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Overview 

Continued advances in medical therapeutics have undoubtedly contributed the global 

increase in longevity and health gains over the last century. However, this increase in life 

expectancy has led to a concomitant rise in older adults experiencing frailty and co-

morbidity. More older people are now chronically treated for conditions that may have 

previously been l acutely life limiting (cardiovascular disease, diabetes, chronic kidney 

disease, some cancers) often with complex evidence-based therapies. Previously, 

prescribing tools have been developed and validated to identify and reduce Potentially 

Inappropriate Prescribing (PIP) in the general older adult population and in the frailest 

cohort of older patients. Different levels of frailty may require a tailored approach to 

prescribing. In robust older people the focus of therapy may be preventative. As 

characteristics of frailty emerge; vigilance is required to ensure that delirium, falls and 

functional decline are not provoked by inappropriate medication use. Finally, as older 

people become increasingly frail, the use of multiple medications may result in more harm 

than benefit. Nonetheless, there remains a lack of evidence regarding the prevalence of 

inappropriate prescribing in frail older adults presenting acutely to hospital in Ireland. 

This doctoral thesis was initiated in 2020 to explore the relationship between frailty and 

potentially appropriate prescribing with the goal of identifying the forms of inappropriate 

prescribing experienced by frail older people presenting acutely to hospital. The 

manuscript comprises of 9 chapters. The first chapter is an introduction, divided into 3 

sections: (i) what is frailty and why is it important? (ii) potentially inappropriate 

prescribing, (iii) potentially inappropriate prescribing and frailty. The 4 main studies are 

included in chapters 2-5. Chapter 2 examines the association between frailty and PIP as 

defined by STOPP/START Version 2 criteria in a population of acutely hospitalised older 

adults. Chapter 3, evaluates the prevalence of falls risk increasing drug (FRID) use in 

older people who have experienced a fall in the previous 12 months. Chapter 4, explores 
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the prevalence of potential drug-drug interactions and frailty in a cohort of acutely 

hospitalised older adults. Chapter 5, describes the development of an explicit list of 

prescribing cascades based on the published literature and expert opinion its application 

to investigate the prevalence of potential cascades at admission and discharge from 

hospital in multimorbid older people hospitalized with acute illness. In chapter 6 I discuss 

the findings of studies included in this thesis and potential implications for future research 

and clinical practice. References and appendices are detailed in chapters 7 and 8 

respectively. 
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1.1 What is Frailty and why is it important? 

One of the most striking demographic characteristics of the 20th century has been the 

marked increase in longevity and improved health of older adults. Arising from the 

combination of increased longevity and reduced birth rate in most countries, the 

population of adults aged over 65 years is projected to almost double to 1.6 billion 

globally between 2025 and 2050. At present, the greatest proportion of older adults 

resides in Europe and developed countries, accounting for over one third of the global 

population of people aged over 65 years and more than half of the world population aged 

85 years and over. Less developed countries in Latin America and Asia are expected to 

see a rapid rise in their older populations by 2050 due to improved healthcare (1).  

While the global increase in longevity is considered a positive thing, it has also led to a 

concomitant rise in older adults experiencing frailty. Although there is a lack of consensus 

on the operational definition of frailty, it can theoretically be understood as an age-related 

state of decreased physiological system reserve characterized by a weakened response to 

stressors and an increased risk of poor clinical outcome arising from life-threatening 

illness (2). Data from the Irish Longitudinal Study of Aging (TILDA) indicate the 

prevalence of frailty as being  15% among those aged over 65 years rising to 46% in those 

aged over 85 years(3). It is estimated that 80,600 people aged ≥70 years living with frailty 

in Ireland and  may require informal and formal community support at present, with 

significant implications for future healthcare resource planning (3) . 

Given the growing global prevalence of frailty and its association with adverse outcomes 

such as falls, functional decline, hospitalisation, need for long-term nursing home care 

and higher mortality, there has been increasing interest in the elements that may affect 

the rate of progression of frailty along with interventions that may reduce frailty (4-6). 

Frailty has been identified as a multifactorial syndrome and characterized as a dynamic 

clinical state which may be improved with appropriate interventions, such as structured 
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physical exercise sessions, nutritional supplementation, cognitive training and combined 

multidisciplinary treatment, all of which demonstrate significant positive impacts on 

frailty up to 12 months following intervention (7, 8).  

Less emphasis has been placed on the impact of potentially inappropriate prescribing as 

a modifiable factor in the progression to frailty, though medication review or assessment 

of polypharmacy has been included as a component of multifactorial interventions in 

randomised controlled trials to impede progression of pre-frailty and overt frailty (9, 10).  

When analysed as a syndrome with indicators such as falls, incontinence and 

hospitalisations, frailty seems to overlap with some of the recognised consequences of 

potentially inappropriate prescribing. In this introductory chapter, I will (i) explore the 

concept of frailty as a syndrome and (ii) endeavour to examine how frailer older adults 

may be at higher risk from potentially inappropriate prescribing (PIP) and its associations 

including polypharmacy, adverse drug events, drug-drug interactions, drug-disease 

interactions, prescribing cascades, and potentially inappropriate prescribing omissions. A 

conceptualisation of the overlap between the elements of PIP and frailty are illustrated in 

Figure 1.1 

 

Figure 1.1. Conceptualisation of the interaction between forms of PIP and Frailty.  
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With the knowledge that polypharmacy and PIP are associated with adverse outcomes for 

multi-morbid older adults (11-13) , this chapter aims to explore the relationship between 

frailty and PIP and advocates for the incorporation of screening for PIP as part of a 

comprehensive frailty assessment and intervention in routine clinical care.  

1.1.1 How is frailty measured? 

While multidisciplinary Comprehensive Geriatric Assessment remains the gold standard 

of diagnosing and managing frailty, this holistic method of assessment is time consuming 

and resource intensive, taking from 45 minutes to 2 hours to fully assess an older person 

in a multidimensional manner and create a care plan  (14, 15). The British Geriatrics 

Society (BGS) guidelines on the management of frailty  acknowledge that frailty may not 

be detected unless screened for in a structured way in any one individual (14). This is 

particularly true for older people presenting with acute illness to hospital. Frequently, 

older people with multiple long-term conditions have concomitant frailty which may be 

overlooked if the focus is on disease-based care when dealing with long-term conditions 

such as diabetes mellitus or heart failure (14). Consequently, it is recommended that all 

interactions with health care professionals for older people should include frailty 

screening. Opportunistic assessment of frailty with the goal of actively addressing 

contributory and potentially reversible causes is encouraged for all older people 

interacting with healthcare services (14). Less time-consuming methods of accurately 

screening for and assessing frailty have been sought to identify those most at risk of 

frailty-related adverse outcomes in the community, in healthcare settings and peri-

operatively (16-19). Detection of frailty may also trigger goals of care discussions and 

help avoid potentially detrimental procedures and interventions being performed (20-23) 

Despite its growing prevalence, there is no universally accepted method to confirm a 

diagnosis of frailty (2). The terms frail, pre-frail and robust have emerged as descriptive 

categories with varying risk of adverse outcomes (4). The pre-frail category originally 
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emerged from the operationalisation of the Fried Frailty Phenotype to describe the 

intermediate group of older adults who displayed some of the characteristics of frailty but 

were not frail. This group were twice as likely to develop frailty over 3 years compared 

to robust older people (4). Pre-frailty is considered as a prodromal stage before the 

emergence of frailty and a potentially reversible condition (24, 25). 

 

Although associated with multimorbidity, frailty is not in itself a surrogate for disease 

burden i.e. a person may have multimorbidity and not be frail (26). Over the last 20 years, 

various methods of accurately screening for and assessing frailty have been devised to 

identify those most at risk of adverse outcomes in the community, in healthcare settings 

and in hospital peri-operative situations (27-29). The choice of frailty instruments may 

also be determined by the time available, location of assessment, space and equipment 

required to carry out the assessment.  

A selection of commonly used frailty instruments is shown in Table 1.1, with specific 

focus on their relationship with the assessment of medication use. Three of the selected 

tools incorporate medications in their assessment of frailty.  This is not an exhaustive list; 

instruments were selected to demonstrate the numerous methods of quantifying frailty 

from identifying a phenotype to self-reported items. 
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Table 1.1 A selection of frailty assessment tools and a summary of their threshold scores for 
defining frailty and prefrailty, highlighting tools that incorporate medication assessment. 

Frailty 
Instrument     

Components 
  

Classification 
  

Pre-
Frailty 

Medications 
Assessed 

                  
(Physical/Fried) 
Frailty 
Phenotype(4) 

  
  

Five items: Weight loss, low 
physical activity, exhaustion, 
slowness, weakness 

  

Frailty: ≥3 
present, pre-
frailty:1-2 
items, robust 
0 items   

Yes No 

Cumulative 
deficit Frailty 
Index (30, 31) 

  

Minimum of 30 accumulated 
health deficits. Dichotomous 
Yes/No. Index scores 0(none 
present)-1(all present) 

 
  

Frailty: >0.25 

  

No If included 
in 
construction 
of index 

Clinical 
Frailty 
Scale(27)     

Nine graded pictures on visual or 
written chart. 1=Very Fit-9 
Terminally Ill   

Frailty: ≥5 

  

Yes No 

FRAIL 
scale(32) 

    

Self-Rated Scale, Five Items: 
(Fatigue, Resistance, Ambulation, 
Illnesses, & Loss of Weight) (i.e., 
1 point for each component; 
0=best to 5=worst) and represent 
frail (3–5), pre-frail (1–2), and 
robust (0) health status 

  Frailty: ≥3, 
pre-frailty: 1-
2, Robust: 0 

  

Yes No 

Edmonton 
Frailty 
Scale(33) 

    

Nine Questions: cognition, 
general health, self-described 
health, functional independence, 
social support, medication use, 
nutrition, mood, continence, 
functional performance.    

Frailty: ≥ 7, 
prefrailty: 5-
6, Robust ≤4 

  

Yes Yes 

PRISMA-
7(34) 

    

Seven self-reported items: Age.85 
years, male, social support, 
activities of daily living.    

Frailty 
score≥3 

  

No No 

FI-
CGA(35) 

    

Ten items: cognition, mood, 
communication, mobility, bowel 
function, balance, pADL/iADL, 
nutrition, social resources. Each 
domain scored 0 (no problem) to 2 
(major problem).    

Mild 
frailty=0-7, 
Mod=7-13, 
Severe >13 

  

No No 

GroningenFrailty 
Indicator (36) 

  

Fifteen self-reported Items across 
four domains: physical, cognitive, 
social, psychological.    

 Frailty 
score≥4 

  

No No 

Frail-
VIG(37) 

    

Twenty-Five questions frailty 
index assessing 22 domains: 
Developed from CGA and 
designed for clinical use. No 
Deficit=0, Deficit=1    

Frailty: >0.25 

  

No Yes 

FI - frailty index; pADL - personal activities of daily living; iADL - instrumental activities of daily living; 
CGA - comprehensive geriatric assessment; CHSA-92 – Canadian Study of Healthy Aging in 1992. 

 

In 2016, Buta et al. identified 67 frailty tools cited in the literature [17], of which nine 

had more than 200 citations. The most cited were the Physical Frailty Phenotype and the 
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Cumulative Deficit Frailty Index.  A further systematic review in 2018 found that of the 

51 instruments presented, 23 had the capacity to identify pre-frailty (38). Most frailty 

assessment instruments can be broadly divided into frailty phenotype or frailty 

index/cumulative deficit categories. Both categories have been internationally validated 

for use in identifying older people at high risk for adverse outcomes relating to frailty 

compared to other non-frail people of similar age. 

 

The Frailty Phenotype was developed by Fried et al. in 2001 based on secondary analysis 

of the Canadian Cardiovascular Health Study involving 5210 men and women aged over 

65 years and older(4). Participants were followed up at annual intervals for up to 7 years. 

It includes five variables: (i) unintentional weight loss, (ii) self-reported exhaustion, (iii) 

low energy expenditure, (iv) slow gait speed and (v) reduced hand grip strength.  People 

categorised as frail (≥3 variables present) had higher rates of falls, impaired physical 

function and death compared to people categorised as robust (0 variables) or pre-frail (1-

2 variables).  

Validated in the community, long-term care and hospital in-patient settings (39-41), the 

Frailty Phenotype is the most cited frailty measurement in the literature. However, it has 

some limitations (42), including the substantial time required to translate the 5 variables 

into clinical practice, the narrow focus on physical characteristics, requirement for 

measurement equipment and the variable effect of acute illness on the frailty parameters. 

These limitations are potential obstacles to its routine clinical application (43).  

 

The Frailty Index and the Clinical Frailty Scale 

Mitnitski and Rockwood utilised a cumulative deficit model to create the frailty 

assessment tool (30). Using a holistic and multidimensional construct of frailty, they 

proposed that frailty is caused by the lifelong accumulation of deficits such as falls, 
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cognitive impairment, co-morbidities and abnormal laboratory variables (30). The 

original 92 deficit Frailty Index was from the cross-sectional and longitudinal 

components of the Canadian Study of Heath and Aging (CSHA). The index score for an 

individual was calculated by dividing the total number of deficits present by 92, and index 

of 0.25 of predicts frailty. The 70-deficit Frailty Index was later established using the 

CSHA data(44). The greater the number deficits present results in greater levels of frailty 

(30). A published standard procedure for the development of a frailty index using a 

minimum of 30 deficits allowed the cumulative deficit model to be applied to different 

sets of data resulting in the development of further indices such as the Electronic Frailty 

Index based on primary care electronic health record data (45).The use of a graded frailty 

index also discriminates moderate frailty from severe frailty based on increasing index 

number and a dose dependant relationship with death and institutionalisation and it has 

been validated across multiple clinical settings (31, 35, 39). The Frail-VIG Index has been 

shown to be a reliable, feasible, and valid instrument to quantify the level of frailty in 

both hospitalized and community-dwelling older people (46). Frail-VIG index (Appendix 

1) is based on the comprehensive geriatric assessment with the aim of developing a 

pragmatic, easy-to-apply clinical assessment tool. Frail-VIG index utilises  25 deficits 

from eight different dimensions, has an AUC of 0.9 (0.88-0.92) with predictive validity 

of mortality, taking on average 5-10 minutes to administer (37). The re-test and inter-rater 

reliability of the Frail-VIG index has been demonstrated to be excellent in previous 

studies  (46, 47). 

 

Following from the Frailty Index, Rockwood et al. later developed a 7-point Clinical 

Frailty Scale (CFS). The outcomes of institutionalisation and mortality were highly 

correlated with a CFS 7-point range (r = 0.80) and with the original Frailty Index. Each 

category increment of the CFS significantly increased the medium-term risks of death by 
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21.2%, (95% confidence interval [CI] 12.5%–30.6%) and institutionalization by 23.9% 

(95% CI 8.8%–41.2%) in multivariable models that adjusted for age, sex and education 

based on CSHA data (27). 

 

 

Figure 1. 2. 9 Point Clinical Frailty Scale Original Version 1 (CFS), Rockwood, K. et al. (2005), re-
printed with permission (Appendix 2) 

 

The CFS (Figure 1.2) is highly dependent on the clinical judgement of the user.  

Nevertheless, it is quick and easy to use and has been validated in primary care, hospital 

and long-term care settings (48, 49)The second version of the CFS (Figure 1.3) 

includes 9 grades in which the category of ‘vulnerable’ (CFS=4) was replaced with 

‘living with very mild frailty’(50). The creators of the CFS have expressed caution 

regarding the use of this usually when a person is clinically stable, and not in the setting 

of an acute illness or deterioration judgment-dependant instrument by those 

inexperienced in frailty evaluation (50). 
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Figure 1. 3. 9 Point Clinical Frailty Scale Original Version 2 (CFS), Rockwood, K. et al. (2020), re-
printed with permission (Appendix 2) 
 

1.1.2 How Prevalent is Frailty? 

Meta-analysis of prevalence studies has shown a pooled prevalence of frailty of 18% 

across all settings, with the highest rates of frailty in the hospital in-patient and long-term 

care settings (54.1%-54.2% and 62.1%-68.8%)(41, 51-53). Based on systematic review 

and meta-analysis involving over 61,500 participants, Collard et al. showed that up to 

10.7% of community-dwelling older persons are frail and 41.6% are pre-frail. 

Nevertheless, the reported prevalence differed substantially within the included studies, 

ranging from 4.0% to 59.1% depending on how frailty was measured.(54). A large multi-

national meta-analysis confirms this variance producing a pooled estimate of 12% (11%–

13%) for physical frailty and 24% (22%–26%) for the deficit accumulation model (40) . 

In nursing home residents, the prevalence of frailty ranged from 36.4% (23.8%-51.1%, 
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95% CI) using the Fried phenotype to 71.8% (62.8%-79.5%, 95% CI) using the CFS (55). 

Systematic comparison has also shown a widely variable prevalence of pre-frailty of 19% 

to 54% with an average prevalence of 41.6% in community dwelling adults aged over 65 

years. Both increasing age and female sex are associated with increased frailty(54). One 

study has shown that over a 3 year follow up period, 4.6% of robust older adults and 

18.5% of pre-frail older adults go on to develop frailty (56). 

1.1.3 Can frailty affect pharmacokinetics and pharmacodynamics? 

Given that the physiological changes observed with the frailty syndromes overlap with 

the changes which result in altered drug pharmacokinetics and pharmacodynamics in 

older adults, it would seem plausible to propose that frailty predisposes to altered 

pharmacokinetics and pharmacodynamics. Several physiological systems show altered 

function in the context of frailty including the central nervous system, the sympathetic 

nervous system, hepatic clearance, endocrine system responses from the pituitary gland 

and the adrenal gland, and innate immune system responses. With loss of physiological 

reserve in other systems including the cardiovascular, respiratory and renal systems, a 

frail individual who already has compromised regulation within and across these systems 

may have more difficulty than others in tolerating stress effects from potentially 

inappropriate medications. A further integral component in the frailty phenotype is 

sarcopenia, the commonly observed age-related loss of skeletal muscle mass (57). Frailty-

associated decline in renal function may affect the pharmacokinetics of some drugs and 

chronic kidney disease may worsen sarcopenia (58, 59). Older people often have a greater 

body fat: lean body mass ratio with an overall reduction in total body water and serum 

albumin concentration. This leads to a relative increase of the volume of distribution such 

that the half-life of lipophilic drugs such as benzodiazepines is often prolonged. Similarly, 

there is often an increased plasma concentration of water soluble drugs like lithium and 
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an increased proportion of free unbound highly protein bound drugs like ibuprofen and 

phenytoin (60).  

Certain medications may also play a role in worsening measured variables of frailty i.e. 

delirium, falls, anorexia, functional impairment, cognitive impairment and gait/balance 

problems are commonly associated with adverse drug effects but may also be attributable 

to frailty (61). Hilmer and Kirkpatrick have highlighted the theoretical impact of frailty 

on physiological systems and pharmacokinetics but also emphasize that there is a 

concerning lack of research in this area, with the majority of studies on frailty and 

pharmacokinetics focusing on individual drugs rather than on polypharmacy (62). Their 

review of the studies of pharmacokinetic effects of frailty was limited by small study 

populations, failure to select distributions of frailty scores, lack of a clear definition of 

frailty and exclusion of participants with potential drug interactions.  

1.2 Potentially inappropriate prescribing (PIP) 

PIP occurs where there is a lack of indication for a medication, where there is avoidable 

adverse drug–disease or drug–drug interaction exposure, where risks of medications 

outweigh their benefits or where time-to-benefit from treatment exceeds individual life 

expectancy. PIP also encompasses omission of potentially beneficial medications that are 

clinically indicated for treatment or prevention of a disease, mis-prescribing and 

prescribing cascades [30-32]. Traditionally, the term PIP refers to the prescription of 

potentially inappropriate medications (PIM), potential prescribing omissions (PPO) or 

both. 

PIP is associated with reduced health-related quality of life, excess adverse drug events, 

increased hospitalisation, re-hospitalisation and increased mortality [33]. To minimize 

exposure of frail older adults to PIP, structured medication review with appropriate 

deprescribing is a logical approach. Several tools have been developed to help identify 
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PIP. A recent systematic review which included 42 prescribing assessment tools found 

that only thirteen had been externally validated, with hospitalisation being the most 

commonly measured patient-related outcome [34]. Deprescribing tools are classified as 

either explicit, implicit or a combination of both. Explicit criteria tools such as Beers 

criteria, LaRoche criteria, EU-7 criteria and STOPP/START criteria typically contain lists 

drugs or drug classes that are known to expose older adults to potential harms that 

outweigh their benefits either in themselves or through adverse drug-disease interactions 

[35-38].  With STOPP/START criteria, there is also a list of ‘potential prescribing 

omissions’ (START criteria) i.e., drugs that probably should be prescribed in older people 

but are not for various inappropriate reasons, including perceived high-level frailty.  

Implicit PIP assessment tools such as the Medication Appropriateness Index (MAI) 

require knowledge of individual treatment goals and comorbidities in the context of each 

prescribed drug [39]. While MAI is patient-centred, it is highly time-consuming to apply 

to older adults with polypharmacy and requires comprehensive knowledge of the 

prescribed drugs. 

Given the number and range of methods for measuring PIP, it is unsurprising that PIP 

prevalence, like frailty prevalence, varies greatly depending on which assessment tool is 

used and the patient population studied. A wide range of PIP prevalence (22%-79%) has 

been reported in several studies with the wide variance attributed to the different patient 

populations being assessed and the PIP assessment tool used [40, 41].  

STOPP/START criteria 

Designed and validated as an explicit, physiological systems-based screening tool for 

potentially inappropriate drug therapy in older people, STOPP/START criteria were 

developed using the Delphi validation method. STOPP/START criteria identify instances 

of potentially inappropriate prescribing as well as instances of prescribing omissions 
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commonly prescribed for older people in Europe. Inter-rater reliability for 

STOPP/START version 1 had a coefficient of 0.75 for STOPP and 0.68 for START. 

STOPP/START version 2 criteria were expanded and updated in 2015 to include 80 

STOPP Criteria and 34 START criteria (63). STOPP/START version 3 criteria were 

published in 2023 and include 133 STOPP criteria and 57 START criteria (64) 

STOPPFrail, an explicit list of 27 PIMs was subsequently developed and validated to 

guide deprescribing for severely frail older people and those with limited life expectancy 

(65).   

Beers Criteria     

Beers et al. published the first explicit criteria designed for determining inappropriate 

prescribing in nursing home residents 1991(66). Subsequently adopted and endorsed by 

the American Geriatrics Society, Beers Criteria have been expanded include 30 individual 

criteria of medications or medication classes to be avoided in older adults and 16 criteria 

specific to more than 40 medications or medication classes that should be used with 

caution or avoided in certain diseases or conditions (67). Though widely utilised in North 

America, there has been difficulty adapting the criteria in Europe due to variances in 

available medications and prescribing patterns between the continents.   The most recent 

(seventh) iteration of Beers Criteria was published in 2023 by the American Geriatrics 

Society expert review panel (68).  

LaRoche PIM List 

In 2007, La Roche et al. published an explicit criterion for identifying potentially 

inappropriate medication use in adults over 75 years of age in France. The list used Beers 

criteria as a starting point, amending it for use in France clinical practice. The Delphi 

method was used to identify drugs with an unfavourable benefit to risk ratio and drugs 

with questionable efficacy. In addition, safer therapeutic alternatives were also indicated 
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for each criterion. Of note the list was designed to be applicable to people over 75 years 

as the expert consensus felt that people younger than 75 were physiologically similar to 

middle-aged adults (69).  

EU-7 Criteria 

The EU-7 criteria were developed by the Delphi process with experts from 7 EU 

countries. The criteria were established to identify potentially inappropriate medications 

across EU drug markets. The emphasis of this list is on the chemical/pharmaceutical 

properties of the drug rather than clinical contexts. It was created to assess medication 

appropriateness at a primarily epidemiological level in older adults with dementia without 

detailed clinical history or context (70). 

Medication Appropriateness Index 

First published in 1992 by Hanlon et al., the Medication Appropriateness Index (MAI) is 

an implicit method of assessing the individual appropriates of each medication taken by 

a patient using ten criteria: indication, effectiveness, dose, correct direction, practical 

directions, drug-drug interactions, drug-disease interactions, duplication, duration and 

cost. A summative score gives each drug a rating of appropriate, marginally appropriate 

or inappropriate according to each of the ten criteria to give an overall score between 0 

and 18 with 18 indicating completely inappropriate prescription (71).  

NO-TEARS 

The NO-TEARS tool is a list of questions to guide medication appropriateness reviews 

in a patient centred manner. Developed as a 10-minute interview, it assesses patient goals 

of treatment, compliance and medication use in the primary care setting. It comprises 7 

prompts; need and indication, open questions, tests and monitoring, evidence and 

guidelines, adverse events, risk reduction or prevention, simplification and switches (72). 
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This tool presents a practical, patient-centred method of optimising medications. 

However, evidence of reduction of adverse outcomes by using this tool as an intervention 

is yet to be demonstrated. 

 

1.2.1 Polypharmacy 

Polypharmacy is often defined as the use of 5 or more medications simultaneously or on 

daily basis while hyper-polypharmacy is defined as the use of 10 or more daily 

medications (73, 74).  Polypharmacy has been considered by many to be a geriatric 

syndrome in itself given its ubiquity amongst older people (75). Polypharmacy is 

associated with adverse outcomes including falls, adverse drug reactions, increased 

hospital length of stay, early re-admission to hospital and mortality  (13, 76-79). The risk 

of harm from adverse drug reactions, drug-drug interactions and drug-disease interactions 

increases as the number of simultaneously consumed medications increases (80). The risk 

of adverse effects and clinically significant harm increases with increasing numbers of 

medications (77, 80, 81).  Figure 1.4 illustrates the interaction of polypharmacy and 

frailty. Older people are at considerably higher risk of experiencing polypharmacy due to 

a much higher burden of multimorbidity than younger people. Polypharmacy, as the 

principal risk factor for ADRs, may also be engendered and exacerbated by older people 

attending multiple specialists for multiple concurrent diseases or conditions, leading to 

more and more evidence-based drug therapies.  In one study, researchers found that taking 

more than 5 daily medications was associated with an odds ratio for ADEs of 1.88 

(95%CI, 1.58–2.25) compared to patients taking 0-4 daily medications (102).  
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Figure 1.4. The overlapping associations between polypharmacy and frailty (77-79).

 

Legend: DDIs- drug-drug interactions, PIMs-potentially inappropriate medications, ADRS-adverse drug reactions, 

PPOs-potential prescribing omissions 

 

Defining polypharmacy by counting medications may over-simplify the complex 

prescribing decisions required to manage multimorbid states (13). Davies et al. advocate 

for the greater use of the descriptors ‘appropriate’ and ‘inappropriate’ polypharmacy to 

increase the clinical relevance of studies assessing the association between polypharmacy 

and adverse outcomes rather than a simple numeric cut-off of ≥5 daily medications (13). 

Appropriate polypharmacy is defined as: 

 “…. prescribing for individuals with complex or multiple conditions where 

medicine use has been optimised and prescribing aligns with best evidence” (82). 

This concept recognises that there are cases where prescribing of multiple evidence-based 

medications in a carefully considered way can continue to be of benefit to patients 

provided that the prescribing reflects the patients’ clinical needs and what matters most 

to them in terms of symptom control and disease prevention.  

 

1.2.2 Prescribing Cascades 

A prescribing cascade occurs when an adverse drug event (ADE) or adverse drug reaction 

(ADR) is misinterpreted as a new symptom or medical condition, with the subsequent 
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prescription of another, potentially inappropriate drug (83, 84) (Figure 1.5).  The 

prescribing cascade, an important source of potentially inappropriate prescribing, was 

first introduced by Rochon and Gurwitz almost 3 decades ago. Since then, prescribing 

cascades have been gaining greater recognition as a cause of potentially problematic 

polypharmacy. Prescribing cascades are another form of both inappropriate prescribing 

and a risk factor for drug-drug interactions presenting an important public health problem. 

Prescribing cascades have been associated with adverse health outcome and reduced 

quality of life (85, 86).  

Compared to robust older adults, frailer individuals are exposed to greater levels of 

polypharmacy and have greater exposure to high-risk medication regimes leading to an 

increased risk of prescribing cascades (80, 87) . With polypharmacy comes increased risk 

of drug-drug and drug-disease interactions (88, 89). ADEs and ADRs in older adults can 

be misinterpreted as worsening frailty or geriatric syndromes due to their non-specific 

symptoms and clinical manifestations. Historically, potential adverse events in older 

adults have been under-reported in drug trials and it is generally accepted that older adults 

are underrepresented in clinical trials.(90-93).  

 

 

Figure 1.5. Diagram of the concept of the prescribing cascade 

 

 

A recently published systematic review of 101 studies describing prescribing cascades in 

community-based adults found that the most commonly described prescribing cascades 

were:  

Drug A Prescribed

Adverse Drug Event 
or Reaction

(misinterpreted as 
new disease 
symptom)

Drug B Prescribed
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(i) calcium channel blockers → loop diuretics to treat peripheral oedema   

(ii) amiodarone → thyroxine to treat hypothyroidism   

(iii) inhaled corticosteroids → topical antifungal to treat oropharyngeal candidiasis 

(iv)  antipsychotics → levodopa to treat Parkinsonism 

(v) acetylcholinesterase  inhibitors → drugs for urinary frequency (94).  

This study specifically looks at cascades in all adults aged over 18, excluding studies 

conducted solely in nursing homes, residential care, inpatient settings or emergency 

departments and case reports. It demonstrates a tendency for the most widely known 

cascades to be the most frequently assessed and measured, such that less well-known 

cascades may be overlooked or undetected. 

The true prevalence of prescribing cascades is yet to be elucidated, though individual 

cascades have been evaluated using population and cohort studies and shown to exist in 

clinically relevant frequency particularly in older adults (95-97). Prescription sequence 

symmetry analysis (PSSA) studies have gained substantial traction in recent years in the 

pharmacovigilance literature as a method for rapidly detecting and evaluating potential 

prescribing cascade signals (98). These PSSA-derived prescribing signals serve as a 

prompt for clinical review. In addition, clinical process mapping has been described as a 

method to screen for cascades when older people present with a new symptom (99, 100). 

At present, the prevalence of prescribing cascades is likely to be underestimated. 

Another dilemma facing prescribers is how to intervene when a potential prescribing 

cascade is detected where a comprehensive explicit prescribing cascade list is lacking. 

Practical approaches to cascade detection include implicit algorithms that can be applied 

during routine medication review. ThinkCascades is a concise nine-item, international 

consensus-based list of clinically important prescribing cascades which was developed to 

raise awareness among clinicians of more common prescribing cascades that may 

represent inappropriate prescribing (101). While this tool serves to alert prescribers to 
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more common prescribing cascades, it is probably too short to be of practical value in 

routine clinical practice as, if used solely to screen for prescribing cascades, many 

potentially problematic cascades could be overlooked. In practice, a preventive approach 

to prescribing cascades is required by applying a systematic approach to prescribing in 

older adults, maintaining a high level of suspicion that any new symptom may be a result 

of a medication side-effect.  

1.2.3 Cost of Potentially Inappropriate Prescribing 

The adverse consequences of potentially inappropriate prescribing in older people are not 

only limited to clinical humanistic cost; there is also a significant associated economic 

cost. The sources of this economic cost are three-fold: firstly, the direct cost of the 

prescribed drugs themselves accounting for up to an estimated €318 per patient per year 

(102); secondly, the associated dispensing cost of PIP; and thirdly, the potential cost to 

healthcare systems from the consequences of adverse drug events and associated 

increased health service utilisation. In Ireland, the cost of PIP has been conservatively 

estimated in one study published in 2010 at €45,631,319 (9% of total pharmaceutical 

expenditure of people aged over 70 at the time of study)(102). In a more recent 

international study,  total avoidable healthcare PIP-related expenditure was reported to 

range from €18.66 per patient per year in Northern Ireland to  €1449.05 in France (103).  

Furthermore, a recent cohort study by Guldstein Robinson et al. demonstrated than on 3 

month follow-up, older adults taking STOPP criteria PIMs had more frequent healthcare 

utilisation and greater overall  healthcare costs than age-matched adults who were not 

prescribed STOPP criteria PIMs €1958 (€1428–€2616) vs €881 (€817–€1167), p=0.002) 

(104).  

1.2.4 Adverse Drug Reactions & Adverse Drug Events 

An adverse drug reaction was originally defined by the World Health Organisation in 

1972 as: “A response to a drug that is noxious and unintended and occurs at doses 
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normally used in man for the prophylaxis, diagnosis or therapy of disease, or for the 

modification of physiological function”(105).  Edwards and Aronson further defined an 

ADR as: “An appreciably harmful or unpleasant reaction, resulting from an intervention 

related to the use of a medicinal product, which predicts hazard from future administration 

and warrants prevention or specific treatment, or the alteration of the dosage regimen, or 

withdrawal of the product”(106). They expanded on this definition by clarifying that 

while an adverse drug effect and adverse drug reaction are often used interchangeably, an 

adverse drug effect is seen from the point of view of the drug whereas the adverse drug 

reaction is seen from the point of view of the patient (106). In 2010, this definition was 

expanded to include reactions occurring as a result of error, misuse or abuse and to 

suspected reactions to medicines that are unlicensed or used off label in addition to the 

authorised use of a medicinal product in normal doses (107).  

When discussing adverse drug effects, some experts emphasize the need to differentiate 

between ADRs and ADEs. The difference depends essentially on the adverse effect. 

While  an ADE can be defined as an adverse outcome that occurs while a patient is taking 

a drug, it is not necessarily directly attributable to the drug (106), such as the increased 

incidence of falls and fractures when older people are taking benzodiazepines. 

