treatment Centre, HSE Assessment Hub,
Ballincollig

Cork
The i have been app d:
Document Approved | Version | Date
Application Form Yes Signed: 26" April 2024
Proof of Insurance (CIS) Yes
CV for Chief Investigator Yes
Study Protocol Yes 1 16™ April 2024
Participant Information Form (Phase 1) Yes 1 16™ April 2024
Consent Form (Phase 1) Yes 1 16™ April 2024
Participant Information Form (Phase 2.1) Yes 1 16™ April 2024: Correct
“this this research” prior
to use.
Consent Form Phase (2.1) Yes 1 16™ April 2024
Participant Information Form (Phase 2.2) Yes 1 16™ April 2024
Consent Form (Phase 2.2) Yes 1 16™ April 2024
Data Collection Document (Phase 1 and Phase 2.1) Yes
Medication Related Burden Quality of Life Tool Yes
Data Collection Document (Phase 2.2) Yes
Semi-structured Interview Topic Guide Yes 1 26" March 2024
Focus Group Topic Guide Yes 1 26" March 2024.
We note that the co-investigator(s) involved in this study will be:
Name Appointment Details
Dr Denis Curtin Consultant Physician CUH, Dept of Geriatric Medicine
Dr Ruth Daunt Research NCHD CUH Geriatric Medicine SpR.

The date of this letter is the date of authorization of the study.

Please keep a copy of this signed approval letter in your study master file for audit purposes. The study must be
carried out in accordance with General Data Protection Regulation and Health Research Regulation 2018/2021.

You should note that ethical approval will lapse if you do not adhere to the following conditions:
1. Submission of an Annual Progress Report/Annual Renewal Survey (due annually from the date of this

approval letter). We would encourage you to keep note of this date as the CREC will not issue a
reminder.
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