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Abstract  

 
David Mehdizadeh 
 
Towards the development of an integrated case-finding tool to facilitate the 
review of anticholinergic prescribing for frail older people. 
 
Key words: Anticholinergic burden, frailty, deprescribing, medication review, risk 
stratification, case-finding. 
 

Background: The cumulative effect of taking anticholinergic medicines 

(anticholinergic burden) is associated with adverse outcomes for older people. 

Prevalence of anticholinergic prescribing is increasing, and there is a need for 

tools to proactively identify at-risk patients for medication reviews.  

 

Aim: To explore the need for, and feasibility of, an integrated case-finding tool 

that predicts risks using electronic health records (EHRs), facilitating the review 

of anticholinergic medicines for frail older people.  

 

Methods: Mixed methods, adopting a pragmatic approach. A systematic 

review, prediction modelling of cohort study data, and qualitative interviews 

were undertaken.  

 

Results: The systematic review found anticholinergic exposure was associated 

with adverse outcomes for the frail; poorer physical function, falls, and mortality, 

indicating a need for a risk reducing intervention. In the prediction modelling 

study, predicting risks using composite measures of anticholinergic burden and 

frailty indicated limited feasibility. Neither enhanced the performance of best 

subset models using cohort study data. Their predictive utility needs to be 

investigated using EHR data, to determine their feasibility within primary care. 

The qualitative study found healthcare professionals needed a proactive tool, 

supporting risk prediction as a feasible approach. Factors influencing future 

implementation were; upskilling requirements, deprescribing confidence, patient 

reluctance, motivation, holistic care, interoperability, trust in risk prediction, 

remuneration, among other barriers and facilitators. 
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Conclusions: Through identifying a need, and potential feasibility, foundations 

towards the future developments of a case-finding tool have been provided, 

informing an early tool prototype (AC-FRAIL). Recommendations for further 

work suggest a roadmap ahead, to maximise the potential for integrated 

solutions to proactively reduce anticholinergic risks.  
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Introduction to the Research Studies  

 
This thesis comprises a series of research studies, contributing towards the 

development of a future tool for safer prescribing in primary care. Specifically, a 

case-finding tool, that integrates directly with clinical information technology (IT) 

systems, to identify and prioritise frail older people for a review of anticholinergic 

prescribing. With a view to future tool development, this research focuses on 

the use of risk prediction, as a concept of case-finding patients at-risk from their 

anticholinergic medicines, for a medication review. Indeed, this approach is 

novel, with the concept of risk prediction unexplored in the context of proactively 

targeting patients, and facilitating deprescribing of high-risk medicines. As this 

tool is not in existence, this exploratory research focuses on informing the 

roadmap towards future tool development, through exploring the need, and the 

feasibility of the concept. The research was funded with a view to translation 

into UK healthcare systems, focusing on the application of patient safety tools 

nationally. 
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Brief Overview of Thesis Sections  

 

Section One  

Section One comprises five chapters that provide an introduction and 

background to this programme of research. Chapter One provides a brief 

introduction to and description of this programme of research. Chapter Two 

provides the necessary background information on prescribing for older people, 

with introductions to polypharmacy, medication related harm, frailty, and 

potentially inappropriate prescribing. Chapter Three provides the necessary 

background on anticholinergic prescribing, and a detailed description of 

anticholinergic burden, in the context of risk for frail older people. Chapter Four 

provides the necessary background on the use of tools to support safer 

anticholinergic prescribing, the facilitation of medication reviews, and to support 

deprescribing processes. An overview of risk prediction is provided, including 

the existing applications in healthcare, and the opportunities for future use 

within medicines optimisation tools. The summary of Chapter Four outlines an 

existing gap in the provision of integrated tools to support the reduction of 

anticholinergic burden, and therefore proposes the exploration of a new case-

finding tool in this field. This summary also outlines the current gaps in 

knowledge that need to be addressed, to support future tool development. 

Chapter Five states the overall aims and objectives of programme of research, 

and the research questions to be addressed.   

 

Section Two  

Section Two is comprised of one chapter; Chapter Six, which introduces the 

methodology used to achieve the aims and objectives of this research. Chapter 

Six provides a rationale for the overall approach taken for this programme of 

research, and a description of the methods employed in each study. 

Methodological issues and ethical considerations in this programme of research 

are also presented and discussed.  

 

Section Three  

Section Three comprises three empirical studies, presented individually as three 

separate chapters. Each study contributed to understanding the need, and the 

feasibility, of the proposed integrated case-finding tool, to identify frail older 
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people at-risk from anticholinergic burden and facilitate medication reviews. 

Chapter Seven presents Study One, which involved a systematic review of the 

associations between anticholinergic medication exposure and adverse 

outcomes in older people living with frailty. Chapter Eight presents Study Two, a 

prediction study using cross-sectional data from a prospective cohort study, 

beginning to explore the feasibility of using anticholinergic burden and frailty 

measures within models predicting outcomes important for the care of older 

people. Chapter Nine presents Study Three, which qualitatively investigated 

�K�H�D�O�W�K���F�D�U�H���S�U�R�I�H�V�V�L�R�Q�D�O�V�¶���Y�L�H�Z�V���D�Q�G��perspectives of the proposed risk 

prediction concept, to case-find frail patients at-risk from anticholinergic burden. 

 

Section Four  

Section Four consists of Chapter Ten, which draws the programme of research 

to a conclusion. It summarises key findings from each study, outlines the key 

strengths and limitations, and discusses the contribution of findings to the 

existing literature. Chapter Ten also introduces the contribution of an early 

prototype of an integrated case-finding tool (AC-FRAIL), informed by elements 

of the findings. This chapter also outlines the implications of the findings in the 

context of health policy and clinical practice. Chapter Ten suggests areas for 

future research, to further support the roadmap towards tool development and 

implementation.  
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Chapter One:  Introduction  

 
1.1 Introduction  

The last twenty years has seen a significant increase in the prescribing of 

medicines in the United Kingdom (UK). In 2019, the UK NHS reported that 1.12 

billion prescription medicines were supplied in primary care, in England 9. This 

was a relative increase of 0.98% from 1.109 billion in 2018 9. In terms of the 

average number of prescription medicines per head of population, in 1996 there 

were ten medicines per head 10, however over a ten-year period, this doubled to 

twenty medicines per head, highlighting a rising trend 11. After all, medicines are 

the most commonly used healthcare intervention worldwide 12. 

 

It is thought that rising life expectancy in the 21st century has contributed 

towards the increased frequency of prescribing 13, and it is estimated that by 

2050 there will be 1.5 billion people aged sixty-five and over worldwide 14. One 

of the challenges of increasing life expectancy is the risk of chronic age-related 

disorders 15. This is related to the occurrence of morbidity, but even more so to 

the occurrence of multi-morbidity, often requiring complex therapy and care 16. 

Demand for healthcare in the UK is now significantly focused on the growing 

ageing population, with more than 50% of over sixty-five-year-olds thought to be 

living with at least two chronic conditions 9. This increases the likelihood of 

hospital admissions, higher dependency, reduced quality of life and mortality 17, 

18. It also increases the likelihood of exposure to multiple medicines, or 

specifically polypharmacy; commonly defined as the use of five or more 

medicines concomitantly 19. This demographic transition in the older population 

has profound implications for the planning and effective utilisation of finite 

healthcare resources 20, including the provision of medicines optimisation 

services.   

 

Medicines are often thought of in terms of their ability to treat, manage, and 

prevent various illnesses or conditions. However, if medicines are continued to 

be used safely, effectively and appropriately, it is important to acknowledge that 

medicines can also lead to harm 21. Acknowledging this potential, the World 

�+�H�D�O�W�K���2�U�J�D�Q�L�]�D�W�L�R�Q�¶�V�����:�+�2����third global patient safety challenge is to reduce 

the burden of serious and avoidable medication-related harm (MRH) by 50%, by 
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2022 22. This is particularly important for older people, who are especially 

vulnerable to experiencing MRH 23.  

 

Harm associated with polypharmacy is common, and particularly problematic for 

older people 23-26. Balancing the safe and effective use of medicines can be 

challenging, due to the substantial variability in both beneficial and harmful 

responses 27. Age-related physiological changes can impact both the 

pharmacokinetics and pharmacodynamics (PKPD) of drug therapies, and can 

increase sensitivity to drug adverse effects 28. This, in addition to comorbidity 

and patterns of medication use that may contribute to adverse events, places 

those of advanced age at greatest risk from their medicines 29.  

 

The prescribing of medicines that may contribute to adverse events can be 

�U�H�I�H�U�U�H�G���W�R���D�V���µ�S�R�W�H�Q�W�L�D�O�O�\���L�Q�D�S�S�U�R�S�U�L�D�W�H���S�U�H�V�F�U�L�E�L�Q�J�¶ (PIP). This encompasses 

medicines, or combinations of medicines, which introduce significantly higher 

risks of adverse effects, particularly when there is no valid indication. Or, where 

there is evidence of a lower-risk alternative therapy for treating the same 

condition, which is equally, or more effective 30. This can also include the use of 

medicines for a longer duration, or at higher doses than clinically indicated 30. 

PIP can also include the use of multiple medicines which are recognised to 

have drug-drug or drug-disease interactions, as identified through various 

expert consensus panels worldwide, who advise prescribers to exercise a high 

level of caution when managing high risk groups, such as older people 31-33.  

 

One group of medicines associated with PIP, and MRH, are anticholinergic 

medicines 34. Anticholinergics (specifically with antimuscarinic properties) are 

commonly prescribed for various indications, such as allergies, urge urinary 

incontinence, chronic obstructive pulmonary disease, irritable bowel syndrome, 

�3�D�U�N�L�Q�V�R�Q�¶�V���G�L�V�H�D�V�H�����D�Q�G���R�W�K�H�U�V��33, 35. In these conditions, the anticholinergic 

properties of medicines are utilised to control and treat symptoms; to 

intentionally exert an anticholinergic response. Indeed, they can be highly 

effective 36. However, there are anticholinergic medicines which are prescribed 

to patients where an anticholinergic response is not specifically intended. These 

include routinely and commonly prescribed medicines, such as antidepressants, 

analgesics, antihistamines, and cardiac medications, for example 37-39. Whether 
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used intentionally or unintentionally for their anticholinergic properties, their use 

is associated with peripheral and central side effects, such as blurred vision, dry 

mouth, constipation, sedation and confusion 40-42. More concerningly, research 

has shown that the cumulative effect of taking multiple anticholinergic 

medicines, known as anticholinergic burden 43, is increasingly associated with 

falls 44, physical and cognitive dysfunction 45, 46, hospitalisation 31 and mortality 

in older people 47.  

 

Various expert rating scales have been developed to quantify �S�D�W�L�H�Q�W�V�¶��

anticholinergic burden scores for research purposes 37. Studies investigating the 

use of these scales have shown that increases in the total anticholinergic 

burden score is associated with further increases in risks of adverse outcomes 
39, such as dementia 48. Subsequently, anticholinergic burden rating scales 

have been found to have application in the clinical setting, with a view to 

supporting the identification of high-risk patients exposed to higher 

anticholinergic burden levels, for a medication review 37. Ultimately, the use of 

this intervention aims to reduce the burden of anticholinergics; to potentially 

mitigate the risk of future adverse events. This could be through lowering doses, 

switching to medicines with lower or zero anticholinergic effect, or cessation. 

This process of gradual withdrawal and cessation of potentially inappropriate 

medicines, supervised by health care professionals (HCPs), is formally known 

as deprescribing 49. 

 

Despite the availability and application of rating scales in primary care, and the 

availability of criterion-based resources, such as the Beers and STOPP/START 

criteria 17, 50 , anticholinergic medicines continue to be frequently prescribed. 

Indeed, over the last twenty years there has been an increase in the prevalence 

of anticholinergic medication use for older people in England 51. It is thought that 

the majority of medicines prescribed to older people are not routinely 

recognised as having anticholinergic effects, and that the potential adverse 

effects are overlooked, with a greater focus on the intended therapeutic benefits 
52. This presents a significant challenge for the management of anticholinergic 

burden, with a delicate balance between effective treatment of symptoms and 

conditions, and the prevention of adverse effects caused by medicines. 

Anticholinergic burden is a prevalent, and a modifiable risk factor however, 
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therefore support is needed to foster clinician behaviour-change 53; to target the 

patients most at risk for medication reviews, and provide resources and 

decision-support to the medicines optimisation process.  

 

Recent changes in NHS health policy have championed the need for greater 

focus on safer prescribing, sparking ongoing NHS investment in resources to 

further improve medicines optimisation services. Getting the most from 

medicines for both patients and the NHS is becoming increasingly important 12. 

A recent review commissioned by the UK Department of Health and Social Care 

in 2021 outlined the extent of overprescribing in England, and proposed a plan 

to reduce overprescribing 54. Also, in line with the NHS Long Term Plan 55, there 

is a national goal to change the culture within healthcare, and indeed the culture 

of prescribing, through two of its deliverables: personalised care, and shared 

decision-making. The Long Term Plan has directed more resources into primary 

care, to expand medicines optimisation, medicines reconciliation and social 

prescribing 55. As a result, there has been a transformation of the primary care 

workforce, particularly with the commissioning of the newly formed Primary 

Care Networks (PCNs).  

 

There are 1,250 PCNs across England, and working typically across a patient 

population of between 30,000 and 50,000, general practices are now able to 

work more closely with community, mental health, social care, pharmacy, 

hospital and voluntary services. Working at scale aims to build on existing 

primary care services, and enable greater provision of proactive, personalised, 

coordinated and more integrated health and social care. Additionally, there has 

also been an influx of Clinical Pharmacists and pharmacy technicians into 

general practices and PCNs to support this agenda. In the 2021/22 service 

specification for the PCN Directed Enhanced Service, one requirement is the 

delivery of Structured Medications Reviews (SMRs) and medicines optimisation 

services 56. An SMR has been defined by the NHS as: 

 

�³�« a structured, holistic and personalised review of an individual who is at risk of 

harm or medicines-�U�H�O�D�W�H�G���S�U�R�E�O�H�P�V���E�H�F�D�X�V�H���R�I���W�K�H�L�U���F�X�U�U�H�Q�W���P�H�G�L�F�L�Q�H���U�H�J�L�P�H�Q�´ 
56. 
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It is the remit of the PCNs to proactively identify, and prioritise patients across 

the network patient population, who would benefit from an SMR. There are 

various contractual requirements of who to prioritise, but patients with complex 

and problematic polypharmacy with medicines associated with harm, those on 

ten or more medicines, and those residing in care homes, are to be prioritised. 

Also, another important prioritisation is those living with severe frailty; 

particularly those who are isolated or housebound, or who have had recent 

hospital admissions and falls 56.  

 

Recognition of frailty status is also becoming increasingly important within the 

NHS, which has recently adopted a population-based frailty stratification 

approach to medication reviews in primary care 57. Frailty is a condition 

characterised by loss of biological reserves, failure of physiological mechanisms 

and vulnerability to adverse outcomes 58. This vulnerability can come after 

relatively minor stressor events, such as prescription of a new medication 58. 

Frailty status can be considered a better performing predictor of adverse 

outcomes than chronological age 59, 60. Therefore, the identification and 

stratification of older people living with frailty is becoming increasingly important 

for medicines optimisation also, with prescribing requiring constant vigilance, 

particularly when considering the safety of drug therapies 61. The potential for 

medicines to become stressors to older people with frailty can result in a 

sudden and disproportionate deterioration in physical, mental and social 

wellbeing 62. As resilience to medicine related stressors can become 

compromised, there are real concerns over the risks associated with 

anticholinergic burden in the frail older population 61. As per the requirements of 

the SMR service specification therefore, the proactive case-finding of frail older 

people at greater risk of anticholinergic burden is a significant priority for PCNs.  

 

1.1.1 Use of tools to case-find patients 

During the endeavour to case-find priority patients, PCNs are specifically 

required to �³�X�V�H���D�S�S�U�R�S�U�L�D�W�H���W�R�R�O�V���W�R���L�G�H�Q�W�L�I�\���D�Q�G��prioritise patients who would 

�E�H�Q�H�I�L�W���I�U�R�P���D�Q���6�0�5�´ 56. Tools integrated into clinical IT systems have had 

utility in supporting clinicians with systematically searching the patient 

population, using routinely collected electronic health records to identify cases 

where therapies could be optimised and reduce harm 63. It is suggested that a 
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major funding gap in the NHS could be reduced with the adoption of appropriate 

healthcare technologies 64. In particular, the NHS recommends the use of 

nationally available tools, such as PINCER, Eclipse Live, EPACT2 and Open 

Prescribing 56, which can integrate with routine data held by general practices, 

and support healthcare teams with systematic searches.  

 

But although such tools have made a significant impact, and can support the 

changing �O�D�Q�G�V�F�D�S�H���I�U�R�P���µ�U�H�D�F�W�L�Y�H�¶���W�R���µ�S�U�R�D�F�W�L�Y�H�¶���Pedicines optimisation 

approaches, there is a deficiency of tools capable of identifying those most 

vulnerable to the effects of anticholinergic burden. Specifically, there is a 

deficiency of tools that integrate directly into clinical IT systems, that can 

proactively case-find, and prioritise, older people living with frailty for an SMR, 

at risk from anticholinergic burden. Currently available integrated tools have a 

greater focus on reducing harm through identifying medication errors, for 

clinicians then to deliver an intervention. However, they have less emphasis on 

medicines that were not prescribed in error, yet can be associated with adverse 

outcomes, such as anticholinergic prescribing. Existing tools to support the 

reduction of anticholinergic burden are not outcome specific either, such as 

focusing on risks to cognition, physical ability, and hospitalisation for example. 

Therefore, there are opportunities to explore the use of risk prediction at 

population level, to predict which frail older patients exposed to anticholinergic 

burden could be at greater risk of specific adverse outcomes. Not only could 

this facilitate proactive case-finding, but also risk stratification and deprescribing 

decisions. 

 

1.1.2 General aim of the thesis    

The focus of the work presented in this PhD thesis is therefore to deliver a 

programme of academic work, that can support the future development of an 

integrated case-finding tool in primary care. This is to facilitate the identification 

and stratification of frail older people at risk from anticholinergic burden for an 

SMR, and support the medication review process. As with any technological 

innovation that is introduced to healthcare, it is vital to navigate through the 

innovation adoption pathway as efficiently and effectively as possible, which is 

key to success 65. This programme of work specifically focuses on the early 
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invention phase of the adoption pathway, as defined by Clark et al., particularly 

focusing on the �µ�F�R�Q�F�H�S�W�L�R�Q�¶��and �µ�F�U�H�D�W�L�R�Q�¶���V�W�D�J�H�V 65, which include: 

 

- Identifying and reinforcing the need for a tool through research and 

review. 

- Ideation and concept exploration. 

- Conceptual design and feasibility assessment.  

- Requirements capturing; to understand the tool from a user�¶�V 

perspective, and to establish user�V�¶��common needs and expectations.  

- Prototyping of the tool.  

 

These important initial steps are crucial to support future implementation 

phases, and ultimately this programme work will support the future roadmap 

towards development and implementation into primary care.  
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Chapter Two:  Background  on prescribing for frail older people  
 
 
2.1 Polypharmacy  

Polypharmacy is increasingly common in older adults and is associated with a 

greater risk of medication related harm 25, 26, 66. The very people most likely to 

be exposed to increasing polypharmacy, paradoxically are also those at 

greatest risk of adverse effects associated with polypharmacy, and this is a 

worldwide problem 20. 

 

Over time, the term polypharmacy has developed new meanings and 

definitions. Internationally, there is a lack of a uniform definition of 

polypharmacy, with the literature presenting a variety of definitions 19. In one 

systematic review, varying definitions were identified, such as the use of two or 

more medicines for 240 days or more, concurrent use of two or more 

medications, four or more medications and the widely used definition of five or 

more different medications 67. To reflect the anticipated increase in medication 

usage worldwide, the �W�H�U�P���µ�K�\�S�H�U-�S�R�O�\�S�K�D�U�P�D�F�\�¶���K�D�V���D�O�V�R���E�H�H�Q���S�U�R�S�R�V�H�G����

defined as the use of ten or more medicines 68. But regardless of which 

definition is used, polypharmacy has attracted significant attention amongst 

researchers as a problem for older people, subsequently leading to a major 

focus on its reduction within healthcare 12, 22, 32, 33.  

 

2.1.1 Prevalence of polypharmacy 

Given the ageing population, it is expected that the challenges relating to 

polypharmacy will continue to increase, representing a growing public health 

concern. It is also thought that this trend is a significant prescribing challenge 

faced by HCPs, but particularly for those in primary care where most medicines 

are prescribed 69. In a study conducted in Scotland, it was found that 16.9% of 

adults were treated with between four and nine medicines, rising to 28.6% in the 

sixty- to sixty-nine-year-olds and 51.8% in the over eighty year olds 70. This was 

consistent with findings from a US study, with 36% of the sample taking five or 

more medicines in community-dwelling older people, with 15% potentially at risk 

of major drug-drug interactions 71. Specifically in the UK, between 1995 and 

2010, the proportion of adults dispensed five or more medicines doubled to 

20.8%, and tripled to 5.8% for those dispensed ten or more medicines. The 
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exposure to ten or more medicines was strongly associated with increasing age; 

with only 0.3% of twenty to twenty-nine year olds exposed, compared to 24.0% 

of those aged eighty and over (adjusted odds ratio [OR], 118.3; 95% confidence 

interval [CI], 99.5�±140.7) 72. Additionally, this was strongly associated with those 

living in care homes 72.  

 

2.1.2 �.�L�Q�J�¶�V���)�X�Q�G��definitions of polypharmacy 

Although it is recommended that the exposure to polypharmacy should be 

limited, or avoided as much as possible in the older population, it can also be 

recognised to be therapeutically beneficial if used appropriately, and sometimes 

inevitable in multimorbidity 24. T�K�H���.�L�Q�J�¶�V���)�X�Q�G���K�D�Y�H���S�U�R�S�R�V�H�G���W�K�H���I�R�O�O�R�Z�L�Q�J��

terms, distinguishing between different forms of polypharmacy in the context of 

medication safety 24: 

 

�x Appropriate polypharmacy : Prescribing for an individual for complex 

conditions, or for multiple conditions, in circumstances where medicines 

use has been optimised and where the medicines are prescribed 

according to best evidence.  

 

�x Problematic polypharmacy : Prescribing of multiple medications 

inappropriately, or where the intended benefit of the medication is not 

realised.  

 
2.1.3 Polypharmacy and outcomes 

Appropriate polypharmacy in older patients can lead to positive outcomes in 

disease management where clinically indicated 73. However, observational 

studies have highlighted the association between polypharmacy and adverse 

health outcomes that pose a threat to patient safety, especially for the frail 72, 73. 

Outcomes such as falls 74, adverse drug reactions (ADRs) 75, hospitalisation 76, 

mortality 77 and decline in cognitive and physical abilities 78 have been 

identified. In a multi-centre study conducted in the UK, the most common 

causes of MRH were ADRs (72.9%), non-adherence (10.9%), and medication 

errors (3.4%), with around 13% experiencing more than one type of harm 26. In 

developed countries, it has been documented that polypharmacy is a significant 

risk factor for ADRs 79. Interestingly, studies have shown that the probability of 
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experiencing ADRs amongst older patients is estimated to be only 6% when two 

medications are taken concomitantly, but escalating to 50% when five 

medicines are taken 80. Alarmingly however, 100% experienced ADRs when 

eight or more medicines were taken concomitantly 80. HCPs must appropriately 

use medicines in the management of multimorbidity in older people, but also 

limit the risks associated with polypharmacy 81. With this in mind, one can reflect 

on how MRH among older people is one of the most challenging public health 

issues globally 82.  

 
2.2 Medication related harm (MRH)  

As mentioned in Chapter One, WHO launched their 3rd Global Patient Safety 

Challenge in March 2017, aiming to reduce severe avoidable MRH by 50% 22. A 

strategic framework was developed, and the following action points were set out 

to help deliver this aim and facilitate adoption: 

 

Table 1 - The five action points of the Global Patient Safety Challenge 22 

 

Following hospital discharge for example, one in three older adults can 

experience MRH, with 10% thought to be preventable 26. One of the most 

�F�R�P�P�R�Q���F�D�X�V�H�V���R�I���0�5�+���F�L�W�H�G���D�U�H���$�'�5�¶�V��26.  

 

2.2.1 Adverse drug reactions 

ADRs can be defined as �³�D�Q���D�S�S�U�H�F�L�D�E�O�\���K�D�U�P�I�X�O���R�U���X�Q�S�O�H�D�V�D�Q�W���U�H�D�F�W�L�R�Q����

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 alteration of the dosage regimen, or withdrawal of the product�´��83. 

 

1 Take early action to protect patients from harm arising from: high-risk situations; 
polypharmacy; and transitions of care. 

2 Convene national experts, health system leaders and practitioners to produce 
guidance and action plans for each of the targeted domains. 

3 Put mechanisms in place, including the use of tools and technologies, to enhance 
patient awareness and knowledge about medicines and medication use process, and 
patient�V�¶���U�R�O�H���L�Q���P�D�Q�D�J�L�Q�J���W�K�H�L�U���R�Z�Q���P�H�G�L�F�D�W�L�R�Q�V���V�D�I�H�O�\�� 

4 Designate a national coordinator to spearhead the Global Patient Safety Challenge 
on Medication Safety. 

5 Assess progress regularly. 

https://www-sciencedirect-com.brad.idm.oclc.org/topics/medicine-and-dentistry/drug-dose-regimen
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A significant threat to health related quality of life in people living with frailty are 

ADRs, as they have been associated with decreasing functional status, 

increasing demands on healthcare services, and death 84. In a study 

investigating the incidence of all and preventable ADRs in frail older people, one 

third of the sample experienced an ADR on discharge from hospital, and 

concerningly more than one third of these were judged to be preventable 85. 

Polypharmacy was found to be associated with increasing risks of ADRs 85. Not 

only are frail older people at higher risks of experiencing ADRs, but higher risk 

of severe effects of the ADR, thought to be due to changes in PKPD of 

medicines when used in this population 86.  

 

2.2.2 Age-related physiological change and implications on PKPD 

Alterations in PKPD can be considered one of the main contributing factors to 

MRH, resulting in increased sensitivity to drug effects 28, 87. Physiological and 

pathophysiological changes often accompany the ageing process, therefore 

making the elderly susceptible, reducing their homeostatic capacity due to 

structural and functional changes to organ systems 28. In polypharmacy, 

multiple medicine use may lead to PKPD drug interactions, and could lead to 

heightened adverse drug effects 34. Table 2 below represents each of the PKPD 

processes, highlighting the implications of age-related physiological changes on 

drug disposition.  

 
Table 2 - PKPD changes in the elderly 88 
 

 

PKPD Process  
 

Effect on drug disposition  

Absorption  �‡ Possibly reduced intestinal absorption of agents requiring active 
transport 
�‡ Reduced first-pass metabolism 
 �Ü Increased absorption of some high-clearance drugs 
 �Ü Decreased absorption of drugs from prodrugs 

Distribution  �‡ Altered free fraction of some drugs 
 �Ü Increased free fraction of albumin-bound drugs 
 �Ü �'�H�F�U�H�D�V�H�G���I�U�H�H���I�U�D�F�W�L�R�Q���R�I���.����-glycoprotein-bound drugs 
�‡ Altered volume of distribution 
 �Ü Increased half-life for lipophilic drugs 
�‡ Increased permeability of blood-brain barrier 

Metabolism  �‡ Delayed metabolism of high clearance drugs 
Excretion  �‡ Increased half-life for water-soluble drugs 
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Pharmacokinetics refers to the disposition of drugs in the body, and specifically 

relates to the absorption, distribution, metabolism and excretion of drugs 88. 

Pharmacokinetic changes can include reduced renal 89 and hepatic clearance 
90, reduced secretion of gastric acid 91, and increased volume of distribution of 

lipid and water-soluble medicines leading to prolongation of plasma elimination 

half-life of medicines 28, 92. Pharmacodynamics however is the study of the 

association between the drug concentration at the site of action, and the 

biochemical and physiological response 93.  

 

From the perspective of medicines use in the elderly, exaggerated responses 

are common, often with side effects becoming more clinically significant 87. 

There is extensive data surrounding pharmacokinetics in the elderly, however 

pharmacodynamics has not been as well explored in this population 88. It is 

believed that although the most likely outcome of altered pharmacodynamics is 

increased sensitivity to certain drugs, decreased responsiveness has also been 

observed in older people 94. Age-related pharmacodynamic changes also 

include alterations in the number and affinity of receptors, signal transduction, 

and homeostatic mechanisms 94. The pharmacodynamic response to drugs 

acting on the central nervous system have been better described however 88. 

Increased sensitivity to benzodiazepines, antipsychotics, and antidepressants in 

older people have been found 95. This is most likely due to the increased 

permeability of the blood-brain barrier, alterations in the number of neurons and 

receptors and alterations to the central noradrenergic, muscarinic, and 

serotonergic systems 92. Ultimately, geriatric patients are more vulnerable to the 

prescribing of medicines that act on the central nervous system, and is clear 

that particularly antipsychotics are problematic, causing increased sedation, 

orthostatic hypotension, arrhythmias, and indeed anticholinergic side effects 28.  

 

Preventing MRH in older people therefore is a priority area, but can be difficult 

to identify as the symptoms associated with some ADRs can be similar in 

nature to the symptoms associated with multimorbidity and frailty. These include 

falls and dizziness 23. It is well established that older people in general are more 

likely to experience MRH 96, however results from the PRIME study showed that 

a greater number of frail older patients experienced MRH compared to the non-

frail, highlighting frailty to be a higher risk group within older populations 26. 
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Despite controlling for potential confounders, such as age and polypharmacy, a 

significant relationship between frailty and MRH still existed, supporting the 

need for wider recognition and acknowledgement of frailty status 97, and careful 

consideration of pharmacotherapies 26, 30. By the nature of their condition, it is 

expected that older people living with frailty may experience even greater 

disproportionate changes in health status when exposed to a stressor, 

compared to robust older people 98.  

 

A more holistic approach to MRH is required in healthcare settings, particularly 

for older people living with frailty 99. HCPs have an important role in the 

prescribing, but also reviewing of medicines for frail older people. With the 

increasing focus on frailty, it is important to introduce this clinical syndrome in 

further detail.  

 

2.3 Frailty  

The decline and deterioration of functional properties at cellular, tissue and 

organ level can define ageing, yielding a loss of homeostasis and reduced 

adaptability to internal and external stress 100, 101. There is a gradual decline in 

physiological reserve, however in frailty, this decline can be accelerated and 

mechanisms regulating homeostasis fail 102. The clinical condition of frailty can 

therefore be referred to as �³a state of vulnerability to poor resolution of 

homeostasis following a stress and is a consequence of cumulative decline in 

multiple physiological systems over a lifespan�´��98.  

 

2.3.1 Frailty prevalence 

Frailty is an emerging public health priority 103, described as the most 

problematic expression of population ageing 98. It is a highly and increasingly 

prevalent condition, estimated that a quarter to half of all over 85 years olds are 

affected 98. In community-dwelling adults aged sixty-five and over, one 

systematic review reported the prevalence can vary significantly (4.0% �± 

59.1%), with an overall weighed prevalence of 10.7% across 61,500 

participants, and is more common in women (9.6%, 95% CI = 9.2 to 10.0%, p < 

.001) than in men (5.2%, 95% CI = 4.9 to 5.5%, p < .001) 104. This can be 

supported by the findings of a observational study in the UK (n=638), showing 

prevalence of frailty of 8.5% in women, and 4.1% amongst men 105. The lack of 
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a standardised approach to the operationalisation of frailty identification 

models/tools is a challenge when estimating prevalence however, with various 

studies adopting different methods to identify and characterise this condition 104.  

 

2.3.2 Frailty models  

There is no gold standard approach consistently used by researchers or 

clinicians to assess frailty 106. However, the two principal emerging and most 

commonly used models are the 98: 

�x Phenotype model 107  

�x Cumulative deficit model 108  

In the phenotype model, a frailty phenotype was developed and operationalised 

using a variety of variables, such as unintentional weight loss, self-reported 

exhaustion, low energy expenditure, slow gait speed and weak grip strength 107. 

Using the phenotype model, frailty can be defined by the presence of three out 

of five of these indicators. If one or two indictors are present, this characterises 

pre-frailty, and no indicators characterises a robust status 98.  

 

The cumulative deficit model underpins the Canadian Study of Health and 

Aging (CSHA) Frailty Index, typically known as the Frailty Index (FI)108. This 

was originally based on ninety-two baseline parameters of symptoms, signs and 

abnormal laboratory results, disease states and disabilities, and the 

accumulation these clinical deficits can be used to identify frailty 108. The model 

works on the basis that the more deficits present, the higher the likelihood of 

frailty, or worsening frailty. It is is attractive clinically as frailty can be stratified 

by potential severity 98, 108. The presence of individual deficits does not 

necessarily suggest imminent risk of adverse outcomes, however, the 

accumulation of deficits can contribute to the overall risk of adverse outcomes, 

and has shown good predictive validity 98. Therefore, the FI is thought to be a 

good representation of increased vulnerability 98. Despite being two completely 

different models of identifying frailty, the phenotype and cumulative deficit 

models have demonstrated overlap 109, with statistical convergence for 

predictive validity of adverse health outcomes 98, 110. 
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2.3.3 The Electronic Frailty Index (eFI) 
 
Frailty places a significant burden on individuals, carers, family members and 

healthcare systems 111, and consequently systematic geriatric assessment has 

become more important than ever 112.  

 

The UK, and international consensus guidance has recommended the 

identification of frailty, either in routine clinical encounters with patients, or 

through population screening, to facilitate the planning and prioritisation of 

healthcare delivery for older people 97. There is strong agreement amongst 

HCPs that frailty should be evaluated where possible 103. With the deployment 

of the Electronic Frailty Index (eFI) into general practice clinical systems, it is 

now possible to systematically screen for frailty using routine data 57. This 

adopts the cumulative deficit model, assigning an index to patients 113. Primary 

care electronic health record (EHR) systems in the UK are well placed to allow 

the simple, yet effective mechanism for identifying cumulative deficits using 

clinical codes. This approach is not only validated to predict frailty, but also the 

severity of frailty. The eFI has therefore become a powerful tool in the care of 

the elderly in primary care, with contractual changes made to the General 

Medical Services (GMS) contract to promote adoption 57.  

 

Adopting the cumulative deficit model, the eFI can help identify frailty on the 

basis of an accumulation of clinical deficits, such as symptoms, signs, diseases, 

disabilities and abnormal laboratory readings 113. The eFI was constructed using 

2,171 Clinical Terms Version 3 (CTV3) read codes, which are used to 

characterise thirty-six deficits 57. The eFI score is calculated by the presence, or 

absence, of individual deficits and is expressed as a ratio of the total possible. 

Each deficit within the eFI are assumed to be weighted equally, based on 

improper linear modelling techniques 57. The eFI can be measured on a 

continuous scale of 0-1, however categories of fit, mild, moderate and severe 

frailty have been defined using population quartiles, allowing the stratification of 

older populations by frailty severity 57. The eFI uses routine EHR data to identify 

mild, moderate, and severely frail people, and has been extensively validated 

using anonymised data from 931,541 older patents living in the UK, using two 

large, independent, representative primary care datasets 57. Not only has the 
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eFI been validated for the identification of frailty, but is also a validated predictor 

of hospitalisation, nursing home admission and mortality 57. The graph in Figure 

1 represents survival data from the internal validation cohort as stratified by 

frailty severity: 

 

 
Figure 1 �± Five-year Kaplan �±Meier survival curve for the outcome of mortality for 
categories of fit, mild frailty, moderate frailty and severe frailty. ( Figure from Clegg et al., 
(2016), Age and Ageing  57) 
 
Similar trends could also be seen for the other measured outcomes 

(hospitalisation, nursing home admission), highlighting how as frailty worsens, 

there are increased risks to patients, consistent across each of the three 

validation cohorts 57. Estimates of prevalence of frailty across the validation 

cohorts were 50% fit, 35% mildly frail, 12% moderately frail and 3% severely 

frail. Primarily the aim of the eFI is to identify categories of frailty, which can be 

categorised as follows in Table 3 57: 
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Table 3 - Categories of frailty and their respective eFI scores  

 

2.3.4 Utility of the eFI in clinical practice and research 

The eFI is not a diagnostic tool, and serves as a screening tool at population 

level 57. The gold standard approach to diagnosing frailty is the considered to be 

the Comprehensive Geriatric Assessment (CGA) 114. This entails a holistic 

medical review normally conducted by a geriatrician, but in the community this 

could be a general practitioner (GP) or a suitably trained nurse, psychiatrist or a 

therapist 99. Systematic, population-wide screening for frailty using the CGA 

could be expensive, and it has been deemed that this is unlikely to improve 

outcomes for patients or save on healthcare costs in the UK 97.  

 

The eFI has been shown to be feasible and acceptable to use in a primary care 

pilot study, with general practice staff stating that eFI reports typically took five 

minutes to run, based on a population size of 6,670, using SystmOne as the 

clinical system 115. The utility of the eFI was highlighted in another study, 

showing there was convergence with the research standard FI, the phenotype 

model, the CFS and the Edmonton Frail Scale 109 in identifying frailty. It has also 

been applied to patient data within primary care in Australia, demonstrating that 

it is feasible to extract eFI scores from routinely collected EHR data, without 

modifying existing infrastructure within clinical systems 116.  

 

Primarily, the eFI score has been developed to assign a frailty severity group to 

patients, with less emphasis on the specific score, as a precise indicator on a 

scale. However, it could be useful to study the eFI score on its continuous scale 

when investigating associations with adverse health outcomes, from a statistical 

analysis stand point, as continuous variables are regarded to be superior in 

association analysis 117.  

 

Frailty Category  eFI score  
Fit 0 - 0.12 
Mild 0.13 - 0.24 
Moderate 0.25 - 0.36 
Severe  > 0.36 
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2.3.5 Frailty and outcomes 

Due to the extreme vulnerability to endogenous and exogenous stressors, frailty 

is regarded as a health state that affects individuals with an increased risk of 

exposure of adverse health outcomes 97. Such outcomes have been reported as 

increased falls 118, fractures 118, hospitalisation 107 and nursing home admission 
119, worsening disability and mortality 118, 120. Four major prospective cohort 

studies found that frailty severity possibly modifies the association with risk of 

adverse health outcomes, with severe frailty reported to increase the risk of 

outcomes compared to intermediate frailty 107, 119-121. In one study, the OR with 

regards to mortality in those considered to have intermediate frailty was 2.54, 

compared to 3.69 in severe frailty 119, and in another study looking at falls, the 

OR was 0.92 in intermediate frailty compared to 1.18 in severe frailty 121. What 

is clear is that frailty is a dynamic, multidimensional syndrome with complex 

pathophysiology, which can improve or worsen over time 97, 98, 122. However, 

improvement is less common, with the development of frailty associated with a 

spiral of health decline 123. 

 

2.3.6 Exposure to polypharmacy for frail older people 

With regards to medication safety, it is thought that polypharmacy may also 

modify the association between frailty and adverse health outcomes. In one 

study for example, older people living with frailty exposed to polypharmacy had 

an increased adjusted risk of mortality or incident disability (OR 5.3; 95% CI 2.3 

to 12.5) and hospitalisation (OR 2.3; 95% CI 1.2 to 4.4), compared to the non-

frail with no exposure to polypharmacy 124. With such vulnerability, prescribing 

decisions in frailty need constant vigilance and review to ensure medicines are 

optimised to promote safe, effective and appropriate use 125.  

 

Few pharmacological agents have been studied specifically in older people 

living with frailty, however. This is an important area for future research, to 

investigate elements of medicines optimisation, treatment and prevention of this 

syndrome 98. A significant proportion of older people, particularly living with 

frailty, are often excluded from clinical trials 126, therefore drug development 

typically involves participants of a substantially healthier status than the average 

age-matched people of the general population 127. Consequently, medicines 

developed and tested on a healthier or more robust population may not 
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represent the safety or efficacy profile of people living with frailty, and 

unexpected side effects may occur 127. However, an increasing number of 

studies are emerging in this field, recognising the importance of frailty, with a 

view to safer prescribing 128-131. After all, polypharmacy is prevalent in pre-frail 

and frail older adults, with one systematic review and meta-analysis highlighting 

pooled proportions of 47% (95% CI 33 to 61) and 59% (95% CI 42 to 76) 

respectively 132. Increased ORs were also seen for polypharmacy in the pre-frail 

(pooled OR = 1.52; 95% CI 1.32 to 1.79) and the frail (pooled OR = 2.62, 95% 

CI 1.81 to 3.79), compared to robust older adults 132. 

 

Age-related changes to PKPD are recognised as an increasing complexity 

when prescribing in frailty 131. Evidence is still lacking however, and the 

evidence behind how frailty can impact drug disposition is limited 125. Despite 

this, it is hypothesised that the physiological changes associated with frailty are 

expected to modify PKPD 125, compromising the ability to cope with every day 

or acute stressors 133. Figure 2 represents the potential negative impact 

stressors may have in frailty, with increased vulnerability to sudden change in 

health status following a minor illness, or indeed a new or regular medicine for 

example 98.  

 

 

 

 

 

 
 
 
 

 

 

Figure 2 �± A visual representation of the vulnerability of frail older people to a sudden 
change in health status. ( Figure from Clegg et al., (2013), Lancet 98) 
In this example, the occurrence of a minor illness  as a stressor , such as a urinary tract 
infection leads to a significant reduction in functional ab ility in the frail dependent 
patient , and takes longer in time to recover. Importantly, the functional ability does not 
recover to the same degree prior to the  infection .  
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2.3.7 Polypharmacy: A contributing factor towards frailty? 

Polypharmacy�¶�V��association with frailty has also raised important questions, with 

regards to whether this could be a causal association, and ultimately whether 

excessive medicine usage can lead to frailty 134. In a review conducted by 

Gutiérrez�æValencia et al., sixteen out of eighteen cross-sectional analyses, and 

five out of seven longitudinal analyses identified an association. However, 

causal relationships were unclear, and associations were bidirectional 134. 

Various studies have identified an association between polypharmacy and frailty 

states 132, 135, but ultimately it is unclear whether polypharmacy is more likely to 

lead to frailty progression, whether frailty progression increases the risk of 

polypharmacy, or indeed an element of both. There is agreement that 

polypharmacy could be a significant contributing factor towards frailty, but 

arguing it causes frailty cannot be made 136, 137.  

 

2.3.8 Exposure to hyper-polypharmacy for frail older people 

Hyper-polypharmacy has also been explored in frailty, with the risk of exposure 

increased for the pre-frail (OR 1.95; 95% CI 1.41 to 2.70) and the frail (OR 6.57; 

95% CI 9.57 to 10.48), compared to robust older persons 132. This would 

suggest the frailer a person is, the more likely they are to be exposed to hyper-

polypharmacy, and that frailty severity could be a driving factor 134. With this 

increasing exposure to multiple medicines, frail older people are also at risk of 

being exposed to PIP, with one study finding that higher FI scores doubled the 

chances of prescribing at least one potentially inappropriate medicine 138. This 

is a concern, as the frail are more likely to experience ADRs from PIP, 

compared to robust older people 101, 125, 138.  

 

2.4 Potentially inappropriate prescribing (PIP)  

PIP has been shown to be common in older people in the UK, particularly in 

those exposed to polypharmacy, and those presenting to hospital with acute 

illnesses for example, with PIP rates reported at 33-58% in secondary care 139 
140, 141. It is also common in primary care, with PIP rates reported to be between 

20-40% 142. What is deemed to be appropriate prescribing in younger adults 

may not be deemed appropriate in older people living with frailty 143, as risks of 

adverse outcomes can be modified by the age-related physiological changes 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Guti%26%23x000e9%3Brrez%26%23x02010%3BValencia%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29575094
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seen in this population 28. Yet, prevalence of PIP is thought to be high amongst 

frail older people 144.  

 

2.4.1 Prevalence of PIP in the frail older population 

In one study of 41,351 older people, frailty was stratified by severity at 

admission to hospital, and PIP exposure was reported for 42.8% of pre-frail and 

48.1% of frail patients, compared to 38.7% of the non-frail 144. It also found that 

potentially inappropriate medicines were more likely to be commenced in frail 

patients following admission 144. Although this sub-group analysis reported the 

prevalence of PIP as percentages within different frailty groups, the authors 

however did not report the exact number of participants these percentages 

equated to, out of the total sample of 41,351. This study explicitly disclosed the 

method of frailty identification as being a 72-item frailty index, developed by 

Hogan et al, 145. However, the method of frailty identification is not always 

reported in studies exploring PIP�����D�Q�G���D�O�W�K�R�X�J�K���µ�I�U�D�L�O���R�O�G�H�U���S�R�S�X�O�D�W�L�R�Q�V�¶���D�U�H��often 

described, it is unclear the true prevalence of PIP specifically for older people 

living with frailty. Hanlon et al. studied inappropriate medication use among frail 

elderly patients, also concluding that PIP is common in frail inpatients, arguing 

as much as 91.9% of patients were medicated with at least one inappropriate 

medicine 143. Despite referring to the participants as frail, the methods did not 

disclose how frailty was determined. From this study alone, it is difficult to draw 

conclusions with regards to the prevalence of PIP in frailty specifically.  

 

Cullinan et al. found a significant correlation between the FI score and instances 

of PIP (R=0.92) 138. Patients were exposed to at least one instance of PIP at a 

mean FI score of 0.16, and doubling the chances of PIP and ADRs when scores 

exceeded 0.16 (OR = 2.6, p<0.01) 138. This highlights how frailty severity, as 

determined by the FI score, could modify the chances of being exposed to PIP, 

and could modify risks of developing ADRs, suggesting that worsening frailty 

increases such risks.  

 

2.4.2 Assessing potentially inappropriate prescribing (PIP) 

With the high prevalence of PIP among older people raising concerns 139, 140, 

such observations have formed the basis of various criteria to support HCPs 

with the assessment and identification of PIP 146. These criterion-based explicit 
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process measures identify medicines to be potentially avoided in older people, 

independent of diagnoses 147, 148; the most commonly used being the 

�H�[�W�H�Q�V�L�Y�H�O�\���Y�D�O�L�G�D�W�H�G���$�P�H�U�L�F�D�Q���*�H�U�L�D�W�U�L�F�V���6�R�F�L�H�W�\�¶�V���%�H�H�U�V��Criteria 33, 149, 150. 

Other explicit process measures have since been developed, which have 

addressed limitations of the Beers Criteria, such as adapting the medicine lists 

to ensure appropriateness for HCPs within other countries 151. These include 

the Screening Tool of Older Persons potentially inappropriate Prescriptions 

(STOPP) criteria 32, the Australian Prescribing Indicators Tool 152 and the 

Norwegian General Practice (NORGEP) Criteria 153. Prescribing safety 

indicators relating to specific conditions and medications, such as in mental 

health, are also in development 154. Additionally, there is a tool specifically for 

those living with frailty: the Screening Tool of Older Persons Prescriptions in 

Frail adults with limited life expectancy (STOPPFrail) 31.  

 

Such explicit tools can provide a solid foundation for HCPs in the assessment of 

medication appropriateness. But as explicit tools are typically developed 

through literature reviewing, expert review panels and consensus techniques 

such as Delphi 155, this can present challenges for HCPs also. In particular, 

assessing medication appropriateness using a defined set of standards can 

underestimate the complexities of real-world clinical practice 156. It can be 

argued that explicit tools; those that offer a �µone size fits all�¶ approach, should 

not entirely replace clinical judgement of HCPs, but should complement this 

judgement 156.  

 

Another option is the use of implicit tools; tools which can facilitate the 

evaluation of appropriateness of medicines through a patient centred approach, 

requiring clinical judgement, and often clinical assessment 157. An example is 

the Medication Appropriateness Index (MAI)158. However, implicit tools can be 

time-consuming to use and have low reliability, and their utility and practicality in 

busy clinical practice settings is questionable 155.  

 

A number of tools have been developed with the purpose of aiding health 

professionals to deprescribe in regular practice, as summarised by Reeve 157. 

Some overlap has been identified between the content of such tools designed 

to identify PIP, highlighting international consensus on what types of medicines 
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are deemed to be high-risk, or potentially problematic when used in the older 

patient 159-161. One medicine group that is consistently recommended to avoid in 

older people, or use with caution, is the anticholinergics, with the Beers criteria 

�S�D�U�W�L�F�X�O�D�U�O�\���U�H�J�D�U�G�L�Q�J���W�K�L�V���D�V���D���µ�V�W�U�R�Q�J�¶���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q 32, 33. This is consistent 

with the STOPP criteria 32, the Australian Prescribing Indicators Tool 152 and the 

NORGEP 153. National clinical guidelines, such as the National Institute for 

Health and Care Excellence (NICE), also recommend minimising the use of 

medicines associated with increased anticholinergic burden; something that 

they consider to be closely associated with polypharmacy and multimorbidity 
162.  

 

With anticholinergic medicines being a significant focus with regards to 

medication safety of older people, the following chapter provides the 

background to anticholinergics and anticholinergic burden.  

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



24 
 

Chapter Three: Background on anticholiner gic burden among frail older 

people  

 
3.1 Anticholinergic medicines  

Anticholinergics are a class of medicines responsible for blocking the 

neurotransmission of acetylcholine, which is involved in various physiological 

functions within the central and peripheral tissues 43. Depending on which 

receptors they act on, anticholinergics can be split in to two categories 163: 

�x Antinicotinic 

�x Antimuscarinic  

Nicotinic receptors are mainly located on skeletal muscles and autonomic 

ganglia, with receptor activation leading to increased permeability to sodium 

and calcium, depolarisation and excitation 163. Antinicotinics prevent the 

transmission of signals from motor nerves to the skeletal muscles and therefore 

prevent activation of the receptor 164. Their clinical use is typically limited to 

anaesthesiology, as neuromuscular blocking agents 163, used in surgical 

procedures as muscle relaxants 165.  

 

Muscarinic receptors however are mainly located in the central nervous system 
166, but also on autonomic effector cells at the peripheral level 163. When 

activated, this leads to an excitatory effect opposite to that of a dopaminergic 

effect 167. This causes an increased parasympathetic response, such as 

vasodilation 168, constriction of pupils 169, smooth muscle contraction 170, 

increased secretion of sweat, tears, saliva and increased secretion of mucus 

from the respiratory tract 170. Antimuscarinics block the muscarinic acetylcholine 

receptors, and therefore inhibit the cholinergic nerve activity, limiting the 

parasympathetic response 165, 171. An example of this blockage by 

antimuscarinic medicines within the airways has been presented in Figure 3. 
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Figure 3 �± Non-specific blockade of muscarinic receptors (M1, M3, M3) by antimuscarinic 
drugs, at the vagal nerve, submucosal gland, and bronchial smooth muscle. (Figure from 
Rau JL (2002), Respiratory Care  172). 
 
 
In contrast to antinicotinics, antimuscarinics (or muscarinic receptor 

antagonists) are commonly used in routine medicine, particularly as 

gastrointestinal, urinary, antiparkinsonian, cardiovascular, central nervous 

system (CNS), analgesics and bronchodilating medications 42, 163.  

 

3.1.1 Appropriate terminology 

When referring to �W�K�H���X�P�E�U�H�O�O�D���W�H�U�P���µanticholinergic medicines�¶, it is important to 

acknowledge these differences between antinicotinic and antimuscarinic action. 

Antimuscarinics are unable to antagonise the effects of acetylcholine on 

nicotinic receptors, and therefore in these circumstances cannot be referred to 

as anticholinergics 163. Despite this, such medicines have been described as 

anticholinergics in studies 173, 174, and there is an opinion that without 

acknowledging the target receptor, such terminology is not specific enough, 

arguing that specifying whether a medicine is antimuscarinic or antinicotinic is a 

better scientific approach 163. Whilst the researcher fully appreciates that the 

�W�H�U�P���µ�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F�¶���P�D�\���V�X�I�I�H�U���I�U�R�P���S�K�D�U�P�D�F�R�G�\�Q�D�P�L�F���D�S�S�U�R�[�L�P�D�W�L�R�Q��163, and 

that more specific terminology is more desirable, it is common practice to refer 

to these medicines broadly �D�V���µ�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F�V�¶�����S�D�U�W�L�F�X�O�D�U�O�\���Z�L�W�K�L�Q���W�K�H���1�+�6��175-
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177. With a view to this PhD programme being translational into clinical practice, 

�µ�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F�V�¶���Z�L�O�O���E�H���W�K�H���S�U�H�I�H�U�U�H�G���W�H�U�P���W�R���U�H�I�H�U���W�R���W�K�H�V�H���P�H�G�L�F�L�Q�H�V�����W�R��

maximise the potential for wider dissemination. From here on within this thesis, 

�P�H�G�L�F�L�Q�H�V���Z�L�W�K���D�Q�W�L�P�X�V�F�D�U�L�Q�L�F���S�U�R�S�H�U�W�L�H�V���Z�L�O�O���E�H���U�H�I�H�U�U�H�G���W�R���D�V���µ�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F�V�¶.  

 

3.2 Undesirable effects of anticholinergic prescribing  

Although the effects of anticholinergics can have clinical benefit, such as 

prevention of motion sickness, treating bladder instability and preventing urge 

incontinence�����U�H�O�L�H�Y�L�Q�J���R�I���W�U�H�P�R�U�V���L�Q���3�D�U�N�L�Q�V�R�Q�¶�V���G�L�V�H�D�V�H����dilation of the pupil, 

paralysis of the ciliary muscle of the eye, local antisecretory activity 178, the 

relaxation of bronchial smooth muscle in the management of respiratory 

conditions, and control of muscle spasms in irritable bowel syndrome 179, their 

use can be limited by numerous side effects 34. These can be divided in to 

peripheral, and central side effects, relating to the two main parts of the nervous 

system.   

 

3.2.1 Peripheral side effects associated with anticholinergic prescribing 

The peripheral nervous system (PNS) includes the nerves outside of the central 

nervous system, which transmit information between the body and brain. The 

PNS controls movement, touch, sight, taste, and smell, and functioning of 

internal organs such as the lungs, stomach, and heart. Therefore, the peripheral 

side effects associated with anticholinergic prescribing include dry mouth, 

constipation, blurred vision, urinary retention, tachycardia, orthostatic 

hypotension, and decreased sweating. These are deemed to be more physical, 

and possibly easier to recognise and diagnose 40, 42.  

 

3.2.2 Central side effects associated with anticholinergic prescribing 

Central side effects include sedation, dizziness, confusion, delirium, impaired 

concentration, and memory impairment 40, 41. Often, these can be considered 

minor, short-�O�L�Y�H�G���V�L�G�H���H�I�I�H�F�W�V�����G�L�V�U�H�J�D�U�G�H�G���D�V���D���U�H�V�X�O�W���R�I���D�Q���L�Q�G�L�Y�L�G�X�D�O�¶�V���S�U�H-

existing condition 40.  

 

However, there is concern that anticholinergic use is strongly associated with 

longer term clinically significant adverse outcomes, such as physical and 



27 
 

cognitive dysfunction, falls, institutionalisation and increased risk of mortality 34, 

180. Older people are particularly susceptible to the potential medical 

complications of anticholinergic medicines. 

 

3.3 Prevalence of anticholinergic prescribing  

As mentioned previously, anticholinergic medicines are commonly and routinely 

prescribed to frail older people, often requiring an anticholinergic response to 

manage symptoms and conditions associated with this population. In some 

circumstances, prescribers may be unaware of the potential anticholinergic 

properties that some medicines may possess 181. This may contribute to how 

commonly these medicines are prescribed, and presents a significant challenge 

for reducing risks of adverse outcomes 181. Another challenge is that many 

medicines can have anticholinergic effects 180, with one study concluding the 

most commonly prescribed anticholinergics to be tricyclic antidepressants, first-

generation antihistamines, and bladder stabilising medicines 182.   