As previously discussed, frail older adults are at substantially higher risk of ADRs due to 

diminished capacity to maintain homeostasis when under stress.  Aging itself is associated 

with a decrease in the functional capacity of multiple organ systems leading to changes 

in absorption, distribution, metabolism and excretion of some drugs (60). Older age is 

associated with delayed gastric emptying, decreased splanchnic blood flow, and reduced 

surface area for absorption, coupled with increased gastric pH.  Metabolism of drugs may 

be altered by aging also due to reductions in hepatic volume, renal and hepatic perfusion, 

and plasma protein binding. Older people who experience polypharmacy are more likely 

to take drugs that cause inhibition or activation of the cytochrome P450 (CYP) system 
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(108, 109). Normal physiological aging and common disorders such as cardiovascular 

disease, diabetes, heart failure and hypertension all contribute to reduced renal clearance 

and excretion of drugs (109). Multimorbidity, the co-occurrence of two or more chronic 

medical conditions has been shown to affect up to 95.1% of patients aged over 65 in the 

primary care setting in one systematic review of 39 studies (110).  

Over the last 25 years, there has been a notable increase in treatment guidelines for many 

common conditions, particularly in the areas of cardiovascular disease and diabetes where 

treatment guidelines recommend multiple drugs for secondary prevention and ongoing 

management of these conditions.  Worryingly, studies show that polypharmacy has 

increased in the last two decades, particularly after hospital admission (111, 112) which 

in turn increases the risk of drug-disease interactions and drug-drug interactions (113). 

Although older patients experience the greatest burden of multimorbidity and associated 

polypharmacy and are the largest group of patients receiving evidence-based 

pharmacotherapies, paradoxically they are often excluded from clinical drug trials 

because of their multimorbidity. An example of this discrepancy can be seen in several 

cancer drug trials. While people over 65 years represent over 60% of new cancer cases in 

Europe and the US annually, they account for only 22% of patients recruited into cancer 

trials. This proportion drops to 8%-13% in those over aged over 70 years (114). This 

degree of older patient exclusion from clinical trials is further illustrated in a review of 

440 trials of drugs for type 2 diabetes (115). Despite being the most common long-term 

metabolic condition experienced by older adults, only 6 trials were specifically designed 

to study older adults; 289 trials excluded individuals based on an arbitrary age cut off and 

a further 76.8% of trials excluded people with co-morbidities. 

1.2.5 Falls as an ADR in frail older people 

Falls have been identified as a leading cause of injury-related morbidity and mortality in 

older adults and represent a major public health problem with over 1 in 4 older adults 
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over 65 experiencing falls annually (116). Of these falls, 1 in 5 leads to serious injury 

such as fractures or head trauma, with 95% of hip fractures attributed to falling (117). 

While falls in older adults are usually multifactorial, one of the more prominent and 

modifiable extrinsic risk factors is the use of falls-risk increasing drugs (FRIDs). Several 

drug classes including blood pressure-lowering cardiovascular drugs, psychotropics and 

anti-epileptic medications have been acknowledged by meta-analysis as increasing the 

risk of falling in older adults (118-120). Prevalence of FRID use in older people varies 

from 87% in primary care to 93% in older adults who have been admitted to hospital with 

hip fracture (121-123).  

Medication review for FRIDs detection is strongly indicated by falls prevention 

guidelines such as the National Institute for Clinical Excellence (NICE) guidelines and 

the World Guidelines for Falls prevention and Management for Older Adults (124). 

However, there has been substantial variation between various sets of guidelines 

regarding what constitutes a FRID (125-127). The STOPPFall (Screening Tool of Older 

Persons Prescriptions in older adults with high fall risk) list was created using a modified 

Delphi process with the aim of identifying by consensus and review of current literature, 

the medications most commonly associated with falls in older adults. Consensus was 

reached on 14 medication classes: benzodiazepines and benzodiazepine-related drugs, 

antipsychotics, opioids, antidepressants (all classes), antiepileptics, diuretics, alpha-

blockers as antihypertensives and for benign prostatic hyperplasia, centrally-acting anti-

hypertensives, sedative antihistamines, vasodilators used in cardiac disease and 

antimuscarinics for overactive bladder (128). This validated and structured screening tool 

has been recommended by the World Falls Guidelines to identify FRIDs and to guide 

appropriate deprescribing as part of a multidomain falls intervention (127). 

Previous observational studies have shown that frailty is associated with an increased risk 

of falls and fractures in older people with the risk greatest in those over 75 years of age. 
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Furthermore, it has been noted that frailty is associated with a greater risk of further falls 

and fractures and shorter time to recurrent falls (129). This increased risk of recurrent 

falls has been shown to be consistently associated with frailty in meta-analyses despite 

the heterogenous methods of assessing frailty (114, 130). 

In this thesis, one of my aims is to use the STOPPFall list of medications to assess the 

point-prevalence of falls-risk increasing drugs in older adults presenting to hospital after 

a fall or who having experienced a fall in the previous 12 months.  I examine the 

relationship between FRIDs, falls and serious falls requiring hospital presentation. I also 

examine the relationship between FRIDs and frailty. This observational study should 

facilitate better understanding of the prevalence of FRIDs in the local population of older 

adults. We hope that establishing the prevalence of falls-risk increasing drugs in 

community dwelling adults with falls, will guide further multifactorial interventions, to 

prevent catastrophic or life changing falls in the future. 

1.2.6 The risk of drug-drug interactions in multimorbid and frail older people 

Medication management in older people experiencing multimorbidity (multiple medical 

conditions or illnesses) has been acknowledged as a complex challenge for healthcare 

professionals. As multimorbidity increases, so too does the number of medications a 

person is prescribed, potentially leading to polypharmacy and increasing the risk of 

clinically relevant drug-drug interactions. It has been demonstrated that the number of 

medications a patient is prescribed increases proportionately with the number of co-

morbidities accumulated(131).  

Drug-drug interactions (DDIs) are a growing subject of concern, as they are known to be 

related to adverse drug reactions and hospitalisations. DDIs can be classified into two 

main groups: pharmacokinetic and pharmacodynamic A strong relationship has been 

demonstrated between number of dispensed drugs and potential DDIs, especially for 
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potentially serious DDIs, which has implications for the importance of trying to minimise 

the number of drugs prescribed for older adults(113).   

In a recent systematic review of the prevalence of DDIs in community dwelling older 

adults aged  ≥ 65 years, the prevalence of DDIs ranged widely, 0.8% to 90.6%(132). 

Among older hospitalised adults in geriatric units, the variation was a little lower (80.5% 

to 90.5%) with a higher overall prevalence. There is significant heterogenicity between 

individual studies in relation to the definition of DDIs (133).  

Many clinically relevant DDIs are regarded as predictable and avoidable and therefore 

may be considered as targets for education and interventions towards prevention. Hospital 

admission in multimorbid older people provides the opportunity for medication review of 

DDIs which are responsible for 4.8% of hospital admissions in older patients (134).  

Hospital admission also represents a time of increased risk for older adults, as the 

prescription of new drugs to treat acute medical problems and/or to prevent readmission 

may increase the risk of DDIs and ADRs. 

 

1.3 Potentially inappropriate prescribing and frailty 

There is growing interest in the relationship between PIP and frailty. As previously 

mentioned, physiological systems associated with susceptibility to impaired homeostasis 

in the context of frailty include the central nervous system, the sympathetic nervous 

system, the endocrine system (particularly pituitary and adrenal glands), and the immune 

system (135). With attenuated physiological reserve in other systems including the 

cardiovascular, respiratory and renal systems, an overtly frail individual with 

compromised reserve in one or more systems is more susceptible than non-frail or pre-

frail persons to physiological stress of various kinds arising from adverse medications. 

Medications may also play a role in exacerbation of measured variables that characterize 

frailty. Delirium, falls, anorexia, functional impairment, cognitive impairment, renal 
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impairment and impaired balance are well-recognized commonly occurring ADEs that 

may be attributed incorrectly to irreversible aspects of age-related frailty.   

 

Several studies have examined the relationship between frailty and PIP in hospital, 

community and institutional settings. A literature search of PubMed and Google Scholar 

databases was undertaken. Search terms included: Frailty OR Measured Frailty, Frailty 

OR Measured Frailty AND Potentially Inappropriate Prescribing OR Potentially 

Inappropriate Medication Use OR Potential Prescribing Omissions OR Medication 

Underuse. We included articles involving adults aged ≥ 65 years in all settings, i.e., 

community, hospital, and residential care. Studies with no access to the full-text article 

or English version of the article and studies exclusively describing patients aged < 65 

years were excluded. Table 1.2 summarises a selection of these studies and briefly 

summarizes the variable methods of assessment. 
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Table 1.2. A selection of studies exploring the association between Potentially Inappropriate Prescribing and Frailty. 
Study  (Year) Type of Study Population 

Characteristics 
Frailty Criteria Medication 

Appropriateness 
Measurement. 

Main Findings 

Cullinan et 
al. 
(2016)(136) 

 

Retrospective 
analysis of 
randomised 
controlled 
trial database 
 
 

n=711 Novel 34 item 
Frailty Index 
developed 
using variables 
available in 
database 

STOPP/START The mean FI score above in 
which patients experienced at 
least one instance of PIP was 
0.16. Patients above this 
threshold were twice as likely 
to experience PIP (OR = 2.6, 
(1.47, 3.044; P < 0.0001) and 
to develop an ADR (OR = 
2.1, P < 0.0001). Patients 
taking more than six 
medications were 3 times 
more likely to experience PIP. 

sex=not 
reported 
age=not 
reported 
acute hospital 
inpatients 

Dalleur et al. 
(2012)(137) 

Cross-
sectional 
study 

n=302 Identification 
of Seniors at 
Risk (ISAR) 

STOPP/START PIMs were found in 144 of the 
302 frail older adults 
(prevalence 47.7 %), with the 
following distribution: 1 PIM 
(29 %), 2 PIMs (16 %) 
and ≥ 3 PIMs (3 %). The 
prevalence of PPOs was 62.9 
% (190/302), with the 
following distribution: 1 PPO 
(29 %), 2 PPOs (19 %), and 3 
PPOs (15 %). 

female=62.6 % 
(189) 
median age 
[P25-P75] = 84 
[81-88] 
acute hospital 
inpatients 

Hanlon et al. 
(2004)(138) 

Cross-
sectional, 
secondary 
analysis of 
data from a 
randomized 
controlled 
trial 

n=397 >2 of 10 frailty 
criteria. 

MAI 365 (91.9%) patients had ≥1 
medications with ≥1 MAI 
criteria rated as inappropriate. 
 

female=2.8% 
(11) 
age                                            
≥75 years =184 
(46.4%),                          
65-74 years = 
213 (53.6%) 
acute hospital 
inpatients* 

Récoché et 
al. 
(2017)(139) 

Cross 
sectional 
study 

n=229 Gerontopole 
Frailty 
Screening Tool 

Criteria based on 
Laroche list and 
STOPP/START 

Among the 229 frail patients 
included, 163 (71.2%) had ≥1 
instance of PIP. 

female= 156 
(68.1%)  
Age (SD)= 
82.14 (6.22) 

Fried 
phenotype 

 

day hospital 
patients 

Muhlack et 
al. 
(2020)(140) 

Longitudinal 
cohort study 

n=2865 Fried 
Phenotype 

2015 Beers 
criteria                                
2015 Beers 
dementia sub-list           
PRISCUS                                                
EU (7)-PIM list  

At baseline, 32.1% (919) 
participants were classified as 
robust, 58.8% (1685) were 
prefrail and 9.1% (261) were 
frail. The baseline PIM 
prevalence varied between 
9.2% (Beers dementia PIM) 
and 37.5% (EU(7) PIM).21% 
of participants became frail 
during follow up. 
All PIM criteria were 
significantly associated with 
incident frailty in the 
unadjusted and in the age and 
sex-adjusted analyses, 

female= 1480 
(51.7%) 
age (SD)= 70.2 
(5.9) 
community 
dwelling older 
adults 
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however not significant after 
adjustment for number of 
medicines and propensity 
scores. 

Gutiérrez-
Valencia et 
al. 
(2018)(141) 

Cross-
sectional 
analysis from 
a concurrent 
cohort study 

n=110 Fried 
Phenotype,             
Imputed Fried 
Frailty Criteria,              
Rockwood 
Frailty Scale & 
FRAIL in 
nursing homes 
scales       

STOPP/START Prevalence of frailty was 
71.8%, 42.7%, 36.4% 
according to the Rockwood 
CFS, FRAIL-NH and FRIED 
Index respectively. (Fried 
phenotype was only assessed 
in 40% of participants). 
Under-prescription was more 
prevalent in frail participants 
but only reached significance 
when Fried criteria were used. 

female= 79 
(71.8%) 
age (SD) 86.3 
(7.3) 
nursing home 
residents 
 

     

Maclagan et 
al. 
(2017)(142) 

Retrospective 
Cohort study 

n=41,351 72-item frailty 
index 

Beers criteria 
2015  

44% of patients were frail at 
admission, 36.9% were pre-
frail and 19.1% were non-
frail. 
44.3% of the cohort had at 
least one PIM. 
 
PIMs were most prevalent 
among frail residents across 
the age cohorts i.e. 48.1% 
versus 42.7% versus 
38.7%(P≤0.001). After 
adjustment for potential 
confounders, frail residents 
were also significantly more 
likely to be newly prescribed 
PIMs. 

Female = 
26,748 (64.7%) 

  age range:                                 
65-74 = 3,691 
(8.9%)                    
75-84 = 15,130 
(36.6%)                   
≥85 =22,530 
(54.5%) 

  

  newly admitted 
to nursing 
homes with a 
history of 
cognitive 
impairment or 
dementia. 

  

Bolina et al. 
(2019)(143) 

Cross-
sectional 
study as part 
of 
longitudinal 
study 

n=1607 Fried Frailty 
Phenotype 
components 

Beers criteria 
2012 

Prevalence of frailty was 
13.6% and pre-frailty was 
51.1%. PIM use was 51.1% 
for the frail group, 33.2% for 
the pre-frail group and 17.0% 
in the non-frail group. 

Female = 1036, 
(64.5%) 
age range:                                    
60-70 years = 
611 (38.0%)                       
70-80 years = 
707 (44.0%)                       
80 years or 
more= 289 
(18.0 %) 
community 
dwelling older 
adults** 

MAI-Medications Appropriateness Index, FI-Frailty Index, PIP-Potentially Inappropriate Prescribing, PIM-Potentially 
Inappropriate Medication, PPO-Potential Prescribing Omission, STOPP-Screening Tool of Older Persons’ potentially 
inappropriate Prescriptions, START-Screening Tool to Alert doctors to Right Treatments) *Patients were excluded if 
they were admitted from a nursing home, were already receiving care at an outpatient clinic for geriatric evaluation and 
management, had previously been hospitalized in an inpatient unit for geriatric evaluation and management, were 
currently enrolled in another clinical trial, had a severe disabling disease or terminal condition or severe dementia; 
**those with cognitive decline and inability to undergo physical assessment were excluded    
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1.3.1 Frailty and the associated risk of PIP 

Frail older adults are exposed to higher levels of polypharmacy and hyper-polypharmacy, 

both established independent risk factors for PIP [41]. Frail older people are more likely 

to experience increased clinical complexity, extreme vulnerability to stressors and 

reduced physiological reserve. With increasing multimorbidity, a related increase in the 

number of physician consultations often follows, resulting in higher risk of  drug–drug 

and drug-disease interactions (144). The association between frailty and polypharmacy 

has been established, though meta-analysis in this area has also been hampered by lack 

of homogeneity in the definition of frailty (145). Cullinan et al. applied a frailty index 

developed using standard procedure for creating a frailty index escribed by Searle et al. 

(31) as a means of investigating the association between frailty and PIP defined by 

STOPP/START criteria in older hospitalized patients with multimorbidity and 

polypharmacy. This retrospective study (136) showed a significant correlation between a 

novel frailty index score and instances of potentially inappropriate prescribing using 

STOPP/START Version 1 Criteria. However, on reviewing the literature, I did not find 

any prospective studies evaluating the association between Frail-VIG and 

STOPP/START criteria Gutiérrez-Valencia et al. have reported that frail institutionalised 

older people had a significantly higher average number of START criteria PPOs 

compared to non-frail institutionalised age-matched control subjects, independent of 

polypharmacy (1.9 versus 1.0, p=0.017)(141). Another study designed to estimate the 

prevalence of PIMs among older adults with cognitive impairment and dementia in the 

long-term nursing home setting found that after adjustment for potential confounders, 

frail residents were more likely to be prescribed benzodiazepines, antipsychotics and 

anticholinergics (142). Using a 72-item frailty index and the 2015 Beers criteria, 

MacLagan et al. found that PIMs were most prevalent among frail residents, 48.1% versus 

42.7% versus 38.7% (P≤0.001) in frail, pre-frail and robust adults respectively (142). In 
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a sample of ambulatory older people , Récoché et al., found that when assessing for frailty 

using the Gerontopole Frailty Screening tool and Fried’s Phenotype, 71.2% of study 

participants had at least one identified STOPP/START or Laroche list-defined PIM (139). 

Frailer older people experience a greater sedative medication load compared to non-frail 

age-matched counterparts, which increased in proportion to greater levels of frailty (146). 

This predisposes to impaired psychomotor function, falls and cognitive impairment in 

frail older people.  

1.3.2 PIP as a cause of increased frailty 

While there are relatively few studies investigating the association between PIP and the 

risk of frailty, one cross-sectional study of 1607 community-dwelling older people by 

Bolina et al. found that PIP (defined by Beers criteria) was associated with a higher 

incidence of frailty and pre-frailty. In the adjusted model, a more frequent use of PIM 

was associated with frailty (OR = 1.70; CI = 1.16–2.49) and prefrailty (OR = 1.63;CI = 

1.26–2.12), even after adjustment for confounding factors (age, ,gender and number of 

morbidities) (Fried Phenotype) (143).  Similarly in a sample of community dwelling older 

adults (mean age was 70.2 years), Muhlack et al. demonstrated that Beers’ criteria PIMs 

were significantly associated with incident frailty (Fried’s Phenotype) in both the 

unadjusted as well as age- and sex-adjusted analyses, though not significantly associated 

after adjustment for the number of daily drugs. Users of PIMs were more likely to be frail 

compared to their peers in the Propensity Scored-adjusted model (OR (95%CI), 1.51 

(1.04–2.17)).   

Pazan et al. (95), examining the effects of medication optimisation and pharmacological 

interventions for frailty, concluded that evidence for a direct causal relationship between 

medications and frailty was inconclusive and emphasized the need for further research 

using an internationally consistent and reproducible measure of frailty. 
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1.4 Conclusion  

Pharmacotherapy in frail older people requires an understanding not only of age-related 

physiological, pharmacokinetic and pharmacodynamic changes but also frailty-related 

physiological changes which predispose to adverse medication-related outcomes. Many 

studies investigating PIP in older adults focus on age alone as a prompt for medication 

review. It is thought that by identifying those with increased likelihood of 1-year mortality 

(very frail/frailest) or pre-frail (amenable to intervention), medical professionals can 

devise and provide more holistic and patient-centred management plan for their older 

patients. From my review of the literature, it is evident that there is a significant overlap 

in the common clinical presentations of ADRs and frailty (falls, delirium, organ 

disfunction). Furthermore, best practice guidelines recommend medication review using 

evidence-based screening tools for older people who have been identified as frail (14). 

Over the last 30 years, there have been multiple tools, scales and indices developed to 

assess frailty with the Rockwood Clinical Frailty Scale (CFS) amongst those with the 

greatest predictive capability for mortality (147).  

I conclude that measured frailty should be an important factor when considering new 

medication choices and when reviewing existing medications as well as when considering 

deprescribing decisions in older adults with limited life expectancy.  

Based on this review of the literature I hypothesise that not only should the presence of 

frailty prompt structured medication review but patients who are identified as pre-frail 

may particularly benefit from judicious prescribing to avoid PIP. Changes in frailty status 

or accumulation of new deficits may be attributable to medication use and should trigger 

further analysis of medications including long term medications that may no longer be 

appropriate. Overall, different frailty measurement tools may be appropriate for different 

settings and different groups of patients, and having a baseline assessment and identifying 
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changes in vulnerability may assist the clinician in preventing medication-related 

morbidity. There is a need for further research on the role of inappropriate prescribing in 

those at risk of developing frailty syndromes such as falls, incontinence and cognitive 

decline, weight loss and lethargy in order to inform safe deprescribing strategies. Yet, 

there appears to be insufficient evidence from prospective studies exploring the 

prevalence of drug-drug interactions and prescribing cascades in frail older adults. There 

is also absence of comprehensive explicit screening tools for assessing potential 

prescribing cascades in older adults which may explain why there is an apparent gap in 

the literature relating to the prevalence of prescribing cascades in older adults admitted 

acutely to hospital. 

In the following chapters, I will aim to address some of these gaps in the literature by 

exploring the association between frailty and PIP as defined by STOPP/START version 

2 in a population of acutely hospitalised older adults. I will also expand the definition of 

PIP to prescribing cascades and falls risk increasing drugs. I will evaluate the prevalence 

of DDIs in the acutely hospitalised older adults.  I hope that expanding the prevalence of 

PIP will facilitate clinicians’ understanding of its effect on frail, multimorbid older 

people. Finally in order to build greater understanding about the prevalence of prescribing 

cascades, I will develop an explicit, evidence-based list of potential prescribing cascaded 

and estimate their prevalence in acutely hospitalised older adults  
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CHAPTER 2 

Measured Frailty as a Predictor of Potentially Inappropriate Prescribing in 

Hospitalised Older Adults: A Prospective Observational Study. 
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2.1 Introduction 

Medication management in older people experiencing multimorbidity (multiple medical 

conditions) is challenging for prescribers. As multimorbidity increases, so too does the 

number of medications prescribed, leading to polypharmacy. It has been demonstrated 

that the number of medications a person is prescribed increases in proportion to the 

number of co-morbidities they have accumulated (131). The Irish Longitudinal Study of 

Aging (TILDA) found that in community dwelling older adults, the prevalence of 

polypharmacy i.e. the daily consumption of  ≥ 5 long-term medications was 

approximately 20% (148). To some extent, polypharmacy is generated by evidence-based 

prescribing. When multiple, evidence-based guidelines are applied to an older patient 

with multiple co-morbidities, polypharmacy is the usual outcome, with increased risk of 

adverse drug-drug and drug-disease interactions as well as adverse drug reactions 

(ADRs). A recent systematic review and meta-analysis showed that polypharmacy is  

associated with frailty (145) and  with increased risk of falls, functional impairment, 

increased length of hospital stay, excess mortality and potentially inappropriate 

prescribing (149-152). In one study of PIP prevalence across 6 large European medical 

centres, researchers found that up to 51.3% of acutely hospitalised older adults were 

prescribed at least one potentially inappropriate medication using STOPP version 1 

criteria (153). With increasing age, polypharmacy and potentially inappropriate 

prescribing, the potential for adverse drug events (ADEs) increases, with adults aged over 

65 years experiencing twice as many ADE-related hospital admissions as younger adults 

(154). 

However, rather than using age as an indicator for deprescribing in older people who are 

a heterogenous group with varying levels of health and functional ability, I will consider 

whether frailty may be associated with a risk of potentially inappropriate prescribing. 
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As identifying frailty in older adults is important for all clinicians and improving 

prescribing practices is a desirable, I aimed to investigate whether there is a significant 

association between measured frailty and PIP in older people with multimorbidity and 

associated polypharmacy 

Primary aim: 

(i) To assess the relationship between measured frailty and the prevalence of 

potentially inappropriate prescribing in older adults admitted to hospital with 

acute unselected illness. 

Secondary aims: 

(i) To compare the predictive value of selected frailty measurement tools for the 

presence of PIP in multimorbid older adults. 

(ii) To measure the prevalence of frailty in older adults admitted to hospital with 

acute unselected illness. 

(iii) To compare the prevalence of PIP in frail older adults compared to robust 

older adults. 

2.2 Methodology: 

2.2.1 Study Design 

A prospective observational study was carried out in an acute model 4 university teaching 

hospital (Cork University Hospital). The local Clinical Research Ethics Committee 

approved the study protocol. 

2.2.2 Participants 

Acutely admitted (non-elective) older adults aged ≥ 65 years were recruited from the 

emergency department, acute medical assessment unit, medical short stay unit, and acute 

medical and surgical wards between October 2020 and August 2021. Participants were 



54 
 

recruited on a consecutive basis. Daily electronic and paper-based admissions lists were 

screened for eligibility criteria (Table 2.1). 

Table 2.1 Inclusion and exclusion criteria  

Inclusion Criteria Exclusion criteria 
Age ≥65 Years Age <65 Years 
Acute admission within the 
previous 72 hours 

Actively Dying/Palliative a 

Expected Length of stay >24 
hours 

Direct Admission to ICU 

 Consent declined or patient 
unable to provide consent and 
proxy unavailable/declined 
consent 

 Isolation due to infection control 

Eligible participants were hospitalized older adults (aged ≥ 65 years), admitted acutely 

within the previous 72 hours with a projected admission duration of greater than 24 hours. 

Potential participants were approached directly, the study aims were explained and a 

participant information form was provided to them. Explicit written consent was sought 

in all cases. Potential participants were excluded if they were unable or unwilling to 

provide informed consent. Where potential participants were unable to provide consent 

due to illness or lack of mental capacity, written consent was sought from their legal 

representative where possible. If legal representative/proxy was not available in person 

to sign consent, the participant was ineligible to be recruited into the study.  Patients who 

were in isolation due to active COVID-19 virus infection or high-risk exposure to 

COVID-19 were excluded from the study on the basis of adhering to hospital infection 

control policy. 

2.2.3 Variables 

Collected sociodemographic variables included: age, sex, place of residence, primary 

carer, co-habitants and requirement for assistance with activities of daily living. Details 

of past medical history, current co-morbidities, current medication history, history of 
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adverse drug reactions, admitting speciality and laboratory values and vital signs were 

collected along with a brief summary of the main clinical reason for the acute 

presentation. Medications at discharge, diagnosis on discharge and length of stay were 

also recorded (Appendix 2). 

Acute kidney injury was defined using KDIGO guideline: increase in serum creatinine ≥ 

26.5 µmol/l within 48 hours; or an increase in serum creatinine to ≥1.5 times baseline, 

which is known or presumed to have occurred within the preceding 7 days (155). 

Hypernatremia was defined using the laboratory set lower limit of <132 mmol/l. The 

World Health Organisation definition of anaemia (haemoglobin (Hb) levels <12.0 g/dL 

in women and <13.0 g/dL in men) was applied (156). 

2.2.4 Data Collection 

Data were collected from the paper-based health care record, and electronic laboratory 

results and pharmacy medication reconciliation was achieved by direct history during a 

short interview with patient or caregiver as required. Where medication lists were 

unavailable at time of recruitment, permission was sought from the patient to contact their 

community pharmacist for specific medication details. 

Sample Size calculation: 

Based on previous studies of prevalence of potentially inappropriate prescribing in 

hospital of 51.3% and a confidence interval of 95%, a sample size of 384 was calculated 

(157).    Sample size (𝑛𝑛) = �𝑧𝑧1−𝛼𝛼∕2�
2(𝑝𝑝)(𝑞𝑞)

(𝑑𝑑)2  

n= Desired sample size 

𝑧𝑧1−𝛼𝛼∕2= Critical value and a standard value for the corresponding level   
 of confidence. (At 95% CI or 5% level of significance (type-I error) it  

  is 1.96). 

p = Expected prevalence based on previous studies 
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q = 1-p 

d = margin of error precision 

 

Frailty was measured using the FRAIL-VIG index, the CFS, and the Frailty Index. 

Frailty index scores were calculated using the FRAIL-VIG index (Appendix 1). The CFS 

was used to assign a frailty score between 1 (very fit) and 9 (terminally frail). A CFS 

Score of 5 was used as a definition of frail, as per the instructions for using the CFS. I 

used a cut off Frailty Index (FI) of 0.25, as frequently used in previous studies (31, 158, 

159).  Frail-VIG index calculation was performed as per previous validation studies of 

the Frail-VIG index in which the index calculation  of the degree of frailty used the 

following categorisation; no frailty (Frail-VIG index score ≤ 0.2), mild frailty (Frail-VIG 

index score 0.21–0.35), moderate frailty (Frail-VIG index score 0.36–0.5), and advanced 

frailty (Frail-VIG index score > 0.5) (46). Pre-frail was classified using the range defined 

by Hoover et al., (2013) i.e. index scores between 0.1 and 0.2 (Table 2.2).  

STOPP/START Version 2 criteria were used to assess for instances of PIP (Appendix 2) 

(160). As a prospective observational study, the availability of clinical and prescription 

information allowed for the STOPP criteria to be applied in their entirety. 

Table 2.2 Frailty cut-offs applied in this study. 

Clinical Frailty Scale Score Frail-VIG Index  
 

 
    

Non-Frail CFS <5  Non-Frail ≤0.2  
Frail CSF ≥5  Frail >0.2   
      
Robust CFS 1-2  Robust FI <0.1  
Pre-frail CFS 3-4  Pre-frail FI 0.1-0.2  
Mild/Mod Frailty CFS 
5-6  Mild/Mod. Frailty FI 0.21-0.49 
Severe Frailty CFS≥7  Severe Frailty FI >0.5 
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2.2.5 Statistical Analysis 

Participants were allocated a unique study identification number. This number was used 

for all data collection forms. 

Data from the data collection sheets were abstracted to an Excel master file. Statistical 

analysis was carried out using IBM SPSS® Statistics software (Version 28.0.0.0) for both 

descriptive and analytical statistics. Normality of distribution of variables was assessed 

using Q-Q plots and the Shapiro-Wilk test where significance of > 0.05 indicated normal 

(Gaussian) distribution. Variables with a normal distribution were analysed using means 

and standard deviation; correlation and difference were assessed using Pearson’s 

correlation coefficient and the student’s t-test. Non-parametric variables were evaluated 

using Spearman’s rank correlation test and the Mann-Whitney U test. Odds ratios were 

calculated using binary logistic regression models. 

 

2.3 Results 

2.3.1 Baseline Characteristics 

In total, 388 participants were recruited, 4 participants subsequently withdrew consent to 

participate and were not included in the final analysis. The results for the 384 participants 

included in the analysis are presented in Table 2.2., The mean age was 79.8 years 

(standard deviation [SD ± 7.5]), over half of the participants were male (54.5%). Eighteen 

participants died in hospital during the index admission; the median length of stay was 7 

days (Min 1, Max 77, IQR 12). The majority of participants resided in their own home 

(87.5%) prior to hospitalization. One third of participants lived alone. 61.2% of 

participants described themselves as caring for themselves independently, although 

62.8% required assistance with at least one activity of daily living (ADLS). 
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Table 2.2 Baseline characteristics of patient population studied. 
  

N % 

Sex Female 174 45.3  
Male 210 54.7     

Residence Own Home 336 87.5  
Relative's Home 18 4.7  
Nursing Home 14 3.6  
Other 16 4.2     

Carer Self 235 61.2  
Spouse 31 8.1  
Relative 74 19.3  
Other 44 11.5     

Lives with Alone 126 32.8  
Spouse/Partner 156 40.6  
Spouse and child 8 2.1  
Son 21 5.5  
Daughter 39 10.2  
Sibling 5 1.3  
Nursing Home 14 3.6  
Relative 7 1.8  
Other 1 0.3  
Convent/Friary 7 1.8     

Falls in last year Yes 213 55.5 
    
Self-Reported History of Adverse Drug Reactions Yes 133 34.6 
    
Requires Activities of Daily Living Support Yes 241 62.8     

Admissions in last 12 months Yes 193 50.3  
   

Anaemia Yes 173 45.1     
Hyponatremia Yes 54 14.1  

No 329 85.7  
Missing 1 0.3     

Chronic Kidney Disease Yes 135 35.2  
No 248 64.6  
Missing 1 0.3     

Acute kidney injury Yes 44 11.5 
Hypertension Yes 122 31.8 
Hypotension Yes 37 9.6 
Tachycardia on admission Yes 58 15.1 
Bradycardia on admission Yes 40 10.4 

 



59 
 

Clinical and laboratory data are presented in Table 2.2. Just under half of participants 

were classified as having anaemia using the WHO definition. Approximately one-third 

of participants were identified as having chronic kidney disease. Although 0.8% of 

participants were documented as having an acute kidney injury as the primary reason for 

admission, 11.5% of participants met the KDIGO criteria for acute kidney injury i.e. an 

increase in serum creatinine by greater than or equal to 26.5 micromol/l within 48 hours. 

Table 2.3 Breakdown of participants by admitting speciality 

Admission Specialty 
 

N=384 %   
  

Emergency Medicine  3 0.8 
    
Acute Medicine  29 7.6 
Cardiology  52 13.5 
Endocrinology  19 4.9 
Gastroenterology  22 5.7 
GEMS/Geriatric Medicine  109 28.4 
Haematology  4 1 
Infectious Disease  7 1.8 
General Medicine  10 2.6 
Neurology  4 1 
Oncology  4 1 
Nephrology  19 4.9 
Respiratory Medicine  21 5.5 
Rheumatology  21 5.5 
Stroke  10 2.6 
Total admissions under internal medicine specialties  331 86 
    
Neurosurgery  9 2.3 
General Surgery  11 2.9 
Colorectal Surgery  2 0.5 
Orthopaedics  20 5.2 
Plastic surgery  1 0.3 
Urology  3 0.8 
Vascular Surgery  4 1 
Total admissions under surgical specialties  50 13 

 

Older adults admitted across all specialities except intensive care medicine were eligible 

for inclusion though most of the participants were admitted under internal medicine 

specialities (n = 331); geriatric medicine accounted for 28.4% of admissions. There were 
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fewer participants admitted under surgical specialties, accounting for just over 1 in 10 of 

those included in the study. The most common primary reasons for admission amongst 

those recruited was falls resulting in fracture injuries and decreased mobility (35.9%) 

followed by acute infection (12%). Cardiovascular and cerebrovascular presentations 

combined accounted for 21.3% of these acute admissions. The breakdown according to 

admitting speciality and primary reason for admission is demonstrated in Table 2.3 and 

Table 2.4. 