 

Estimating the prevalence of anticholinergic prescribing can vary depending on 

the country, population, setting, time of year, and indeed the method of 

characterising or defining anticholinergic medicines 51. Particularly for older 

people, previously reported prevalence estimates of any anticholinergic use has 

varied between 34 and 63% 183-186, and potentially inappropriate anticholinergic 

use between 4 and 10% 183, 184, 187. In a US study, it was estimated that 9.56% 

(n = 7.51 million) of a 78.6 million population used potentially inappropriate 

anticholinergic medicines in a period of 2009-2010 187.  Overall, prevalence is 

highest in the older populations 35, 51, 188, but studies also show trends of 

increasing prevalence over time, with one study identifying an increase in 

prescribing over a 20-year period in England 51. This was particularly the case 

for potent anticholinergics, with prevalence increasing from 5.7% (95% CI 5.2�±

6.3%) to 9.9% (95% CI 9.3�±10.7%) in those aged sixty-five and over 51. 

 

3.4 Anticholinergic burden  

As mentioned in Chapter One, not only is there concern for the prescribing of 

individual anticholinergic medicines in isolation, but also for the cumulative 

effect of using multiple anticholinergic medicines in older people, known as 

anticholinergic burden.  
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After extensive investigation within older populations, there is growing evidence 

surrounding the area of anticholinergic burden; internationally recognised to be 

associated with adverse health outcomes 31-33, 153. Evidence shows that 

anticholinergic burden is a strong predictor of adverse outcomes, such as 

cognitive and functional impairment, falls, hospitalisation and death in older 

adults 189-191. Several systematic reviews have summarised the evidence for 

such associations 37-39, 45, confirming robust associations between 

anticholinergic prescribing and adverse outcomes in older people. Various 

cohort studies have been conducted, and have shown that higher 

anticholinergic burden levels is associated with adverse brain effects and poor 

cognition 37. In a case-control study by Richardson et al., which reached 

national news headlines in England, dementia was associated with increasing 

anticholinergic burden levels 48. Additionally, certain drug classes were linked to 

dementia, with risks increasing with exposure to antidepressants, urological and 

highly anticholinergic antiparkinsonian medicines 48. This can be supported by a 

recent Cochrane review, investigating whether anticholinergic burden can be 

considered a prognostic factor with regards to dementia or cognitive decline, in 

older adults with no known cognitive syndrome 192. In this context, a prognostic 

factor is any measure that is associated with a clinical outcome. The authors 

concluded that prescribing of anticholinergic medicines was associated with 

future dementia or cognitive decline (adjusted OR 2.63, 95% CI 1.09 to 6.29), 

but this was summarised as low-certainty evidence 192.  

 

Certainly, the associated detrimental effects on cognitive function and other 

outcomes are a concern. However, systematic reviewers agree that 

associations can vary, and is especially dependent on the method of identifying 

and quantifying anticholinergic burden, something that has not been 

conclusively established 37-39, 45 . For example, amitriptyline can be considered a 

highly potent anticholinergic medicine, and therefore associated with the 

adverse outcomes related to anticholinergic burden 32. However, amitriptyline 

was not associated with falls in one study (relative risk [RR] 1.73, 95% CI 0.81, 

2.65), yet olanzapine and trazodone were associated with increased ORs and 

RRs of falls (OR 2.16, 95% CI 1.05, 4.44; RR 1.79, 95% CI 1.60, 1.97, 

respectively) 45. Considering the anticholinergics collectively however, this study 
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did find that participants exposed to at least one anticholinergic was associated 

with increased odds of cognitive impairment (OR 1.45, 95% CI 1.16, 1.73) 45. 

 

Despite a plethora of research reporting associations between anticholinergic 

prescribing and adverse outcomes, studies reporting the lack of association are 

also in abundance. In a study conducted by Andre et al., no association was 

observed between anticholinergic burden and cognitive decline in older adults 

over the course of three years 193. Other studies reporting no association with 

cognitive decline have also been reported 194-198. Indeed, studies investigating 

other outcomes, such as falls, mortality, lower quality of life and impaired 

physical ability, have also reported the lack of association with anticholinergic 

prescribing 185, 199-202. This highlights Welsh et a�O���¶s arguments that such 

associations are not conclusive, can vary from study to study depending on the 

methods, and that further investigation is required to provide higher-certainty 

evidence 39.  

 

Nevertheless, from the research conducted thus far, anticholinergic burden is a 

concept that is well established within academic and clinical settings, with 

evidence supporting the need for vigilance with anticholinergic prescribing for 

older people. This area has received significant attention amongst researchers, 

clinicians, and policymakers, with a view to managing this burden and reduce 

the risk of adverse health outcomes in clinical practice 32, 33. But managing 

anticholinergic burden presents a significant challenge for healthcare providers; 

regarded as a complex area within the pharmaceutical care of older adults, 

often requiring a delicate balance between therapeutic benefits, and the risk of 

adverse effects 203. 

 

3.4.1 Identifying anticholinergic burden  

Various scales have been developed and used to quantify anticholinergic 

burden for research and clinical purposes 173, 189, 204-209. Such scales have an 

important role to play in the management of pharmacotherapy in the elderly, 

supporting prescribers with decision making with a view to mitigating prescribing 

risks 210. However, interpretation of findings relating to anticholinergic burden is 

arguably hindered by the lack of consensus on the most superior method of 

quantification 39. With methods ranging from serum anticholinergic activity 
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(SAA), to laboratory data, to pharmacological evidence and expert opinion, this 

has led to the development of numerous scales, with varying methodologies, 

lists of medications and varied anticholinergic burden scoring systems 130, 173, 189 
204. It is a challenge to recommend one scale over another for wide scale use in 

clinical practice or research 39. 

 

In a systematic review by Welsh et al., eighteen scales were identified, varying 

in their rationale, use and association with adverse outcomes 39. The authors 

concluded that the Drug Burden Index (DBI)189 was the most commonly used 

scale in the community, and in database studies, whereas the Anticholinergic 

Risk Scale (ARS) 211 is used more in hospitals and care homes 39. They were 

unable to conclude however which scale is most superior, ultimately arguing 

that the concept of anticholinergic burden has not been conclusively established 

yet, due to the variance of associations between anticholinergic burden and 

adverse outcomes 39. Cardwell et al. on the other hand argue that the DBI and 

the DBI-WHO 212 are the most appropriate scales for longitudinal research, due 

to being continually updated, therefore are suitable for international utilisation 
213.  

 

Despite Welsh et al. not necessarily identifying the most superior scale, they did 

express concerns with the practicalities of using the DBI, arguing that it could be 

a complex scale to use in a busy clinical setting, favouring the Anticholinergic 

Cognitive Burden Scale (ACB) 214 and the ARS as simpler to use alternatives 39. 

The DBI and DBI-WHO are dose dependent to calculate anticholinergic burden, 

whereas the ACB and ARS are scales based on listed medicines, each with an 

individual anticholinergic burden score, and do not to take in account dosages. 

Arguably however, the DBI could be beneficial at the point of prescribing when 

utilised by clinicians, where the dose can be inputted manually in to a DBI 

calculator, to quantify the specific anticholinergic burden of therapy 215. In 

another review, the ACB and the Anticholinergic Drug Scale (ADS) were 

determined to be well suited for the quantification of anticholinergic exposure, 

particularly in the context of data analyses. However, the authors called for 

further work in the area of quantifying anticholinergic burden, with regards to 

drug dosing and potency 210.  
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Ultimately, the DBI, DBI-WHO, ACB and ARS have been recognised as credible 

scales to use in the quantification of anticholinergic burden. They have been 

extensively studied and validated in various clinical settings internationally, and 

have been associated with a variety of adverse health outcomes in older people 
37-39, 213. In the UK context, the ACB has already developed traction in its 

utilisation, recognised in dementia guidance as a possible anticholinergic scale 

to use for example 216. But one scale has not been preferred over another as 

currently there is insufficient evidence to recommend one for wide-scale use 216. 

The ACB has also been applied to large scale cohort studies both in the UK and 

internationally, quantifying anticholinergic burden to explore the associations 

with various adverse outcomes, such as cognitive decline 48, 217. The ACB scale 

is therefore an attractive validated scale to use for research, clinical practice, 

and tool development, specifically for the UK.  

 
The main anticholinergic burden scales used worldwide are as follows: 
 

�x Modified Anticholinergic Risk Scale (mARS) 218 
�x �$�L�]�H�Q�E�H�U�J�¶�V���$�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���%�X�U�G�H�Q���6�F�D�O�H��219 
�x Anticholinergic Activity Scale (AAS) 208 
�x Anticholinergic Burden Classification 205 
�x Anticholinergic Cognitive Burden Scale (ACB) 214 
�x Anticholinergic Loading Scale (ALS) 209 
�x Anticholinergic Drug Scale (ADS) 204 
�x Anticholinergic Risk Scale (ARS) 211 
�x �&�D�Q�F�H�O�O�L�¶�V���$�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���%�X�U�G�H�Q���6�F�D�O�H��220 
�x �&�K�H�Z�¶�V���/�L�V�W��221 
�x Clinician-Rated Anticholinergic Score (CrAS) 206 
�x Drug Burden Index (DBI)  
�x Drug Burden Index�² World Health Organization (DBI-WHO) 212 
�x �'�X�U�D�Q�¶�V���6�F�D�O�H��222 
�x �0�L�Q�]�H�Q�E�H�U�J�¶�V���&�O�L�Q�L�F�D�O���,�Q�G�H�[223 
�x �0�L�Q�]�H�Q�E�H�U�J�¶�V���3�K�D�U�P�D�F�R�O�R�J�L�F�D�O���,�Q�G�H�[��223 
�x �6�D�O�D�K�X�G�H�H�Q�¶�V���&�R�P�Sosite Reference Scale 37 
�x �6�X�P�P�H�U�¶�V���'�U�X�J���5�L�V�N���1�X�P�E�H�U��224 
�x �:�K�D�O�O�H�\�¶�V���$�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���%�X�U�G�H�Q���6�F�D�O�H��225 
�x Muscarinic Acetylcholinergic Receptor Antagonist Exposure Scale 226. 
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3.4.2 Quantifying anticholinergic burden: The linear additive model 

Similar to other anticholinergic burden scales, the ACB scale assumes a simple 

linear additive model, where the burden effect increases linearly as 

anticholinergic medicines accumulate 52. The ACB scale has a categorical 

scoring system, with possible anticholinergics assigned a score of 1, and 

definite anticholinergics assigned a score of 2 or 3, depending on the 

understood anticholinergic potency level 173, 214. A score of 3 characterises the 

most potent of anticholinergics. Each individual medicine score is added 

together to produce a final ACB score. Below is an example of how 

anticholinergic medicines can accumulate when managing patients with 

multimorbidity, and how this accumulation can contribute to a total 

anticholinergic burden score.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 �± An example of the accumulation of anticholinergic medicines to treat various 
different conditions , and how this contributes to an overall anticholinergic burden score . 
 

Studies have shown that for each point increase in total ACB score, there is an 

associated 27% increase in mortality, or a decline of 0.33 points on the Mini-

Mental State Examination (MMSE) score over two years for example 186. Also, 

medicines with a score of 2 or 3 have been associated with cognitive 

impairment, and are thought to increase this risk by 46% over six years 227.  

Medicine:  Amitriptyline 50mg  
Dose:  50mg at NIGHT 
Indication:  Headache 
ACB score:  3 

Medicine:  Furosemide  
Dose:  40mg in the MORNING 
Indication:  Heart failure 
ACB score:  1 

Medicine:  Solifenacin   
Dose:  10mg in the MORNING 
Indication:  Urinary frequency 
ACB score:  3 

Medicine:  Codeine   
Dose:  30mg FOUR times daily 
Indication:  Headache  
ACB score:  1 

Medicine:  Fluoxetine 
Dose:  20mg DAILY 
Indication:  Depression 
ACB score:  1 

Total ACB 
score = 9 
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Importantly however, anticholinergic burden scales been largely criticised as 

potentially underestimating complex pharmacological issues using the linear 

additive effect model. Arguably, anticholinergic effects may not increase in a 

linear fashion and therefore is considered an oversimplification 39, 52. Also, such 

scales do not consider specific patient characteristics, such as changes in 

PKPD, cholinergic reserve and endogenous anticholinergic activity, which are 

important factors to consider in the care of older people, and indeed people 

living with frailty 52. Nevertheless, it is clear from the literature that scales 

incorporating the linear additive approach have been extensively validated to 

show associations 39, and although this approach may be a pharmacological 

limitation, arguably it is an acceptable approach 228.  

 

3.4.3 Anticholinergic burden and the association with adverse outcomes in the 

frail older patient 

Overall, studies investigating associations between anticholinergic use and 

adverse health outcomes in older people are in abundance 36, 37, 43, 48, 166, 185, 211, 

217. But with the clinical condition of frailty being increasingly recognised as an 

important consideration in medicines optimisation 229, further exploration of the 

use of anticholinergics specifically in this clinical state is required, to understand 

the risks. This is especially the case for the English NHS, where recent policy 

changes mandate the prioritisation of older people with frailty for an SMR. This 

is due to the assumed increased risk of adverse outcomes in frailty when 

exposed to polypharmacy, and indeed high-risk prescribing. However, with 

regards to existing research within the field of anticholinergic burden, studies 

exploring associations with adverse outcomes have had an overall focus on 

older populations only, rather than specifically focusing on older people living 

with frailty. Therefore, it is important to understand the nature of associations for 

this targeted population, and identify whether existing research has reported 

heightened risks of adverse outcomes when exposed to anticholinergics. This is 

important to establish, to justify the prioritisation of older people living with frailty 

exposed to high anticholinergic prescribing, as opposed to older people in 

general.  
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Few pharmacological agents have been studied in frailty 98, however, there is 

some observational research specific to anticholinergic use, albeit limited. Landi 

et al. studied anticholinergic drug use and adverse outcomes among frail older 

people in nursing homes, finding that higher anticholinergic burden scores were 

associated with a greater likelihood of physical decline after adjustments (OR 

1.13, CI 1.03 to 1.23), a higher rate of falls (OR 1.26, CI 1.13 to 1.41), and a 

higher incidence of delirium (OR 1.16, CI 1.02 to 1.32) at one year follow up 230. 

Anticholinergic burden scores of 1 or higher were also associated with a higher 

comorbidity index and greater cognitive impairment. This study summarises 

important findings about these associations, using the ARS scale to quantify 

anticholinergic burden. However, one can question whether the participants 

were indeed �O�L�Y�L�Q�J���Z�L�W�K���I�U�D�L�O�W�\�����7�K�H���V�W�X�G�\���U�H�I�H�U�V���W�R���W�K�H���µ�I�U�D�L�O���H�O�G�H�U�O�\�¶�����K�R�Z�H�Y�H�U��

there is no clear indication in the methods to whether a known, validated 

measure of frailty was used to identify a sample living with frailty. Such 

measures reported in previous literature have included gait speed, the timed up 

and go test (TUGT) 231, grip strength (kg), and of course the frailty index (FI) or 

�)�U�L�H�G�¶�V���F�U�L�W�H�U�L�D. As no validated approach to identifying frailty was applied, this 

raises questions regarding whether the findings are generalisable to a sample 

living with frailty.  

 

However, Landi et al. in an earlier study did report validated frailty measures, 

when investigating anticholinergic drugs and physical function among a frail 

elderly population, and were able to confirm a frail sample in the methods 130. 

Associations were found between anticholinergic use and adverse outcomes in 

both unadjusted and adjusted models, finding reduced physical performance, 

muscle strength, and functional measures in those exposed to anticholinergics. 

For example, in those not exposed to anticholinergics, hand grip strength was 

stronger at 31.3kg (standard error [SE]= 0.8), compared to 28.8kg in those 

exposed to anticholinergics (SE = 1.0), and both results were significant 130. 

Adjusting for plausible confounders weakened the strength of associations. 

However, one outcome that was not associated with anticholinergic use was the 

4-meter walking speed, showing no difference according to anticholinergic use, 

after adjusting for confounders 130. One limitation of this study was that the 

concept of anticholinergic burden was not investigated as such, as the authors 

dichotomised the anticholinergic exposure variable in to exposed or non-
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exposed. The authors attempted to explore the associations between the 

number of anticholinergics used and outcomes, categorising patients into non-

users, using one anticholinergic, and using two or more anticholinergics, 

revealing worsening outcomes as the number of anticholinergics increased. 

However, the study failed to appreciate the concept of anticholinergic burden; 

the cumulative effect of anticholinergics on a scale. Another limitation is that 

anticholinergic potency was quantified using scales based on SAA alone. This 

is a method that has been criticised by some due to limitations in the 

predictability of cognitive and functional outcomes in older people, and is 

deemed to be a flawed method 232.  Nevertheless, the findings of this study still 

highlight associated implications of anticholinergic use in this frail population. 

 

Taipale et al. investigated the association between sedative load and muscle 

strength in frail, community-dwelling over seventy-five-year-olds, finding that 

use of drugs with sedative properties was associated with impaired muscle 

strength 233. The authors stated that focus should be on reviewing and 

rationalising medicines in older people, particularly as impaired muscle strength 

can be a predictor of functional disability and mortality 233. Although the majority 

of medicines used to quantify sedative load were anticholinergic in nature, some 

were not, including zopiclone and zolpidem for example 189, 233. This impedes 

the interpretations one can make entirely relating to anticholinergics, as this 

study was not designed to acknowledge just anticholinergics.  

 

Gnjidic et al. also used sedative load to explore associations with functional 

outcomes, finding that increasing sedative load was associated with 

impairments to Activities of Daily Living (ADL) and Instrumental Activities of 

Daily Living (IADL), in both unadjusted and adjusted analyses in a frail cohort 
234. However, as the sedative load surpassed a score of 2, sedative load was 

only associated with poor physical performance within unadjusted analyses 234.  

 

Some studies however have shown no clear associations between 

anticholinergic exposure and adverse health outcomes in older people living 

with frailty. In a study conducted by Wilson et al, the authors investigated the 

association between DBI and physical function in older people living in 

residential care 235. Increasing DBI has previously been shown to be associated 
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with impairments in physical and cognitive abilities in community-dwelling older 

people, both cross-sectionally 189, 236 and longitudinally 237, but Wilson et al. 

found no association between increasing DBI and impaired physical function, in 

this frail cohort 235. The authors refer to a frail cohort, but again did not report 

any models or criteria to define frailty. Instead, they refer to observations such 

as gait speed and hand grip strength, which can be attributed to frailty, using 

�)�U�L�H�G�¶�V���F�U�L�W�H�U�L�D���I�R�U���H�[�D�P�S�O�H�� �,�Q���:�L�O�V�R�Q���H�W���D�O���¶�V���V�W�X�G�\�����W�K�H���P�H�D�Q���S�D�U�W�L�F�L�S�D�Q�W��

baseline grip strength was 19.9kg (standard deviation [SD] ± 8.1), and the mean 

baseline walking speed was 0.56m/s (SD ± 0.21), which would suggest the 

participants were living with elements of frailty, meeting two out of the five 

�F�U�L�W�H�U�L�D���L�Q���)�U�L�H�G�¶�V���I�U�D�L�O�W�\���S�K�H�Q�R�W�\�S�H. This highlights the complexity of identifying 

frailty within conducted observational studies, particularly when frailty has not 

been explicitly reported, and therefore presents a challenge in identifying the 

true effect of anticholinergic exposure on adverse outcomes specifically for this 

population.    

 

In a study conducted by Andre et al., the authors investigated associations 

between anticholinergic exposure and cognitive decline over the course of three 

years, in older adults 238. The number of participants was 1396, and 

anticholinergic burden was quantified using four different scales (ARS, ADS, 

�$�&�%���D�Q�G���'�X�U�D�Q�¶�V���O�L�V�W�������W�R���D�O�O�R�Z���D���V�H�Q�V�L�W�L�Y�L�W�\���D�Q�D�O�\�V�L�V���W�R���E�H���F�R�Q�G�X�F�W�H�G���X�V�L�Q�J��

different quantification methods. Frailty was measured using the Fried frailty 

criteria, and patients were identified as robust, pre-frail or frail. Of those 

considered not to have cognitive decline at baseline, 42.3% were either pre-frail 

or frail, compared to 45.7% in those considered to have cognitive decline. 

Ultimately, the authors found no significant association between anticholinergic 

exposure and cognitive decline in older adults. Despite identifying frailty, Andre 

et al. found no association with cognitive decline in different frailty severities, 

after adjusting for it in the final model. However, one can question the rationale 

behind adjusting for frailty in this study. By adjusting for frailty, the authors imply 

that frailty could be a confounder, and therefore by blocking frailty they aim to 

limit bias between the exposure and dependent variable relationship. It can be 

argued that by identifying frailty status as a confounder is plausible, but 

adjusting for it entirely could also be considered a methodological flaw. 

Arguably, the clinical state of frailty and its complex pathophysiology may play a 
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significant role in causal pathways, when estimating the total effect of the 

independent variable on the dependent variable 98, 122.   

 

Andre et al. did not consider that frailty could also be considered a collider in 

this study; whereby both the independent variable (anticholinergics) and the 

dependent variable (cognitive decline) could be regarded as potential causes of 

frailty. Considering the principle of causal inference, adjusting for a variable in a 

closed path (a collider) opens this path, ultimately leading to the transmission of 

a non-causal relationship between the exposure and dependent variable. This 

distorts their true relationship 239, leading to the potential for spurious 

associations. To complicate matters further, frailty in this study is technically a 

composite variable made up of five different parent variables as per the Fried 

frailty criteria. Each possibly have their own pathways with the independent, and 

the dependent variables, highlighting the challenges of selecting the most 

appropriate adjustment set in this study. It is useful to explore this, and visualise 

relationships between variables using directed acyclic graphs (DAGs) 240, as a 

way of reducing bias in empirical research 240. 

Figure 5 - A visualisation of conditioning  (adjusting)  on frailty as a confounder (as per 
Andre et al  238), and as a collider, using DAGs . Dotted arrows suggest a spurious 
association. In this case, conditioning on frailty as a confounder or a collider both 
present problems with estimating causal relationships. Visually, example A suggests that 
bias could be eliminated (by removing frailty a s a confounder), but this would be a 
significant oversimplification of causal pathways, disregarding the influence frailty may 
have on the other variables and therefore could be a flawed approach. Conditioning on 
frailty in example A will not allow for a r eliable estimation of the total effect of the 
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independent variable on the dependent variable. Example B highlights frailty as a 
collider, and how conditioning on this would lead to spurious associations between the 
exposure and dependent variable.  
 

3.4.4 Associations between anticholinergic use and frailty status  

Existing literature have also explored the association between anticholinergic 

use, and the frailty status of older adults.  

 

In 2014, Moulis et al. studied the association between atropinic (anticholinergic) 

medicine use and frailty status, defining frailty as the presence of three or more 

on the Fried criteria 241. Using the ADS scale, they recorded the atropinic 

burden score (ABS) for each of the 437 patients (227 frail and 210 robust or 

prefrail), and found that exposure to at least one atropinic drug was associated 

with frailty (OR 1.97, 95% CI 1.10 to 3.53, p< 0.02) 241. However, one limitation 

of this study is that only ABS scores of 3 or more were statistically significant, 

and therefore there was no significant association between ABS scores of 1 or 

2 and frailty (OR 1.97, 95% CI 0.85 to 4.54, p= 0.1). This could represent that 

only higher anticholinergic burden scores are associated with frailty, but it is 

more likely due to the low statistical power of this analysis, acknowledged by 

the authors 241. This study suggests that anticholinergic drugs should be 

seriously considered as a potential cause of frailty, but ultimately cannot prove 

causality as this study was observational in nature, with a small sample size. 

Interestingly, the authors question whether anticholinergic drug exposure 

precedes frailty, and whether stopping such medicines could reduce frailty 

progression, but this remains to be demonstrated robustly 241. Other studies can 

also support these findings, that anticholinergic medicine use is associated with 

frailty 242-248. 

 

Byrne et al. investigated the impact of the DBI on adverse health outcomes in 

�D�Q���,�U�L�V�K���F�R�K�R�U�W���V�W�X�G�\�����F�R�Q�F�O�X�G�L�Q�J���W�K�D�W���D���K�L�J�K���'�%�,���H�[�S�R�V�X�U�H�����'�%�,���V�F�R�U�H�×�•�×�������Z�D�V��

significantly associated with frailty (adjusted OR 1.74, 95% CI 1.14 to 2.67) 243, 

�X�V�L�Q�J���)�U�L�H�G�¶�V���S�K�H�Q�R�W�\�S�H���P�R�G�H�O�����+�R�Z�H�Y�H�U�����W�K�H���'�%�,���F�D�Q�Q�R�W���H�[�F�O�X�V�L�Y�H�O�\���U�H�S�U�H�V�H�Q�W��

anticholinergics as it also encompasses some non-anticholinergic sedative 

medicines 189. Therefore, as this study reports on the impact of both 

anticholinergic burden and sedative burden, and cannot be separated, it is a 

challenge to form conclusions about anticholinergics independently.  
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Herr et al. also reported an association between anticholinergic use and frailty 
246. This study of 1003 women and 887 men had a greater focus on potentially 

inappropriate medication prescribing, however was able to independently study 

the anticholinergics as an example of this also. After adjusting for 

polypharmacy, an association between anticholinergics and frailty remained, 

and anticholinergics were the only medicine group that remained significantly 

associated with the number of frailty criteria 246.  

 

A significant association between anticholinergic burden and frailty was also 

observed in a study conducted by Sargent et al., with the increased likelihood of 

having frailty in those exposed (OR 1.33, 95% CI = 1.18�±1.50, p < .001) 244. 

Frailty was measured using the number of frailty symptoms as defined by the 

Cardiovascular Health Study, which is in line with the phenotype model, and 

anticholinergic burden was quantified using the ACB scale 244. Cognitive frailty, 

which is the simultaneous presence of both physical frailty and cognitive 

impairment 249,  was also found to be associated with anticholinergic burden. 

However, when cognitive impairment was assessed independently, 

anticholinergic burden was no longer significant after adjusting for age, gender 

and baseline dementia 244.   

 

3.5 Deficiencies in anticholinergic burden research  

Although these studies suggest some associations between anticholinergic use 

and adverse outcomes amongst frail older people, it remains unclear whether 

the clinical state of frailty can indeed modify the risks when exposed to 

anticholinergics. This is important to understand further, if frail older people are 

to be prioritised over older people in general for a review of their anticholinergic 

use. There has been less focus on observational research where older people 

with frailty have been isolated for investigation, as subgroup analyses for 

example. Confounding is a major factor in existing studies also, as it is unclear 

what is the true effect of anticholinergic exposure on outcomes, and how much 

is simply disease progression associated with the frailty syndrome.   

 

Gathering a stronger understanding of the implications of anticholinergic use in 

frail older people is impaired by the lack of consensus opinion on the optimal 
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method of identifying frailty 250, and indeed on the most appropriate way of 

quantifying anticholinergic burden 52. This presents a significant challenge. It is 

also clear from the literature that authors may have referred to a frail cohort, 

however not identified measures of frailty in the methods 230. Equally, studies 

may have referred to specific clinical characteristics of participants that could 

identify the presence of frailty, however may not have explicitly referred to 

participants as living with frailty, which also challenges the literature search 251. 

Despite being unable to rigorously identify absolute causal relationships 

between anticholinergic use and adverse outcomes in older people, it is clear 

that associations exist in multiple studies, warranting further investigation. This 

is also the case specifically for studies involving older people living with frailty, 

but further research is required as current research in this area is limited.  

 

Considering the discussed challenges, an extensive search and interrogation of 

all existing literature and data is required, to understand what is currently known 

in this field, and understand whether those living with frailty are at greater risk 

when exposed to anticholinergics, with regards to adverse outcomes. As argued 

by Sargent et al, advancing the science in this field will help guide clinicians in 

their prescribing of medicines with anticholinergic properties, and better 

understand the implications of their use in older people living with frailty 244.  
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Chapter Four: Tools to support safer anticholinergic prescribing and 

facilitate  medication review s 

 
4.1 Introduction to proactive case -finding  
 
In addition to advancing knowledge of associated risks of anticholinergic 

prescribing, advancement in resources is also required to support clinicians, 

and guide safer anticholinergic prescribing decisions for frail older people.  

 

Due to the growing concerns of anticholinergic burden 39, the development and 

implementation of implicit/explicit criteria, prescribing guidelines, tools and 

decision support systems have emerged to facilitate the review of high-risk 

prescribing, and support medicines optimisation and deprescribing interventions 
31, 33, 50, 252. Considering the future landscape for medicines optimisation 

services in primary care within the English NHS, recent policy changes 

recommend the specific use of case-finding tools, to proactively identify patients 

who could benefit from a SMR 55, 56. The NHS considers case-finding to be a 

key service component for personalised care and support planning 55, 56, and 

has defined it as the following: 

 

�³A systematic or opportunistic process that identifies individuals from a larger 

population for a specific purpose�  ́253.  

 

Other definitions include: 

 

�³�$�V�V�H�V�V�P�H�Q�W���R�I���D���V�X�E�J�U�R�X�S���R�I���L�Q�G�L�Y�L�G�X�D�O�V���L�G�H�Q�W�L�I�L�H�G���R�Q���W�K�H���E�D�V�L�V���R�I���N�Q�R�Z�Q���U�L�V�N��

factors �W�R���E�H���F�D�U�U�L�H�G���R�X�W���E�\���S�K�\�V�L�F�L�D�Q�V���D�Q�G���R�W�K�H�U���K�H�D�O�W�K���S�U�R�I�H�V�V�L�R�Q�D�O�V�´ 254. 

 

The NHS also considers risk stratification to be an important element of the 

planning of personalised care, and when used together with case-finding, it can 

�³�V�H�J�P�H�Q�W���D���S�R�S�X�O�D�W�L�R�Q���D�Q�G���S�U�R�Y�L�G�H���S�H�U�V�R�Q-centred care to those most in need, 

�U�H�F�R�J�Q�L�V�L�Q�J���U�H�V�R�X�U�F�H���F�R�Q�V�W�U�D�L�Q�W�V�´��253. �:�L�W�K���W�K�H���Q�H�Z�O�\���I�R�U�P�H�G���3�&�1�¶�V delivering 

NHS services at scale, typically across populations of 30,000 to 50,000, these 

proactive approaches can be considered an effective use of finite resources to 

improve patient outcomes 55, 56.  

 



42 
 

In primary care, there has been a major shift in medicines optimisation 

approaches, from a reactive to a preventive care model, in response to the 

growing burden of chronic illness 22. Indeed, elements of reactive healthcare will 

always be required, such as reacting to acute illness, injuries, conditions, or 

symptoms. However, interventions conducted before symptoms or adverse 

outcomes manifest, especially those of which can be prevented, can be 

considered proactive healthcare, and can complement reactive approaches. 

Acknowledging that medicines can also lead to harm 21, especially in older 

people, proactive medicines optimisation interventions aim to reduce the future 

risk of harm to patients. This is not unique to the English NHS, with medicines 

optimisation services globally making this transition, championed by the World 

Health Organization�¶�V���³�0�H�G�L�F�D�W�L�R�Q���:�L�W�K�R�X�W���+�D�U�P�´���F�K�D�O�O�H�Q�J�H��22.  Afterall, 

polypharmacy is a global issue 20, 24, 69.  

 

4.1.1 Uses of proactive case-finding 

The NHS perspective is that proactive case-finding in primary care should utilise 

patient data, held within EHRs, to systematically identify patients for a review 56, 

253. Therefore, there is an expectation that case-finding tools can integrate 

within clinical IT systems, and screen a patient population based on coded 

clinical characteristics, observations, diagnoses and prescribing history, for 

example 56, 253.  

 

In terms of case-finding for medicines optimisation, it is important to consider 

the target intervention once a patient has been identified. From the perspectives 

of the PCNs, case-finding has the sole purpose of identifying and prioritising 

patients for an SMR. Following the PCN guidance on delivering SMRs, 

identified patients should be considered potentially at risk of adverse outcomes; 

outcomes in which certain medicines can contribute to or cause. Ultimately, the 

goal of case-finding patients for SMRs is therefore to optimise their therapies, 

with a view to reducing MRH. An important intervention to support this is 

�µdeprescribing�¶, and therefore this will be introduced in further detail, as an 

integral intervention that can follow proactive case-finding. 
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4.2 Introduction to deprescribing  

With polypharmacy and PIP recognised as a potential risk to older people, a 

new approach to medicines optimisation has rapidly expanded in recent years, 

as an intervention to reduce this 255, 256. Deprescribing is a supervised process 

in which medicines regarded as potentially inappropriate, or no longer 

necessary, are withdrawn (or reduced in dose), with the goal of managing 

complex pharmacotherapies and improving patient outcomes 257. It is a complex 

process, requiring partnership between patients and HCPs in making healthcare 

decisions, requiring a patient-centred focus 258. The process includes some or 

all of the following elements 259: 

 

�x Medication review of current therapies.  

�x Identifying possible medicines to stop.  

�x Developing a regimen to stop a medicine.  

�x Involving patients and/or their carers. 

�x Following up with patients and/or their carers after any modifications to 

medication regimes.  

Deprescribing is emphasised as a component of good prescribing, and should 

be considered as important as the initial prescribing of a medicine 260. There are 

calls for HCPs to recognise the importance of this process and embed this in to 

routine clinical practice 261. Deprescribing has the potential to significantly 

improve patient outcomes through stopping/reducing potentially inappropriate 

medicines, as demonstrated in cohort and observational studies 262, 263. It is this 

potential which has led healthcare policy to drive this approach forward 

worldwide, embedding deprescribing into good prescribing practices through 

clinical guidelines 264, providing training and education opportunities for HCPs 
265, and creating a platform to spread the awareness of this initiative through 

professional networks.  

 

Although existing evidence suggests that deprescribing can lead to greater 

benefit than harm 262, the potential harms of deprescribing are a significant 

factor which may lead to implementation barriers 266. A study by Reeve et al. 

identified four main safety concerns/potential harms of deprescribing in older 

adults 267: 
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1) Adverse drug withdrawal events. 

2) The return of medical condition(s). 

3) Reversal of drug-drug interactions. 

4) Damage to the health care professional �± patient relationship.  

It is deemed to be a challenging process for HCPs. Arguably, it is complicated 

further in the more complex, multimorbid patients, whereby life expectancy must 

be considered in addition to factors such as changes in PKPD, owing to age-

related physiological changes 259. The lack of time and resources, as well as 

low personal confidence in the ability to alter prescribing have been cited as 

barriers to deprescribing in healthcare 268. This suggests that HCPs need to be 

better supported in this process. It is important to acknowledge that patients can 

also find this process challenging, in which one systematic review summarised 

�W�K�H���E�D�U�U�L�H�U�V���W�R���G�H�S�U�H�V�F�U�L�E�L�Q�J���I�U�R�P���W�K�H���S�D�W�L�H�Q�W�¶�V���S�H�U�V�S�H�F�W�L�Y�H 269. Barriers included 

the lack of ongoing support, the fear of conditions returning, psychological 

issues related to cessation of medicines, thoughts that the target medicine to 

deprescribe is actually entirely appropriate and beneficial, and the unwillingness 

to try safer alternatives 269. 

 

4.2.1 Interventions to support the reduction of anticholinergic burden 

Studies have investigated the impact of deprescribing anticholinergic medicines, 

and reducing overall anticholinergic burden levels for older people, with mixed 

results reported.  

 

Ailabouni et al. conducted a clinical trial exploring the feasibility of deprescribing 

anticholinergic and sedative medicines in residential aged care facilities 

(RACFs) 270. The aim was to examine a patient-centred pharmacist-led 

deprescribing intervention, with the main outcome measure being a change in 

�S�D�U�W�L�F�L�S�D�Q�W�V�¶���'�%�,���V�F�R�U�H�����7�K�L�V���G�H�S�U�H�V�F�U�L�E�L�Q�J���L�Q�W�H�U�Y�H�Q�W�L�R�Q���O�H�G���W�R���D���V�L�J�Q�L�I�L�F�D�Q�W��

�U�H�G�X�F�W�L�R�Q���L�Q���S�D�U�W�L�F�L�S�D�Q�W�V�¶���'�%�,���V�F�R�U�H�V�����D�Q�G���W�K�H���U�H�G�X�F�W�L�R�Q���L�Q���W�K�H���Q�X�P�E�H�U���R�I���I�D�O�O�V��

and ADRs six months after deprescribing. Interestingly, frailty was measured at 

baseline using the Edmonton Frail Scale 271, and also showed a significant 

decrease after deprescribing, with a mean difference of 1.35 (p < 0.05, 95% CI -

2.22 to 0.48), supporting arguments that frailty is a dynamic condition that may 
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improve 97, 98. This study therefore highlights that anticholinergic burden can be 

reduced in residential aged care settings, through a collaborative pharmacist-

led medication review, and can improve patient outcomes.  

 

A retrospective study investigated the effect of anticholinergic burden reviews 

led by pharmacists, also finding that �S�K�D�U�P�D�F�L�V�W�V�¶���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V���I�R�U��

deprescribing significantly reduced the mean anticholinergic burden score of the 

participants, as measured by seven different anticholinergic burden scales 272. 

This impact is consistent with other retrospective studies, where medicine 

optimisation interventions, such as a deprescribing, have led to a reduction on 

DBI scores overall 273, 274. In a randomised clinical trial, the effect of individual 

and group educational visits to GPs and pharmacists to discuss highly 

anticholinergic antidepressant prescribing were compared 275. This education 

led to a 26% reduction in the rate of commencing highly anticholinergic 

antidepressants in older adults 275.  

 

A study by Kersten et al. also reported that pharmacist-initiated medication 

changes and deprescribing can significantly reduce overall anticholinergic 

burden scores 197. In this study, the outcome of interest was cognition, but there 

was no improvement in cognitive function on reducing anticholinergic 

medicines. This can be supported by another study, reporting that in a 

prospective cohort, the benefit of reducing anticholinergic burden was unclear 

despite successfully deprescribing anticholinergic medicines through an 

educational program for primary care physicians 276. Reassuringly however, 

there were no clinical complications observed after medication adjustments, or 

deprescribing, within a 12-week follow up, and therefore the intervention was 

considered to be safe 276.   

 

The evidence highlights how there are a variety of interventions aimed at 

reducing anticholinergic burden 277. Whilst the impact of these interventions on 

the reduction of anticholinergic burden has been demonstrated, it is still unclear 

how this can impact clinical outcomes, as this is rarely reported in studies 277. 

Despite the lack of robust evidence on the clinical benefits of reducing 

anticholinergic burden, deprescribing potentially inappropriate anticholinergic 

medicines remains a priority for the clinical and academic community 32, 33, 56. 
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This is particularly important for frail older people, as the breakdown in 

physiological systems and the failure of homeostasis heightens the theoretical 

risk of adverse events relating to anticholinergic use.  

 

4.3 Tools to support medicines optimisation and deprescribing  for frail 

older people  

Due to the ongoing calls for deprescribing, various tools, criteria, frameworks, 

structured guides, and algorithms have been developed to support this process 

and assist prescribers with decision making 31-33, 175, 278-280. With the increasing 

uptake of EHRs across various healthcare systems, capable of including 

computerised physician order entry and electronic prescribing 281, there are 

opportunities to integrate clinical decision support systems (CDSS) into routine 

care 282. Studies have shown that CDSSs can be effective in reducing 

prescribing errors and ADRs, however the quality of this evidence is 

questionable, and therefore it is difficult to understand whether CDSSs can 

improve the overall quality of the use of medicines 282-284.  

 

Scott et al. conducted a comprehensive review of CDSSs, integrated into 

clinical systems, which aim to reduce prescribing of potentially inappropriate 

medicines 282. Overall, the evidence favoured CDSS in reducing the number of 

these medicines prescribed in hospitals, however there was mixed evidence for 

ambulatory settings, and RACFs 282. This review also concluded that such 

CDSSs are feasible and acceptable to clinicians 282. But it is also well 

established �W�K�D�W���µ�D�O�H�U�W���I�D�W�L�J�X�H�¶���F�D�Q���F�R�Q�W�U�L�E�X�W�H���W�R���D�O�H�U�W���R�Y�H�U�U�L�G�L�Q�J�����K�L�J�K�O�L�J�K�W�L�Q�J���W�K�H��

importance of CDSS acceptability 285.  

 

CDSSs are important tools to improve health outcomes and reduce preventable 

harm from healthcare 286, however their effectiveness and success depends on 

their implementation context and usability in complex healthcare settings 287, 288. 

Many CDSSs rely on alerts, or reminder-based user interactions to prompt 

clinicians with possible high-risk prescribing, or possible violations. However, 

one large-scale RCT found that clinicians who were provided with CDSSs were 

only slightly more likely to take appropriate action in response to alerts, than 

those not provided with alerts in their routine care (RR 1.11, 95% CI 1.00 to 

1.22) 289.  
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Tools that can be used to support deprescribing as a whole was previously 

summarised by Gokula et al. 290. However, Thompson et al. complemented this 

in 2018 with an extensive systematic review of tools specifically to support 

deprescribing in frail older people, and those with limited life expectancy 291. 

This study identified fifteen tools available, and characterised these in to three 

categories; models or frameworks to approach deprescribing, deprescribing 

�V�X�S�S�R�U�W���I�R�U���D�S�S�U�R�D�F�K�L�Q�J���L�Q�G�L�Y�L�G�X�D�O�¶�V���H�Q�W�L�U�H���P�H�G�L�F�D�W�L�R�Q���O�L�V�W�����D�Q�G���V�X�S�S�R�U�W���I�R�U��

approaching specific individual medications 291. An interesting finding from 

Thompson et al.�¶�V���V�W�X�G�\ was that although these tools were aimed for use with 

frail older patients and with short life expectancy, not all tools considered the 

clinical condition of frailty and how it can be identified or measured. This was 

the case for an algorithm developed by Frank and Weir, to guide deprescribing 

with regards to the entire medication list for frail older people, without detailing 

how frailty was identified 292�����7�K�L�V���L�V���D���O�L�P�L�W�D�W�L�R�Q�����D�V���S�R�V�V�L�E�O�\���W�K�H���W�H�U�P���µ�I�U�D�L�O�¶���P�D�\��

not have been used appropriately.  

 

McKean et al. however discussed a decision support tool based on a 5-step 

deprescribing protocol that considered the entire medication list, and 

incorporated the Clinical Frailty Scale (CFS) 108. Other tools that incorporated 

the CFS were also identified, and therefore highlights that there are 

deprescribing tools which are appropriately acknowledging the frailty syndrome 
293-295�����0�F�.�H�D�Q���H�W���D�O���¶�V���G�H�F�L�V�L�R�Q���V�X�S�S�R�U�W���W�R�R�O���Z�D�V���D�Y�D�L�O�D�E�O�H���D�V���H�L�W�K�H�U���D���S�D�S�H�U-

based or a computer-based proforma, but not integrated into the prescribing 

clinical system. Patient and medication data had to be inputted manually on 

paper or online. This would then support decision making in regard to 

deprescribing 296. The STOPPFrail criteria was also identified by Thompson et 

al. as a deprescribing tool in frailty, however this is a list of criteria for which 

deprescribing can be considered in this population, and is not a computer-

based alert system 31.  

 

This deficiency of integrated deprescribing tools to facilitate deprescribing in frail 

older people is �H�Y�L�G�H�Q�W���I�U�R�P���7�K�R�P�S�V�R�Q���H�W���D�O���¶�V���V�\�V�W�H�P�D�W�L�F���U�H�Y�L�H�Z�����D�V���W�K�H��

majority of tools were based on guidelines, pathways, conceptual frameworks 

and criteria. In addition, there appears to be no tools which link to EHR data, 
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and therefore do not have the capability of delivering computerised alerts to 

clinicians at the point of care with deprescribing recommendations, or to case-

find people living with frailty who may be exposed to PIP. This lack of 

integration however seems to only be the case for deprescribing tools 

specifically aimed at frail older people, as the STOPP criteria and Beers criteria, 

aimed at older people in general, have been implemented in to clinical systems 

and are capable of producing alerts when violations to the criteria occur 297-299. 

They cannot be utilised as proactive case-finding tools however; to screen a 

practice population at scale, and identify patients where prescribing violations 

have occurred, identifying them for a SMR. They can only be accessed by 

clinicians �Z�K�L�O�V�W���U�H�Y�L�H�Z�L�Q�J���D���V�S�H�F�L�I�L�F���S�D�W�L�H�Q�W�¶�V���U�H�F�R�U�G�V�����D�Q�G���D�F�W�L�Y�Dte the tool to 

identify criteria violations. This arguably does have significant benefits whilst 

reviewing individual patients, whether it is within a consultation with the patient, 

or indeed before or after a consultation. Such tools can screen �W�K�H���S�D�W�L�H�Q�W�¶�V��

clinical records, and instantaneously identify areas of PIP, allowing the clinician 

to consider these alerts. This approach can be proactive, in the sense that a 

tool can be used to identify potential risks, possibly before an adverse event 

occurs. However, there are limitations in this approach, as the tools can only be 

�U�X�Q���L�I���D�O�U�H�D�G�\���Z�L�W�K�L�Q���D���V�S�H�F�L�I�L�F���S�D�W�L�H�Q�W�¶�V���F�O�L�Q�L�F�D�O���U�H�F�R�U�G�V, and to be already within 

the records could be a result of reactive healthcare. Using tools to screen an 

entire patient population at scale, rather than patient by patient, is the approach 

that PCNs are expected to take in primary care in England. It is expected that 

this will case-find and prioritise cases of PIP for SMRs, and improve medicines 

optimisation services. There are screening tool developments in secondary care 

also, to help enable the delivery of targeted patient-centred care based on 

pharmaceutical complexity, highlighting the potential for proactive approaches 

in various settings 300.    

 

4.4 Tools capable of proactive case -finding for medicines optimisation 

and deprescribing  

Although not in abundance, there are tools which have the capability of 

screening practice populations in primary care, and case-find patients who 

could benefit from a medication review, medicines optimisation and indeed 

deprescribing. Importantly, these can also integrate directly with clinical IT 

systems, or utilise anonymised data from EHRs. Such tools have been 
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recommended by NHS England, to support clinicians with case-finding of 

patients within PCNs.  

 

4.4.1 Publicly available NHS prescribing data  

Prescribing, dispensing, and organisation data is made publicly available by 

NHS Business Services Authority (NHSBSA), to help NHS stakeholders track 

trends and inform decisions 301. Clinicians are able to access this public data, 

released on a monthly basis, and take a high-level view of prescribing within 

specific GP practices, at regional level within Clinical Commissioning Groups 

(CCGs), and indeed nationally. Medicines, or medication classes can be 

searched for, and therefore clinicians are able to identify the prevalence of 

certain prescribed medicines within their practices. With a view to case-finding, 

this resource has utility in providing an overview of specific prescribing practices 

at GP practice level, however it does not provide any identifiable data which 

could be used to identify specific patient cases. This resource can therefore 

only be used as a high-level view, which can then support a deeper dive into the 

clinical records held at GP practices, to identify the specific cases of interest.  

 

Similarly, such data is also publicly available through OpenPrescribing.net; an 

online resource developed by EBM DataLab (University of Oxford) 302, 303. This 

open data exploration tool utilises the anonymised raw data provided by 

NHSBSA, taking the large and complex files, typically with more than 700 

million rows, and makes it easier for clinicians, managers and the public to 

explore prescribing data 303. An advantage of this resource is that the data 

trends can also be visualised using graphs. This resource can facilitate the 

identification of particular prescribing practices, and provide a high-level view of 

a specific GP practice. However, it is unable to specifically case-find patients, 

especially as the data is anonymised.  

 

4.4.2 Non-public NHS prescribing data 

Using the same data provided by NHSBSA, the national Academic Health 

Science Network (AHSN) has worked alongside NHSBSA and NHS Digital to 

create a suite of polypharmacy prescribing comparators 304. This however is not 

publicly available, and available only to authorised users working with the NHS. 
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The polypharmacy prescribing comparators can be accessed within the 

ePACT2 online platform 305, which is a platform providing access to: 

 

�x Easy to use interactive reports and dashboards. 

�x High level data summaries down to individual prescription item and 

patient level detail. 

�x Bespoke analyses. 

�x Exported data from reports and dashboard.  

 

The polypharmacy prescribing comparators are designed to assist CCGs and 

GP practices in understanding the variation in prescribing of multiple medicines. 

But also, from a clinical perspective, the comparators can assist with the 

identification of patients who are more likely to be exposed to the risks 

associated with polypharmacy, or certain combinations of medicines 304. 

Ultimately, the polypharmacy comparators consist of measures, which show GP 

practices and PCNs the number of patients who are exposed to eight or more, 

ten or more, fifteen or more, and twenty or more medicines. This resource also 

identifies the number of patients taking a combination of medicines known to 

increase the risk of harm. A limitation however is that identified cases are still 

anonymised, and there is no way of specifically case-finding individual patients. 

This has implications for the specific use as a case-finding tool. However, it is 

possible to contact the NHSBSA, who can provide the NHS numbers of the 

identified cases, but this is not an instant service and requests have to be 

robustly reviewed. Ultimately, it is not designed as a specific case-finding tool, 

but can facilitate the case-finding of individual patients at potential risk through a 

high-level view of data, and can stratify the population by age for example, to 

support more targeted searches.  

 

One of the most significant limitations is that these resources, using NHS data, 

are not fully integrated into clinical IT systems, and they have to be accessed 

through web browsers to identify the data. Arguably, it would be advantageous 

to be able to access such case-finding tools within the clinical IT systems. Tools 

are available which are fully integrated into clinical IT systems however, to 

support the case-finding of patients for medicines optimisation services.  
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4.4.3 Integrated case-finding tools designed to support medicines optimisation  

Clinicians, support staff, managers, CCGs and other stakeholders in primary 

care have the ability to proactively case-find patients, using EHR data held 

directly within clinical IT systems. Each of the clinical IT systems commissioned 

within primary care have a clinical reporting function, whereby patients can be 

identified based on a variety of characteristics, including clinical, and non-

clinical characteristics. The output of each search includes a list of patients, 

which can then be targeted for healthcare interventions. For example, TPP 

SystmOne 306, EMIS Web 307 and ECLIPSE 308 have clinical reporting functions, 

enabling users to build searches specifically for medicine optimisation 

purposes, and audit prescribing safety within a population based on predefined 

criteria. Searches are not only developed by individuals, but also by CCGs, and 

indeed other organisations to support the case-finding of patients exposed to 

PIP. Pre-built searches can be shared with other practices and organisations 

also, and therefore overtime this had led to the availability of comprehensive 

range of searches to support auditing, and case-finding. PrescQUIPP is a NHS 

funded organisation, that supports quality, optimised prescribing for patients, 

and provide up to date searches for clinical IT systems 309. Ardens is another 

organisation which also build and share searches to support case-finding 310. 

Therefore, integrated tools are available within clinical IT systems to support the 

case-finding of patients for medicines optimisation and deprescribing.  

 

Additionally, there are external software tools available, capable of integrating 

directly with clinical IT systems, utilising patient clinical records to produce user-

friendly dashboards, and support case-finding for medicines optimisation 

services. Such dashboards can have a specific purpose of improving 

prescribing safety, and reducing medication harm and prescribing errors. These 

tools include the Pharmacist-led Information technology iNtervention for the 

reduction of Clinically important ERrors (PINCER)63, and ECLIPSE Live 311, for 

example in England.  

 

PINCER is not only a tool, it is a methodology for reducing medication errors, 

and improving medication safety 63. The intervention involves proactively 

searching clinical IT systems within primary care, using computerised 

prescribing safety indicators to case-find patients at risk from their prescriptions, 
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and then acting to correct the problems with pharmacist support. To ensure that 

risks are mitigated, PINCER combines clinical audit tools alongside quality 

improvement methodology, with a landmark clinical trial showing a reduction of 

error rates of up to 50%, following PINCER adoption 63. Due to proven 

effectiveness and acceptability of the PINCER intervention 63, 312, 313, the 

Department of Health and Social Care, NICE, and the GP framework have 

previously recommended its adoption. In 2018, PINCER was chosen by the 

AHSNs for national rollout across all their territories in England, using the 

principles of social franchising.  

 

Once implemented, GP practices have access to an interactive dashboard, 

which produces an overall summary relating to the prescribing indicators, and a 

list highlighting precisely which patients are at risk from potentially hazardous 

prescribing, or indeed prescribing errors. Such a tool can be effective at 

facilitating the case-finding of at risk patients, and support the prioritisation of 

patients for medicines optimisation services, SMRs, and indeed deprescribing 
314. An example of what the interactive dashboard looks like can be found in 

Figure 6a.  

Figure 6 a �± A visual display of the GP practice view of the PINCER tool.  Reproduced  with 
permission from PRIMIS at the University of Nottingham.   
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It is also possible to have a high-level view of prescribing indicators at GP 

practice level, but also at CCG level. This is a useful resource to assess overall 

performance against important prescribing safety indicators on a larger scale. 

This view can be found in Figure 6b.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 b �± CCG view of the PINCER tool . Reproduced with permission from PRIMIS at 
the University of Nottingham.   
 

The AHSN-led national rollout of PINCER ended in June 2021, and 

demonstrated high impact throughout its implementation 315. In total, it was 

rolled out to over 41% of GP practices in England, with 26.6 million patient 

records searched for prescribing errors. Over 2,250 HCPs have been trained to 

deliver the PINCER intervention. Proactive case-finding led to the identification 

of 216,626 at-risk patients with at least one prescribing safety indicator. But not 

only did the intervention identify and help rectify existing prescribing issues, it 

helped prevent future issues, with sustained reductions in some prescribing 

indicators, compared to baseline 315.  
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It is evident that not only is PINCER a highly effective case-finding tool to 

support medicines optimisation in England, but the implementation of the 

intervention was also highly effective. From the perspective of integrated case-

finding tools to support medicines management, PINCER is a prime example of 

how a practice population can be screened at scale, and producing reports to 

identify patients at risk. This is an entirely proactive approach; an approach 

which can facilitate the delivery of health interventions, to prevent harm from 

hazardous prescribing before it arises.  

 

This section highlights how there are means of proactively case-finding patients 

specifically for medicines optimisation services, using publicly available 

anonymised data, or using integrated tools which integrate directly with patient 

clinical records. However, these tools are broad, and it is important to discuss 

tools which can support the case-finding of patients at risk from anticholinergic 

prescribing specifically.  

 

4.5 Integrated case -finding tools to facilitate the review of anticholinergic 

prescribing  

Although the risks of anticholinergic burden are well established within 

academic literature, there is a disconnect between the evidence and the 

translation into integrated case-finding tools developed for front line healthcare. 

Being such a priority area for medicines optimisation of older people, there are 

opportunities for technology to support the case-finding of those exposed to 

high anticholinergic burden levels. 

 

Particularly with ongoing technological advancements in healthcare, CDSSs are 

increasingly utilised within anticholinergic burden studies 277, incorporating them 

in to new or existing software to support medicines optimisation of older people 
316-321. This suggests there is demand for CDSSs within the area of 

anticholinergic prescribing, to support clinicians with safer prescribing. This 

could be due to a concern amongst academics and clinicians, that 

anticholinergic burden may not be well addressed in routine clinical practice 277. 

The non-specific adverse effects of anticholinergics, such as physical 

impairment and functional decline, may not be easily recognised in practice, 

�D�Q�G���L�V���W�K�R�X�J�K�W���W�K�D�W���W�K�L�V���F�D�Q���F�R�Q�W�U�L�E�X�W�H���W�R���D���µ�S�U�H�V�F�U�L�E�L�Q�J���F�D�V�F�D�G�H�¶ 322 323. In this 
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case, a new anticholinergic medicine could be �S�U�H�V�F�U�L�E�H�G���W�R���µ�W�U�H�D�W�¶ an adverse 

effect of another medicine, and ultimately fails to address the reduction of 

anticholinergic burden 203, 324 323.  

 

Existing anticholinergic burden tools, that integrate directly with clinical IT 

systems, are designed to be used whilst a clinician accesses �D���V�S�H�F�L�I�L�F���S�D�W�L�H�Q�W�¶�V��

clinical records, and therefore they have no functionality for proactive case-

finding. For example, in a study by Peterson et al., a computerised dashboard 

flagged individuals who were administered at least one potentially inappropriate 

medicine, or with a high anticholinergic burden score 319. But this flagging was 

at the point of care, whilst in the clinical notes of a patient. Although this could 

be deemed proactive, in the sense that the flagging could trigger a medicines 

optimisation intervention before harm occurs, this tool did not have the 

capability of screening multiple patients simultaneously across a population. 

This is also the case for other tools which can identify high risk anticholinergic 

prescribing �Z�L�W�K�L�Q���S�D�W�L�H�Q�W�V�¶���U�H�F�R�U�Gs, lacking the capability of screening patient 

records at scale, and case-finding at risk patients 316-321.  

 

Another example of an innovative tool which helps to support the reduction of 

anticholinergic prescribing is the DBI-Calculator 325. This calculator integrates 

with clinical IT systems, and identifies anticholinergic and sedative medications, 

providing information and recommendations to clinicians. This tool was 

implemented as one of the three components of the Goal Directed Medication 

Review Electronic Decision Support System (G-MEDSS) 320. This CDSS 

provides support for Australian clinicians conducting medication reviews for 

older patients, to tailor care to meet their goals and preferences. But again, this 

tool cannot screen multiple patient records simultaneously, and case-find a list 

of patients at risk, in a similar way to PINCER for example. It is very much a tool 

to be used in consultation with individual patients, and not to be used at scale. 

Furthermore, the impact of the overall G-MEDDS intervention was investigated 

within a cluster-randomised clinical trial in primary care, reporting that this 

�&�'�6�6���G�L�G���Q�R�W���U�H�G�X�F�H���S�D�W�L�H�Q�W�V�¶���'�%�,���V�F�R�U�H���D�W��three months follow up, compared 

with usual care 321. However, studies have shown that the DBI-calculator can be 

effectively implemented in to clinical IT systems in Australia, and is a useful 

method to prompt deprescribing of anticholinergic medicines 326.  
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Existing anticholinergic burden tools that can integrate with clinical IT systems 

have a very specific purpose therefore; serving as CDSSs at the point of care in 

consultation with patients, or reviewing individual patient records. Although this 

could be argued to be an element of proactive case-finding, particularly if the 

tool flags up an unexpected high-risk patient, it is only possible once the specific 

�S�D�W�L�H�Q�W�¶�V���U�H�F�R�U�G�V���D�U�H���E�H�L�Q�J���U�H�Y�L�H�Z�H�G�� This ultimately could be argued as 

reactive healthcare, however, as there has to be a reason why the specific 

patient in question is to be reviewed. This could be in response to a request for 

a review from a patient or carer for example, due to experiencing adverse 

effects, for example. Even if the choice of which patient to review is entirely at 

random, there is an argument that higher priority patients may exist. The PCN 

perspective within the NHS is that tools should be used to case-find patients, 

screening multiple patients across a population, and generating reports to 

support the systematic identification, and stratification of those in most need of 

a SMR. The NHS considers this to be in support of the most effective allocation 

of finite resources for medicines optimisation services, and that tools are 

required to assist in this process, similar to PINCER for example. Ultimately 

however, as discussed, there is a complete deficiency of proactive case-finding 

tools, that can integrate directly with clinical IT systems, and identify and stratify 

frail older patients at risk from anticholinergic burden for an SMR.  

 

There are no PINCER prescribing indicators which consider the area of 

anticholinergic burden, or indeed any anticholinergic prescribing. The PINCER 

intervention has a greater focus on reducing harm through preventing and 

rectifying prescribing errors, and therefore has no role in anticholinergic burden. 

Considering the concept of anticholinergic burden, prescribing errors are not 

necessarily responsible for this burden, and can be a result of prescribing 

deemed appropriate in the management of multimorbidity, as well as 

inappropriate. Therefore, �L�W���L�V���F�K�D�O�O�H�Q�J�L�Q�J���W�R���L�G�H�Q�W�L�I�\���µ�E�U�H�D�F�K�H�V�¶���R�U���µ�Y�L�R�O�D�W�L�R�Q�V�¶��

with regards to anticholinergic prescribing, in the same way that PINCER, 

STOPP and Beers criteria do.  

 

Clinical reporting within clinical IT systems can help case-find patients 

specifically exposed to individual anticholinergic medicines, or a combination of 
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them. This can be useful if wanting to screen an entire population for 

�µamitriptyline�¶���S�U�H�V�F�U�L�E�L�Q�J���I�R�U���H�[�D�P�S�O�H�����D�Q�G���V�X�S�S�R�U�W���G�H�S�U�H�V�F�U�L�E�L�Q�J���S�U�R�M�H�F�W�V. 

However, there is currently no functionality to screen the practice population, 

and generate reports which summarise total anticholinergic burden scores 

based on pa�W�L�H�Q�W�V�¶��entire medication lists.  

 

However, the NHS Polypharmacy Prescribing Comparators can summarise the 

number of patients within a practice exposed to different levels of anticholinergic 

burden. This data assigns an anticholinergic burden score to each drug of 

interest, using the ACB scale, and identifies the total score for each patient, 

presenting the results for the practice population. A significant limitation of this 

is that it is not integrated into clinical IT system, and has to be accessed 

externally using an online dashboard. Furthermore, it does not identify specific 

patients, and only identifies the number of patients exposed to certain total 

scores (e.g., number of patients with an ACB score >3, >6 etc). This can be 

useful for providing a high-level view of anticholinergic burden at practice level, 

but cannot be considered a case-finding tool as patient level data is not 

provided. Requests for specific patient data can be made however, such as 

NHS numbers, but it is not designed to use this facility routinely.  

 

Ultimately, this highlights how there is a significant deficiency of integrated 

case-finding tools, that can identify frail older people at risk from anticholinergic 

burden for SMRs. This is not only the case for the UK, but internationally also. 

The vast majority of anticholinergic burden tool development has focused on 

standalone scales, that quantify anticholinergic burden with a score. Very few 

tools have been implemented into clinical IT systems, and none are able to 

screen multiple patients simultaneously across populations to identify lists of 

patients exposed to high levels of anticholinergic burden. Research into the 

development of more proactive tools is needed, to support the case-finding of 

at-risk patients.   

 

Integrated tools that can case-find patients based on their anticholinergic 

burden exposure and frailty status is one consideration, as a way of stratifying 

by potential risk. As previous studies have shown, raised anticholinergic burden 

levels 37-39, 45, 46, 48, and the progression in frailty 58, 62, 327, can both be 
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associated with adverse health outcomes. Therefore, measures of 

anticholinergic burden and frailty could have utility within outcome orientated 

tools, to support the case-finding and risk stratification of patients for medicines 

optimisation services. In taking an outcome-driven approach to case-finding and 

risk stratification, it is important to consider the �X�V�H���R�I���µ�U�L�V�N���S�U�H�G�L�F�W�L�R�Q�¶, as a 

means of quantifying predicted risks.  

 

4.6 Risk prediction  tools : A p roactive and  predictive approach to 

medicines optimisation  

A focus of proactive care solutions is to stratify at-risk patients based on risk 

factors, and to ensure that preventative action is taken to intervene before the 

onset of adverse symptoms or illness. Predictive solutions however can 

leverage cutting-edge technologies and sophisticated machine learning 

algorithms that not only stratify risk, but predict risks, and support earlier 

interventions. Predicting risks has therefore become a commonly used 

approach utilised by CDSSs in healthcare 328. 

 

4.6.1 Risk prediction tools 

Risk prediction tools provide risk estimates for the future presence of a disease, 

or a clinical event for individual patients, and are becoming increasingly 

important in the current era of personalised medicine 329. They combine multiple 

predictors to provide insight in to the relevant contribution of predictors within 

the models, with risk calculations based on statistical modelling 330. This allows 

healthcare professionals to proactively case-find at risk patients and to deliver 

care quicker to those who need it the most 331. Risk prediction tools also have 

the potential to improve patient outcomes, through encouragement of behaviour 

change, improving the quality and consistency of clinical decision making, and 

facilitating cost-effective distribution of finite resources in healthcare 331.  

 

Risk prediction models; both diagnostic and prognostic, are abundant in the 

medical literature, and are being used in a variety of clinical settings to inform 

decision making 328. They are expected to have good predictive performance, 

and demonstrate adequate discrimination, and calibration. But this does not 

guarantee that use of the models will enhance medical decision making, or 

improve health outcomes for patients 328, 332.  
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4.6.2 Credibility and validity 

Risk prediction tools can either be used at patient population level, or at the 

individual patient level. At population level, risk prediction tools focus on 

recognising trends in groups of patients based on a particular clinical criterion. 

Whereas at individual patient level, they are used to make the best possible 

treatment choices within patient-centred consultations 333. Before such tools can 

be trusted in clinical practice, they must be deemed credible, and have sufficient 

accuracy. It was emphasised in one systematic review that failure to properly 

consider risk prediction in a clinical setting can result in poor care 334. Previous 

research has therefore provided recommendations for rigorous development of 

risk prediction models and tools 335, 336, highlighting three fundamental 

components: model development, external validation and impact evaluation 337.   

 

Model development is the process that leads to the final prediction equation, 

usually involving various clinical characteristics, observations and demographic 

data, referred to as the predictors. Various factors must be considered to 

ensure the validity of risk prediction models. Clinicians should be involved in the 

discussions around the clinically relevant predictors that may affect future 

prognosis. This is crucial to ensure that risk prediction models remain 

generalisable when being applied to different datasets 329. The model 

development should also ideally involve large sample sizes, to ensure precise 

measurements 338. Finally, the developed model should be user-friendly, so that 

clinicians can draw conclusions applicable to the clinical situation, and assist 

rather than hinder decision making processes 339.   

 

In the external validation phase, the robustness and generalisability of the 

model is verified in one or more external validation studies with external data. 

New participant level data is used to examine whether the model�¶�V���S�U�H�G�L�F�W�L�R�Q�V��

are reliable, and accurate enough for clinical use 340. A significant element of 

this is assessing the predictive performance of models, in terms of 

discrimination and calibration. To be a useful model in the clinical setting, a 

�P�R�G�H�O�¶�V���S�U�H�G�L�F�W�H�G���U�L�V�N���P�X�V�W���G�L�V�F�U�L�P�L�Q�D�W�H��well between those who have, and 

those that do not have the outcome of interest 340. The calibration examines the 

agreement between the observed and the predicted risk. This can be quantified 
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by the calibration slope for example, or visualised by plotting the observed 

versus the predicted risks 336. 

 

Before a risk prediction tool is implemented in the clinical setting, there must be 

sufficient evidence to ascertain whether it is an appropriate tool applicable to 

the current situation and clinical environment. Therefore, with a view to impact 

evaluation, not only is assessment of predictive performance important, but also 

the clinical evaluation, to address whether it can be clinically effective as well as 

statistically effective 339. The model must be clinically valid, as well as 

methodologically valid, �L�I���L�W���L�V���W�R���E�H���F�R�Q�V�L�G�H�U�H�G���µ�F�O�L�Q�L�F�D�O�O�\���X�V�H�I�X�O�¶���D�Q�G���V�X�S�S�R�U�W��

healthcare decision making 338. To gain credibility amongst clinicians, and be a 

trusted resource to support decisions, �D���U�L�V�N���S�U�H�G�L�F�W�L�R�Q���P�R�G�H�O�¶�V���L�P�S�D�F�W���R�Q��

decision making and subsequent health outcomes can be quantified in 

comparative impact studies. Such studies have been reported and described in 

the literature 341-343.  

 
4.7 Routinely used r isk prediction tools  in prim ary care  

In recent times, technological advancements in healthcare have led to a surge 

in the development of risk prediction tools, used in a variety of clinical settings 
328. For example, during the COVID-19 pandemic, risk prediction tools have 

emerged to identify patients at population level at risk from hospitalisation and 

death, after acquiring coronavirus, such as QCOVIDTM 344. Although there has 

been increased focus on using risk prediction due to the COVID-19 pandemic, 

there are many areas of healthcare where use of risk prediction is more 

established. For example, cardiovascular disease risk assessment 345, cancer 

screening 346�����D�Q�G���S�U�H�G�L�F�W�L�Q�J���$�O�]�K�H�L�P�H�U�¶�V���G�L�V�H�D�V�H��347.  

 

Within primary care, risk prediction can be particularly beneficial for facilitating 

prescribing decisions, for example, to help manage long-term conditions, and a 

number of tools exist. Some of the most commonly used risk prediction tools 

integrated into prescribing systems in the UK include QRISKTM 348 and FRAXTM 
349. These are well established and help to identify patients at risk from 

cardiovascular disease who may benefit from lipid lowering therapies, or 

patients with a fracture risk, who may benefit from drugs which improve bone 

mineral density, respectively.  
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Such tools can facilitate prescribing decisions between clinicians and patients, 

taking a personalised approach during the commencement of medicines, and 

encourage informed decision making; a component of good prescribing. But 

with deprescribing considered to be another important component of good 

prescribing, there could also be opportunities for risk prediction to facilitate 

case-finding of at-risk patients, and facilitate decisions around the de-

prescription of medicines, or the optimisation of therapies for safer prescribing. 

This is particularly the case for older people who may be vulnerable to the 

adverse effects of medicines. However, within the areas of deprescribing, using 

risk prediction to inform prescribing decisions is still very much a new concept.  

 

4.8 Risk prediction  tools : An emergin g area to facilitate medicines 

optimisation and deprescribing ?  

Research into the development of risk prediction models for the purpose of 

medicines optimisation has been previously undertaken, but this concept is in 

its infancy. None have been widely implemented into clinical settings, and the 

evidence indicates how the concept is still being explored.  

 

4.8.1 Predicting risks of MRH 

The PRIME tool is a risk prediction tool which allows clinicians to calculate the 

risk of an older adult experiencing MRH, following hospital discharge 350. This 

tool was developed to fill a void, as there were no tools to case-find community-

dwelling patients at high risk of MRH after discharge. This tool was also in 

response to recommendations from the International Group for Reducing 

Inappropriate Medication Use and Polypharmacy, to �³develop tools that can aid 

the detection and management of drug adverse effects�  ́351. Candidate 

predictors for prognostic modelling were selected using systematic reviews, the 

views of patients who experienced MRH, and an expert panel of clinicians. 

Multivariate logistic regression was then used to develop the PRIME tool, to 

predict MRH (characterised by adverse drug reactions, harm from non-

adherence, and harm from medication error). In terms of predictive 

performance, t�K�H���W�R�R�O�¶�V���G�L�V�F�U�L�P�L�Q�D�W�L�R�Q���&-statistic was 0.66 after validation, and 

showed good calibration. Overall, the PRIME risk prediction tool shows it has 

potential utility in guiding clinical decision making, compared with alternative 
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approaches 350. The researchers behind the PRIME tool recognised the 

advantages of the concept of risk prediction, as a method of proactively case-

finding at-risk patients, to prevent harm, improve outcomes, and improve the 

utility of finite healthcare resources. However, evaluation is required in further 

settings before it can be implemented 350. 

 

Also recognising the potential for this concept within medicines optimisation, 

Stevenson et al. conducted a systematic review of risk prediction models within 

the literature that predict adverse drug reactions in older adults 352. Four risk 

prediction tools were identified that met the inclusion criteria, but ultimately none 

of the models satisfied all the key stages in the creation of a quality risk 

prediction model. Development and validation were completed, but impact and 

implementation were not assessed, and model performances were modest. Of 

the four models identified, it was concluded that further work needed to be 

conducted to enable the development of a robust ADR risk-prediction model 

that is externally validated, with practical design and good performance. Once 

this is satisfied, Stevenson et al. argued that they could be considered for use in 

clinical care, to case-find older patients at risk of suffering ADRs 352. Ultimately, 

Stevenson et al. recognised the potential benefits of the concept of risk 

prediction, and recommended further research to drive this research area 

further. Interestingly however, Stevenso�Q�¶�V���U�H�V�H�D�U�F�K���L�G�H�Q�W�L�I�L�H�G���W�K�D�W��the 

heterogeneity of an older population, due to advancing age and frailty, makes 

the identification of a small number of highly predictive variables challenging 353. 

This may limit the usefulness of pursing the traditional path of risk prediction 

modelling 353. However, Stevenson recommended that the predictive utility of 

frailty indexes should be explored to see whether these variables can improve 

model performance through better discrimination, and support improved risk 

stratification 353.  

 

The use of risk prediction to case-find at risk patients within clinical settings 

could well be an emerging area for medicines optimisation services. However, 

research in this area is limited, and has been dominated by research focusing 

broadly on MRH only. There has been little focus on specific medicines or 

groups of medicines, as the PRIME tool only included medicines related 

variables such as antiplatelet drugs, antidiabetic drugs, and the number of 
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discharge medicines within the model 350. There are opportunities to further 

explore this field, investigating other high-risk medicines, such as 

anticholinergics, and other specific clinical outcomes, as opposed to the broad 

area of MRH.  

 

4.8.2 Integrated tools to predict risks of anticholinergic burden for frail older 

people in primary care 

There is no published research about the use of risk prediction tools, integrated 

into clinical IT systems in primary care, to predict the risks of adverse events 

associated with anticholinergic burden for frail older people. Furthermore, there 

is a lack of research investigating the use of risk prediction tools as a method of 

case-finding and risk stratifying frail patients at risk from anticholinergic burden. 

Therefore, there are opportunities to explore the concept of risk prediction in 

this field, as a proactive solution to facilitate the case-finding and risk 

stratification of such patients. 

 

Previous research into anticholinergic burden, and the relationship with adverse 

outcomes, has had a strong focus on association analysis. This typically has 

been researched through a causal inference framework, with a view to 

contributing to the growing understanding of risks associated with 

anticholinergic burden 37, 39, 45. But no research has been able to robustly argue 

that anticholinergic burden causes cognitive decline, or falls, for example, and 

therefore remains a causal association, albeit a strong association. Prediction 

methodology, such as the use of linear or logistic regression techniques, have 

been widely used in this field to support association analyses, often developing 

multivariate prediction models to facilitate this 192, 207, 354-356. However, no studies 

have emphasised model building for the sole purpose of implementation into the 

clinical setting as a risk prediction tool, to support case-finding and prescribing 

decisions around anticholinergic burden and frailty. Despite measures of 

anticholinergic burden being recognised as a prognostic factor for adverse 

outcomes in older adults 192 357, 358, interestingly previous literature does not 

refer to any risk prediction tool in the clinical setting which includes such a 

measure. Subsequently, there is a lack of an implementable risk prediction tool, 

to case-find frail older people at-risk of the adverse events associated with 

anticholinergic burden. 
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4.8.3 Uses of an integrated risk prediction tool to predict risks of anticholinergic 

burden for frail older people in primary care 

Similar to the PRIME tool, a risk prediction tool in the area of anticholinergic 

burden could support the case-finding of patients at-risk from adverse events, 

and therefore increase opportunities for medicines optimisation interventions. 

Specifically, a risk prediction model could include measures of anticholinergic 

burden, alongside other important predictors, and provide clinicians with 

absolute risk estimates for a specific outcome. This could be dementia or 

cognitive decline, falls, hospitalisation, or even death; all of which have been 

shown to be associated with anticholinergic burden. With risk estimates of the 

outcome of interest, clinicians and healthcare managers could risk stratify a 

practice population, and case-find patients who should be prioritised for 

medication reviews. The ability to run a risk prediction tool at population level 

would be advantageous, to screen multiple patients using routine EHR data, 

and take a proactive case-finding approach. This could generate lists of patients 

of whom to target for SMRs for example. The previously described PRIME tool 

did not report having this functionality at population level however, and only 

calculated risks for each patient, one at a time.  

 

With regards to the development and external validation of such a risk 

prediction tool, the utility of including measures of anticholinergic burden and 

frailty within the same model has not been previously assessed. Individually, 

measures of anticholinergic burden and frailty both have prognostic utility when 

predicting adverse outcomes. However, a recent Cochrane review stated that 

�³augmenting anticholinergic burden measures with additional measures may 

seem like an attractive approach�«�� but, currently there is insufficient evidence 

to determine the extent to which this improves prognostic accuracy, compared 

to when [anticholinergic burden measures] are used alone�  ́192. Therefore, there 

are opportunities to investigate this, and to include a frailty index to see whether 

this can improve the performance of predictions, as recommended by 

Stevenson 353. Including a measure of frailty within model building procedures 

could also support the endeavour in developing proactive case-finding tools for 

the PCNs, and investigate whether this can optimise the case-finding and risk 

stratification of frail older people for an SMR.  
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Before the concept of risk prediction can be considered as a tool to support the 

case-finding of frail older people at greater risk from anticholinergic burden, 

further research is required. In terms of model development, an early step 

would be to explore the predictive utility of anticholinergic burden and frailty 

measures when included within the same model, assessing their contribution to 

overall performance. �%�X�W���D�Q�R�W�K�H�U���L�P�S�R�U�W�D�Q�W���F�R�Q�V�L�G�H�U�D�W�L�R�Q���L�V���F�O�L�Q�L�F�L�D�Q�V�¶���Y�L�H�Z�V��

and perspectives of this new concept of risk prediction, to facilitate case-finding 

and medicines optimisation decisions, based on predicted risks using routine 

data. Afterall, clinicians would be the future end-users of a risk prediction tool. 

As with all implementations of healthcare innovations, an understanding of the 

factors determining their success and failure is important to support sustainable 

adoption 359, particularly when exploring new and innovative concepts. 

 

4.8.4 HCP views and perspectives 

Computerised CDSSs are considered effective at improving healthcare decision 

making and are generally well received by clinicians 360. However, aside from 

their successes, common pitfalls and potential harms are also apparent and 

must be considered 361. Specifically focusing on risk prediction tools, Brown et 

al. investigated the understanding of these by clinicians, gathering their 

perspectives as potential innovations. They were valued when supporting 

clinical decision making, and were robust and reliable 362. However, focus 

groups identified barriers related to the use of risk prediction models, of which 

the most common ones were lack of time, irrelevance to some patients, and 

poor integration within EHRs. Common themes were grouped in to three 

overarching domains: clinician factors, prediction model factors, and contextual 

factors 362. Sharma et al., have also argued that the adoption of clinical risk 

prediction models are limited by the lack of integration with EHRs 363.  

 

Takamine et al. also investigated attitudes and key concerns towards 

incorporating risk prediction tools into clinical practice, in the context of 

cardiovascular risk 364. Importantly, this qualitative study identified that clinicians 

and health care managers were generally supportive of adopting risk prediction 

to inform cardiovascular disease treatment decisions. But they had many 

doubts, seen as barriers to future implementation. These included concerns for 
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poor validity of predictive models, the potential negative impact on workflows, 

and doubts about the overall value of making a significant change to existing 

processes. Also, another significant barrier was that a risk prediction tool may 

have negative implications for �F�O�L�Q�L�F�L�D�Q�V�¶��abilities to address the whole patient. 

Ultimately, the authors stated that these concerns would need to be addressed 

before risk prediction tools could have a meaningful role in informing 

cardiovascular treatment decisions 364 

 

In the context of anticholinergic burden and frailty however, there are no studies 

exploring �F�O�L�Q�L�F�L�D�Q�V�¶ views and perspectives of risk prediction tools, and this 

research would need to be undertaken prior to development and 

implementation. Regardless of the clinical context, evidence suggests that 

clinicians may have doubts or concerns regarding the implementation and 

uptake of risk prediction tools to support clinical decision making. However, it is 

�V�W�L�O�O���F�U�X�F�L�D�O���W�R���X�Q�G�H�U�V�W�D�Q�G���F�O�L�Q�L�F�L�D�Q�V�¶���Yiews and perspectives of the use of risk 

prediction in this specific context; to facilitate the case-finding of frail older 

people at-risk from anticholinergic burden.  

 

As mentioned previously, medicines optimisation interventions, such as 

deprescribing, are challenging for clinicians, arguably complicated further in the 

more complex, multimorbid patients. Furthermore, patients can also find this 

process challenging, with various barriers to engagement with deprescribing 

reported 269. Therefore, in addition to views and perspectives of risk prediction 

tools, it is important to understand their perspectives of decision making within 

the clinical area as a whole, and the challenges they face which may also have 

implications for engagement with tools.  

  

�&�O�L�Q�L�F�L�D�Q�V�¶��perspectives of deprescribing anticholinergics and sedatives in older 

people has been qualitatively studied by Kouladijian et al., identifying several 

barriers and enablers within primary care 203. The most noteworthy barrier was 

related to devolving responsibility, and although they recognised harms 

associated with anticholinergic prescribing, HCPs devolved prescribing and 

management responsibility to other groups of HCPs, such as in secondary care 
203. Additionally, a qualitative systematic review also identified important barriers 

and facilitators to anticholinergic burden reduction from the perspectives of 
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HCPs 365. Barriers to collaborative working were identified, resulting in low 

motivation levels to reduce anticholinergic burden levels. The lack of system 

resources, such as tools, and low confidence in anticholinergic deprescribing, 

also hindered burden reduction 365.  

 

This highlights the importance of qualitative research in providing insight into 

the contextual circumstances of the implementation, delivery and evaluation of 

technical healthcare innovations 366. Understanding �+�&�3�V�¶ views and 

perspectives of risk prediction tools, in addition to general decision making 

within the specific clinical context is crucial, and can help inform the 

implementation of such interventions 365. There are opportunities to explore this 

further; to investigate whether risk prediction has a place within case-finding 

and deprescribing processes in this area, whether individualised predictions 

could support decision making, and ultimately whether such tools could support 

safer anticholinergic prescribing practices for frail older people. 

 

With a view to improving outcomes and preventing harm for frail older people 

exposed to high anticholinergic burden levels, the concept of risk prediction 

should be further explored, taking both a quantitative and qualitative approach. 

This is to investigate whether risk prediction could have utility as a medicines 

optimisation tool for the future. 

 

4.9 Towards the development of an integrated case -finding tool  

Ultimately, this chapter highlights how there is a deficiency of tools integrated 

into clinical IT systems, capable of proactively case-finding frail older people at 

population level who are at risk from anticholinergic burden, for a medication 

review. Furthermore, there is a deficiency of tools for medicines optimisation 

purposes which can utilise routinely collected EHR data, and stratify patients for 

medication reviews based on their predicted risks of adverse outcomes. Taking 

this outcome driven approach to case-finding and risk stratification of patients 

could support medicines management services for frail older people, and help 

reduce harm. However, the use of risk prediction in this context is unexplored, 

and therefore this programme of research will begin to explore this concept, 

with a view to informing future development.  
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Chapter Two introduced frailty as an increasingly important area to consider for 

medicines optimisation services. In summary, there are implications for 

prescribing safety for older people living with frailty, as age-related breakdown 

of physiological systems and the failure of homeostasis increases the 

susceptibility of experiencing ADRs. Therefore, the exposure to polypharmacy, 

hyper-polypharmacy, and high-risk prescribing are all a concern for this 

population. Increasingly, the frail are targeted for medication reviews and 

deprescribing interventions to mitigate potential risks. This is particularly the 

case for NHS PCNs, who are mandated to proactively identify and prioritise 

such patients for SMRs, However, this is an increasing focus internationally, not 

just in the UK, despite a paucity of medicines research specifically for frail older 

people. A recent systematic review highlighted a lack of research about the 

impact of deprescribing in older people living with frailty, and it is unclear 

whether targeted interventions for this population will indeed reduce MRH 367. 

Some studies however reported that deprescribing could be safe, feasible, well 

tolerated, and could lead to important benefits for the frail, therefore this 

programme will explore tools to support deprescribing 367.  

 

Chapter Three introduced anticholinergics as specific medicines deemed to be 

high-risk for older people. In particular, associations between the accumulative 

effect of taking multiple anticholinergics (anticholinergic burden) and adverse 

outcomes is a concern for clinicians and academics. This has led to a surge of 

tools, criteria, frameworks, and scales to help support the identification and 

reduction of anticholinergic burden. However, there is a disconnect between 

what has been developed in academic settings, and what has been widely 

implemented for clinicians on the front-line, integrated into clinical IT systems. In 

particularly, no integrated tools exist which screen a practice population, and 

help identify older people at-risk of anticholinergic burden for a medication 

review. Considering that older people with frailty are a priority group for 

medication reviews, there are opportunities to develop case-finding tools to 

facilitate the review of anticholinergic medicines.  

 

In this chapter, the concept of risk prediction was introduced as a potential 

method of case-finding at-risk patients. This concept takes into consideration 

clinical characteristics of patients, characterised by coded data within EHRs, to 
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predict the risk of a specific adverse event. Proactively identifying cohorts of 

patients for SMRs is important, however further prioritisation through risk 

stratification could ensure those most at need are offered an SMR sooner. This 

is with a view to preventing future adverse events relating to medicines use, and 

the use of risk prediction tools could support this. However, when exploring the 

early development of such tools to reduce the risk of anticholinergic burden for 

older people living with frailty, it is important to recognise the significant gaps in 

the literature identified in previous chapters. 
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Chapter Five: Thesis Aim  

 

5.1 Summary of the gaps in the literature  

Although there is a greater focus on frail older people when delivering 

medicines optimisation services; there is a paucity of medicines related 

research specifically involving this subset of the older population. The evidence 

highlights how the clinical syndrome of frailty is associated with adverse 

outcomes, but few studies have investigated the implications for the frail when 

exposed to high-risk prescribing, in terms of their risk of adverse events. 

Research into the associations between medicines use and adverse outcomes 

has been extensively studied with older populations, but less so with 

participants identified as living with frailty. This is the case for investigations 

surrounding anticholinergic burden, as highlighted in Chapter Three, with 

research dominated by studies focusing on older populations as a whole, and 

not necessarily older people with frailty. The frail are reported to be particularly 

susceptible to the adverse effects of anticholinergic burden, and less likely to 

tolerate anticholinergic prescribing, and should be targeted for deprescribing 

interventions. However, the associations between anticholinergic prescribing 

and adverse outcomes specifically for frail older people is not well understood. 

In particular, it is not understood whether frailty can modify risks for older 

people, and therefore whether anticholinergic burden in a frail older person 

presents greater risks than in a non-frail older person.  

 

Chapter Three highlighted studies which claimed to study these associations in 

frail older people, yet robust and validated methods were not used to identify 

�I�U�D�L�O�W�\�����D�Q�G���W�K�H�U�H�I�R�U�H���W�K�H���W�H�U�P���µ�I�U�D�L�O�¶���W�R���G�H�V�F�U�L�E�H���W�K�H���F�R�K�R�U�W�V���P�D�\���Q�R�W���K�D�Y�H���E�H�H�Q��

used appropriately. In some studies, however, frailty was not explicitly reported 

amongst participants, but clinical features suggesting frailty were, and therefore 

arguably represented some frail older people. These include slower gait 

speeds, lower grip strengths, and longer to perform the TUGT, for example. 

Ultimately, the gaps in knowledge identified in Chapter Three highlights how 

there is a need to further investigate the associations between anticholinergic 

prescribing and adverse outcomes in frail older people. Therefore, further 

research is required to better understand these associations and understand 

whether risks differ by frailty status. This emphasis on clinical outcomes is 
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required, to justify whether the development of a risk prediction tool that focuses 

on anticholinergic burden in frailty should be pursued.  

 

Chapter Four highlighted how there is a gap in knowledge with regards to the 

utility of measures of anticholinergic burden and frailty within prediction models, 

to predict the risk of adverse outcomes. There are no studies which have 

explored using both measures together within prediction models, and assess 

the predictive performance of the models. Literature exists reporting the 

prognostic utility of measures of anticholinergic burden, and frailty individually, 

when predicting adverse outcomes in studies. However, they have never been 

incorporated together within models, with the purpose of creating a prediction 

model to be used by clinicians, to support case-finding of at-risk patients, and 

facilitate prescribing decisions. Further research is required to assess the 

predictive utility of including measures of anticholinergic burden and frailty 

within models predicting important outcomes for older people. Exploring their 

contribution to the overall predictive performance of models will support future 

recommendations around whether a final risk prediction tool should be 

developed, and implemented into primary care.  

 

When considering the future implementation of healthcare innovations, 

understanding the views and perspectives of end-users is paramount. However, 

Chapter Four highlighted how there is a gap in this understanding currently, 

surrounding the concept of using an integrated risk prediction tool to facilitate 

the case-finding and review of anticholinergic prescribing for frail older people. 

As this concept is not currently implemented in healthcare settings, and no 

studies have explored this area specifically, further research is required to 

�X�Q�G�H�U�V�W�D�Q�G���+�&�3�V�¶���Y�L�H�Z�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V�����8�Q�G�H�U�V�W�D�Q�G�L�Q�J���W�K�L�V���L�V���F�U�X�F�L�D�O���W�R��

inform recommendations for the future development of a risk prediction tool, 

and determine whether such a tool is clinically needed, plausible, and 

acceptable to future end-users.  

 

Finally, Chapter Four highlighted how there are no integrated case-finding tools 

capable of screening a practice population at scale, and identify frail older 

people exposed to anticholinergic burden. Other tools exist, but do not have the 

functionality to screen the population, reviewing multiple patients 
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simultaneously, and generating lists of patients who should be prioritised for an 

SMR. Research is required to explore the early development of a case-finding 

tool that can integrate directly within clinical IT systems. Specifically, exploring 

whether a practice population can be stratified by anticholinergic burden scores, 

frailty status, and other important clinical characteristics, could help inform the 

future design of a tool. 

 

This programme of research will address these knowledge gaps, and explore 

the future development of an integrated case-finding tool, to facilitate the review 

of anticholinergic prescribing for frail older people. �:�L�W�K���W�K�H���H�U�D���R�I���µ�E�L�J-�G�D�W�D�¶����

arguably such a tool has the capability of becoming sophisticated personalised 

solution, rather than being a one-size fits all tool. As stated by Molokhia and 

�0�D�M�H�H�G�����³in this era of personalised medicine, we should aim to balance 

individual risks and benefits for our patients using all the tools available to us; 

and implement appropriate mechanisms for monitoring and reviewing 

prescribing decisions in our patients 368���´��The concept of incorporating risk 

prediction into a case-finding tool supports this agenda, and therefore this 

programme of research will explore this further within the area of anticholinergic 

burden.  

 
5.2 Aims  

The overall aim is to begin to explore the need and feasibility of a case-finding 

tool, that integrates within clinical IT systems in primary care, and facilitates the 

proactive review of anticholinergic prescribing for frail older people.  

 

In particular, this thesis focuses on the use of risk prediction, as the proposed 

method to support case-finding and risk stratification, of frail older people at 

greater risk from anticholinergic burden for SMRs. As the use of risk prediction 

in this context is a new concept for medicines optimisation, this thesis aims to 

explore the early stages of the innovation adoption pathway for this healthcare 

technological innovation; particularly �W�K�H���µ�F�R�Q�F�H�S�W�L�R�Q�¶���D�Q�G���µ�F�U�H�D�W�L�R�Q�¶���V�W�D�J�H�V 65.  

 

Whilst working towards the development of a new intervention, an important 

element of the �µ�F�R�Q�F�H�S�W�L�R�Q�¶ and �µcreation�¶ stages is to identify and reinforce the 

need for a tool, through research and review 65. Therefore, the initial segment of 
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this programme of research aims to identify a need, by understanding the 

associations between anticholinergic medication exposure and adverse health 

outcomes, specifically for older people living with frailty.  

 

As part of the �µ�L�G�H�D�W�L�R�Q���D�Q�G���F�R�Q�F�H�S�W���H�[�S�O�R�U�D�W�L�R�Q�¶ �D�Q�G���µ�I�H�D�V�L�E�L�O�L�W�\���D�V�V�H�V�V�P�H�Q�W�¶ 

stages of the case-finding tool, this programme aims to understand the 

predictive utility of including measures of anticholinergic burden and frailty 

within models predicting important outcomes for older people. This is to help 

inform future prediction models that could be incorporated into the case-finding 

tool, and the feasibility of using the measures of interest.  

 

Requirements capturing; to understand tools from user�V�¶ perspectives, and to 

�H�V�W�D�E�O�L�V�K���X�V�H�U�V�¶���F�R�P�P�R�Q���Q�H�H�G�V���D�Q�G���H�[�S�H�F�W�D�W�L�R�Q�V, is another important stage 

towards the early development of interventions. Therefore, this programme also 

aims to understand HCPs�¶��views and perspectives of using risk prediction, to 

case-find frail older people at risk of anticholinergic burden, for deprescribing 

interventions. This includes establishing the need, and the feasibility of a future 

tool.  

 

Finally, informed by the findings of this programme of research, and the 

development of a prototype, this thesis aims to make recommendations for the 

future roadmap ahead towards the design and implementation of a case-finding 

tool.  

 

The research questions can be found in sections 5.3, 5.4, and 5.5 below. Broad 

objectives are also provided, with more specific objectives provided within the 

chapters reporting the respective studies. This programme of research will use 

a mixed methods approach to answer the research questions, and fulfil the aims 

and objectives.  

 

5.3 Research Question  One (RQ1) 

What are the associations between anticholinergic medication exposure and 

adverse health outcomes in older people with frailty? 
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5.3.1 Objectives to address RQ1  

�x To identify, investigate and analyse current evidence for the associations 

between anticholinergic medication exposure and adverse health 

outcomes in older people living with frailty. 

�x To explore and analyse whether anticholinergic medication exposure is 

associated with greater risk of adverse outcomes for older people 

according to frailty status.  

 

5.4 Research Question Two (RQ2)  

Do measures of anticholinergic burden and frailty improve model performance 

predicting cognition, functional ability, and health related quality of life? 

 

5.4.1 Objectives to address RQ2 

�x To assess whether including measures of anticholinergic burden and 

frailty in models improves predictions of outcomes important to the care 

of older people, including cognition, functional ability, and health related 

quality of life. 

 

5.5 Research Question Three (RQ3)  

What are HCPs�¶���Y�L�H�Z�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V���R�I���X�V�L�Q�J���U�L�V�N���S�U�H�G�L�F�W�L�R�Q�����W�R���F�D�V�H-find 

frail older people at risk of anticholinergic burden for deprescribing interventions 

in primary care? 

 

5.5.1 Objectives to address RQ3 

�x To explore HCPs�¶���Y�L�H�Z�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V���R�I���X�V�L�Q�J���U�L�V�N���S�U�H�G�L�F�W�L�R�Q�����W�R���D�L�G��

anticholinergic deprescribing decisions in older people living with frailty. 

�x To understand whether HCPs�¶���I�H�H�O���I�U�D�L�O�W�\���V�W�D�W�X�V���D�Q�G���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q��

can influence anticholinergic deprescribing decisions. 

�x To investigate factors which could impact on implementation and successful 

uptake of a risk prediction tool to support anticholinergic deprescribing. 
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SECTION TWO: METHODOLOGY 
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Section Two Introduction  

The first section provided an outline of the organisation of this thesis, and also 

introduced this programme of research in Chapter One. Chapter Two provided 

background about prescribing for older people with frailty, and the risks of 

medication related harm specifically for this vulnerable cohort, associated with 

potentially inappropriate prescribing. A detailed background of anticholinergic 

burden was also provided in Chapter Three. Chapter Four provided an overview 

of tools to support safer prescribing, introducing opportunities for risk prediction 

to be incorporated within future medicines optimisation tools, and assist with the 

reduction of anticholinergic burden. The end of Chapter Four summarised an 

existing gap in provision of integrated tools to support this endeavor, and 

proposed a programme of research to support towards the development of a 

new case-finding tool. Chapter Four summarised the gaps in knowledge that 

should be addressed to inform future development, and therefore Chapter Five 

outlined the aims, objectives and research questions of the programme of 

research.  

 

As highlighted in Chapter One, there are various approaches to consider in the 

adoption pathway of a future health innovation, particularly in the conception 

and creation states. Therefore, a mixed methods approach was chosen for 

conducting this programme of work, which is discussed in Section Two, 

consisting of Chapter Six only.  

 

Chapter Six presents a detailed description of the philosophical stance, or 

worldviews, in conducting mixed methods research. Descriptions of the four 

main worldviews used in research studies are highlighted in section 6.1. This is 

followed by introducing how the pragmatist worldview was adopted to underpin 

the research in section 6.2, and the rationale for its selection. In section 6.3, an 

introduction to mixed methods research is provided, including the rationale for 

adopting this approach in section 6.4. In Section 6.5, more detailed information 

about different mixed methods research designs is provided, and section 6.6 

provides the rationale for the particular design chosen. Sections 6.7 and 6.8 

introduce the quantitative and qualitative strategies used throughout this 

programme of work. Finally, section 6.9 discusses the key methodological 

issues and ethical considerations related to this programme of work.  
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Chapter Six:  Methodological approach  

 

This programme of research employed a mixed methods approach, where both 

quantitative and qualitative methodologies were used. Before introducing the 

methodologies used, and ultimately the rationale for selecting a mixed methods 

approach, it is important to first explain the underlying philosophical 

assumptions of research studies, given the chosen philosophical worldview. 

  

6.1 Philosophical worldviews  

Philosophical worldviews in research relates to the concepts, thought processes 

and basic set of beliefs that guide �U�H�V�H�D�U�F�K�H�U�¶�V���D�F�W�L�R�Q�V��369, also referred to as 

paradigms 370. These basic set of beliefs relates to ontology, epistemology, 

methodology, and axiology. Ontology encompasses beliefs surrounding the 

existence and nature of reality. Epistemology is the perceived relationship with 

the object being studied that is considered real, and is commonly known as the 

theory of knowledge. Methodology refers to the process of knowing something 

considered to be real, and axiology refers to the values by which researchers 

uphold their ethical standards and theories 371. How a researcher sees the world 

and acts accordingly is influenced by these fundamental principles, hence the 

t�H�U�P���µ�Z�R�U�O�G�Y�L�H�Z�¶ 372. Therefore, it is important that researchers reflect, and 

determine what is their worldview, to enable them to establish the course of 

research projects, their own roles within the process, and consider how 

personal perspectives can influence decisions 373.  Underpinning research 

studies, there are four main worldviews proposed by researchers; 

postpositivism, constructivism, transformatism, and pragmatism 370. These will 

be introduced in turn in the following sub-sections.  

 
6.1.1 Postpositivism  

Positivism is a philosophical theory recognising only that which can be 

scientifically verified, or which is capable of logical or mathematical proof 374. It 

is therefore based on the study of facts and the gathering of physical evidence. 

Postpositivism however is a worldview that critiques and amends positivism, 

and extends the traditional concepts associated with positivism, which only 

concerns the absolute truth of knowledge 370.  
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The approach of postpositivist researchers includes gaining knowledge of what 

can be seen and measured, but anything beyond this would be considered 

impossible by a positivist 372. Postpositivism was developed as positivist 

researchers could not be entirely positive about their claims of knowledge when 

it comes to investigating the attitudes and behaviours of people 370. The 

postpositivist accepts that theories, background, knowledge and values of the 

researcher can influence what is observed, and rejects the positivist�¶�V��

perspective that the researcher and the researched person are independent of 

one another 370. Ultimately, the postpositivism worldview pursues objective 

answers whilst attempting to recognise and understand the biases with 

developed knowledge and theories. Postpositivism is most commonly 

�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���T�X�D�Q�W�L�W�D�W�L�Y�H���U�H�V�H�D�U�F�K�����D�Q�G���K�D�V���E�H�H�Q���U�H�I�H�U�U�H�G���W�R���D�V���W�K�H���µ�V�F�L�H�Q�W�L�I�L�F��

�P�H�W�K�R�G�¶ 370, 375. 

 

6.1.2 Constructivism  

In contrast to postpositivism, researchers holding the constructivism worldview 

propose that reality is subjective, and socially constructed by participants of 

research studies. Constructivists believe that such participants look for an 

understanding of the world in which they live, and that they acquire subjective 

meanings of their experiences based on objects and situations 370. These 

meanings can be diverse, and instead of narrowing the meanings in to a few 

ideas, a constructivist researcher looks to the complexity of interpretations 370. 

�7�K�H�U�H�I�R�U�H���S�D�U�W�L�F�L�S�D�Q�W�V�¶���Y�L�H�Z�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V���R�I���W�K�H���V�L�W�X�D�W�L�R�Q���E�H�L�Q�J���V�W�X�G�L�H�G���D�U�H��

relied upon by constructivists as much as possible when embracing this 

worldview 370. Recognising that their backgrounds, experiences, and cultures 

influence the way that a meaning is interpreted, constructivists generate new 

theories rather than starting with a pre-determined theory. With this approach, 

constructivist researchers investigate, interpret and describe social realities, and 

is usually associated with qualitative research 370, 372. With a focus on 

interpretation and constructing knowledge, this worldview can also be referred 

to as interpretivism. 

 

6.1.3 Transformatism 

The transformative worldview provides a framework for research, to examine 

assumptions that explicitly focus on cultural complexity, social justice and power 
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issues 376. An element of such research is to have an agenda for reform; that 

may have a positive impact on the lives of participants, researchers, and 

transform institutions where people work and live 370, 376. Transformatists use a 

programme theory of beliefs to investigate power relationships, such as why 

problems of domination and oppression occur 377. To understand these 

relationships, typically this worldview adopts the qualitative approach, but can 

also be a foundation for quantitative research 370. 

 

6.1.4 Pragmatism  

In response to disputes between quantitative and qualitative paradigms, the 

pragmatism worldview was developed as a practical solution, to enhance the 

use of both approaches in research. Therefore, this worldview is associated 

with mixed methods research, consisting of both quantitative and qualitative 

approaches. Pragmatism does not limit to any one system of philosophy and 

reality, and researchers have the flexibility of drawing liberally from quantitative 

and qualitative assumptions 370. It holds characteristics allied with positivist and 

constructivist worldviews also 370. Researchers adopting the pragmatism 

worldview have a greater emphasis on the research problem, and use all 

approaches available to better understand the problem, whether this be 

quantitative, qualitative, or both 378. Researchers are free to choose the 

methods, techniques and procedures that best meet their needs and purposes, 

because they work to provide the best understanding of the research problem 
370. Based on the intended consequences, pragmatist researchers look to the 

�µwhat�¶ and �µhow�¶ to research, and can justify beneficial reasons for mixing both 

quantitative and qualitative approaches 379.   

 

In summary, w�R�U�O�G�Y�L�H�Z�V���F�D�Q���E�H���L�Q�I�O�X�H�Q�F�H�G���E�\���U�H�V�H�D�U�F�K�H�U�V�¶���E�H�O�L�H�I�V�����S�D�V�W��

research experiences, and the discipline of study. Ultimately, the nature of 

beliefs held by researchers can influence the choice of a quantitative, qualitative 

or a mixed methods approach 370.   

 
6.2 Use of the pragmatis m worldview  to guide this programme of research  

The pragmastism worldview was adopted to underpin this mixed methods 

programme of research. Although the researcher does possess some 

perspectives consistent with postpositivism and constructivism, pragmatism was 
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selected as the overall underpinning worldview. This is because it allowed the 

use of both quantitative and qualitative methods to explore the research 

questions.  

 

Specifically relating to the nature of the overarching research aim, the 

researcher believed that adopting the pragmatist worldview was more 

appropriate than others to achieve this. With the aim of exploring the conception 

and creation stages of an integrated case-finding tool, to facilitate the review of 

anticholinergic prescribing for frail older people, being free from the practical 

and mental constraints of the forced dichotomy between postpositivism and 

constructivism, and other world views, was considered beneficial. Pragmatism 

was also considered to be the most suitable approach, so that the researcher 

could have the flexibility in choosing the methods and procedures most suited to 

exploring the use of risk prediction as a new concept. Researchers must not 

only identify appropriate methods which not only facilitate the answering of 

research questions, but also do so within resources that are available to them, 

such as time, training and expertise, and financial resources. The pragmatism 

worldview provides this flexibility to researchers, which is an important 

consideration within a PhD programme. The researcher is also a Clinical 

Pharmacist, and recognises the challenges of effective implementation of 

sustainable complex interventions in healthcare settings. Therefore, as 

pragmatism does not limit to any one system of philosophy and reality, the 

researcher had the flexibility of drawing liberally from a wide range of methods 

and approaches in the early development towards a case-finding tool.  

 

Another consideration is the COVID-19 pandemic, which had significant 

implications for the overall design of individual studies, research activity, 

research ethics, how researchers collaborated, and how participants engaged in 

this programme of research. Not only were there implications for the research 

approach, but also for the future development and implementation of a case-

finding tool. A core theme of this research was to ensure it could be fully 

translational into primary care. Elements of the research design were influenced 

by the COVID-19 pandemic, with the researcher needing to respond to 

challenges and barriers throughout. In addition, this also influenced the 

recommendations around how the development and implementation of a case-
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finding tool could be further pursued, in light of a global pandemic. Therefore, 

the pragmatism worldview provided the flexibility for the researcher to adopt the 

most suitable methods and techniques, which also allowed for the use of 

different forms of both quantitative and qualitative data collection and data 

analysis methods.  

 

Overall, exploring the conception and creation stages of a new healthcare 

intervention is complex, particularly as risk prediction is a relatively new concept 

to support case-finding and safer prescribing. Therefore, the pragmatist 

worldview, and the adoption of a mixed methods approach, were selected to 

approach this research. Mixed methods research is further introduced in section 

6.3, however, it is also important to consider how pragmatism facilitated greater 

reflexivity in this programme also.  

 

6.2.1 Reflexivity 

Reflexivity is the ongoing self-awareness during the research process, which 

includes the �H�[�D�P�L�Q�D�W�L�R�Q���R�I���R�Q�H�¶�V���R�Z�Q���E�H�O�L�H�I�V����judgements, and practices, to 

consider how they may have influenced the research. Reflexivity aids in making 

visible the practice and construction of knowledge within research in order to 

produce more accurate analyses 380. By reflecting upon personal biases and 

assumptions, researchers can minimise bias by considering ways in which 

these affected how research is conducted. Therefore the reflexive engagement 

whilst planning research questions, conducting research, and writing up results 

promotes an ongoing, recursive relationship between the subjective responses 

of a researcher, and the intersubjective dynamics of the research process itself 
381.  

 

As the researcher is a Clinical Pharmacist in primary care, it is possible that his 

beliefs, experiences, and assumptions relating to clinical practice could 

influence the research process. Leading autonomously on this research 

programme, this led to the researcher developing an in-depth knowledge of 

anticholinergic burden, frailty, deprescribing, and health informatics to support 

safer prescribing. Therefore, acknowledging that this high-level knowledge and 

experience of the subject area could influence research activities, the 

researcher promoted reflexivity throughout, flexibly adopting various methods 
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and techniques, through a pragmatic approach, to reduce bias. Collaborating 

with both clinical and non-clinical researchers when conducting the studies was 

also an important element to promote reflexivity. The researcher developed and 

led teams inclusive of clinicians, academics, data scientists and psychologists, 

seeking their opinions and perspectives throughout to help facilitate reflexive 

research.  

 

For example, the qualitative strand of this programme of research involved the 

use of inductive thematic analysis. This is a process of coding qualitative data 

without trying to fit it to pre-existing coding frames or theoretical frameworks, or 

�L�Q�G�H�H�G���W�K�H���U�H�V�H�D�U�F�K�H�U�¶�V���D�Q�D�O�\�W�L�F���S�U�H�F�R�Q�F�H�S�W�L�R�Q�V 382. This is a data-driven 

approach towards the development of themes 382, and arguably promotes 

reflexivity. Once data collection was complete, emergent themes were then 

compared against existing implementation frameworks and theories, which led 

to the use of the Theoretical Domains Framework (TDF).383 Additionally, 

developing themes were discussed with non-clinical members of the research 

team, to ensure the themes truly represented the collected data, and were not 

influenced by the researcher. Reflexive engagement was promoted by the 

researcher throughout each of the studies reported in this thesis, by seeking the 

opinions and perspectives of clinical and non-clinical team members, and 

engaging with lay members in team meetings.  

 

6.3 Mixed methods methodology  

Mixed methods research has been defined as a �³type of research in which 

a researcher or team of researchers combines elements of qualitative and 

�T�X�D�Q�W�L�W�D�W�L�Y�H���U�H�V�H�D�U�F�K���D�S�S�U�R�D�F�K�H�V�����H���ï�J�����X�V�H���R�I���T�X�D�Q�W�L�W�D�W�L�Y�H and qualitative 

viewpoints, data collection, analysis, inference techniques) for the broad 

purposes of breadth and depth of understanding and corroboration.�´��384 The 

core assumption of this form of enquiry is that combining both quantitative and 

qualitative approaches can provide a greater understanding of the research 

problem than using either one of the approaches alone 370. The use of mixed 

methods also involves the use of distinct designs that may involve different 

philosophical assumptions and frameworks, and is more than simply collecting 

and analysing both kinds of data 385.   
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For these reasons, a mixed methods approach is recognised to provide added 

value to research programmes at a general, practical, and procedural level, but 

it can also be challenging and time consuming 370. At a general level, drawing 

on quantitative and qualitative research can overcome the limitations of using 

these approaches alone. On a practical level, mixed methods can be ideal for 

researchers who already have access to both types of data, or who have the 

need or desire to access both. Ultimately at the procedural level, the mixed 

methods methodology can be a useful strategy towards obtaining a 

comprehensive understanding of the research problems 370.   

 

6.4 Rationale for using a mixe d methods  design in this programme of 

research  

The rationale for using a mixed methods approach in this programme of 

research was to use a variety of methods to achieve the research aims, as 

introduced in section 5.2. These are summarised below: 

 

Overarching aim:  

�x To begin to explore the need for, and feasibility of, an integrated case-

finding tool that predicts risks using EHRs, facilitating the review of 

anticholinergic medicines for frail older people. 

 

Aims 

�x To understand the associations between anticholinergic medication 

exposure and adverse health outcomes, specifically for older people 

living with frailty (Study One, Chapter Seven). 

�x To understand the predictive utility and feasibility of including measures 

of anticholinergic burden and frailty within models predicting important 

outcomes for older people (Study Two, Chapter Eight). 

�x To understand HCPs�¶���Y�L�H�Z�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V���R�I���X�V�L�Q�J���U�L�V�N���S�U�H�G�L�F�W�L�R�Q����to 

case-find frail older people at risk of anticholinergic burden, for 

deprescribing interventions (Study Three, Chapter Nine).  

�x To make recommendations for the future roadmap ahead towards the 

design and implementation of a case-finding tool (Chapter Ten).  
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This thesis aims to make recommendations for the future roadmap ahead 

towards the design and implementation of a case-finding tool. 

 

Both quantitative and qualitative methodologies were required to achieve both 

the aims and objectives. Chapters Two and Three highlighted that 

anticholinergic burden is associated with an increased risk of adverse health 

outcomes for older people, and that there are even greater concerns for frail 

older people, as they are less likely to tolerate the adverse effects associated 

with anticholinergic burden. However, the evidence to support these greater 

concerns for the frail is limited, and further quantitative research was required to 

further investigate these risks specifically for frail older people, and whether 

risks of exposure differ by frailty status.  

 

Ultimately however, Chapter Four highlighted that despite these concerns, there 

are no integrated tools in primary care capable of case-finding, and risk 

stratifying frail older people at-risk of adverse outcomes relating to 

anticholinergic burden, for an SMR. Equally, there are no case-finding tools 

which incorporate a risk prediction approach, therefore this can be considered a 

novel approach. Combining quantitative and qualitative approaches can enable 

the early exploration towards the development of an integrated case-finding 

tool, that utilises risk prediction to facilitate the review of anticholinergic 

prescribing for frail older people. The mixed methods approach can provide 

greater understanding of the need for a tool with regards to outcomes, 

exploration of the predictive utility of key measures could help determine their 

feasibility of use within a case-finding tool, and the understanding of healthcare 

�S�U�R�I�H�V�V�L�R�Q�D�O�V�¶���Y�L�H�Z�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V��could help further understand the need 

and feasibility of a future tool.  