Table 2.4 Reason for admission in order of frequency. 

 Documented Primary Reason for Admission N=384 % 

  Falls/Fracture/Decreased Mobility 138 35.9 

  Acute Infection 46 12 

  Acute decompensated heart failure 20 5.2 

  Chest Pain 20 5.2 

  Stroke/Seizure/Primary intracerebral haemorrhage 23 6.0 

  Abdominal Pain/Distension/Constipation 17 4.4 

  Cardiac Arrythmia 12 3.1 

  Nausea/Vomiting/GI Bleeding 12 3.1 

  Pain/Arthritis/Gout 12 3.1 

  Malignancy 11 2.9 

  Fatigue 9 2.3 

  Other 9 2.3 

  Acute Coronary Syndrome 7 1.8 

  Hepatobiliary Disease 6 1.6 

  Surgical emergency 6 1.6 

  Weight Loss 6 1.6 

  Anaemia/Haematological Disease 5 1.3 

  Delirium 5 1.3 

  Ulcer 5 1.3 

  Incontinence/Urinary Retention 4 1 

  Acute Kidney Injury/Decompensated CKD 3 0.8 

  Venous thromboembolism 3 0.8 

  Diabetic ketoacidosis 2 0.5 

  Acute dyspnoea (non-specific) 2 0.5 

  Medication Toxicity 1 0.3 
 

The 10 most common co-morbidities included hypertension, hyperlipidaemia, atrial 

fibrillation/flutter, type 2 diabetes, ischemic heart disease, other disease of the circulatory 

system, gout, osteoarthritis, joint replacement and heart failure. The co-morbidities were 
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coded using ICD-10 coding to allow for standardisation of active and past medical 

conditions (Table 2.5). Just under 10% of participants had a documented cognitive 

impairment; 7.5% of older people admitted acutely to hospital had a documented history 

of depression. 
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Table 2.5 Prevalence of comorbid medical conditions according to International 
Classification of Disease (ICD-10). 

ICD10 
  

N % 

I10 Hypertension 
 

209 54.4% 

E78.5 Hyperlipidaemia 
 

139 36.2% 

I48.92 Atrial Fibrillation/Flutter 
 

126 32.8% 

E11.40 Type 2 Diabetes 
 

96 25.0% 

I25.91 Ischemic Heart Disease 
 

93 24.2% 

Z86.792 Past History of other disease of Circulatory System 79 20.5% 

M10.9 Gout 
 

73 19.0% 

M19.91 Osteoarthritis 
 

66 17.2% 

Z96.657 Presence of Orthopaedic Joint Replacement 
 

64 16.7% 

I50.812 Heart Failure 
 

58 15.1% 

N18.9 Chronic Kidney Disease 
 

58 15.1% 

E03.9 Hypothyroidism 
 

52 13.5% 

Z87.898 Personal History of Other Unspecified Condition 
 

46 12.1% 

J44.9 Chronic Obstructive Pulmonary Disease 
 

40 10.4% 

I63.9 Cerebral Infarction 
 

36 9.4% 

G31.84 Mild Cognitive Impairment 
 

35 9.1% 

K57.9 Diverticular Disease 
 

35 9.1% 

M81.8 Osteoporosis 
 

35 9.1% 

J45.99 Asthma 
 

32 8.3% 

Z87.19 Past History of Disease of GI system 
 

31 8.1% 

Z87.448 Past History of Disease of the Urinary system 
 

30 7.8% 

F33.9 Depressive Disorder 
 

29 7.5% 

I35.2 Non-Rheumatic Aortic Valve Disorder 
 

29 7.5% 

Z86.19 Personal History of Infectious or Parasitic Disease 
 

28 7.3% 

Z91.81 History of Falls 
 

28 7.3% 
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2.3.2 Characteristics of Frailty 

The prevalence of measured frailty varied from 52.6% (Frail-VIG) to 64.1% (CFS). The 

majority of participants included were classified as frail with a CFS of ≥5 (64.1%), the 

mean (±SD) CFS being 4.48 ( ±1.49). The distribution of frailty characteristics is 

presented in Table 2.6. and Figure 2.1. A total of 138 participants had a CFS less than 5 

(35.9%) i.e. non-frail, while only 5.2% of participants were defined as robust. Almost 1 

in 10 older patients included in the study were categorised as severely frail i.e. CFS score 

≥ 7; most of the participants were living with mild/moderate frailty i.e. CFS scores of 5 

or 6. Using the Frail-VIG index, only 2.3% were classified as being severely frail.  

Table 2.6 Distribution of frailty as classified by Clinical Frailty Scale. 

Clinical Frailty Scale Score      
  N=384 %  Mean SD 
CFS 1  4 1  4.87 1.49 
CFS 2  16 4.2    
CFS 3  55 14.3    
CFS 4  63 16.4    
CFS 5  114 29.7    
CFS 6  96 25    
CFS 7  25 6.5    
CFS 8  1 0.3    
CFS 9  10 2.6    
       
Frail CFS       
       
Non-Frail CFS <5 
Frail CSF ≥5  138 35.9    
  246 64.1    
CFS Category       
       
Robust CFS 1-2  20 5.2    
Pre-frail CFS 3-4  118 30.7    
Mild/Mod Frailty CFS 5-6  210 54.7    
Severe Frailty CFS≥7  36 9.4    

 

The mean (±SD) Frail-VIG index score was 0.23 (±0.12). The Frail-VIG index 

categorised 47.4% of participants as non-frail when measured dichotomously into frail or 
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non-frail. However, when a pre-frailty range was applied (FI 0.1-0.2), over one-third of 

participants fell into this category (Table 2.3.5). 

 

Table 2.7 Distribution of frailty as classified by Frail-VIG 

Frail-VIG Index 
  

Mean SD 

   0.233 0.125 

     

  
 N % 

Non-Frail ≤0.2 
 

 182 47.4 

Frail >0.2 
 

 202 52.6 

     
Frail-VIG categories 

    
Robust FI <0.1   55 14.3 

Pre-frail FI 0.1-0.2 
 

 127 33.1 

Mild/Mod. Frailty FI 0.21-
0.49 

 
 193 50.3 

Severe Frailty FI >0.5 
 

 9 2.3 

 

 

 

 

Figure 2.1 Comparative distribution of frailty using categorised CFS and Frail-VIG. 
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2.3.3 Characteristics of potentially inappropriate prescribing as defined by STOPP/START 
Version 2. 

 

Polypharmacy was highly prevalent within the sample with a mean (±SD) number of 

medications prescribed regularly of 8.90 (± 3.92, Min 0, Max 21). Only 3 participants 

included in the study were not taking regular medications on admission, whilst over two 

thirds of patients were affected by polypharmacy (≥ 5 daily long-term medications; 

88.0%) or hyper-polypharmacy (≥ 10 daily medications, 38.0%). Potentially 

inappropriate medications (PIMs) according to STOPP/START Version 2 were identified 

in 76% of patients with just under half of patients (49%) having 2 or more STOPP 

identified PIMs.  Applying START criteria, 48.4% of participants were identified as 

having one or more potential prescribing omissions (PPOs). The most frequent STOPP 

criteria were (i) the prescription of any drug without documented evidence-based clinical 

indication (63.5%), (ii) inappropriate use of hypnotic z-drugs (9.6%), (iii) benzodiazepine 

use beyond 4 weeks (8.33%), (iv) drug prescription beyond recommended duration 

(7.81%), and (v) neuroleptics as hypnotics, unless sleep disorder is due to psychosis or 

dementia (3.67%). The frequency of individual STOPP criteria breaches can be seen in 

Table 2.8. Thirty-nine STOPP criteria and five START were not encountered in the 

present sample population. As can be seen in Table 2.9., the most frequently encountered 

START criteria PPOs were (i) vitamin D supplement in older people who are housebound 

or experiencing falls or with osteopenia (11.72%), (ii) angiotensin converting enzyme 

inhibitors with systolic heart failure and/or documented coronary artery disease (8.33%), 

(iii) bone anti-resorptive or anabolic therapy in patients with documented osteoporosis 

(8.33%), (iv) fibre supplements for diverticulosis with a history of constipation (6%) and 

(v) bisphosphonates and vitamin D and calcium in patients taking long-term systemic 

corticosteroid therapy (4.69%) . 
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Table 2.8. Frequency of STOPP criteria-defined Potentially Inappropriate Medications 
(PIMs). 

STOPP 
 

N=384 % of patients (95% 
CIs) 

A.1 Any drug prescribed without a documented evidence-based clinical indication 244 63.54 (58.9-68.5) 

A.2 Any drug prescribed beyond the recommended duration 30 7.81 (5.2-10.7) 

A.3 Any duplicate drug class prescription 4 1.04 (0.3-2.1) 

B.1 Digoxin for heart failure with normal systolic ventricular function 1 0.26 (0.0-0.8) 

B.2 Verapamil or diltiazem with NYHA Class III or IV heart failure 0 0.00 

B.3 Beta-blocker in combination with verapamil or diltiazem 0 0.00 

B.4 Beta blocker with bradycardia, type II heart block or complete heart block 1 0.26 (0.0-0.8) 

B.5 Amiodarone as first-line antiarrhythmic therapy in supraventricular tachyarrhythmias 2 0.52 (0.0-1.3) 

B.6 Loop diuretic as first-line treatment for hypertension 5 1.30 (0.3-2.6) 

B.7 Loop diuretic for dependent ankle oedema 8 2.08 (0.8-3.6) 

B.8 Thiazide diuretic with current hypokalaemia, hyponatremia, hypercalcaemia, or hx gout 8 2.08 (0.8-3.6) 

B.9 Loop diuretic for treatment of hypertension with concurrent urinary incontinence 2 0.52 (0.0-1.3) 

B.10 Centrally-acting antihypertensives 0 0.00 

B.11 ACE inhibitors or Angiotensin Receptor Blockers in patients with hyperkalaemia 0 0.00 

B.12 Aldosterone antagonists with concurrent potassium conserving drugs 0 0.00 

B.13 Phosphodiesterase type-5 inhibitors in severe heart failure or current nitrate therapy 0 0.00 

C.1 Long-term aspirin at doses greater than 160mg per day 0 0.00 

C.2 Aspirin with a past history of peptic ulcer disease without concomitant PPI 0 0.00 

C.3 Aspirin, clopidogrel, dipyridamole, vitamin K antagonists, or DOAC with concurrent 
significant bleeding risk 

0 0.00 

C.4 Aspirin plus clopidogrel as secondary stroke prevention. 0 0.00 

C.5 Aspirin in combination with vitamin K antagonist, direct thrombin inhibitor or factor Xa 
inhibitors in patients with chronic atrial fibrillation 

2 0.52 (0.0-1.3) 

C.6 Antiplatelet agents with vitamin K antagonist, direct thrombin inhibitor or factor Xa 
inhibitors in patients with stable coronary, cerebrovascular or peripheral arterial disease 

1 0.26 (0.0-0.8) 

C.7 Ticlopidine in any circumstances 0 0.00 

C.8 Vitamin K antagonist, direct thrombin inhibitor or factor Xa inhibitors for first deep venous 
thrombosis without continuing provoking risk factors 

0 0.00 

C.9 Vitamin K antagonist, direct thrombin inhibitor or factor Xa inhibitors for first pulmonary 
embolus without continuing provoking risk factors 

0 0.00 

C.10 NSAID and vitamin K antagonist, direct thrombin inhibitor or factor Xa inhibitors in 
combination 

0 0.00 

C.11 NSAID with concurrent antiplatelet agent(s) without PPI prophylaxis 0 0.00 

D.1 Tricyclic Antidepressants (TCAs) with dementia, narrow angle glaucoma, cardiac 
conduction abnormalities, prostatism, or prior history of urinary retention 

3 0.78 (0.0-1.8) 

D.2 Initiation of Tricyclic Antidepressants (TCAs) as first-line antidepressant treatment 3 0.78 (0.0-1.8) 

D.3 Neuroleptics with moderate-marked antimuscarinic/anticholinergic effects with a history of 
prostatism or previous urinary retention 

0 0.00 

D.4 Selective serotonin re-uptake inhibitors with current or recent significant hyponatraemia 1 0.26 (0.0-0.8) 

D.5 Benzodiazepines for ≥ 4 weeks 32 8.33 (5.5-11.2) 
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D.6 Antipsychotics (i.e., other than quetiapine or clozapine) in those with parkinsonism or Lewy 
Body Disease 

1 0.26 (0.0-0.8) 

D.7 Anticholinergics/antimuscarinics to treat extra-pyramidal side-effects of neuroleptic 
medications 

2 0.52 (0.0-1.3) 

D.8 Anticholinergics/antimuscarinics in patients with delirium or dementia 2 0.52 (0.0-1.3) 

D.9 Neuroleptic antipsychotic in patients BPSD unless symptoms are severe and other non-
pharmacological treatments have failed 

3 0.78 (0.0-1.8) 

D.10 Neuroleptics as hypnotics, unless sleep disorder is due to psychosis or dementia 14 3.65 (1.8-5.5) 

D.11 Acetylcholinesterase inhibitors with a known history of persistent bradycardia heart block 
or recurrent unexplained syncope or concurrent treatment with drugs that reduce heart rate 

1 0.26 (0.0-0.8) 

D.12 Phenothiazines as first-line treatment 0 0.00 

D.13 Levodopa or dopamine agonists for benign essential tremor 0 0.00 

D.14 First-generation antihistamines 4 1.04 (0.3-2.1) 

E.1 Digoxin at a long-term dose greater than 125µg/day if eGFR < 30 ml/min/1.73m2 0 0.00 

E.2 Direct thrombin inhibitors (e.g., dabigatran) if eGFR < 30 ml/min/1.73m2. 0 0.00 

E.3 Factor Xa inhibitors (e.g., rivaroxaban, apixaban) if eGFR < 15 ml/min/1.73m2 0 0.00 

E.4 NSAID’s if eGFR < 50 ml/min/1.73m2 0 0.00 

E.5 Colchicine if eGFR < 10 ml/min/1.73m2 1 0.26 (0.0-0.8) 

E.6 Metformin if eGFR < 30 ml/min/1.73m2 2 0.52 (0.0-1.3) 

F.1 Prochlorperazine or metoclopramide with Parkinsonism 0 0.00 

F.2 PPI for uncomplicated peptic ulcer disease or erosive peptic oesophagitis at full therapeutic 
dosage for > 8 weeks 

4 1.04 (0.3-2.1) 

F.3 Drugs likely to cause constipation 0 0.00 

F.4 Oral elemental iron doses greater than 200 mg daily 0 0.00 

G.1 Theophylline as monotherapy for COPD 0 0.00 

G.2 Systemic corticosteroids instead of inhaled corticosteroids for maintenance therapy in 
moderate-severe COPD 

1 0.26 (0.0-0.8) 

G.3 Anti-muscarinic bronchodilators with a history of narrow angle glaucoma or bladder 
outflow obstruction 

0 0.00 

G.4 Non-selective beta-blocker with a history of asthma requiring treatment 0 0.00 

G.5 Benzodiazepines with acute or chronic respiratory failure i.e., pO2 < 8.0 kPa ± pCO2 > 
6.5kPa 

0 0.00 

H.1 Non-steroidal anti-inflammatory drug other than COX-2 selective agents with history of 
peptic ulcer disease or gastrointestinal bleeding, unless with concurrent PPI or H2 antagonist 

0 0.00 

H.2 NSAID with severe hypertension or severe heart failure 2 0.52 (0.0-1.3) 

H.3 Long-term use of NSAID (>3 months) for symptom relief of osteoarthritis pain where 
paracetamol has not been tried 

0 0.00 

H.4 Long-term corticosteroids (>3 months) as monotherapy for rheumatoid arthritis 2 0.52 (0.0-1.3) 

H.5 Corticosteroids for osteoarthritis 1 0.26 (0.0-0.8) 

H.6 Long-term NSAID or colchicine for chronic treatment of gout where there is no 
contraindication to a xanthine-oxidase inhibitor 

0 0.00 

H.7 COX-2 selective NSAIDs with concurrent cardiovascular disease 0 0.00 

H.8 NSAID with concurrent corticosteroids without PPI prophylaxis 0 0.00 

H.9 Oral bisphosphonates in patients with a current or recent history of upper gastrointestinal 
disease 

0 0.00 
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I.1 Antimuscarinic drugs with dementia, chronic cognitive impairment, narrow-angle glaucoma 
or chronic prostatism 

7 1.82 (0.5-3.1) 

I.2 Selective alpha-1 selective alpha blockers in those with symptomatic orthostatic 
hypotension or micturition syncope 

2 0.52 (0.0-1.3) 

J.1 Sulphonylureas with a long duration of action 0 0.00 

J.2 Thiazolidinediones in patients with heart failure 1 0.26 (0.0-0.8) 

J.3 Beta-blockers in diabetes mellitus with frequent hypoglycaemic episodes 1 0.26 (0.0-0.8) 

J.4 Oestrogens with a history of breast cancer or venous thromboembolism 1 0.26 (0.0-0.8) 

J.5 Oral oestrogens without progestogen in patients with intact uterus 0 0.00 

J.6 Androgens in the absence of primary or secondary hypogonadism 0 0.00 

K.1 Benzodiazepines 19 4.94 (2.9-7.3) 

K.2 Neuroleptic drugs 2 0.52 (0.0-1.3) 

K.3 Vasodilator drugs with persistent postural hypotension 5 1.30 (0.3-2.3) 

K.4 Hypnotic Z-drugs 37 9.6 (6.8-12.8) 

L.1 Use of oral or transdermal strong opioids as first line therapy for mild pain 3 0.78 (0.0-1.8) 

L.2 Use of regular opioids without concomitant laxative 8 2.08 (0.8-3.6) 

L.3 Long-acting opioids without short-acting opioids for break-through pain 7 1.82 (0.5-3.1) 

N Concomitant use of two or more drugs with antimuscarinic/anticholinergic properties 12 3.125 (1.6-4.9) 

 

 

Table 2.9 Frequency of START criteria-defined Potential Prescribing Omissions (PPOs). 

START 
 

N=384 % of patients (95% 
CIs) 

A.1 
Vitamin K antagonists or direct thrombin inhibitors or factor Xa inhibitors in the presence of 
chronic atrial fibrillation 5 1.30 (0.3-2.6) 

A.2 
Aspirin (75 mg – 160 mg once daily) in the presence of chronic atrial fibrillation, where 
Vitamin K antagonists or DOACs are contraindicated 1 0.26 (0.0-0.8) 

A.3 
Antiplatelet therapy (aspirin or clopidogrel or prasugrel or ticagrelor) with a documented 
history of coronary, cerebral or peripheral vascular disease 0 0.00 

A.4 Antihypertensive therapy 2 0.52 (0.0-1.3) 

A.5 
Statin therapy with a documented history of coronary, cerebral or peripheral vascular disease, 
unless the patient’s status is end-of-life or age is > 85 years 11 2.86 (1.4-4.7) 

A.6 
Angiotensin Converting Enzyme inhibitor with systolic heart failure and/or documented 
coronary artery disease 32 8.33 (5.5-11.5) 

A.7 Beta-blocker with ischaemic heart disease 6 1.56 (0.5-2.9) 

A.8 Appropriate beta-blocker with stable systolic heart failure 7 1.82 (0.5-3.4) 

B.1 
Regular inhaled β2 agonist or antimuscarinic bronchodilator for mild to moderate asthma or 
COPD. 16 4.17 (2.3-6.3) 

B.2 Regular inhaled corticosteroid for moderate-severe asthma or COPD 0 0.00 

B.3 Home continuous oxygen with documented chronic hypoxaemia 0 0.00 

C.1 L-DOPA or a dopamine agonist in idiopathic Parkinson’s disease 3 0.78 (0.0-1.8) 

C.2 Non-TCA antidepressant drug in the presence of persistent major depressive symptoms 1 0.26 (0.0-0.8) 

C.3 
Acetylcholinesterase inhibitor for mild moderate Alzheimer’s dementia or Lewy Body 
dementia. 7 1.82 (0.5-3.1) 
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C.4 Topical prostaglandin, Prostamide or beta-blocker for primary open-angle glaucoma 1 0.26 (0.0-0.8) 

C.5 
Selective serotonin reuptake inhibitor for persistent severe anxiety that interferes with 
independent functioning 4 1.04 (0.3-2.1) 

C.6 Dopamine agonist for Restless Legs Syndrome 1 0.26 (0.0-0.8) 

D.1 
Proton Pump Inhibitor with severe gastro-oesophageal reflux disease or peptic stricture 
requiring dilatation 2 

0.52 (0.0-1.3) 

D.2 Fibre supplements for diverticulosis with a history of constipation 23 6.0 (3.6-8.6) 

E.1 Disease-modifying anti-rheumatic drug (DMARD) with active, disabling rheumatoid disease 0 0.00 

E.2 
Bisphosphonates and vitamin D and calcium in patients taking long-term systemic 
corticosteroid therapy 18 4.69 (2.6-7.0) 

E.3 
Vitamin D and calcium supplement in patients with known osteoporosis and/or previous 
fragility fracture(s) 18 4.69 (2.6-7.0) 

E.4 Bone anti-resorptive or anabolic therapy in patients with documented osteoporosis 32 8.33 (5.5-11.2) 

E.5 
Vitamin D supplement in older people who are housebound or experiencing falls or with 
osteopenia 45 11.72 (8.6-15.1) 

E.6 Xanthine-oxidase inhibitors with a history of recurrent episodes of gout 3 0.78 (0.0-1.8) 

E.7 Folic acid supplement in patients taking methotrexate. 1 0.26 (0.0-0.8) 

F ACE inhibitor or Angiotensin Receptor Blocker in diabetes with evidence of renal disease 4 1.04 (0.3-2.1) 

G.1 
Alpha-1 receptor blocker with symptomatic prostatism, where prostatectomy is not considered 
necessary 2 

0.52 (0.0-1.3) 

G.2 
5-alpha reductase inhibitor with symptomatic prostatism, where prostatectomy is not 
considered necessary 2 

0.52 (0.0-1.3) 

G.3 Topical vaginal oestrogen or vaginal oestrogen pessary for symptomatic atrophic vaginitis 0 0.00 

H.1 
High-potency opioids in moderate-severe pain, where paracetamol, NSAIDs or low-potency 
opioids are not appropriate to the pain severity or have been ineffective 1 

0.26 (0.0-0.8) 

H.2 Laxatives in patients receiving opioids regularly 10 2.60 (1.0-4.2) 

 

2.3.4 Frailty and Potentially Inappropriate Prescribing 

Polypharmacy was highly prevalent within both the frail and non-frail groups 

with 92.7% and 97.0% of frail participants (CFS and Frail-VIG criteria 

respectively) prescribed greater or equal to 5 medications on admission to 

hospital. PIMs were also prescribed in 78.9% to 82.2% of frail participants 

and PPOs affecting 54.0% to 54.1% of those classified as frail. Due to the non-

parametric distribution of PIMs, PPOs and PIP, The Mann-Whitney U test was used to 

test for significant difference between the frail and non-frail groups. The median, 

minimum and maximum number of STOPP/START identified incidences of potentially 

inappropriate prescribing are presented in Table 2.10. The median number of PIMs, PPOs 

and PIPs was significantly higher in frail patients than in non-frail patients, when 



70 
 

categorised using the CFS and Frail-VIG. A Mann-Whitney U test revealed a significant 

difference in the number of PIMs between frail (Md=2, n=194) and non-frail patients (Md 

= 1, n = 98), U = 21450, z = 4.39, p <0.001). There was also a statistically significant 

difference between frail and non-frail patients in relation to the number of PPOs (Md = 

1, n = 133) vs (Md = 0, n = 53), U = 20147, z = 3.35, p<0.001 and the number of PIPs 

(Md = 2.5, n = 223) vs (Md = 1, n = 108), U = 22544, z = 5.42, p<0.001). When the Frail-

VIG index was used to differentiate frailty from non-frailty, this statistically significant 

difference between frail and non-frail participants was once again manifest (Table 2.10). 

Table 2.10 Potentially Inappropriate Prescribing (PIP) in frail versus non-frail patient 
groups at admission. 

  Non-Frail Frail Mann-Whitney U Test 

  N Median IQR Min. Max N Median IQR Min. Max 
U-
value 

z-
score 

p-
value 

CFS 
STOPP 
PIMs 98 1 2 0 6 194 2 2 0 6 21450 4.398 <0.001 

 
START 
PPOs 53 0 1 0 4 133 1 1 0 4 20147 3.348 <0.001 

 Total PIP 108 1 1 0 7 223 2.5 3 0 8 22544 5.425 <0.001 
Frail-
VIG 

STOPP 
PIMs 126 1 2 2 6 166 2 2 0 6 24199 5.492 <0.001 

 
START 
PPOs 77 0 1 1 4 109 1 1 0 4 21636 3.299 <0.001 

 Total PIP 142 1 2 2 7 186 3 2 0 8 25326 6.499 <0.001 
 

To assess for differences across different levels of frailty (robust, pre-frail, mild/moderate 

frailty and severe frailty), a Kruskal-Wallis test was performed using both the CFS and 

Frail-VIG index data.  Statistically significance variance in potentially inappropriate 

prescribing was revealed across the different levels of frailty. For PIMs on admission, 

there was no significant difference in the median number of PIMs between patients who 

were robust and pre-frail compared to those who were mildly/moderately frail and those 

who were severely frail when categorised using the CFS. There was, however, a 

significant difference in PIMs between robust and mild/moderately frail older adults, 

robust and severely frail patients, pre-frail and mild/moderately frail and pre-frail and 

severely frail patients (Table 2.11). Statistically significant differences were also found 

for number of PPOs in pre-frail and mild/moderately frail people as well as for the total 
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number of PIPs in robust patients compared to patients at all levels of frailty, and between 

pre-frail and mild/moderately frail participants. Significant differences were also revealed 

between the various levels of frailty for prevalence of PIMs, PPOs and total PIP when 

frailty was measured using the Frail-VIG index. 

Table 2.11 Kruskal-Wallis Test of difference in potentially inappropriate prescribing 
across categories of frailty as measured using Frail-VIG and CFS. 

 

CFS 

Median 
STOPP 
PIMs at 
Admission 

Median 
START 
PPOs at 
Admission 

Median 
Total 
PIP Frail-VIG 

Median 
STOPP 
PIMs at 
Admission 

Median 
START 
PPOs at 
Admission 

Median 
Total PIP 

Robust, n=20 0.5 0 1 Robust, n=55 0.00 0 1  
Pre-frail, n=118 1 0 2 Pre-frail, n=127 1.00 1 2  
Mild/Moderate frailty, 
n=210 2 1 3 

Mild/Moderate frailty, 
n=193 2 1.00 3  

Severe frailty, n=36 2 1 2 4 Severe frailty, n=9 2 0.00 2  

         
Pairwise Comparisons across CSF categories  Pairwise Comparisons across Frail-VIG  

         

Sample 1-Sample 2 
Test 
Statistic Sig.  Sample 1-Sample 2 

Test 
Statistic Sig.   

STOPP PIMs    STOPP PIMs     

1 Robust-2 Pre-Frail 3.3 0.069  1 Robust-2 Pre-Frail 10.41 .001*   
1 Robust-3 Mild/Moderate 9.982 0.002*  1 Robust-3 Mild/Moderate 17.19 <.001*   
1 Robust-4 Severe 8.737 0.003*  1 Robust-4 Severe 6.952 0.01*   
2 Pre-Frail-3 
Mild/Moderate 12.461 <.001*  

2 Pre-Frail-3 
Mild/Moderate 11.14 <.001*   

2 Pre-Frail-4 Severe 4.57 0.033*  2 Pre-Frail-4 Severe 0.737 0.39   
3 Mild/Moderate-4 Severe 0.191 0.662  3 Mild/Moderate-4 Severe 0.248 0.62   
START PPOs    START PPOs     

1 Robust-2 Pre-Frail 0.115 0.735  1 Robust-2 Pre-Frail 2.112 0.15  
1 Robust-3 Mild/Moderate 2.581 0.108  1 Robust-3 Mild/Moderate 13.56 <.001*  
1 Robust-4 Severe 1.634 0.201  1 Robust-4 Severe 18.24 <.001*  
2 Pre-Frail-3 
Mild/Moderate 7.081 0.008*  2 Pre-Frail-3 Mild/Moderate 0.027 0.87  
2 Pre-Frail-4 Severe 2.152 0.142  2 Pre-Frail-4 Severe 0.728 0.39  
3 Mild/Moderate-4 Severe 0 0.991  3 Mild/Moderate-4 Severe 10.06 .001*  
Total PIP    Total PIP    

1 Robust-2 Pre-Frail 4.884 0.027*  1 Robust-2 Pre-Frail 19.28 <.001*  
1 Robust-3 Mild/Moderate 4.192 0.041*  1 Robust-3 Mild/Moderate 3.898 0.05*  
1 Robust-4 Severe 9.705 0.002*  1 Robust-4 Severe 29.33 <.001*  
2 Pre-Frail-3 
Mild/Moderate 3.121 0.077  2 Pre-Frail-3 Mild/Moderate 0.486 0.49  
2 Pre-Frail-4 Severe 19.581 <.001*  2 Pre-Frail-4 Severe 13.38 <.001*  
3 Mild/Moderate-4 Severe 1.171 0.279  3 Mild/Moderate-4 Severe 0.79 0.37  

        
Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.     
Asymptotic significances (2-sided tests) are displayed. The significance level is .050, statistically 
significant results are denoted with a*.     
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The relationship between frailty and potentially inappropriate prescribing was further 

investigated using Spearman’s Rank Order Correlation test (rho). The number of 

mediations prescribed on admission was moderately correlated with CFS, Frail-VIG 

index, and total PIP at admission (rho=.287, p<0.001; rho=.407, p<0.001; rho=.431, 

p<0.001 respectively) and strongly correlated with the number of PIMs at admission 

(rho=0.517, p<0.001). A significant, moderate correlation was also found between the 

Frail-VIG index and both number of PIMs and total number of PIPs (rho=0.353, 

p=<0.001 and rho=0.410, p=<0.001). There was a small, yet significant association 

between CFS and inappropriate prescribing was demonstrated (Table 2.12). Measured 

frailty using CFS and Frail-VIG index were strongly correlated (rho=.749, p<0.001). The 

significant, positive correlation between degree of frailty measured by Frail-VIG index 

and number of PIMs was maintained when one controlled for number of medications, age 

and number of co-morbidities (r = 0.145, p = 0.001, r = 0.312, p = 0.001 and r = 0.358 p 

= 0.001). The number of PPOs and total number of PIPs also remained positively 

correlated with the Frail-VIG index after adjustment for potential confounders. In 

addition, frailty measured by CFS had a small but significant positive correlation with 

PIMs, PPOs and total PIP after adjustment for potential confounders. 
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Table 2.12 The relationship between frailty and potentially inappropriate prescribing 
using Spearman’s Rank Order Correlation test. 

  

Los Age 
No. of 
Falls in 
Last Year 

No. of 
Admissions 

 
No. of CFS 

Score 
FVIG 
Index 

Charlson    

Co-morbidities 
Co-
Morbidity 
Index 

Number of 
Medications  

Correlation 
Coefficient -0.04 0.01 -0.08 0.305** 0.460** 0.287** 0.407** 0.284** 

Sig. (2-
tailed) 0.448 0.838 0.116 0 0 0 0 0 

STOPP PIMs 

Correlation 
Coefficient -0.023 0.083 0.093 0.092 0.163** 0.250** 0.353** 0.057 

Sig. (2-
tailed) 0.665 0.105 0.07 0.072 0.001 0 0 0.269 

START 
PPOs 

Correlation 
Coefficient 0.121* 0.223** 0.159** 0.051 0.233** 0.173** 0.227** 0.077 

Sig. (2-
tailed) 0.021 0 0.002 0.323 0 0.001 0 0.132 

Total PIP Correlation 
Coefficient 0.024 0.180** 0.146** 0.120* 0.256** 0.297** 0.410** 0.081 

 

 

2.3.5 Risk factors for receiving a potentially inappropriate prescription according to 
STOPP/START criteria. 

 

Logistic regression was used to determine the influence of age, burden of co-

morbidity, number of medications and frailty on the risk of receiving a potentially 

inappropriate medication according to STOPP criteria. The results are detailed in 

Table 2.13 Further binomial logistic regression was used to investigate the effect of 

these variables on potential prescribing omissions according to START criteria (Table 

2.14). Polypharmacy, pre-frailty and mild/moderate frailty (measured by Frail-VIG) 

were all significantly associated with an increased risk of receiving a STOPP-defined 

potentially inappropriate medication when controlling for age and co-morbidity. 

Patients who were prefrail were twice as likely to be prescribed a PIM compared to 

robust individuals when classified by the Frail-VIG index (Odds ratio 2.542, 95% CI 

1.017 – 5.910, p = 0.046).  Patients who were mildly/moderately frail were over three 

times more likely to be exposed to PIM versus robust patients (odds ratio 3.228, 95% 

CI 1.166-8.934, p = 0.024). 
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Table 2.13 Binary logistic regression model exploring risk factors for potentially 
inappropriate medications as defined by STOPP criteria. 
 

 

Mild/moderate frailty as measured by Frail-VIG and age was significantly associated 

with a lower risk of START-defined potential prescribing omissions considering co-

morbidities and number of medications on admission. Mild/moderate frailty was the 

only category of frailty that had a significant relationship with PPOs (Odds ratio 0.563, 

95% CI 0.326 - 0.974, p = 0.04).  

 
 
 
 
 
 

 B S.E. Wald df p-value 
Odds 
Ratio 

95% C.I. for EXP(B) 
Lower Upper  

Age 0.008 0.020 0.163 1 0.686 1.008 0.970 1.047 
Charlson Co-
Morbidity Index 

-0.175 0.075 5.400 1 0.020 0.839 0.724 0.973 

CSF Robust 
  

1.492 3 0.684 
   

CFS Pre-frail -0.446 0.615 0.526 1 0.468 0.640 0.192 2.138 
CFS Mild/Mod. Frailty -0.803 0.704 1.301 1 0.254 0.448 0.113 1.781 
CFS Severe Frailty -0.760 0.852 0.797 1 0.372 0.467 0.088 2.482 

FVIG Robust 
  

7.013 3 0.071 
   

FVIG Pre-frail 0.897 0.449 3.993 1 0.046 2.452 1.017 5.910 
FVIG Mild/Mod. 
Frailty 

1.172 0.519 5.089 1 0.024 3.228 1.166 8.934 

FVIG Severe Frailty -0.032 1.093 0.001 1 0.977 0.968 0.114 8.246 

Number of 
Medications on 
Admission 

0.297 0.050 35.869 1 0.000 1.346 1.221 1.483 

Constant -1.685 1.525 1.220 1 0.269 0.185 
  

  

Hosmer and Lemeshow X2 =10.019, df=8, p=.170 Model X2=76.491, Cox & Snell R2= .181, Nagelkerke R2= .271  
6. B= beta-value; SE = standard error; df = degrees of freedom; Exp (B) = Odds ratio 
CFS: Clinical Frailty Scale; FVIG: Frailty-VIG index; CI: confidence interval. 
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Table 2.14 Binary logistic regression model exploring risk factors for potential 
prescribing omissions as defined by START criteria. 
 

 B S.E. Wald df p-value 
Odds 
ratio 

95% C.I. for 
EXP(B) 
Lower Upper 

 Age .039 .016 6.141 1 .013 1.040 1.008 1.072 

Charlson Co-Morbidity 
Index 

.011 .062 .030 1 .863 1.011 .896 1.141 

Number of Medications on 
Admission 

-.029 .030 .967 1 .326 .971 .916 1.030 

         

CFS Robust   .278 3 .964    

CFS Pre-frail .147 .425 .120 1 .729 1.159 .503 2.667 
CFS Mild/Moderate. frailty .028 .491 .003 1 .955 1.028 .392 2.693 
CFS Severe frailty .091 .694 .017 1 .896 1.095 .281 4.265 
         

FVIG Robust   5.932 3 .115    

FVIG Pre-frail .254 .322 .624 1 .430 1.289 .686 2.423 
FVIG Mild/Moderate 
frailty 

-.574 .279 4.215 1 .040 .563 .326 .974 

FVIG Severe frailty -.340 .766 .197 1 .657 .711 .159 3.193 
 
Constant 

 
-2.846 

 
1.411 

 
4.070 

 
1 

 
.044 

 
.058 

  

 
Hosmer and Lemeshow X2 =9.709, df=8, p=.286 Model X2=22.650, Cox & Snell R2= .057, Nagelkerke R2= .076 
6. B =beta-value; SE = standard error; df = degrees of freedom; Exp (B) = Odds ratio 
CFS: Clinical Frailty Scale; FVIG: Frailty-VIG index; CI: confidence interval. 

 

 
A receiver operator curve is presented in Figure 2.2. demonstrating the discriminative 

value of age, Charlson comorbidity index (CCI), number of medications and frailty in 

predicting PIMs. The number of medications had the greatest discriminative value 

with an area under the curve (AUC) value of 0.759 (95% CI 0.701 - 0.817, p <0.001) 

followed by the Frail-VIG index with an AUC of 0.659. (95% CI 0.592 - 0.725, p 

<0.001), and CFS with an AUC of 0.577 (95% CI 0.507 - 0.648, p = 0.026). PPOs 

were more difficult to predict with age (AOC= 0.606, 95% CI 0.553 - 0.665, p <0.001), 



76 
 

Frail-VIG (AUC = 0.608, 95% CI 0.552 - 0.664, p = 0.001) and CFS (AUC = 0.584 

95% CI 0.528 -0.641, p = 0.004) having small but statistically significant predictive 

power. In the case of PPOs, the number of medications was not associated with 

potential prescribing omissions (AOC = 0.501, 95% CI 0.443 - 0.559, p = 0.964) 

 

Figure 2.2 Receiver operator curves demonstrating PIMs (left) and PPOs (right). 
 

 

 

2.4 Discussion 

The primary aim of this project was to assess the relationship between measured frailty 

and the prevalence of potentially inappropriate prescribing in older adults admitted 

with acute illness to hospital. This research question was addressed using a prospective 

cross-sectional design in 384 subjects. 

The key findings of this study are: 

1. Frailty was highly prevalent within the studied population with over half of 

participants included in this study classified as frail. The prevalence of frailty varied 

according to frailty assessment methods i.e. from 52.6% (Frail-VIG) to 64.1% (CFS). 
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2. PIMs were also prescribed in 78.9% to 82.2% of frail participants and PPOs 

affecting 54.0% to 54.1% of those classified as frail. The median number of PIMs, 

PPOs and PIPs was significantly higher in frail patients than in non-frail patients, when 

categorised using the CFS and Frail-VIG. There was a significant difference in the 

number of PIMs between frail and non-frail patients. There was also a statistically 

significant difference between frail and non-frail patients in relation to the number of 

PPOs and PIPs. This difference was also maintained when the Frail-VIG index was 

applied. 

3. Increasing frailty measured by CFS and Frail-VIG was positively associated with 

increasing PIMs, PPOs and PIP. The Frail-VIG index had a stronger association. 

Measured frailty was highly prevalent within this sample of 384 acutely hospitalised 

older adults as were both PIMs and PPOs. In this study, between 30.7% to 33.1% of 

participants could be classified as pre-frail. These findings are consistent with previous 

meta-analysis prevalence estimates of in-hospital pooled frailty prevalence and pre-

frailty prevalence estimates of 47.4% (95% CI 43.7–51.1%), and 25.8% (95% CI 

22.0–29.6%) respectively in patients aged ≥ 65 years (161). While over half of the 

patients admitted acutely to hospital in the present study were classified as frail, only 

28.4% of patients were admitted under specialist geriatric medicine teams, 

emphasizing the need for easily applied screening tools for both frailty and PIP as part 

of routine assessment, given that increased frailty is associated with longer length of 

stay and increased in-hospital morbidity and mortality (162). 

The exposure of older hospitalised adults to polypharmacy and hyper polypharmacy 

was also highly prevalent (88.8% taking ≥ 5 daily long-term medications and 38.0% 

taking ≥ 10 daily) in the overall sample. Additionally, potentially inappropriate 
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medicine (PIM) according to STOPP criteria was identified in 76% of patients with 

just under half of patients (49%) had 2 or more STOPP identified PIMs.  48.4% of 

participants were identified as having one or more START defined PPOs. 

Interestingly, 39 STOPP defined PIMs were not encountered in this population. There 

may be multiple potential explanations for this observation. Notably,  STOPP C2 

(Aspirin with a previous history of peptic ulcer disease without concomitant PPI) and 

STOPP H7 (COX-2 selective NSAIDs with concurrent cardiovascular disease) have 

both been removed from the recently published STOPP/START version 3 as they were 

found to be obsolete (163). These criteria were not encountered in this study. 

Polypharmacy and PIM use was highly prevalent in the frail older adults observed in 

this study. The prevalence STOPP-defined PIMs is higher than previously reported 

prevalence between 35% and 51% although further studies using implicit methods of 

PIM classification in those classified as frail report PIM prevalence as high as  71% 

(139, 143, 164). Hyperpolypharmacy, itself a risk factor for functional decline (165) 

was present in almost half of the demonstrably frail participants (46.3% (CFS) & 

49.0% (Frail-VIG)). Patients with higher prevalence of frailty tend to have higher 

prevalence of inappropriate prescribing (166). 

There was a statistically significant difference between the median numbers of PIMs, 

PPOs and total PIPs in frail compared to non-frail older patients, with frailer older 

people exposed to more inappropriate medications overall, although patients in 

‘severe-frailty’ category had a somewhat lower prevalence of inappropriate 

prescribing. This effect has previously been noted by Pazan et al, who commented that 

“clinicians often selectively discontinue/de-prescribe in those who are frailest, thereby 

creating a bias regarding applicability [of PIM criteria] to frail people at large” (167). 

We cannot say with certainty whether the severely frail participants in the present 
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study had undergone previous deprescribing or medication review. Frailty and 

polypharmacy were both significantly associated with inappropriate prescribing (as 

was pre-frailty). However, age-adjusted Charlson Co-morbidity index (CCI) was not 

significantly associated with PIMs or PPOs. In this patient sample, many of the most 

prevalent co-morbidities such as hypertension, COPD, osteoporosis and falls were not 

included in the CCI calculation. 

2.4.1 Potential Limitations of this Research 

A potential limitation we considered in this study was whether infection control 

guidelines during the Covid-19 pandemic led to a reduction in the number of severely 

frail participants admitted to hospital/recruited. The ethical approval granted to carry 

out this research stipulated that proxy consent for participants who were physically or 

mentally unable to provide consent must be completed in person.  Depending on 

Covid-19 restrictions at the time of recruitment, patients who lacked capacity to 

consent to study participation due to delirium, severe dementia or severe illness, may 

not have had representatives present in the hospital at the time of recruitment and were 

thus excluded.  However, when I compared the range of frailty in this study to that of 

Cullinane et al. (2019) who used frailty index (FI) scores among a similar population 

of 711 patients ranging from 0 to 0.51, with a mean FI of 0.15 (136), it is clear that 

there was a higher mean FI score in the present sample, indicating greater overall 

frailty. We also acknowledge that causal relationships cannot be inferred given the 

observational nature of this study. Furthermore, all data collection in this study was 

carried out by a single researcher leading to the possibility of researcher bias. I 

mitigated this potential bias by using standardised paper-based data collection sheets 

for each participant. Finally, it should be acknowledged that the most common STOPP 

criteria defined PIM encountered was “Any drug prescribed without a documented 
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evidence-based clinical indication” (STOPP A1; 63.53%). It is theoretically 

conceivable that although patients paper charts, referral letters and electronic health 

record (old clinic letters and discharges) were reviewed as a source of past medical 

history, drugs classified as inappropriate may have had an appropriate indication that 

was not available at the time of data collection. 

2.4.2 Conclusion  

As discussed in Chapter 1, The British Geriatrics Society (BGS) guidelines on the 

management of frailty  acknowledge that frailty may not be detected unless screened 

for in a structured way in any one individual (14).  From this study the Frail-VIG index 

had a greater association with PIM than the CFS. Based on this study’s findings, I 

would have to advocate for the use of Frail-VIG for frailty screening to reduced PIMs 

in older people, particularly those who have concomitant polypharmacy. 

In conclusion, given the association between frailty and PIP there is a strong case for 

frailty screening in all older adults presenting to acute hospitals and a heightened 

awareness for the risk of ADRs which may overlap with or mimic frailty syndromes. 

A potential target group for future intervention would be those participants who were 

classified as pre-frail as they may represent an opportunity for medication assessment 

prior to the development of frailty syndromes or adverse medication events such as 

falls, organ dysfunction, delirium and functional decline. While lower rates of PIP in 

severely frail patients is encouraging, there are very likely further opportunities for de-

prescribing by  applying a deprescribing tool such as STOPPFrail criteria (65) which 

could reduce potentially burdensome medication use this patient group. 
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CHAPTER 3 

Falls Risk Increasing Drugs in Frail Older Adults Experiencing Falls: 

A Prospective Observational Study 
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3.1 Introduction 

Falls have been identified as a leading cause of injury and mortality in older adults 

representing a major public health concern with over 1 in 4 older adults aged over 65 

years  falling per year (116). Of these, 20% will cause injury such as fractures or head 

injury, with 95% of hip fractures attributed to falling(117). While falls in older adults 

are recognised to be multifactorial, one of the more prominent and modifiable extrinsic 

risk factors for falls in older adults is the use of falls-risk increasing drugs (FRIDs). 

Cardiovascular drugs, psychotropics, Proton Pump Inhibitors (PPIs) and anti-epileptic 

drugs (AEDs) are acknowledged by meta-analysis as increasing the risk of falls in 

older adults (118-120). Studies have shown a prevalence of FRID use varying between 

87% in primary care and 93% in older adults who have been admitted to hospital with 

hip fracture(121-123) . 

Medication review for FRIDs is strongly indicated by falls prevention guidelines such 

as the National Institute for Clinical Excellence (NICE) Guidelines  (125)and the 

World Guidelines for Falls Prevention and Management for Older Adults, developed 

by the World Falls Task Force(124). However, there is heterogenicity between 

guidelines as to what constitutes a FRID (125-127).  

The STOPPFall (Screening Tool of Older Persons Prescriptions in older adults with 

high fall risk) list was created using a modified Delphi process with the aim of 

identifying by consensus and review of current literature the medications that are most 

associated with falls in older adults(128). Consensus was reached on 14 medications; 

Benzodiazepines and Benzodiazepine related drugs, Antipsychotics, Opioids, 

Antidepressants, Antiepileptics, Diuretics, Alpha-Blockers as antihypertensives and 

for Benign Prostatic Hyperplasia, Centrally Acting Anti-Hypertensives, Sedative 

Antihistamines, Vasodilators used in Cardiac disease and Overactive Bladder 
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medicines (128). This validated and structured screening tool has been recommended 

by the World falls guidelines to identify FRIDs and to guide appropriate deprescribing 

as part of a multidomain falls intervention (127). 

Previous observational studies have demonstrated that frailty is associated with an 

increased risk of falls and fractures in older people with the risk greatest in those over 

75 years of age. Furthermore, it has been shown that frailty is associated with a greater 

risk of further falls and fractures and shorter time to recurrent fall events (129). This 

increased risk of recurrent falls has shown to be consistently associated with frailty in 

meta-analyses despite the heterogenous methods of assessing frailty (114, 130). 

I aimed to use the STOPPFall consensus list of medications to assess the point-

prevalence of falls-risk increasing drugs (FRIDs) in older adults presenting to hospital 

after a fall or who have experienced a fall in the previous 12 months.  I examined the 

relationship between FRIDs, falls and serious falls requiring hospital presentation. I 

also examined the relationship between FRIDs and frailty. This observational study 

aimed to determine the prevalence of FRIDs in older adults presenting with falls to 

hospital.  

Primary aim:   

To determine the point-prevalence of falls-risk increasing drug use in older adults 

presenting to an acute hospital because of a fall. 

Secondary aims:  

• To compare the prevalence of falls risk increasing drugs (FRIDs) in older adults 

and number of falls experienced by older people in the preceding 12 months.  

• To examine the level of frailty in older adults presenting to hospital post-fall. 
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3.2 Methods 

3.2.1 Study Design 

A prospective observational study was conducted in an acute model 4 tertiary referral 

hospital and a community rehabilitation unit in Cork city (Cork University Hospital 

and St. Finbarr’s Hospital). The local Clinical Research Ethics Committee approved 

the study protocol. 

3.2.2 Participants 

Participants were recruited from the emergency department, the main trauma ward and 

a community rehabilitation unit attached to the hospital between. Participants were 

recruited on a consecutive basis between May 2021 and March 2022. Daily admissions 

lists were screened for eligibility criteria (Table 3.1).  Eligible participants were 

hospitalized older adults (aged ≥ 65 years), admitted from any location with a history 

of a fall. Potential participants were approached directly, the study aims were 

explained and a participant information form was provided. On the same day, written 

informed consent was sought from the participants. 

 

Table 3.1. Inclusion and exclusion criteria.  

Inclusion Criteria Exclusion criteria 

Age ≥65 Years Age <65 Years 

At least 1 fall within the last 12 
months 

Consent declined or patient unable to 
provide consent and proxy 
unavailable/declined consent 

 

Potential participants were excluded if they were unable or unwilling to provide 

informed consent. Where potential participants were unable to provide consent due to 

illness or lack of mental capacity, written consent was sought from their legal 
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representative where possible. If legal representative/proxy was not available in 

person to sign consent, the participant was ineligible to be recruited into the study.  

Patients who were in isolation due to active Covid-19 virus infection or high-risk 

exposure to COVID-19 were excluded from the study on the basis of adhering to 

hospital infection control policy. 

3.2.3 Sample Size Calculation 

Based on a previously reported prevalence of 87% of older adults receiving one or 

more FRIDs, a confidence level 95% and a 5% level of significance, where n = desired 

sample size and P = expected prevalence based on previous research, a sample size of 

175 was calculated.(123, 168) 

3.2.4 Collected variables at recruitment 

Two trained research physicians with experience in Geriatric Medicine  (including the 

author) conducted patient and/or caregiver interviews and medical record reviews in 

order to collect the following information using a standardised data collection 

proforma: (i) sociodemographic data (sex, age, place of residence, activities of daily 

living (ADL) support, carer, diagnosis of cognitive impairment) , (ii) structured falls 

history (history of current admission, previous falls in last year, use of mobility aid, 

previous medication modifications due to falls, alcohol use, number of previous 

admissions due to falls), (iii) medications and co-morbidity status, (iv) laboratory and 

clinical investigations, (v) Clinical Frailty Scale (CFS) score, (vi) the point-prevalence 

of FRIDs was be established using the STOPPFall screening tool.  

Age-adjusted Charlson Co-morbidity Index measurement was used to refine and 

standardise the number of co-morbidities experienced by participants. CFS score was 
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assessed based on the participants baseline function 2 weeks before admission or 

before the onset of the presenting acute illness.  

Participants were allocated a unique study identification number. This number was 

used for all data collection forms. The study number was linked to patient identifiers 

on a paper file that was stored in a locked filing cabinet in a locked office in Cork 

University Hospital. All paper records were stored in the same locked office.  

Data from the data collection sheets were abstracted to an Excel master 

file. Statistical analysis was carried out using SPSS® version 27 for both 

descriptive and analytical statistics. Variables with a normal distribution 

was analysed using means and standard deviations, correlation and 

difference were assessed using Pearson’s product moment and student’s t-

tests. Non-parametric variables were investigated using Spearman’s rank 

correlation, Mann-Whitney U test. Odds ratios were calculated using 

logistic regression models. 

3.3 Results 

3.3.1 Baseline Characteristics 

In total, 179 patients were recruited to the study. The principal characteristics of 

participants are summarised in Table 3.1. The mean age (SD) of the participants was 

81.34 (6.61) years. Approximately two-thirds of participants i.e. 117 were female 

(65.4%). Most of the older adults recruited lived in their own home (92.2%), though 

over 50% of participants received some assistance with activities of daily living. The 

mean (SD) CFS score was 4.63 (1.60) indicating pre-frailty to mild frailty. The mean 

Charlson Co-morbidity index score was 5.46 [SD 1.69] indicating a high level of co-

morbidity within the sample population. Polypharmacy was highly prevalent with an 
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average of 8.67 [SD3.61] daily long-term medications taken by participants. All 

participants had suffered at least one fall within the preceding 12 months with a 

median of 2 falls experienced by participants in that time frame. 

Table 3.1 Baseline patient characteristics. 

Characteristic   N %   
Sex Female 117 65.4   
Residence Own Home 165 92.2   
  Relative's Home 3 1.7   
  Nursing Home 5 2.8   
  Other 6 3.4   
Activities of Daily Living 
Support Yes 107 59.8   

Cognitive Impairment Yes 26 14.5   
Mobility Aid Yes 114 63.7   
       
Anaemia Yes 96 53.6   
       
Hyponatremia Yes 25 14   
       
Hypokalaemia Yes 19 10.6   
  Not Available 2 1.1   
Hyperkalaemia Yes 5 2.8   
  Not Available 2 1.1   
Measured Orthostatic 
Hypotension Not Available 150 83.8   

  Yes 9 5   
  No 20 11.2   
Hypotension Yes 15 8.4   
  No 163 91.1   
  Not Available 1 0.6   
Bradycardia Yes 12 6.7   
  No 166 92.7   
  Not Available 1 0.6   
Tachycardia Yes 14 7.8   
  No 164 91.6   

Characteristic Mean Standard 
Deviation   

Age   81.34 6.61   
CCI   5.46 1.69   
No Medications on Admission 8.67 3.61   
    Median IQR Max 
Number of Falls in Last 12 Months 2 3 50 
Number Of Hospital Admissions in Last 12 Months 1 1 6 
Number Of Admissions due to Falls 1 0 3 
Total FRIDs   2 1 6 
CFS   5 2 9 

Abbreviations: CCI Charlson Co-Morbidity Index, FRIDs-Falls risk increasing drugs, CFS-Clinical Frailty Scale, IQR-Inter-
Quartile Range. 
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3.3.2 STOPPFall Medications 

Over half of the participants (51.4%) experienced polypharmacy (≥5 daily long-term 

medications) and over a third (37.4%) of participants were taking 10 or more daily 

medications. One hundred and forty-six patients (81.6%) were taking at least one 

STOPPFall defined FRID. As can been seen from Table 3.2, approximately 1 in 10 

older adults experiencing a fall was using four or more FRIDs. The mean [SD] number 

of FRIDs consumed daily by older fallers was 1.72 [SD 1.34], the mean [SD] number 

of FRIDs in the frail subset (CFS≥5) was 1.88 [SD 1.37], with a mean of 1.51 [SD 

1.27] in the non-frail group.  

The most frequently prescribed STOPPFall defined FRIDs were anti-depressants with 

over 35% (64) of the patients experiencing falls prescribed anti-depressant medication. 

Over 30% of older fallers were prescribed diuretics, with 18% and 14.5% using 

opioids and anti-epileptics respectively. The frequency of individual drug class 

utilisation is demonstrated in Table 3.3.  

Table 3.2 Prevalence of Polypharmacy and STOPPFall defined Falls Risk Increasing 
Drugs. 

   N % 
Polypharmacy ≥5 drugs 92.00 51.4 
  ≥10 drugs 67.00 37.4 
     
     
Falls Risk Increasing Drugs    
   N % 
  >=1 146.00 81.6 
  >=2 90.00 50.3 
  >=3 44.00 24.6 
  >=4 19.00 10.6 
     
   Mean SD 
Population Mean FRIDs 

 
1.72 1.34 

Frail CFS≥5 
 

1.88 1.37 
Non-Frail CFS <5 

 
1.51 1.27 
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Table 3.3 Most frequently encountered Falls Risk Increasing Drugs as defined by 
STOPPFall Criteria in the population of 179 older patients presenting to hospital with 
falls. 

 Falls Risk Increasing Drug N   %   

  Anti-depressants 64 35.75   

  Diuretics 55 30.73   

  Opioids 34 18.99   

  Anti-epileptics 26 14.53   

  Benzodiazepine related drugs (z-drug hypnotics) 25 13.97   

  Anticholinergics 18 10.06   

  Overactive bladder drugs 17 9.50   

  Alpha-blockers for BPH 16 8.94   

  Antipsychotics 12 6.70   

  Benzodiazepines 10 5.59   

  Vasodilators for cardiac disease 9 5.03   

  Alpha-blockers 6 3.35   

  Sedative antihistamines 2 1.12   

  Centrally-acting antihypertensives 1 0.56   
 

 

3.3.3 Frailty 

Over half of the participants were frail with a CFS of ≥ 5.   The median CFS score was 

5 (IQR 2, min 0, max 9), the distribution of CFS scores is demonstrated in Table 3.4.  

10% of the participants were classified as robust with 34.1% of participants classified 

as pre-frail, 46.9% of participants classified as having mild/moderate frailty and 8.9% 

classified as having severe frailty.  
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Table 3.4 Frailty characteristics of population of 179 older adults classified by 
Clinical Frailty Scale. 

Frailty Category N %   
CFS 1 7 3.9   
CFS 2 11 6.1   
CFS 3 25 14   
CFS 4 36 20.1   
CFS 5 40 22.3   
CFS 6 44 24.6   
CFS 7 14 7.8   
CFS 8 0 0   
CFS 9 2 1.1   
      
Frail CFS ≥5 100 55.9   
Non-Frail CFS <5 79 44.1   
      
Robust CFS 1-2 18 10.1   
Pre-frail CFS 3-4 61 34.1   
Mild/Mod Frailty CFS 5-6 84 46.9   
Severe Frailty CFS≥7 16 8.9   
      
      
CFS Median IQR Min Max 
  5 2 1 9 

 

3.3.4 Types of Falls 

Self-reported/collateral history cause of falls are listed in Table 3.5. Falls classified as 

non-syncopal accounted for 49.72% of all falls. 

Table 3.5 Types of falls at in older adults presenting to hospital post-fall. 

Fall Type (N=179) N % 

Non-syncopal 89 49.72 

Pre-syncope 26 14.53 
Syncope 22 12.29 
Acute Illness 21 11.73 
Un-specified 10 5.59 

Unwitnessed 8 4.47 

Alcohol related 2 1.12 

Seizure 1 0.56 
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Clearly syncopal and pre-syncopal falls accounted for approximately 1 in 4 falls. Over 

10% of the falls occurred in the context in an intercurrent illness. As non-syncopal 

falls represent a highly diverse category, I further divided these into subgroups based 

on the participants presenting history of falls. Table 3.6 details the sub-groups of non-

syncopal falls. The most prevalent self-reported causes of non-syncopal falls were trip, 

slip, unspecified and loss of balance/disequilibrium. 

 

Table 3.6 Classification of non-syncopal fall subtypes. 

Non-Syncopal Fall Subgroups (N=89) N % 
Trip 30 33.71 
Slip 13 14.61 
Unspecified 10 11.24 
Lost balance 10 11.24 
Legs Gave way 9 10.11 
Fell Backwards 6 6.74 
Lost control of wheeled device 4 4.49 
Pain 3 3.37 
Freezing episode with Parkinson’s Disease 1 1.12 
Railing gave way 1 1.12 
Reduced mobility 1 1.12 
Missed railing 1 1.12 

 

Just under half (79) of all participants sustained an injury post-fall (see details in Table 

3.7). The most common type of injury associated with falls were fractures with almost 

1 in 3 of participants overall sustaining a fracture. Fractures accounted for 70% of all 

fall-related injuries in this population.  
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Table 3.7 Fall related injuries at presentation to hospital.  

Injury Type N    % 
   
No Injury 96 53.63 
Fracture 59 32.96 
Head injury 9 5.03 
Pain (soft tissue) 4 2.23 
Laceration 2 1.12 
Intracranial Haemorrhage 2 1.12 
Facial Trauma 1 0.56 
Bleeding 1 0.56 
Musculoskeletal Injury 1 0.56 
Dislocation 2 1.12 
Haematoma 1 0.56 
Hemopneumothorax 1 0.56 
   

 

 

3.3.5 Association between frailty and STOPPFall medications 

The relationship between the prevalence of falls risk increasing drugs in older adults 

and number of falls was analysed using Spearman’s rank correlation. (Extreme outliers 

were removed using transformation greater or equal to 10 falls).  

There was no significant correlation between the number of falls in the previous 12 

months and the number of daily FRIDs taken by the patients (Spearman’s rho=0.069, 

sig. 0.357). 

The relationship between frailty measured using the CFS and daily number of FRIDs 

was also investigated using Spearman’s rank correlation statistic. There was a 

significant positive correlation between the two variables (r=0.23, n=179, p<0.01) 

with increasing frailty associated with increased FRID use.  

The difference between frail and non-frail participants was further investigated in 

relation to FRID-positive and FRID-negative status. Independent-samples Mann-

Whitney U-Test analysis was not statistically significant i.e. there was a trend towards 

more FRID exposure in frail patients (Median= 2, IQR= 2) compared to non-frail 

patients (Median=1, IQR= 1) that approached statistical significance, (U=3311, 
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p=0.056). Figure 3.1 illustrates this comparison of FRID exposure in frail versus non-

frail patient groups. 

The relationship between number of daily medications at admission and number of 

daily FRIDs was also investigated using Spearman’s rank correlation test. There was 

a strong positive correlation between these two variables (r=0.563, n=179, p=0.01).        

 

Figure 3.1 Independent-Samples Mann-Whitney U Test comparing total FRIDs in Frail vs 
Non-Frail Older patients presenting with falls. 
 

Binary logistic regression analysis was performed to assess the impact of categorised 

frailty on the odds of participants taking a daily FRID. The strongest predictor of FRID 

use in the model was severe frailty (CFS>7) with an odds ratio of 12.000 (95% C.I. 
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1.294-111.323). For all levels of frailty compared to robust non-frail clinical status, 

unadjusted logistic regression analysis demonstrated significant positive odds ratios 

>1.0 (see Table 3.8). That is, all levels of clinical frailty were significantly associated 

with daily FRIDs exposure. 

 

 
Table 3.8 Unadjusted odds ratio of FRIDs use at different levels of frailty. 
 

 
B-
value  S.E. Wald df 

p-
value 

  Odds 
Ratio 95% C.I.for Odds Ratio 

              
Lower 
limit 

 Upper  
limit                    

Robust   8.914 3 0.03    
Pre-Frail 1.531 0.596 6.595 1 0.01 4.622 1.437 14.868 
Mild/Mod 
Frailty 1.303 0.553 5.545 1 0.019 3.680 1.244 10.885 
Severe Frailty 2.485 1.137 4.78 1 0.029 12.000 1.294 111.323 

Constant 0.223 0.474 0.221 1 0.638 
 
1.250     

 
 
 
3.4 Discussion 

In this study, I investigated the prevalence of FRIDs and types of falls in older adults 

presenting to hospital post-fall. This is the first prospective study that has used 

STOPPFall criteria to identify the prevalence of FRIDs in older people experiencing 

falls in the context of frailty. The most frequently prescribed FRID class was 

antidepressants with a prevalence of 35.75%. This prevalence is higher than that 

documented in a previous study carried out in an emergency department in the 

Republic of Ireland in 2009 in which the prevalence of antidepressant prescribing  was 

26% (169). Diuretics (30.73%), opioids (18.99%) and antiepileptics (14.53%) were 

the next most frequently prescribed FRIDs in the present study. My results are 

consistent with previous meta-analysis findings  showing  that antidepressants are one 

of the most common FRID classes taken by older people at the time of fall-related 
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injury, with a prevalence ranging from 15.0% to 40.0% (170).  In the same study, the 

prevalence of opioid use ranged from 4.4% to 21.1% in older fallers (170). My 

prevalence estimate of antidepressant prescribing is higher than the prevalence of 

depression in reported in The Irish Longitudinal Study of Aging of 10-12%% (171, 

172) and a general European older adult population reported in a recent systematic 

review and meta-analysis i.e. 21.1% (95%CI: 14.8–27.4%) (173). Antidepressant use 

and untreated depression itself have both been shown to independently increase falls 

risk (174). Therefore, careful structured medication review of antidepressant 

medication indication and dose are particularly important in older people who present 

with falls either in primary care or in hospital.  

A previous study has shown that frail older adults were exposed to a greater number 

of FRIDs when compared to robust older adults overall (175). Overall, I did not detect 

a significant difference in FRIDs prevalence among non-frail patients who had at least 

one fall in the preceding 12 months compared to frail older people with falls., Severely 

frail patients as a subgroup had a 12-fold increased odds ratio of being prescribed one 

or more FRIDs compared to non-frail patients.  

3.4.1 Potential limitations of this study: 

One of the limitations of this study is that the median CFS was 5, indicating mild 

frailty. Arising from the restrictions on hospital visitors during the COVID-19 

pandemic, there were multiple cases of very frail or cognitively impaired older adults 

who were not enrolled in the study due to unavailability of a proxy/legal representative 

to provide collateral history details and informed assent to enrolment. This may have 

skewed the overall level of frailty of the patient cohort towards lower levels of frailty. 

Furthermore, all the participants recruited to the study had experienced a fall. To 

further assess the impact of STOPPFall-defined FRIDs on the prevalence of falls in 
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older adults, I would have had to compare the prevalence of STOPP-Fall FRIDs in 

fallers with the prevalence of STOPPFall FRIDs in age- and comorbidity-matched 

non-fallers with similar levels of polypharmacy. The data collection in this study was 

carried out by 2 independent researchers, leading to a possibility of researcher bias. I 

mitigated this potential bias by using standardised paper-based data collection sheets 

for each participant. Finally, data on the number of falls participants experienced in 

the previous 12 months was calculated based on clinical case notes, electronic 

healthcare record and patient recollection. This could have led to a potential limitation 

due to recall bias and underreporting of near-miss incidents or those that did not lead 

to injury or hospitalisation.  

3.4.2 Opportunities for further research 

This study provides opportunities for future research into the use of the STOPPFall 

tool as a means to assist in medication rationalisation in high-risk older fallers. Results 

of cohort studies and controlled clinical trials have been variable in their level of 

success with regard to medication intervention in older people as a means of 

preventing falls (176, 177). Previous interventional trials examining the impact of 

deprescribing FRIDs have not shown a significant reduction in number of falls, 

prolongation of time to next fall or reduced number of FRIDs. Deprescribing may be 

challenging in multimorbid older people with polypharmacy and can be complicated 

by re-emergence of the conditions for which FRIDs were prescribed  or new conditions 

that invite FRID prescription (177).    