 

6.5 Types of mixed  methods research designs  

Different mixed methods research designs exist, and have been summarised by 

various academics 370, 386, 387. A common viewpoint is that mixed methods 

researchers must take two primary decisions regarding the overall approach: 1) 

whether one wants to operate largely within a qualitative or quantitative 

paradigm, or have equal weighting, and 2) whether one wants to conduct the 

phases concurrently, or sequentially 387. In concurrent study design, the studies 
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are conducted simultaneously, whereas sequential refers to a phase where 

studies follow on from one another 386. 

 

This programme of research used the sequential mixed methods approach, with 

a dominant focus on quantitative methods, as highlighted in Approach 2 in 

Figure 7. The rationale for using this approach is explained in the following 

section.  

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Different approaches to mixed  methods research, adapted from Morley and 
Cathala 386 (arrows indicate  next phase to follow, plus sign indicates s tudies done 
simultaneously  and methods can be vice versa .  
 
6.6 Rationale for using a sequential mixed  methods approach  

As this research involved exploring the early development of an integrated 

case-finding tool that utilises risk prediction, it was important to first reinforce the 

need for a tool; an integral step during �W�K�H���µ�F�R�Q�F�H�S�W�L�R�Q�¶���D�Q�G���µ�F�U�H�D�W�L�R�Q�¶���V�W�D�J�H�V��of 

tool development. Therefore, to clinically justify the proposed case-finding tool, 

it was important to first investigate the associations between anticholinergic 

medication exposure and adverse outcomes, specifically for older people living 

QUAL 

(qualitative) 

QUANT 

(quantitative) 

QUANT 

(quantitative) 

QUAL 

(qualitative) 

QUAL 

(qualitative) 

QUANT 

(quantitative) 

Approach 1: Sequential qualitative dominant study design  

Approach 2: Sequential quantitative dominant study 
design  

Approach 3: Concurrent study designs  
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with frailty. Also, it was important to explore which adverse outcomes, if any, 

were more strongly associated with anticholinergic medication use in the frail, 

with a view to informing which outcomes to explore further within a risk 

prediction tool. This was explored using a systematic review of quantitative data 

from observational research (Study One).  

 

Informed by findings from the systematic review, it was then important to begin 

to develop prediction models with the inclusion of measures of anticholinergic 

burden and frailty, and assess their feasibility as predictors. Their predictive 

utility needed to be realised. Therefore, their predictive utility within multivariate 

prediction models were investigated using quantitative methods, through 

prediction modelling of prospective cohort data involving patients aged seventy-

five and over (Study Two). The findings of Study One, and the exploratory 

findings of Study Two began to support a case towards future development. 

This led on to Study Three, which qualitatively studied the views and 

perspectives of HCPs on using risk prediction, to case-find frail older people at 

risk of anticholinergic burden for deprescribing interventions.  

 

The findings of the three studies then finally led on to the development of an 

early prototype, as a learning exercise to inform the future development of a risk 

predicting case-finding tool. The focus of this investigation was to assess the 

feasibility of computing a total anticholinergic burden score for each patient 

within a practice population, based on medicines data from the EHR. Then, in 

addition to the eFI score, begin to explore the development of a proactive case-

finding tool, that identifies and stratifies the population by their anticholinergic 

burden level, and their frailty severity. Ultimately, this investigation aimed to 

explore ways in which a case-finding tool could be created, and explore the 

possibilities for its integration directly within the clinical IT system, as the 

foundations towards a more sophisticated risk prediction tool.  

 

As highlighted above, quantitative approaches were used initially in this 

programme of work to understand the clinical rationale of a tool (Study One), 

and explore the predictive utility of key predictors that could be included in a 

future risk predicting case-finding tool (Study Two). This was then followed 

sequentially by a qualitative study, informed by the previous two studies, to 
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�X�Q�G�H�U�V�W�D�Q�G���+�&�3�V�¶���Y�L�H�Z�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V���R�I���W�K�H���F�R�Q�F�H�S�W���R�I���X�V�L�Q�J���U�L�V�N��

prediction in this context (Study Three). The next section will describe the 

quantitative and qualitative approaches used in this research.  

 

6.7 Quantitative strategies used in this research  

In quantitative research, data in the form of numbers can be quantified and 

summarised, and final results are expressed using statistical terminologies 388. It 

is therefore a process of collecting and analysing numerical data, which can 

form patterns and averages, explore causal relationships, generalise results to 

wider population, or indeed make predictions. Quantitative research allows the 

familiarisation of the problem or concept to be studied, can generate 

hypotheses, and can identify things for further testing. As mentioned previously, 

the mixed methods approach used in this programme of work had a dominant 

focus on quantitative approaches. The quantitative strand of research is 

discussed in the following sub-sections.  

 

6.7.1 Systematic reviews 

As Study One focused on the familiarisation of the problem, such as the 

possible risks of anticholinergic burden specifically for frail older people, it was 

important to critically review and synthesise existing literature reporting 

associations with adverse outcomes. Reviewing quantitative data representing 

clinical outcomes was considered the most appropriate way of achieving the 

aims and objectives, in support of acquiring a robust awareness of the current 

understanding of the problem, but also understand the need for a tool. 

Therefore, the research methodology chosen for Study One was a literature 

review, specifically using the systematic reviewing method. 

 

Systematic reviews are a rigorous and transparent form of literature reviewing 
389, and arguably the gold standard for reliable synthesis of evidence 390. They 

involve identifying, synthesising, and assessing all available evidence using 

explicit and reproducible methods, in order to provide a robust answer to a 

focused research question 389, 391. Systematic reviews synthesise results from 

multiple primary studies, using strategies aimed to reduce the risk of errors, and 

bias, and may also include a statistical analysis (meta-analysis) of findings 

depending on whether studies are suitably homogenous to produce meaningful 
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analyses 391. Ultimately, this method draws reliable and accurate conclusions, 

and improves the consistency, precision, and generalisability of results 391.  

 

The synthesis of evidence relating to specific research questions can be a 

useful resource for healthcare providers, researchers and policymakers alike. 

However, there are some limitations to systematic reviews that should also be 

considered 391. The quality of reporting of systematic reviews is still not optimal, 

and it can be argued that publication bias can be problematic, as it can be 

�H�D�V�L�H�U���W�R���I�L�Q�G���V�W�X�G�L�H�V���Z�L�W�K���µ�S�R�V�L�W�L�Y�H�¶���U�H�V�X�O�W�V���U�D�W�K�H�U���W�K�D�Q���Q�H�J�D�W�L�Y�H 392. Other 

limitations include the location and selection of studies, heterogeneity, 

inappropriate sub-group analysis, sample sizes, specific exclusion criteria, 

duplication of publication and the loss of information on important outcomes 391, 

393. The researcher carefully considered these limitations, and explored whether 

other methods for literature reviewing should be adopted, such as a narrative or 

a scoping review. However, a systematic review method was selected, as it was 

most suited to addressing the complexity of the research question, and was 

deemed the most suitable method to ensure that the specific focus on frailty 

was addressed.  

 

As discussed previously, adverse health outcomes associated with 

anticholinergic use, specifically in older people living with frailty, is understudied. 

Associations for this more vulnerable cohort of the older population are not 

clear, and it is unclear whether frailty has a modifying role with regards to risks 

of adverse outcomes, when exposed to anticholinergic medicines. A systematic 

review is required to systematically identify, synthesise and assess all available 

evidence in this field, to help support answering the focused research question, 

and identify gaps for further research. Also discussed previously, the lack of a 

uniform approach to identifying and measuring frailty has possibly impeded 

opportunities to synthesise evidence also within anticholinergic burden studies. 

This presented a stronger argument for the use of a systematic review in this 

programme of research, as this method could provide the methodological rigor 

to systematically identify relevant literature, and identify study samples likely to 

be living with frailty, as opposed to identifying samples based on average age. 

This differentiation was key, and a systematic review was deemed the most 

appropriate and robust method for identifying frail older people within existing 
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studies who were exposed to anticholinergic medicines, and review the 

associations with adverse outcomes. Also, as frailty is an increasingly emerging 

area with regards to medicines optimisation, it was assumed that the reporting 

of frailty within medicines related studies may not have been reported as often 

in previous times. Therefore, a systematic approach towards the identification of 

frailty, through consideration of other clinical parameters was considered 

beneficial, to be as comprehensive as possible in identifying the degree of 

associations, and whether frailty severity can modify anticholinergic burden 

risks.  

 

Another advantage of a systematic review is that after an assessment of 

heterogeneity between studies, a meta-analysis can be conducted if at least two 

studies are suitably homogenous. The meta-analysis can support the critical 

analysis, and statistically combine the quantitative data of studies. In the case of 

Study One, the purpose of a meta-analysis was to review the effect size of 

reported associations with larger number of observations, and increase the 

statistical power 394. Despite rigorous methodology, the interpretation of 

systematic reviews can be at least partially subjective 395. Subjective decisions 

can be made by the researcher with regards to procedural issues, such as 

search strategies, inclusion/exclusion criteria, and the validity of data 

abstraction. A meta-analysis can offer standardisation and improve rigor, 

however the researcher acknowledged that the interpretation of results from 

systematic reviews and meta-analyses includes a subjective component. This 

can lead to discordant conclusions, that are independent of the methodology 

used to identify, or analyse the data 395. However, the researcher used a 

reflexive approach and organised a diverse systematic reviewing team, to 

ensure that the data identified and analysed improved the reliability of reported 

associations, which accurately represented the available data.  

 
6.7.2 Predictive modelling 

As Study Two focused on exploring the feasibility of including measures of 

anticholinergic burden and frailty as predictors within multivariate prediction 

models, prediction modelling was deemed to be the most appropriate method. 

Furthermore, as this programme of work aimed to explore the early 

development of an integrated case-finding tool that utilised risk prediction, it was 
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imperative to assess the predictive utility of these measures, and understand if 

they could be useful measures for future development within clinical IT systems.   

 

Data from the Community Ageing Research 75+ (CARE75+) prospective cohort 

study was selected as an appropriate data source to facilitate this investigation. 

This is a longitudinal, multi-site, experimental ageing and frailty research cohort, 

collecting extensive health, social and economic data focusing on 

independence, quality of life and frailty, in elderly community-dwelling people 

aged over seventy-five 396. The cohort is highly phenotyped and includes 

detailed sociodemographic data alongside data on falls, comorbidities, quality of 

life and sleep, cognition, medications, frailty scores, activities of daily living, 

pain, resilience and self-efficacy, smoking and alcohol status and more. This 

data source therefore contains rich geriatric data; some of which can be 

collected routinely in EHRs in primary care, but the majority of which are not 

routinely collected in primary care. Alternative data sources were considered for 

modelling, such as extracts from primary care records supplied by the Clinical 

Practice Research Datalink (CPRD), SAIL Databank, or ResearchOne, for 

example. However, the researcher decided that data from a prospective cohort 

study focusing on frailty (n �§������������ would be more suitable at this early 

exploration stage. After assessing the data dictionary of the CARE75+ dataset, 

the researcher assumed this data would be more superior for modelling, in the 

context of the specific research question. The data contained variables 

representing various outcomes, some on a continuous scale, and therefore 

were seen as advantageous from a statistical perspective. At this exploratory 

stage, this made it an attractive data source for prediction modelling; to 

thoroughly explore measures of anticholinergic burden and frailty as predictors, 

which had not been explored before within the same multivariate models.  

 

Outcomes that are important to consider in the care of older people, but also 

associated with anticholinergic burden and frailty were identified within the 

CARE75+ dataset. These included cognition, functional ability, and health-

related quality of life. Composite anticholinergic burden variables, in addition to 

the eFI score at each cross-section, were used to build models to predict the 

three outcomes, in addition to other important predictors as identified by the 

model building procedures. Ordinary Least Squares (OLS) regression was 



91 
 

selected as the most appropriate form of regression analysis 330. Prediction 

modelling provided a platform to assess the utility of anticholinergic burden and 

frailty measures, through assessment of predictive performance of models 

inclusive and exclusive of such measures.  

 

Although using rich prospective cohort data to develop multivariate prediction 

models could be seen as a strength, it could also be considered a limitation. 

Considering that the overall aim was to explore the feasibility of including 

measures of anticholinergic burden and frailty, with a view to their use within 

risk predicting case-finding tools in clinical practice, it could be a limitation that 

Study Two did not rely entirely upon data derived from EHRs in primary care. 

The researcher acknowledged that it would not be possible to implement 

models developed in Study Two directly into primary care IT systems because 

of this, as variables contained within models may not be available in EHR data. 

However, at this early exploration phase towards the development of a future 

case-finding tool, the models were not intended to be entirely generalisable to 

clinical practice, and not intended to be the final models for implementation. 

Before potential implementation into clinical practice, the researcher also 

acknowledged the importance of model development and assessment (internal 

validation) using data available in EHRs, as opposed to building models using 

data unavailable in EHR data. Additionally, robust model evaluation using data 

external to the development data (external validation) was also considered to be 

important also. However, internal and external validation of models using EHR 

data collected from primary care was beyond the scope of Study Two 397.  

 

Other limitations were that statistical models can face challenges in providing 

reliable predictions. Generally, limitations of prediction models can include 

aleatory or systemic uncertainty, insufficient sample sizes, and the challenges 

of identifying which are the most useful predictors 398. The researcher applied a 

reflexive approach in the model building processes; to reduce the risk of bias in 

the selection of candidate predictors, using a multidisciplinary team approach.  

 

6.7.3 Alternative methods considered for Study Two 

The researcher considered an alternative method in Study Two; to study the 

potential causal associations between measures of anticholinergic burden and 
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frailty (independent variables), and the outcomes of interest (dependent 

variable). Such a method could help understand their degree of association, 

and therefore assumptions could be made on their utility as predictors within a 

risk prediction model. To support this approach, a systematic representation of 

causal relationships could be developed using directed acyclic graphs (DAGs); 

an established framework for the analysis of causal inference in epidemiology 
399. DAGs can help with determining covariate adjustment sets for minimising 

confounding bias, particularly as establishing causal associations between 

anticholinergic burden and adverse outcomes in older people with frailty could 

be a complex endeavor. In investigating causal associations between 

anticholinergic medication exposure, and the outcome of interest in a frail older 

population, it would be crucial to produce DAGs. Based on the assumed role of 

frailty within causal pathways as represented by a DAG, this will determine 

whether frailty can be appropriately adjusted for. In the following examples, the 

DAGs assume frailty as a confounder, mediator, collider and moderator to 

demonstrate the challenges that could be faced if this method was adopted.   

 

Under the assumption that frailty operates as a confounder when estimating the 

direct causal relationship between drug exposure and the outcome, as per the 

DAG in Figure 8a, it would be appropriate to condition (adjust) on the frailty 

variable. This would remove bias introduced by frailty, and in theory would allow 

more accurate estimation of the direct causal relationship (black arrow). 

However, this could be an oversimplification, as frailty itself could be associated 

with the outcome of interest also.   

 

 

 

 

 

Figure 8a �± A DAG assuming frailty as a confounder.  

 

The DAG in Figure 8b assumes that drug exposure effects the outcome directly 

and indirectly, mediated by frailty. As the relationship of interest is the effect of 

exposure on outcome (black arrow), then conditioning on the confounding frailty 
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variable would block a portion of the total effect of exposure on the outcome, 

thus biasing results.  

 

 

 

 

 

Figure 8b �± A DAG assuming frailty as a mediator .  

 

Assuming the following structure in Figure 8c, and assuming that the 

relationship of interest is the effect of exposure on outcome (black arrow), then 

conditioning on the confounding frailty variable induces collider bias, thus 

biasing results by adding extra effect to the true direct effect. This would lead to 

a spurious association.  

 

 

 

 

 

 

 

Figure 8c �± A DAG assuming frailty as a collider.  

 

Finally, assuming the following structure in Figure 8d assumes the only 

relationship between exposure and outcome is via the moderator (frailty), then 

conditioning on the confounding frailty variable blocks the effect of drug 

exposure to outcome, and therefore a meaningful analysis of association is not 

possible.  

 

 

 

 

 

 

Figure 8d �± A DAG assuming frailty as a moderator.  
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There is insufficient evidence to suggest whether frailty is a confounder, a 

mediator, and collider, or a moderator if estimating the causal association 

between anticholinergic medicine exposure and adverse outcomes. For this 

reason, the researcher decided that association analysis would not be the most 

superior method for Study Two, as the uncertainty around the most appropriate 

adjustment set with regards to frailty could lead to spurious, unreliable 

associations. Furthermore, extensive literature already exists examining the 

association between anticholinergic burden and adverse outcomes 37, 39, 45, 48, 

135, 184, 356, 358, and indeed frailty with outcomes 58, 132, 135, 145, 327, and therefore 

would not be an entirely novel approach.  

 

Importantly for this programme of research however, Study Two was required to 

contribute towards the overall exploration of a risk prediction tool. Therefore, 

there was a greater focus on the building and testing of prediction models with 

key predictors, rather than establishing causal relationships. In prediction 

modelling, the goal is to find a prediction of the outcome within the data, that is 

as close as possible to the true outcome, whereas in causal analysis, the goal is 

to find the estimated effect that is as close as possible to the true effect 400. This 

is the fundamental difference between prediction and causal analysis, whereby 

no causal assumptions are made within the predictive model. With a view to 

working towards the development of an integrated case-finding tool that used 

risk prediction, the researcher prioritised prediction modelling over causal 

association analysis to answer the research question in Study Two.   

 

6.8 QUAL strategies used in this research  

Qualitative research refers to types of research that have not used statistical 

methods or other means of quantification to reach findings 401. Qualitative 

research seeks to understand phenomena using a naturalistic approach, 

whereby there is no attempt to manipulate the phenomenon of interest by the 

researcher(s) 402. Qualitative researchers seek illumination, understanding and 

extrapolation to similar situations, compared to quantitative researchers who 

seek causal determination, predictions and generalisation of findings 403. 

Qualitative research is a form of interpretive inquiry, where researchers and 

participants can provide interpretations, leading to an emergence of multiple 

views of the research problem 370. Ultimately, qualitative research takes a 
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holistic approach, where a complex picture of the problem under study is 

developed. This includes the reporting of multiple perspectives, mapping the 

many factors involved in a situation, and establishing the larger picture that 

emerges 370.  

 

Study Three was designed as a descriptive qualitative study which was 

exploratory in nature. An exploratory approach can be adopted when there is 

�³little or no knowledge about the group, process, activity or situation under 

examination�  ́404, and in this case, this approach was plausible, as the use of 

risk prediction to aid anticholinergic deprescribing decisions in frailty was 

unexplored. Exploration can lead to a variety of findings, which include 

descriptions, concepts, social processes and structures, and the beliefs of the 

participants 404.  

 
The data collection approach was important to consider with regards to eliciting 

responses to the specific research question of the study. Rich, detailed 

descriptions were required from the participants to provide an in-depth 

understanding of their approach to deprescribing anticholinergic medicines, 

particularly in frail older people, and their thoughts on the use of future 

innovations, such as risk prediction, to facilitate this. This required an 

understanding of their perspectives of medicines management of older people 

living with frailty; particularly whether frailty status can influence decisions, and 

whether they recognise anticholinergic burden to be a risk to this population. 

The chosen method needed to allow further exploration of these areas of 

discussion, as it was possible that although they may recognise certain risk 

factors, these may not ultimately influence decisions, as other multifactorial 

elements may also need to be considered by HCPs. The chosen method also 

needed to be able to provide a platform to explore the perspectives of HCPs 

with regards to current usage of deprescribing tools, and risk prediction tools 

(e.g. QRISK 348), and how these are embedded into routine processes inside or 

outside of consultations with patients. Finally, the chosen method needed to 

provide opportunities for participants to share their thoughts and opinions about 

the future use of risk prediction tools to case-find at-risk patients for 

deprescribing, gathering their insights on whether there could be clinical utility in 

using such tools.  



96 
 

 

With these in mind, semi-structured one-to-one interviews, or focus groups were 

considered as appropriate methods to conduct this study, and arguably both 

could help answer the research question. 

 
6.8.1 Interviews 

As Study Three intended to recruit HCPs, the COVID-19 pandemic had to be 

considered, such as the ethical implications of research studies in these 

challenging and unprecedented times. Therefore, the pandemic also influenced 

the choice of method for data collection, and it was decided that the semi-

structured interview method would be adopted. This method typically consists of 

dialogue between the researcher and participant, guided by a flexible interview 

schedule, and then supplemented with follow-up questions, comments and 

probes 405. The purpose of semi-structured interviews is to gather information 

from key informants who have personal experiences, beliefs, views and 

perspectives of a particular topic of interest. The semi-structure can give 

participants freedom and flexibility in providing information, and can offer the 

researcher rich qualitative data. The use of open-ended questions is exploratory 

in nature, providing the researcher with an opportunity to gain insight on all the 

opinions on a topic they are not familiar with.  

 

A purposive sampling strategy was adopted in Study Three. This was 

particularly beneficial, as it allowed the identification and selection of 

participants that were potentially knowledgeable or experienced within the 

clinical areas of interest to the study 406. Purposive sampling uses researcher 

judgement to focus on specific populations and their characteristics of interest, 

with a view to support answering of research questions 407. Ultimately, a 

purposive sample representing all relevant primary care professionals were 

selected, to encourage a balanced view of views and perspectives among 

professionals with different skillsets, experience levels, professions and 

qualifications.  

 

Thematic analysis was selected as the method of data analysis for this study. It 

is widely used in qualitative research to identify, analyse, organise, describe 

and report themes found within datasets 382. Thematic analysis can provide a 
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highly flexible approach that can be modified for the needs of various 

epistemologies and research questions, through its theoretical freedom 408. It is 

thought that a rigorous approach to thematic analysis can generate reliable and 

insightful findings 382, however there is no consensus approach on what 

constitutes a rigorous application of this method 409. Particularly important for 

this study, it has been argued that thematic analysis is a useful method for 

exploring the views and perspectives of multiple participants, highlighting 

similarities and differences between them, and generating unanticipated 

insights 382, 408. Alternative approaches to thematic analysis were considered, 

such as grounded theory. However, thematic analysis was deemed more 

suitable. Grounded theory is better suited to when little is known about a 

phenomenon, and where there is an aim to produce or construct an explanatory 

theory that uncovers a process inherent to the substantive area of inquiry 410, 

411. This study did not aim to construct an explanatory theory, and there is 

already a wealth of knowledge about implementation theory in healthcare 412.  

 

Thematic analysis can take an inductive or deductive approach, and it was 

important to distinguish between the two as the approach can inform how 

themes are theorised 382. Inductive analysis is a process of coding the data 

without trying to fit into pre-existing coding frameworks, or indeed analytic 

preconceptions of the researcher. It is considered to be a more data driven 

process 382�����'�H�G�X�F�W�L�Y�H���D�Q�D�O�\�V�L�V���K�R�Z�H�Y�H�U���L�V���G�U�L�Y�H�Q���E�\���W�K�H���U�H�V�H�D�U�F�K�H�U�¶�V��

theoretical or analytic interest, which can potentially lead to the analysis 

focusing on areas of interest to the researcher, and therefore a less rich 

description of the data overall 382. This study took the inductive thematic 

analysis approach, and therefore ensured data were not forced into pre-defined 

categories. The researcher purposely did not acquire knowledge of 

implementation theory as a way of encouraging greater reflexivity throughout. 

Once data collection was completed, developing themes were compared 

against existing implementation theories and frameworks.   

 

As with all research methods, there can be some limitations. Qualitative 

research can disregard contextual sensitivities, and focus more on meanings 

and experiences 413. Also, smaller sample sizes can raise the issue of 

generalisability to a whole population, and even when sample sizes are larger, 
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one can generalise the results to the larger population in only a very limited way 
414, 415. But overall, the researcher decided that producing detailed descriptions 

�R�I���S�D�U�W�L�F�L�S�D�Q�W�V�¶���I�H�H�O�L�Q�J�V�����R�S�L�Q�L�R�Q�V�����D�Q�G���H�[�S�H�U�L�H�Q�F�H�V was an integral element of 

this programme of research, and that interview methodology was the most 

appropriate method to facilitate this. 

 

6.9 Key issues in this programme of re search  

Various issues arose during the programme of research, which have been 

discussed in the sub-sections below. 

 
6.9.1 Reliability and trustworthiness of the research 

In quantitative research, gaining results that are similar and consistent, 

regardless of the number of times the analysis is repeated can be referred to as 

�µ�U�H�O�L�D�E�L�O�L�W�\�¶ 416. The statistical tests and methods used in the quantitative 

elements of this programme were selected to promote reliability, and analyses 

were checked by other members of the research team throughout for accuracy. 

In the systematic review (Study One), at least one other research team member 

checked for accuracy during key stages of the review; screening of abstracts 

and full texts, selecting articles for inclusion in the review, data extraction, risk of 

bias assessment, and conducting the meta-analysis.  

 

In Study Two, the selection of candidate predictors for prediction modelling was 

informed by a process involving a team of researchers, checking whether each 

candidate could be justified as a predictor of the outcome of interest. All 

predictor variables and outcome measures were assessed for reliability through 

descriptive statistics, and data visualisation techniques to understand patterns 

of data. Such techniques encouraged the identification of data that may have 

been incorrectly reported which would negatively impact analyses. Also, the 

assessment of predictive performance of the developed models was repeated 

at three separate time-points using CARE75+ data, to see how they performed 

using data different to the development data. Additionally, bootstrapping was 

used as a resampling method at each time-point, taking the original sample and 

then re-sampling it to create many (simulated) samples. This in essence 

repeated the performance assessment of the models as if the study was 
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repeated multiple times. Ultimately, this provided optimism corrected values for 

model performance, adjusting for bias, to improve accuracy.  

 

�7�K�H���W�H�U�P���µ�U�H�O�L�D�E�L�O�L�W�\�¶��can be an irrelevant measure in qualitative research, 

however. �µReliability�¶ is used more for testing repeatability in quantitative 

studies, and demonstrating �µ�W�U�X�V�W�Z�R�U�W�K�L�Q�H�V�V�¶��can be considered more 

appropriate for qualitative research 417. Trustworthiness in qualitative research 

has been referred to as how well a study achieves what it set out to do to 

answer the research questions 418. In the qualitative component of this research 

programme (Study Three), trustworthiness was demonstrated using a number 

of methods. The interview schedule was developed, and the researcher 

exercised reflexivity through collaborating with a clinical adviser, who checked 

the interview schedule. This ensured the schedule was appropriate and suitable 

for the prospective participants, and ensured the schedule could facilitate 

meaningful discussions, providing rich qualitative data to answer the research 

question. The interview schedule was also piloted with two HCPs in primary 

care who were not participants of the study, with their feedback influencing the 

final version. All interviews were audio recorded, and transcribed verbatim by 

the researcher, or a University of Bradford approved transcriber. Interviews 

continued to be conducted until no new themes emerged, at the point of data 

saturation. Developing themes were compared with themes identified within the 

existing literature, and were compared to previous implementation theories and 

frameworks. The �U�H�V�H�D�U�F�K�H�U�¶�V supervisors and clinical advisers supported the 

process of theme development, conducting peer examination to check theme 

plausibility, accuracy, consistency, and reliability.  

 

To promote trustworthiness, an audit trail was recorded throughout the 

qualitative component, with regards to how the collected data was collected, 

managed, and stored securely. How the themes emerged from the data was 

also documented, with the support of the Nvivo 12TM software for thematic 

content analysis and coding.  

 

6.9.2 Ethical issues 

A number of ethical issues were considered during the design and conduct of 

this programme of research. Although systematic reviews do not necessarily 
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require institutional ethical approval when synthesising publicly available 

secondary data, ethical considerations are still important 419. Unlike primary 

researchers, systematic reviewers do not collect deeply sensitive or confidential 

information from participants. However, systematic reviews are frequently read, 

and are cited in documents that influence healthcare policy and practice, 

influencing further research and public perception 419. Due to increasing 

methodological inclusivity of systematic reviews over the years, and the power 

of influence they may have, ethical considerations of how interests of different 

stakeholders are represented in a research review has become paramount 420. 

Therefore, due to the implications of systematic reviews, particularly if published 

and disseminated widely, the researcher adopted the following guiding 

principles for a quality research synthesis in Study One 421: 

 

�x Informed subjectivity and reflexivity. 

�x Purposefully informed selective inclusivity. 

�x Audience-appropriate transparency. 

 

As Study Two involved the analysis of de-identified patient data from the 

CARE75+ dataset, it was important to safeguard such data in compliance with 

the data owners, and the institution hosting the data. The data owners were 

Bradford Teaching Hospitals NHS Foundation Trust, who formed an agreement 

with the University of Bradford to securely host the data for the purposes of the 

r�H�V�H�D�U�F�K�H�U�¶�V���V�W�X�G�\����The data was stored in a password protected file within the 

University�¶�V���V�H�F�X�U�H���Q�H�W�Z�R�U�N���G�U�L�Y�H���D�V���S�H�U��their regulations, only accessible by the 

researcher and an academic supervisor. CARE75+ was approved by the NRES 

Committee Yorkshire and the Humber on 10th October 2014 (ref: 14/YH/1120). 

As per University regulations, ethical scrutiny by a University Research Ethics 

Panel was not required, as the research project only involved the secondary 

analysis of unlinked or aggregated human data which was collected and which 

was, at the time, subject to relevant research ethics panel approval. To conduct 

research ethically, the researcher ensured no new data was added, or changed 

within the dataset. During team meetings involving researchers who were not 

permitted to access the raw data, the researcher ensured only summary 

statistics or data visualisations were presented.  
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To ensure that qualitative research was conducted ethically, it was important in 

Study Three to ensure the participants were fully informed about the purpose of 

the research, understood any potential risks associated with their participation, 

understood how the research data would be used, and participated with no 

coercion. To ensure this, all participants to be interviewed were provided with a 

participant information sheet, that was sent within the recruitment email. The 

participant information sheet outlined the aims, requirements, and duration of 

the research, what happens to the data once collected, how confidentiality is 

maintained, how and where the research will be conducted, what to do if 

participant have any questions or any issues regarding the research, and what 

happens if participants change their mind after data collection. Participants had 

the freedom of deciding whether they would like to participate or not, which was 

emphasised in the participant information sheet. Participants were asked to sign 

a consent form and return it prior to interviews commencing.  

 

From an ethical perspective, it was important to maintain confidentiality by 

keeping all data secure. All data was stored digitally, as no physical paper 

documents were produced, as Study Three was conducted virtually using an 

online communication platform. Data was safeguarded in compliance with 

University of Bradford procedures. All interview data were collected using 

Microsoft TeamsTM, and the audio files were immediately saved within the 

�U�H�V�H�D�U�F�K�H�U�¶�V���X�Q�L�Y�H�U�V�L�W�\���V�H�F�X�U�H���Q�H�Wwork drive (Microsoft OneDriveTM). All consent 

forms, email communications with participants, Nvivo files, transcribed files, and 

notes made by the researcher were stored in electronic form within the secure 

network, only accessible by the researcher. Participant names were 

anonymised with the use of reference nu�P�E�H�U�V�����V�X�F�K���D�V���³�S�D�U�W�L�F�L�S�D�Q�W�����´����If 

colleague names were mentioned by participants, such names were deleted 

within the transcripts �D�Q�G���U�H�S�O�D�F�H�G���Z�L�W�K���H�O�O�L�S�V�H�V�����«�� within this thesis, or in 

wider dissemination.  

 

The findings from this work provided foundations for developing an early 

prototype of a case-finding tool, that helps with the identification of frail older 

people at risk of anticholinergic burden for a SMR. Ethics were considered for 

the testing of this prototype. Due to his clinical role in primary care, the 

�U�H�V�H�D�U�F�K�H�U���K�D�G���D�F�F�H�V�V���W�R���7�3�3�¶�V���6�\�V�W�P�2�Q�H and EHR data from eight thousand 
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patients. However, instead of using the live version of SystmOne to explore 

building a prototype, the researcher decided it would be more ethical to use a 

demo version. The demo version could be accessed from any computer, and 

then could be shared with any practice with a live version of SystmOne. Once 

developed, the prototype case-finding tool needed to be tested using real data 

from EHRs. Permission was granted by the partners of the Mayflower Medical 

Practice (Doncaster, UK), for the researcher to share the prototype tool with the 

practice, and test its capabilities in case-finding patients. Permission was 

granted, providing they were acknowledged in any future dissemination, and 

subsequently they were acknowledged in a peer-reviewed publication authored 

by the researcher. As an employee also of the Mayflower Medical Practice, the 

researcher ensured all testing and data collection remained within the secure 

NHS network, and no data left the network at any time.  

 

6.9.3 Ethical approvals 

Study One did not require any ethical approvals as it was a systematic review, 

and therefore was secondary research of previously published and publicly 

available data, as discussed previously.  

 

As Study Two involved secondary analyses of de-identified patient data from 

the CARE75+ dataset; a data source which already had ethical approvals, 

ethical review by the University�¶�V Research Ethics Panel was not required. 

However, �W�K�H���8�Q�L�Y�H�U�V�L�W�\�¶�V��ethics checklist needed to be completed and 

submitted to the Chair of the Research Ethics Panel, to confirm why full ethical 

review was not required. Ethics approval was granted for this study by the Chair 

of the Biomedical, Natural, Physical and Health Sciences Research Ethics 

Panel at the University of Bradford on 28/10/19 (ref: EC25702). 

 

Using the NHS Health Research Authority (HRA) decision tool, it was confirmed 

that Study Three was indeed research, but did not require review by an NHS 

Research Ethics Committee (NHS REC). Although this qualitative study 

involved interviewing HCPs who were providing services within the NHS, the 

study did not directly involve the NHS, the research was not conducted on NHS 

premises, and participants were not recruited through NHS channels. As stated 

in the HRA guidance for ethical review, �³REC review is not normally required for 



103 
 

research involving NHS or social care staff recruited as research participants by 

virtue of their professional role� ,́ and where there are no significant ethical 

issues. �+�R�Z�H�Y�H�U�����D�V���S�H�U���W�K�H���8�Q�L�Y�H�U�V�L�W�\�¶�V���H�W�K�L�F�V���F�K�H�F�N�O�L�V�W�����I�X�O�O���H�W�K�L�F�D�O���V�F�U�X�W�L�Q�\���R�I��

Study Three was required. Ethics approval was granted by the Chair of the 

Biomedical, Natural, Physical and Health Sciences Research Ethics Panel at 

the University of Bradford on 11/06/2020 (ref: E807).  

 

For the case-finding tool prototyping and testing within SystmOne, this was not 

considered research �D�F�F�R�U�G�L�Q�J���W�R���W�K�H���8�Q�L�Y�H�U�V�L�W�\�¶�V���H�W�K�L�F�V���F�K�H�F�N�O�L�V�W�����7�K�L�V���Z�D�V��

considered an audit, and therefore ethics review was not required. 
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SECTION THREE: RESEARCH STUDIES 
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Section Three Introduction  

Section Two introduced Chapter Six, which provided a background to the main 

philosophical worldviews used in research (section 6.1), and the rationale for 

the use of pragmatism to underpin this programme of work (section 6.2). 

Additionally, mixed methods research was summarised (section 6.3) including 

the various types (section 6.5), and the rationale for using the sequential mixed 

methods approach was provided (section 6.6). The quantitative and qualitative 

strategies used throughout this programme of work were also described 

(sections 6.7 and 6.8). The methodological issues associated with the 

approaches, and the ethical considerations in this programme of research were 

also introduced (section 6.9).  

 

Section Three presents three empirical research studies conducted in this 

programme of work. They are presented independently as three separate 

chapters, with their respective introductions, methods, results, discussion and 

conclusions. In summary: 

 

�x Chapter Seven, as a systematic review, investigates the associations 

between anticholinergic medication exposure and adverse health 

outcomes in older people with frailty. 

 

�x Chapter Eight explores the predictive utility of including measures of 

anticholinergic burden and frailty in models predicting cognition, 

functional ability, and health related quality of life.  

 

�x Chapter Nine qualitatively �H�[�S�O�R�U�H�V���+�&�3�V�¶���Y�L�H�Z�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V���R�I��

using risk prediction, to case-find frail older people at risk of 

anticholinergic burden for deprescribing interventions in primary care. 
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Chapter Seven: Study One; Investigating associations between 

anticholinergic medication exposure and adverse health outcomes in 

older people with frailty : a systematic review  

 
7.1 Introduction  

This chapter reports findings of the first study within this programme of work; an 

investigation into the associations between anticholinergic medication exposure 

and adverse outcomes in frail older people.  

 

Working towards the development of a case-finding tool which uses risk 

prediction, an important element of the early invention phase was to identify and 

reinforce the need for a tool, through research and review. As stated in Chapter 

Four, a review of the literature identified a paucity of tools that can integrate 

directly with clinical IT systems, and case-find frail older people at-risk from 

anticholinergic burden for a medication review. NHS policy advocates the use of 

proactive tools to case-find frail patients specifically, in aim of reducing MRH for 

this vulnerable population. However, before a tool is developed which case-

finds frail older people, it was important to understand the problem, and 

understand the risks of anticholinergic burden specifically for this vulnerable 

cohort of older people.  

 

Frail older people are a priority group for SMRs within the NHS. However, as 

highlighted in Chapter Three, little is known about the associations between the 

use of anticholinergics and adverse outcomes, specifically for frail older people. 

Furthermore, whether the risks associated with anticholinergic burden differ by 

frailty severity is yet to be established. Studies investigating anticholinergic 

burden have typically only focused on the older population as a whole, reporting 

varying degrees of association with adverse outcomes 37, 39, 48.  Additionally, 

there is an absence of randomised controlled trial (RCT) evidence and long-

term safety data which could support further understanding of the safety of 

these medicines in frailty, typically due to underrepresentation of older 

populations 422. Whilst extensive peer-reviewed literature is helpful for 

considering the risks associated with anticholinergic burden for older people, 

the researcher required further insight to understand the risks for older people 

living with frailty in particular.  
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7.2 Aims and objectives  

The research question for this systematic review was: 

 

What are the associations between anticholinergic medication exposure and 

adverse health outcomes in older people with frailty? 

 

The aim of this study was to understand the need for a future case-finding tool, 

by understanding the associations between anticholinergic exposure and 

adverse outcomes in frail older people. The objectives included: 

 

�x To identify, investigate and analyse current evidence for the associations 

between anticholinergic medication exposure and adverse health 

outcomes in this cohort of older people. 

�x To explore and analyse whether risks associated with anticholinergic 

medication exposure differs by frailty severity. 

 

7.3 Method  

As discussed in Chapter Six (section 6.7), a systematic review was the chosen 

method for this research. A protocol for this review was prospectively registered 

with PROSPERO (reference CRD42019140046), and is reported using the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) recommendations (Appendix 1) 423. The PROSPERO link is as 

follows: 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=140046) 

 

To enhance the rigour of this study, as guided by the Centre for Reviews and 

Dissemination 424, this study was undertaken as a team. This was to enhance 

the quality and accuracy of data handling, promote reflexivity, and to reduce 

bias in the reporting of findings informed by extensive data synthesis. The main 

researcher developed a team of researchers experienced in systematic 

reviewing, quantitative methods and clinical practice, who were either affiliate 

members, or closely connected with the NIHR YHPSTRC. The researcher led 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=140046
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the study throughout, with included the following team members, also 

�F�R�P�S�U�L�V�L�Q�J���R�I���W�K�H���U�H�V�H�D�U�F�K�H�U�¶�V���D�F�D�G�H�P�L�F���V�X�S�H�U�Y�L�V�R�U�V�����D�Q�G���F�O�L�Q�L�F�D�O���D�G�Y�L�V�H�U�V���� 

Dr Matthew Hale (MH), Dr Oliver Todd (OT), Hadar Zaman (HZ), Dr Iuri 

Marques (IM), Dr Duncan Petty (DP), Prof David P. Alldred, Owen Johnson, Dr 

Muhammad Faisal, Prof Peter Gardner and Prof Andrew Clegg (AC).  

 

7.3.1 Inclusion criteria  

Prospective and retrospective cohort studies and case control studies were 

eligible. The study population were older adults in primary, secondary or tertiary 

care. Studies were included if samples had an average age of sixty-five years 

and over, were exposed to anticholinergic medicines, and were living with 

frailty. An average age of sixty-five years and over was selected for inclusion 

rather than a strict cut-off of sixty-five years, to expand the search widely, 

acknowledging that this approach may also yield studies with participants 

younger than sixty-five. Studies were not excluded entirely based on including 

younger participants, providing the average age across the sample was sixty-

five and over, representing an older sample as a whole.  

 

The age of sixty-five was used as this typically defines older people in literature 
425, and it is also the age to typically define older people in clinical practice 

guidelines for pharmacotherapy 426. Also, this age was selected with a view to 

focusing on older people with frailty, as the landmark study by Fried and 

colleagues which developed the frailty phenotype model also limited data 

analysis to those aged sixty-five and over 107. Therefore, it was decided that an 

average age of sixty-five and over was the most suitable lower threshold for 

inclusion, with the perspective that the prevalence of frailty in younger ages 

would be low.  

 

7.3.1.1 Frailty  

Studies were included if any validated frailty assessment measure was used 

and if the study population, on average, was frail according to at least one frailty 

measure. In studies stratifying frailty status using the phenotype model, pre-

frailty was defined as the presence of one or two components from the following 

five components: weakness, slow walking speed, exhaustion, low physical 

activity and unintentional weight loss. The presence of three or more of these 

https://link.springer.com/article/10.1007%2Fs40801-021-00256-5#auth-Matthew-Hale
https://link.springer.com/article/10.1007%2Fs40801-021-00256-5#auth-Oliver-Todd
https://link.springer.com/article/10.1007%2Fs40801-021-00256-5#auth-Hadar-Zaman
https://link.springer.com/article/10.1007%2Fs40801-021-00256-5#auth-Iuri-Marques
https://link.springer.com/article/10.1007%2Fs40801-021-00256-5#auth-Iuri-Marques
https://link.springer.com/article/10.1007%2Fs40801-021-00256-5#auth-Duncan-Petty
https://link.springer.com/article/10.1007%2Fs40801-021-00256-5#auth-David_P_-Alldred
https://link.springer.com/article/10.1007%2Fs40801-021-00256-5#auth-Owen-Johnson
https://link.springer.com/article/10.1007%2Fs40801-021-00256-5#auth-Muhammad-Faisal
https://link.springer.com/article/10.1007%2Fs40801-021-00256-5#auth-Peter-Gardner
https://link.springer.com/article/10.1007%2Fs40801-021-00256-5#auth-Andrew-Clegg
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components characterised frailty 107. Where frailty was not explicitly identified, 

studies were included if they reported measures of the clinical features of frailty, 

defined by the phenotype model only 107. Established thresholds for frailty 

measures were used; for example, <0.8m/s for walking speed (gait) 427, >12s to 

complete the TUGT 428, and a grip strength of <20kg (females) or <30kg (males) 
107. A broad definition of frailty was adopted for this review, which may 

contribute to the heterogeneity of the outcome measures. However, the 

researcher acknowledges this cannot be avoided due to the various 

classifications of frailty reported in studies.  

 

7.3.1.2 Anticholinergic exposure 

Anticholinergic exposure was defined as either (1) any medication with 

antimuscarinic activity according to the reference list by Salahudeen et al. 37 or 

(2) anticholinergic burden; where any method of characterising anticholinergic 

burden was specified by name, e.g. DBI 189. Where there was uncertainty in 

confirming anticholinergic status, the review team came to a consensus opinion 

based on pharmacological/medical expertise. If anticholinergic exposure was a 

dichotomised composite variable including multiple drug types, this composite 

measure was included where at least 60% of the constituent drugs had 

anticholinergic properties.  

 
7.3.2 Outcomes 

The primary outcomes were physical impairment, cognitive dysfunction, and a 

change in frailty status. Outcomes representing physical impairment included, 

but were not limited to, reduced grip strength, slower TUGT and chair stand 

tests, falls, and any other outcome which could characterise such impairment. 

Outcomes representing cognitive dysfunction included, but were not limited to, 

lower Montreal Cognitive Assessment (MoCA) and MMSE scores, for example. 

Any specific instrument was considered as outcome measures of physical 

impairment, activities of daily living and cognitive dysfunction.   

 

Secondary outcomes were any other adverse outcome that could be associated 

with anticholinergic exposure. These included, but were not limited to, 

unplanned hospitalisation, institutionalisation into care homes or nursing homes, 

mortality, change in quality of life and ADRs. 
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7.3.3 Information sources 

The following databases were searched from inception to 1st August 2019, 

using an inclusive search strategy developed with the support of experienced 

librarians at the University of Bradford: MEDLINE (EBSCO), CINAHL (EBSCO), 

EMBASE, The Cochrane Database of Systematic Reviews, Web of Science 

and PsycINFO (EBSCO). Search strategies for each database are available 

(Appendix 2). Search terms represented three main domains: elderly/frailty, 

anticholinergics, and an epidemiological filters domain.  

 
7.3.4 Study selection 

Two reviewers (the researcher (DM), and MH, HZ, OT or IM) screened titles 

and abstracts of identified studies. Full texts were then retrieved to determine 

eligibility for inclusion (DM and MH, HZ, OT or IM). The researcher screened 

100% of studies at each stage, and the other reviewers screened 25% each. A 

screening flowchart was developed to assist the reviewers at both stages 

(Appendix 3). Disagreements were settled by consensus discussion with a third 

reviewer (AC or DP). The search strategy and study selection process had no 

language restrictions, and where eligible studies were in a language other than 

English, the lead author was contacted to request an English version. If 

unavailable, it was translated using Google Translate 429 and the translation 

accuracy was assessed by a pharmacologist literate in both English and the 

language of the manuscript. Forward and backward citation analyses of the 

selected studies were performed using �3�X�E�O�L�V�K���R�U���3�H�U�L�V�K�Œ���V�R�I�W�Z�D�U�H��430 and 

Web of Science. Studies identified by citation analysis were subject to the same 

independent study selection process.  

 

7.3.5 Data extraction 

A standardised proforma was developed and piloted by two reviewers (DM and 

MH), and subsequent changes were made to improve data extraction. Two 

reviewers (DM, and MH, HZ, OT or IM) independently extracted data using the 

final standardised proforma for the outcome measures. The researcher 

extracted data for 100% of the studies, with the independent extraction process 

being shared as equal as possible amongst the other reviewers. There was no 

principal summary measure prioritised for extraction, and measures included, 
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but were not limited to, ORs, HRs, incident rate ratios (IRRs), unstandardised 

and standardised correlation coefficients and measures of average and spread. 

Disagreements were settled by consensus discussion with a third reviewer (AC 

or DP). Covariate-adjusted and unadjusted data were extracted, however only 

covariate-adjusted data were prioritised for the meta-analysis and narrative 

synthesis, as they provide more reliable estimates of outcome associations. 

Adjustment variables within models were recorded using the proforma, and 

where authors presented multiple adjusted results, the full model was prioritised 

for extraction. Two independent reviewers (DM, and OT or DP) extracted data 

for the meta-analysis. Lead authors of studies were contacted where additional 

data were required.  

 

7.3.6 Assessment of risk of bias  

Two independent reviewers (DM, and MH, HZ, OT or IM) assessed risk of bias 

using the Cochrane Risk of Bias In Non-Randomised Studies of Interventions 

(ROBINS-I) tool 431. One reviewer (DM) assessed risk of bias for 100% of the 

studies, and the independent review was shared as equal as possible amongst 

the reviewers. Disagreement in the quality assessment was resolved by 

consensus discussion with a third reviewer (AC or DP). The criteria followed to 

help make a risk of bias judgement is summarised in Table 4.  
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Table 4 - Reaching judgement of overall risk of bias using the ROBINS -I 

tool 431 

 

7.3.7 Synthesis of results 

Data was synthesised in two ways; using a meta-analysis, and narrative 

synthesis.  

 

7.3.7.1 Meta-analysis 

Studies where adjusted data could be appropriately synthesised within a meta-

analysis were identified, and sample sizes and coefficients with 95% CIs were 

extracted, specifically for the outcome of interest. Data were synthesised for 

meta-analysis using the Hedges-Olkin method, with a Fisher Z transformation of 

coefficients 432, and generated summary forest plots using MedCalc, version 

19.4.0 433. Statistical heterogeneity was assessed using the I2 statistic, to 

determine whether the summary coefficient from the fixed effects (I2 < 50%) or 

random effects (I2 �•�������������P�R�G�H�O�O�L�Q�J���V�K�R�X�O�G���E�H���D�G�R�S�W�H�G 434. Estimates were 

included in the pooled analysis where they were adjusted for a minimum of age 

and sex.  

 

7.3.7.2 Narrative synthesis 

Data unsuitable for meta-analysis were summarised using a narrative synthesis, 

following guidance developed by Popay et al. 435.  

Response Option  Criteria  
Low risk of bias  (the study is comparable to 
a well-performed randomised trial); 

The study is judged to be at low risk of bias 
for all domains.  

Moderate risk of bias  (the study appears to 
provide sound evidence for a non-
randomised study but cannot be considered 
comparable to a well-performed randomised 
trial); 

The study is judged to be at low or 
moderate risk of bias for all domains.  

Serious risk of bias  (the study has some 
important problems); 

The study is judged to be at serious risk of 
bias  in at least one domain, but not at critical 
risk of bias in any domain. 

Critical risk of bias  (the study is too 
problematic to provide any useful evidence 
and should not be included in any synthesis); 

The study is judged to be at critical risk of 
bias in at least one domain.  

No information  on which to base a 
judgement about risk of bias. 

There is no clear indication that the study is 
at serious or critical risk of bias and there is a 
lack of information in one or more key 
domains of bias (a judgement is required for 
this). 
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7.4 Results  

7.4.1 Literature search 

Details of the study selection are summarised in the PRISMA flowchart (Figure 

9). The search identified 17,589 studies, of which seventy-four were retrieved 

for full text review. Of these, thirteen met the eligibility criteria and were included 

within this systematic review 85, 130, 436-446. Reasons for excluding the sixty-one 

studies are available (Appendix 4). Backward and forward citation analysis on 

28th November 2019 revealed 1,000 studies (after removing duplicates), of 

which six were identified for full text review; none of which met eligibility criteria.  
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Figure 9: A PRISMA diagram reporting the identification of include studies  
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Two studies reported multiple outcomes, in which one outcome (grip strength) 

was possible to synthesise within a meta-analysis 440, 444. Attempts were made 

to contact authors of two studies for further data and ascertain eligibility, but this 

was without success, therefore both were excluded 447, 448.  

 
7.4.2 Study characteristics  

Four prospective cohort studies 85, 436, 441, 442, three retrospective cohort studies 
438, 443, 445, four cross-sectional studies 130, 437, 439, 440, one case-control study 446, 

and one study including both a cross-sectional and retrospective cohort design 

were included 444, with a total of 21,516 participants (Table 5). The prospective 

cohort studies had a mean follow up of 2.4 years (range 9 months to 5 years) 

and a median sample size of 1,257 (range 204 to 12,405) 85, 436, 441, 442. The 

retrospective cohort studies had a mean follow-up of 3.75 years (range 1 to 8 

years) and a mean sample size of 1,183 (range 602 to 1,793) 438, 443-445, and the 

case-control study had a sample size of 428, with a follow-up of one year 446. 

Ten studies were based in the community 130, 437-444, 446; one of which was in 

self-care retirement villages 440. One study was based in a RACF 445, one study 

included older adults recruited based on attending a hospital outpatient 

department 85, and one was based in a tertiary care inpatient hospital setting 436. 

Four studies were conducted in Europe 130, 439, 442, 443, three in North America 85, 

437, 438, four in Australia 436, 440, 441, 445, one in Malaysia 446 and one in Japan 444. 

All studies were in English language, except for one which has an abstract 

published in English, and the full text in Japanese, which was translated 444.  
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Table 5 - Characteristics of included studies  
 
Study  Study design  Year Country  Healthcare 

setting  
Sample 
size  
 

Mean 
[median] 
age  

% 
Male  

Anticholinergic 
exposure  

Frailty measure  
(Threshold  used 
by study authors)  

Outcomes reported  

Study 
duration  

Bennett 
et al . 436 

Prospective 
cohort  

2014 Australia Tertiary 
hospital 

204 
9 months 

80.5  34.8% One or more 
FRIDs  

Edmonton Frail 
Scale  
(>8 deficit points) 

Falls 
Functional decline 
Hospitalisation 
Institutionalisation    

Cao et 
al. 437 

Cross-sectional  2007 USA Community  932 
 

78  0% DBI (Difficulty in 2 or 
more functional 
domains out of a 
possible 8 e.g., gait 
speed, chair 
stands, grip 
strength, mobility, 
balance) 

Cognitive function 
ADL  
Chair stands 
Balance 
Gait speed 
Mobility 
Upper extremity 
function 
Hand grip strength 

Cossette 
et al . 438 

Retrospective 
cohort  

2017 Canada Community 1,793 
3 yrs 

74.4  48% ACB score Fried  
(Fit = no 
components 
Pre-frail = 1 or 2 
components 
Frail = 3+ 
components) 

PCS 
MCS 

Gnjidic 
et al . 439 

Cross-sectional  2012 Finland Community 700 81.3  30.6% DBI Gait speed (not 
defined) 
Chair stands test 
(not defined) 
TUGT (not defined) 
Grip strength (not 
defined) 

Gait speed 
Chair stands test 
Hand grip strength 
IADLscore 
Barthel Index  
TUG test 
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Gnjidic, 
Le 
Couteur 
et al . 440 
 
 
 
 
 

Cross-sectional 2012 Australia Self-care 
retirement 
villages 

115 82.3 27% DBI Grip strength (f 
<20kg, m<30kg) 

SPPB score 
Grip strength 

Hanlon 
et al . 85 

Prospective 
cohort 

2006 USA Outpatients 808 
1yr 

Not 
given 
(46.4% 
aged 
>75yrs) 

98% Exposed to at least 
one anticholinergic 
drug/drug group 
e.g., 
�µ�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F�V�¶����
�µ�R�S�L�R�L�G�V�¶�����µ�W�U�L�F�\�F�O�L�F��
�D�Q�W�L�G�H�S�U�H�V�V�D�Q�W�V�¶��
etc 

(Met 2 or more of 
10 criteria for 
frailty: dependence 
in at least one 
activity of daily 
living [ADL], stroke 
within 3 months, 
previous falls, 
difficulty 
ambulating, 
malnutrition, 
dementia, 
depression, 
unplanned 
admission in last 3 
months, prolonged 
bed rest, or 
incontinence)  

ADRs 
Preventable ADRs 

Jamsen 
et al . 441 

Prospective 
cohort 

2016 Australia  Community 1,705 
5yrs 

76  
 
 
 
 
 
 
 
 

100% DBI Fried 
(Fit = no 
components 
Pre-frail = 1-2 
components 
Frail = 3+ 
components 

Transitions between 
frailty states, and 
death. 
Pre-frail �± fit 
Pre-frail �± frail 
Pre-frail �± death 
Frail - pre-frail 
Frail - death  
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Landi et 
al. 130 

Cross-sectional  2007 Italy Community 364 85.8  33% Drugs which 
demonstrate 
serum 
anticholinergic 
activity in 
literature. 

Gait speed (not 
defined) 
Grip strength (not 
defined) 

Gait speed 
Short Physical 
Performance Battery 
Grip strength 
ADL score 
IADL score 

Martinot 
et al . 442 

Prospective 
cohort 

2018 France  Community 12,405 
3yrs 

Not 
given  
(67.7% 
aged 
>65yrs) 

74% Exposed to at least 
1 PIM using 
Laroche list 
(Anticholinergics 
reported as e.g., 
�µ�W�U�L�F�\�F�O�L�F��
�D�Q�W�L�G�H�S�U�H�V�V�D�Q�W�V�¶����
�µ�D�Q�W�L�S�V�\�F�K�R�W�L�F�V�¶����
�µ�O�R�Q�J-acting 
�E�H�Q�]�R�G�L�D�]�H�S�L�Q�H�V�¶��
etc) 

Strawbridge 
questionnaire  
(Difficulty in 2 or 
more domains) 

Changes in frailty 
status 
(Frailty to fit state) 

Porter et 
al. 443 

Retrospective 
cohort 

2019 UK Community 1,154 
Up to 
8yrs 
lookback 

78.8  37.9% At least 1 PIM 
(Anticholinergics 
identified using 
ACB scale and 
reported as e.g., 
�µ�W�U�L�F�\�F�O�L�F��
�D�Q�W�L�G�H�S�U�H�V�V�D�Q�W�V�¶����
�µ�D�Q�W�L�S�V�\�F�K�R�W�L�F�V�¶����
�µ�E�H�Q�]�R�G�L�D�]�H�S�L�Q�H�V�¶��
etc 

Fried 
(Fit = no 
components 
Pre-frail = 1-2 
components 
Frail = 3+ 
components 

Mortality  

Sato et 
al. 444 

Cross-
sectional, and 
retrospective 
cohort  

2017 Japan Community 306 
(cross-
sectional) 
 

[87] 
 
 
 

44.4% DBI  Grip strength (not 
defined) 
TUGT (not defined) 

ADL score 
IADL score 
MMSE  
PGC 
Grip strength 
One leg balance 
Repetition standing  
TUGT 

176 
(cohort) 
3yrs  
  

[90] 
 

46.6% 
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Wilson 
et al . 445 

Retrospective 
cohort  

2011 Australia RACFs 602 
1yr  

85.7 29.1% DBI Gait speed** (not 
defined) 
Grip strength** (not 
defined) 

Falls  

Zia et al . 
446 
 
 

Case-control 2016 Malaysia  Community 428 
1yr  
 
 
 

75.3 
(fallers) 

31.9% ACB TUGT ���•�����������V�� 
Grip strength (f 
<20kg, m<30kg) 

Falls 

72.1 
(non-
fallers) 

33.3% 

 
Table 5 abbreviations:  ACB = Anticholinergic Cognitive Burden scale, ADL = Activities of Daily Living, ADR = Adverse drug reaction, DBI = Drug Burden Index, f = 
female, FRIDs = Fall-risk-increasing drugs, IADL = Instrumental Activities of Daily Living, m = male, MCS = Mental Component Summary, MMSE = Mini-Mental 
State Examination, PCS = Physical Component Summary, PGC = Philadelphia Geriatric Center Morale Scale, PIM = Potentially inappropriate medicine, RACF = 
Residential aged care facility, SPPB = Short Performance Physical Battery, TUGT = Timed Up and Go Test. 
**Gait speed and grip strength were reported in a different study conducted by the first author, however using the exact same cohort.  
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7.4.3 Participant characteristics 

The mean participant age was 80.3 years (SD 3.73), reported in nine studies 130, 

436-441, 443, 445. One study reported a median age of eighty-seven years (range 

86-88 years) in the cross-sectional analyses 444. Two studies did not report 

average age, and instead one study reported 46.4% of participants were aged 

over seventy-five years 85, and another study reported 67.7% were aged over 

sixty-five years (range 58-73) 442. Across the included studies, 55.4% of 

participants were female (range 0-100%).  

 

7.4.4 Assessment of frailty 

Participants with pre-frailty/frailty were identified by study authors in six studies 
85, 436, 438, 441-443, according to the phenotype model 107, Edmonton Frail Scale 449, 

the Strawbridge questionnaire 450, or 10-point frailty criteria 451. Among these, 

the mean prevalence of frailty was 40.9% (range 3.7-100%). Pre-frailty was also 

reported in two studies, with 43.9% 438 and 45.9% 443 of their respective study 

samples deemed pre-frail. The remaining studies reported at least one frailty 

measure but did not explicitly define frailty as per the previously mentioned 

frailty measures 130, 437, 439, 440, 444-446. These included gait speed (m/s), TUGT 

(s), chair stands tests (s), and grip strength (kg) (Table 5).  

 

7.4.5 Identifying anticholinergic exposures 

The DBI 189 and the ACB scale 173 were used to characterise the exposure of 

anticholinergic drugs in nine studies 437-441, 443-446. Others included fall risk-

increasing drugs (FRIDs) 436; prescription of at least one anticholinergic drug 85; 

prescription of at least one drug with demonstrated serum anticholinergic 

activity 130; or, prescription with at least one potentially inappropriate medicine 

that had anticholinergic properties 442 (Table 5).  

 
7.4.6 Primary outcomes: Physical impairment  

The summary of reported results for the primary outcomes can be identified in 
Table 6. 
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Table 6 - Primary outcomes: Summary of reported results  

Primary  
outcomes  

Study  Frailty measure 
(mean/median) 
[SD]  

Total number 
(%) of pre-
frail/frail 
participants  

Anticholinergic 
(AC) exposure 
(description)  

Outcome  Adjusted results , reporting 
ORs, unstandardised and 
standardised coefficients  
(ß), means, IRRs  and HRs. 
(* represents significant 
associations determined as P 
�”��0.05) 

Method of 
adjustment / 
controlling for 
confounding  

Physical  
impairment  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bennett et 
al. 436 
 
 
 
 
 
 
 
 
 
  

Edmonton Frail 
Scale  
 
 

Frail: 103 
(50.4%) 

One or more FRIDs  
 
 
(Participants 
exposed to AC 
FRIDs on 
admission n=131 
(64.2%) 
 
(Participants 
exposed to AC 
FRIDs on 
discharge n=161 
(78.9%)) 
 

Falls 
 
 
 
 

Total: OR 1.7 (95% CI 1.3 to 
2.1)* 

Age, sex, living 
status, comorbidity, 
Activities of Daily 
Living and 
Instrumental 
Activities of Daily 
Living, fall risk 
factors and alcohol 
use. 

Fit: OR 2.4 (95% CI 1.3 to 
6.1)* 
Frail: OR 1.5 (95% CI 1.1 to 
1.9)* 

Functional 
decline 

Total: OR 1.3 (95% CI 1.1 to 
1.6)* 

Fit: OR 1.4 (95% CI 0.9 to 
2.0) 

Frail: OR 1.2 (95% CI 1.0 to 
1.5)* 

Cao et al . 
437 
 
 

Difficulty in 2 or 
more functional 
domains out of a 
possible 8 e.g. 
gait speed, chair 
stands, grip 
strength, 
mobility, balance 
etc 

932 (100%) 
Assumed 
based on the 
inclusion 
criteria  

DBI  
 
(Dichotomised 
�µ�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F�¶��
burden variable 
used to identify 
participants 
exposed to 

Difficulty in 
chair stands 
 
 
 

Full model: OR 4.2 (95% CI 
2.0 to 8.7)* 

Age, race, 
education, 
depression, arthritis, 
visual impairment, 
hearing impairment, 
hypertension, 
ischemic heart 
disease, congestive 
heart failure, 

Poor balance 
 
 
 

Full model: OR 4.9 (95% CI 
2.0 to 12.0)* 

https://en.wikipedia.org/wiki/%C3%9F
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Physical 
impairment  
�F�R�Q�W�L�Q�X�H�G�« 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

anticholinergic 
burden) 

Slow gait 
speed 
 
 
 

Full model: OR 3.6 (95% 1.6 
to 8.0)* 

pulmonary disease, 
osteoporosis, 
diabetes mellitus, 
cancer, spinal disc 
disease, hip 
fracture, spinal 
stenosis, 
Parkinson's disease, 
and peripheral 
arterial disease. 

Poor mobility 
 
 
 

Full model: OR 3.2 (95% CI 
1.5 to 6.9)* 

Poor upper 
extremity 
function  
 
 

Full model: OR 2.7 (95% CI 
1.3 to 5.4)* 

Weak grip 
strength 
 

Full model: OR 2.4 (95% CI 
1.1 to 5.3)* 

Cossette et 
al. 438 
 

Fried Pre-frail: 787 
(43.9%) 
Frail: 67 
(3.7%) 

ACB score 
 
(Change in 
standardised 
coefficient for every 
1-unit change in 
ACB score) 

PCS Non-frail: ß -0.30 (95% CI -
0.54 to -0.06)* 

Parsimonious 
model: time, sex, 
age, number of co-
morbidities, Geriatric 
Depression Scale. Frail/pre-frail: ß -0.61 (95% CI 

-0.88 to -0.33)* 

Gnjidic et 
al. 439 

Gait speed  
(Mean 1.3m/s) 
[±0.4] 
 
Chair stands 
test (mean 
16.7s) [±7.8] 
 

Not reported. DBI 
 
(Change in 
unstandardised 
coefficient where 
DBI score > 0) 
(dichotomised)  

Gait speed 
 
 

-0.13 (95% CI -0.19 to -0.08)* Age, sex, education, 
comorbidities,  
self-reported status 
and cognitive 
impairment. Chair stands 

test  
 
 
 

1.11 (95% CI 1.05 to 1.16)* 

https://en.wikipedia.org/wiki/%C3%9F
https://en.wikipedia.org/wiki/%C3%9F
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Physical 
impairment  
�F�R�Q�W�L�Q�X�H�G�« 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TUGT  
(Mean 13.9s) 
[±9.3] 
 
Grip strength  
(Mean 20.0kg) 
[±10.2] 

Grip strength 
(kg) 
 

-0.98 (95% CI -2.05 to 0.08) 

TUGT 1.13 (95% CI 1.07 to 1.19)* 

Gnjidic, Le 
Couteur et 
al. 440 
 
 
 
 
 
 
 

Grip strength  
(Mean 18.0kg) 
[±7.5] 

Not reported.  DBI  
 
(Change in 
unstandardised 
coefficient for every 
1-unit change in 
DBI score) 

Short Physical 
Performance 
Battery (SPPB) 
 

-1.28 (95% CI -2.53 to -0.04)* Age, sex, education, 
comorbidities, 
cognitive 
functioning, 
depression and 
sleep disturbance.  

Grip strength 
(kg) 

0.10 (95% CI -2.54 to 2.74) 

Landi et al . 
130 
 

Gait speed (m/s) 
 
 
 

Not reported.  Drugs which have 
demonstrated 
serum 
anticholinergic 
activity in literature. 
 
(Users of 
anticholinergics �± 
dichotomised) 
 
 
 

Gait speed 
(m/s) 
 
 
 
 
 

Non-users AC drugs (mean):  
0.49 (SE ± 0.01) 

Age, gender, 
smoking, physical 
activity level, living 
alone, BMI, 
dementia, 
congestive heart 
failure, lung 
diseases, diabetes, 
delirium, history 
of falls. 

Users of AC drugs (mean): 
0.47 (± 0.02) 

Short Physical 
Performance 
Battery (SPPB) 
 
 
 
 
 

Non-users AC drugs (mean): 
6.90 (SE ± 0.19)*   

Users of AC drugs (mean): 
6.19 (SE ± 0.25)* 

Grip strength 
(kg) 
 

Non-users AC drugs (mean):  
31.33 (SE ± 0.81)*  
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Physical 
impairment  
�F�R�Q�W�L�Q�X�H�G�« 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Users of AC drugs (mean):  
28.88 (SE ± 1.05)* 

Sato et al . 
444 
 
 
 
 
 

Grip strength  
(Median 19.3kg)  
IQR 15.3, 23.5 
 
TUGT 
(Median 12.6s) 
IQR 10.5, 15.4 

Not reported.  DBI 
 
(Change in 
standarsised 
coefficient for every 
1-unit change in 
DBI score) 
 

Grip strength 
(kg) 
 
 

Cross-sectional: 0.73 (95%  
CI -2.02 to 0.57) 

Age, sex, high blood 
pressure,  
diabetes, heart 
disease, cancer, 
stroke. 

Cohort at 3yrs: - 0.78 [95% CI 
-2.44 to 0.88] 

One leg 
balance 
(duration in 
seconds) 
 

Cross-sectional: -0.32 (95% 
CI -4.57 to 3.93) 
Cohort at 3yrs: 1.89 (95% CI  
-1.49 to 5.28) 

Repetition 
standing (no. 
of times over 
30 seconds) 
 

Cross-sectional: -1.30 (95% 
CI -2.79 to 0.20) 
Cohort at 3yrs: 0.08 (95% CI  
-1.77 to 1.93) 

TUGT Cross-sectional: 0.53 (95% CI 
-2.46 to 3.52) 
Cohort at 3yrs: 0.38 [95% CI  
-2.00 to 2.75] 

Wilson et 
al. 445 
 
 

Gait speed**  
(Mean 0.56m/s) 
[±0.21] 
 
Grip strength** 
(Mean 19.9kg) 
[±8.1] 
 

Not reported.  DBI  
 
(Stratified in to DBI 
�����������'�%�,���•������ 
 

Falls  DBI < 1: IRR 1.61 (95% CI 
1.17 to 2.23)* 

Age, sex, history of 
falls, cognitive 
impairment, 
depressive 
symptoms, 
comorbidities, 
use of a walking aid, 
polypharmacy, and 
incontinence. 

DBI �•����:  IRR 1.90 (95% CI 
1.30 to 2.78)* 

Zia et al . 446 
 

TUGT�•���������V 
n=168  
39.3%  
 

Not reported.  ACB 
 
(Characterised as 
ACB score �•������ 

Falls  Model 9: OR 1.4 (95% CI 0.8 
to 2.4) 
 

Reduced right grip 
strength + age, 
gender, number of 
comorbidities. 
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Physical 
impairment  
�F�R�Q�W�L�Q�X�H�G�« 

Reduced right 
grip strength 
(kg) 
n=290  
67.8% 
 
Reduced left 
grip strength 
(kg) 
n=313  
73.1% 
 
���”�����N�J���Z�R�P�H�Q 
�”�����N�J���P�H�Q�� 
 
 

Model 10: OR 1.4 (95% CI 
0.85 to 2.4) 
 

Reduced left grip 
strength + age, 
gender, number of 
comorbidities. 

Model 11: OR 1.3 (95% CI 
0.76 to 2.1) 
 
 

TUGT �•�������������V����+ 
age, gender, 
number of 
comorbidities. 

Model 12: OR 1.2 (95% CI 0.7 
to 2.1) 

�)�X�Q�F�W�L�R�Q�D�O���U�H�D�F�K���”��
18cm + age, gender, 
number of 
comorbidities. 

Cognitive 
dysfunction  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cao et al . 
437 
 
 

Difficulty in 2 or 
more functional 
domains out of a 
possible 8 e.g., 
gait speed, chair 
stands, grip 
strength, 
mobility, balance 
etc 
 
 

932 (100%) 
Assumed 
based on the 
inclusion 
criteria 

DBI  
 
(Dichotomised 
�µ�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F�¶��
burden variable 
used to identify 
participants 
exposed to 
anticholinergic 
burden) 

Poor cognitive 
function (MMSE 
score �”��26) 

Full model: OR 2.4 (95% CI 
1.1 to 5.1)* 

Age, race, 
education, 
depression, arthritis, 
visual impairment, 
hearing impairment, 
hypertension, 
ischemic heart 
disease, congestive 
heart failure, 
pulmonary disease, 
osteoporosis, 
diabetes mellitus, 
cancer, spinal disc 
disease, hip 
fracture, spinal 
stenosis, 
Parkinson's disease, 
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Cognitive 
dysfunction 
�F�R�Q�W�L�Q�X�H�G�« 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and peripheral 
arterial disease. 

Cossette et 
al. 438 

Fried Pre-frail: 787 
(43.9%) 
Frail: 67 
(3.7%) 
 
 
 

ACB score 
 
(Change in 
standardised 
coefficient for every 
1-unit change in 
ACB score) 
 
 
 
 

MCS  Non-frail: ß 0.04 (-0.16 to 
0.24) 

Parsimonious 
model: time, sex, 
age, number of co-
morbidities, Geriatric 
Depression Scale. 
 

Frail/pre-frail: ß 0.30 (0.04 to 
0.57)* 
 
 
 
 

Sato et al . 
444 

Grip strength  
(Median 19.3kg)  
IQR 15.3, 23.5 
 
TUGT 
(Median 12.6s) 
IQR 10.5, 15.4 

Not reported.  
 
 
 

DBI 
 
(Change in 
unstandardised 
coefficient for every 
1-unit change in 
DBI score) 

MMSE 
 
 

Cross-sectional: - 1.50 (95% 
CI -2.96 to -0.03)* 

Age, sex, high blood 
pressure,  
diabetes, heart 
disease, cancer, 
stroke. 

Cohort at 3yrs: - 0.21 (95% CI 
-1.78 to 1.35)  

Change in 
frailty status  
 
 
 
 
 
 

Jamsen et 
al. 441 

Fried Not reported, 
however 
number of 
transitions 
reported: 
 
From pre-frail 
state 
603 stationary 
172 to fit 

DBI 
 
(Association with 1-
unit increase in 
DBI) 

Transitions 
between frailty 
states, and 
death 
(excluding 
transitions 
from fit state) 
 

Pre-frail to fit: HR 0.90 (95% 
CI 0.59 to 1.36) 

Age, diagnosis of 
dementia or mild 
cognitive impairment 
at baseline, 
comorbidity, 
education level, and 
living status. 

Pre-frail to frail: HR 1.03 (95% 
CI 0.76 to 1.40) 

Pre-frail to death: HR 1.18 
(95% CI 0.89 to 1.56) 

https://en.wikipedia.org/wiki/%C3%9F
https://en.wikipedia.org/wiki/%C3%9F
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Change in 
frailty status 
�F�R�Q�W�L�Q�X�H�G�« 
 

114 to frail  
200 to death 
 
From frail state 
73 stationary 
35 to pre-frail 
108 to death 
3 to fit 

Frail to pre-frail:  HR 0.65 
(95% CI 0.33 to 1.27) 

Frail to death: HR 0.92 (95% 
CI 0.73 to 1.16) 

Martinot et 
al. 442 

Strawbridge 
questionnaire 
(difficulty in 2 or 
more domains) 

Frailty (2012) = 
1664 (14.0%) 
 
Frailty (2013) = 
1766 (14.2%) 
 
Frailty (2014) = 
1945 (16.6%) 

Exposed to at least 
1 PIM using 
Laroche list 
(Anticholinergics 
reported as e.g., 
�µ�W�U�L�F�\�F�O�L�F��
�D�Q�W�L�G�H�S�U�H�V�V�D�Q�W�V�¶����
�µ�O�R�Q�J-acting 
�E�H�Q�]�R�G�L�D�]�H�S�L�Q�H�V�¶��
etc) 

Changes in 
frailty state 
(Frailty to fit 
state) 

Anticholinergics: HR 0.84 
(95% CI 0.64 to 1.09) 

Age, gender, self-
perceived social 
position, marital 
status, BMI, 
tobacco 
consumption, 
number of chronic 
diseases, and 
polypharmacy. 

Other anticholinergics with 
questionable efficacy: HR 
0.86 (95% CI 0.67 to 1.11) 

Long-acting benzodiazepines: 
HR 0.89 (95% CI 0.70 to 
1.14) 

Concomitant use of �•2 
benzodiazepines: HR 0.93 
(95% CI 0.61 to 1.41) 
 

Concomitant use of �•2 
antidepressants: HR 0.57 
(95% CI 0.25 to 1.32) 
 

Prolonged use of 
benzodiazepines: HR 1.01 
(95% CI 0.74 to 1.37) 
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Table 6 abbreviations:  ACB = Anticholinergic Cognitive Burden scale, ADL = Activities of Daily Living, ADR = Adverse drug reaction, DBI = Drug Burden Index, 
FRIDs = Fall-risk-increasing drugs, IADL = Instrumental Activities of Daily Living, MCS = Mental Component Summary, MMSE = Mini-Mental State Examination, 
PCS = Physical Component Summary, PGC = Philadelphia Geriatric Center Morale Scale, PIM = Potentially inappropriate medicine, RACF = Residential aged care 
facility, SPPB = Short Performance Physical Battery, TUGT = Timed Up and Go Test. 
**Gait speed and grip strength were reported in a different study conducted by the first author, however using the exact same cohort.  
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7.4.6.1 Grip strength  

Two cross-sectional studies investigated the association between a one-unit 

increase in DBI score and grip strength, and data were synthesised within a 

meta-analysis with a pooled sample size of 421. One study was conducted by 

Gnjidic et al., among older people living in self-care retirement villages in 

Australia (n=115) 440, and the other by Sato et al., among community-dwelling 

older people in Japan (n=306) 444. Sato et al. also reported 3-year follow up 

data, however only cross-sectional data were extracted for meta-analysis. With 

an I2 value of 98.2%, a random effects model was selected to conduct the 

analysis. Results showed that a one-unit increase in DBI was not associated 

with weaker grip strength (kg) among older participants with frailty living in the 

community (pooled adj. coefficient: 0.48 [95% CI -0.286 to 0.869]) (Figure 10).  
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Figure 10 - A forest plot and summary results reporting standardised pooled estimates of 
the change in grip strength (kg) with a one -unit increase in Drug Burden Index (DBI) 
score. Random effects modelling was adopted as the I 2 �Y�D�O�X�H���Z�D�V���•���������� 
 
There were mixed results among four community-based cross-sectional studies 

which could not be included within the meta-analysis. Two demonstrated that 

anticholinergic exposure was associated with weaker grip strength: in a US 

study by Cao et al., which included female participants if they had difficulty in 

two or more functional domains (n= 932), exposure to anticholinergic 

medication was associated with increased odds for weaker grip strength 

(defined as <18kg strength in the dominant hand) (adj. OR 2.4 [95% CI 1.1 to 

5.3]) 437; and, in a study in Italy by Landi et al. (n=364), exposure to 

anticholinergics was associated with a weaker grip strength compared to non-

exposure (adj. mean ± SE 28.88 ± 1.05 kg versus 31.33 ± 0.81kg, p=0.05) 130. 

In contrast, two studies observed no association between anticholinergic 

medication and weaker grip strength among older people deemed to be living 

with frailty: in a study in Finland by Gnjidic et al. (n=700), anticholinergic 

exposure (DBI >0) was not associated with weaker grip strength (change in adj. 

coefficient: -0.98 [95% CI -2.05 to 0.08]) 439; and, in the 3-year follow up data 

presented by Sato et al. (n=176), a one-unit increase in DBI was also not 

associated with a weaker grip strength (change in adj. coefficient: -0.78 [95% CI 

-2.44, 0.88]) (Table 6) 444.  

Study  Sample
  
size  

Correlation  
coefficient  

95% CI z P Weight  (%) 

Fixed  Random  

Gnjidic, 
Le 
Couteur, 
2012  

115 0.100 -0.0847 
to 0.278 

    26.99 49.59 

Sato, 
2017  

306 0.730 0.673 to 
0.778 

    73.01 50.41 

Total 
(fixed 
effects) 

421 0.608 0.543 to 
0.665 

14.365 <0.001 100.00 100.00 

Total 
(random 
effects) 

421 0.476 -0.286 
to 0.869 

1.250 0.211 100.00 100.00 

Q 56.1157 
DF 1 
Significance level P < 0.0001 
I2 (inconsistency) 98.22% 
95% CI for I2 95.94 to 99.22 
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7.4.6.2 Gait speed, TUGT, and chair stands tests 

In the US cross-sectional study by Cao et al. (n=932) 437, a sub-group of 158 

participants exposed to anticholinergic medicines as per the DBI were at 

increased odds of having a slower gait speed (<0.64m/s) (adj. OR 3.6 [95% 1.6 

to 8.0]). In the study of community-dwelling older people in Finland (n=700), 

Gnjidic et al. found that a DBI score >0 was associated with reduced gait speed 

over a 10-metre distance, with a change in adjusted coefficient of -0.13 (95% CI 

-0.19 to -0.08) 439. However, Landi et al���¶s study of community-dwelling 

participants in Italy (n=364) reported no difference in adjusted mean gait speed 

between those exposed and not-exposed to anticholinergics (0.47 [SE ± 0.02] 

versus 0.49 [SE ± 0.01] [p=0.70]) 130.  

 

Gnjidic et al. reported an association between anticholinergic exposure (DBI 

score > 0) and poorer performance of the TUGT (change in adjusted coefficient: 

1.13 [95% CI 1.07 to 1.19]) 439. However, Sato et al. found no association 

between a one-unit increase in DBI score and poorer performance in the TUGT, 

reporting a change in adjusted coefficient of 0.53 (95% CI -2.46 to 3.52) in the 

cross-sectional data, and 0.38 (95% CI -2.00 to 2.75) at the 3 year follow up 444.  

 

In the US study by Cao et al., participants exposed to anticholinergic medicines 

were at significantly increased odds of difficulty in chair stands (inability to stand 

up five times from a chair without using the arms) (adj. OR 4.2 [95% CI 2.0 to 

8.7]) 437. Poorer performance in chair stands was also observed by Gnjidic et al. 

in those exposed to a DBI score > 0, with a longer time needed to complete five 

chair stands in those exposed (change in adj. coefficient: 1.11 [95% CI 1.05 to 

1.16]) 439 (Table 6).  

 

7.4.6.3 Falls 

In a retrospective cohort study of older participants living with frailty in 

Australian residential aged care facilities (n=602), Wilson et al. reported that 

�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���P�H�G�L�F�D�W�L�R�Q���H�[�S�R�V�X�U�H�����'�%�,���•���������Z�D�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D���K�L�J�Ker risk 

of falls (adj. IRR: 1.90, 95% CI 1.30 to 2.78), compared to no exposure (adj. 

IRR 1.61, 95% CI 1.17 to 2.23) 445.  
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In a case-control study of community-dwelling older participants living with frailty 

in Malaysia (n=428), no association between exposure to anticholinergics and 

falls was observed after adjustments for age, gender and the number of 

comorbidities, in addition to following variables: reduced right grip strength (adj. 

OR: 1.4 (95% CI 0.8 to 2.4), reduced left grip strength (adj. OR: 1.4 (95% CI 

0.85 to 2.4), TUGT �•�������������V�������D�G�M�����2�5����1.3 (95% CI 0.76 to 2.1), and functional 

�U�H�D�F�K���”�������F�P�����D�G�M�����2�5���������������������&�,������7 to 2.1) 446 (Table 6).  

 

7.4.6.4 Other outcomes related to physical impairment 

In the US cross-sectional study by Cao et al. (n=932) 437, exposure to 

anticholinergic medicines was associated with increased odds of poor balance 

(inability to hold a full tandem stand for 10 seconds) (adj. OR 4.9 [95% CI 2.0 to 

12]), poor mobility (great difficulty in walking half a mile, walking across a small 

room, climbing ten steps, stooping, crouching or kneeling) (adj. OR 3.2 [95% CI 

1.5 to 6.9]), and poor extremity function (great difficulty in using fingers to grasp 

or to handle, raising arms up over the head, or lifting and carrying 10lb) (adj. OR 

2.7 [95% CI 1.3 to 5.4]).  

 

Two cross-sectional studies reported associations between anticholinergic 

medication exposure and the Short Physical Performance Battery (SPPB) test. 

In a different study conducted by Gnjidic et al. involving community-dwelling 

older adults in Australia living with frailty (n=115), a one-unit increase in the DBI 

score was associated with a reduced SPPB score, with a change in adjusted 

coefficient of -1.28 (95% CI -2.53 to -0.04) 440. In the study conducted by Landi 

et al. with community-dwelling older participants in Italy (n=364), non-users of 

anticholinergic drugs had an adjusted mean SPPB score of 6.90 (SE ± 0.19), 

compared to an adjusted mean score of 6.19 in users (SE ± 0.25) (p=0.05), 

suggesting a reduction in physical performance in those exposed 130.  

 

In the study by Sato et al. involving community-dwelling older participants in 

Japan, a one-unit increase in DBI was found not to be associated with impaired 

performance in a one leg balance test (duration in seconds) and the number of 

repetition stands over 30 seconds test in cross-sectional data (change in adj. 

coefficient -0.32 [95% CI -4.57 to 3.93] and -1.30 [95% CI -2.79 to 0.20], 
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respectively) and at three-years follow-up (change in adj. coefficient 1.89 [95% 

CI -1.49 to 5.28] and 0.08 [95% CI  -1.77 to 1.93], respectively) 444 (Table 6). 

 

7.4.7 Primary outcomes: cognitive dysfunction 

Two cross-sectional studies reported an association between anticholinergic 

burden and cognitive dysfunction. Cao et al. observed that older women living in 

the community in the US and exposed to anticholinergics (n=932) were at 

increased odds of impaired cognitive function (characterised by a MMSE score 

�”��26), with an adjusted OR of 2.4 (95% CI 1.1 to 5.1) 437. Sato et al. observed 

that in older community-dwelling Japanese participants (n=306), a one-unit 

increase in the DBI score was associated with a lower MMSE score cross-

sectionally (change in adj. coefficient -1.50 (95% CI -2.96 to -0.03) 444. 

However, this association was not evident at three-year follow-up (change in 

adj. coefficient -0.21 [95% CI -1.78 to 1.35]) (Table 6). 

 

7.4.8 Primary outcomes: change in frailty status 

In a prospective cohort study in Australia by Jamsen et al., 1,705 community-

dwelling male participants were studied over 5 years, using the DBI as the 

measure of anticholinergic burden, and the Fried criteria to measure frailty 441. A 

one-unit increase in DBI score was not associated with transitions in frailty 

status: from pre-frailty to frailty (adj. HR 1.03 [95% CI 0.76 to 1.40] (n=114); 

from pre-frailty to death (adj. HR 1.18 [95% CI 0.89 to 1.56], n=200); or, from 

frailty to death (adj. HR 0.92 [95% CI 0.73 to 1.16], n=108) [41]. There was also 

no evidence that increasing anticholinergic burden was associated with reverse 

transitions of frailty state: from pre-frailty to a fit state (adj. HR 0.90 [95% CI 

0.59 to 1.36], n=172); or, from frailty to pre-frailty (adj. HR 0.65 [95% CI 0.33 to 

1.27], n=35). 

  

In a prospective cohort study by Martinot et al. in Australia, 12,405 community-

dwelling participants were studied over a three-year period, investigating 

associations between the exposure of at least one potentially inappropriate 

medicine and frailty transitions, using the Strawbridge Questionnaire to 

characterise frailty 442. In participants exposed to potentially inappropriate 

medicines of an anticholinergic nature, there was no association with transitions 

from frailty to a fit state (adj. HR 0.84 [95% CI 0.64 to 1.09]). Specifically, there 



134 
 

was also no association between the following anticholinergic medicine groups 

and transitions from a frail to fit state: prescription of long-acting 

benzodiazepines (adj. HR 0.89 [95% CI 0.70 to 1.14]); concomitant use of two 

or more benzodiazepines (adj. HR 0.93 [95% CI 0.61 to 1.41]); prolonged use of 

benzodiazepines (adj. HR 1.01 [95% CI 0.74 to 1.00]); and, the concomitant use 

of two or more antidepressants (adj. HR 0.57 [95% CI 0.25 to 1.32]) (Table 6).  

 

7.4.9 Secondary outcomes 

The summary of reported results for the secondary outcomes can be identified 

in Table 7.
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Table 7 �± Secondary outcomes : Summary of reported results  
 

Secondary  
outcomes  

Study  Frailty 
measure(s)  
(mean/median) 
[SD]  

Total number 
(%) of pre -
frail/frail 
participants  

Anticholinergic 
(AC) exposure 
(description)  

Outcome  Adjusted results, reporting 
ORs, unstandardised and 
standardised  (ß)  
coefficients , means, and 
HRs. 
(* represents significant 
associations determined as P 
�”��0.05) 

Method of 
adjustment / 
controlling for 
confounding  

Activities of 
daily living  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cao et 
al. 437 
 
 
 
 
 
 
 
 
 

Difficulty in 2 or 
more functional 
domains out of a 
possible 8 e.g., 
gait speed, chair 
stands, grip 
strength, 
mobility, 
balance etc 
 
 

932 (100%) 
Assumed based 
on the inclusion 
criteria 

DBI  
 
(Dichotomised 
�µ�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F�¶��
burden variable 
used to identify 
participants 
exposed to 
anticholinergic 
burden) 

Disability in 
ADL  

Full model: OR 3.4 (95% CI 
1.7 to 6.9)* 

Age, race, 
education, 
depression, 
arthritis, visual 
impairment, hearing 
impairment, 
hypertension, 
ischemic heart 
disease, congestive 
heart failure, 
pulmonary disease, 
osteoporosis, 
diabetes mellitus, 
cancer, spinal disc 
disease, hip 
fracture, spinal 
stenosis, 
Parkinson's 
disease, and 
peripheral arterial 
disease. 

https://en.wikipedia.org/wiki/%C3%9F
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Activities of 
daily living 
�F�R�Q�W�L�Q�X�H�G�« 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gnjidic 
et al . 439 
 
 
 
 
 
 
 
 
 
 
 
 

Gait speed  
(Mean 1.3m/s) 
[±0.4] 
 
Chair stands 
test (mean 
16.7s) [±7.8] 
 
TUGT  
(Mean 13.9s) 
[±9.3] 
 
Grip strength  
(Mean 20.0kg) 
[±10.2] 

Not reported DBI  
 
(Change in 
unstandardised 
coefficient where 
DBI score > 0) 
(dichotomised)   

IADL score  -0.61 (95% CI -0.84 to -0.39)* Age, sex, 
education, 
comorbidities,  
self-reported status 
and cognitive 
impairment. 
 
 
 
 
 
 
 
 

Barthel Index  -3.21 (95% CI -4.68, -1.75)* 

Landi et 
al. 130 
 
 
 
 
 
 
 
 
 
 
 
 

Gait speed 
 

Not reported Drugs which 
have 
demonstrated 
serum 
anticholinergic 
activity in 
literature. 
 
(Users of 
anticholinergics �± 
dichotomised) 
 
 
 

ADL score 
(MDS-HC 
instrument) 

Non-users AC drugs (mean): 
1.23 (SE ± 0.12)*   

Age, gender, 
smoking, physical 
activity level, living 
alone, BMI, 
dementia, 
congestive heart 
failure, lung 
diseases, diabetes, 
delirium, history 
of falls. 
 
 
 
 
 
 
 
 
 

Users of AC drugs (mean): 
1.68 (SE ± 0.15)* 

IADL score 
(MDS-HC 
instrument) 

Non-users AC drugs (mean): 
2.71 (SE ± 0.11)*  

Users of AC drugs (mean): 
3.47 (SE ± 0.14)* 
  

Sato et 
al. 444 

Grip strength  
(Median 19.3kg)  

Not reported DBI 
 

ADL score 
 

Cross-sectional: - 0.95 (95% 
CI -4.91 to 3.01) 

Age, sex, high 
blood pressure, 



137 
 

IQR 15.3, 23.5 
 
 
TUGT 
(Median 12.6s) 
IQR 10.5, 15.4 

(Change in 
unstandardised 
coefficient for 
every 1-unit 
change in DBI 
score) 
 

 
 
 

Cohort at 3yrs: - 6.31 (95% CI 
-11.61 to -1.01)* 

diabetes, heart 
disease, cancer, 
stroke. 
 
 
 
 

IADL score  
 

Cross-sectional: - 0.63 (95% 
CI -0.99 to -0.27)* 
Cohort at 3yrs: -0.34 (95% CI 
-0.79 to 0.10] 

Adverse drug 
reactions 
(ADRs)  

Hanlon 
et al . 85 
 

Met 2 or more of 
10 criteria for 
frailty 
 
(Dependence in 
at least one 
activity of daily 
living [ADL], 
stroke within 3 
months, 
previous falls, 
�G�L�I�¿�F�X�O�W�\��
ambulating, 
malnutrition, 
dementia, 
depression, 
unplanned 
admission in the  
last 3 months, 
prolonged bed 
rest, or 
incontinence) 
 

808 (100%) 
  

Exposed to at 
least one 
anticholinergic 
drug/drug group 
e.g., 
�µ�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F�V�¶����
�µ�R�S�L�R�L�G�V�¶�����µ�W�U�L�F�\�F�O�L�F��
�D�Q�W�L�G�H�S�U�H�V�V�D�Q�W�V�¶��
etc 

Any ADRs  Benzodiazepines: HR 1.23 
(95% CI 0.95 to 1.58) 
 

Multivariate model 
derived using 
stepwise 
procedures using 
all candidate 
variables listed in 
table 1 and 2 of the 
article - however 
final candidate 
variables chosen 
not reported.  

Warfarin: HR 1.51 (95% CI 
1.22 to 1.87)*  

Preventable 
ADRs  

Warfarin (adjusted): HR 1.50 
(95% CI 1.08 to 2.11)*  
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Hospital -
isation/  
Institution -
alisation  
 
 
 
 
 
 
 
 
 
 
 
 
 

Bennett 
et al . 436 
 

Edmonton Frail 
Scale  
 
 

Frail: 103 
(50.4%) 

One or more 
FRIDs 
 
 
(Participants 
exposed to AC 
FRIDs on 
admission = 131 
(64.2%) 
 
(Participants 
exposed to AC 
FRIDs on 
discharge = 161 
(78.9%)) 
 

Hospital-
isation 

Total: OR 1.1 (95% CI 0.9 to 
1.4) 

Age, sex, living 
status, comorbidity, 
Activities of Daily 
Living and 
Instrumental 
Activities of Daily 
Living, fall risk 
factors and alcohol 
use. 

Fit: OR 1.3 (95% CI 0.8 to 4.6) 

Frail: OR 1.0 (95% CI 0.8 to 
1.4) 

Institution-
alisation  

Total: OR 1.3 (95% CI 1.1 to 
1.6)* 

Fit: OR 1.3 (95% CI 0.8 to 2.1) 

Frail: OR 1.3 (95% CI 1.0 to 
1.6)*  

Death  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Porter 
et al . 443 

Fried  Pre-frail: 530 
(45.9%) 
 
Frail: 420 
(36.4%) 

Exposed to at 
least 1 PIM 
 
(Anticholinergics 
identified using 
ACB scale and 
reported as e.g. 
�µ�W�U�L�F�\�F�O�L�F��
�D�Q�W�L�G�H�S�U�H�V�V�D�Q�W�V�¶����
�µ�D�Q�W�L�S�V�\�F�K�R�W�L�F�V�¶����
�µ�E�H�Q�]�R�G�L�D�]�H�S�L�Q�H�V
�¶���H�W�F�� 

Mortality  Antipsychotics 
Fit: (HR 3.60 (95% CI 0.40 to 
31.99) 
Pre-frail: (HR 2.89 (95% CI 
1.26 to 6.66)* 
Frail: (HR 3.34 (95% CI 1.37 
to 8.12) * 

Age, gender, 
MMSE score, care 
home residence 
and comorbidities. 

Anticholinergics 
Fit: HR 1.29 (95% CI 0.16 to 
10.61) 
Pre-frail: HR 1.05 (95% CI 
0.61 to 1.79) 
Frail: HR 1.23 (95% CI 0.76 to 
2.01) 
Tricyclic antidepressants  
Fit: Not reported 
Pre-frail: HR 1.84 (95% CI 
0.98 to 3.44) 
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Table 7 abbreviations:  ACB = Anticholinergic Cognitive Burden scale, ADL = Activities of Daily Living, ADR = Adverse drug reaction, DBI = Drug Burden Index, 
FRIDs = Fall-risk-increasing drugs, IADL = Instrumental Activities of Daily Living, MCS = Mental Component Summary, MMSE = Mini-Mental State Examination, 
PCS = Physical Component Summary, PGC = Philadelphia Geriatric Center Morale Scale, PIM = Potentially inappropriate medicine, RACF = Residential aged care 
facility, SPPB = Short Performance Physical Battery, TUGT = Timed Up and Go Test. 
 
 
 
 
 

Death 
�F�R�Q�W�L�Q�X�H�G�« 
 
 
 
 
 
 

Frail: HR 0.90 (95% CI 0.55 to 
1.48) 
Benzodiazepines 
Fit: HR 0.92 (95% CI 0.11 to 
7.78) 
Pre-frail: HR 1.40 (95% CI 
0.66 to 2.97) 
Frail: HR 0.43 (95% CI 0.21 to 
0.86)* 
Other antidepressants  
Fit: HR 0.86 (95% CI 0.23 to 
3.20) 
Pre-frail: HR 1.12 (95% CI 
0.67 to 1.89) 
Frail: HR 0.74 (95% CI 0.49 to 
1.12) 

Psychological 
functioning  
  

Sato et 
al. 444 

Grip strength  
(Median 19.3kg)  
IQR 15.3, 23.5 
 
TUGT 
(Median 12.6s) 
IQR 10.5, 15.4 

Not reported. 
Frailty not 
explicitly 
identified 

DBI 
 
(Change in 
unstandardised 
coefficient for 
every 1-unit 
change in DBI 
score) 
 

PGC Cross-sectional: - 0.72 (95% 
CI -1.79 to 0.35) 

Age, sex, high 
blood pressure, 
diabetes, heart 
disease, cancer, 
stroke. 
 

Cohort at 3yrs: -1.00 (95% CI 
-2.47 to 0.48) 



140 
 

 
7.4.9.1 Activities of daily living 

Four cross-sectional studies reported associations between anticholinergic 

exposure and outcomes relating to activities of daily living (ADL), including 

Instrumental Activities of Daily Living (IADL) and Barthel Index scores 130, 437, 439, 

444.  

 

In the study by Cao et al. among community-dwelling participants in the US 

(n=932), exposure to anticholinergic burden was associated with disability in 

ADL (adj. OR 4.5 [95% CI 2.4 to 8.7]) 437. Disability in ADL was categorised in to 

three groups: mild (no more than some difficulty, with at least one ADL), 

moderate (unable to do at least one ADL, or a great difficulty in two or more 

ADL) and severe (unable to do at least two ADL or a great difficulty with three or 

more). 

 

In the study by Gnjidic et al. of community-dwelling older people in Finland 

(n=700), anticholinergic exposure was associated with impaired functional 

status, with a change in adjusted IADL coefficient of -0.61 (95% CI -0.84 to -

0.39), and a change in Barthel Index adjusted coefficient of -3.21 (95% CI -4.68 

to -1.75) where in both, a lower score indicated greater impairment of function 
439.  

 

In the study by Landi et al. among community-dwelling participants in Italy 

(n=364), anticholinergic exposure was associated with greater impairment of 

functional status 130. Function was measured using the Minimum Data Set for 

Home Care Assessment instrument (MDS-HC) where impairment was indicated 

by higher scores on scales for ADL and IADL that ranged from 0 to 7. 

Anticholinergic exposure was associated with a higher adjusted mean score for 

ADL of 1.68 (SE ± 0.15) compared to an adjusted mean score of 1.23 (SE ± 

0.12) for non-exposure (p=0.03); and for IADL, an adjusted mean score of 3.47 

(SE ± 0.14) compared to an adjusted mean score of 2.71 (SE ± 0.11) with non-

exposure (p<0.001).  

 

In the study by Sato et al. involving community-dwelling older participants in 

Japan, a one-unit increase in DBI score was not associated with a change in 



141 
 

ADL adjusted coefficient at baseline (-0.95 [95% CI -4.91 to 3.01]), but a 

change in ADL adjusted coefficient at three years of -6.31 (95% CI -11.61 to -

1.01) 444. For IADL, a one-unit increase in DBI was associated with a change in 

adjusted coefficient of -0.63 at baseline (95% CI -0.99 to -0.27), but this was not 

maintained at three years, with no statistically significant change in IADL 

adjusted coefficient observed (-0.34 [95% CI -0.79 to 0.10]). The number of 

participants at follow up was significantly fewer than at baseline, with a 

difference of 130 participants (Table 7). 

 

7.4.9.2 Adverse drug reactions 

In a US prospective cohort study by Hanlon et al., community-dwelling older 

participants living with frailty were followed up in an outpatient setting after a 

hospital stay (n=808), and the association of commonly prescribed medications 

�D�Q�G���µ�D�Q�\���$�'�5�V�¶�����D�Q�G���V�S�H�F�L�I�L�F�D�O�O�\���µ�S�U�H�Y�H�Q�W�D�E�O�H���$�'�5�V�¶�����Z�H�U�H���L�Q�Y�H�V�W�L�J�D�Wed 85. 

Assessment of prescribing, monitoring, dispensing, and adherence errors were 

undertaken to determine ADR preventability, through clinical consensus. Among 

anticholinergic medications in the adjusted analyses, warfarin use was 

associat�H�G���Z�L�W�K���µ�D�Q�\���$�'�5�V�¶�����D�G�M�����+�5�������������>���������&�,�������������W�R�����������@�������:�D�U�I�D�U�L�Q���X�V�H��

�Z�D�V���D�O�V�R���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���µ�S�U�H�Y�H�Q�W�D�E�O�H���$�'�5�V�¶�����D�G�M�����+�5�������������>���������&�,�������������W�R��

���������@�������7�K�H�U�H���Z�D�V���Q�R���D�V�V�R�F�L�D�W�L�R�Q���E�H�W�Z�H�H�Q���E�H�Q�]�R�G�L�D�]�H�S�L�Q�H�V���D�Q�G���µ�D�Q�\���$�'�5�V�¶��

(adj. HR 1.23 [95% CI 0.95 to 1.58]). Adjusted data for associations between 

�E�H�Q�]�R�G�L�D�]�H�S�L�Q�H���X�V�H���D�Q�G���µ�S�U�H�Y�H�Q�W�D�E�O�H���$�'�5�V�¶ was unavailable (Table 7).   

 

7.4.9.3 Psychological functioning 

In the study by Sato et al. involving community-dwelling older participants in 

Japan 444, psychological functioning was investigated in association with 

anticholinergic medication exposure, where psychological functioning was 

measured by the Philadelphia Geriatric Center Morale Scale 452. Anticholinergic 

exposure was not associated with a change in psychological functioning at 

baseline (change in adj. coefficient -0.72 [95% CI -1.79 to 0.35]) or at three-year 

follow up (change in adj. coefficient -1.00 [95% CI -2.47 to 0.48]) (Table 7).   
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7.4.10 Risk of outcomes stratified by frailty status 

Three cohort studies reported the association between anticholinergic 

medication exposure and adverse health outcomes stratified by frailty status, 

separating participants into groups of non-frail/fit, pre-frail and frail 436, 438, 443.  

 

In a prospective cohort study in Australia by Bennett et al., 204 frail older 

participants within a tertiary hospital setting were studied over a nine-month 

period, investigating the association between falls risk-increasing drugs (FRIDs) 

exposure and physical impairment, falls, hospitalisation (after a fall) and 

institutionalisation (nursing home admission or rehabilitation hospital) 436 (Table 

7). Frailty was measured by the Edmonton Frail Scale. Overall, exposure to at 

least one FRID was associated with falls (adj. OR 1.7 [95% CI 1.3 to 2.1]). 

Among those with frailty, FRIDs exposure was associated with an adjusted OR 

of 1.5 [95% CI 1.1 to 1.9]) for falls, whereas among fit older people, the falls risk 

associated with FRID exposure was greater [adj. OR 2.4 [95% CI 1.3 to 6.1]). 

Overall, exposure to one or more FRIDs was associated with 1.3 times the odds 

of functional decline (adj. OR 1.3 [95% CI 1.1 to 1.6]), defined as an increase in 

Katz ADL score by 2 points from admission after two months 453. Among older 

people with frailty, FRID exposure was associated with 1.2 times the odds of 

functional decline (adj. OR 1.2 [95% CI 1.0 to 1.5]), but in fit older people, no 

association was observed (adj. OR 1.4 [95% CI 0.9 to 2.0]). There was no 

association between FRID exposure and hospitalisation overall (adj. OR 1.1 

[0.9 to 1.4]), or in sub-populations defined by frailty status: in those who were fit 

(adj. OR 1.3 [95% CI 0.8 to 4.6]) and those with frailty (adj. OR 1.0 [95% CI 0.8 

to 1.4]. FRID exposure was associated with increased odds of 

institutionalisation overall (adj. OR 1.3 [95% CI 1.1 to 1.6]); and, in those with 

frailty (adj. OR 1.3 [95% CI 1.0 to 1.6]); but not in fit older people (adj. OR 1.3 

[95% CI 0.8 to 2.1]). 

 

In a retrospective cohort study by Cossette et al., 1,793 older community-

dwelling participants in Canada were studied over a 3-year period, investigating 

the change in coefficients for the physical (PCS), and mental (MCS) component 

summaries of the 36-item Short Form Survey (SF-36) questionnaire, for every 

one-unit change in ACB score 438 (Table 7). 33% of the study population were 

taking at least one anticholinergic drug as per the ACB scale, with 22% scoring 
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a total ACB score of 1-2. Frailty was measured using the phenotype model, 

characterising participants in to two categories: fit, or pre-frail/frail. Among fit 

older people, a one-unit increase in the ACB score was associated with a 

change in PCS adjusted coefficient of -0.30 (95% CI -0.54 to -0.06). In the pre-

frailty/frailty group, a one-unit increase in ACB was associated with a change in 

PCS adjusted coefficient of -0.61 (95% CI -0.88 to -0.33). For the MCS outcome 

there was no statistically significant association with a one-unit change in ACB 

score in the non-frail group, reporting a change in adjusted coefficient of 0.04 

(95% CI -0.16 to 0.24). In the frail/pre-frail group, this was associated with a 

change in adjusted coefficient of 0.30 (95% CI 0.04 to 0.57).  

 

In a retrospective cohort study by Porter et al. of community dwelling older adults 

with cognitive impairment in the UK (n=1,154), the effect of potentially 

inappropriate medicines on all-cause mortality was investigated, stratified by 

frailty status 443. 17.7% (n=204) were identified as fit, 45.9% (n=530) were pre-

frail, and 36.4% (n=420) were frail, as per the phenotype model. Exposure to one 

or more anticholinergic potentially inappropriate medicines was not associated 

with a difference in mortality overall (adj. HR 3.60 [95% CI 0.40 to 31.99]). 

However, specifically in those with pre-frailty and frailty, exposure was associated 

with increased mortality risk (adj. HR 1.05 [95% CI 0.61 to 1.79] and adj. HR 1.23 

[95% CI 0.76 to 2.01], respectively). In those exposed to antipsychotics, there 

was no association with increased risk of mortality in fit older people (adj. HR 3.60 

[95% CI 0.40 to 31.99]). In those with pre-frailty, antipsychotic prescription was 

associated with increased risk of mortality (adj. HR 2.89 [95% CI 1.26 to 6.66]), 

and this risk was greater in those with frailty (adj. HR 3.34 [95% CI 1.37 to 8.12]). 

There was no association between benzodiazepine prescription and mortality in 

the sub-population defined as fit (adj. HR 0.92 [95% CI 0.11 to 7.78]), or pre-frail 

(adj. HR 1.40 [95% CI 0.66 to 2.97]). Benzodiazepine prescription was associated 

with a decreased risk of mortality in the sub-population defined as frail (adj. HR 

0.43 [95% CI 0.21 to 0.86]). The use of tricyclic antidepressants was not 

associated with greater subsequent mortality in any of the frailty sub-groups: fit 

older people (data unavailable), pre-frail participants (adj. HR 1.84 [95% CI 0.98 

to 3.44]) and frail participants (adj. HR 0.90 [95% CI 0.55 to 1.48]). This was also 

the case for �µ�R�W�K�H�U���D�Q�W�L�G�H�S�U�H�V�V�D�Q�W�V�¶���J�U�R�X�S�����I�L�W���R�O�G�H�U���S�H�R�S�O�H�����D�G�M�����+�5�������������>���������&�,��
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0.23 to 3.20]), pre-frail (adj. HR 1.12 [95% CI 0.67 to 1.89] and frail (adj. HR 0.74 

[95% CI 0.49 to 1.12]).  

 
7.4.11 Risk of bias within studies 

All studies were identified as being at serious risk of bias from selection of 

participants. One study was additionally identified as being at further serious 

risk of bias due to missing data 444 (Table 8). The main concerns regarding 

selection bias included: self-selection of participants 439, 440, 446; loss to follow up 

or gaps in follow up 436, 441-445 and participants not followed from first exposure 

of anticholinergics 85, 130, 436-446. Additionally, the characterisation of participants 

as frail if they could not complete some clinical assessments potentially 

introduced case ascertainment bias 443. Finally, bias due to residual 

confounding was identified as a potential issue for all thirteen included studies. 



145 
 

Table 8 - Risk of bias assessment using the Risk of Bias in Non -randomized Studies �± of Interventions (ROBINS -I) tool  
 

 

 

Study  Bias due to 
confounding  

Selection 
bias  

Bias in 
classification 
of 
interventions  

Bias due to 
deviations from 
intended 
interventions  

Bias due to 
missing 
data 

Bias in 
measurement 
of outcomes  

Bias in 
selection of 
the reported 
result  

Overall 
bias  

Bennett (2014) 436 Moderate Serious  Low Low  Moderate Low Low Serious  

Cao (2008) 437 Moderate  Serious  Low  Low Low Low Low Serious 

Cossette (2017) 438 Moderate Serious  Low Low Unclear Low Low Serious  

Gnjidic (2012)  439  Moderate Serious Low Low Low Low Low Serious 

Gnjidic, Le 
Couteur (2012) 440 

Moderate Serious Moderate Low Low Low Low Serious 

Hanlon (2006) 85 Moderate  Serious Low Low Low Low Low Serious 

Jamsen (2016)  441  Moderate  Serious Low  Low Moderate Low Low Serious 

Landi (2007) 130 Moderate  Serious Low Low Unclear Low Moderate Serious 

Martinot (2018) 442 Moderate Serious Low Low Moderate Low Low Serious 

Porter (2019)  443 Moderate Serious Low Low Moderate Low Low Serious 

Sato (2017) 444 Moderate  Serious Moderate Low Serious Moderate Moderate Serious  

Wilson (2011) 235 Moderate  Serious Low Low Moderate Low Low Serious 

Zia (2016) 446 Moderate Serious Moderate Low Low Low Moderate Serious 
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7.5 Discussion  

7.5.1 Key findings 

This review is the first to summarise associations between anticholinergic 

medications and key adverse outcomes among frail older populations. This 

review identified that anticholinergic medications are associated with reduced 

ability for chair standing, slower gait speeds, increased risk of falls, increased 

risk of mortality and poorer physical performance, among older people living 

with frailty. Conflicting results were reported for the effect of anticholinergics on 

grip strength, TUGT, cognition and ability to perform ADLs. Anticholinergics 

were not shown to be associated with transitions between frailty states, 

psychological wellbeing, or ADRs with benzodiazepine use. Overall, this study 

has highlighted that anticholinergic burden is a concern when considering frail 

older people, which reinforces the need to develop targeted medicines 

optimisation interventions, to reduce the risk of adverse outcomes for this 

vulnerable cohort. A proactive case-finding tool, that uses risk prediction, could 

be of great benefit to address this problem in primary care, to identify and 

stratify exposed frail patients based on risks, and facilitate deprescribing 

decisions for SMRs.  

 

This review identifies that older people living with frailty are at greater risk of 

adverse outcomes when exposed to anticholinergic medicines, however there is 

insufficient evidence to suggest that frailty severity can modify these risks. The 

three studies which stratified by frailty grade did not clearly demonstrate 

evidence of a differential effect of anticholinergic medications because of frailty 

status 436, 438, 443, and therefore it remains unclear whether exposure amongst 

those with advancing frailty presents greater risks than for fit older people.  

 

The difference between fit older adults and those with frailty in the association 

between anticholinergics and adverse outcomes did appear to vary among 

different outcomes, however. For example, PCS scores appeared to differ 

across the frailty spectrum in those exposed to anticholinergic medicines. Every 

one-unit increase in the ACB score was associated with a doubling in the 

reduction of the PCS score amongst those deemed pre-frail/frail, compared to fit 

older people, representing a greater decrease in physical function. However, 

the effects were small and likely not clinically significant 438. There is much 
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evidence that frailty is graded, however the pre-frail and frail were considered 

one group in the reporting of results, limiting the inferences that can be made 

across the frailty spectrum. On the other hand, falls, as an adverse event, 

appeared to be uniform from anticholinergic medicines across the frailty 

spectrum. Although both the frail and the fit admitted to a tertiary hospital setting 

were at increased risk of falls associated with FRID exposure, there was no 

clinically significant difference in risk between people with frailty and fit older 

people 436. This may suggest that the risk is apparent for older people, 

regardless of frailty grade. Although the majority of medicines used to 

characterise the FRID exposure variable were of an anticholinergic nature, 

FRIDs were not exclusively anticholinergic, and therefore challenges inferences 

made specifically for anticholinergics in this study.  