Given the high odds ratio of FRIDs prescriptions in severely frail older adults 

identified in the present study, there is the possibility that more severely frail older 

adults may benefit more from FRID deprescribing than less frail older people (178). 



97 
 

A prospective case-control interventional study would be required to address this 

question. Such a study was, however, beyond the scope of this thesis. 
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CHAPTER 4 
 Potentially clinically relevant drug-drug interactions and frailty in acutely 

hospitalised older people: a prospective observational study 
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4.1 Introduction 

Drug-drug interactions, where two or more drugs interact with one another leading to 

toxicity or inhibition of the effects of a drug, leading to a diminished therapeutic, can 

have clinically important implications for both patients and prescribers. Drug-drug 

interactions can generally be divided into two main groups: pharmacokinetic and 

pharmacodynamic interactions. It has been demonstrated that the number of 

medications a patient is prescribed increases proportionately with the number of co-

morbidities accumulated (131). Clinical guideline-based drug regimens often fail to 

take multi-morbidity into account and relatedly the risk of potentially harmful and 

avoidable drug-drug interactions (DDIs) has grown in recent years (179). Historically, 

frail older adults and people with complex co-morbidities have been excluded from 

clinical trials that lead to clinical guidelines (180). A cause-and-effect relationship has 

been demonstrated between number of dispensed drugs and potential DDIs, especially 

for clinically serious DDIs with potentially life-threatening consequences for older 

adults (181). This emphasizes the importance of trying to minimise the number of 

drugs prescribed in older multimorbid patients exposed to polypharmacy (113).   

A recent systematic review reported a DDI prevalence range from 8.3% to 100%. 

Among older hospitalised people managed in specialist geriatric units, the wide 

variation was markedly lower i.e. 80.5% to 90.5% with a higher overall prevalence in 

older people. There is significant heterogenicity between individual studies in relation 

to the definition of DDIs (133). Many DDIs are regarded as predictable and avoidable; 

therefore, they may be considered as targets for education and deprescribing 

interventions. In prevalence studies that included all age groups, it has been shown 

that DDIs lead to clinically relevant ADRs in 4.6% of patients (182).  
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Acute hospital admission in multimorbid older people provides the opportunity for 

medication review of DDIs, a significant cause of hospital admissions accounting for 

up to 4.8% of hospital admissions in older patients (134, 183).  Hospital admission 

also represents a time of increased risk for older adults, as the prescription of new 

drugs to treat acute medical problems and/or to prevent readmission may increase the 

risk of DDIs and adverse drug reactions (ADRs). Furthermore, increasing frailty is 

associated with a greater risk of ADRs and identification of frailty should prompt 

greater review of polypharmacy and trigger a search for potential DDIs (136). 

In this study, I aimed to use a recently published Delphi consensus-validated list of 66 

clinically relevant DDIs to prospectively assess the prevalence of DDIs in older adults 

presenting to an acute hospital (184). This list provides an explicit list of potential 

DDIs validated specifically for older people and was developed to address the need 

for consensus in identifying clinically significant DDIs in order to generate 

comparable results across studies. The extent to which the 66-item DDI list represents 

clinically relevant DDIs in a ‘real-world’ population of multimorbid older patients 

remains unknown. 

Primary aim:   

To assess the prevalence of potentially clinically relevant drug-drug interactions and 

frailty in older adults presenting acutely to a Level 4 University Teaching hospital in 

Ireland.  

Secondary aims:  

i. To compare the prevalence of DDIs at admission and discharge from hospital. 

ii. To examine the prevalence of DDIs in both robust and frail older adults. 

iii. To examine the incidence of DDIs during hospital stay and DDI-related ADRs. 
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4.2 Methodology 

4.2.1 Study Design  

A prospective observational study was conducted in an acute model 4, tertiary referral 

hospital between September 2021 and July 2022. The local Clinical Research Ethics 

Committee of the Cork Teaching Hospitals approved the study protocol. 

4.2.2 Participant Recruitment 

Acutely admitted (non-elective) older adults aged 65 years and older, were recruited 

from the emergency department, medical assessment unit, medical short stay unit and 

acute medical and surgical wards. Participants were recruited on a consecutive basis. 

Daily electronic and paper-based admissions lists were screened for eligibility criteria 

based on age and length of stay. Participants were included if they were aged over 65 

years, admitted acutely within 72 hours and had an expected length of stay of over 24 

hours. Participants were excluded if they were under 65 years of age, receiving end-

of-life care, directly admitted to ICU or if they were unable or declined to provide 

informed consent and their next of kin/legal proxy declined consent or was 

unavailable. 

Medical case notes of identified prospective participants were screened for suitability 

for inclusion. Potential participants were approached directly, the study aims were 

explained, and a participant information form was provided. On the same day, written 

informed consent was sought from the patients who agreed to participate in the study. 

Potential participants were excluded if they were unable or unwilling to provide 

informed consent. Where potential participants were unable to provide informed 

consent due to illness or lack of mental capacity, written consent was sought from their 

next-of-kin or legal representative. Patients who were in isolation due to active 

COVID-19 virus infection or high-risk exposure to COVID-19 were excluded from 
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the study on the basis of adhering to hospital infection control policy and contact 

restrictions during the COVID-19 pandemic. 

 

4.2.3 Sample Size Calculation 

Based on a previously published prevalence of 54% of older adults experiencing one 

or more DDIs from a retrospective sub-study of the OPERAM trial, a confidence level 

of 95% and a 5% level of significance, a sample size of 372 patients was calculated 

(168, 185). 

4.2.4 Variables 

Collected sociodemographic variables included sex, age, place of residence, primary 

carer, co-habitants and requirement for assistance with activities of daily living. 

Details of past medical history, current co-morbidities, admitting speciality, number 

of hospital admissions in the previous 12 months, clinical frailty score, current serum 

biochemistry data and vital signs were collected along with a brief summary of the 

principal clinical reason for the acute presentation. Medications at discharge, diagnosis 

at discharge and length of stay were also recorded. 

Hyponatremia was defined using the laboratory set lower limit of 132mmol/l. The 

World Health Organisation definition of anaemia (haemoglobin (Hb) levels <12.0 

g/dL in women and <13.0 g/dL in men) was applied (156). 

Medication history details were collected including regular medications, recently 

prescribed or discontinued medications (in the 2 weeks preceding admission), self-

reported history or documented history of adverse drug reactions. Medication changes 

in the first 5 days of admission and discharge medications were recorded. 
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4.2.5 Data Collection 

Data were extracted manually from the medical case notes, GP referral letter and from 

discussion with the participant onto a standardised data collection form. A follow-up 

telephone call was made if information from the referral letter and chart was not 

sufficient and the participant agreed to same. 

Participants were allocated a unique study identification number. This number was 

used for all data collection forms.  

The prevalence of potentially clinically relevant drug-drug interactions (DDIs) was 

established at admission and discharge as well as the number of interactions per 

participant. The incidence of new clinically relevant DDIs were calculated. As the list 

of explicit DDIs specifically described potential harms from each potential DDI, this 

list was used to identify whether participants who had actual list-defined DDIs (so-

called ‘DDI positive’ cases) experienced actual harm from their identified DDIs 

(Figure 4.1). 

 

Figure 4.1 Process for adjudication of admissions due to potential harm from DDI. 

DDI present 

Admission information, presenting 
complaint, discharge diagnosis, biochemical 
data, ecg and vital signs on admission and 

medication changes reviewed

Potential harm as defined by consensus list
Y/N? 
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The Clinical Frailty Scale (CFS) was used to assign a frailty score between 1 (very fit) 

and 9 (terminally frail). A CFS Score of 4 was used as a cutoff to identify patients who 

were frail based on the definitions in Version 2 of the CFS(186). 

DDI’s were also evaluated using Stockley’s DDI checker deployed using the 

Medicines Complete application (187) .  

4.2.6 Statistical Analysis 

Extracted data were transferred to an Excel master file. Statistical analysis was carried 

out using IBM SPSS® Statistics (Version 28.0) for both descriptive and analytical 

statistics. Normality of distribution of variables was assessed using Q-Q plots and the 

Shapiro-Wilk test of normality where significance of >0.05 indicated normal 

distribution. Variables with a normal (Gaussian) distribution were analysed using 

means and standard deviations, and correlation and difference were assessed using 

Pearson’s and the student’s t-test respectively. Non-parametric variables were 

investigated using Spearman’s rank correlation and the Mann-Whitney U test.  

4.3 Results 

4.3.1 Baseline Characteristics 

In total 373 participants were recruited to the study. The baseline characteristics of the 

studies population are summarised in Table 4.1. The majority of participants were 

male (53.1%). The mean (SD) age of participants was 78.7 (7.65) years. Most of the 

older adults recruited lived in their own home (93%) and were self-caring (68.1%) 

although just over half of the participants also received some assistance for activities 

of daily living (51.2%); 1 in 5 participants were cared for by a spouse or relative. 

The mean (SD) CFS score was 4.70 (1.77) indicating very mild to mild frailty. A high 

level of comorbidity was demonstrated within the population with a mean Charlson 
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Co-morbidity Index (SD) of 5.15 (1.77).   Polypharmacy was highly prevalent within 

the studied population with an average (SD) of 8.08 (3.45) medications per participant 

at admission and 8.74 (3.34) daily long-term medications prescribed on discharge. 

Approximately 4 out of 5 participants (85.3%) were experiencing polypharmacy (≥ 5 

daily medications); 114 participants (30.6%) were taking 10 or more daily medications 

indicating hyper-polypharmacy. Twenty-eight participants died prior to discharge and 

discharge prescriptions were not available for 6 patients. 
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Table 4.1 Baseline characteristics on admission to hospital. 

Characteristic   N % 
Sex Male 198 53.1 
  Female 175 46.9 
        
Residence Own Home 347 93 
  Relative’s Home 15 4 
  Nursing Home 9 2.4 
  Other 2 0.5 
        
Primary Carer Self 254 68.1 
  Spouse 19 5.1 
  Relative 66 17.7 
  Home Help 20 5.4 
  Other 14 3.8 
        
Falls in last Year Yes 167 44.8 
  No 206 55 
        
Activities of Daily Living Support Yes 191 51.2 
  No 182 48.8 
        
Polypharmacy (≥5 Medications) 318 85.3 
Hyperpolypharmacy (≥10 Medications) 114 30.6 
        
Hypernatremia Yes 1 0.3 
Hyponatremia Yes 135 36.2 
Hyperkalaemia Yes 24 6.4 
Hypokalaemia Yes 33 8.8 
eGFR <60ml/min Yes 181 48.5 
Bradycardia Yes 26 7 
Tachycardia Yes 51 13.7 
Hypertension Yes 154 41.3 
Hypotension Yes 13 3.5 

Characteristic Mean 
Standard 
deviation   

Age 78.77 7.65   
CCI 5.15 1.77   
CFS 4.7 1.76   
Number of medications on 
admission 

8.08 3.45   

Number of medications on 
discharge 

8.74 3.34   

Abbreviations: CCI- Charlson Co-Morbidity Index, CFS-Clinical Frailty Scale, eGFR-Estimated 
glomerular filtration rate 

 

Most of the participants were admitted under the care of medical specialties with the 

majority of patients admitted under Geriatric Medicine, Respiratory Medicine and 

Cardiology (15.82%, 10.99% and 9.38% respectively). Just over 1 in 8participants (45, 
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12.06%) were admitted to a surgical specialty with orthopaedics accounting for the 

greatest proportion (5.90%) Table 4.2.  

Table 4.2 Breakdown of Participants by Admitting Speciality. 

Admission Speciality       
     
 N=373 %   
Geriatric medicine 59 15.82  
Respiratory medicine 41 10.99  
Cardiology 35 9.38  
Acute medicine assessment unit 28 7.24  
Stroke 27 7.24  
Gastroenterology 22 5.90  
Orthopaedics 22 5.90  
Nephrology 21 5.63  
Endocrinology 20 5.36  
General Internal Medicine 19 5.09  
Oncology 16 4.29  
Rheumatology 16 4.29  
Infectious disease 13 3.49  
Emergency medicine 7 1.88  
General Surgery 6 1.61  
Urology 6 1.61  
Cardiothoracic 3 0.80  
Neurosurgery 3 0.80  
Vascular Surgery 3 0.80  
Haematology 2 0.54  
Neurology 2 0.54  
Plastic Surgery 1 0.27  
Trauma surgery 1 0.27  
        

 

 

4.3.2 Frailty 

Just under three quarters of the participants (74.8%, n=279) were overtly frail with a 

CFS of ≥ 4 (n = 279).   The mean (SD) CFS score was 4.7 (1.7); the distribution of 

CFS scores is demonstrated in Figure 4.2.  A total of 14.2% of older participants were 

considered severely frail, very severely frail or terminally ill i.e. CFS score ≥ 7.  

 



108 
 

Figure 4.2 Frailty characteristics of population of 373 older adults classified by 
Clinical Frailty Scale. 

 
        

 

  N %  

Non-frail (CFS<4) 
 

94 25.2   

Frail (CFS≥4) 
 

279 74.8   

  
 

Mean SD 
 

CFS score    4.7 1.8   

 

 
4.3.3 Polypharmacy and Drug-Drug Interactions 

Polypharmacy and hyper-polypharmacy were highly prevalent with 85.3% and 30.6% 

of participants taking five or more and 10 or more daily long-term medications 

respectively at admission. A total of 3009 individual drugs were prescribed at 

admission in the 373 patient participants. Using the Anatomical Therapeutic Chemical 

(ATC) classification system to the 4th level (Chemical, Pharmacological or 

Therapeutic subgroup), the most frequently prescribed daily medication subgroups 

were: 
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i. C10AA07 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors  

ii. A02BC05 Proton Pump Inhibitors 

iii. C07AB01 Beta-blocking agents, selective 

iv. B01AC06  Platelet aggregation inhibitors 

v. B01AF03 Direct Factor Xa Inhibitors 

The 30 most frequently prescribed drug subgroups are listed in Table 4.3. More than 

half of the participants of the study was prescribed a 3-hydroxy-3-methylglutaryl 

coenzyme A reductase inhibitor (statin) or proton-pump inhibitor at admission (56% 

and 55.2% respectively).   
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Table 4.3 Prevalence of drugs at admission based to Anatomical Therapeutic 
Chemical (ATC) Classification to the 4th Level. 

 
ATC 
CODE       N % 
 
C10AA07 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors 209 56.0 
 
A02BC05 Proton Pump Inhibitors    206 55.2 
 
C07AB01 Beta-blocking agents, selective    164 44.0 
 
B01AC06  Platelet aggregation inhibitors    138 37.0 
 
B01AF03 Direct Factor Xa Inhibitors    102 27.3 
 
C03CA09 Sulphonamides, plain     96 25.7 
 
C08CA51 Dihydropyridine derivatives    94 25.2 
 
C09CA08 Angiotensin II receptor blockers    90 24.1 
 
A11CC Vitamin D and Analogues    77 20.6 
 
C09AA05 ACE inhibitors, plain     71 19.0 
 
N06AX22 Other antidepressants    63 16.9 
 
A10BA02 Biguanides     50 13.4 
 
N02BE01 Anilides      49 13.1 
 
H03AA01 Thyroid Hormones     48 12.9 
 
R03AK10 Adrenergics in combination with corticosteroids or other drugs  45 12.1 
 
A06AD65 Osmotically acting laxatives    43 11.5 
 
N06AB10 Selective serotonin reuptake inhibitors   43 11.5 
 
A12AX 

 
Calcium/VitaminD preparations    42 11.3 

M04AA03 Preparations inhibiting uric acid production   42 11.3 
 
H02AB09 Glucocorticoids     41 11.0 
 
G04BD12 Drugs for urinary frequency and incontinence  40 10.7 
 
G04CA04 Alpha-adrenoreceptor antagonists   39 10.5 
 
N05CF05 Melatonin receptor agonists    37 9.9 
 
A06AB15 Contact Laxatives     33 8.8 
 
B03BB01 FolicAcid      33 8.8 
 
R03BB07 Anticholinergics     31 8.3 
 
B03AA02 

 
Iron bivalent, oral preparation    30 8.0 

 
R03AC02 Selective beta-2 adrenoreceptor agonists   25 6.7 
 
R03AL08 Adrenergics in combination with anticholinergics  25 6.7 
 
N02AA55 Natural Opium Alkaloids       23 6.2 
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The third most frequently prescribed class was beta-blockers (44%), followed by 

platelet aggregation inhibitors and direct factor Xa inhibitors (37% and 27%). The 25 

most frequently prescribed individual drugs are presented in Table 4.4. Esomeprazole 

was the most prevalent daily prescribed medication at admission in the overall 

population.  

Table 4.4 The 25 most frequently prescribed medications at admission. 

ATC Code Drug Name N % 

A02BC05 Esomeprazole 142 38.1 

C10AA05 Atorvastatin 119 31.9 

B01AC06 Aspirin 116 31.1 

C07AB07 Bisoprolol 116 31.1 

A11CC Vitamin D 77 20.6 

B01AF02 Apixaban 63 16.9 

C03CA02 Bumetanide 52 13.9 

A10BA02 Metformin 50 13.4 

C09AA05 Ramipril 49 13.1 

C08CA13 Lercanidipine 48 12.9 

C10AA07 Rosuvastatin 48 12.9 

H03AA01 Thyroid Hormones 48 12.9 

N02BE01 Paracetamol 48 12.9 

A12AX Calcium/Vitamin D combination 42 11.3 

C03CA01 Furosemide 42 11.3 

C07AB12 Nebivolol 42 11.3 

C08CA01 Amlodipine 42 11. 

A02BC03 Lansoprazole 34 9.1 

C09CA03 Valsartan 34 9.1 

B03BB01 Folic Acid 33 8.8 

H02AB06 Prednisolone 33 8.8 

M04AA01 Allopurinol 33 8.8 

N06AX11 Mirtazapine 32 8.6 

A06ab06 Senna Glycosides 31 8.3 

B01AF01 Rivaroxaban 29 7.8 
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Over one third of older adults admitted acutely to hospital (145 patients, 38.87%) were 

exposed to at least one potential DDI based on the validated list of DDIs in older 

adults. At discharge, there was a slight reduction in potential DDI prevalence to 

27.13%. The median number of DDIs at admission was 0 (min = 0, max = 4, IQR = 

1; see Table 4.5).  

Table 4.5 Prevalence of Polypharmacy and Potentially Clinically Relevant Drug-Drug 
Interactions. 
Polypharmacy ≥5 drugs 318 85.3   
  ≥10 drugs 114 30.6   
       
Potential drug-drug 
interactions at admission  N %   
  ≥1 145 38.9   
  ≥2 41 11   
  ≥3 12 3.2   
  ≥4 2 0.5   
       
Potential drug-drug 
interactions at discharge 
(N=339)      
  ≥1 92 27.13   
  ≥2 27 7.9   
  ≥3 3 0.8   
  ≥4 1 0.3   
   Median IQR Min Max 
Population Admission 
DDI  0 1 0 4 
Population Discharge 
DDI  0 1 0 4 
       
CFS <4       
Admission DDI  0 1 0 4 
Discharge DDI  0 0.25 0 2 
        
CFS ≥4       
Admission DDI  0 1 0 4 
Discharge DDI   0 1 0 4 

 
 
While there was a statistically significant reduction in potential DDIs in the available 

discharge prescriptions (z = -3.77, n = 339, p < .001) with a small effect size of 0.147. 

The median number of potential drug-drug interactions in both groups was 0. The 

mean (SD) number of potential DDIs at presentation was 0.52 (±0.7) and the mean 
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(SD) number of potential DDIs at discharge was 0.36 (±0.67) there was statistically 

significant reduction in the mean number of potential DDIs at discharge (p=0.01). 

 

The prevalence of each potentially clinically relevant DDIs as identified by the list is 

presented in Table 4.6.  As previously discussed, there was a decrease in potential 

DDIs between admission and discharge. The overall mean reduction in DDI 

prevalence at discharge compared to admission prevalence was 0.98 (SD =2.66). A 

Wilcoxon signed-rank test indicated that DDIs were significantly higher at admission 

than at discharge (z = -3.04, p = 0.0.002]. The most frequently encountered DDI at 

admission was concomitant use of ≥ 3 centrally-acting drugs, affecting 46 patients 

(12.3%), details are shown in Table 4.7. The prevalence of this particular DDI 

decreased to 8.6% at discharge.  DDIs involving drugs that affect potassium were the 

next most prevalent interactions at admission (DDI-65 and DDI-61). While the 

majority of DDIs reduced in prevalence from admission to discharge,), there were 3 

potentially clinically relevant DDIs that increased in prevalence at discharge i.e. (i) 

digoxin + thiazide or loop diuretic, (ii) dabigatran + P-gp inhibitor and (iii) edoxaban 

+ P-gp inhibitor. As described earlier, DDIs were assessed for potential harm using 

serum biochemistry data, presenting history and discharge diagnosis. The results of 

this analysis are demonstrated in Table 4.8.  
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Table 4.6 Potentially Clinically relevant Drug-Drug interactions in Older Adults at Admission and Discharge from an Acute Hospital. 

   On Admission 
(n=373) 

On Discharge 
(n=336)     

    N % N % 
  Total potentially relevant drug-drug interactions 134 35.9 91 27.1 
DDI-1 digoxin + amiodarone 1 0.3 0 0.0 
DDI-2 digoxin + verapamil or diltiazem 0 0 0 0.0 
DDI-3 digoxin + propafenone 0 0 0 0.0 
DDI-4 digoxin + quinidine 0 0 0 0.0 
DDI-5 digoxin + some macrolides (i.e. erythromycin or clarithromycin or azithromycin or roxithromycin or telithromycin) 1 0.3 0 0.0 
DDI-6 digoxin + thiazide or loop diuretic 5 1.3 7 2.1 
DDI-7 vitamin K antagonist + a fibrate 0 0 0 0.0 
DDI-8 vitamin K antagonist + cimetidine 0 0 0 0.0 
DDI-9 vitamin K antagonist + metronidazole 0 0 0 0.0 
DDI-10 vitamin K antagonist + amiodarone 1 0.3 0 0.0 
DDI-11 oral anticoagulant (i.e. vitamin K antagonist or factor Xa inhibitor or direct thrombin inhibitor) + an oral NSAID 3 0.8 0 0.0 
DDI-12 oral anticoagulant + an antiplatelet drug (including aspirin) 9 2.4 8 2.4 
DDI-13 vitamin K antagonist + trimethoprim/sulfamethoxazole 0 0 0 0.0 
DDI-14 vitamin K antagonist + a quinolone 0 0 0 0.0 
DDI-15 vitamin K antagonist + a macrolide 0 0 0 0.0 
DDI-16 dabigatran + a P-gp inhibitor (ketoconazole, itraconazole, verapamil, quinidine, amiodarone, dronedarone, ciclosporin, clarithromycin, erythromycin, ritonavir) 0 0 2 0.6 
DDI-17 edoxaban + a P-gp inhibitor (same list as for DDI-16) 1 0.3 2 0.6 

DDI-18 

rivaroxaban + a P-gp inhibitor or a CYP3A4- inhibitor ‡ (ketoconazole, itraconazole, voriconazole, posaconazole, fluconazole, diltiazem, verapamil, quinidine, 
dronedarone, amiodarone, ciclosporin 
clarithromycin, erythromycin, ritonavir) 2 0.5 1 0.3 

DDI-19 apixaban + a P-gp inhibitor or a CYP3A4- inhibitor ‡ 6 1.6 5 1.5 
DDI-20 antiplatelet drug (including aspirin) + oral NSAID 7 1.9 3 0.9 

DDI-21 
concomitant use of ≥ 2 potassium-sparing drugs (i.e. amiloride, triamterene, eplerenone, spironolactone, ACE inhibitors, ARBs, NSAIDs, 
trimethoprim/sulfamethoxazole) 19 5.1 9 2.7 

DDI-22 ACE inhibitor or ARB or a potassium sparing diuretic + a potassium supplement 0 0 2 0.6 
DDI-23 ACE inhibitor or ARB + an oral NSAID 8 2.1 2 0.6 
DDI-24 diuretic + oral NSAID 8 2.1 0 0.0 
DDI-25 statin + gemfibrozil 0 0 0 0.0 
DDI-26 atorvastatin or simvastatin or lovastatin + verapamil or diltiazem 1 0.3 1 0.3 
DDI-27 simvastatin + amlodipine 4 1.1 0 0.0 
DDI-28 atorvastatin or simvastatin or lovastatin + amiodarone 4 1.1 4 1.2 
DDI-29 atorvastatin or simvastatin or lovastatin + some macrolides (i.e. erythromycin or clarithromycin or roxithromycin or telithromycin) 3 0.8 1 0.3 
DDI-30 calcium channel blocker + a CYP3A4 inhibitor ‡ 0 0 0 0.0 
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DDI-31 isopyramide + some macrolides (i.e. erythromycin, clarithromycin telithromycin) 0 0 0 0.0 
DDI-32 beta-blocker + verapamil or diltiazem 0 0 1 0.3 
DDI-33 procainamide + amiodarone 0 0 0 0.0 
DDI-34 procainamide + trimethoprim 0 0 0 0.0 
DDI-35 furosemide + etacrynic acid 0 0 0 0.0 
DDI-36 concomitant use of ≥ 3 centrally-acting drugs (i.e. opiates or antipsychotics or benzodiazepines/z-drugs or barbiturates or antiepileptics or antidepressants) 46 12.3 29 8.6 
DDI-37 alprazolam or diazepam or midazolam or triazolam or zolpidem or zopiclone + a CYP3A4 inhibitor ‡ 0 0 0 0.0 
DDI-38 SSRI + another serotonergic drug (including tramadol) 4 1.1 4 1.2 
DDI-39 oral NSAID + SSRI or SNRIs 4 1.1 2 0.6 
DDI-40 fluoxetine + tricyclic antidepressant 0 0 0 0.0 
DDI-41 lithium + NSAID 0 0 0 0.0 
DDI-42 lithium + diuretic 0 0 0 0.0 
DDI-43 lithium + ACE inhibitor or an ARB 0 0 0 0.0 
DDI-44 MAO inhibitor (i.e. phenelzine, moclobemide, rasagiline, safinamide, selegiline, linezolid) + sympathomimetic 0 0 0 0.0 
DDI-45 MAO-A inhibitor (i.e. moclobemide) or non-selective MAO inhibitor (i.e. phenelzine or linezolid) + levodopa 0 0 0 0.0 
DDI-46 MAO inhibitor (i.e. phenelzine, moclobemide, rasagiline, safinamide, selegiline, linezolid) + some opioids (i.e. meperidine or fentanyl) 0 0 0 0.0 
DDI-47 MAO inhibitor (i.e. phenelzine, moclobemide, rasagiline, safinamide, selegiline, linezolid) + an antidepressant (particularly a SSRI) 2 0.5 0 0.0 
DDI-48 carbamazepine + verapamil or diltiazem 0 0 0 0.0 
DDI-49 carbamazepine + some macrolides (i.e. erythromycin or clarithromycin or roxithromycin or telithromycin) 0 0 0 0.0 
DDI-50 acetylcholinesterase inhibitor + a drug that reduces heart rate (i.e. antiarrhythmic drugs or beta-blockers or verapamil or diltiazem) 2 0.5 2 0.6 
DDI-51 theophylline + cimetidine 0 0 0 0.0 
DDI-52 theophylline + a quinolone 0 0 0 0.0 
DDI-53 theophylline + some macrolides (i.e. erythromycin or clarithromycin or roxithromycin or telithromycin) 0 0 0 0.0 
DDI-54 theophylline + fluvoxamine 0 0 0 0.0 
DDI-55 thiopurines (e.g. azathioprine) + allopurinol 0 0 0 0.0 
DDI-56 oral or parenteral corticosteroid + an oral NSAID  0 0 0 0.0 
DDI-57 concomitant prescription of ≥ 2 anticholinergic drugs 7 1.9 5 1.5 
DDI-58 ciclosporin + rifampicin 0 0 0 0.0 
DDI-59 ergot alkaloid (e.g. ergotamine) + some macrolides (i.e. erythromycin or clarithromycin or roxithromycin or telithromycin) 0 0 0 0.0 
DDI-60 methotrexate + trimethoprim 0 0 0 0.0 
DDI-61 phosphodiesterase type 5-inhibitor + nitrate 0 0 0 0.0 
DDI-62 tamoxifen + vitamin K antagonist 0 0 0 0.0 
DDI-63 tamoxifen + citalopram or escitalopram 1 0.3 0 0.0 
DDI-64 tamoxifen + paroxetine or fluoxetine or bupropion 0 0 0 0.0 
DDI-65 concomitant prescription of ≥ 2 drugs that reduce potassium (e.g. b2-agonists, thiazides, loop diuretics, corticosteroids) 21 5.6 17 5.1 
DDI-66 SSRI + loop or thiazide diuretic 16 4.3 14 4.2 
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Table 4.7 Most frequently encountered potentially clinically relevant drug-drug interactions 
at admission in a sample of acutely admitted older adults. 

Abbreviations: ACE; angiotensin converting enzyme inhibitor, ARB-angiotensin receptor blocker, NSAID-non-steroidal anti-
inflammatory drug, SSRI-selective serotonin reuptake inhibitor, P-gp- P-glycoprotein 1, CYP3A4- Cytochrome P450 3A4. 
 

There were 36 possible admissions due to a potential harm from a DDI identified using 

the DDI list. The most frequent reason for admission due to potential harm was 

participants experiencing a fall, fracture or impaired cognition while using ≥ 3 

centrally acting drugs Table 4.9. Fourteen admissions could possibly be attributed to 

this particular DDI out of 46 cases where the DDI was present. While 3 admissions 

could have resulted from the concomitant use of an SSRI and a thiazide or loop diuretic 

and 3 further admissions due to deterioration of renal function, hyperkalaemia and 

congestive heart failure in the context of diuretic and oral NSAID use, potential 

DDI 
Number 

Description of Drug-drug interaction     

    N % 
DDI-36 Concomitant use of ≥ 3 centrally-acting drugs (i.e. opiates or antipsychotics or 

benzodiazepines/z-drugs or barbiturates or antiepileptics or antidepressants) 
46 12.3 

DDI-65 Concomitant prescription of ≥ 2 drugs that reduce potassium (e.g. b2-agonists, 
thiazides, loop diuretics, corticosteroids) 

21 5.6 

DDI-21 Concomitant use of ≥ 2 potassium-sparing drugs (i.e. amiloride, triamterene, 
eplerenone, spironolactone, ACE inhibitors, ARBs, NSAIDs, 
trimethoprim/sulfamethoxazole) 

19 5.1 

DDI-66 SSRI + loop or thiazide diuretic 16 4.3 
DDI-12 Oral anticoagulant + an antiplatelet drug (including aspirin) 9 2.4 
DDI-23 ACE inhibitor or ARB + an oral NSAID 8 2.1 
DDI-24 Diuretic + oral NSAID 8 2.1 
DDI-20 Antiplatelet drug (including aspirin) + oral NSAID 7 1.9 
DDI-57 Concomitant prescription of ≥ 2 anticholinergic drugs 7 1.9 
DDI-19 Apixaban + a P-gp inhibitor or a CYP3A4- inhibitor ‡ 6 1.6 
DDI-6 Digoxin + thiazide or loop diuretic 5 1.3 
DDI-27 Simvastatin + amlodipine 4 1.1 
DDI-28 Atorvastatin or simvastatin or lovastatin + amiodarone 4 1.1 
DDI-38 SSRI + another serotonergic drug (including tramadol) 4 1.1 
DDI-39 Oral NSAID + SSRI or SNRIs 4 1.1 
DDI-11 Oral anticoagulant (i.e. vitamin K antagonist or factor Xa inhibitor or direct 

thrombin inhibitor) + an oral NSAID 
3 0.8 

DDI-29 Atorvastatin or simvastatin or lovastatin + some macrolides (i.e. erythromycin 
or clarithromycin or roxithromycin or telithromycin) 

3 0.8 

DDI-18 Rivaroxaban + a P-gp inhibitor or a CYP3A4- inhibitor ‡ (ketoconazole, 
itraconazole, voriconazole, posaconazole, fluconazole, 
diltiazem, verapamil, quinidine, 
dronedarone, amiodarone, ciclosporin,, 
clarithromycin, erythromycin, ritonavir) 

2 0.5 

DDI-47 MAO inhibitor (i.e. phenelzine, moclobemide, rasagiline, safinamide, 
selegiline, linezolid) + an antidepressant (particularly a SSRI) 

2 0.5 

DDI-50 Acetylcholinesterase inhibitor + a drug that reduces heart rate (i.e. 
antiarrhythmic drugs or beta-blockers or verapamil or diltiazem) 

2 0.5 
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interactions that could lead to hyperkalaemia, while prevalent, did not appear to lead 

to admissions due to the potential harm from this interaction. There were 36 DDIs that 

were not present at either admission or discharge.  

Table 4.8 A comparison of total number of potential DDIs and number of possible 
admissions due to potential harm. 
 

DDI 
Number 

Potential harm Number 
of 
Potential 
DDIs 

Possible 
admission due 
to potential 
harm 

DDI 
Number 

Potential harm Number 
of 
Potential 
DDIs 

Possible 
admission due to 
potential harm 

DDI1 Digoxin 
toxicity, that 
may lead to 
potentially fatal 
cardiac 
arrhythmia 

1 0 DDI35 Ototoxicity 
with risk of 
tinnitus, 
reversible or 
irreversible 
hearing 
impairment, 
deafness 

0 0 

DDI2 Digoxin 
toxicity, that 
may lead to 
potentially fatal 
cardiac 
arrhythmia 

0 0 DDI36 Increased risk 
of falls and 
fracture, 
impaired 
cognition 

46 14 

DDI3 Digoxin 
toxicity, that 
may lead to 
potentially fatal 
cardiac 
arrhythmia 

0 0 DDI37 Excessive 
sedation and 
prolonged 
hypnotic effects 

0 0 

DDI4 Digoxin 
toxicity, that 
may lead to 
potentially fatal 
cardiac 
arrhythmia 

0 0 DDI38 Serotonin 
syndrome, with 
tramadol: 
seizures and 
diminished 
therapeutic 
response to 
tramadol 

4 0 

DDI5 Digoxin 
toxicity, that 
may lead to 
potentially fatal 
cardiac 
arrhythmia 

1 1 DDI39 Bleeding, 
gastrointestinal 
bleeding 

4 2 

DDI6 Digoxin 
toxicity,                       
that may lead to 
potentially fatal 
cardiac 
arrhythmia 

5 1 DDI40 Serotonergic 
syndrome 
Tricyclic 
antidepressant 
toxicity, 
including 
cardiac 
arrhythmias  

0 0 

DDI7 Bleeding 0 0 DDI41 Lithium 
toxicity, 
potentially life-
threatening  

0 0 

DDI8 Bleeding 0 0 DDI42 Lithium 
toxicity, 
potentially life-
threatening  

0 0 

DDI9 Bleeding 0 0 DDI43 Lithium 
toxicity, 
potentially life-
threatening  

0 0 

DDI10 Bleeding 1 0 DDI44 Hypertensive 
crisis 

0 0 
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DDI11 Bleeding, 
gastrointestinal 
bleeding and 
toxicity (i.e. 
inflammation, 
ulceration and 
perforation) 

3 0 DDI45 Hypertensive 
crisis 

0 0 

DDI12 Bleeding 9 1 DDI46 Serotonin 
syndrome  

    

DDI13 Bleeding 0 0   Respiratory 
depression, 
cyanosis, 
hypotension 
and coma 

0 0 

DDI14 Bleeding 0 0 DDI47 Serotonin 
syndrome 

2 0 

DDI15 Bleeding 0 0 DDI48 Carbamazepine 
toxicity  

0 0 

DDI16 Bleeding 0 0   Decreased 
therapeutic 
effect of 
verapamil and 
diltiazem 

    

DDI17 Bleeding 1 0 DDI49 Carbamazepine 
toxicity  

0 0 

          Decreased 
macrolide 
efficacy 

    

DDI18 Bleeding 2 1 DDI50 Bradycardia 2 0 
DDI19 Bleeding 6 0 DDI51 Theophylline 

toxicity 
0 0 

DDI20 Bleeding, 
gastrointestinal 
bleeding and 
toxicity (i.e. 
inflammation, 
ulceration and 
perforation) 
With aspirin, 
decreased 
cardioprotective 
effect 

7 3 DDI52 Theophylline 
toxicity 

0 0 

DDI21 Hyperkalaemia 19 0 DDI53 Theophylline 
toxicity  

0 0 

DDI22 Hyperkalaemia 0 0 DDI54 Theophylline 
toxicity 

0 0 

DDI23 Deterioration of 
renal function 
and 
hyperkalaemia 
Altered blood 
pressure control   

8 2 DDI55 Azathioprine 
toxicity 

0 0 

DDI24 Deterioration of 
renal function, 
hyperkalaemia 
and congestive 
heart failure. 
Altered blood 
pressure control 

8 3 DDI56 Gastrointestinal 
ulceration or 
bleeding 

0 0 

DDI25 Severe 
myopathy and 
rhabdomyolysis 
which may lead 
to acute renal 
failure and 
death 

0 0 DDI57 Anticholinergic 
effects 
including 
cognitive 
decline 

7 2 

DDI26 Severe 
myopathy and 
rhabdomyolysis 
which may lead 
to acute renal 
failure and 
death 

1 0 DDI58 Organ rejection 0 0 
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DDI27 Severe 
myopathy and 
rhabdomyolysis 
which may lead 
to acute renal 
failure and 
death 

4 1 DDI59 Ergot toxicity  0 0 

DDI28 Severe 
myopathy and 
rhabdomyolysis 
which may lead 
to acute renal 
failure 

4 0 DDI60 Potentially fatal 
methotrexate 
toxicity  

0 0 

DDI29 Severe 
myopathy and 
rhabdomyolysis 
which may lead 
to acute renal 
failure 

3 0 DDI61 Severe 
hypotension, 
myocardial 
ischemia 

0 0 

DDI30 Increased 
effects of 
calcium 
channel 
blockers  

0 0 DDI62 Bleeding 0 0 

DDI31 Hypoglycaemic 
coma, QT 
prolongation, 
torsade de 
pointes, heart 
block and 
ventricular 
fibrillation 

0 0 DDI63 Ventricular 
arrhythmias, 
torsade de 
pointes and 
sudden death 

1 0 

DDI32 Potentially 
serious 
cardiovascular 
adverse effects 
including 
congestive 
heart failure, 
severe 
hypotension, 
exacerbation of 
angina, 
ventricular 
asystole, sinus 
arrest, heart 
block 

0 0 DDI64 Reduced 
effectiveness of 
tamoxifen 

0 0 

DDI33 (Exacerbation 
of pre-existing) 
arrhythmias and 
QT 
prolongation 

0 0 DDI65 Hypokalaemia, 
QT 
prolongation 
and torsade de 
pointes 

21 2 

DDI34 Cardiac adverse 
effects 
including QT 
prolongation, 
torsade de 
pointes, cardiac 
arrest 

0 0 DDI66 Hyponatraemia, 
orthostatic 
hypotension  

16 3 

 

Daily admission medications were screened using Stockley’s interactions checker, 16 

seriously life-threatening interactions were identified and 229 participants (61.3%) 

had at least one potential DDI. In contrast to the older adults DDI list, there was a 

median of 1 DDI (min = 0, max = 3, IQR =3) and a mean (SD) DDI prevalence of 2 

(±2.81) present at admission.  
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4.3.4 Association between frailty and Drug-Drug Interactions 

A Mann-Whitney U Test revealed no significant difference in the number of 

potentially clinically significant DDIs at admission between non-frail (CFS <4) 

participants (Md=0, n=94) and frail (CFS ≥4) participants (Md=0, n=279) (U=12427, 

z= -.702, p = .48, r = 0.03).  In addition, no significant difference was demonstrated 

between the number of new DDIs during admission and new DDIs on discharge 

between the non-frail and frail participants. 

An independent sample t-test was conducted to compare the number of daily 

admission medications in robust and frail older people. There was a significant 

difference in the mean number of daily medications between robust participants (M = 

6.73, SD = 3.35) and frail participants (M = 8.53, SD = 3.37, t (373) = 3.37, p = .01 

two-tailed).  While at admission robust people were prescribed fewer daily 

medications, their mean number of discharge medications was greater. Again, there 

was a difference in the number of daily medications with robust participants prescribed 

a mean (SD) 9.23 medications (3.36) at discharge compared to a mean (SD) of 8.60 

(3.36) daily medications in frail participants at discharge but this was not statistically 

significant (t (325) =-1.47, p = 0.14 two-tailed). 

The relationship between the number of daily medications at admission and the 

number of daily DDIs was investigated using Spearman’s rank correlation test. A 

significant correlation was not found. However, there was a significant positive 

correlation between the number of discharge medications and the number of discharge 

DDIs (r = 0.324, n = 336, p < 0.01).  
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4.4 Discussion  

This is the first prospective observational study to be carried out using a recently 

validated, international consensus list of potentially clinically significant drug-drug 

interactions (DDIs) in older people (184). The primary aim of the study was to assess 

the prevalence of potentially clinically relevant DDIs in older adults presenting acutely 

to a model 4 tertiary referral hospital (i.e. major teaching hospital) in the south of 

Ireland. The majority of the 373 participants recruited to the study were living with 

frailty and polypharmacy with a mean (SD) CFS score of 4.7 (1.77) and were taking 

an average (SD) of 8.08 (3.45) daily medications on admission. The study participants 

were, in general, also living with a high level of co-morbidity.  There was a relatively 

high prevalence of DDIs detected in the cohort, with 38.9% of participants 

experiencing at least one DDI at admission to hospital.  There was no significant 

difference in DDI prevalence between frail and non-frail participants. It has been well 

established that polypharmacy at discharge from hospital is associated with increased 

mortality and higher re-admission rates (188-191). Perhaps surprisingly, I found that 

while the mean number of medications at discharge increased to more than 8 (i.e. 

8.74+/-3.34), there was a statistically significant reduction in the number of potential 

DDIs in contrast to previous studies (192).  

The prevalence of DDIs in the present study cohort was lower than that in a previous 

observational study by Ocovska et al. (2023) which found a DDI prevalence of 46% 

in older adults aged ≥ 65 years. It was also lower than the prevalence of DDIs detected 

in a sub-study of the OPERAM (OPtimising thERapy to prevent Avoidable hospital 

admissions in Multimorbid older people) clinical trial (54%) (185) involving 

multimorbid older patients with associated polypharmacy presenting to 4 large 

medical centres in Europe. In contrast to the present study, DDI prevalence in 
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OPERAM increased significantly from baseline to discharge but in the control group 

only (P < 0.001).  

One of the areas for concern demonstrated by the present study is the number of older 

people that were using greater than three centrally acting medications who were 

admitted with possible ADR harm related to this DDI. One in 10 study participants 

was exposed to this potential DDI with 30.1% of those exposed to the DDI presenting 

with a fall or new-onset confusion. This observation indicates a particular need for 

increased vigilance to identify and deprescribe these potentially harmful centrally-

acting medications. This DDI was also identified as one of the five most frequent DDIs 

by both of the previous sub-studies.  

The findings from the present study align with those reported by Zerah et al. (2021), 

in that four of the most prevalent DDIs are the same in both studies (Table 4.9). There 

was also agreement across the 3 studies relating to the DDIs that contribute most often 

to acute hospital admission i.e. centrally-acting drugs, drugs affecting renal 

function/serum potassium and drugs contributing to bleeding risk.  
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Table 4.9 Five most frequently encountered DDIs in OPERAM sub-study and current 
study 

Zerah et al., 2021 Current Study 

DDI 65 (prescription of ≥2 drugs that 
reduce potassium) 

DDI 36 (prescription of ≥3 centrally-acting 
drugs) 

DDI 36 (prescription of ≥3 centrally-
acting drugs) 

DDI 65 (prescription of ≥2 drugs that reduce 
potassium) 

DDI 21 (prescription of ≥2 potassium-
sparing drugs) 

DDI 21 (prescription of ≥2 potassium-sparing 
drugs) 

DDI 12 (oral anticoagulant and 
antiplatelet) 

DDI-66 SSRI + loop or thiazide diuretic 

DDI 39 (oral non-steroidal anti-
inflammatory drug and selective 
serotonin reuptake inhibitor or serotonin-
norepinephrine reuptake inhibitor) 

DDI 12 (oral anticoagulant and antiplatelet) 

 

4.4.1 Potential Limitations of this study 

One limitation of the present study is that it was single-centre and smaller scale than 

that of Zerah et al. In addition, recruitment for this study was carried out during the 

Covid-19 pandemic and was limited by contemporaneous infection control protocols 

and visiting restrictions that may have influenced the frailty profile of those patients 

recruited to the study. 

4.4.2 Conclusion  

Previous studies have highlighted a risk that potential DDIs could be over-estimated 

in comparison actual DDI-related harm, leading to some potentially beneficial 

medications not being prescribed for older adults (194, 195) . Use of an explicit DDI 

list validated for older adults could, in theory, reduce this risk. Thirty-nine of the 

consensuses validated 66 DDIs were not identified in the study cohort at either 
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admission or discharge. When the prevalence of DDIs was assessed using Stockley’s 

drug interaction database, not surprisingly a greater prevalence of interactions was 

identified, however many of these interactions required close monitoring or dose 

adjustment rather than drug discontinuation i.e. some drugs were not absolutely 

contraindicated or subjecting study participants to life-threatening interactions. Frailty 

did not affect the prevalence or risk of DDIs for the study participants, highlighting 

the importance of vigilance for DDI’s when prescribing for all older adults, regardless 

of frailty status. 
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CHAPTER 5 
A Novel Screening Tool to Detect Potentially Clinically Relevant Prescribing 

Cascades in Older Adults: STOPPCascade 
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5.1 Introduction 

 

Since the concept was first introduced by Rochon and Gurwitz over two decades ago, 

prescribing cascades have gained increasing recognition as a cause of potentially 

inappropriate polypharmacy. Prescribing cascades occur when an adverse drug event 

(ADE) is misinterpreted as a new symptom or medical condition, with the subsequent 

prescription of another, potentially inappropriate drug to treat that new symptom or 

medical condition (84, 194). Prescribing cascades as a form of inappropriate 

prescribing represent a potentially important public health problem as they lead to 

unnecessary and excessive cost to healthcare systems, can lead to adverse clinical 

outcomes and may result in reduced quality of life for multi-morbid older people (85, 

86). With polypharmacy comes increased risk of drug-drug and drug-disease 

interactions (88, 89). Adverse Drug Events in older adults can be misinterpreted as 

worsening frailty or the onset of new geriatric syndromes due to non-specific 

symptoms. Historically, ADEs in older people have been under-reported in drug trials 

where older people are often underrepresented (90-93) .  

A recently published systematic review which examined 101 studies of prescribing 

cascades in community based adults found that the most commonly described 

prescribing cascades were (i) calcium channel blockers (CCBs) → loop diuretics to 

treat peripheral oedema,  (ii) amiodarone → thyroxine to  treat hypothyroidism,  (iii) 

inhaled corticosteroids → topical antifungal to treat oral candidiasis,  (iv) 

antipsychotics → levodopa to  treat  Parkinsonism,  and  (v) acetylcholinesterase  

inhibitors → antimuscarinics to treat urinary frequency (94). While this study 

specifically looked at cascades in all adults over 18, excluding studies conducted 

solely in nursing homes, residential care, inpatient settings or emergency departments 
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and case reports, it demonstrates a tendency for the most widely known cascades to be 

the most frequently assessed and measured. 

The true overall prevalence of prescribing cascades in multimorbid older people is 

unknown, although individual cascades, evaluated using population database 

information and cohort studies, suggest that cascades occur with relatively high 

frequency particularly in older adults. (95-97). Prescription sequence symmetry 

analysis (PSSA) studies have gained increasing momentum as a detection method in 

pharmacovigilance to rapidly detect and evaluate potential prescribing cascade 

signals. When potential cascade signals are detected, they can serve as a prompt for 

clinical review and clinical process mapping. Such a process has been described as a 

method to screen for cascades when older people presenting with new symptoms that 

might result from cascades (99) (100). At present, the overall extent of prescribing 

cascades as both a clinical problem and as a public health hazard is likely 

underestimated. 

Another challenge that prescribers face is how to intervene when a potential 

prescribing cascade is detected as comprehensive explicit cascade criteria are currently 

lacking. Practical approaches to cascade detection include implicit algorithms that can 

be applied during routine medication review. More recently, an explicit prescribing 

cascades list called ThinkCascades has been published (101). ThinkCascades is a 

concise, a 9-item, international consensus-based list of clinically important prescribing 

cascades which was developed to enhance awareness and clinicians’ recognition of 

common prescribing cascades that may represent inappropriate prescribing during 

routine medication review (101). While this tool may serve to alert prescribers to more 

common prescribing cascades, sceptics may consider the list too narrow spectrum to 
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be of practical clinical value since many other potentially problematic cascades could 

be overlooked. 

In the present study, my primary aim was to develop a broader explicit list of clinically 

relevant prescribing cascades in older adults (called STOPPCascade) in order to 

facilitate their detection during medication review while simultaneously serving as a 

tool that could be applied easily to population databases or electronic medication 

records to screen for the overall prevalence of prescribing cascades. The secondary 

aim of this study was to determine the prevalence of potential prescribing cascades in 

older patients presenting to hospital with acute illness using the STOPPCascade list. 

 

5.2 Methods 

5.2.1 Literature Search 

A structured literature search was carried out of the PubMed, CINAHL and Google 

Scholar databases. The search used the following search terms: Prescribing Cascades 

OR Cascades OR Cascade AND Older Adults OR Adults Over 65 OR Older People 

OR Gero* OR Geri*. All study designs, without limitations, including reviews, 

experimental and observational studies, case series, and case reports were included. I 

also considered published abstracts from scientific meetings in the literature review. 

The initial literature search was designed to be as broad as possible to include as many 

potential prescribing cascades described in the literature as possible. Studies that did 

not include prescribing cascades in the title or the abstract, studies without access to 

the full text article or without access to an English version of the article and studies 

exclusively describing patients aged under 65 years were excluded.  The specified 

patient population was adults aged ≥65 years, included in community-based, hospital-
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based, or residential care-based studies. I also included studies where age was not 

specifically described in the initial literature review.  

Abstracts were screened for articles that did not describe evidence-based cascades in 

older adults and were excluded. Full text articles were subsequently reviewed for 

cascades using inclusion criteria. Clinically relevant cascade criteria that were 

required were:  

• ➢ Drug A prescribed. 

• ➢ Adverse drug event/reaction occurs following introduction of Drug A 

and is misinterpreted as a new medical condition.  

• ➢ Drug B prescribed to treat the misdiagnosed ‘new medical condition’ 

(i.e. the adverse drug event/reaction).  

According to these criteria, a long-list of potential cascades was created and organized 

according to physiological systems as per the STOPP/START criteria for potentially 

inappropriate prescribing (64, 195, 196) using Drug A as the index drug and Drug B 

as the possible cascade response drug presented in an Excel file format with a Likert 

scale. A data file with the source reference material and references was compiled also.  

5.2.2 Adjudication: 

Three academic clinical reviewers with expertise in geriatric pharmacotherapy 

evaluated each individual drug cascade and the associated published evidence to 

support it. The short list was provided to each panellist individually as an Excel® file. 

Taking into account the requirement for standardised quantification of the construct 

of interest, a 5-point Likert scale was utilised to evaluate each cascade for 

inclusion/exclusion in the final list.  
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Each reviewer was asked to consider each individual potential cascade and the 

accompanying evidence along with their own clinical judgement and to score the 

possible cascade from 1 (i.e., strongly disagree) to 5 (i.e. strongly agree) on the Likert 

scale. The question presented to the reviewers relating to each potential cascade was:  

“Do you agree that this Drug A/ADE/Drug B represents a potentially problematic 

cascade?”.  

The panellists were requested to score the potential cascades individually, without 

influence from the other two panellists. Subsequently, each cascade and the Likert 

scale scores were presented at a series of 3 consensus meetings. Potential cascades 

where two or all three reviewers assigned a Likert score of 4 or more were included in 

the final list for STOPPCascade. Where there was disagreement or a need for 

clarification regarding a cascade, the British National Formulary volume 81 (March – 

September 2021) and drug A’s individual Summary of Product Characteristics (SPC) 

were consulted to assess whether the ADE was known to be associated with that drug 

and therefore clinically plausible. Potential cascades that did not reach the threshold 

for inclusion in the final list are shown in Appendix 4. 

5.2.3 Determining the Prevalence of Potential Prescribing Cascades  

The STOPPCascade list of potential prescribing cascades was applied to the database 

of prescribed drugs from the potentially clinically relevant drug-drug interactions in 

older people project. The methodology for data collection is described in detail in 

Chapter 4.  Medication lists were assessed at 3 time points; 

1. Within 48 hours of admission to hospital 

2. During the first 5 days of admission 

3. At discharge.  
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The index drug A was colour coded based on initial timepoint where it was first 

present. In the case of the admission medication list, a prescribing cascade was 

possible if Drug A and Drug B were co-prescribed on admission. For inpatient and 

discharge cascades, a possible cascade was detected if Drug B was prescribed after 

Drug A (‘cascade positive’). If Drug B was present at a timepoint before Drug A was 

prescribed it was ruled out as a possible cascade (‘cascade negative’).  

 

5.3 Results  

5.3.1 Literature Search 

The initial database search identified 2999 records, 174 records were screened criteria 

after duplicates (64) and ineligible records were removed (1262, refereed to non-

medication related cascades such as coagulation cascades, therapeutic cascades in 

TB/HIV treatment and signalling cascades). 132 full text articles were sought for 

review, of which 119 were available.  Full text articles and conference presentation 

abstracts were screened using the inclusion/exclusion criteria with 113 publications 

being used to compile the initial long list of potential prescribing cascades. The 

structured literature search is described in the PRISMA diagram (see Figure 5.1). 
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Figure 5.1. PRISMA Diagram of Structured Literature Search Results(197) 

 

 
5.3.2 Short-List Development 

The 113 publications identified in the literature search were assessed and individual 

prescribing cascades were listed. In total, 283 individual prescribing cascades were 

described in these 113 articles. Some prescribing cascades were described multiple 

times as some of the publications were review articles citing included cascades. For 

example, the calcium channel blocker -> pedal oedema -> diuretic prescribing cascade 

was described in 22 individual articles. In some cases, an individual calcium channel 

blocker was described (mostly amlodipine), in others the drug class was described 
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(mostly dihydropyridines). Duplicate articles were removed. The list of references for 

the included cascades is provided in Appendix 4. Where a drug class and individual 

drug from that class were described as contributing to the same cascade, consolidation 

into the drug class was made according to Anatomical Therapeutic Classification 

(ATC) code unless the cascade was drug-specific rather that a class effect. The 

resulting short list of 131 prescribing cascades with a supporting literature file was 

then presented to the 3 members of the adjudication panel.  

 

5.3.3 Final Cascades List 

A physiological systems-based draft short-list of 131 potential cascades was 

adjudicated by the panel, system-by-system. Seventy-one individual potential 

prescribing cascades met the Likert scale threshold for inclusion and were accepted 

for the STOPPCascade list, involving 40 drugs/drug classes (Table 5.1). In the case 

of some drug classes, multiple prescribing cascades occurred, for example non-

steroidal anti-inflammatory drugs (NSAIDs) were associated with 5 individual 

potential cascades:  

(i) NSAIDs -> Hypertension -> Antihypertensives  

(ii) NSAIDs -> Heartburn -> Proton pump inhibitors  

(iii) NSAIDs -> Nausea -> Metoclopramide/Antiemetics  

(iv) NSAIDs -> Lower Limb Oedema -> Diuretic  

(v) NSAIDs -> Dizziness ->Labyrinthine sedatives.  

The potential prescribing cascades were not present in all physiological system 

categories as in the STOPP/START criteria following review. The physiological 

systems with ≥ 1 cascade included Cardiovascular System, Central Nervous System, 
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Gastrointestinal System, Respiratory System, Musculoskeletal system, and Endocrine 

system. As per the presentation of STOPP/START criteria, analgesic drugs and 

anticholinergic/antimuscarinic drugs were included with a further section added for 

antimicrobial drugs, not previously part of the original STOPP/START list. 

Additionally, after some discussion, the adjudication panel expanded the list of 

potential drug B’s (the drug/drug class arising from the prior side-effects of the 

causative drug A’s) in some cases to standardise the cascades. This is illustrated in the 

antipsychotic -> tremor/movement disorder -> antiparkinsonian drug cascade. The list 

of potential drugs Bs represent all possible drugs that may be prescribed to treat the 

drug-induced parkinsonism ADE. They include the drug classes used in the treatment 

of parkinsonism i.e. dopamine agonists (bromocriptine, pergolide, ropinirole, 

rotigotine, cabergoline), dopamine derivatives (levodopa), amantadine, monoamine 

oxidase B derivatives (selegiline, rasagiline), and anti-cholinergic agents (biperiden, 

procyclidine). This standardised list of drug B’s is applied wherever the ADE is 

tremor/movement disorder. Suggested appropriate clinical actions are also included in 

STOPPCascade to assist clinicians once a prescribing cascade is detected. 
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 Table 5.1 STOPPCascade list of potential Prescribing Cascades in Older Adults 

1. This list serves as a guide to potential prescribing cascades that may occur older adults, it is not intended to replace clinician judgement.  
2. Patient care goals and wishes along with potential drug-drug interactions and drug-disease interactions should be taken into account on an individual basis when 

prescribing or de-prescribing medications 
3. New medications should be commenced at the lowest possible dose and titrated slowly to minimise the risk of adverse reactions. 
4. If patients report new symptoms after commencing a new drug or recent dose change, consider the potential for an adverse drug reaction and carefully consider 

the benefits of continuing therapy with the first medicine.  

 

Cardiovascular System 
 

Drug A ADE Drug B Suggested Action 

1.a C09AA Angiotensin-converting enzyme 
inhibitors e.g., captopril, enalapril, 
lisinopril, perindopril, ramipril 

Dizziness Labyrinthine sedatives (prochlorperazine/ 
betahistine/hyoscine/cinnarizine), antihistamines 
or metoclopramide 

Monitor blood pressure for hypotension and orthostatic hypotension. Consider dose reduction. 

1.b 
 

Cough Cough Suppressant Consider reducing dose or switching to alternative antihypertensive such as an Angiotensin II 
Receptor Blocker. 

   
Inhalers (without diagnosis of asthma) 

 

   
Antibiotic  

 

2.a C07A Beta-Blocking Agents e.g., 
metoprolol, atenolol, bisoprolol, nebivolol, 
timolol, sotalol, propranolol) 

Depression Antidepressants Review initial indication for B-Blocker and duration of treatment 

2.b 
 

Dizziness Labyrinthine sedatives (prochlorperazine/ 
betahistine/hyoscine/cinnarizine), antihistamines 
or metoclopramide 

Monitor heart rate and blood pressure, review initial indication and duration of treatment. Consider 
reducing dose if bradycardia or hypotension present 

2.c 
 

Sexual Dysfunction Phosphodiesterase Inhibitors Consider switch to 3
rd.

 generation B-Blocker such as Nebivolol 

3.a C08CA Dihydropyridine Calcium 
Channel Blockers e.g., Amlodipine, 
nifedipine, nimodipine, lercanidipine, 
felodipine 

Dizziness Labyrinthine sedatives (prochlorperazine/ 
betahistine/hyoscine/cinnarizine), antihistamines 
or metoclopramide 

Monitor blood pressure for hypotension and orthostatic hypotension. Consider dose reduction. 

3.b 
 

Lower Limb Oedema Diuretic Consider switching to alternative antihypertensive therapy  

4 C01AA05 Digoxin Nausea Antiemetics  Check serum digoxin level 
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5.a C03C High Ceiling (Loop) Diuretics Dizziness Labyrinthine sedatives (prochlorperazine/ 
betahistine/hyoscine/cinnarizine), antihistamines 
or metoclopramide 

Monitor blood pressure for hypotension and orthostatic hypotension. Consider dose reduction. May 
need to discontinued if evidence of ototoxicity. 

5.b 
 

LUTS/Incontinence Antimuscarinic/B-agonist/Alpha-blocker Once exacerbation of heart failure is ruled out, consider tapering dose and adjusting administration 
time. 

5.c 
 

Nausea Antiemetics Check serum electrolyte levels (Mg, Ca, K) 

5.d 
 

Nocturnal leg cramps Quinine Sulphate Check serum electrolyte levels (Mg, Ca, K) 

6.a C03A Thiazide Diuretics  Hyperglycaemia Oral Hypoglycaemics Check Serum K, consider whether switch to thiazide-like diuretic or alternative 

diuretic/antihypertensive depending on initial indication 

6.b 
 

Gout/Hyperuricaemia Gout Treatment 

Allopurinol/Colchicine/Febuxostat 

Treatment for asymptomatic hyperuricemia not indicated, consider dose reduction or alternative 

antihypertensive if active gout 

7 C10AB Fibrates Nausea/vomiting Antiemetics Check initial indication (hypertriglyceridemia>4.5mmol/l, pancreatitis or CHD), slow titration, take 

with main meal. Check LFTs and Renal function 

8 H02AA Mineralocorticoids e.g., 

Fludrocortisone 

Hypertension Antihypertensives Assess initial indication for mineralocorticoid and timing of medication 

9.a C01D Vasodilators used in cardiac 

disease e.g., nitrates 

Nausea Antiemetics Monitor blood pressure for hypotension and orthostatic hypotension. Consider dose reduction. 

9.b 
 

Dizziness Labyrinthine sedatives (prochlorperazine/ 

betahistine/hyoscine/cinnarizine), antihistamines 

or metoclopramide 

Monitor blood pressure for hypotension and orthostatic hypotension. Consider dose reduction. 

10 C02CA01 Alpha-adrenoreceptor Antagonist 

e.g. Prazosin 

Urinary Incontinence Oxybutynin Consider switching to alternative antihypertensive therapy  

11.a C10AA HMG-CoA Reductase Inhibitors 

(Statins) 

Dizziness Labyrinthine sedatives (prochlorperazine/ 

betahistine/hyoscine/cinnarizine), antihistamines 

or metoclopramide 

Check LFTs and CK, consider dose reduction. 

11.b 
 

Nocturnal leg cramps Quinine Sulphate Check LFTs and CK, consider dose reduction or challenge/rechallenge/rechallenge. If statin 

required consider Pravastatin or Fluvastain 
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Central Nervous System 
 

Drug A ADE Drug B Suggested Action 

12.a N06DA Anticholinesterases, e.g., 

Donepezil, Rivastigmine, 

Galantamine 

Agitation/aggression/sleep 

disturbance 

Antipsychotic Careful history/collateral history regarding symptoms and recent initiation/dose increase, administer with 

meals to avoid peak blood levels during sleep.  

  
GI Disturbance 

(Nausea/Diarrhoea) 

PPI/Pro-kinetic/Acid Lowering therapy Consider administering with meals, slow titration of Anticholinesterase 

12.b 
 

Anticholinergic anti-diarrhoeal 
 

   
Anticholinergic Antiemetic 

 

12.c 
 

Rhinorrhoea Rhinorrhoea Medications: First generation 

histamine1 (H1)-blockers, second-generation 

H1 

blockers, nasal anticholinergics, nasal 

glucocorticoids, and 

montelukast, a leukotriene antagonist 

Consider dose reduction of Anticholinesterase 

12.d 
 

Urinary Incontinence Anticholinergic/Antimuscarinic/Mirabegron Careful history regarding timing of urinary symptoms, avoid anticholinergic medications 

     

13.a N06DA Selective Serotonin 

Reuptake Inhibitors e.g., 

Fluoxetine, citalopram, sertraline, 

escitalopram 

Gi Disturbance PPI Consider lowest effect dose with small amount of food. If ongoing consider switch to alternative 

antidepressant 

13.b 
 

Tremor Benzodiazepine/Anti-Parkinson Drugs e.g., 

Dopamine agonists (bromocriptine, pergolide, 

ropinirole, rotigotine, cabergoline), Dopamine 

derivatives (Levodopa), Amantadine, 

Monoamine oxidase B derivatives (selegiline, 

rasagiline), Anti-cholinergic agents (biperiden, 

procyclidine), Propranolol 

Assess polypharmacy and other causes of tremor. Use lowest effective dose.  
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14.a N06AX Selective Noradrenaline 

Reuptake inhibitors e.g., 

Duloxetine, Venlafaxine 

Hypertension Antihypertensives Evaluate risk/benefit of SNRI in context of cardiovascular and cerebrovascular risks, consider alternative 

class of antidepressant if appropriate 

14.b 
 

Tremor Benzodiazepine/Anti-Parkinson Drugs e.g., 

Dopamine agonists (bromocriptine, pergolide, 

ropinirole, rotigotine, cabergoline), Dopamine 

derivatives (Levodopa), Amantadine, 

Monoamine oxidase B derivatives (selegiline, 

rasagiline), Anti-cholinergic agents (biperiden, 

procyclidine), Propranolol 

Assess polypharmacy and other causes of tremor. Use lowest effective dose. 

14.c 
 

Migraine Analgesia 
 

     

15.a N06AA Tri-cyclic 

antidepressants, e.g., 

Amitriptyline/Nortriptyline/Doxepin 

Constipation Laxatives Evaluate initial indication for Tri-cyclic antidepressant. Consider down titration if possible. Increase 

activity level, fluid intake and dietary fibre intake 

15.c 
 

Urinary Retention Tamsulosin Evaluate initial indication for Tri-cyclic antidepressant. Consider down titration if possible or switch to 

alternative antidepressant. 

15.d 
 

Cognitive impairment Cholinesterase inhibitor Evaluate initial indication for Tri-cyclic antidepressant. Consider down titration if possible.  

16 N06AX12 Bupropion Insomnia Mirtazapine/Hypnotics Consider morning administration and switch to sustained release or extended-release formulations.  

17 N06AX05 Trazodone Hypertension Antihypertensives Evaluate initial indication. Consider slow down titration and switch to alternative if appropriate. 

18 N03AG01 Valproic Acid Tremor Anti-Parkinson Drugs e.g., dopamine agonists 

(bromocriptine, pergolide, ropinirole, 

rotigotine, cabergoline), dopamine derivatives 

(Levodopa), amantadine, monoamine oxidase 

B derivatives (selegiline, rasagiline), anti-

cholinergic agents (biperiden, procyclidine), 

beta-blockers, primidone, gabapentin 

Tremor can worsen with longer duration of therapy and higher doses, if withdrawal not appropriate, 

consider minimum effective dose or switch to alternative anti-epileptic, levetiracetam or carbamazepine. 
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19.a N05A Antipsychotics 

e.g., haloperidol, phenothiazines, 

olanzapine, quetiapine risperidone, 

Levosulpride) 

Extrapyramidal Symptoms, 

Parkinsonism, Movement 

Disorder, tremor 

Anti-Parkinson Drugs e.g., dopamine agonists 

(bromocriptine, pergolide, ropinirole, 

rotigotine, cabergoline), dopamine derivatives 

(Levodopa), amantadine, monoamine oxidase 

B derivatives (selegiline, rasagiline), anti-

cholinergic agents (biperiden, procyclidine) 

Evaluate initial indication for antipsychotic. Consider dose reduction or switch to atypical 

antipsychotic/antipsychotic with lower risk. 