 

Overall, this review has identified limited evidence with a specific focus on 

associations between anticholinergic medications and adverse events among 

older adults with frailty. Such associations among older people in general have 

been studied extensively internationally 37, 39, 45, 213, however few observational 

studies have focused on older people living with frailty, and the risks associated 

with anticholinergic burden in this population is therefore not fully understood. 

This highlights a significant gap in the literature in an area becoming 

increasingly important within medicines optimisation.  

 

7.5.2 Findings in context of wider research literature 

This review is consistent with other systematic reviews, in finding that 

anticholinergic medications are associated with increased risks among older 

people 37, 39, 45, 213, however unlike this review, those reviews did not have a 

focus on frailty. Additionally, the lack of associations observed within some 

analyses within this review is also consistent with other literature, 

complementing Welsh et al.�¶�V���S�H�U�V�S�H�F�W�L�Y�H�V���W�K�D�W���D�V�V�R�F�L�D�W�L�R�Q�V���D�U�H���Q�R�W���D�V���F�O�H�D�U���D�V��

others have suggested, and the risks associated with anticholinergic burden are 

not fully understood 39.  

 

Nishtala et al. reported that exposure to DBI drugs in older people was 

associated with falls, subsequently leading to hospitalisations 454. In another 

study, increasing DBI exposure was found to be associated with slower gait 
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speeds in 1,705 over 70-year-olds 236, with similar findings to studies in this 

review 130, 437, 439. Also consistent with this review, there are mixed results for 

cognition, with a two-year longitudinal study observing associations between 

drugs with anticholinergic activity and cognitive dysfunction 186, however a lack 

of association with cognitive dysfunction has also been reported within the 

literature 39. Frailty was not identified within these study populations and 

therefore the results represent older populations in general, however this 

systematic review can complement this existing literature, highlighting how 

similar findings can also be identified among older adults deemed to be living 

with frailty.  

 

Interestingly, this review identified a study which did not observe an association 

�E�H�W�Z�H�H�Q���E�H�Q�]�R�G�L�D�]�H�S�L�Q�H���X�V�H���D�Q�G���µ�D�Q�\���$�'�5�V�¶���D�P�R�Q�J���R�O�G�H�U���S�H�R�S�O�H���Z�L�W�K���I�U�D�L�O�W�\��85. 

This finding is inconsistent with the wider literature as there is general 

acceptance that such medicines can cause adverse effects, such as sedation 

and cognitive decline, particularly among older people 455, 456, and that long-

acting benzodiazepines are often involved in patients suffering from ADRs 457. 

The multivariate model used for the benzodiazepine analyses accounted for 

seventeen potential risk-factors, and it is possible that over-adjustment may 

have occurred, whereby variables on the causal pathway from exposure to 

outcome may have been controlled for. This could potentially reduce the 

precision of the results. The use of warfarin was found to be associated with 

�µ�D�Q�\���$�'�5�V�¶���D�Q�G���µ�S�U�H�Y�H�Q�W�D�E�O�H���$�'�5�V�¶���K�R�Z�H�Y�H�U����It is thought that warfarin may 

have mild anticholinergic activity 173, however its association with increased risk 

of ADRs is more likely to be related to its bleeding risk than antimuscarinic 

effects 458, therefore this has not been considered a significant finding in the 

context of anticholinergic burden. 

 

Since completion of this review, a new cross-sectional study has been 

published in June 2020 459, studying 520 community dwelling older adults 

selected from a geriatric outpatient clinic in Turkey. Frailty was identified using 

the phenotype model. The use of any drugs with possible or definite 

anticholinergic activity (defined by the ACB scale) was associated with an 

increased risk of falls, in frail participants (adj. OR: 3.84 [95% CI 1.48 to 9.93], 

�S�×� �×�����������@ and pre-�I�U�D�L�O���S�D�U�W�L�F�L�S�D�Q�W�V�����D�G�M�����2�5�×� �×�����������>�������� to ���������@�����S�×� �×�����������������E�X�W��
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not in fit older adults. This supports the hypothesis that frailty grade may 

potentially modify the risks of adverse outcomes when exposed, as in this case 

the risk of falls among the frail was significantly greater than in the pre-frail. 

However, the study was limited by its cross-sectional design, meaning that the 

total duration of exposure to ACB medicines could not be assessed. 

Furthermore, there were concerns over the reliance on self-reported data from 

participants. In addition, the lack of observed association in fit participants 

challenges direct comparisons across the whole frailty spectrum, and it remains 

unclear whether the risks amongst those with advancing frailty truly are greater.  

 

7.5.3 Strengths and limitations of the review 

This systematic review focuses on older adults with frailty, which is an area 

much understudied. Robustly capturing a wide array of anticholinergic 

exposures, and frailty measures, with the use of clinical assessments and 

validated frailty screening tools enabled greater capture of relevant studies, 

particularly where anticholinergic burden and frailty were not the focus of the 

included studies. Methods were pre-specified in a published protocol and 

following the comprehensive search strategy, a fully independent review 

process was maintained throughout, from the initial screening of titles and 

abstracts, to full text review, to data extraction, to the risk of bias assessment, 

and finally data synthesis. The overall large number of studies included, 

together with the robust methodology utilised for selection and data analysis, 

can be considered as a strength.  

 

One limitation is that this review is only representative of literature up to the 

search date of 1st August 2019. Although forward and backward citation 

analysis was conducted, it is possible that more recently published studies that 

met the inclusion criteria were omitted. A re-run of the comprehensive search 

was conducted in April 2021 yielding 588 studies, however full screening of 

titles and abstracts, and full texts were not conducted, and it is unclear whether 

any studies would have met the inclusion criteria. The search was limited to 

�V�W�X�G�L�H�V���F�R�Q�W�D�L�Q�L�Q�J���S�K�U�D�V�H�V���U�H�O�D�W�L�Q�J���W�R���µ�I�U�D�L�O�W�\�¶���L�Q���W�K�H���W�L�W�O�H���R�U abstract, and yielded 

only nine studies, of which two would have been eligible for screening of full 

texts, as per the methods 459, 460. However, it is possible more newly published 

studies reported the characteristics of a frail sample, without explicitly using 
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phrases �V�X�F�K���D�V���µ�I�U�D�L�O�W�\�¶���L�Q���W�K�H���W�H�[�W�V�����7�K�H�U�H�I�R�U�H�����D���I�X�O�O���V�\�V�W�H�P�D�W�L�F���V�F�U�H�H�Q�L�Q�J��

approach is required, as was undertaken for the full text review stage in this 

study, to identify any further studies specifically focusing on frail older people.  

 

Only six out of the thirteen included studies explicitly reported frailty 85, 436, 438, 

441-443, and therefore the full samples of the remaining seven included studies 

were assumed to be living with frailty by the review team based on assessment 

of average clinical parameters of frailty measures 130, 437, 439, 440, 444-446. This may 

not have been a true reflection of the entire sample, and consequently there 

may have been older participants who were fit. Measurement of frailty was 

generally categorised within studies in to fit, pre-frail, or frail, and thresholds 

varied, however it is accepted that frailty is graded and exists on a spectrum 107. 

There is much debate about the thresholds used to characterise frailty, and 

these have not been standardised 461. Only three studies stratified samples by 

frailty 436, 438, 443, and as the other included studies did not stratify, it was not 

possible to compare associations across the frailty spectrum in these studies.  

 

With the inclusion criteria allowing for the selection of studies with an average 

sample age of 65 or more, one included study had an age range of 58-73 442, 

and one study selected participants aged 60 and over 441. Arguably, these could 

represent younger populations, and the outcomes reported for younger 

participants may have impacted on the overall outcomes reported for full 

samples. However, as these two studies had overall samples with an average 

age of 65 and over, they were more representative of an older population. 

Therefore, it is unlikely that the inclusion of younger participants would have 

impacted overall results of the individual studies, and indeed the overall 

conclusions of this systematic review. It is also possible that a requirement of an 

average age of 65 and over may also have prevented the inclusion of studies 

undertaken in developing countries, where older age is considered to 

commence earlier, such as 60 or over. However, this did not prevent the 

inclusion of one study from a developing country (Malaysia) 446, in which the 

sample had an average age of 75.3 among those who had fallen, and 72.1 

among the non-fallers.  
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Anticholinergic measures were heterogeneous which made synthesis of the 

data challenging, in addition to the wide variety of outcomes reported, and the 

diversity of metrics used. This highlights the importance of standardising these 

metrics. The DBI, considered as an anticholinergic exposure in this review, 

encompasses an anticholinergic component, however it also includes a 

sedative component. Therefore, this does not exclusively represent 

anticholinergic medicines; a factor which should be considered when 

interpreting findings in the context of anticholinergics only.   

 

Each study was deemed to be at serious risk of bias, due to concerns around 

selection biases. None of the thirteen included studies followed participants 

from the initiation of the exposure, and inevitably a period of follow-up was lost. 

Selection biases also arise if participants volunteer themselves for participation, 

which was a recruitment method used by two studies in this review after 

advertising through leaflets, media, and word of mouth 440, 446. In one study, 

control subjects volunteered themselves, whereas the cases were enrolled after 

participating in a separate study 446. Ascertainment bias could also be an issue 

in another study, where participants were categorised as frail if data was 

missing due to the inability to complete clinical assessments 443. Also, five of the 

thirteen studies included cross-sectional analyses, and therefore as the 

exposure and outcome are simultaneously assessed, the temporal relationship 

between exposure and outcome cannot be ascertained.  

 

It is also possible that inappropriate adjustments may have occurred and may 

have contributed to bias. In the study investigating the association between DBI 

exposure and transitions between frailty states and death 441, it could be argued 

that there was a risk of confounding within those exposed to DBI medicines, 

whereby undetermined underlying factors could possibly be the cause of both 

the DBI exposure, and the frailty progression. The covariates identified were 

adjusted for as confounders, which allowed for the study of associations, but did 

not apply suitable methods to ameliorate bias for causal inference. It is possible 

that factors influencing anticholinergic exposure are also likely to influence 

�S�D�U�W�L�F�L�S�D�Q�W�V�¶���I�U�D�L�O�W�\���V�W�D�W�H���D�Q�G���P�D�\���K�D�Y�H���F�R�Q�W�U�L�E�X�W�H�G���W�R���E�L�D�V�����5�H�V�L�G�X�D�O 

confounding that remains after adjusting for confounders is another significant 

issue for the included studies. 
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Finally, where associations between anticholinergic exposure and adverse 

outcomes have been identified in frail populations, causal assumptions must 

also be considered. Frailty in its own right can also be associated with 

increasing anticholinergic exposure and polypharmacy 241. One must question 

whether increased anticholinergic exposure can contribute to the cause of 

adverse outcomes, such as physical impairment, or whether frailty or 

multimorbidity in their own right have greater contribution, which in turn can 

increase anticholinergic prescribing 61. None of the thirteen studies in this 

review applied rigorous causal inference methodology, which therefore limits 

the causal inferences that can be made from the associations presented.  

 

7.5.4 Implications for clinical practice and future research 

This review reinforces that frailty status should be an important consideration for 

HCPs when prescribing anticholinergic medicines to older people. As evidenced 

by various associations with adverse outcomes, anticholinergic burden is a 

concern in older people living with frailty, and HCPs should continue to practice 

vigilance, including the use of deprescribing interventions to ensure prescribing 

is appropriate. Ultimately, the findings of this systematic review have identified 

anticholinergic burden to be a problem for frail older people, from the 

perspective of risks of outcomes. This highlights a need for health technologies, 

such as case-finding tools that use risk prediction, to identify frail patients at-risk 

from anticholinergic burden and support targeted deprescribing interventions. 

This is important, as prescribing patterns can differ between frail, and non-frail 

older people, particularly as multimorbidity in advancing frailty is thought to 

further drive polypharmacy 134, 462. Additionally, frail older people are more likely 

to be prescribed symptomatic therapies, increasing the potential for additional 

anticholinergic medicines to be prescribed 462, and therefore anticholinergic 

burden levels may differ between the frail and non-frail. Where possible, frailty 

should be identified, and stratified among older patients, to assist clinicians with 

anticholinergic prescribing decisions; an endeavour that could be supported by 

a case-finding tool.  

 

This review has also identified mixed results for outcomes such as grip strength, 

TUGT and cognitive dysfunction among older people with frailty, therefore there 
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is an urgent need for further high-quality research to investigate the impact of 

anticholinergic prescribing on older people living with this syndrome. 

 

Importantly, this review also highlights how it is still unclear whether the risks of 

anticholinergic burden differ by frailty severity, and therefore whether those with 

advancing frailty are at greater risk than fit older people when exposed. 

Improving knowledge in this area is of importance, particularly as older patients 

are being identified, prioritised, and proactively targeted for medication reviews, 

based on frailty grade 463. Those exposed to anticholinergic medicines should 

continue to be identified and prioritised for review. However there remains a 

knowledge gap surrounding the risk modifying potential of frailty grade, with 

regards to adverse outcomes associated with anticholinergic burden. Few 

studies in this area have stratified by frailty grade, therefore future observational 

research should identify and stratify frailty within study populations using robust 

methods, as recommended by the European Medicines Agency in clinical 

investigations involving medicines 464. 

 

7.6 Conclusion  

This systematic review of observational studies identified that prescribing 

anticholinergic medications is associated with poorer physical function, 

increased risk of falls, and increased mortality among older adults living with 

frailty. This association with adverse outcomes highlights a need for health 

technologies, such as case-finding tools that use risk prediction, to identify frail 

patients at-risk from anticholinergic burden and support targeted deprescribing 

interventions. However, mixed results were seen for grip strength, TUGT, 

cognitive dysfunction and ability to perform ADLs, and no associations were 

observed for transitions in frailty states, lower psychological wellbeing, or ADRs 

with benzodiazepine use. It also remains uncertain whether those with 

advancing frailty are at a greater risk from anticholinergic medicines, compared 

with older people deemed to be fit, or whether older people are generally at 

greater risk, regardless of their frailty status. There is an urgent need for this 

issue to be further evaluated within studies that robustly minimise bias, and 

stratify by frailty.  
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Progression from Study One to Study Two  

 

In conducting research towards the development of a novel case-finding frail 

tool, it was important to first understand what is known about the risks of 

anticholinergic burden for the frail, and therefore understand the need for a tool. 

Therefore, Study One addressed this first phase of this programme of research, 

identifying associated risks that support a case for tool development. However, 

it was evident that research specifically focusing on older people with frailty is 

less common, with associations with some outcomes remaining unclear. 

Furthermore, it is uncertain whether risks of anticholinergic burden differ by 

frailty severity.  

 

Another important element of this programme of research aimed to explore the 

use of risk prediction, to facilitate the case-finding of at-risk patients. Therefore, 

an important next step was to explore the predictive utility of measures of 

anticholinergic burden and frailty, and the feasibility of including such measures 

within future prediction models in primary care. This was with a view to 

understanding whether such measures could be useful within prediction 

models, and whether they should be included within a future integrated case-

finding tool.  
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Chapter Eight: Study Two; Investigating the utility of  anticholinergic 

burden and frailty measures  within models predicting outcomes important 

in the care of older people.  

 
8.1 Introduction  

As previously discussed, the use of risk prediction tools to identify at-risk 

patients, and facilitate decisions to prescribe risk-reducing therapies, are well 

established within primary care clinical IT systems 348, 349. However, risk 

prediction tools to inform the deprescribing of potentially problematic medicines 

are less established. With deprescribing considered to be a challenging 

intervention for clinicians, particularly in older patients with multimorbidity and 

escalating polypharmacy, risk prediction could have utility in identifying at-risk 

patients, and facilitating deprescribing decisions. Prediction models have been 

developed to predict risks of MRH, however existing models are poorly 

predictive of MRH and are unsuitable for clinical implementation 465. Prediction 

models specifically including measures of anticholinergic burden and frailty are 

yet to be established and evaluated, however.  

 

There are opportunities to investigate the future development and 

implementation of risk prediction tools to support deprescribing, to reduce the 

potential risks of anticholinergic burden in frail older people. Strong predictive 

performance of models is imperative before implementation within clinical 

systems, to facilitate deprescribing decisions 329, 397. Therefore, the predictive 

utility and feasibility of measures of anticholinergic burden and frailty within 

models predicting key outcomes for older people, should be established. There 

could be a future for big data to optimise safer anticholinergic prescribing in 

frailty, and for risk prediction tools to facilitate deprescribing interventions. 

However, the utility of anticholinergic burden and frailty measures within models 

predicting outcomes are not established. 

 

8.2 Aim and objectives  

The aim of Study Two was to begin to explore the feasibility of including 

measures of anticholinergic burden and frailty within prediction models. In 

assessing feasibility, Study Two aimed to explore whether measures of 

anticholinergic burden and frailty improve model performance in predicting 
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important outcomes key to the care of older people. These outcomes included 

cognition, measures of daily functioning, and health related quality of life.  

 

The research question that Study Two aimed to answer was as follows: 

Do measures of anticholinergic burden and frailty improve model performance 

predicting cognition, functional ability, and health related quality of life? 

 

For each of the three outcomes, the objectives were:  

�x To develop and internally validate multi-variate prediction models.  

�x To identify the overall best performing models. 

�x To assess and compare the predictive performance of best-performing 

subsets of models where: 

o Both measures of anticholinergic burden and frailty were included. 

o Only measures of anticholinergic burden were included.  

o Only measures of frailty were included.  

o Neither measure were included.  

�x To assess whether anticholinergic burden and frailty measures improve 

the predictive performance across all possible subsets. 

 

8.3 Method  

This study is reported in line with the Transparent Reporting of a Multivariable 

Prediction Model for Individual Prognosis or Diagnosis (TRIPOD) statement 466. 

At this early stage of the research, the intention of model development was of 

an exploratory nature only; to explore the predictive utility of anticholinergic 

burden and frailty measures, rather than the development of the definitive 

models that could be implemented into clinical settings.  

 

8.3.1 Sources of data 

This study used anonymised data from participants enrolled into the CARE75+ 

study. As mentioned previously, CARE75+ is a prospective cohort study of 

community-dwelling older people aged seventy-five and over, collecting an 

extensive range of health, social and economic data, with a focus on frailty, 

independence and quality of life. Participants were recruited through general 
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practices across rural and city locations across England, with varying population 

demographics and levels of social deprivation. These areas included Bradford, 

Doncaster, Durham, Exeter, Hull, Leeds, Newcastle, Oswestry, Plymouth, 

Scarborough, Stafford and Wolverhampton. Face-to-face assessments were 

conducted in participants�¶ homes at baseline, six, twelve, twenty-four and forty-

eight months, with telephone follow-up at six months where suitable. 

Assessments of frailty, cognition, mood, health-related quality of life, 

comorbidity, medications, resilience, loneliness, pain and self-efficacy were 

conducted. The data were made available through a data sharing agreement 

between Bradford Teaching Hospitals NHS Foundation Trust and the University 

of Bradford. At the time of receiving the data, there were 1,050 participants 

enrolled in the cohort. CARE75+ has been previously described 396.   

 

This dataset was chosen by the researcher due to its primary focus on frailty 

research, but also the availability of data on prescribed medicines, reported in 

EHRs from primary care. Bradford Teaching Hospitals NHS Foundation Trust 

were agreeable to the study, in collaboration with the NIHR YHPSTRC. 

 

8.3.2 Study design  

Study Two was a prediction study, through a retrospective cross-sectional 

analysis of CARE75+. The focus was on prediction modelling; developing and 

internally validating prediction models using baseline data, and testing 

predictive performance on a further two time-points; six and twelve months only. 

At the time of data becoming available, only 265 observations were reported at 

twenty-four months follow up, as data collection was ongoing. Therefore, 

models were not tested using the twenty-four months follow up data. The cohort 

had not reached a forty-eight-month duration, therefore this follow up data were 

unavailable.  

 

8.3.3 Participants 

All participants were considered for inclusion if they had data reporting the 

outcomes of interest at baseline, and had an eFI score. Where data were 

unavailable or considered to have significant quality issues, participants were 

excluded. Exclusion of participants is further described in Section 8.3.7. No 

other restrictions were applied, other than the exclusions made in the original 
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recruitment strategy of CARE75+ (exclusion of people with terminal cancer, life 

expectancy of three months or less, and those residing in care homes who were 

bedbound).  

 

8.3.4 Outcomes 

The three outcomes to be predicted were: 

�x Cognition 

�x Measures of daily functioning 

�x Health related quality of life 

They were selected as key outcomes to consider when managing medicines for 

older people, but particularly due to their associations with frailty, and indeed 

anticholinergic burden. Frailty can be associated with cognitive impairment, 

impaired daily functioning, and lower quality of life 58, 62, 467, 468. However, 

associations with quality of life are largely explained by poor health 

characteristics 107, 468. Evidence suggests anticholinergic burden can also be 

associated with such outcomes 37, 39, 48, including findings from Study One also. 

This underpins the rationale for exploring the predictive performance of models 

inclusive of both measures. From a clinical perspective, measures of frailty and 

anticholinergic burden can therefore be considered potential explanatory 

variables of these outcomes, and were selected as predictors within the models.  

 

Rather than developing and assessing models which predicted decline of 

cognition, daily functioning, or quality of life only, this exploratory study focused 

on predicting outcome measures across their full continuous scale. The aim of 

this was therefore to explore the predictive utility of including anticholinergic 

burden and frailty measures in models predicting scores suggestive of good 

health, as well as poorer health. In traditional epidemiological terms, 

�G�L�F�K�R�W�R�P�L�V�L�Q�J���D���F�R�Q�W�L�Q�X�R�X�V���R�X�W�F�R�P�H���Y�D�U�L�D�E�O�H���F�D�V�W�V���W�K�H���R�X�W�F�R�P�H���D�V���³�G�L�V�H�D�V�H�´���R�U��

�³�Q�R���G�L�V�H�D�V�H�´�����E�X�W��the consequences of doing this can include an overall reduced 

statistical power 469. A fundamental concern is that the statistical power, and the 

magnitude of the measures of association depend on the cut point used to 

dichotomise the outcome variable 469. Therefore, the researcher decided not to 

dichotomise the continuous outcomes, to maximise the statistical power, and 
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explore the predictive performance of models predicting the outcomes across 

their entire scale.  

 

An important assumption made about each outcome was that the scores could 

vary over time, and did not remain consistent throughout all time-points. Taking 

cognition as an example, day-to-day cognition may differ amongst participants, 

and therefore at each time-point, this can be considered an �µon-the-day�¶ 

representation of a potentially varying outcome. This is important, with a view to 

ensuring appropriate sequencing between predictors and outcomes, as other 

predictors may also represent an element of cognition, such as existing 

comorbidities relating to cognition (dementias), or the eFI score. One of the 

thirty-six eFI deficits represents �µcognitive decline�¶, and while the eFI is 

computed on the day, it summarises a history of information. Therefore, it can 

be suitably considered a predictor, as it precedes the outcome. However, 

whether such factors could determine the cognition score before it was 

measured at the observation needed to be carefully considered. Cognition 

scores also crystallise on the day it is measured within CARE75+, as a 

composite score of various assessments. However, as it was assumed that 

cognition scores are variable daily, this can be considered a suitable outcome 

for prediction modelling, sequenced appropriately after the predictors. It was 

assumed that the predictors potentially contributing towards explaining the 

cognition score, such as the eFI, did not entirely pre-determine the final 

cognition score when observed. These careful considerations were also made 

for the daily functioning and health-related quality of life outcomes. It was 

determined that they also crystallised after the predictors, and satisfied the 

sequencing of predictors and outcomes in prediction modelling. 

 

8.3.4.1 Cognition  

Cognitive function was characterised using the MoCA score, reported as a 

continuous variable in CARE75+. This is a brief assessment instrument 

designed to be used by clinicians to detect mild cognitive impairment within ten 

minutes. Different cognitive domains are assessed; attention and concentration; 

executive function; memory; language; conceptual thinking; calculations and 

orientation. Higher scores (range 0-30) indicate better cognitive function, with a 

�V�F�R�U�H���R�I���•�������F�R�Q�V�L�G�H�U�H�G���Q�R�U�P�D�O��470.  
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8.3.4.2 Daily functioning 

Performance in daily functioning was characterised using the Barthel Index 471; 

a measure of basic ADL�¶�V. The ability to perform ten basic ADLs was assessed 

on a 20-point scale, with higher scores indicating greater independence. ADLs 

included bathing, bladder and bowel function, dressing, feeding, grooming, 

mobility, stairs, toilet use and transfers. Barthel Index is reported as a 

continuous variable in CARE75+. 

 

8.3.4.3 Health-related quality of life 

Health related quality of life was characterised using the EuroQol Five 

Dimension Health Questionnaire (five-level version) (EQ-5D-5L) score 472, 473. 

The five dimensions represent mobility, self-care, usual activities, 

pain/discomfort and anxiety/depression, with each dimension having five 

severity levels: no problems, and slight/moderate/severe/extreme problems. 

Individual scores for each dimension are converted into a utility index 

representing overall health status, with a score of 1 for perfect health and 0 for 

dead, and negative values representing health status worse than death. 

Commonly, the EQ-5D-5L measure is used to estimate quality-adjusted life 

years in economic evaluations. It is reported as continuous data in CARE75+.  

 

8.3.4 Selection of candidate predictors 

A pragmatic approach was taken towards the selection of candidate predictor 

variables, primarily informed by clinical intuition, but supported by data-driven 

methods 329. Although the aim of the study was not to establish a definitive 

prediction model to implement into clinical practice, the aim was to investigate 

the predictive utility of measures that are applicable to current clinical practice, 

and can be found in EHRs. However, with respect to model generalisability and 

the development of future risk prediction models, greater emphasis was given to 

clinical intuition and current understanding for the selection of candidate 

predictors 329, 474.  

 

Candidate predictor variables were selected on the basis of existing evidence of 

associations with each of the three outcomes of interest, or hypothesised to be 
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linked to the outcomes based on clinical plausibility. This process was 

undertaken by the researcher, and then confirmed by members of the Safe Use 

of Medicines theme at the NIHR YHPSTRC, including researchers and 

clinicians. This was supported by undertaking narrative reviews, such as those 

in Chapters Two and Three, and the use of clinical guidelines, such as NICE, to 

identify established factors associated with the three outcomes. Additionally, 

findings from the systematic review in Study One also supported this process of 

candidate predictor selection. The CARE75+ data dictionary was used as a 

reference source, to establish the availability of variables which could 

characterise such predictors. The dataset was then explored to assess the 

availability of data.  

 

As per the fundamentals of prediction modelling, ideally all predictor variables 

should be collected prior to outcomes. However, in this study which required 

transforming the dataset with new variables, such as for anticholinergic burden, 

such variables were considered predictors despite �µcrystallising�¶ at the same 

time point as the outcome. For a covariate to be considered a predictor in this 

context, the predictor was required to represent a phenomenon that preceded 

the outcome. Taking anticholinergic burden as an example, it was assumed that 

it was latent and existed prior to the point when this covariate was generated, 

and measured. Therefore, the burden phenomenon preceded the cross-

sectional data extract, justifying its consideration as a predictor. This was the 

approach taken in the selection of all candidate predictors, assuming that they 

represented information that preceded the outcome, including those which 

crystallised at the same observation as the outcome.   

 

8.3.4.1 Frailty measures 

�&�$�5�(���������U�H�S�R�U�W�V���Y�D�U�L�R�X�V���I�U�D�L�O�W�\���P�H�D�V�X�U�H�V�����L�Q�F�O�X�G�L�Q�J���)�U�L�H�G�¶�V���I�U�D�L�O�W�\���S�K�H�Q�R�W�\�S�H��

score, Edmonton Frail Scale (EFS) and the English Longitudinal Study of 

Ageing (ELSA) frailty index. The eFI is also reported, which was introduced in 

section 2.3.3. 

 

The majority of primary care clinical IT systems have implemented the eFI in the 

UK, enabling healthcare teams to calculate the score, and then stratify practice 

populations by frailty grade as per the validated thresholds: 0-0.12=fit; >0.12�±
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0.24 = mild frailty; >0.24�±0.36 = moderate frailty; >0.36 = severe frailty. Due to 

its wide scale availability in primary care, and the ability to calculate eFI scores 

within datasets containing routine EHR data, the eFI was prioritised as the main 

measure of frailty for prediction modelling within the study. This is with a view to 

improving the generalisability of models for clinical practice. �+�R�Z�H�Y�H�U�����)�U�L�H�G�¶�V��

frailty phenotype score and the EFS were also incorporated into analyses 

during the selection of candidate predictors, to compare their performance in 

models in comparison to the eFI. 

 

Although the eFI score can be used to characterise a frailty grade (e.g., 

moderate frailty), the eFI was treated as a continuous predictor in the modelling 

within this study (range 0-1), to maximise predictive power.   

 

8.3.4.2 Anticholinergic burden measures 

The ACB scale was adopted to identify and characterise anticholinergic 

medicines within CARE75+ 48, 173. Again, with a view to model generalisability to 

clinical practice, the ACB scale was selected as it is one of the most commonly 

used anticholinergic burden scales in clinical and research settings, particularly 

in the UK, but also internationally 37. It has been extensively validated, 

identifying associations between anticholinergic burden and adverse outcomes 
37, 39, and has been recognised by NICE as one of the possible scales to use to 

aid the identification of older people exposed to anticholinergics 475. It has also 

been recommended as a suitable scale for quantification of anticholinergic 

exposure for research purposes, particularly for data analyses using routinely 

collected patient data 210.  

 

The ACB scale identifies a comprehensive list of anticholinergic medicines, and 

uses a scoring system to reflect the expected anticholinergic potency of each 

medicine. This scale is discussed in section 3.4.2. The scores of each 

anticholinergic medicine a person is taking is accumulated to produce a total 

score, with a score of 3 or more considered to be clinically significant in terms of 

the risk of anticholinergic burden 173.  

 

All medicines within the CARE75+ dataset were entered manually by research 

assistants, using data from participants�¶ EHRs. Data was reported for regularly 
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prescribed medicines, and self-reported data on over-the-counter medicines 

were also collected. However, only prescribed medicines were considered for 

the analysis in this study. Medicines were not standardised, or read-coded, and 

either generic medication name, brand name or branded generics were 

reported, challenging the analysis. Due to the diversity in the way medicines 

were reported, a coding system was developed by the researcher to 

standardise all medicines. All possible expressions of each medicine were 

entered into a master sheet in Microsoft Excel, where each medicine was 

assigned a standardised generic medicine name, and a unique identifier. Each 

medicine was also characterised using a British National Formulary (BNF) 

coding system, with a code being assigned to each medicine based on the BNF 

chapter, section and paragraph. As an example, amitriptyline (a tricyclic 

antidepressant) was coded 4.3.1: (Chapter 4, section 3, paragraph 1).  

 

Finally, all anticholinergic medicines were assigned their respective ACB score, 

using methods developed by Richardson et al., who adapted the ACB scale for 

UK prescribing purposes, and for analysis of EHRs using UK prescribing data 
48. If combination formulations included multiple anticholinergic medicines (e.g., 

captopril/hydrochlorothiazide), each of the scores of the components were 

added together to create a total score for this formulation (total score of 2 in this 

example). Using this master sheet and coding systems, CARE75+ was then 

characterised accordingly using RStudio (version 1.2.1335).   

 

8.3.4.3 Development of anticholinergic burden variables 

For each participant, at each time-point, their total ACB score (ACBsum) was 

calculated, as well as the total number of anticholinergic medicines (ACBcount) 

they were concomitantly using. Analyses did not consider the strength of the 

formulation, or the prescribed dose. If participants were prescribed multiple 

formulations of the same medicine (e.g., amitriptyline 10mg and amitriptyline 

50mg), they were assigned a score based on one medicine only (e.g., score of 

3 rather than 6, in this case). Similarly, when calculating ACBcount, unique 

medicines were only considered, and therefore in the above amitriptyline 

example, this was considered one medicine. This was to prevent overestimation 

of the anticholinergic exposure.  
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It was decided that anticholinergic medicines prescribed on �D���µ�Z�K�H�Q���U�H�T�X�L�U�H�G�¶��

basis would be included in the analyses, only if they were considered to be 

used regularly alongside other medicines, and therefore theoretically could 

contribute to anticholinergic burden. For example, co-codamol was included in 

the analyses, however glyceryl trinitrate sprays were not, as it was anticipated 

they would not be used frequently. All dermatological, ocular, and nasal 

preparations were excluded, however inhalers with anticholinergic properties for 

respiratory conditions were included.   

 

The main variable created and selected to represent anticholinergic burden in 

�W�K�L�V���V�W�X�G�\���Z�D�V���µ�7�R�W�D�O���$�&�%���V�F�R�U�H�¶�����$�&�%�V�X�P�������+�Rwever, a variety of other 

anticholinergic variables were created within the dataset, to facilitate exploratory 

analyses for the selection of candidate predictors, and overall model 

development (Table 9).   

 

Table 9: Anticholinergic variables created within  the CARE75+ dataset  

Anticholinergic variable  Variable name 
within dataset  
 

Description of variable  

Total ACB score  
 

ACBsum Total ACB score 

Total number of anticholinergic 
medicines  

ACBcount Number of medicines prescribed on 
the ACB scale 

Exposed to at least one 
anticholinergic  

Flag_ACB Exposure to at least one medicine on 
the ACB scale 

Exposed to at least one ACB1 
medicine  

Flag_ACB1 Exposed to at least one ACB 
medicine with a score of 1 

Exposed to at least one ACB2 
medicine  

Flag_ACB2 Exposed to at least one ACB 
medicine with a score of 2 

Exposed to at least one ACB3 
medicine  

Flag_ACB3 Exposed to at least one ACB 
medicine with a score of 3 

Number of ACB1 medicines  nACB1 The number of medicines prescribed 
with an ACB score of 1 

Number of ACB1 medicines  nACB2 The number of medicines prescribed 
with an ACB score of 2 

Number of ACB1 medicines  nACB3 The number of medicines prescribed 
with an ACB score of 3 

 
 

8.3.4.4 Other predictors 

Medicine classes were also considered as candidate predictors, classified into 

classes as per the BNF hierarchical coding system. Variables were created to 

represent usage of classes of medicines which could be associated with the 

outcomes of interest, such as: antidepressants; antiepileptics; antihistamines; 

antineuropathics; antipsychotics; benzodiazepines, hypnotics and opioids. 
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These were treated as binary variables, whereby a participant would be 

assigned this exposure if they were prescribed at least one medicine within the 

class, as defined by the master sheet.   

 

Demographic data, such as age and sex, as well as living circumstances and 

education level, were considered possible candidate predictors. In CARE75+, 

education level is reported as the highest educational qualification attained for 

each participant, for example a postgraduate qualification, or indeed no 

qualifications. This data was transformed into a dichotomous variable for this 

study, and participants were characterised as having qualifications beyond 

General Certificate of Secondary Education (GCSE), or not. Comorbidities were 

also considered, informed by associations with the outcomes of interest. 

Variables representing the number of comorbidities, as well as the following 

types of comorbidities were included: blind/partially sighted; cerebrovascular 

accident, cancer; dementia; diabetes; heart failure; osteoarthritis and 

�3�D�U�N�L�Q�V�R�Q�¶�V���G�L�V�H�D�V�H�����)�L�Q�D�O�O�\�����F�O�L�Q�L�F�D�O���S�D�U�D�P�H�W�H�U�V���V�X�F�K���D�V���W�K�H���*�H�U�L�D�W�U�L�F��

Depression Scale (GDS) score and the Geriatric Pain Measure (GPM) score 

were included.  Parameters of Barthel Index, MoCA, and EQ-5D-5L were also 

considered as predictors of the outcomes (e.g., MoCA and EQ-5D-5L as 

predictors of Barthel Index) but were not included in models where that outcome 

was being predicted.  

 

8.3.5 Selection of final predictors for each outcome 

All candidate predictors of each outcome were examined, with a view to 

selecting the final predictors for model development. All candidate predictor 

variables examined can be found in Figure 11. 
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Figure 11: Candidate predictor variables examined for each outcome  
 

This examination process was supported by data-driven methods, descriptive 

statistics, and data visualisation. This process commenced with univariate 

Demographics  
�x Age in years (continuous)1,2,3 
�x Sex (categorical: male, female)1,2 
�x Living circumstances (categorical: lives alone, lives with partner/spouse, lives 

with family, lives in a care home)1,2 
�x Qualifications beyond General Certificate of Secondary Education (GCSE) 

level (binary)1,3 
 

Frail ty  
�x Electronic Frailty Index (eFI) score (continuous)1,2,3 
�x Fried frailty phenotype score (continuous) 1,2,3 
�x Edmonton Frail Scale (EFS) score (continuous) 1,2,3 

 
Anticholinergic variables  
�x ACBsum (total ACB score) (discrete)1,2,3 
�x ACBcount (total number of anticholinergic medicines) (discrete)1,2,3 
�x Exposed to at least one anticholinergic (binary)1,2,3 
�x Exposed to at least one ACB1 medicine (binary)1,2,3 
�x Exposed to at least one ACB2 medicine (binary)1,2,3 
�x Exposed to at least one ACB3 medicine (binary)1,2,3 

 
Concurrent medications  
�x Antidepressants (binary)2,3 
�x Antiepileptics (binary)2 
�x Antihistamines (binary)1 
�x Antineuropathics (binary)2 
�x Antipsychotics (binary)1,2,3 
�x Benzodiazepines (binary)2 
�x Hypnotics (binary)2 
�x Opioids (binary)1,2 

 
Comorbidities  
�x Number of comorbidities (discrete)1,2,3 
�x Blind/partially sighted (binary)2,3 
�x Cerebrovascular accident (binary)2 
�x Cancer (binary)3 
�x Dementia (binary)1 
�x Diabetes (binary)2 
�x Heart failure (binary)2 
�x Osteoarthritis (binary)2,3 
�x �3�D�U�N�L�Q�V�R�Q�¶�V���G�L�V�H�D�V�H�����E�L�Q�D�U�\��2,3 

 
Clinical parameters  
�x Geriatric Depression Scale (GDS) score (continuous)1,2,3 
�x Geriatric Pain Measure (GPM) score (continuous)1,2,3 
�x Barthel Index score (continuous)1,3 
�x EuroQol-5D-5L (EQ-5D-5L) score (continuous)2 
�x Montreal Cognitive Assessment (MoCA) score (continuous)2 

 
1 Examined for the cognition (MoCA) outcome 
2 Examined the daily functioning (Barthel Index) outcome 
3 Examined the health-related quality of life (EQ-5D-5L) outcome 
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regression analysis between each candidate predictor variable and outcome 

(using STATA version 13.1), to determine unstandardised and standardised 

coefficients, adjusted R2 values, and p values. The standardised coefficient 

refers to how many standard deviations the outcome variable will change, per 

standard deviation increase in the predictor variable. When comparing various 

predictors, standardising the coefficients is useful when they are all measured in 

different units of measurement, allowing a comparison of the relative magnitude 

of the effects of different explanatory variables. Despite different units of 

measurement, explanatory variables will have equal standard deviations once 

standardised.  

 

The adjusted R2 value in this univariate analysis is the coefficient of 

determination: the proportion in the variance of the outcome that is predictable 

from the predictor variables. This is a measure of how well the datapoints fit a 

curve, or line. In a multivariate regression model however, the adjusted R2 value 

adjusts for the number of terms in the model, and penalises if adding additional 

predictors does not fit the model. Importantly, R2 assumes that every predictor 

explains the variance in the outcome variable, whereas adjusted R2 informs of 

the percentage variation explained only by predictors that predict the outcome 

variable. Adjusted R2 is interchangeable with R2  in univariate analysis however. 

Candidate predictors with greater adjusted R2 values, and associated with a 

greater decrease in standardised coefficients during univariate analysis, were 

considered higher performing predictors.  

 

�%�D�F�N�Z�D�U�G���Y�D�U�L�D�E�O�H���V�H�O�H�F�W�L�R�Q���Z�D�V���W�K�H�Q���S�H�U�I�R�U�P�H�G�����X�V�L�Q�J���W�K�H���µ�I�D�V�W�E�Z�¶���F�R�P�P�D�Q�G��

�I�U�R�P���W�K�H���µ�U�P�V�¶�����U�H�J�U�H�V�V�L�R�Q���P�R�G�H�O�O�L�Q�J���V�W�U�D�W�H�J�L�H�V�����S�D�F�N�D�J�H���L�Q���5��330. Backward 

variable selection, or backward elimination, is a method of stepwise regression, 

in which predictive variables are chosen by automated procedures. Specifically, 

�W�K�H���µ�I�D�V�W�E�Z�¶���F�R�P�P�D�Q�G���V�W�D�U�W�V���Z�L�W�K���D�O�O���F�D�Q�G�L�G�D�W�H���S�U�H�G�L�F�W�R�U�V�����D�Q�G���W�H�V�W�V���W�K�H���G�H�O�H�W�L�R�Q��

of each predictor using the Akaike information criterion (AIC), based on a 

method by Lawless and Singhal 330, 476 . The function reports the deletion 

statistics for each variable in turn, and after deleting each variable prints 

approximate parameter estimates for the model. This method was used to 

investigate which individual predictors, other than Total ACB score (ACBsum), 

eFI, and age had the greatest contribution to the predictive performance of the 
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models, and helped inform final predictor selection. On deletion of each 

predictor, R2 values were assessed to identify the impact each predictor had on 

the overall model performance. The p-value was also investigated for each of 

the highest performing predictors from the deletion statistics, and generally a 

�W�K�U�H�V�K�R�O�G���R�I���”�����������Z�D�V���X�V�H�G���W�R���V�X�S�S�R�U�W���W�K�H���F�D�V�H���R�I���L�Q�F�O�X�G�L�Q�J���D���F�D�Q�G�L�G�D�W�H��

predictor in the final selection. A cut-�R�I�I���Y�D�O�X�H���”�����������F�D�Q���D�O�V�R���E�H���V�X�S�S�R�U�W�H�G���E�\��

other literature 477-479.  

 

However, rather than relying solely on statistical selection methods, clinical 

intuition and the results of previous studies had the greatest influence on the 

model specification process. This was with a view to increasing the likelihood of 

identifying the highest performing models; models that could be more 

generalisable to other clinical settings and indeed other datasets 474, 480. 

Therefore, data driven methods were used to reinforce the clinical rationale 

behind the final selection of a predictor, but it was expected that a predictor 

selected on the basis of clinical knowledge may not always be supported by the 

data entirely.  

 

Exploratory analyses using data visualisations were conducted to assist 

predictor selection, to show the relationship between candidate predictors and 

the outcomes. These included histograms, bar plots and box plots (Appendix 5). 

A particular emphasis was on anticholinergic burden and frailty measures.  

 

8.3.5 Sample size 

As of 22nd August 2019, the CARE75+ dataset contained data for 1,050 

participants. Over the three time-points, there were 2,647 observations in total; 

baseline (DF1) = 1,050, 6 months (DF2) = 882, 12 months (DF3) = 715.  

 

8.3.6 Data quality inspection 

Once the dataset was characterised and variables prepared, the data were 

inspected for any quality issues. This included descriptive statistics of all 

relevant variables, and data visualisations to investigate the distribution of data. 

One of the most significant data quality issues identified related to the MoCA 

outcome variable. Plotting a histogram of the MoCA distribution across the three 

time-points identified a significant increase in the number of participants with a 
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score of 0. A score of 0 is clinically plausible, as the MoCA score is assessed 

on a scale of 0-30, but this represents the most severe form of cognitive 

decline. However, the significant rise in percentage of participants with this 

score did not correlate with the overall distribution of the data, and based on the 

distribution it is expected that much fewer participants would have this score. 

The histogram can be found below in Figure 12.  

 

 

Figure 12: A histogram to show the distribution of MoCA scores across all observations, 
before any exclusions of the sample were made. Each histogram highlights a significant 
increase in the percentage of observations where the MoCA score was 0, and ultimately 
does not fit the overall distribution of the data. The histogram highlighted that this was 
even more of a significant i ssue for the 6 months follow up data, with more than 25% of 
MoCA observations reported as 0.  
 

Data from the six-month follow up presented the most significant issue, as more 

than 25% of observations recorded a MoCA score of 0. It was concluded that 

based on the overall distribution, it was implausible for this percentage of 

observations to have reported a score of 0, and that ultimately there were some 

major quality issues for the MoCA outcome variable. On investigating the 

CARE75+ dataset, it was apparent that participants who had a recorded MoCA 

score of >26 at baseline had a score of 0 at six-months, again reinforcing that 

this was implausible, and not an accurate representation of a typical trajectory 

of cognitive decline over time. It is highly unlikely that cognition can decline as 
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substantially as this within a six-month time period, unless there is major brain 

trauma for example. At the next follow-up (twelve-months), the same 

participants now had a MoCA score above 0, again highlighting the extent of the 

issues with this outcome variable.  

 

Through further inspection of the MoCA data, it was assumed that a score of 0 

was reported incorrectly, characterising a missing observation by researchers. 

As per the CARE75+ data dictionary, missing data was to be characterised with 

a �µ97/98/99�¶, therefore a score of 0 does not fit this rule, suggesting this was 

characterised incorrectly. It was therefore not possible to determine whether a 

score of 0 was a �µtrue 0�¶, representing the worst cognitive ability, or whether it 

was a �µfalse 0�¶, where the score cannot be relied upon as an accurate reading. 

Due to this, all observations reporting a MoCA score of 0 were excluded, as 

they were deemed unreliable.  

 

Another issue identified with the MoCA variable was that some scores were 

reported as non-integers, despite MoCA being a score based on integers from 

0-30. On examination of the data, CARE75+ reported the individual scores for 

each component of MoCA, and then reported the final MoCA score dependent 

on the individual components. Non-integer total MoCA scores were reported 

where patients had missing scores for the individual MoCA components, and 

therefore the final score was no longer out of 30. This led to a variety of non-

integer MoCA observations. Non-integer MoCA scores were considered 

unreliable for this study. Ultimately, missing observations were influencing the 

final score, causing them to be lower than they would be if all the components 

of MoCA were reported. As lower scores represent a lower cognitive ability, the 

non-integer MoCA scores were not a true, or reliable reflection of overall 

participant cognitive performance, and therefore were also excluded from the 

analysis through list-wise deletion.  

 

8.3.7 Missing data 

Where MoCA values were reported as 0, and essentially considered to be 

missing data, imputation methods could have been applied to replace the 

missing values. This could include imputation with summary statistics, such as 

the mean or median for example, or more sophisticated methods such as 
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regression imputation. The missing MoCA data was assessed, and was 

deemed to be missing at random across each time-point. As this was the case, 

list-wise deletion was considered appropriate, and unlikely to add bias. 

Participants who had eFI scores missing at random were removed by list-wise 

deletion as this was the key measure of frailty to be included in all model builds. 

There were also observations where EQ-5D-5L were unreported at random, 

and as this was the key outcome measure for health-related quality of life 

models, participants with this missing data were also excluded. List-wise 

deletion may decrease the power of analysis, and may cause bias in the 

estimates of parameters 481. However, it was expected that after exclusions, the 

study would still meet the minimum sample size threshold of at least ten 

subjects per variable, required for linear regression as argued by Harrell 330.  

 

8.3.8 Statistical modelling 

The statistical approach was to develop and test the predictive performance of 

the best performing models using baseline data (DF1), and then test model 

performance on subsequent follow up data, at six months (DF2) and at twelve 

months (DF3). For each outcome, the following models were developed: 

 

1) The overall best performing model. 

2) The best performing model where both the Total ACB score and eFI 

were included, in addition to other predictors. 

3) The best performing model where only the Total ACB score was 

included, in addition to other predictors (but excluding the eFI). 

4) The best performing model where only the eFI was included, in addition 

to other predictors (but excluding Total ACB score) 

5) The best performing model where neither Total ACB score or eFI were 

included.   

 

8.3.8.1 Model building procedures 

For each outcome, linear regression models were fitted using ordinary least 

squares (OLS) in R (v3.6.1). OLS estimates the parameters in a regression 

model, by drawing a line of best fit through all data points, in a way that 

minimises the sum of the squared differences between the observed values, 

and the corresponding fitted values (sum of the squared residuals). To identify 
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the best performing models, best subsets regression analysis was adopted 

using baseline data. Best subsets regression compares all possible combination 

of models using the set of pre-specified predictors, and specifies the best 

performing model that contains one predictor, two predictors, three predictors 

and so on. This is considered superior to the stepwise regression procedure, 

which adds or removes predictors one at a time depending on their statistical 

significance, and does not consider all possible model subsets. The result of 

best subsets regression is a display of the best fitting models of different sizes, 

up to the full model. Best subsets regression fits 2P models, where P is the 

number of the specified predictors. Where 10 predictors are pre-specified, this 

would mean 210 models would be fitted (n=1,024).  

 

The final predictors identified within the full models for each outcome were used 

in the best subsets regression analysis. The full MoCA model contained eight 

predictors, therefore 256 possible subsets were analysed. The full Barthel Index 

model contained eleven predictors (2,048 possible subsets) and the full EQ-5D-

5L model contained ten predictors (1,024 possible subsets). Packages such as 

�³�F�D�U�H�W�´�����³�U�P�V�´�����³�R�O�V�U�U�´���D�Q�G���³�D�F�H�S�D�F�N�´���L�Q���5���Z�H�U�H���X�V�H�G���W�R���V�X�S�S�R�U�W���W�K�H�V�H���D�Q�D�O�\�V�H�V�����$��

total of five models for each outcome were developed, with best subsets 

regression following the criteria specified in section 8.3.8, with regards to 

whether The total ACB score or the eFI were included.  

 

8.3.8.2 Performance metrics 

Adjusted R2  and root mean squared error (RMSE) values were the 

performance metrics of choice to assess and compare predictive performance, 

with greater emphasis given to adjusted R2. As briefly introduced earlier, the 

adjusted R2 is a special form of the coefficient of determination, with the main 

difference being how it determines how well data points fit a line, but adjusting 

for the number of terms in a model. Often, more than one variable is available 

within a model that can explain an outcome, and therefore when variables are 

added to the model, the R2 value increases regardless of whether it is 

important. Therefore the adjusted R2 can be considered more useful than R2 

particularly when comparing the performance of models, as it attempts to 

correct for the rising R2 value, penalising the increasing number of variables 

where not beneficial 482.  
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There is no universally accepted criteria for what constitu�W�H�V���D���³�J�R�R�G�´���52 value, 

however values close to 1 implies an almost perfect relationship. Ultimately, 

how high an R2 can be is determined by the amount of variability that is actually 

explainable, and indeed the availability of data within the dataset, but also 

sample sizes and bias. Considering the explainability of an outcome, it is also 

thought this varies depending on the study field. For example, in the �µpure 

sciences�¶ field, a high R2 value of 60% (0.6) is required because it is thought 

that molecules and participles can be reasonably predicted to some degree of 

accuracy during research studies. However, much lower R2 values are 

generally accepted in studies in the social sciences, humanities and art fields 

for example, because human behaviour cannot be reasonably predicted with 

accuracy. There is some consensus that R2  values of 75% (0.75), 50% (0.5) 

and 25% (0.25) represent substantial, moderate and weak models respectively, 

however this is mainly in the context of business and marketing research 483.  

 

Predicting cognitive function, functional ability, and health-related quality of life 

amongst humans are arguably complex predictions. It was anticipated in this 

study that each outcome represents a phenomenon that could be challenging to 

explain, and even with careful consideration of predictors and development of 

optimally performing models, there could still be a significant proportion of 

variance unexplained by the models. In this study, the arbitrary R2 values of 

75%, 50% and 25% were used to characterise whether models performed 

substantially, moderately, or weakly, but with the caveat that the context of the 

research question is arguably the most important determinant, as different 

research questions have different amounts of variability that are inherently 

unexplainable.  

 

The RMSE is the standard deviation of the residuals, otherwise known as the 

prediction errors. Where the residuals measure how far data points are from the 

regression line, the RMSE is a measure of how spread out the residuals are. 

Ultimately, the RMSE is a standard way of measuring the error of a prediction 

model, and was used alongside the adjusted R2 to assess model predictive 

performance in this study. Where models had almost identical adjusted R2 

values, the RMSE was used as the second-line choice to determine predictive 
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performance during comparisons. RMSE is a good measure of how accurately 

the model fits the data, with lower RMSE values indicating better fit. RMSE 

values are reported in relation to the scale of the outcome reported. For 

example, MoCA is reported on a scale of 0-30, therefore an RMSE value of 20 

would suggest poor fit, whereas a value of 4 would mean a better fit, and 0.1 an 

even closer fit. But it is also important to consider the RMSE from a clinical 

perspective. An RMSE value of 4 could suggest a reasonable model fit on scale 

of 0-30 for MoCA, however clinically this may not be accurate enough when 

making healthcare decisions, as a prediction of error of 4 could be the 

difference between normal cognitive function (MoCA �•������, and cognitive 

impairment (MoCA <26). A clinical interpretation was therefore undertaken for 

the RMSE values for each of the outcomes predicted, to interpret the model fit 

within its clinical context and consider the prediction error.  

 

8.3.8.3 Internal validation  

Bootstrapping was used as a resampling technique, to estimate the internal 

validity of the linear regression models at each time point, and adjust for the 

optimism/overfitting of models. Using the method described by Frank Harrell 330, 

each of the data frames were sampled from repeatedly, with replacement, 

forming a large number of bootstrap datasets (n=200), each with the same 

number of samples as the original dataset. The bootstrap samples represented 

samples from the original dataset, as if the study had been repeated many 

times and mimicked the sampling process. By assigning measures of accuracy 

to sample estimates, bootstrapping allows for estimation of the sampling 

distribution, and estimation of the standard error of a parameter estimate. 

Models are fit with the original data, in addition to being fit to the bootstrapped 

datasets. The variability of point estimates across bootstrapped samples can be 

used as the estimate of variance for the parameter estimate obtained when 

fitting the models to the original data. The predictive accuracy of a model fitted 

using bootstrapped data will typically be lower than models fitted using the 

original data. As described by Frank Harrell, the difference in predictive ability 

for each bootstrapped sample can be calculated, and an average can be taken 

across typically 100-200 samples. The average difference is considered to be 

�W�K�H���³�R�S�W�L�P�L�V�P�´���R�I���W�K�H���P�R�G�H�O�����D�Q�G���F�D�Q���E�H���V�X�E�W�U�D�F�W�H�G���I�U�R�P���W�K�H���R�U�L�J�L�Q�D�O���H�V�W�L�P�D�W�H���R�I��
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predictive ability to achieve the index corrected performance; where the 

optimism is adjusted for.  

 

All performance metrics for each model, during best subsets regression, were 

reported after conducting internal validation using bootstrapping of baseline 

data. This was also the case when testing the developed models at other time 

points, reporting the performance metrics of the bootstrapped data.  

 

8.3.8.4 Visualisations 

Calibration curves were plotted to visually assess the agreement between 

observed outcomes and predictions, for the best-performing models. For linear 

regression, calibration plots are simple scatter plots, with observed outcomes 

on the y-axis and predictions on the x-axis. Perfect predictions can be visually 

represented by a line which fits the 45-degree line.  

 

Violin plots were also plotted to assess the distribution of adjusted R2 values 

across all possible subsets, to visually compare whether, as a whole, the Total 

ACB score and eFI score improved predictive performance across the full range 

of possible models. Violin plots are similar to box plots, but whilst the box plot 

only shows summary statistics such as means, medians and interquartile 

ranges, violin plots can show the full distribution of the data. In addition, they 

have a rotated kernal density plot on each side. Violin plots were created in this 

study to visualise the distribution �R�I���P�R�G�H�O�V�¶���D�G�M�X�V�W�H�G���52 for the following: all 

subsets where Total ACB score and eFI were excluded, all subsets where only 

total ACB score was included, all subsets where only the eFI was included, and 

finally all subsets where both total ACB score and eFI were included. All other 

predictors were retained in the models. Each violin plot therefore presented four 

separate groups, and allowed for visual inspection to interpret the difference in 

contribution that total ACB score, and the eFI made to all possible subsets 

within these groups. 

 

8.3.9 Patient and public involvement 

As a study embedded within the NIHR YHPSTRC, lay members were invited to 

attend monthly project meetings, to give the perspectives of patients and the 

public. Specifically, this study formed part of work stream two �R�I���W�K�H���µ�6�D�I�H���8�V�H��
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�R�I���0�H�G�L�F�L�Q�H�V�¶���W�K�H�P�H�����/�D�\ members provided their perspectives within work 

stream two meetings to support discussions around the problem area, the 

development of research questions, methodological approach, and provided 

feedback on interim findings, shaping this research further. 

 

8.3.10 Ethics 

Ethical approval was granted by the Chair of the Biomedical, Natural, Physical 

and Health Sciences Research Ethics Panel at the University of Bradford on 

28th October 2019.  

 

8.4 Results  

8.4.1 Overall study population 

The final sample at baseline included 772 participants, six month follow up 

included 507 participants, and twelve month follow up included 576 participants. 

In total, 278 (26.5%) participants were excluded at baseline, 375 (42.5%) at six 

month follow up, and 139 (19.4%) at twelve month follow up, due to data quality 

issues and missing data. A flowchart of participant exclusion can be found in 

Figure 13.  

n= 1050 
2,647 observations over 3 time 

points 
 

Baseline  
n= 1050 

 

6 months  
n= 882 

 

12 months  
n= 715 

 

n= 772 final 
sample at 
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n= 507 final 
sample at 6 

months 
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sample at 12 

months 
 

Exclusions 
(total=278)  

Unreported eFI 
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Unreported EQ-5D-
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Data issues with 
MoCA variable 
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Unreported EQ-5D-
5L (n=24) 

Data issues with 
MoCA variable 
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Exclusions 
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Unreported EQ-5D-
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Data issues with 
MoCA variable 
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Figure 13: A flowchart of participant exclusion across the three time -points, including the 
specific number of participants excluded for each reason, as per the methods.  
 

8.4.2 Baseline characteristics 

Table 10 shows demographic and medical characteristics for all participants 

within the sample at baseline, in addition to the other time points. Of the 

participants at baseline, 390 (50.5%) were female, the median age was 81.7 

(interquartile range [IQR] 6.5), and 2.7% were of a black, asian, or other 

minority ethnic (BAME) background. In terms of education level, 231 (30%) 

were qualified to the level of GCSE and above. The majority of participants 

either lived at home alone (n=345, 44.7%), or with their partner/spouse/family 

(n=423, 54.8%), and 4 (0.5%) lived in a care home.  
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Table 10: Demographic and medical characteristics of all participants at 

baseline, and 6 and 12 month follow up.)  

Characteristics  
 

Baseline 
(n=772) 

6 months 
(n=507) 

12 months 
(n=576) 

Demographics   

Age, median (IQR)  81.7 (6.5) 81.0 (8.0) 81.0 (7.0) 
Male, n (%) 382 (49.5) 246 (48.5) 275 (47.7) 
Ethnicities reported  
      White, n (%)  
      BAME, n (%) 
 

 
751 (97.3) 
21 (2.7) 
 
  

 
490 (96.6) 
17 (3.4) 
 
  

 
558 (96.9) 
18 (3.1) 
 
 

BMI, mean (SD)  27.7 (7.3) 27.9 (5.0) 28.5 (14.9) 
Participants with qualifications 
beyond GCSE, n (%)  

231 (30) 137 (27) 178 (31) 

Living circumstances, n (%)  
      Lives alone 
      Lives with partner/spouse 
      Lives with family 
      Lives in a care home  

 
345 (44.7) 
361 (46.8)  
62 (8.0)  
4 (0.5) 

 
240 (47.3) 
225 (44.4) 
38 (7.5) 
4 (0.8) 

 
244 (42.4) 
283 (49.1) 
48 (8.3) 
1 (0.2) 

Frailty measures   

eFI score, mean (SD)  
 

0.22 (0.12) 0.23 (0.13) 0.23 (0.11) 

eFI category a 

      Fit, n (%) 
      Mild frailty, n (%) 
      Moderate frailty, n (%) 
      Severe frailty, n (%) 

 
168 (22) 
291 (38) 
232 (30) 
81 (10) 
 

 
108 (21) 
169 (33) 
155 (31) 
75 (15) 

 
120 (21) 
205 (36) 
181 (31) 
70 (12) 

Fried score, mean (SD)  1.9 (1.3) 
 

1.8 (1.2) 
 

1.8 (1.3) 
 

Fried category b 

      Not frail, n (%) 
      Pre-frail, n (%) 
      Mild frailty, n (%) 
      Moderate frailty, n (%) 
      Severe frailty, n (%) 

 
122 (15.8) 
405 (52.5) 
157 (20.3) 
73 (9.5) 
15 (1.9) 

 
75 (14.8) 
273 (53.8) 
113 (22.3) 
39 (7.7) 
7 (1.4) 

 
87 (15.1) 
324 (56.3) 
100 (17.4) 
55 (9.5) 
10 (1.7) 

Edmonton Frail Scale, mean 
(SD) 
 

3.3 (2.4) 
 

3.5 (2.3) 
 

3.5 (2.4) 
 

Edmonton Frail Scale category c 

      Not frail, n (%)    
      Vulnerable, n (%) 
      Mild frailty, n (%) 
      Moderate frailty, n (%) 
      Severe frailty, n (%) 

 
631 (81.7) 
94 (12.2) 
29 (3.8) 
15 (1.9) 
3 (0.4)  

 
413 (81.5) 
55 (10.8) 
34 (6.7) 
5 (1.0) 
0 (0) 

 
465 (80.7) 
72 (12.5) 
26 (4.5) 
11 (1.9) 
2 (0.3) 

Anticholinergic burden 
measures  

 

Total ACB score, median (IQR) 1 (2) 1 (3) 1 (3) 
Total ACB score < 3, n (%) 594 (76.9) 371 (73.2) 428 (74.3) 
Total ACB score �•���������Q�������� 178 (23.1) 136 (26.8) 148 (25.7) 
Total ACB score �•���������Q�������� 18 (2.3) 17 (3.4) 16 (2.8) 
Total ACB score range (min-max) (0-12) (0-10) (0-10) 
No. of ACB scale medicines 
exposed to, median (IQR) 

1 (2) 1 (2) 1 (2) 

Exposed to anticholinergics, n (%) 553 (72) 373 (74) 422 (73) 
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�(�[�S�R�V�H�G���W�R�« 
      ACB1 drugs, n (%) 
      ACB2 drugs, n (%) 
      ACB3 drugs, n (%) 

 
526 (68) 
13 (2) 
86 (11) 

 
350 (69) 
11 (2) 
68 (13) 

 
393 (68) 
14 (2) 
74 (13) 

Other medicine related variables   

Exposed t o: 
      Polypharmacy, n (%)  
      Hyperpolypharmacy, n (%) 

 
353 (46) 
59 (8) 

 
261 (52) 
52 (10) 

 
273 (47) 
47 (8) 

Exposed t o: 
      Antiepileptics, n (%) 
      Antineuropathics, n (%) 
      Antihistamines, n (%) 
      Antidepressants, n (%) 
      Antipsychotics, n (%) 
      Opiates, n (%)  
      Benzodiazepines, n (%) 
      Hypnotics (z-drugs), n (%)  

 
37 (5) 
7 (1) 
44 (6) 
48 (6) 
4 (1) 
223 (29) 
19 (3) 
7 (1) 

 
28 (6) 
4 (1) 
28 (6) 
37 (7) 
1 (0.2) 
165 (33) 
8 (2) 
2 (0.4) 

 
30 (5) 
6 (1.0) 
37 (6) 
41 (7) 
2 (0.4) 
164 (29) 
11 (2) 
5 (1) 

Clinical parameters   

MoCA score d, median (IQR)  26 (5) 26 (5) 26 (6) 
Impaired cognition: MoCA<26, n 
(%) 

362 (47) 243 (48) 238 (41) 

Barthel Index e, median (IQR) 20 (1) 20 (1) 20 (1) 
Barthel Index = 20, n (%) 514 (66.6) 329 (64.9) 390 (67.7) 
Barthel Index > 14, n (%) 750 (97.2) 496 (97.8) 565 (98.1) 
Barthel Index �” 14, n (%) 22 (2.8) 11 (2.2) 11 (1.9) 
EQ-5D-5L score f, median (IQR) 0.84 (0.27) 0.84 (0.27) 0.84 (0.27) 
Geriatric Depression Scale g, 
median (IQR) 

2 (3) 2 (2) 1 (2) 

Geriatric Depression Scale �”���������Q��
(%) 

697 (90.3) 463 (91.3) 541 (93.9) 

Geriatric Depression Scale > 5, n 
(%) 

75 (9.7) 44 (8.7) 35 (6.1) 

Geriatric Pain Measure h, median 
(IQR) 

15.0 (50.0) 15.0 (50.0) 13.8 (45.0) 

Geriatric Pain Measure: Mild pain 
(< 30), n (%) 

492 (63.7) 302 (59.6) 361 (62.7) 

Geriatric Pain Measure: Moderate 
pain (30-69), n (%) 

161 (20.9) 142 (28.0) 139 (24.1) 

Geriatric Pain Measure: Severe 
pain (�•70), n (%) 

119 (15.4) 63 (12.4) 76 (13.2) 

Comorbidities   

No. of comorbidities, mean (SD) 4.0 (2.3) 4.1 (2.3) 4.5 (2.3) 
Blind/partially sighted, n (%) 15 (2) 7 (1) 10 (2) 
Heart failure, n (%) 50 (7) 45 (9) 45 (8) 
Diabetes, n (%) 148 (19) 113 (22) 112 (19) 
�3�D�U�N�L�Q�V�R�Q�¶�V�����Q�������� 9 (1) 5 (1) 8 (1) 
Osteoarthritis, n (%)  294 (38) 204 (40) 242 (42) 
Cerebrovascular accident, n (%) 75 (10) 64 (13) 42 (7) 
Dementia, n (%) 4 (0.5) 8 (2) 4 (1) 
Cancer, n (%) 64 (8) 46 (9) 27 (5) 
 
ACB scale:  Anticholinergic Cognitive Burden scale, ACB1:  Medicines with ACB score of 1, 
BAME:   Black, Asian, or other minority ethnic background, BMI:  Body mass index, GCSE: 
General Certificate of Secondary Education, eFI: Electronic Frailty Index, EQ-5D-5L:  
EuroQol-5D-5L, hyperpolypharmacy:  defined as 10 or more medicines, MoCA:  Montreal 
Cognitive Assessment, polypharmacy:  defined as 5 or more medicines. 
 
a eFI category: FI scores of 0�±0.12 = fit; >0.12�±0.24 = mild frailty; >0.24�±0.36 = moderate 
frailty; >0.36 = severe frailty. 
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The median MoCA score was 26 (IQR 5), with 410 (53%) considered to have 

good cognitive function (MoCA �•��26), and 362 (47%) cognitive impairment 

(MoCA < 26). Barthel Index had a median of 20 (IQR 1), with 514 (66.6%) 

participants having a score of 20 at baseline, highlighting overall good 

performance in daily functioning across the sample, and 22 (2.8%) had a score 

indicating impaired function of (�” 14). The median EQ-5D-5L score was 0.84 

(IQR 0.27). On average, participants were living with multimorbidity, with a 

mean of four comorbidities (SD 2.3). Diabetes was reported for 148 (19%) of 

participants, previous stroke reported for 75 (10%), osteoarthritis reported for 

294 (38%), cancer for 64 (8%), and dementia was reported for 4 (0.5%) at 

baseline.  

 

Polypharmacy was common amongst participants, with 353 (46%) exposed, 

and 59 (8%) exposed to hyperpolypharmacy. Anticholinergic medication 

exposure was also common, with 553 (72%) exposed to one or more 

anticholinergic medicines, with a median value of 1 (IQR 2). As for 

anticholinergic burden, the median ACB score was 1 (IQR 2), with a range of 0 

to 12. The majority of participants had a total ACB score of less than 3 (n=594, 

76.9%), and 178 (23.1%) had a score �•���������D�Q�G�����������������������K�D�G���D��score �•��������

Medicines with an ACB score of 2 and 3 were prescribed to 13 (2%) and 86 

(11%) participants respectively, and medicines with an ACB score of 1 

prescribed to 526 (68%). Ramipril was the most prescribed medicine with an 

ACB score of 1, reported for 380 (49.2%) of participants. The most prescribed 

anticholinergic medicine with an ACB score of 3 was amitriptyline, reported in 

121 (15.7%) participants. Within the medication classes of interest, opiates 

were the most prescribed class, with 223 (29%) participants taking such 

b Fried category: zero = not frail, 1-2 = pre-frail, 3 = mild frailty, 4 = moderate frailty, 5 = 
severe frailty 
c Edmonton Frail Scale category: 0-5 = not frail, 6-7 = vulnerable, 8-9 = mild frailty, 10-11 = 
moderate frailty, 12-17 = severe frailty  
d MoCA score is reported on a scale of 0-30, with higher scores indicating better cognitive 
performance 
e Barthel Index is reported on a scale of 0-20, with lower score indicating increased disability 
f EQ-5D-5L is reported on a scale of negatives values to 1, with 1 indicating perfect health, 0 
indicating death, and negative values indicating health status worse than death.  
g Geriatric Depression Scale (Short Form) is reported on a scale of 0-15. A score of 0 - 5 is 
considered normal. A score > 5 suggests depression. 
h Geriatric Pain Measure (12-item short form) is reported on an adjusted scale of 0-100. A 
score of <30 indicates mild pain, 30-69 moderate pain, and �•70 severe pain.  
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medicines, and 48 (6%) were taking antidepressants. The most prescribed 

individual anticholinergic medicines overall at baseline can be visualised in a 

bar chart in Figure 14, with the additional stratification by frailty, to see how 

frequencies vary across the frailty spectrum. The full breakdown of frequencies 

of anticholinergic medicines within CARE75+, stratified by frailty, can be found 

in Appendix 6.  

Figure 14: A bar chart to show the most prescribed anticholinergic medicines at baseline, 
with additional stratification by frailty status, to understand the frequency of prescribing 
across the frailty spectrum.  
 

The mean eFI score was 0.22 (SD 0.12) at baseline, representing a mildy frail 

sample on average, with 291 (38%) characterised with this status. Moderate 

and severe frailty was identified within 232 (30%) and 81 (10%) participants 

respectively, and 168 (22%) were considered non-frail. Although the eFI is 

reported to have strong convergent validity with other frailty measures, other 

measures reported lower prevalence of severe frailty compared to the eFI, with 

�)�U�L�H�G�¶�V���I�U�D�L�O�W�\���S�K�H�Q�R�W�\�S�H���U�H�S�R�U�W�L�Q�J�������������������������D�Q�G���W�K�H���(�)�6���U�H�S�R�U�W�L�Q�J��������������������

participants with this status.  
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8.4.3 Model specification 

This section reports the variables included in the full prediction models for each 

outcome, after considering all candidate predictors.  

 
8.4.3.1 MoCA models 

�7�K�H���Y�D�U�L�D�E�O�H�V���L�Q�F�O�X�G�H�G���L�Q���W�K�H���I�L�Q�D�O���µ�I�X�O�O���0�R�&�$���P�R�G�H�O�¶���Z�H�U�H: 

 

Total ACB score  + eFI + age + male sex + living circumstances + Geriatric 

Depression Score + dementia + qualifications beyond GCSE.  

 

The results of the examination process of all candidate predictors can be found 

in Tables 11a and 11b, which include univariate regression analyses, and 

deletion statistics using backward selection.  

 

Table 11a: Results of univariate regression analysis for each candidate 

predictor, predicting MoCA.  

 
MoCA - Univariate regression analysis  

Candidate 
predictors  
 

Unstandardised 
coefficient  

Standardised 
beta coefficient  

p 
value  

Standard 
error  

Adjusted 
R2 

eFI score -11.8 -0.28 <0.005 1.43 0.080 
Fried score -1.02 -0.27 <0.005 0.13 0.070 
Edmonton Frail 
Scale  

-0.92 -0.46 <0.005 0.07 0.206 

Total ACB score -0.49 -0.16 <0.005 0.11 0.024 
No. of ACB drugs -0.56 -0.14 <0.005 0.14 0.018 
Exposed to 
anticholinergics 

-0.90 -0.08 0.022 0.39 0.006 

Exposed to ACB1 
drugs 

-0.87 -0.08 0.023 0.38 0.005 

Exposed to ACB2 
drugs 

-0.94 -0.02 0.500 1.38 -0.001 

Exposed to ACB3 
drugs 

-1.92 -0.12 0.001 0.56 0.014 

Age  -0.22 -0.22 <0.005 0.04 0.047 
Male -0.54 -0.05 0.128 0.35 0.002 
No. of 
comorbidities 

-0.27 -0.12 0.001 0.08 0.014 

Dementia -10.34 -0.15 <0.005 2.44 0.022 
Living 
circumstances 

-0.27 -0.04 0.289 0.25 <0.001 

Qualifications 
beyond GCSE 

1.71 0.16 <0.005 0.38 0.024 

Geriatric 
Depression Scale 
score 

-0.53 -0.26 <0.005 0.07 0.068 

Barthel Index 0.39 0.15 <0.005 0.09 0.021 
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Geriatric pain 
measure 

-0.02 -0.10 0.005 0.01 0.009 

Antipsychotics -7.33 -0.11 0.003 2.46 0.010 
Antihistamines -1.15 -0.05 0.133 0.76 0.002 
Opioids -1.05 -0.10 0.007 0.39 0.008 

 

Table 11b: Deletion statistics after running backward variable selection for 

the MoCA outcome.  

 

MoCA - Deletion statistics  

Deleted 
candidate 
predictor  

Chi -
Sq d.f.  p 

Pooled 
residual   
chi -sq d.f.  p AIC R2 

Antipsychotics 0.01 1 0.907 0.01 1 0.907 -1.99 0.195 

Barthel Index 0.03 1 0.868 0.04 2 0.98 -3.96 0.195 

Opioids 0.23 1 0.634 0.27 3 0.966 -5.73 0.195 
Geriatric Pain 
Measure 0.53 1 0.467 0.8 4 0.939 -7.2 0.194 

Antihistamines 0.63 1 0.426 1.43 5 0.921 -8.57 0.193 
No. of 
comorbidities 0.66 1 0.415 2.1 6 0.911 -9.9 0.193 
Total ACB 
score 2.01 1 0.157 4.1 7 0.768 -9.9 0.191 
Living 
circumstances 9.67 3 0.022 13.77 10 0.184 -6.23 0.18 

Male 7.75 1 0.005 21.52 11 0.028 -0.48 0.172 

Age 11.61 1 <0.001 33.13 12 <0.001 9.13 0.16 

Dementia 15.5 1 <0.001 48.63 13 <0.001 22.63 0.143 
Geriatric 
Depression 
Score 26.23 1 <0.001 74.86 14 <0.001 46.86 0.115 
Qualifications 
beyond GCSE 31.92 1 <0.001 106.78 15 <0.001 76.78 0.081 

eFI 76.04 1 <0.001 182.82 16 <0.001 150.82 0.000 
Abbreviation - Chi-sq: chi-square, d.f: data frame, AIC: �$�N�D�L�N�H�¶�V���L�Q�I�R�U�P�D�W�L�R�Q���F�U�L�W�H�U�L�R�Q 
 

 

In predicting MoCA, every one-unit increase in the Total ACB score was 

associated with a reduction in beta coefficient of -0.16 (p<0.005, SE 0.11, adj. 

R2 =0.024). The beta coefficient for the eFI was -0.28 (p<0.005, SE 1.43, adj. R2 

=0.080), which equates to a beta coefficient of -0.008 with each deficit increase 

on the 36-deficit scale. As can be seen in the deletion statistics (Table 11b) 

when exploring candidate predictors for the MoCA outcome, the eFI was ranked 

highest, highlighting its contribution if incorporated into a prediction model for 

this outcome. The Total ACB score was not ranked as high as the eFI for this 

outcome, but was ranked eighth out of fourteen candidates, performing slightly 

better than number of comorbidities, for example.  
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The cognitively impaired (MoCA <26) were slightly older compared to those with 

good cognitive function (83 vs 81, p<0.001), more likely to have higher eFI 

scores (0.25 vs 0.20, p<0.001), and exposed to higher Total ACB scores (1.9 vs 

1.4, p<0.001) and greater number of ACB medicines (1.5 vs 1.2, p<0.001. 

 

8.4.3.2 Barthel Index models 

�7�K�H���Y�D�U�L�D�E�O�H�V���L�Q�F�O�X�G�H�G���L�Q���W�K�H���I�L�Q�D�O���µ�I�X�O�O���%�D�U�W�K�H�O���,�Q�G�H�[���P�R�G�H�O�¶���Z�H�U�H�� 

 

Total ACB score + eFI  + age + living circumstances + blind/partially sighted + 

Geriatric Depression Score + EQ-5D-���/���V�F�R�U�H�������3�D�U�N�L�Q�V�R�Q�¶�V���G�L�V�H�D�V�H + 

antipsychotics + antiepileptics + hypnotics.  

 

The results of the examination process of all candidate predictors can be found 

in Tables 12a and 12b. 

 

Table 12a: Results of univariate regression analysis for each candidate 

predictor, predicting Barthel Index.  

 

Barthel Index - Univariate regression analysis  

Candidate 
predictors  

Unstandardised 
coefficient  

Standardised 
beta 
coefficient  

p 
value  

Standard 
error  

Adjusted 
R2 

eFI score -4.09 -0.25 <0.005 0.56 0.064 
Fried score -0.43 -0.29 <0.005 0.51 0.081 
Edmonton Frail 
Scale  

-0.31 -0.39 <0.005 0.03 0.153 

Total ACB score -0.20 -0.17 <0.005 0.04 0.028 
No. of ACB drugs -0.26 -0.17 <0.005 0.05 0.028 
Exposed to 
anticholinergics 

-0.31 -0.07 0.040 0.15 0.004 

Exposed to ACB1 
drugs 

-0.35 -0.09 0.018 0.15 0.006 

Exposed to ACB2 
drugs 

0.29 0.02 0.583 0.53 <-0.001 

Exposed to ACB3 
drugs 

-0.54 -0.09 0.014 0.22 0.007 

Age -0.07 -0.18 <0.005 0.01 0.029 
Male 0.39 0.10 0.004 0.14 0.009 
EQ5D score 5.01 0.51 <0.005 0.30 0.262 
MoCA score 0.06 0.15 <0.005 0.01 0.021 
Heart failure -0.16 -0.02 0.556 0.28 <-0.001 
Diabetes -0.28 -0.06 0.106 0.17 0.002 
�3�D�U�N�L�Q�V�R�Q�¶�V 0.05 0.003 0.939 0.64 -0.001 
Osteoarthritis -0.39 -0.10 0.006 0.14 0.009 
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Cerebrovascular 
accident 

-0.50 -0.08 0.030 0.23 0.005 

Geriatric 
depression score 

-0.27 -0.35 <0.005 0.03 0.119 

Geriatric pain 
measure 

-0.02 -0.32 <0.005 <0.01 0.101 

No. of 
comorbidities 

-0.15 -0.17 <0.005 0.03 0.029 

Living 
circumstances 

-0.14 -0.05 0.164 0.10 0.001 

Blind or partially 
sighted 

-1.54 -0.11 0.002 0.49 0.011 

Antiepileptics -1.54 -0.17 <0.005 0.32 0.029 
Antineuropathics  -0.18 -0.01 0.809 0.72 -0.001 
Opioids -0.61 -0.15 <0.005 0.15 0.020 
Antipsychotics -5.45 -0.21 <0.005 0.93 0.041 
Benzodiazepines -1.96 -0.16 <0.005 0.44 0.024 
Hypnotics  -3.06 -0.15 <0.005 0.72 0.022 
Antidepressants -0.30 -0.04 0.297 0.28 <0.001 

 

Table 12b: Deletion statistics after running backward variable selection for 

the Barthel Index outcome.  

 

 
Barthel Index - Deletion statistics  

Deleted 
candidate 
predictors  

Chi -
Sq d.f.  p 

Pooled 
residual  
chi -sq d.f.  p AIC R2 

No. of 
comorbidities 0.01 1 0.935 0.01 1 0.935 -1.99 0.346 

MoCA  0.01 1 0.935 0.01 2 0.993 -3.99 0.346 

Antineuropathics 0.01 1 0.913 0.03 3 0.999 -5.97 0.346 

Osteoarthritis 0.20 1 0.652 0.23 4 0.994 -7.77 0.346 

Diabetes 0.30 1 0.586 0.52 5 0.991 -9.48 0.346 
Cerebrovascular 
accident 0.51 1 0.473 1.04 6 0.984 -10.96 0.345 

Parkinson's 0.52 1 0.469 1.56 7 0.980 -12.44 0.345 

Opioids 0.99 1 0.319 2.56 8 0.959 -13.44 0.344 

Total ACB score 0.76 1 0.384 3.31 9 0.951 -14.69 0.343 

Heart Failure 0.81 1 0.369 4.12 10 0.942 -15.88 0.342 
Geriatric Pain 
Measure 1.50 1 0.220 5.63 11 0.897 -16.37 0.341 

Male 1.55 1 0.212 7.18 12 0.845 -16.82 0.340 

Benzodiazepines 2.05 1 0.152 9.23 13 0.755 -16.77 0.338 
Living 
Circumstances 6.74 3 0.081 15.98 16 0.455 -16.02 0.332 

Age 2.94 1 0.087 18.91 17 0.334 -15.09 0.329 

Antidepressants 3.31 1 0.069 22.22 18 0.222 -13.78 0.327 
Geriatric 
Depression Score 4.63 1 0.032 26.85 19 0.108 -11.15 0.323 
Blind/partially 
sighted 5.58 1 0.018 32.43 20 0.039 -7.57 0.318 

Antiepileptics 8.29 1 0.004 40.71 21 0.006 -1.29 0.310 

eFI 12.8 1 <0.001 53.51 22 <0.001 9.51 0.299 
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Hypnotics 15.00 1 <0.001 68.51 23 <0.001 22.51 0.286 

Antipsychotics 26.19 1 <0.001 94.7 24 <0.001 46.70 0.263 

EQ-5D-5L 300.09 1 <0.001 394.8 25 <0.001 344.80 0 
Abbreviation  - Chi-sq: chi-�V�T�X�D�U�H�����G���I�����G�D�W�D���I�U�D�P�H�����$�,�&�����$�N�D�L�N�H�¶�V���L�Q�I�R�U�P�D�W�L�R�Q���F�U�L�W�H�U�L�R�Q 
 

 

In predicting Barthel Index, every one-unit increase in the total ACB score was 

associated with a reduction in beta coefficient of -0.17 (p<0.005, SE 0.064, adj. 

R2 =0.028). The beta coefficient for the eFI was -0.25 (p<0.005, SE 0.56, adj. R2 

=0.080), which equates to a beta coefficient of -0.007 with each deficit increase 

on the 36-deficit scale. As can be seen in the deletion statistics (Table 12b) 

when exploring candidate predictors for the Barthel Index outcome, the eFI was 

ranked the fourth highest performing candidate, whereas Total ACB score was 

fifteenth out of twenty-three candidates. Therefore, the eFI had greater 

contribution to predictive performance than Total ACB score in this deletion 

statistics analysis. However, the binary drug variable �µantipsychotics�¶, which are 

often anticholinergic in nature, was ranked second, after EQ-5D-5L.  

 
8.4.3.3 EQ-5D-5L models 

�7�K�H���Y�D�U�L�D�E�O�H�V���L�Q�F�O�X�G�H�G���L�Q���W�K�H���I�L�Q�D�O���µ�I�X�O�O���(�4-5D-���/���P�R�G�H�O�¶���Z�H�U�H�� 

 

Total ACB score  + eFI + age + the number of comorbidities + blind/partially 

sighted + qualifications beyond GCSE + Geriatric Depression Score + Geriatric 

Pain Measure + Barthel Index + osteoarthritis.  

 

The results of the examination process of all candidate predictors can be found 

in Tables 13a and 13b.  

 

Table 13a: Results of univariate regression analysis for each candidate 

predictor, predicting EQ -5D-5L.  

EQ-5D-5L - Univariate regression analysis  

Candidate 
predictors  

Unstandardised 
coefficient  

Standardised 
beta coefficient  

p 
value  

Standard 
error  

Adjusted 
R2 

eFI score -0.47 -0.28 <0.005 0.06 0.080 
Fried score -0.07 -0.47 <0.005 <0.01 0.223 
Edmonton Frail 
Scale  

-0.04  -0.50 <0.005 <0.01 0.250 

Total ACB score -0.03 -0.27 <0.005 <0.01 0.071 
No. of ACB drugs -0.04 -0.27 <0.005 <0.01 0.071 
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Exposed to 
anticholinergics 

-0.06 -0.13 <0.005 0.02 0.016 

Exposed to ACB1 
drugs 

-0.06 -0.14 <0.005 0.02 0.018 

Exposed to ACB2 
drugs 

0.08 0.05 0.168 0.05 0.001 

Exposed to ACB3 
drugs 

-0.09 -0.15 <0.005 0.02 0.022 

Age <-0.01 -0.18 <0.005 <0.01 0.033 
No. of 
comorbidities 

-0.02 -0.27 <0.005 <0.01 0.069 

Blind or partially 
sighted 

-0.11 -0.08 0.024 0.05 0.005 

Qualifications 
beyond GCSE 

0.05 0.12 <0.005 0.02 0.005 

Geriatric 
depression score 

-0.04 -0.50 <0.005 <0.01 0.252 

Barthel Index 0.05 0.51 <0.005 <0.01 0.262 
Geriatric Pain 
Measure 

<-0.01 -0.63 <0.005 <0.01 0.395 

Osteoarthritis  -0.10 -0.25 <0.005 0.01 0.059 
�3�D�U�N�L�Q�V�R�Q�¶�V -0.07 -0.04 0.291 0.07 <0.001 
Cancer  0.04 0.06 0.125 0.03 0.002 
Antipsychotics -0.29 -0.11 0.003 0.10 0.010 
Antidepressants -0.12 -0.15 <0.005 0.03 0.023 

 

 

Table 13b: Deletion statistics after running backward variable selection for 

the EQ-5D-5L outcome.  

EQ-5D-5L �± Deletion statistics  

Deleted 
candidate 
predictors  

Chi -
Sq d.f.  p 

Pooled 
residual  
chi -sq d.f.  p AIC R2 

Antipsychotics 0.10 1 0.752 0.1 1 0.752 -1.90 0.568 
Blind/partially 
sighted 0.11 1 0.740 0.21 2 0.900 -3.79 0.568 

Parkinson's 0.39 1 0.534 0.6 3 0.897 -5.40 0.568 

Cancer 0.58 1 0.447 1.18 4 0.882 -6.82 0.568 

eFI 0.56 1 0.453 1.74 5 0.884 -8.26 0.567 

Total ACB score 0.50 1 0.479 2.24 6 0.896 -9.76 0.567 
No. of 
comorbidities 1.28 1 0.258 3.52 7 0.833 -10.48 0.566 

Antidepressants 2.60 1 0.107 6.12 8 0.634 -9.88 0.565 

Age 2.68 1 0.101 8.8 9 0.456 -9.20 0.563 
Qualifications 
beyond GCSE 4.64 1 0.031 13.44 10 0.200 -6.56 0.561 

Osteoarthritis 16.69 1 <0.001 30.13 11 0.002 8.13 0.551 
Geriatric 
Depression 
Score 82.61 1 <0.001 112.74 12 <0.001 88.74 0.504 

Barthel Index 189.5 1 <0.001 302.24 13 <0.001 276.24 0.396 
Geriatric Pain 
Measure 694.99 1 <0.001 997.23 14 <0.001 969.23 0 

Abbreviation - Chi-sq: chi-�V�T�X�D�U�H�����G���I�����G�D�W�D���I�U�D�P�H�����$�,�&�����$�N�D�L�N�H�¶�V���L�Q�I�R�U�P�D�W�L�R�Q���F�U�L�W�H�U�L�R�Q 



188 
 

 

In predicting EQ-5D-5L, every one-unit increase in the total ACB score was 

associated with a reduction in beta coefficient of -0.27 (p<0.005, SE <0.01, adj. 

R2 =0.071). The beta coefficient for the eFI was -0.28 (p<0.005, SE 0.06, adj. R2 

=0.080), equating to a beta coefficient of -0.008 with each deficit increase on 

the 36-deficit scale. As can be seen in the deletion statistics (Table 13b) when 

exploring candidate predictors for the EQ-5D-5L outcome, the Total ACB score 

and eFI were ranked less favourably, ranked ninth and tenth respectively, out of 

fourteen candidates. Both measures had modest contribution to predictive 

performance for this outcome specifically. The binary drug variable 

�µantidepressants�¶ performed slightly better, ranked seventh, which can represent 

some anticholinergic medicines also.  

 

8.4.4 Model performance 

In this section, the performance measures of the prediction models for each 

outcome are presented using baseline data, and then using six and twelve 

month follow up data. For each outcome, the full models (as reported in the 

previous three sections) were put through best subset modelling, to identify the 

best performing subset of the full models, where the following criteria were 

observed: 

 
�x Overall best subset (regardless of whether Total ACB score and eFI 

were included). 

�x Best subset where both the Total ACB score and eFI were forced in.   

�x Best subset where only Total ACB score was forced in, and eFI forced 

out.  

�x Best subset where only the eFI was forced in, and total ACB score forced 

out.  

�x Best subset where both the Total ACB score and eFI were forced out.  

 

The performance measures for each model specification can be found in Table 

14.  
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Table 14 �± Performance measures for each model, at each time -point, for each outcome.  
 

Baseline  
(DF1) 

Model development & internal validation  

6 months  
(DF2) 

 

12 months  
(DF3) 

 
 

Adj R2  RMSE +/- adj R 2 

from age 
only model  

Adj R2  RMSE +/- adj R 2 

from age 
only model  

Adj R2  RMSE +/- adj R 2 

from age 
only model  

Models predicting cognition (MoCA)  
 
Full model: ACBsum (Total ACB score) + eFI + age + male + Geriatric Depression Score + dementia + qualifications beyond GCSE + living circumstances 
Age only model 
(baseline)  

0.0431 4.801 - 0.080 4.412 - 0.057 4.442 - 

Overall best subset  
Model 2 
eFI + male + age + 
dementia + living 
circumstances + 
qualifications beyond 
GCSE + Geriatric 
Depression Score 

0.16706 
 

4.501 
 

0.124  0.249 4.002 0.169 0.176 4.150 0.119 

Best subset including 
both ACBsum and eFI  
Model 1 
ACBsum + eFI + male + 
age + dementia + living 
circumstances + 
qualifications beyond 
GCSE + Geriatric 
Depression Score 

0.16476 
 

4.499 
 

0.122 0.242 4.023 0.162 0.175 4.155 0.118 
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Best subset including 
ACBsum only  
Model 3  
ACBsum + male + age 
+ dementia + living 
circumstances + 
qualifications beyond 
GCSE + Geriatric 
Depression Score 

0.14567 
 

4.573 
 

0.103 0.204 4.118 0.124 0.154 
 
 
 
 

4.201 0.097 

Best subset including 
eFI only  
Model 2 
eFI + male + age + 
dementia + living 
circumstances + 
qualifications beyond 
GCSE + Geriatric 
Depression Score 

0.16706 
 

4.501 
 

0.124 0.249 4.002 0.169 0.176 4.150 0.119 

Best subset excluding 
ACBsum and  
eFI 
Model 4 
Male + age + dementia 
+ living circumstances + 
qualifications beyond 
GCSE + Geriatric 
Depression Score 

0.14492 
 

4.537 
 

0.102 0.210 4.098 0.130 0.151 4.203 0.094 

Models predicting Barthel Index  
 
Full model: ACBsum (Total ACB score) + eFI + age + EQ-5D-5L + blind/partially sighted + antipsychotics + hypnotics + antiepileptics + living circumstances + 
�*�H�U�L�D�W�U�L�F���'�H�S�U�H�V�V�L�R�Q���6�F�R�U�H�������3�D�U�N�L�Q�V�R�Q�¶�V 
 
 

Adj R2  RMSE +/- adj R 2 

from age 
only model  

Adj R2  RMSE +/- adj R 2 

from age 
only model  

Adj R2  RMSE +/- adj R 2 

from age 
only model  

Age only model 
(baseline)  

0.0261 1.870 - 0.048 1.654 - 0.038 1.484 - 
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Overall best subset  
Model 298 
eFI + EQ-5D-5L + 
antipsychotics + 
antiepileptics + age + 
Geriatric Depression 
�6�F�R�U�H�������3�D�U�N�L�Q�V�R�Q�¶�V 

0.34858 
 

1.439 0.322 0.349 1.366 0.301 0.170 1.407 0.132 

Best subset including 
both ACBsum and eFI  
Model 417 
ACBsum + eFI + EQ-
5D-5L + blind/partially 
sighted + antipsychotics 
+ antiepileptics + 
Geriatric Depression 
�6�F�R�U�H�������3�D�U�N�L�Q�V�R�Q�¶�V 

0.34577 
 

1.435 
 

0.320 0.340 1.377 0.292 0.180 1.395 0.142 

Best subset including 
ACBsum only  
Model 1323 
ACBsum + EQ-5D-5L + 
antipsychotics + 
antiepileptics + age + 
Geriatric Depression 
Score 

0.34322 
 

1.438 
 

0.317 0.335 1.382 0.287 0.159 1.418 0.121 

Best subset including 
eFI only  
Model 298 
eFI + EQ-5D-5L + 
antipsychotics + 
antiepileptics + age + 
Geriatric Depression 
�6�F�R�U�H�������3�D�U�N�L�Q�V�R�Q�¶�V 

0.34858 
 

1.439 0.322 0.349 1.366 0.301 0.170 1.407 0.132 

Best subset excluding 
ACBsum and  
eFI 
Model 1068 

0.34567 
 

1.441 
 

0.320 0.332 1.385 0.284 0.157 1.424 0.119 
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EQ-5D-5L + 
antipsychotics + 
antiepileptics + age + 
living circumstances + 
Geriatric Depression 
Score 
Models predicting quality of life (EQ -5D-5L) 
 
Full model: ACBsum (Total ACB score) + eFI + age + no. of comorbidities + blind/partially sighted + qualifications beyond GCSE + Geriatric Depression Score + 
Barthel Index + Geriatric Pain Measure + osteoarthritis 
 
 

Adj R2  RMSE +/- adj R 2 

from age 
only model  

Adj R2  RMSE +/- adj R 2 

from age 
only model  

Adj R2  RMSE +/- adj R 2 

from age 
only model  

Age only model 
(baseline)  

0.030 0.191 - 0.028 0.187 - 0.020 0.180 - 

Overall best subset  
Model 50 
ACBsum + age + 
number of 
Comorbidities + 
Geriatric Depression 
Score + Barthel Index + 
Geriatric Pain Measure 
+ Osteoarthritis 

0.57389 
 

0.127 
 

0.544 0.540 0.129 0.512 0.514 0.126 0.494 

Best subset including 
both ACBsum and eFI  
Model 53 
ACBsum + eFI + 
number of comorbidities 
+ Geriatric Depression 
Score + Barthel Index + 
Geriatric Pain Measure 
+ Osteoarthritis 

0.57386 
 

0.126 
 

0.544 0.542 0.128 0.514 0.514 0.126 0.494 

Best subset including 
ACBsum only  
Model 50 

0.57389 
 

0.127 
 

0.544 0.540 0.129 0.512 0.514 0.126 0.494 
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ACBsum + age + 
number of comorbidities 
+ Geriatric Depression 
Score + Barthel Index + 
Geriatric Pain Measure 
+ Osteoarthritis 
Best subset including 
eFI only  
Model 19 
eFI + age + number of 
comorbidities + 
qualifications beyond 
GCSE + Geriatric 
Depression Score + 
Barthel Index + Geriatric 
Pain Measure + 
Osteoarthritis 

0.57127 
 

0.127 
 

0.541 0.538 0.129 0.510 0.510 0.127 0.490 

Best subset excluding 
ACBsum and  
eFI 
Model 44 
Age + blind/partially 
Sighted + Geriatric 
Depression Score + 
Barthel Index + Geriatric 
Pain Measure + 
Osteoarthritis 

0.57355 
 

0.127 
 

0.544 0.535 0.129 0.507 0.508 0.127 0.488 
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8.4.4.1 MoCA models 

The overall best performing MoCA model using baseline data was model 2, with 

an adjusted R2 value of 0.16706. MoCA is scored from zero to thirty, and the 

model achieved an RMSE value of 4.501. In this best subset analysis, the 

highest performing model excluded the Total ACB score predictor variable, but 

retained the eFI.  

 

The best performing model, where both Total ACB score and eFI predictors 

were forced in was model 1, with a marginal reduction in predictive performance 

(adj.R2 0.16476, RMSE 4.499), compared to model 2.  In the best performing 

model where the Total ACB score was forced in, and the eFI forced out (model 

3), there was a further drop in performance (adj.R2 0.14567, RMSE 4.573). The 

best performing model where the eFI was forced in, and Total ACB score forced 

out, was model 2; the best performing model overall. Finally, the best 

performing model where both Total ACB score and the eFI predictors were 

forced out was model 4, showing reduced performance compared to model 2 

(adj.R2 0.14492, RMSE 4.537).  

 

When considering all model specifications (n=256), from all possible subsets of 

the eight final predictors from the full model, the distribution of all adjusted R2 

values can be plotted. Figure 15 shows a violin plot, representing the 

distribution of R2 values where the measures of interest were forced in, or 

forced out, as previously described.  
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Figure 15 �± A violin plot showing the distribution of adjusted R 2 values from all MoCA 
model specifications, depending on whether Total ACB score or the eFI were included or 
not. The width of the violins represents  the frequency of the data points (e.g. the wider 
the violin, the larger the number of models represented).  
 

This violin plot visualises how models which forced in the eFI (blue), or forced in 

both the Total ACB score and the eFI (purple), had marginally improved 

performance overall, compared to models which excluded both measures (red), 

or where only the Total ACB score was forced in (green). The larger width of the 

violin plots (larger frequency of data points) where only the eFI was forced in 

(blue) and both measures forced in (purple) shows how these groups had more 

models with higher adjusted R2 values. This is compared to the groups 

containing models with neither measure of interest (red) and where only Total 

ACB score was forced in (green).  

 

As can be seen in the MoCA violin plots, more of the models which included the 

eFI, or both the Total ACB score and the eFI, achieved a higher adjusted R2 

overall. This can be highlighted by the widest part of the blue and purple violins 

MoCA: Distribution of adjusted R 2 values from all model specifications  
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at higher adjusted R2 levels, and therefore both measures can be considered to 

have some utility in improving predictive performance.  

 

In addition to analysing the best performing subsets, it was important to 

consider performances of models where the measures of interest were used 

alone, together, and with age and sex included. This would help indicate the 

performance of these predictors, without the inclusion of the other predictors 

included in the best subsets. Table 15 provides the performance metrics of 

these analyses. 

 
Table 15 �± Model performance (MoCA) where the measures of 

anticholinergic burden and frailty are used alone, togethe r, or in 

combination with age and sex (after bootstrapping n=200 repetitions).  

 

 

As evidenced in Table 15 above, the eFI is a more superior predictor than Total 

ACB score, with an adjusted R2 value of 0.0784 when used independently in the 

model, and only marginally increasing to 0.0798 with the addition of Total ACB 

score.  

 

The overall performance of the best performing MoCA models can be 

considered relatively low, as adjusted R2 levels were less than 0.25. Therefore, 

there was a large proportion of the variance unexplained by the included 

predictors. The measures of interest did offer enhancements in performance 

overall, but small improvements, which was also the case for the other included 

predictors. This is evidenced by only a small reduction in predictive 

performance when both measures were forced out of best performing models. 

When considering the utility of the Total ACB score and the eFI when predicting 

MoCA using CARE75+ data, the measure of frailty contributed slightly more to 

the overall performance than the measure of anticholinergic burden.  

 

Predicting MoCA using baseline data (DF1)  

Model specification  Adjusted R 2 RMSE  
Total ACB score only 0.0209 4.862 
eFI only 0.0784 4.736 
Total ACB score + eFI 0.0798 4.706 
Total ACB score + eFI + age 0.0963 4.682 
Total ACB score + eFI + age + male 0.1023 4.687 
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Models performed slightly better when tested on six-month data, with the overall 

best performing model having an adjusted R2 value of 0.249, and a lower 

RMSE value of 4.002. Performance measures when tested on twelve-month 

data was more comparable with baseline data however, with the overall best 

performing model having an adjusted R2 value of 0.176, and a RMSE of 4.150.  

 

A calibration curve for the best performing MoCA model, using baseline data, 

can be found in Figure 16. 

 

 
 
Figure 16 - Calibration curve for the best performing MoCA model  (baseline data ).  
 
 
8.4.4.2 Barthel Index models 

The overall best performing Barthel Index model using baseline data was model 

298, with an adjusted R2 value of 0.34858. Barthel Index is scored on a 20-point 

scale, with higher scores indicating greater independence and performance in 

daily functioning. Model 298 achieved an RMSE of 1.439. In this best subset 

analysis, the highest performing model excluded the Total ACB score once 

again, but retained the eFI.  

 

The best performing model, where both Total ACB score and eFI predictors 

were forced in was model 417, with almost identical performance (adj.R2 

Calibration curve for the  best performing MoCA model  
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0.34577, RMSE 1.435). In the best performing model where the Total ACB 

score was forced in, and the eFI forced out (model 1323), performance 

marginally reduced (adj.R2 0.34322, RMSE 1.438). The best performing model 

where the eFI was forced in, and Total ACB score forced out, was model 298 

(adj.R2 0.34858, RMSE 1.439), with no significant change to performance. 

Finally, the best performing model where both Total ACB score and the eFI 

predictors were forced out was model 1068, showing marginally reduced 

performance compared to the best performing model (adj.R2 0.34567, RMSE 

1.441).  

 
Considering all model specifications, from all possible subsets of the eleven 

final predictors from the full model (n=2048), violin plots have also been created 

for Barthel Index models, representing the distribution of R2 values where the 

measures of interest were forced in, or forced out (Figure 17). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 �± A violin plot showing the distribution of adjusted R 2 values from all Barthel 
Index model specifications, depending on whether Total ACB score or the eFI were 
included or not. The width of the violins represents  the frequency of  the data points (e.g. 
the wider the violin, the larger the number of models represented).  
 

Barthel Index: Distribution of adjusted R 2 values from all model specifications  
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As can be seen in the Barthel Index violin plots, there was no noticeable 

difference in distribution of adjusted R2 across all possible subsets, regardless 

of whether measures of anticholinergic burden were forced in, or forced out. 

This supports the earlier reported findings, that regardless of including or 

excluding these measures within the best performing subsets, there is almost 

no difference in predictive performance overall for this outcome. The 

performance of models where the measures of interest are used alone, 

together, or in combination with age and sex within models can be found in 

Table 16.  

 

Table 16 �± Model performance (Barthel Index) where the measures of 

anticholinergic burden and frailty are used alone, together, or in 

combination with age and sex (after bootstrapping n=200 repetitions).  

 

Predicting Barthel Index using baseline data 
(DF1) 

Model specification  Adjusted R 2 RMSE  
Total ACB score only 0.0244 1.866 
eFI only 0.0591 1.851 
Total ACB score + eFI 0.0653 1.846 
Total ACB score + eFI + age 0.0660 1.830 
Total ACB score + eFI + age + male 0.0780 1.832 

 

As evidenced in Table 16 above, the eFI is a more superior predictor than Total 

ACB score, with an adjusted R2 value of 0.0591 when used independently in the 

model, and only marginally increasing to 0.0653 with the addition of Total ACB 

score.  

 

The overall performance of the best performing Barthel Index model (adj.R2 

0.34858) can be considered better performing than the best MoCA model (adj, 

R2 0.16706). But similar to the MoCA models, a large proportion of the variance 

was still unexplained by the included predictors. The measures of interest did 

offer enhancements in performance when used independently in models, or 

with the addition of age and sex. However, in the best performing models 

identified through best subset analyses, there was no change in performance 

regardless of whether the Total ACB score, or the eFI, or both, were included or 

excluded. This highlights how in a multivariate prediction approach, there were 

other predictors in the best subsets which contributed more to the predictive 
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performance, and ultimately measures of anticholinergic burden and frailty did 

not make a significant difference. The eFI was retained in the best performing 

subset, but the difference between this model, and models excluding both 

measures of interest, was so insignificant that their contribution was not 

required to achieve a similar prediction. According to the deletion statistics after 

backward selection, the EQ-5D-5L, antipsychotics, and hypnotics predictors 

were ranked higher, and it is likely they contributed more to the predictive 

performance. 

 

The models performed similarly when tested on six-month follow-up data, 

however performance of models dropped when tested on twelve-month data 

(adj.R2 0.170, RMSE 1.407). A calibration curve for the best performing Barthel 

Index model, using baseline data, can be found in Figure 18. 

 

Figure 18 - Calibration curve for the best performing Barthel Index model  (baseline data ).  
 
8.4.4.3 EQ-5D-5L models  
 
The overall best performing EQ-5D-5L model using baseline data was model 

50, with an adjusted R2 value of 0.57389. EQ-5D-5L is scored on a scale from 

negative values, up to 1, with higher scores indicating greater health-related 

quality of life. Model 50 achieved an RMSE of 0.127. In this best subset 

analysis, the highest performing model retained the Total ACB score, but 

excluded the eFI.  

Calibration curve for the best performing Barthel Index  model  
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The best performing model, where both Total ACB score and eFI predictors 

were forced in was model 53, with marginally reduced, but almost identical 

performance (adj.R2 0.57386, RMSE 0.126). The best performing model where 

the Total ACB score was forced in, and the eFI forced out was model 50, 

reported above as the best performing model overall. The best performing 

model where the eFI was forced in, and Total ACB score forced out, was model 

19 (adj.R2 0.57127, RMSE 0.127), with a marginal drop but no significant 

change to performance. Finally, the best performing model where both Total 

ACB score and the eFI predictors were forced out was model 44, showing 

marginally reduced performance compared to the best performing model (adj.R2 

0.57355, RMSE 0.127). This model had better performance than model 19 

however, where the eFI was forced in.   

 
Considering all model specifications from all possible subsets of the ten final 

predictors from the full model (n=1024), violin plots have also been created for 

Barthel Index models, representing the distribution of R2 values where the 

measures of interest were forced in, or forced out (Figure 19). 

 

 

 

 

 
 
 
 

 

 
 

 

 

 

 

 
 
 
 
 

EQ-5D-5L: Distribution of adjusted R 2 values from all model specifications  
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Figure 19 �± A violin plot showing the distribution of adjusted R 2 values from all EQ -5D-5L 
model specifications, depending on whether Total ACB score or the eFI were included or 
not. The width of the violins represents  the frequency of the data points (e.g. the wider 
the violin, the larger the number of models represent ed).  
 

Similar to that of the Barthel Index violin plots, there was no noticeable 

difference in distribution of adjusted R2 across all possible subsets for the EQ-

5D-5L outcome. This was regardless of whether measures of anticholinergic 

burden were forced in, or forced out. This highlights how the measures of 

interest had minimal contribution towards the overall performance when 

incorporated into the best subset models, and that other included predictors 

were offering greater contribution. The performance of models where the 

measures of interest are used alone, together, or in combination with age and 

sex within models can be found in Table 17.  

 

Table 17 �± Model performance (EQ-5D-5L) where the measures of 

anticholinergic burden and frailty are used alone, together, or in 

combination with age and sex (after bootstrapping n=200 repetitions).  

Predicting EQ -5D-5L using baseline data (DF1)  

Model specification  Adjusted R 2 RMSE  
Total ACB score only 0.0697 0.189 
eFI only 0.0762 0.187 
Total ACB score + eFI 0.1133 0.183 
Total ACB score + eFI + age 0.1173 0.182 
Total ACB score + eFI + age + male 0.1278 0.182 

 

As evidenced in Table 17 above, when considering the measures of interest 

alone within a model, the eFI is a more superior predictor than Total ACB score, 

with an adjusted R2 value of 0.0762. The performance increases significantly to 

0.1133 when Total ACB score is added to the eFI however, highlighting their 

individual contribution to these models.  

 

Overall, the best performing EQ-5D-5L models were the highest performing out 

of all the three outcomes studied, with the best subset achieving an adjusted R2 

value of 0.57389. These models can be considered to have moderate 

performance. Measures of anticholinergic burden and frailty did offer some 

enhancements to the predictive performance, as seen in Table 17 when used 

independently without the wide variety of predictors included. Furthermore, the 

Total ACB score was retained in the best subset model, highlighting its 
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contribution to the performance. However, similar to the Barthel Index models, 

there was no change in performance regardless of whether the Total ACB 

score, or the eFI, or both, were included or excluded from the best subset 

models. This highlights that within the best subset models, predictors other than 

the measures of interest had greater contribution to the overall performance 

when predicting health-related quality of life.  

 

According to the deletion statistics after backward selection, the variables 

representing the Geriatric Pain Measure, Barthel Index, Geriatric Depression 

Score, and osteoarthritis, were ranked higher. It is likely they contributed more 

to the predictive performance than Total ACB score, and the eFI, and could 

explain how the addition of these measures made no difference to the overall 

performance within the best subsets.  

 

The best performing model performed consistently when tested on data from 

the other two time points, but dropped in performance slightly using twelve-

months follow up data (adj.R2 0.514, RMSE 0.126).  

 

A calibration curve for the best performing EQ-5D-5L model, using baseline 

data, can be visualised in Figure 20. 

 

Figure 20 - Calibration curve for the best performing EQ -5D-5L model  (baseline data ). 

(QOL represents health -related quality of life)  

Calibration curve for the best performing EQ-5D-5L model  
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8.5 Discussion  

This study was novel in exploring the predictive utility of anticholinergic burden 

and frailty measures within models predicting important outcomes for older 

people. In particular, this study focused on answering a key research question 

for this programme of research; do measures of anticholinergic burden and 

frailty improve model performance predicting cognition, functional ability, and 

health-related quality of life? This study fulfilled the aims and objectives, and 

answered this research question using a prediction modelling approach using 

the CARE75+ dataset. This study was integral to the �µ�L�G�H�D�W�L�R�Q���D�Q�G���F�R�Q�F�H�S�W��

�H�[�S�O�R�U�D�W�L�R�Q�¶���D�Q�G���µ�I�H�D�V�L�E�L�O�L�W�\���D�V�V�H�V�V�P�H�Q�W�¶���V�W�D�J�H�V, towards the future development 

of a case-finding tool.  

 

This study had a major emphasis on the predictive performance of models 

inclusive of the measures of interest, to help determine their feasibility within 

future prediction models in clinical settings. This is opposed to determining the 

association between the measures of interest and clinical outcomes, within the 

paradigm of causal analysis, which has typically been the approach within 

anticholinergic burden research to date 37, 39, 45. Such measures have never 

been incorporated into risk prediction tools implemented within primary care IT 

systems, to support medicines optimisation and risk stratification of patients. 

Therefore, this was an important study into an unexplored area, as a step 

towards future tool development, to facilitate the reduction of anticholinergic 

burden for frail older people. 

 

This study indicated that although measures of anticholinergic burden and frailty 

had some utility as predictors of the three outcomes, and could account for 

some of the variance within models, their relative contribution to the best subset 

models were minimal. The inclusion of the measures within models predicting 

MoCA slightly enhanced the performance, with marginally improved adjusted R2 

values, and lower RMSE values. Although some enhancements were evident, 

this was only a small improvement, and likely not to be a clinically significant 

improvement which could support decision making. For best subset models 

predicting Barthel Index and EQ-5D-5L however, inclusion of measures of 

anticholinergic burden and frailty did not enhance the predictive performance.  
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The overall performance of the best subset MoCA model was modest (adj.R2  

0.16706), therefore a significant proportion of the variance was still unexplained 

by the included predictors. Furthermore, the best performing MoCA model 

retained the eFI, but excluded the Total ACB score, as this did not improve the 

adjusted R2 value for the model overall. Regardless of forcing in, or forcing out 

the measures of anticholinergic burden and frailty in best subset models 

predicting Barthel Index and EQ-5D-5L however, these measures did not 

enhance the performance. This raises important questions around the true 

predictive utility of measures of anticholinergic burden and frailty in predicting 

such outcomes, based on data from CARE75+ alone. The evidence overall 

suggests that the measures had marginal utility in improving predictions of 

cognition, but not so much when predicting daily functioning, or health-related 

quality of life.  