19.b 
 

Dizziness Labyrinthine sedatives (prochlorperazine/ 

betahistine/hyoscine/cinnarizine), 

antihistamines or metoclopramide 

Evaluate initial indication for antipsychotic. Monitor lying/standing blood pressure. Check for QTc 

prolongation. If Orthostatic Hypotension present, consider dose adjustment, timing adjustment and 

maintain adequate hydration. 

20 N04BC Dopamine Agonists Lower Limb Oedema Diuretic Consider dose reduction and compensatory increase in L-Dopa 

21 N04 Anti-Parkinson Drugs e.g., 

dopamine agonists (bromocriptine, 

pergolide, ropinirole, rotigotine, 

cabergoline), dopamine derivatives 

(Levodopa), amantadine, 

monoamine oxidase B derivatives 

(selegiline, rasagiline), anti-

cholinergic agents (biperiden, 

procyclidine) 

Behavioural 

Disturbance/Psychosis 

Antipsychotics Consider stopping anticholinergic agents, dose reduction of dopaminergic agents to lowest effective dose of 

L-Dopa. 

     

22 N05C Hypnotics/Sedatives (Z-

drugs/benzodiazepines) 

Dizziness Labyrinthine sedatives (prochlorperazine/ 

betahistine/hyoscine/cinnarizine), 

antihistamines or metoclopramide 

Consider reducing dose or stopping sedative/hypnotic. Monitor supine and standing blood pressure. 

23 N05AN Lithium Tremor Anti-Parkinson Drugs e.g., dopamine agonists 

(bromocriptine, pergolide, ropinirole, 

rotigotine, cabergoline), dopamine derivatives 

(Levodopa), amantadine, monoamine oxidase 

B derivatives (selegiline, rasagiline), anti-

cholinergic agents (biperiden, procyclidine) 

Check serum lithium level, assess drugs that interact with lithium. Consider dose reduction of withdrawal if 

appropriate. 
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Gastrointestinal System 

   

     

 
Drug A ADE Drug B Suggested Action 

24.a A03FA01/N05AB04 

Metoclopramide/Prochlorperazine  

Extrapyramidal 

symptoms/movement 

disorder/parkinsonism 

Anti-Parkinson Drugs e.g., dopamine agonists 

(bromocriptine, pergolide, ropinirole, 

rotigotine, cabergoline), dopamine derivatives 

(Levodopa), amantadine, Monoamine oxidase 

B derivatives (selegiline, rasagiline), anti-

cholinergic agents (biperiden, procyclidine, 

benztropine, trihexylphenadine), Levodopa, 

dopamine agonists 

Consider stopping or changing to serotonin antagonist such as ondansetron. 

   
 

 

24.b 
 

Diarrhoea Loperamide 
 

25.a A02BC Proton Pump Inhibitors 

e.g., Pantoprazole, esomeprazole, 

omeprazole, rabeprazole, 

pantoprazole, lansoprazole 

Hypomagnesemia Magnesium replacement therapy Evaluate initial indication for PPI, consider stopping or dose reduction, re-check serum 

magnesium post-cessation.  

25.b 
 

Vit B12 deficiency Vit B12 replacement therapy Evaluate initial indication for PPI, consider stopping or dose reduction, re-check serum B12 post-

cessation 

26 A06A Drugs for Constipation Diarrhoea Loperamide Assess for overflow diarrhoea, stop drugs for constipation/reduce frequency 
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Respiratory System 

     
 

Drug A ADE Drug B 
 

27 R03DA Methylxanthines e.g., 

theophylline 

Nausea Metoclopramide/Antiemetics Check serum theophylline level. Consider dose reduction/withdrawal of 

theophylline. 

28 R03AC Long-Acting Beta-Agonist Nocturnal Leg Cramps Quinine sulphate Check serum potassium levels, consider reduction, substitution, or 

discontinuation. 

     

 Musculoskeletal System  
   

     

 
Drug A ADE Drug B 

 

29.a M01A non-steroidal anti-inflammatory 

drugs 

Hypertension Antihypertensives Evaluate initial indication for NSAID, consider substitution or 

discontinuation on those with high cardiovascular or cerebrovascular 

risk.  

29.b 
 

Heartburn PPI Stop NSAID, if symptoms ongoing consider further investigation. 

29.c 
 

Nausea Metoclopramide/Antiemetics If drug cannot be reduced or discontinued try taking with water or food. 

29.d 
 

Lower Limb Oedema Diuretic In absence of heart failure, oedema is generally mild and tends to 

resolve on discontinuation of NSAID. 

29.e 
 

Dizziness Labyrinthine sedatives (prochlorperazine/ 

betahistine/hyoscine/cinnarizine), antihistamines or 

metoclopramide 

Stop NSAID, assess for evidence of ototoxicity. 

30 N02BF Gabapentinoid, e.g., gabapentin, 

pregabalin 

Lower Limb Oedema Diuretic Evaluate initial indication for Gabapentinoid, consider reducing dose, 

discontinuation or substitution. 
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31.a H02AB Glucocorticoids e.g., 

prednisolone, hydrocortisone, 

dexamethasone 

Uncontrolled 

hypertension 

Antihypertensives  Use smallest effective dose of steroid at shortest duration. Consider 

steroid sparing agents if appropriate. 

31.b 
 

Dyspepsia PPI Consider drug discontinuation and investigation of underlying 

pathology.  

31.c 
 

Nausea Metoclopramide/antiemetics If drug cannot be reduced or discontinued try taking with water or food. 

31.d 
 

Psychosis Antipsychotics  Use smallest effective dose for shortest duration possible if steroids 

cannot be discontinued. 

31.e 
 

Hyperglycaemia Anti-diabetics  Monitor glucose levels/HbA1c once to steroids have stopped as 

antidiabetics may require down titration. 

32 M05BA08 Zoledronic Acid Fever Antibiotics Patient reassurance and education pre-administration, paracetamol if 

discomfort.  

     

 

 Endocrine System 

   

     

 
Drug A ADE Drug B 

 

33 A10BA02 Metformin Vit B12 deficiency Vit B12  Discontinuation of Metformin in refractory cases non- responsive 

to intramuscular or crystalline cobalamin may be required. 
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 Analgesic Drugs 
     

 
Drug A ADE Drug B 

 

34.a N02A Opioid Analgesics Confusion/sedation Rivastigmine Reduce or discontinue opioid analgesic, ensure adequate 

hydration. 

34.b 
 

Urinary Retention Tamsulosin Assess for constipation, consider reducing or discontinuing opioid. 

34.c 
 

Delirium Antipsychotic Reduce or discontinue opioid analgesic, ensure adequate 

hydration. 

35 N02BF02 Pregabalin Confusion/Sedation Rivastigmine Review initial indication. Monitor renal function, consider 

reducing dose or discontinuing pregabalin. 

36 N02AX02 Tramadol Dizziness  Labyrinthine sedatives e.g., 

metoclopramide/prochlorperazine/antihistamines 

Stop tramadol. Consider alternative analgesic. 

     

Antimuscarinic/Anticholinergic 

Drug Burden 

   

     

 
Drug A ADE Drug B 

 

37 Anticholinergics* GI disturbance Proton pump inhibitors Avoid strongly anticholinergic medications in older adults. 

38 R06AE03/A03FA01/R06AE02 

Anticholinergic Antiemetics 

Urinary retention Alpha blockers Avoid strongly anticholinergic medications in older adults. 

 

 

 

Antimicrobial Drugs 
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Drug A ADE Drug B 

 

39.a J01 Antibiotics for systemic use Diarrhoea Dicyclomine/antidiarrheal drug (e.g. loperamide, codeine 

phosphate) 

If antiemetics are necessary, ensure drugs are not continued 

beyond antibiotic course duration.  

39.b 
 

Nausea Antiemetic/metoclopramide If antiemetics are necessary, ensure drugs are not continued 

beyond antibiotic course duration. 

40 J01DH Carbapenem antibiotics Seizure Lorazepam/anti-epileptics Consider switching to alternative antibiotic if appropriate. Ensure 

antiepileptic medications are not continued beyond antibiotic 

course duration. 

*Anticholinergics were defined using list published by Duran et al. (2013) (198) 
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5.3.4 Prevalence of Prescribing Cascades  

The STOPPCascade criteria were applied to the medication lists of the 373-patient cohort 

described in detail in Chapter 4 of this thesis. These patients were older, multimorbid and 

experiencing polypharmacy and presenting to hospital with unselected acute illnesses of 

various kinds. A total of 70.85% percent of these participants (265 patients) were exposed 

to at least one potential prescribing cascade as defined by the STOPPCascade list during 

their admission. The median number of potential prescribing cascades per patient was 1 

(Min 0, Max 13, IQR=3). 662 potential prescribing cascades were identified among these 

373 patients. 125 new potential prescribing cascades occurred during the initial 72 hours 

of admission and 537 new potential prescribing cascades were detected in the discharge 

medication lists.  Table 5.2 provides specific details of the various STOPPCascade-

defined potential prescribing cascades identified in this patient cohort. 

The prevalence of each individual potential prescribing cascade , during admission and 

on discharge are shown in Table 5.2. The most frequently encountered potential cascade 

at was anticholinergics -> gastrointestinal disturbance -> proton pump inhibitor (16.06%), 

the most common new cascade on discharge was glucocorticoids ->uncontrolled 

hypertension -> new antihypertensive(s). The most frequently identified potential 

prescribing cascades across both timepoints are detailed in Table 5.3. At admission, there 

were 492 incidences of co-prescribing where STOPPCascade defined index drug a and 

drug b were co-prescribed. As the temporal relationship of drug, a and b prescription was 

not available at this timepoint, these could not be adjudicated as potential prescribing 

cascade. 
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Table 5.2 Prevalence of STOPPCascade defined cascades in older adults admitted acutely to hospital.  

                 
New During 
Admission New on Discharge 

Cascade Number                N=355 % N=336 % 
             
1.a Angiotensin-converting enzyme inhibitors → Dizziness → Labyrinthine sedatives), antihistamines or metoclopramide 4 1.00% 7 2.00% 
1.b Angiotensin-converting enzyme inhibitors → Cough → Cough Suppressant/Inhalers/Antibiotics 16 4.00% 11 3.00% 
2.a Beta-Blocking Agents → Depression → Antidepressants 1 0.00% 46 12.00% 
2.b Beta-Blocking Agents → Dizziness → Labyrinthine sedatives antihistamines or metoclopramide 11 3.00% 12 3.00% 
2.c Beta-Blocking Agents →Sexual Dysfunction → Phosphodiesterase Inhibitors 0 0.00% 0 0.00% 
3.a Dihydropyridine Calcium Channel Blockers → Dizziness → Labyrinthine sedatives, antihistamines or metoclopramide 4 1.00% 6 2.00% 
3.b Dihydropyridine Calcium Channel Blockers → Lower Limb Oedema → Diuretics 7 2.00% 26 7.00% 
4  Digoxin → Nausea → Antiemetics  0 0.00% 1 0.00% 
5.a High Ceiling (Loop) Diuretics → Dizziness → Labyrinthine sedatives, antihistamines or metoclopramide 6 2.00% 6 2.00% 
5.b High Ceiling (Loop) Diuretics → LUTS/Incontinence → Antimuscarinic/B-agonist/Alpha-blocker 0 0.00% 21 6.00% 
5.c High Ceiling (Loop) Diuretics → Nausea→ Antiemetics  1 0.00% 2 1.00% 
5.b  High Ceiling (Loop) Diuretics → Nocturnal leg cramps → Quinine Sulphate 0 0.00% 4 1.00% 
6.a Thiazide Diuretics → Hyperglycaemia → Oral Hypoglycaemics   0 0.00% 4 1.00% 
6.b Thiazide Diuretics → Gout/Hyperuricaemia → Gout Treatment  0 0.00% 5 1.00% 
7  Fibrates → Nausea/Vomiting → Antiemetics 0 0.00% 0 0.00% 
8 Mineralocorticoids → Hypertension → Antihypertensives 0 0.00% 0 0.00% 
9.a Vasodilators used in cardiac disease → Nausea → Antiemetics 0 0.00% 1 0.00% 
9.b Vasodilators used in cardiac disease → Dizziness → Labyrinthine sedatives, antihistamines or metoclopramide   2 1.00% 0 0.00% 
10 Alpha-adrenoreceptor Antagonist → Urinary Incontinence → Oxybutynin 0 0.00% 0 0.00% 
11.a HMG CoA Reductase Inhibitors   → Dizziness → Labyrinthine sedatives, antihistamines or metoclopramide  9 2.00% 11 3.00% 
11.b HMG CoA Reductase Inhibitors → Nocturnal leg cramps → Quinine Sulphate 0 0.00% 6 2.00% 
12.a Anticholinesterases → Agitation/Aggression/Sleep disturbance → Antipsychotic   1 0.00% 0 0.00% 

12.b Anticholinesterases → GI Disturbance (Nausea/Diarrhoea) → PPI/Pro-kinetic, Acid lowering therapy, Anticholinergic anti-
diarrhoeal, Anticholinergic antiemetic  0 0.00% 3 1.00% 

12.c Anticholinesterases → Rhinorrhoea → Rhinorrhoea Medications 0 0.00% 4 1.00% 
12.d Anticholinesterases → Urinary Incontinence → Anticholinergic/Antimuscarinic/Mirabegron  0 0.00% 1 0.00% 
13.a Selective Serotonin Reuptake Inhibitor → Gi Disturbance → PPI 0 0.00% 19 5.00% 

13.b Selective Serotonin Reuptake Inhibitor → Tremor → Benzodiazepine/Anti-Parkinson Drugs, Anti-cholinergic agents, 
Propranolol 0 0.00% 20 5.00% 

14.a Selective Noradrenaline Reuptake inhibitors → Hypertension → Antihypertensives  3 1.00% 31 8.00% 

14.b Selective Noradrenaline Reuptake inhibitors → Tremor → Benzodiazepine/Anti-Parkinson Drugs/ Anti-cholinergic agents 
or Propranolol 4 1.00% 26 7.00% 

14.c Selective Noradrenaline Reuptake inhibitors → Migraine → Analgesia 7 2.00% 18 5.00% 
15.a Tri-cyclic antidepressants →Constipation → Laxatives 2 1.00% 10 3.00% 
15.b Tri-cyclic antidepressants → Tremor → Benzodiazepine/Anti-Parkinson Drugs/ Anti-cholinergic agents or Propranolol  0 0.00% 1 0.00% 
15.c Tri-cyclic antidepressants → Migraine → Analgesia 0 0.00% 2 1.00% 
16 Bupropion → Insomnia → Mirtazapine/Hypnotics 0 0.00% 0 0.00% 
17 Trazodone → Hypertension → Antihypertensives 0 0.00% 0 0.00% 
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18 Valproic Acid →Tremor→ Anti-Parkinson Drugs, anti-cholinergic agents, propranolol, primidone, gabapentin 0 0.00% 3 1.00% 

19.a Antipsychotics → Extrapyramidal Symptoms, Parkinsonism or Tremor → Anti-Parkinson Drugs, Anti-cholinergic agents, 
Propranolol 0 0.00% 5 1.00% 

19.b Antipsychotics → Dizziness → Labyrinthine sedatives, antihistamines or metoclopramide  1 0.00% 4 1.00% 
20 Dopamine Agonists → Lower Limb Oedema → Diuretic 0 0.00% 3 1.00% 
21 Anti-Parkinson Drugs → Behavioural Disturbance/Psychosis → Antipsychotics 0 0.00% 1 0.00% 
22 Hypnotics/Sedatives → Dizziness → Labyrinthine sedatives, Antihistamines or Metoclopramide  2 1.00% 2 1.00% 
23 Lithium → Tremor → Anti-Parkinson Drugs or anti-cholinergic agents 0 0.00% 0 0.00% 
24.a Metoclopramide/Prochlorperazine → Diarrhoea → Loperamide 0 0.00% 1 0.00% 

24.b Metoclopramide/Prochlorperazine → Extrapyramidal symptoms/Movement disorder/Parkinsonism → Anti-Parkinson 
Drugs or Anti-cholinergic agents 0 0.00% 0 0.00% 

25.a Proton Pump Inhibitors → Hypomagnesemia → Magnesium replacement therapy 4 1.00% 6 2.00% 
25.b Proton Pump Inhibitors → Vit B12 deficiency →Vit B12 replacement therapy 2 1.00% 14 4.00% 
26 Drugs for Constipation →Diarrhoea →Loperamide 0 0.00% 1 0.00% 
27 Methylxanthines →Nausea →Metoclopramide/Antiemetics 0 0.00% 0 0.00% 
28 Long-Acting Beta-Agonist →Nocturnal Leg Cramps →Quinine sulphate  0 0.00% 1 0.00% 
29.a Non-steroidal anti-inflammatory drugs → Hypertension →Antihypertensives 2 1.00% 8 2.00% 
29.b Non-steroidal anti-inflammatory drugs →Heartburn →PPI  2 1.00% 10 3.00% 
29.c Non-steroidal anti-inflammatory drugs → Nausea →Metoclopramide/Antiemetics 0 0.00% 0 0.00% 
29.d Non-steroidal anti-inflammatory drugs →Lower Limb Oedema →Diuretic 3 1.00% 5 1.00% 
29.e Non-steroidal anti-inflammatory drugs → Dizziness →Labyrinthine sedatives, antihistamines or metoclopramide 0 0.00% 0 0.00% 
30 Gabapentinoid →Lower Limb Oedema →Diuretic 3 1.00% 9 2.00% 
31.a Glucocorticoids →Uncontrolled hypertension →Antihypertensives  3 1.00% 52 14.00% 
31.b Glucocorticoids →Dyspepsia →PPI 2 1.00% 20 5.00% 
31.c Glucocorticoids →Nausea →Metoclopramide/antiemetics 3 1.00% 2 1.00% 
31.d Glucocorticoids → Psychosis →Antipsychotics  1 0.00% 4 1.00% 
31.e Glucocorticoids →Hyperglycaemia →Anti-diabetics 0 0.00% 0 0.00% 
32 Zoledronic Acid →Fever →Antibiotics 0 0.00% 0 0.00% 
33 Metformin →Vit B12 deficiency →Vit B12  1 0.00% 3 1.00% 
34.a Opioid Analgesics →Confusion/sedation →Rivastigmine 1 0.00% 4 1.00% 
34.b Opioid Analgesics →Urinary Retention →Tamsulosin 0 0.00% 11 3.00% 
34.c Opioid Analgesics →Delirium →Antipsychotic 0 0.00% 9 2.00% 
35 Pregabalin →Confusion/Sedation →Rivastigmine 0 0.00% 1 0.00% 
36 Tramadol→ Dizziness →Labyrinthine sedatives, antihistamines or metoclopramide 1 0.00% 0 0.00% 
37 Anticholinergics → GI disturbance →PPI  10 3.00% 50 13.00% 
38 Anticholinergic Antiemetics →Urinary retention →Alpha blocker 0 0.00% 2 1.00% 
39.a Antibiotics for systemic use →Diarrhoea →Dicyclomine/antidiarrheal 0 0.00% 2 1.00% 
39.b Antibiotics for systemic use → Nausea →Antiemetic/metoclopramide 6 2.00% 1 0.00% 
40 Carbapenem antibiotics →Seizure →Lorazepam/anti-epileptics 0 0.00% 1 0.00% 
Total Number of Potential Cascades 125   537   
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Table 5.3 Most frequent prescribing cascades as defined by the STOPPCascade list 

New During Admission (up to day 5) 

Cascade Number N % 
1.b Angiotensin-converting enzyme inhibitors → Cough → Cough Suppressant/Inhalers/Antibiotics 16 4% 
2.b Beta-Blocking Agents → Dizziness → Labyrinthine sedatives antihistamines or metoclopramide 11 3% 
37 Anticholinergics → GI disturbance →PPI 10 3% 
11.a HMG CoA Reductase Inhibitors   → Dizziness → Labyrinthine sedatives, antihistamines or 
metoclopramide  9 2% 

3.b Dihydropyridine Calcium Channel Blockers → Lower Limb Oedema → Diuretics 7 2% 
14.c Selective Noradrenaline Reuptake inhibitors → Migraine → Analgesia 7 2% 
5.a High Ceiling (Loop) Diuretics → Dizziness → Labyrinthine sedatives, antihistamines or metoclopramide 6 2% 
39.b High Ceiling (Loop) Diuretics → LUTS/Incontinence → Antimuscarinic/B-agonist/Alpha-blocker 6 2% 
1.a Angiotensin-converting enzyme inhibitors → Dizziness → Labyrinthine sedatives, antihistamines or 
metoclopramide 4 1% 

3.a Dihydropyridine Calcium Channel Blockers → Dizziness → Labyrinthine sedatives, antihistamines or 
metoclopramide 4 1% 

On Discharge 

Cascade Number N % 
31.a Glucocorticoids →Uncontrolled hypertension →Antihypertensives  52 14% 
37 Anticholinergics → GI disturbance →PPI 50 13% 
2.a Beta-Blocking Agents → Depression → Antidepressants 46 12% 
14.a Selective Noradrenaline Reuptake inhibitors → Hypertension → Antihypertensives  31 8% 
3.b Dihydropyridine Calcium Channel Blockers → Lower Limb Oedema → Diuretics 26 7% 
14.b Selective Noradrenaline Reuptake inhibitors → Tremor → Benzodiazepine/Anti-Parkinson Drugs/ Anti-
cholinergic agents or Propranolol 26 7% 

5.b High Ceiling (Loop) Diuretics → LUTS/Incontinence → Antimuscarinic-agonist or Alpha-blocker 21 6% 
13.b Selective Serotonin Reuptake Inhibitor → Tremor→ Benzodiazepine, Anti-Parkinson Drugs, Anti-
cholinergic agents, Propranolol 20 5% 

31.b Glucocorticoids →Dyspepsia →PPI 20 5% 
13.a Selective Serotonin Reuptake Inhibitor → Gi Disturbance → PPI 19 5% 

 

The 5 most prevalent prescribing cascades involved 5 index drugs; anticholinergics, 

glucocorticoids, beta-blockers, selective-noradrenaline reuptake inhibitors and 

calcium channel blockers. 
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5.5 Discussion 

To detect and quantify the overall prevalence and severity of prescribing cascades, a 

less well-known form of potentially inappropriate prescribing, a detection tool based 

on published explicit prescribing cascades was needed. The STOPPCascade list 

attempts to address this need. We anticipated that by applying this tool prospectively, 

some insight into the prevalence of individual cascades among older multimorbid 

people in hospital would be gained, resulting in some cascades being excluded in 

favour of more prevalent novel cascades over time. The overall prevalence of 

STOPPCascade-defined potential prescribing cascades was unexpectedly high. By 

applying STOPPCascade criteria, 7 out of 10 older adults studied were exposed at least 

one potential prescribing cascade on presentation or during their hospital admission.  

 

5.5.1 Potential Limitations in this Study 

In relation to some cascades, although noted from clinical experience, they did not 

have any published supporting case studies and were therefore excluded based on the 

methodology used for this list. There is the potential that some clinically relevant 

prescribing cascades could be underreported in this project. This highlights the 

importance of clinicians identifying and publishing case reports to highlight emerging 

potential prescribing cascades. By including a wide literature base, the low quality of 

evidence for some cascades is acknowledged. Also acknowledged is the fact that the 

patient sample size was not specifically powered for detection of prescribing cascades, 

but rather for detection of drug-drug interactions. However given the relatively low 

overall quantity and quality of publications detailing individual prescribing cascades, 
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the initial evidence base examined was purposefully as broad as possible. Finally, as 

the cascade list was applied to a pre-existing database, the number of patients in the 

prevalence study was not specifically powered for the detection of cascades.  

 

5.6 Conclusions 

In the present study, I focused on potentially inappropriate and clinically relevant 

cascades (199). With STOPPCascade criteria, my aim was to produce a potential 

prescribing cascades screening tool to help clinicians to identify potential cascades in 

older patients’ medication lists both at transitions of care and during routine 

medication review. I also anticipate that STOPPCascade could be used to screen large 

populations retrospectively for cascades and could form the basis for prospective 

longitudinal cohort studies where cause and effect can be more clearly adjudicated.   

Given that lists of explicit prescribing cascades have been absent from the literature 

until recently, comparisons will inevitably be drawn between STOPPCascade and the 

recently published ThinkCascades tool (101). However, STOPPCascade should be 

seen as a companion tool that can be utilised when more in-depth exploration of 

cascades is required. The intention is that explicit cascades list like STOPPCascade 

are applied during medication review in multimorbid older people with associated 

polypharmacy as a means of detection of potential cascades which then require further 

careful analysis of prescribing sequence, drug B indication and careful consideration 

of drug B deprescribing, if appropriate and safe to do so. 
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Identification and deprescribing of potentially inappropriate medications have been 

shown to provide clinical benefit for affected patients through reduction in pill burden 

and potentially deleterious drug-drug interactions. Appropriate deprescribing of 

adverse medication also has an economic benefit by reducing iatrogenic morbidity and 

excess healthcare utilization (200-202). Given that the median number of 

STOPPCascade-defined potential prescribing cascades per patient was 3 in the present 

study, there appears to be a real clinical need to screen not only for potential adverse 

drug-drug interactions and excessive polypharmacy but also for potential adverse 

inappropriate cascades as a way of improving the safety of polypharmacy in older 

people with multimorbidity. It must be noted that only one of the most prevalent 

potential prescribing cascades identified using STOPPCascade would have been 

detected using ThinkCascades i.e. calcium channel blocker > pedal oedema > diuretic.  

The STOPPCascade list consists of 71 explicit potential prescribing cascades in older 

adults. This list aims to serve as a guide to detection of true, inappropriate prescribing 

cascades that may occur older adults, particularly those with multimorbidity and 

associated polypharmacy. However, as with all explicit prescribing criteria, it is not 

intended to replace clinical judgement. Individual patient care goals and preferences 

along with potential drug-drug interactions and drug-disease interactions should be 

taken into account when prescribing or de-prescribing medications that may possibly 

represent prescribing cascades. If patients report new symptoms after commencing a 

new drug or recent dose change, prescribers should consider the possibility of an 

adverse drug reaction and carefully consider the benefits and potential hazards of 
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continuing therapy with the first drug before prescribing a new medication to treat the 

new symptoms.   
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CHAPTER 6 
 Summary & Conclusions  
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The work described in this thesis focused on the relationship between frailty and 

potentially inappropriate prescribing in older adults, acknowledging that 

pharmacotherapy in older people requires an understanding of the pharmacokinetic 

and pharmacodynamic changes that accompany the aging process. It also demands 

awareness of the physiological changes that could be attributed to frailty and that may 

predispose to adverse medication-related outcomes.  For the purposes of this body of 

work, I expanded the definition of potentially inappropriate prescribing to include 

drug-drug interactions, falls risk-increasing drug (FRID) exposure and potential 

prescribing cascades. In total, 936 participants were studied for this thesis across three 

prospective, prevalence studies.   

In Chapter 1, I explored the definitions of frailty and critically assessed the models 

and concepts of frailty in the published literature that can be used to understand and 

measure frailty in late life.  I concluded that identification of frailty by clinicians 

should be seen as an important trigger for structured medication review to guide both 

prescriber and patient towards greater focus on individual treatment goals. I proposed 

that changes in frailty status or accumulation of new deficits may be attributable to 

medication use and should trigger further analysis of patients’ pharmacotherapy 

including long term medications that may no longer be necessary or appropriate as a 

patient loses physiological reserve. 

In Chapter 2, I examined the association between frailty and potentially inappropriate 

prescribing (PIP) as defined by STOPP/START Version 2 criteria in a population of 

acutely hospitalised older adults. In Chapter 3, I explored the prevalence of falls risk 

increasing drug (FRID) use in older people who have experienced a fall in the previous 
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12 months. As part of the expanding the definition of PIP in Chapter 4, I evaluated the 

prevalence of potential DDIs in a cohort of acutely hospitalised older adults. Finally, 

in Chapter 5, I described the development of an explicit list of prescribing cascades 

based on the published literature and expert opinion and applied this explicit cascade 

list to investigate the prevalence of potential cascades at admission and discharge from 

hospital in multimorbid older people hospitalized with acute illness.  Based on the 

findings from the work completed in this thesis, I concluded that measured frailty is 

an important factor when considering new medication choices, when reviewing 

existing medications and when considering deprescribing decisions in older adults 

with limited life expectancy.  

 

6.1 Frailty 

Measured frailty was highly prevalent across all 3 prospective observational studies.  

Frailty was measured using the Frail-VIG index, Clinical Frailty Scale (CFS) Version 

1 and Clinical Frailty Scale Version 2 (186, 203, 204). The core difference between 

CFS version 1 and CFS version 2 was the recategorization of CFS level 4 from 

“vulnerable” to “living with mild frailty”, this had the effect of increasing the 

prevalence of frailty across the population of older adults in the final study where CFS 

version 2 was used to identify frailty. There were also some variabilities in the 

prevalence of frailty and severe frailty depending on whether the CFS or the Frail-VIG 

index was used in Chapter 2. The prevalence of frailty varied from 52.6% (Frail-VIG, 

Chapter 2) to 74.8% in Chapter 4 (CFS Version 2). There was a significant variation 

in the prevalence of severe frailty across the studies, with a range of 2.3% (Frail-VIG) 
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to 14.2% (CFS, drug-drug interactions study). This may possibly be explained by a 

change in infection control restrictions observed in the latter study, allowing the 

recruitment of frailer participants if a proxy was available to provide consent to 

participation. It does however highlight the importance of selecting a frailty 

measurement tool that has adequate sensitivity to identify severely frail people for the 

purpose of guiding deprescribing decisions. 

 

Table 6.1. Prevalence of frailty across the three studies included in this thesis. 

Study Name Frailty Prevalence Frail-

VIG Index 

Frailty Prevalence 

CFS 

Measured Frailty as a 
Predictor of Potentially 
Inappropriate Prescribing 
in Hospitalised Older 
Adults 

52.6% 64.1% 

Falls Risk Increasing 
Drugs in Frail Older 
Adults Experiencing Falls 

 55.9% 

Potentially Clinically 
Relevant Drug-Drug 
Interactions in Older 
People 

 74.8%* 

*CFS Version 2 used with CFS category 4 taken as threshold for very mild frailty. 

Applying the CFS to a nationally representative sample of community dwelling older 

adults from the TILDA study, O’Halloran et al. (2021) found 73.6% of adults aged 65 

years and over were classified as very fit, fit or managing well, while 16% were 

considered vulnerable or living with very mild frailty. The remaining 10.5% were 

classified as having some degree of frailty; within the latter, mild frailty was most 
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prevalent (5.5%), followed by moderate frailty (4.3%) and severe frailty (0.7%). This 

study did not identify any participants that were classified as severely frail or 

terminally ill.  

Another study focusing on frailty in all adult patients admitted to an acute hospital in 

Ireland demonstrated a frailty prevalence of 60% in patients  over 65 years  (205). 

These results aligned with a pooled prevalence estimate of 47.4% in an international 

systematic review and meta-analysis of hospitalised adults aged ≥ 65 years of age 

(206). 

The contrasting levels of frailty prevalence between community dwelling older adults 

and those who have been admitted acutely to hospital demonstrates the need for 

developing capacity within the acute services that is attuned to older people to prevent 

transitions to higher levels of frailty and dependence post-admission. This capacity 

could be developed by using ‘front door’ emergency department frailty teams and 

rapid direct access to specialist geriatric wards. 

6.2 Polypharmacy 

As predicted from my review of previous literature, there was a high prevalence of 

polypharmacy within all three patient populations studied in this thesis.   

In chapter 2, polypharmacy was highly prevalent in the sample with a mean of 8.90 

medications prescribed daily (SD ± 3.92). Not surprisingly, 92.7% to 97.0% of frail 

participants (as defined by CFS or -Frail-VIG) were prescribed 5 or more daily 

medications on admission to hospital. The exposure of older hospitalised adults to 

polypharmacy (≥5 daily medications) and hyperpolypharmacy (≥10 daily 
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medications) was also highly prevalent: 50% of patients assessed were prescribed 5-9 

daily medications and 38% of patients were prescribed ≥10 daily medications in the 

overall sample. Polypharmacy was shown to be significantly associated with increased 

risk of potentially inappropriate prescribing, consistent with previous published 

studies.  

Over half of the participants studied in chapter 3 (51.4%) experienced polypharmacy 

defined as ≥5 daily medications and over a third (37.4%) of participants were taking 

≥10 daily medications. 

There was also a high prevalence of polypharmacy among the participants described 

in chapter 4, with an average (SD) of 8.08 (3.45) medications per participant at 

admission and 8.74 (3.34) long-term daily medications prescribed on discharge. 

Overall, 318 of the 373 participants (85.3%) experienced polypharmacy (≥5 daily 

medications) and 114 participants (30.6%) were taking ≥10 daily medications i.e. 

hyper-polypharmacy.  

Polypharmacy is the direct pharmacotherapeutic consequence of multimorbidity and 

frailty with a bidirectional relationship being described previously along with 

increased risk of death, falls, hospitalisation and cognitive decline (208-210). Previous 

meta-analysis has demonstrated a wide ranging prevalence of polypharmacy (2-6% to 

86-6%) (211) with trends of increasing polypharmacy and hyperpolypharmacy in 

evident in primary care (212) .  Based on the findings of this thesis, I propose that 

regular (such as 3- to 6-monthly) focused medication review and careful re-assessment 

of indication, therapeutic value and appropriateness of all prescriptions should be 
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undertaken in all older people with multimorbidity and associated polypharmacy. 

Changes in frailty status should, I propose, serve as a trigger to further interspersed 

medication review.  

 

6.3 Potentially inappropriate prescribing: PIMs, PPOs and DDIs 

From my assessment of potentially inappropriate prescribing using various tools, it is 

clearly an ongoing issue for older adults presenting to hospital with acute unselected 

illness. Potentially inappropriate medication (PIM) use continues to affect a 

substantial proportion of the older people included in this thesis. According to 

STOPP/START Version 2 criteria, (195) one or more PIMs were identified in 76% of 

patients in my study, with just under half of patients (49%) having 2 or more STOPP-

defined PIMs.  Applying START Version 2 criteria, almost half (48.4%) of all 

participants were found to have ≥1 potential prescribing omission (PPO). Not 

surprisingly, the median numbers of PIMs and PPOs were significantly higher in the 

frailer patients. A significant, positive correlation between Frail-VIG score and 

number of PIMs was demonstrated, this correlation was maintained when controlling 

for number of medications, age and co-morbidities.  Frailty measured using the CFS 

also had a significant positive association with PIMs, PPOs and total PIP after 

adjustment for confounders.   

In Chapter 3, one hundred and forty-six patients (81.6% of the total cohort studied) 

who had a fall in the previous 12 months were taking at least one STOPPFall-defined 

FRID. One in 10 older adults experiencing a fall was using four or more FRIDs. Once 

again, it was noted that frailer older adults were exposed to more FRIDs than non-frail 
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patients. Evaluating the prevalence of potentially relevant drug-drug interactions, I 

found that over one third (38.9%) of acutely hospitalized older patients were exposed 

to ≥1 potentially relevant DDIs based on the validated list of DDIs in older adults. At 

discharge, there was a reduction in potential DDI prevalence to 27.13%.  

The cost of avoidable healthcare PIP-related expenditure has previously been reported 

to range from €18.66-€1449.05 per year. Also, older adults taking STOPP criteria-

defined PIMs have more frequent healthcare utilisation and greater overall healthcare 

costs than age-matched adults who were not prescribed STOPP criteria PIMs. In one 

study, this difference was  estimated at €1958 (€1428–€2616) vs €881 (€817–€1167), 

p=0.002) per annum (104). Consequently, cost-effective structured screening for PIP 

in all its manifestations should be implemented at admission, discharge and when a 

change in frailty status is identified.   

6.4 Potential Harm 

When I compared the common PIMs encountered across all 3 prospective studies, a 

particular pattern of adverse medication was evident relating to psychotropic drugs. 

The most frequently encountered STOPP version 2 PIMs were (i) the prescription of 

any drug without documented evidence-based clinical indication, (ii) the use of 

hypnotic z-drugs that may increase the risk of falls in older people, (iii) 

benzodiazepine use beyond 4 weeks, (iv) drug prescription beyond recommended 

duration, and (v) neuroleptic antipsychotics as hypnotics, unless sleep disorder is due 

to psychosis or dementia. The most frequently prescribed FRID class was 

antidepressants with a prevalence of 35.75%. Therefore, careful focused review of 
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psychotropic medication indication and dose are particularly important in older 

people, particularly those who present with falls either in primary care or in hospital.  

Although I did not detect a significant difference in FRIDs prevalence among non-

frail fallers compared to frail fallers as two categorical patient groups, severely frail 

patients as a subgroup had 12-fold increased odds of being prescribed one or more 

FRIDs compared to non-frail patients. 

The most frequently encountered DDI at admission (based on an international 

consensus list of potentially clinically significant drug-drug interactions in older 

people (213)) was the concomitant use of ≥ 3 centrally acting drugs in 46 patients, 

(12.3%), decreasing to 8.6% on discharge.  DDIs involving drugs that may adversely 

affect serum potassium were the next most prevalent interactions at admission. There 

were 36 admissions (9.6%) possibly attributable to a potential harm from an 

interaction identified using the DDI list. The most frequent medication-related reason 

for acute hospitalization was a fall, fracture or impaired cognition linked to ≥3 

centrally acting drugs. Out of 46 cases where DDIs were identified, fourteen could 

possibly be attributed to an International Consensus List-defined DDI. Three 

admissions could be attributed to the concomitant use of an SSRI and a thiazide or 

loop diuretic and three more admissions to deterioration of renal function, 

hyperkalaemia and congestive heart failure in the context of concomitant diuretic and 

oral NSAID use. However, potential DDIs that could lead to hyperkalaemia, while 

prevalent, did not appear to lead directly to acute admissions.  
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One of the areas for concern generated by this thesis is the high utilisation of centrally 

acting drugs, antidepressants, benzodiazepine and hypnotic drugs.  

It is widely acknowledged that compared to robust older adults, frailer individuals are 

exposed to greater levels of polypharmacy and have greater exposure to high-risk 

medication regimes leading to an increased risk of prescribing cascades (80, 87). That 

being said, there is a general lack of evidence regarding to overall prevalence of 

prescribing cascades. I propose that by applying the STOPPCascade tool 

prospectively, greater insight into the prevalence of the avoidable prescribing cascades 

and resultant inappropriate polypharmacy will accrue. Prospective application of 

explicit prescribing criteria for older patients and routine medication review at every 

healthcare interaction could have the potential to reduce medication related harm.  

 

6.5 The Impact of COVID-19 on this research 

This research was commenced in July 2020 when Ireland was experiencing the first 

wave of the Covid-19 pandemic.  On the week this research was commenced, the Irish 

Government postponed the easing of Covid-19 restrictions to level 4 (bars, hotels, 

nightclubs and casinos would remain closed with food serving establishments allowed 

to remain open to 11pm). Face coverings were mandatory in all healthcare settings 

and shortly afterwards would become mandatory in all shops and shopping centres, 

public transport. UCC had instituted a work-from-home policy. Ethics applications 

were changed to electronic version and meetings held remotely.  

https://en.wikipedia.org/wiki/Face_covering
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By the time recruitment began for the studies described in this thesis, Covid-19 

numbers and deaths had begun to increase despite government restrictions. After a risk 

assessment was carried out in Cork University Hospital, permission was granted by 

hospital management to continue research and patient recruitment. At various time 

points during my thesis studies, infection control restrictions meant that family 

members of delirious patients and those with dementia were not permitted to 

accompany them to hospital. Recruitment was also suspended on two occasions when 

Covid-19 outbreaks within the hospital resulted in ward closures and halted the safe 

recruitment of patients for the studies described in this thesis.  

The impact of Covid-19 infection itself, along with the unintended consequences of 

lockdowns and restrictions of movement are better understood in the pandemic’s 

aftermath. While it stands to reason that transitions in frailty status have been well-

recognized in older people who survived Covid-19 infection and hospitalisation (214, 

215), evidence is now emerging about the impact of reduced social interaction and 

restrictions of movement resulting in increasing frailty prevalence compared to pre-

pandemic years (216). A meta-analysis of 8 studies showed that increases in CFS 

rating was associated with increases in mortality in a linear fashion i.e. each 1-point 

increase in CFS associated with a 12% increase in mortality (OR 1.12 (1.04, 1.20), p 

= 0.003; I2: 77.3%) (217) 

Sadly, some of the participants included in the studies described in this thesis died 

from Covid-19 during their index acute admission. Many staff who were involved in 

the care of patients also contracted Covid-19 infection.  
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6.6 Limitations of This Work 

There are some limitations to the studies described in this thesis. As previously 

discussed, participant recruitment for all three observational studies was carried out 

during the Covid-19 pandemic. I was concerned that this could have led to potential 

bias in the degree of frailty observed amongst enrolled participants. Infection control 

guidelines affecting access to potential participants and limitations of next of kin or 

potential proxies could have caused a degree of skew in the levels of frailty observed 

towards less frail participants than are usually encountered among unselected acutely 

ill patients presenting to hospital.  Furthermore, there was a global reduction in the 

number of older people presenting to Emergency Departments during the pandemic 

(218, 219). Nevertheless, when I compared the mean level of frailty within the enrolled 

patient cohorts, they were comparable to the frailty levels observed in previous studies 

(136). As previously noted, most of the data collections in these studies (with the 

exception of Chapter 3) were carried out by a single researcher, and formal data 

validation was not performed. This leads to the potential for researcher bias. To 

mitigate this potential bias, data collection was carried out using standardised data 

collection proforma sheets. Future research should include data validation using a 

sample of participants’ data collected by 2 researchers independently. Another 

potential limitation of these studies is that they were carried out in the same 

geographical region, with all enrolment sites affiliated with the same large-scale level 

4 hospital. Consequently, trends in prescribing observed might not be fully 

generalisable to other locations or centres. In addition, the observational nature of 
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these studies means that whilst associations have been demonstrated, causal 

relationships cannot necessarily be inferred.  

Finally, in comparison to other explicit deprescribing lists such as STOPP/START, 

STOPPFrail and STOPPFall, I did not apply a conventional Delphi methodology in 

the development of the STOPPCascade list. Instead, the list was based on the expert 

consensus opinion of three experienced clinicians in relation to published cascades 

leaving greater room for potential adjudicator bias. 

6.7  Directions for Future Research 

Structured medication review has been shown to lead to reduced inappropriate 

medication and ADRs in older people and is likely to be cost effective (220-222). 

Based on the findings of this thesis, it is clear that further studies are required to 

investigate the effect of deprescribing of falls risk increasing drugs (FRIDs), focusing 

on severely frail fallers in particular with longitudinal follow up, applying a 

randomised controlled trial methodology. While deprescribing should be included as 

part of a structured multi-faceted intervention to reduce falls in all older adults, a 

previous meta-analysis has shown that severely frail older adults may benefit the most 

from medication review even as a single time point intervention (223). 

There is also scope for further longitudinal studies measuring progressions in frailty 

status in multimorbid older people who are exposed to varying levels of polypharmacy 

with inherent risks of PIMs. Ongoing measurement of frailty at times of onset of new 

frailty syndromes (e.g. delirium new onset of incontinence, recent falls) would allow 

researchers to develop greater understanding into which specific PIMs lead directly to 



166 
 
 

 

 

increased frailty. Another recent meta-analysis has shown a greater association 

between neurological system PIMs and increased frailty in older people (224). These 

PIMs were highly prevalent across all three point-prevalence studies included in this 

thesis. Longitudinal follow up study of emergent frailty in pre-frail and non-frail older 

patients who are exposed to polypharmacy, DDIs, FRIDs and cascades versus those 

who are not exposed is indicated.  

In addition, further assessment of the STOPPCascade list inter-rater reliability is 

warranted as well as evaluation of the performance of the tool across diverse clinical 

settings such as primary care and long stay/residential settings and in different 

geographical areas. 

Another potential direction for further research would be to assess the effect of 

deprescribing interventions targeted at the level of the prescriber.  To date, 

deprescribing trials have not shown improvement in participant outcomes such as 

hospital admissions or ADRs (225, 226). There is a need for a well-designed 

randomized trial of a prescriber-level intervention to assess whether randomizing 

prescribers to a structured deprescribing education programme compared to current 

standard pharmaceutical care results in a reduced number of key adverse clinical 

outcomes such as falls, frailty status, incident ADRs and unscheduled hospital 

admissions.   

Based on the findings of this thesis, I recommend formal frailty screening in all older 

adults presenting to acute hospitals and heightened vigilance for ADRs which may 

overlap with or mimic frailty syndromes. This work has shown a clinically important 
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effect of frailty on potentially inappropriate prescribing.  This finding has the potential 

to provide better pharmaceutical care of multimorbid older patients.  In the context of 

rapid and major demographic change in all populations globally, the avoidance of 

adverse pharmacotherapy in multimorbid older people will become increasingly 

important for valid clinical and economic reasons in the coming decades.  
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Appendix 1: Frail-VIG Index. 
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Appendix 2: Permission to reproduce Clinical Frailty Scale Versions 1 and 2. 
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Appendix 3: STOPP/START Version 2 criteria. 

Screening Tool of Older Persons’ Prescriptions (STOPP) version 2. 
 

The following prescriptions are potentially inappropriate to use in patients aged 65 years and 

older. 

Section A: Indication of medication 

1. Any drug prescribed without an evidence-based clinical indication. 

2. Any drug prescribed beyond the recommended duration, where treatment duration is well 

defined. 

3. Any duplicate drug class prescription e.g. two concurrent NSAIDs, SSRIs, loop diuretics, 
ACE 

inhibitors, anticoagulants (optimisation of monotherapy within a single drug class should 

be observed prior to considering a new agent). 

 

Section B: Cardiovascular System 

1. Digoxin for heart failure with normal systolic ventricular function (no clear evidence of 

benefit). 

2. Verapamil or diltiazem with NYHA Class III or IV heart failure (may worsen heart 
failure). 

3. Beta-blocker in combination with verapamil or diltiazem (risk of heart block). 

4. Beta blocker with bradycardia (< 50/min), type II heart block or complete heart block 
(risk 

of complete heart block, asystole). 

5. Amiodarone as first-line antiarrhythmic therapy in supraventricular tachyarrhythmias 

(higher risk of side-effects than beta-blockers, digoxin, verapamil or diltiazem). 

6. Loop diuretic as first-line treatment for hypertension (safer, more effective alternatives 

available). 

7. Loop diuretic for dependent ankle oedema without clinical, biochemical evidence or 

radiological evidence of heart failure, liver failure, nephrotic syndrome or renal failure (leg 

elevation and /or compression hosiery usually more appropriate). 
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8. Thiazide diuretic with current significant hypokalaemia (i.e. serum K+ < 3.0 mmol/l), 

hyponatraemia (i.e. serum Na+ < 130 mmol/l) hypercalcaemia (i.e. corrected serum 

calcium > 2.65 mmol/l) or with a history of gout (hypokalaemia, hyponatraemia, 

hypercalcaemia and gout can be precipitated by thiazide diuretic). 

9. Loop diuretic for treatment of hypertension with concurrent urinary incontinence (may 

exacerbate incontinence). 

10. Centrally-acting antihypertensives (e.g. methyldopa, clonidine, moxonidine, rilmenidine, 

guanfacine), unless clear intolerance of, or lack of efficacy with, other classes of  

antihypertensives (centrally-active antihypertensives are generally less well tolerated by 

older people than younger people). 

11. ACE inhibitors or Angiotensin Receptor Blockers in patients with hyperkalaemia. 

12. Aldosterone antagonists (e.g. spironolactone, eplerenone) with concurrent potassium 
conserving drugs (e.g. ACEI’s, ARB’s, amiloride, triamterene) without monitoring of serum 

potassium (risk of dangerous hyperkalaemia i.e. > 6.0 mmol/l – serum K should be 

monitored regularly, i.e. at least every 6 months). 

13. Phosphodiesterase type-5 inhibitors (e.g. sildenafil, tadalafil, vardenafil) in severe heart 

failure characterised by hypotension i.e. systolic BP < 90 mmHg, or concurrent nitrate 

therapy for angina (risk of cardiovascular collapse). 

 

Section C: Antiplatelet/Anticoagulant Drugs 

1. Long-term aspirin at doses greater than 160mg per day (increased risk of bleeding, no 

evidence for increased efficacy). 

2. Aspirin with a past history of peptic ulcer disease without concomitant PPI (risk of 

recurrent peptic ulcer). 

3. Aspirin, clopidogrel, dipyridamole, vitamin K antagonists, direct thrombin inhibitors or 

factor Xa inhibitors with concurrent significant bleeding risk, i.e. uncontrolled severe 

hypertension, bleeding diathesis, recent non-trivial spontaneous bleeding) (high risk of 

bleeding). 

4. Aspirin plus clopidogrel as secondary stroke prevention, unless the patient has a coronary 

stent(s) inserted in the previous 12 months or concurrent acute coronary syndrome or has 
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a high-grade symptomatic carotid arterial stenosis (no evidence of added benefit over 

clopidogrel monotherapy). 

5. Aspirin in combination with vitamin K antagonist, direct thrombin inhibitor or factor Xa 

inhibitors in patients with chronic atrial fibrillation (no added benefit from aspirin) 

6. Antiplatelet agents with vitamin K antagonist, direct thrombin inhibitor or factor Xa 

inhibitors in patients with stable coronary, cerebrovascular or peripheral arterial disease 

(No added benefit from dual therapy). 

7. Ticlopidine in any circumstances (clopidogrel and prasugrel have similar efficacy, 
stronger 

evidence and fewer side-effects). 

8. Vitamin K antagonist, direct thrombin inhibitor or factor Xa inhibitors for first deep 
venous 

thrombosis without continuing provoking risk factors (e.g. thrombophilia) for > 6 months, 

(no proven added benefit). 

9. Vitamin K antagonist, direct thrombin inhibitor or factor Xa inhibitors for first pulmonary 

embolus without continuing provoking risk factors (e.g. thrombophilia) for > 12 months 

(no proven added benefit). 

10. NSAID and vitamin K antagonist, direct thrombin inhibitor or factor Xa inhibitors in 

combination (risk of major gastrointestinal bleeding). 

11. NSAID with concurrent antiplatelet agent(s) without PPI prophylaxis (increased risk of 

peptic ulcer disease). 

 

Section D: Central Nervous System and Psychotropic Drugs 

1. Tricyclic Antidepressants (TCAs) with dementia, narrow angle glaucoma, cardiac 

conduction abnormalities, prostatism, or prior history of urinary retention (risk of 

worsening these conditions). 

2. Initiation of Tricyclic Antidepressants (TCAs) as first-line antidepressant treatment 
(higher 

risk of adverse drug reactions with TCAs than with SSRIs or SNRIs). 

3. Neuroleptics with moderate-marked antimuscarinic/anticholinergic effects 
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(Chlorpromazine, clozapine, flupentixol, fluphenazine, pipotiazine, promazine, 

zuclopenthixol) with a history of prostatism or previous urinary retention (high risk of 

urinary retention). 

4. Selective serotonin re-uptake inhibitors (SSRI’s) with current or recent significant 

hyponatraemia i.e. serum Na+ < 130 mmol/l (risk of exacerbating or precipitating 

hyponatraemia). 

5. Benzodiazepines for ≥ 4 weeks (no indication for longer treatment; risk of prolonged 

sedation, confusion, impaired balance, falls, road traffic accidents; all benzodiazepines 

should be withdrawn gradually if taken for more than 4 weeks as there is a risk of causing 

a benzodiazepine withdrawal syndrome if stopped abruptly). 

6. Antipsychotics (i.e. other than quetiapine or clozapine) in those with parkinsonism or 
Lewy 

Body Disease (risk of severe extra-pyramidal symptoms). 

7. Anticholinergics/antimuscarinics to treat extra-pyramidal side-effects of neuroleptic 

medications (risk of anticholinergic toxicity), 

8. Anticholinergics/antimuscarinics in patients with delirium or dementia (risk of 
exacerbation 

of cognitive impairment). 

9. Neuroleptic antipsychotic in patients with behavioural and psychological symptoms of 

dementia (BPSD) unless symptoms are severe and other non-pharmacological treatments 

have failed (increased risk of stroke). 

10. Neuroleptics as hypnotics, unless sleep disorder is due to psychosis or dementia (risk of 

confusion, hypotension, extra-pyramidal side effects, falls). 

11. Acetylcholinesterase inhibitors with a known history of persistent bradycardia (< 60 

beats/min.), heart block or recurrent unexplained syncope or concurrent treatment with 

drugs that reduce heart rate such as beta-blockers, digoxin, diltiazem, verapamil (risk of 

cardiac conduction failure, syncope and injury). 

12. Phenothiazines as first-line treatment, since safer and more efficacious alternatives exist 

(phenothiazines are sedative, have significant anti-muscarinic toxicity in older people, with 

the exception of prochlorperazine for nausea/vomiting/vertigo, chlorpromazine for relief of 
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persistent hiccoughs and levomepromazine as an anti-emetic in palliative care). 

13. Levodopa or dopamine agonists for benign essential tremor (no evidence of efficacy) 

14. First-generation antihistamines (safer, less toxic antihistamines now widely available). 

 

Section E: Renal System. The following drugs are potentially inappropriate in older people 

with acute or chronic kidney disease with renal function below particular levels of eGFR 
(refer 

to summary of product characteristics datasheets and local formulary guidelines) 

1. Digoxin at a long-term dose greater than 125µg/day if eGFR < 30 ml/min/1.73m2 (risk of 

digoxin toxicity if plasma levels not measured). 

2. Direct thrombin inhibitors (e.g. dabigatran) if eGFR < 30 ml/min/1.73m2 (risk of 
bleeding). 

3. Factor Xa inhibitors (e.g. rivaroxaban, apixaban) if eGFR < 15 ml/min/1.73m2 (risk of 

bleeding). 

4. NSAID’s if eGFR < 50 ml/min/1.73m2 (risk of deterioration in renal function). 

5. Colchicine if eGFR < 10 ml/min/1.73m2 (risk of colchicine toxicity). 

6. Metformin if eGFR < 30 ml/min/1.73m2 (risk of lactic acidosis). 

 

Section F: Gastrointestinal System 

1. Prochlorperazine or metoclopramide with Parkinsonism (risk of exacerbating 
Parkinsonian 

symptoms). 

2. PPI for uncomplicated peptic ulcer disease or erosive peptic oesophagitis at full 
therapeutic 

dosage for > 8 weeks (dose reduction or earlier discontinuation indicated). 

3. Drugs likely to cause constipation (e.g. antimuscarinic/anticholinergic drugs, oral iron, 

opioids, verapamil, aluminium antacids) in patients with chronic constipation where 
nonconstipating alternatives are available (risk of exacerbation of constipation). 

4. Oral elemental iron doses greater than 200 mg daily (e.g. ferrous fumarate> 600 mg/day, 

ferrous sulphate > 600 mg/day, ferrous gluconate> 1800 mg/day; no evidence of enhanced 

iron absorption above these doses). 
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Section G: Respiratory System 

1. Theophylline as monotherapy for COPD (safer, more effective alternative; risk of adverse 

effects due to narrow therapeutic index). 

2. Systemic corticosteroids instead of inhaled corticosteroids for maintenance therapy in 

moderate-severe COPD (unnecessary exposure to long-term side-effects of systemic 

corticosteroids and effective inhaled therapies are available). 

3. Anti-muscarinic bronchodilators (e.g. ipratropium, tiotropium) with a history of narrow 

angle glaucoma (may exacerbate glaucoma) or bladder outflow obstruction (may cause 

urinary retention). 

4. Non-selective beta-blocker (whether oral or topical for glaucoma) with a history of 
asthma 

requiring treatment (risk of increased bronchospasm). 

5. Benzodiazepines with acute or chronic respiratory failure i.e. pO2 < 8.0 kPa ± pCO2 > 6.5 

kPa (risk of exacerbation of respiratory failure). 

 

Section H: Musculoskeletal System 

1. Non-steroidal anti-inflammatory drug (NSAID) other than COX-2 selective agents with 

history of peptic ulcer disease or gastrointestinal bleeding, unless with concurrent PPI or 

H2 antagonist (risk of peptic ulcer relapse). 

2. NSAID with severe hypertension (risk of exacerbation of hypertension) or severe heart 

failure (risk of exacerbation of heart failure). 

3. Long-term use of NSAID (>3 months) for symptom relief of osteoarthritis pain where 

paracetamol has not been tried (simple analgesics preferable and usually as effective for 

pain relief). 

4. Long-term corticosteroids (>3 months) as monotherapy for rheumatoid arthritis (risk of 

systemic corticosteroid side-effects). 

5. Corticosteroids (other than periodic intra-articular injections for mono-articular pain) for 

osteoarthritis (risk of systemic corticosteroid side-effects). 
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6. Long-term NSAID or colchicine (>3 months) for chronic treatment of gout where there is 
no 

contraindication to a xanthine-oxidase inhibitor (e.g. allopurinol, febuxostat) (xanthine 
oxidase inhibitors are first choice prophylactic drugs in gout). 

7. COX-2 selective NSAIDs with concurrent cardiovascular disease (increased risk of 

myocardial infarction and stroke). 

8. NSAID with concurrent corticosteroids without PPI prophylaxis (increased risk of peptic 

ulcer disease). 

9. Oral bisphosphonates in patients with a current or recent history of upper gastrointestinal 

disease i.e. dysphagia, oesophagitis, gastritis, duodenitis, or peptic ulcer disease, or upper 

gastrointestinal bleeding (risk of relapse/exacerbation of oesophagitis, oesophageal ulcer, 

oesophageal stricture). 

 

Section I: Urogenital System 

1. Antimuscarinic drugs with dementia, or chronic cognitive impairment (risk of increased 

confusion, agitation) or narrow-angle glaucoma (risk of acute exacerbation of glaucoma), or 

chronic prostatism (risk of urinary retention). 

2. Selective alpha-1 selective alpha blockers in those with symptomatic orthostatic 

hypotension or micturition syncope (risk of precipitating recurrent syncope). 

Section J. Endocrine System 

1. Sulphonylureas with a long duration of action (e.g. glibenclamide, chlorpropamide, 

glimepiride) with type 2 diabetes mellitus (risk of prolonged hypoglycaemia). 

2. Thiazolidenediones (e.g. rosiglitazone, pioglitazone) in patients with heart failure (risk of 

exacerbation of heart failure). 

3. Beta-blockers in diabetes mellitus with frequent hypoglycaemic episodes (risk of 

suppressing hypoglycaemic symptoms). 

4. Oestrogens with a history of breast cancer or venous thromboembolism (increased risk of 

recurrence). 

5. Oral oestrogens without progestogen in patients with intact uterus (risk of endometrial 

cancer). 
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6. Androgens (male sex hormones) in the absence of primary or secondary hypogonadism 

(risk of androgen toxicity; no proven benefit outside of the hypogonadism indication). 

 

Section K: Drugs that predictably increase the risk of falls in older people 

1. Benzodiazepines (sedative, may cause reduced sensorium, impair balance). 

2. Neuroleptic drugs (may cause gait dyspraxia, Parkinsonism). 

3. Vasodilator drugs (e.g. alpha-1 receptor blockers, calcium channel blockers, long-acting 

nitrates, ACE inhibitors, angiotensin I receptor blockers, ) with persistent postural 

hypotension i.e. recurrent drop in systolic blood pressure ≥ 20mmHg (risk of syncope, falls). 

4. Hypnotic Z-drugs e.g. zopiclone, zolpidem, zaleplon (may cause protracted daytime 

sedation, ataxia). 

 

Section L: Analgesic Drugs 

1. Use of oral or transdermal strong opioids (morphine, oxycodone, fentanyl, buprenorphine, 

diamorphine, methadone, tramadol, pethidine, pentazocine) as first line therapy for mild 

pain (WHO analgesic ladder not observed). 

2. Use of regular (as distinct from PRN) opioids without concomitant laxative (risk of severe 

constipation). 

3. Long-acting opioids without short-acting opioids for break-through pain (risk of 
persistence 

of severe pain). 

 

 

Section N: Antimuscarinic/Anticholinergic Drug Burden 

Concomitant use of two or more drugs with antimuscarinic/anticholinergic properties (e.g. 

bladder antispasmodics, intestinal antispasmodics, tricyclic antidepressants, first generation 

antihistamines) (risk of increased antimuscarinic/anticholinergic toxicity). 
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Screening Tool to Alert to Right Treatment (START), version 2. 
Unless an elderly patient’s clinical status is end-of-life and therefore requiring a more 
palliative 

focus of pharmacotherapy, the following drug therapies should be considered where omitted 

for no valid clinical reason(s). It is assumed that the prescriber observes all the specific 

contraindications to these drug therapies prior to recommending them to older patients. 

 

Section A: Cardiovascular System 

1. Vitamin K antagonists or direct thrombin inhibitors or factor Xa inhibitors in the presence 

of chronic atrial fibrillation. 

2. Aspirin (75 mg – 160 mg once daily) in the presence of chronic atrial fibrillation, where 

Vitamin K antagonists or direct thrombin inhibitors or factor Xa inhibitors are 

contraindicated. 

3. Antiplatelet therapy (aspirin or clopidogrel or prasugrel or ticagrelor) with a documented 

history of coronary, cerebral or peripheral vascular disease. 

4. Antihypertensive therapy where systolic blood pressure consistently > 160 mmHg and/or 

diastolic blood pressure consistently >90 mmHg; if systolic blood pressure > 140 mmHg and 

/or diastolic blood pressure > 90 mmHg, if diabetic. 

5. Statin therapy with a documented history of coronary, cerebral or peripheral vascular 

disease, unless the patient’s status is end-of-life or age is > 85 years. 

6. Angiotensin Converting Enzyme (ACE) inhibitor with systolic heart failure and/or 

documented coronary artery disease. 

7. Beta-blocker with ischaemic heart disease. 

8. Appropriate beta-blocker (bisoprolol, nebivolol, metoprolol or carvedilol) with stable 

systolic heart failure. 

 

Section B: Respiratory System 

1. Regular inhaled alpha-2 agonist or antimuscarinic bronchodilator (e.g. ipratropium, 
tiotropium) for mild to moderate asthma or COPD. 
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2. Regular inhaled corticosteroid for moderate-severe asthma or COPD, where FEV1 <50% 
of predicted value and repeated exacerbations requiring treatment with oral corticosteroids. 

3. Home continuous oxygen with documented chronic hypoxaemia (i.e. pO2 < 8.0 kPa or 60 

mmHg or SaO2 < 89%). 

 

Section C: Central Nervous System& Eyes 

1. L-DOPA or a dopamine agonist in idiopathic Parkinson’s disease with functional 
impairment and resultant disability. 

2. Non-TCA antidepressant drug in the presence of persistent major depressive symptoms. 

3. Acetylcholinesterase inhibitor (e.g. donepezil, rivastigmine, galantamine) for mild 
moderate Alzheimer’s dementia or Lewy Body dementia (rivastigmine). 

4. Topical prostaglandin, prostamide or beta-blocker for primary open-angle glaucoma. 

5. Selective serotonin reuptake inhibitor (or SNRI or pregabalin if SSRI contraindicated) for 

persistent severe anxiety that interferes with independent functioning. 

6. Dopamine agonist (ropinirole or pramipexole or rotigotine) for Restless Legs Syndrome, 

once iron deficiency and severe renal failure have been excluded. 

 

Section D: Gastrointestinal System 

1. Proton Pump Inhibitor with severe gastro-oesophageal reflux disease or peptic stricture 

requiring dilatation. 

2. Fibre supplements (e.g. bran, ispaghula, methylcellulose, sterculia) for diverticulosis with 
a history of constipation. 

 

 

Section E: Musculoskeletal System 

1. Disease-modifying anti-rheumatic drug (DMARD) with active, disabling rheumatoid 
disease. 

2. Bisphosphonates and vitamin D and calcium in patients taking long-term systemic 

corticosteroid therapy. 

3. Vitamin D and calcium supplement in patients with known osteoporosis and/or previous 

fragility fracture(s) and/or (Bone Mineral Density T-scores more than -2.5 in multiple sites). 
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4. Bone anti-resorptive or anabolic therapy (e.g. bisphosphonate, strontium ranelate, 

teriparatide, denosumab) in patients with documented osteoporosis, where no 

pharmacological or clinical status contraindication exists (Bone Mineral Density T-scores -> 

2.5 in multiple sites) and/or previous history of fragility fracture(s). 

5. Vitamin D supplement in older people who are housebound or experiencing falls or with 

osteopenia (Bone Mineral Density T-score is > -1.0 but < -2.5 in multiple sites). 

6. Xanthine-oxidase inhibitors (e.g. allopurinol, febuxostat) with a history of recurrent 

episodes of gout. 

7. Folic acid supplement in patients taking methotrexate. 

 

Section F: Endocrine System 

1. ACE inhibitor or Angiotensin Receptor Blocker (if intolerant of ACE inhibitor) in 
diabetes with evidence of renal disease i.e. dipstick proteinuria or microalbuminuria 
(>30mg/24 hours) with or without serum biochemical renal impairment. 

 

Section G: Urogenital System 

1. Alpha-1 receptor blocker with symptomatic prostatism, where prostatectomy is not 

considered necessary. 

2. 5-alpha reductase inhibitor with symptomatic prostatism, where prostatectomy is not 

considered necessary. 

3. Topical vaginal oestrogen or vaginal oestrogen pessary for symptomatic atrophic 
vaginitis. 

 

Section H: Analgesics 

1. High-potency opioids in moderate-severe pain, where paracetamol, NSAIDs or low-
potency 

opioids are not appropriate to the pain severity or have been ineffective. 

2. Laxatives in patients receiving opioids regularly. 

 

Section I: Vaccines 

1. Seasonal trivalent influenza vaccine annually 
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2. Pneumococcal vaccine at least once after age 65 according to national guidelines 
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Excluded Prescribing Cascades Post Adjudication (Highlighted in Red) 
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Appendix 6: Data collection sheets used for studies described in this thesis. 

 



213 
 
 

 

 

 



214 
 
 

 

 

 

 



215 
 
 

 

 

 



216 
 
 

 

 

 



217 
 
 

 

 

 



218 
 
 

 

 

 



219 
 
 

 

 

 



220 
 
 

 

 

 



221 
 
 

 

 

 



222 
 
 

 

 

 

 



223 
 
 

 

 

 



224 
 
 

 

 

 

 



225 
 
 

 

 

 



226 
 
 

 

 

 



227 
 
 

 

 

Appendix 7: The Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) Statement: guidelines for reporting observational studies. 
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