 

Although understanding the contribution of anticholinergic burden and frailty 

measures within best-subset models is important, it can also be argued that it is 

not the absolute indication of their individual utility within models. To explore 

holistically the utility of the measures in predicting each outcome, it is important 

also to discuss other aspects. These include findings from univariate analyses, 

the ranking of the measures after backward selection, and the performance of 

the models where the measures of interest are used alone in models.  

 

As for univariate analyses for each outcome, the measures of interest were all 

identified as having some predictive utility when assessed independently. With 

each one-unit increase in either the Total ACB score, or the eFI, the univariate 

regression models predicted a decline in MoCA, Barthel Index, and EQ-5D-5L 

score, representing worsening function. Although this highlights some of their 

predictive utility, the researcher acknowledges that univariate analyses and the 

interpretation of coefficients from this method are not sufficient enough to make 

a judgement on their overall utility. This is because the presence of other 

predictors within multivariate models has a significant influence on the 

coefficients of each predictor, including the measures of interest. Nevertheless, 

it is a useful finding that both measures inidcated predictive utility in univariate 

analyses, for each outcome.  



206 
 

 

As for the deletion statistics using backward selection, the eFI was ranked 

highly as a candidate predictor in the model specification processes for MoCA 

and Barthel Index, but less so for EQ-5D-5L. This highlights �W�K�H���H�)�,�¶�V���X�W�L�O�L�W�\���D�V���D��

predictor. The Total ACB score was not ranked as highly as the eFI for the three 

outcomes in the deletion statistics, and was considered a middle ranking 

predictor. There were other predictors which were ranked lower than the Total 

ACB score however for each outcome, highlighting how this predictor had more 

utility than some other predictors. For the EQ-5D-5L outcome, Total ACB score 

was indeed ranked higher than the eFI in deletion statistics, however both were 

ranked poorly, relative to other predictors. Deletion statistics were able to give 

some insight in to the predictive utility of the measures of interest, with the eFI 

appearing to be higher ranked as a predictor than the Total ACB score overall.  

 

As for the predictive performance of the Total ACB score when used alone 

within models predicting MoCA, Barthel Index and EQ-5D-5L, the models 

achieved adjusted R2 values of 0.0209, 0.0244, and 0.0697 respectively. This 

highlights modest contributions to the predictions, albeit a contribution, 

nonetheless. As for the performance of the eFI when used alone to predict 

MoCA, Barthel Index, and EQ-5D-5L, the models achieved R2 values of 0.0784, 

0.0591 and 0.0762 respectively. This highlights the contribution the eFI has to 

these predictions, and how it had slightly greater utility as a predictor than the 

Total ACB score. When combining these two measures, as the only predictors 

within the models, the performance was enhanced further slightly for each 

outcome. This could support the argument that is it feasible to include both the 

Total ACB score and eFI within the same model, to improve performances.  

 

These findings from univariate analyses, the deletion statistics from backward 

selection, and the assessment of predictive performance when the measures 

were used alone within models, highlight that the measures can contribute to 

the performance of models to some degree. This indicates they have the 

potential to be considered useful predictors of each outcome. However, when 

considering the role of the measures as predictors within the best subset 

models, it is important to discuss why their contribution within MoCA models 

may have been minimal, and arguably non-existent for Barthel Index and EQ-
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5D-5L models. It is important to also consider why the best subsets approach 

was used.  

 

8.5.1 Performance of the measures within best subset models  

The best subsets method was applied by the researcher as a purely data-driven 

approach; an exploratory approach attempting to identify which combinations of 

the predictors from the full model performed the highest for each outcome. 

Therefore, in each identified best subsets model, each predictor was selected 

by automated processes, retaining the highest performing individual predictors, 

whilst in combination with other predictors. In exploring the individual predictive 

utility of the Total ACB score and eFI amongst the highest performing models, 

the researcher considered the best subsets approach to be an endeavour to 

represent their true contribution as closely as possible, recognising that this was 

limited by the availability of data within the CARE75+ dataset. In the presence 

of a selection of the highest performing predictors, this could potentially explain 

why including the Total ACB score and the eFI may not have led to significant 

model enhancements, with the models already represented by higher 

performing predictors of the outcomes.  

 

Other predictors within the best subsets models may have outperformed the 

Total ACB score and eFI, accounting for more of the variance, and therefore the 

measures of interest could not offer any further improvements in performance. 

This could be seen with models predicting health-related quality of life, for 

example, with the best performing model achieving reasonably good 

performance with an adjusted R2 of 0.57389 (RMSE 0.127), and the best subset 

which excluded both measures having an adjusted R2 of 0.57355 (RMSE 

0.127). Performance was almost identical between the two models, with 

marginally different adjusted R2 values, but the same RMSE. Importantly, as the 

best subset without the measures of interest still performed almost identically, 

this highlighted that the other included predictors were providing more 

substantial contributions to the performance. The best subset model overall did 

however retain the Total ACB score, improving the model marginally, but such 

improvements were too small to suggest they had good utility.  
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Inspecting the best subset EQ-5D-5L models in further detail where the 

measures of interest were forced out, the other predictors retained were; age, 

blind/partially sighted, Geriatric Depression Score, Barthel Index, Geriatric Pain 

Measure, and osteoarthritis. As the models were predicting health-related 

quality of life, as measured by the EQ-5D-5L on the full continuous scale, this 

measure therefore did not necessarily represent decline, or lower quality of life. 

Therefore, it is important to consider the included variables as predictors across 

the whole EQ-5D-5L scale. It is plausible that predictors such as Geriatric 

Depression Score, the presence (or absence) of osteoarthritis, and the Barthel 

Index could have implications for quality of life scores, and could potentially 

have more of a direct influence on this than the eFI, or Total ACB score. Studies 

have identified depression scores, Barthel Index and osteoarthritis as predictors 

of quality of life 484-486, and therefore could help explain why they may have 

been retained by the best subset model. Such predictors could have offered 

greater contribution to the predictive performance than the measures of interest, 

and therefore could explain why forcing in, or out the Total ACB score and the 

eFI did not make any difference to performances, essentially deeming them 

redundant. But one must consider other reasons why measures of 

anticholinergic burden and frailty did not appear to offer meaningful 

contributions to performance of best subset models.  

 

8.5.2 Implications of collinearity 

Collinearity between the measures of interest and other predictors within the 

models could have occurred, having implications for interpreting the individual 

predictive utility of the Total ACB score and eFI. Collinearity happens when 

predictors within a regression model are highly correlated to each other. In 

some sense, the collinear variables contain similar information about the 

dependent variable (outcome). Multicollinearity is where two or more predictors 

are highly linearly related 487. Considering the best subset models, the small 

additional contribution of Total ACB score and eFI may have partly arisen 

because variables already included in the model may have already captured the 

information that these measures could offer. Multicollinearity will affect the 

apparent predicted contribution of the second forced in predictor therefore, 

because a portion of the information contributed by its addition is already 

captured by the first variable. This could potentially explain why the predictive 
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utility of the measures of interest were so limited. As an example, in models 

predicting cognitive function, arguably the Geriatric Depression Score and the 

Total ACB score may have had collinearity. This is because whilst the Geriatric 

Depression Score represents some information around mental health, so too 

does the anticholinergic burden measure, as various medicines used in anxiety 

and depression are anticholinergic in nature. Both predictors could therefore 

represent some information relating to depression; which is considered a 

predictor of cognitive function 488, and therefore the collinearity may diminish the 

predictive utility of the Total ACB score when forced in to the model. 

Multicollinearity could also occur between Total ACB score and the dementia 

predictor, for example, as dementia is also associated with anticholinergic 

burden, as previously discussed 48. In predicting cognitive function, the 

dementia predictor potentially offers a greater contribution to predictive 

performance than the Total ACB score, and therefore the anticholinergic burden 

measure could become redundant.  

 

Whilst the effect of multicollinearity is not an issue for coefficient estimation for 

the overall model, or determining the overall predictive performance of the 

model, it presents challenges if the aim is to explore the individual contribution 

that each predictor makes to performance, to interpret their utility. 

Multicollinearity in this study should be considered a plausible reason to why 

measures of anticholinergic burden and frailty did not offer significant 

enhancements in predictive performance, when forced into models already 

containing the highest performing subset of predictors.  

 

8.5.3 Implications of Total ACB score and eFI as composite measures 

When considering these challenges, it is also important to recognise that both 

Total ACB score and the eFI are composite variables. These are variables 

made up of two or more variables, or measures, that combine into a single 

measure or score. The individual components of composite measures can be 

highly related to one another conceptually or statistically 489. As composite 

measures, both the Total ACB score and the eFI summarise multiple sources of 

information, which could further challenge the interpretation of their individual 

predictive utility. In the previous example, it was discussed how the two 

measures of interest have collinearity with other predictors included in the 
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model. It is also possible however that they could have collinearity which each 

other. As introduced in section 2.3.3, the eFI is made up of thirty-six deficits, 

representing a range of clinical information. Taking MoCA models as an 

example, the eFI contains a deficit which represents decline in cognition, and 

the Total ACB score could represent some information also regarding cognition, 

as anticholinergic burden is associated with cognitive decline also. Therefore, 

with both measures representing some information about cognition, this could 

potentially explain why both measures were not retained in the overall best 

subset model, and only the eFI was retained in MoCA models. This was also 

the case for the other outcomes, where only one measure was retained; either 

the eFI or Total ACB score, but never both, as one was arguably sufficient to 

capture the information. As the cognition deficit is only 1/36th of the overall eFI 

score, this could also explain how the eFI had some predictive utility in 

predicting MoCA, but only modestly improved the predictions.  

 

The eFI offers information about the deficits, and the Total ACB score offers 

information about anticholinergics, but as both composite measures are 

representing diverse information, there could be some further overlap between 

the two. Another example is how the eFI contains a polypharmacy deficit, if a 

patient is exposed to five or more medicines, which could overlap with the Total 

ACB score, in which the score can also be influenced by the number of 

medicines. If there is some overlap between the two measures, this raises the 

question whether both are required for future models, or whether one can be 

prioritised over the other. But this question cannot be answered from this study 

alone, as it is not possible to isolate the true contributing effect of Total ACB 

score �± only, or eFI �± only in a multivariate model, where each predictor 

contributes some information about the other.  

 

It is also important to consider why the eFI, as a composite measure, may have 

performed better as a predictor than Total ACB score in models predicting 

MoCA scores. One of the thirty-six eFI deficits represents �µ�F�R�J�Q�L�W�L�Y�H��

�L�P�S�D�L�U�P�H�Q�W�¶, and this therefore could potentially offer greater contribution to the 

performance, than an abstract measure of anticholinergic burden, for example.  
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Another major consideration for this discussion is that the representation of 

anticholinergic burden and frailty through composite measures may not be the 

most optimal approach for future prediction models. Other literature has also 

discussed the problems associated with the use of composite measures within 

studies, and issues that may arise when summarising various data into a single 

measure, or indicator 490, 491. Whilst composite measures might be able to offer 

some information for prediction, as evidenced in this study, they may not be as 

useful as including their individual components, when only those components 

are important for prediction�����)�R�U���H�[�D�P�S�O�H�����L�I���R�Q�O�\���W�K�H���µosteoarthritis�¶���F�R�P�S�R�Q�H�Q�W��

of the eFI is important for predicting quality-of-life scores, then perhaps the 

�µosteoarthritis�¶���Y�D�U�L�D�E�O�H���L�Q���W�K�H���&�$�5�(���������G�D�W�D�V�H�W���L�V���O�L�N�H�O�\���W�R���S�U�R�Y�L�G�H���P�R�U�H��

specifically-useful information to the prediction model than the eFI, in which it 

provides 1/36th �R�I���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q���F�R�Q�W�D�L�Q�H�G���L�Q���W�K�H���Y�D�U�L�D�E�O�H�����,�I���µosteoarthritis�¶���L�V��

already included in the model specification, then adding eFI is unlikely to 

contribute much to the predictive performance as a composite measure. Möller 

et al. supports this notion of isolating the individual components of the 

composite measure, after conducting a simulation study using the Charlson 

Comorbidity Index 491. The authors concluded that rather than using this index, 

�³�Ddjustment for each comorbidity as separate dichotomous covariates is the 

preferable adjustment strategy in samples of sufficient size as this mitigates 

both bias sources to the largest degree�  ́491. 

 

In essence, the eFI represents thirty-six health deficits, many of which may not 

necessarily be required, or useful, to the prediction, and could explain why the 

eFI had some, but very limited predictive utility. Therefore, unravelling the 

composite measures, and identifying the individual components which improve 

the predictive performance of models should be further explored, with a view to 

exploring these within models, rather than a composite measure. In terms of 

unravelling the anticholinergic burden composite measure, the specific 

anticholinergic medicines which offer greater predictive utility could be explored, 

rather than a total burden score, and explore this utility.  

 

Finally, it is also important to address how this study attempted to interpret the 

individual predictive utility of the measures of interest, but only within the 

constraints of the data available within the CARE75+ dataset. The performance 
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of the Total ACB score and eFI were assessed in the presence of other 

predictors identified within the best subsets, and arguably were outperformed by 

these other predictors collectively. Although assessments within these models 

were useful for exploratory purposes, some of the predictors included within 

best subsets are not freely available in routinely collected EHRs. This must be 

considered when interpreting the contribution of the measures of interest, with a 

view to including such measures as predictors within future prediction models 

utilising EHR data in primary care. CARE75+ was selected by the researcher as 

it offered rich geriatric data, to facilitate a rigorous exploration of useful 

predictors to predict the outcomes, and satisfy the aims of this study at this 

early stage of developing future tools. However, the researcher also 

acknowledged that the outcome variables (MoCA, Barthel Index and EQ-5D-5L) 

would not be available in primary care EHRs. Instead, cognitive function, daily 

functioning, and health-related quality of life are more likely to represented by 

READ codes within EHR data, and could be included in future models as binary 

variables. Similarly, the predictors within best subset models, such as Geriatric 

Depression Score, or Geriatric Pain Measure performed highly within models, 

yet are not routinely collected by clinicians, and therefore are not widely 

available within EHR data. Therefore, the interpretation of the utility of Total 

ACB score and eFI in this study is entirely in the context of CARE75+ data only, 

and cannot be fully generalised to other data sources. The limited utility of the 

measures of interest were highlighted in this study, but in another study with a 

different data source, such as primary care EHR, such predictors may perform 

differently. Possibly, by representing a wide variety of clinical information, the 

utility of anticholinergic burden and frailty measures may be enhanced in 

models where the data source cannot provide the richness of geriatric data that 

CARE75+ could provide.  

 

These factors discussed present challenges for the individual interpretation of 

the predictive utility of the measures of interest, but also highlights how their 

contribution should not be determined from this study alone. This study primarily 

took a data-driven approach to explore their utility. But, another important 

consideration for determining whether these measures could have utility in 

enhancing model performances are through non-data-driven approaches, and 

considering clinical intuition, underpinned by findings from other literature.  
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8.5.3 Anticholinergic burden and frailty as predictors within the literature 

Based on findings from other studies, one could assume that measures of 

anticholinergic burden and frailty would have utility in improving the 

performance of models predicting the outcomes chosen in this study. Therefore, 

it could be surprising that this study could not show clear enhancements in 

model performance when such measures were included. As identified in Study 

One, anticholinergic medication exposure can be associated with outcomes 

such as cognitive decline, impaired physical functioning, and reduced quality of 

life in frail older people 1. This can be supported by other literature also 37, 39, 45, 

46, 48, 183, 219, 230, 232, 277, 492. Furthermore, measures of anticholinergic burden have 

specifically been identified as predictors of such outcomes  191, 192, 357, 493, 494, 

and so too have measures of frailty 467, 495, 496. Therefore, it was not 

unreasonable to pursue the development of prediction models with such 

measures included. It is important however to acknowledge that models are not 

reality. It might be assumed that the concept of anticholinergic burden and the 

concept of frailty are related to the concept of the outcomes, in the context of 

the unbounded real world with its many other influences. But equally, 

measurements of anticholinergic burden, frailty and outcome concepts should 

not be expected to be related in the context of the simplified and bounded world 

of the statistical model, and this study amplified this.  

 

It is important to critically reflect on the studies which have identified such 

measures as predictors, which had influence on the design of this study. In a 

study by Coventry et al., measures of frailty were chosen as predictors using 

CARE75+ data, to see if they predicted instrumental activities of daily living. It 

was concluded that frailty was a good predictor of worsening activities of daily 

living, based on interpretation of the changes in regression coefficients. 

However, arguably this study did not satisfy the fundamentals of prediction. 

Firstly, this study did not assess the overall performance of the model, and 

instead interpreted the coefficients of each predictor after the adjustment set 

was applied, and reported these as the findings. This approach is less 

favourable, and has been previously referred to as the �µtable two fallacy�¶ 497 ; 

where multiple adjusted effect estimates from a single model are presented 

within a single table, and therefore can lead to the individual effect of a predictor 
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being inappropriately inferred. Based on these findings, Coventry et al. went on 

to report that frailty is independently associated with reduced independence in 

instrumental activities of daily living. In essence, prediction was used, and 

arguably the findings were inappropriately used to infer a causal association.  

 

Although there are studies which have identified measures of frailty or 

anticholinergic as predictors, there are limitations in how they have been 

determined as predictors, and the methods applied. It is for these reasons 

mentioned that justifies the data-driven approaches in this study, to focus purely 

on prediction, and satisfy the fundamentals of prediction. Further exploration of 

these measures as predictors were required, especially with a view to 

establishing their utility within future primary care prediction models. But while 

regression modelling is a powerful tool for approximating relationships between 

predictors and outcomes, it can only process the variables it is provided with, in 

highly specified ways, and without the benefit of prior experience.  

However, the findings of previous studies which have researched within the 

causal paradigm are still important to acknowledge, to gather a holistic 

interpretation of whether measures of anticholinergic burden and frailty can 

improve model performance. Therefore, in determining whether measures of 

anticholinergic burden and frailty should be incorporated into future models to 

predict outcomes in primary care, a combination of approaches should be 

adopted: a review of existing literature, data-driven methods to assess their 

predictive contribution, and clinical intuition.  

 
8.5.4 Strengths and limitations 

The utility of measures of anticholinergic burden, together with measures of 

frailty, have never been explored within prediction models, despite both being 

important considerations for medicines optimisation of older people in the NHS. 

Therefore, this was major strength, being the first study to explore the feasibility 

of incorporating these readily available measures, to help determine whether 

they could have utility in future tools supporting the reduction of anticholinergic 

burden.  

 

The use of data from a large-scale prospective cohort study, following more 

than one thousand community-dwelling older people aged seventy-five and 
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over, was a strength. The CARE75+ study aimed to understand ageing, what 

contributes to people remaining fit in later life or becoming frail, and how might 

frailty transitions be moderated, or slowed down. To fulfil this aim, the CARE75+ 

study collected rich geriatric data; data not routinely available in EHRs from 

primary care. Therefore, this study presented in this chapter benefitted from the 

availability of the rich geriatric data, with a good sample size. Additionally, the 

data source provided data over-time at different follow-up intervals, therefore 

the models were able to be developed in baseline data, and then tested on 

separate additional data. This was a strength, to assess the utility of the 

measures within models using different data at different time-points. Although, 

this was similar data, as the same patients were followed prospectively. The 

rich dataset allowed for the selection of three different outcomes to explore the 

development of models. Therefore, the utility of the measures were able to be 

assessed whilst predicting multiple outcomes, to enhance the exploration, and 

understand how they may perform within different model specifications.  

 

The approach to identifying candidate predictors for each model, and the final 

selection of predictors during the model specification processes was also a 

strength, particularly with combining data-driven methods and clinical intuition, 

rather than data-driven approaches alone. Finally, the use of best-subsets 

regression was well suited to this study, as an exploratory model building 

technique using regression analyses. Best-subsets regression was able to bring 

together the highest performing combination of predictors, and then allowed for 

the exploration of performance with the inclusion and exclusion of the measures 

of interest. This ultimately helped achieve the aim of the study, to explore the 

utility of the measures and whether they can enhance the performance of 

prediction models.  

 

As with all research studies, there were some limitations. Firstly, although the 

CARE75+ data was taken from a prospective cohort study, the data was 

reported cross-sectionally. This study therefore conducted regression analyses 

using cross-sectional data, which is an accepted approach, however in the 

prediction domain this requires careful consideration. The primary limitation of 

prediction using cross-sectional data is that the temporal link between a 

predictor and the outcome cannot be easily determined, as both are examined 
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at the same time. Due to this, the researcher carefully considered the 

sequentiality of the predictors; a requirement within the prediction domain to 

ensure the predictors precede the outcomes. Candidate predictors were 

selected during the model building procedures, providing this fundamental 

requirement of prediction was satisfied, as per the methods. Although the Total 

ACB score variable crystallised at the same time point of the outcome measure, 

the researcher assumed that this variable represented information regarding 

anticholinergic burden that participants were exposed to, prior to measuring the 

outcome.  

 

Furthermore, it was unknown how long each participant was exposed to each 

anticholinergic medicine for. This could have been prescribed for the first time 

on the day of data collection, or, could have been a longstanding medicine, for 

example. The CARE75+ study only collected data on repeat medications, 

therefore the assumption made by the researcher was that if the medicine was 

on repeat, then it was considered a long-term medicine, and participants had 

been exposed for some time. But the true duration of exposure, and whether 

participants were actually adherent or not, was unable to be determined. This 

uncertainty therefore has implications for the accuracy of the Total ACB score 

variable created within this study, as it was only a representation of 

anticholinergic burden at one time-point. This also had implications when 

considering the Total ACB score as a predictor of an outcome, as exposure for 

one day, compared to ten years, may have different influences on the outcome.  

 

Medicines were reported in CARE75+ with their respective strengths of 

formulations, and the dose prescribed. However, it was decided by the 

researcher that strengths and doses would not be reflected in the analysis, and 

only the medicine name would be required to contribute to the final ACB score. 

This was influenced by how anticholinergic burden scores are calculated in 

clinical practice, where strengths and doses do not reflect the final scores 48, 173. 

However, removing dose dependency could be a limitation, as it can be argued 

that higher doses of anticholinergics can be associated with increased risks of 

adverse events 251. This can be supported by a recent systematic review, 

finding that higher scores of the DBI (a measure which factors in doses) were 

associated with mortality, falls-risk, and hospitalisations 251.   
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Due to inaccuracies with the data collection of the MoCA score, participants 

were removed by list-wise deletion as the researcher was not confident they 

were a true representation of the cognitive function. List-wise deletion can be 

considered a limitation, as it reduces the sample which is being statistically 

analysed, and can also be an issue if the reason for the problematic data may 

not be random. However, the researcher deemed list-wise deletion to be an 

acceptable approach, as the errors appeared to occur at random, and a 

sufficient sample size could still be maintained for prediction.  

 

Multi-collinearity was raised as a potential issue which challenged the 

interpretation of the individual utility of the measures of interest, yet there was 

no formal measurement of multicollinearity conducted. This could be considered 

a limitation, particularly as this could have been a major influence of why the 

measures appeared to have relatively low utility. However, the researcher 

decided that measuring multicollinearity at this exploratory stage using 

CARE75+ data was not appropriate however, particularly because this dataset 

did not represent data available in EHRs in primary care. The goal of this study 

was to begin to explore the utility of the measures of interest within prediction 

models, with a view to their involvement within future prediction models in 

primary care. If the availability of data is different between CARE75+ and EHR 

data, then arguably an assessment of multicollinearity within CARE75+ data 

would have limited generalisability with other data sources. Additionally, to 

conduct an assessment of multicollinearity, it would be beneficial to have 

access to the overall eFI score, in addition to the individual components 

(deficits) which contribute to the score, for comparative analyses.  

 

Finally, whilst multicollinearity might help to explain the poor relative 

improvement of predictive performance when the measures were added to best 

subsets, it did not explain the poor absolute predictive performance of all 

models, in general. It is suspected that the poor predictive performance of 

models could be partly due to the relevance of variables used within CARE75+. 

Although all combinations of variables were studied, the study was constrained 

by the initial set of candidate variables available in the dataset. It is intuitively 

sensible that rich measures of depression and pain that are available in 
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CARE75+ produced relatively good predictive performance for quality-of-life 

scores for example, while abstract measures like Total ACB score did not 

contribute much more when added to these measures. Importantly, this means 

the findings of this exploratory study cannot be entirely generalised to primary 

care settings therefore, with the absence of these rich clinical measures in 

routinely collected EHR data. The data source, and ultimately the availability of 

variables, will have a significant influence on the interpretation of the utility of 

the measures of anticholinergic burden and frailty. Regardless of the amount of 

available data however, there will always remain uncertainty and model 

ambiguity when modelling complex systems, such as cognition, daily 

functioning, and health-related quality of life  

 
8.5.5 Implications for clinical practice and future research 

The findings of this exploratory study alone are not sufficient to determine the 

true predictive utility of measures of anticholinergic burden and frailty, and 

whether such models can improve the performance of models predicting MoCA, 

Barthel Index, and EQ-5D-5L scores. Despite their inclusion within best subset 

models, the Total ACB score and eFI only marginally enhanced MoCA models, 

however there were no clinically meaningful enhancements when predicting any 

of the three outcomes. Based on these early findings, it would not be 

appropriate to implement measures of anticholinergic burden and frailty into 

prediction models to facilitate medication reviews, without further exploration of 

their feasibility. Similarly, although the anticholinergic burden measure 

marginally enhanced predictions of MoCA, this should not be interpreted by 

clinicians as a causal relationship based on CARE75+ data alone, although 

there are other studies which have reported such an association 37, 48, 356, 498, 499.  

 

However, there were indications from the analyses, such as in univariate 

analyses and backward selection, that suggested the measures of interest do 

have some predictive utility, and arguably should be pursued further, with a 

view to future tool development. Although this study involved a degree of clinical 

intuition from the researcher, and other team members which assisted in the 

model building procedures, the study had a significant data-driven approach 

overall. While regression modelling is a powerful tool for approximating 

relationships between predictors and outcomes within this data-driven 
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approach, it can only process the variables it is provided, in highly specified 

ways. So, although the measures of interest did not have the predictive utility 

that may have been expected using CARE75+ data, it is still important to further 

apply clinical intuition, based on knowledge from the extensive literature in the 

field, and explore their utility further. From a clinical perspective, these 

composite measures summarise a lot of important clinical information, and have 

the potential to assist with decisions surrounding medicines optimisations. 

Therefore, they need to be more robustly investigated.   

 

Further research should therefore continue to focus on assessing the predictive 

utility of the Total ACB score and eFI, but with data sourced from routinely 

collected EHRs in primary care. This step is paramount, to ensure that future 

prediction models that are implementable into primary care are indeed 

developed, and tested, using the primary care EHR data that they intend to use 

for predictions, and ensure generalisability of models. Future work should 

investigate how the choice of data and modelling framework affect predictive 

performance, and aim to develop the best performing model, examining 

whether the Total ACB score and eFI enhance performances. As outcome 

variables such as MoCA, Barthel Index, and EQ-5D-5L are not routinely 

available within routine EHR data, a similar process to what was conducted in 

this study should be undertaken, to identify key outcomes important to older 

people which are associated with anticholinergic burden and frailty, for 

prediction. This can be informed by the findings of Study One also. As this study 

identified some utility of the measures in enhancing cognition models, cognitive 

decline could be considered as an outcome to explore in future prediction 

modelling studies, which can be identified in EHR data, characterised by read 

codes 57. However, logistic regression would need to be applied, rather than 

linear regression, as the outcome to be predicted would be a categorical 

variable (binary).  

 

Another advantage to exploring further using routinely collected EHR data is 

that the data is available longitudinally. This could enhance the model building 

procedures, and could improve the reliability of models. Sample sizes are likely 

to be significantly larger also, as typically datasets from primary care can 

include anonymised data on hundreds of thousands of patients in the UK. 
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Larger sample sizes could further enhance the accuracy of developed models. 

Using longitudinal data, the duration of the exposure to anticholinergics can also 

be accounted for, and the predictive utility of the Total ACB score can be 

assessed over time, as opposed to using cross-sectional data.  

 

Finally, this study not only reinforced the need to assess the utility of the 

measures in their composite form, but also broken down into their separate 

components, as individual predictors. The findings suggested that the Total 

ACB score and eFI, as composite measures, may not enhance the overall 

performance of prediction models to identify at-risk patients. This is important to 

establish, as the Total ACB score and eFI, as composite measures, are useful 

variables in the clinical setting, summarising large amounts of clinical 

information into single measurement, but may not be best suited for inclusion 

within a prediction model. In pursuit of future case-finding tools that utilise risk 

prediction, this study highlighted how multicollinearity needs to be considered 

carefully. It is important to firstly assess the utility of the measures as 

composites within the same models using primary care EHR data, as such 

measures may perform differently in a different dataset with different variables. 

Assessing the feasibility of developing the Total ACB score variable using EHR 

data is also important, as this variable is not routinely available in EHR data. It 

is not read coded routinely, which has implications for large scale studies using 

EHR data, and the development of tools to address anticholinergic burden. 

Despite this, Study Two showed how a reasonably accurate representation of 

anticholinergic burden can be quantified, and how it is feasible to incorporate 

this variable into prediction models.  

 

Performances of models should then be assessed where the individual 

components of the composite measures replace the composite measure. The 

eFI contains thirty-six deficits, therefore future studies should assess whether 

including the eFI as a composite measure is more superior, or whether 

including the highest performing deficits of the eFI for each outcome is more 

superior. Similarly, future studies should also assess whether including the 

Total ACB score as a composite measure is more superior, or whether including 

the names of the individual, highly performing anticholinergic medicines, as 

separate components is superior. The outcome of such investigations would 
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help determine model specifications for future risk-prediction tools, to assist in 

the case-finding of frail older people at-risk of anticholinergic burden for an 

SMR.  

 

8.6 Conclusion  

Within best subset models developed using the CARE75+ cohort, measures of 

anticholinergic burden and frailty as predictors of cognition, daily functioning 

and health-related quality of life did not contribute meaningful improvements to 

predictive performance. At this early stage of exploring the concept, this study 

unable to clearly indicate the feasibility of incorporating the measures to 

improve prediction. However, some predictive utility was evidenced by 

univariate regression analyses, and the deletion statistics from backward 

selection during model development, suggesting the potential for their future 

use. Ultimately, in multivariate models, their utility was low in MoCA models, 

and were redundant within Barthel Index and EQ-5D-5L models. Inferring their 

individual contribution as composite measures was challenged by the complex 

relationship between the phenomenon they represent, and potential 

multicollinearity between the predictor variables available within best subset 

models. Such findings can only be made entirely within the context of cohort 

data however, and are not generalisable to data routinely collected within 

primary care. Model development was limited to the availability of variables 

within CARE75+ only. Despite not being able to show clear feasibility, this was 

a useful exploratory study, resulting in important recommendations towards 

future development.   

 

Further research involving the modelling of EHR data from primary care is 

paramount, to determine the feasibility of the measures in contributing to risk 

predictions. This is with a view to integrating directly with data, that are available 

in clinical IT systems. Furthermore, if anticholinergic burden and frailty 

measures are to be represented within prediction models, to case-find frail older 

people at-risk from adverse outcomes, the predictive utility of using composite 

measures should be compared with using the individual components of the 

composite measures, as predictors. Multicollinearity should be carefully 

considered as a barrier to determining predictive utility of the measures, and 

should be acknowledged during future model building procedures.  
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Progression from Study Two to Study Three  

 

Study Two was an important exploratory step towards the development of a 

case-finding tool, that uses risk prediction to identify frail older people at-risk 

from anticholinergic burden. In this early exploration, Study Two investigated 

the utility of anticholinergic burden and frailty measures as predictors, and 

whether they improve the performances of models predicting important 

outcomes for frail older people. By assessing this predictive performance, Study 

Two began to explore the feasibility of including the measures with a view to 

their incorporation within a future case-finding tool in primary care. Although 

some indications of predictive utility were identified using CARE75+ data, the 

measures did not enhance the performances of the best subset models overall. 

From Study Two alone, using cohort data, the future feasibility of including the 

measures could not be fully established, therefore. However, this exploratory 

study highlighted important learning points, informing recommendations for 

further work to determine the utility and feasibility of including the measures. 

Recommendations included the use of primary care EHR data for predictive 

modelling, to ensure that models are generalisable to the data that an 

integrated case-finding tool would require. Also, the recommendations advise 

caution when modelling using composite measures, such as the Total ACB 

score and eFI, and to consider the impact that multicollinearity may have. 

Inferring the individual predictive contribution of the measures could be 

challenged by multicollinearity. Therefore, breaking down the composites into 

their individual components, and assessing the utility and feasibility of including 

these as predictors, should also be investigated.  

 

In continuing to explore the use of risk prediction to facilitate the case-finding of 

at-risk patients for SMRs, another important element of this programme of 

research was to understand the proposed concept �I�U�R�P���D���X�V�H�U�¶�V���S�H�U�V�S�H�F�W�L�Y�H. 

This was with a view to establishing users�¶��views, common needs, and 

expectations, alongside the early development of the tool in an iterative fashion. 

This process is crucial for future implementation, and uptake of new 

interventions.   
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Chapter Nine: Study Three; Investigating health care �S�U�R�I�H�V�V�L�R�Q�D�O�V�¶���Y�L�H�Z�V��

and perspectives of using risk prediction, to case -find frail older people at 

risk of anticholinergic burden.  

 

9.1 Introduction  

Risk prediction has the potential to inform safer prescribing, and deprescribing 

decisions, and to support patient participation in decisions around their own 

care 350. It is this potential that this programme of research set out to explore 

further, in the context of anticholinergic burden, with a view to the future 

development of a case-finding tool. However, the concept of risk prediction to 

facilitate deprescribing is understudied, which has implications for 

understanding factors which may influence the adoption by end users.    

 

When considering the adoption pathway for new healthcare innovations, as 

described by Clark et al., a key element of the early invention phase is 

requirements capturing 65. This is so that innovations can be understood from 

users�¶ perspectives�����D�Q�G���W�R���H�V�W�D�E�O�L�V�K���X�V�H�U�V�¶���F�R�P�P�R�Q���Q�H�H�G�V���D�Q�G���H�[�S�H�F�W�D�W�L�R�Q�V�� 

This programme of research represented the early invention phase of a case-

�I�L�Q�G�L�Q�J���W�R�R�O�����S�D�U�W�L�F�X�O�D�U�O�\���W�K�H���µ�F�R�Q�F�H�S�W�L�R�Q�¶���D�Q�G���W�K�H���µ�F�U�H�D�W�L�R�Q�¶���V�W�D�J�H�V����and therefore 

understanding the perspectives of future end users is paramount. However, 

�+�&�3�V�¶��views and perspectives of risk prediction in this context have never been 

previously studied. In particular, the concept of risk prediction, as proposed by 

the researcher, has never been explored in detail within deprescribing 

workflows, with a view to tool development and implementation. Acknowledging 

the challenges and complexities of deprescribing in older people with 

multimorbidity 500, it was imperative to understand from potential end users 

whether there is a place for risk prediction, to support case-finding and 

prioritisation of frail older patients for SMRs, and to support anticholinergic 

deprescribing decisions. In particular, it was important to establish this before 

starting the development of the risk prediction technology. �+�&�3�V�¶���S�H�U�V�S�H�F�W�L�Y�H�V��

of this are unknown, and need to be better understood, to support the future 

development and implementation of an integrated case-finding tool that uses 

risk prediction.   

 



224 
 

9.2 Aims and objectives  

This study aimed to address this gap, and explore HCPs views and 

perspectives of using a future risk prediction tool, to case-find frail older people 

at risk of anticholinergic burden for deprescribing interventions. To inform future 

development, the study aimed to explore the need for a tool, and tool feasibility 

through exploring potential factors that could impact on the implementation and 

uptake. 

 

Ultimately, this study aimed to answer the following research question: 

 

What are HCPs�¶ views and perspectives of using risk prediction, to case-find 

frail older people at risk of anticholinergic burden for deprescribing interventions 

in primary care? 

 

The study objectives included: 

�x �7�R���X�Q�G�H�U�V�W�D�Q�G���+�&�3�V�¶���Y�L�H�Z�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V���R�I���X�V�L�Q�J���U�L�V�N���S�U�H�G�L�F�W�L�R�Q�����W�R��

facilitate anticholinergic deprescribing decisions in older people living with 

frailty. 

�x �7�R���X�Q�G�H�U�V�W�D�Q�G���Z�K�H�W�K�H�U���+�&�3�V�¶���I�H�H�O���I�U�D�L�O�W�\���V�W�D�W�X�V���D�Q�G���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q��

can influence anticholinergic deprescribing decisions. 

�x To understand factors which could impact on implementation and successful 

uptake of a risk prediction tool to support anticholinergic deprescribing. 

 

9.3 Method  

This section aims to provide detail on the study design, methods, study setting, 

sampling and recruitment, consent and data analysis methods.  

 

9.3.1 Study design 

This was an exploratory qualitative study, using interview methodology. Semi-

structured interviews were the method of choice, as introduced in section 6.8.1.  

 



225 
 

9.3.2 Sampling and recruitment 

This sub-section defines the study sample, eligibility for participation (including 

inclusion and exclusion criteria), the sampling technique and recruitment 

process used.   

 
9.3.2.1 Eligibility criteria  

This study aimed to recruit a wide variety of HCPs from primary care, who were 

involved in medicines management of older people, and ultimately had 

experience in medicines optimisation decisions. This included medical 

prescribers, non-medical prescribers, and indeed HCPs with no prescribing 

credentials. Eligible professionals included GPs, Community Geriatricians, 

Clinical Pharmacists, Advanced Nurse Practitioners (ANPs), Advanced Clinical 

Practitioners (ACPs), Allied Health Professionals (AHPs), Nurses, Health Care 

Assistants (HCAs) and Pharmacy Technicians. Community pharmacists were 

also included, but it was acknowledged that they may not have an active role in 

deprescribing independently, however contribute to deprescribing decision 

making through communications with patients and their medical practices. Only 

participants living in England were eligible, as it was anticipated that tool 

implementation would be limited to English clinical IT systems initially.  

 

9.3.2.2 Exclusion criteria  

Secondary care professionals can contribute to deprescribing decisions in 

primary care, however, they do not always have full access to clinical systems 

in general practice. The research question of this study specifically relates to 

HCPs working in primary care, who have access to patient data such as the 

eFI, and who have access to existing risk prediction tools (e.g: QRISK 348, 

FRAX 349). Therefore, secondary care professionals were excluded at this early 

exploration stage. This is not to say that they should be excluded for future 

development of risk prediction tools, however the scope of this research was 

entirely on primary care.  

 

9.3.2.3 Sample size 

The approach towards identifying the final sample size was influenced by the 

point in which data saturation occurred, but also on the number of participants 

required to generate high-quality, reliable data. Burmeister and Aitken argue 
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that data saturation is not about the numbers per se, but more the depth of the 

data 501. In this study, data saturation was defined as the point where there was 

no new data, no new themes, and no new coding 502.  It was envisaged that the 

sample size for a study such as this was likely to be between ten and twenty 

participants. 

 

9.3.2.4 Sampling technique 

A purposive sampling strategy was adopted, involving the identification and 

selection of individuals that were especially knowledgeable or experienced with 

a phenomenon of interest 406. Purposive sampling also considers the availability 

and willingness of individuals or groups to engage, who can communicate 

experiences and perspectives in a reflective, articulate and expressive manner 
503. This contrasts with probabilistic sampling, which aims to limit bias and 

increase generalisability.  

 

�7�K�H�U�H���D�U�H���D���Y�D�U�L�H�W�\���R�I���S�X�U�S�R�V�L�Y�H���V�D�P�S�O�L�Q�J���V�W�U�D�W�H�J�L�H�V�����K�R�Z�H�Y�H�U���W�K�H���µ�V�Q�R�Z�E�D�O�O�¶��

technique was adopted for this study. The snowball technique identifies cases 

of interest by sampling individuals, who know other individuals with generally 

similar characteristics, who in turn know others with similar characteristics 504. A 

small number of initial contacts (seeds) who met the eligibility criteria were 

invited to become participants of the study, identified as they were influential in 

the area of deprescribing, and medication safety. They were not coerced, and 

were reminded that although it would be beneficial to share the study details 

with others who meet the eligibility criteria (using the communication platform of 

their choice), they were not required to do this. This was the snowball effect; 

where sampling develops momentum through participant recommendations, 

and concludes once the target sample is achieved. Using the snowballing 

technique, it was assumed that other HCPs who also had important 

contributions to make may become aware of one another and aware of the 

study; particularly those who may be sympathetic to this particular research 

area and who may be able to provide rich information around views and 

perspectives 505.  

 

�$�V���W�K�L�V���V�W�X�G�\���L�Q�Y�R�O�Y�H�G���V�H�H�N�L�Q�J���+�&�3�V�¶���R�S�L�Q�L�R�Q�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V���R�I��future health 

innovations, and required rich, detailed discussions to help inform future tool 
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development and implementation, snowballing was deemed to be the most 

appropriate sampling technique. This was to encourage participation from HCPs 

who could be highly reflective of current deprescribing practices in the clinical 

context of anticholinergic burden and frailty, and how decision making could 

potentially be supported using risk prediction. The aim was to recruit a range of 

purposively sampled participants, representing a variety of professionals from 

section 9.3.2.1, to capture maximum variation in the views of participants. 

Professionals working in different job roles and in different geographical 

locations within primary care may have different perspectives, and different 

experiences, therefore this was to be considered when determining the final 

sample. Deprescribing can be undertaken by a variety of HCPs, however it was 

expected that pharmacists are mostly involved in this process, and therefore it 

was anticipated that the final sample could have greater pharmacy 

representation.   

 

9.3.2.5 Recruitment process 

A flyer advertising the study (Appendix 7) was sent by email to the initial 

contacts, and they were asked to share the flyer with other colleagues who met 

the eligibility criteria. A recruitment flyer was also advertised using social media 

(WhatsApp® and Twitter®), and was shared with royal colleges, professional 

societies, relevant websites and forums. Recruitment did not involve any NHS 

channels, and no NHS organisation were approached directly. 

 

The advertising flyer encouraged HCPs interested in taking part in the study to 

contact the researcher, to find out more about the study and what participation 

entailed. This was also a screening opportunity, to ensure that those interested 

were indeed eligible to participate. Those expressing an interest were provided 

with a participant information sheet (PIS) (Appendix 8), containing details such 

as the study background, aims, eligibility criteria, methods of data collection and 

analysis, and how the data would be managed, and also a consent form 

(Appendix 9). Interested participants were asked to read and review the 

information provided, and to contact the researcher if they wished to participate. 
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9.3.2.6 Sample identification 

Participants self-identified themselves in response to the recruitment flyers 

(Appendix 7). With the aim of representing a variety of primary care HCPs, a 

process of sample identification was undertaken. The aim was not only to 

sample a variety of primary care professionals with different job roles and 

geographical locations, but also professionals at different stages of their career 

and different seniority levels. 

 

Once individuals confirmed their interest in the study after reading the PIS 

(Appendix 8), brief information was requested of them to confirm their eligibility, 

but also provide data to support the sample identification process. This included 

gathering data such as: 

 

�x Job role. 

�x Year of qualification into their profession. 

�x Whether a prescriber or not. 

�x Work setting.  

�x Whether they had participated in similar studies. 

 

This information was entered into a password protected Microsoft Excel® sheet, 

and stored on the encrypted Microsoft OneDrive® servers within the University 

of Bradford. Individuals were asked whether they have been involved with any 

other similar research studies, with a view to preventing over exposure. 

Arguably, as the research topic was not contentious or controversial, over 

exposure was unlikely to be an issue. However, if a participant had been 

exposed significantly to other similar research projects, they were then asked 

whether they would like to proceed or not. 

 

Those included in the final sample were contacted by email to ask for their 

availability, and their desired time/date for the interview to be conducted. The 

study sample was regularly reviewed throughout the recruitment process to 

ensure it met the purposive sampling strategy. Where individuals expressed an 

interest in participation, but their professions, job roles and work settings were 

already well represented within the sample, this was explained to the 
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individuals, and they were thanked for their interest. Regrettably, their 

participation was declined.  

 

9.3.2.7 Consent 

Participants were requested to sign the consent form (Appendix 9) if they 

wished to participate, and to return by email. 

 

9.3.3 Setting and data collection  

One to one, semi-structured interviews were conducted online using Microsoft 

Teams®, with the support of an interview schedule (Appendix 10). As mentioned 

previously, the COVID-19 pandemic had an influence on the study design, and 

it was decided that conducting the interviews virtually, as opposed to face to 

face was most appropriate. Face to face interviews were preferred, as social 

cues, such as voice and body language of the participant, can give researchers 

extra information that can be added to the verbal answer of the participant 506. 

However, as face to face was not possible, the pragmatic approach was to 

adapt and utilise internet technologies to conduct the research. The potential 

benefits of reaching participants where they are most comfortable, 

geographically or in a digital world, have been documented previously 507, and 

creates flexibility for a qualitative researcher to expand their recruitment efforts 
508. 

 

To prevent participants from being disadvantaged with regards to how the 

interview was conducted, traditional telephone calls were also available to 

participants if they preferred. All interviews were digitally audio-recorded, 

transcribed verbatim, and anonymised with the consent of participants. 

Interviews were either transcribed by the researcher, or by University of 

Bradford approved transcribers. A reflective account of the experience of 

conducting the interviews was recorded, noting any ideas that would be worth 

revisiting during analysis.  

 

The development of the interview schedule (Appendix 10) was informed by the 

�U�H�V�H�D�U�F�K�H�U�¶�V personal clinical experience of managing anticholinergic 

prescribing for frail older people. The semi-structured schedule consisted of 

open-end questions, allowing participants to expand freely on their views and 
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perspectives. To encourage reflexivity, the initial interview schedule was 

reviewed by the �U�H�V�H�D�U�F�K�H�U�¶�V��clinical adviser, and was deemed suitable to begin 

pilot testing. The schedule was pilot tested with a Clinical Pharmacist, and a 

GP, and their feedback helped shape the final schedule (Appendix 10). No pre-

determined theories or frameworks informed the development of questions 

within the interview schedule. 

 
9.3.3.1 Interview structure 

The expected duration of each interview was approximately forty-five minutes, 

with an absolute maximum of sixty minutes. Interviews began with a brief 

introduction to the researcher, introducing the research area, the topic of 

discussion, and the aims of this study (Appendix 10). Participants were then 

asked to introduce themselves; their profession, job title and work setting, the 

number of years qualified and whether they were a prescriber. It was also an 

opportunity to allow the participant to offer an uninterrupted, rich narrative 

around their experiences of managing anticholinergic medicines in older people 

living with frailty, and deprescribing decision making. The introduction also 

introduced the structure of the interview, and how it was split in two parts: 

 

�x Part one:  Questions exploring frailty, and anticholinergic burden, in the 

context of influencing prescribing/deprescribing decisions. 

 

In this first part (Appendix 10), questions and their associated probes and 

prompts explored general understanding and knowledge of anticholinergic 

burden, and frailty. Participants were asked how they felt about anticholinergic 

burden specifically in older people with frailty, and if they expressed any 

concerns about this prescribing, this was probed for further elaboration. 

Whether anticholinergic burden and frailty severity could influence their 

decisions to deprescribe was also explored, and so too were barriers to 

anticholinergic deprescribing in those living with frailty. With a view to the future 

development of a risk prediction tool in this area, it was important to understand 

the clinical perspectives of HCPs in these areas.   
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�x Part two:  Questions exploring current use of risk prediction to support 

prescribing decisions, and the potential future use of risk prediction tools to 

facilitate anticholinergic deprescribing decisions.  

 

In this second part (Appendix 10), questions and their associated probes and 

prompts explored the use of tools to support with the case-finding of at-risk 

patients for deprescribing, and the current use of risk prediction tools, such as 

QRISK, to inform prescribing decisions. By introducing discussions around 

QRISK, participants were able to relate to previous experiences of using a 

familiar risk prediction tool, and provide their views and perspectives on the 

concept of risk prediction to facilitate prescribing decisions. They were then 

asked to consider the hypothetical situation; that a risk prediction tool was 

available which identified frail older people at greater risk of adverse outcomes 

based on their prescribed anticholinergic medicines. Their views and 

perspectives of this were explored, to understand whether there was a need for 

such a tool, whether it could have utility and feasibility in supporting 

deprescribing decisions, and whether there could be a place for this tool in 

primary care. Finally, participants were asked what resources they would 

require to facilitate case-finding, to support decisions to deprescribe 

anticholinergics, and to support the implementation and uptake of a tool.  

 

9.3.4 Data analysis  

As introduced in section 6.8.1, inductive thematic analysis was selected as the 

approach towards data analysis. 

 

Braun and Clarke have previously described a six-phased method to thematic 

analysis 382, which was adopted for this study to provide structure to the data 

analysis. However, it is also recognised that this process can be reflective and 

iterative as analysis develops over time, involving moving backwards and 

forwards between phases, which was the case for this study also. The six-

phase method is presented graphically below:  
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Figure 21: A flowchart visualising the six -phase process of thematic analysis , adapted 
from Braun and Clarke  382. 
 
9.3.4.1 Familiarisation with the data 

The first phase involved becoming familiar with the entire dataset. This initial 

phase is considered vital to the data analysis process 382, with the researcher 

immersing himself within the data to familiarise with the breadth and depth of 

the content. This involved the repeated reading of the entire transcripts for each 

interview, in addition to listening back to interview audios at least once.  The 

rationale for this was that ideas and the identification of potential patterns may 

be shaped, ensuring that all data are utilised before coding commences. This 

was a particularly important strategy so that all important factors within the 

interviews were considered from all participants, not just dominant factors. As 

the researcher is an experienced Clinical Pharmacist in general practice, it was 

important to engage in data analysis as a faithful witness to the accounts in the 

data 509. This involved having self-acknowledgement of personal experiences 

and perspectives, pre-existing thoughts and beliefs, and staying honest and 

vigilant to prevent biasing the analysis 509. 

 

9.3.4.2 Generating initial codes 

The second phase involved producing initial codes; a process where important 

sections of text were identified, and a label was attached to index them as they 

related to a theme or issue in the data 408. It is a process of moving from 

unstructured data to the development of ideas within the data 510. Coding allows 

the simplification and focus on particular characteristics of the data which are of 

interest to the study. A systematic and consistent approach was taken to the 

Phase 1: 
Familiarisation 
With the Data

Phase 2: 
Generating 
Initial Codes

Phase 3: 
Searching for 

Themes

Phase 4: 
Reviewing 
Themes

Phase 5: 
Defining and 

Naming 
Themes

Phase 6: 
Producing the 

Report



233 
 

entire dataset, coding one interview at a time, giving full and equal attention to 

each data item. When initial codes were generated, the researcher ensured 

they had explicit boundaries, and were not interchangeable, with the goal of 

attaining clarity in the organisation and interpretation of the data 408. Nvivo 12 

Pro® was used to record and organise the codes. 

 

9.3.4.3 Searching for themes 

Once all data had been initially coded, the third phase involved sorting and 

collating the relevant coded extracts into themes. To maintain methodological 

rigor throughout, themes were defined as the following: 

 

�«�´�D�Q���D�E�V�W�U�D�F�W���H�Q�W�L�W�\���W�K�D�W���E�U�L�Q�J�V���P�H�D�Q�L�Q�J���D�Q�G���L�G�H�Q�W�L�W�\���W�R���D���U�H�F�X�U�U�H�Q�W���H�[�S�H�U�L�H�Q�F�H��

and its variant manifestations. As such, a theme captures and unifies the nature 

�R�U���E�D�V�L�V���R�I���W�K�H���H�[�S�H�U�L�H�Q�F�H���L�Q�W�R���D���P�H�D�Q�L�Q�J�I�X�O���Z�K�R�O�H�´��511. 

 

The themes were considered to be significant concepts that linked together 

substantial portions of the data. Views and perspectives of participants can be 

meaningless if viewed alone, however important if considered collectively, 

highlighting the utility of generating themes 511. Initial themes were not 

predefined, as discussed earlier, and followed the principles of inductive 

thematic analysis. Using Nvivo, the codes were organised into groups, with 

each group representing the initial theme. In some cases, some of the initial 

codes formed main themes, and others formed subthemes, and where codes 

did not belong to a theme, they were temporarily organised into miscellaneous 

groups, for further refinement throughout the iterative process.  

 

9.3.4.4 Reviewing themes 

In the fourth phase, the set of themes and subthemes created in phase three 

went through further refinement. The aim of this review process was to identify 

a manageable collection of final themes that succinctly summarised the dataset, 

and to ensure data within the themes were coherent and meaningful. Firstly, a 

mind map was developed to visualise the thematic network, to support further 

interrogation and organisation of the themes. The coded data extracts for each 

theme were then reviewed, to ensure they were coded correctly and 

appropriately within the theme, and to determine whether the themes 
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meaningfully represented the data. This process identified some inadequacies 

in the coding process, such as sub-themes that were not needed and could be 

removed. Other inadequacies included sub-themes that were too broad and 

contained too many coded extracts, and needed to be collapsed into multiple 

sub-themes. Additionally, some sub-themes did not have enough data to 

support them and were removed, and some codes were found to overlap with 

others and were merged. Throughout this process, the researcher presented 

the emerging themes with his academic supervisors within various meetings, 

which supported the refinement further. By the end of this phase, the researcher 

was aware of the final themes that were formed from the data, how they linked 

together, and the overall messages they represented within the data.  

 

9.3.4.5 Defining and naming themes 

In the fifth phase, the themes and subthemes were assigned their final names, 

and they were defined in the context of the research study.  

 

As the findings of this study will help to inform the development and future 

implementation of a case-finding tool, the researcher considered aligning the 

themes with a pre-existing framework that is used to support with developing, 

evaluating and implementing new health interventions. The rationale for this 

was to use a framework as a theoretical lens through which to view influences 

of HCPs behaviour, aligning the coded study themes with the existing 

components of an established framework. This approach was deemed 

beneficial to support future implementation of complex interventions, particularly 

building on existing frameworks which focus on the influences of outcomes, 

such as barriers and facilitators. However, it was important that in the search of 

a possible framework to align with, the study themes were not manipulated so 

they would fit. This would go against the principles of inductive thematic 

analysis and the themes that formed using this approach. Therefore, the 

researcher only considered a framework where the existing study themes 

aligned closely without any manipulation. Prior to the study, the researcher 

purposely did not familiarise himself with such frameworks, or their components.  

 

�2�Q�H���R�I���W�K�H���I�U�D�P�H�Z�R�U�N�V���Z�D�V���µ�1�R�U�P�D�O�L�V�D�W�L�R�Q���3�U�R�F�H�V�V���7�K�H�R�U�\�¶�����1�3�7�������D���I�U�D�P�H�Z�R�U�N��

that identifies factors that promote and inhibit the routine implementation of 
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complex interventions in to routine practice 512.  NPT particularly focuses on the 

work that individuals and groups do to normalise an intervention, and the 

framework has four components; coherence (or sense-making), cognitive 

participation (or engagement), collective action (work required to implement the 

intervention), and reflexive monitoring (appraisal of the benefits and costs of the 

intervention) 512, 513. Although NPT can be used as a framework in the 

development, implementation and evaluation stages, it is commonly used in 

studies exploring the implementation and/or evaluation stages, rather than 

development 514. However, the NPT framework has also been effectively used 

to aid intervention development and implementation planning before 

interventions are finalised also 515. Ultimately however, the study themes were 

not sufficiently similar to the components of the NPT, and therefore this 

framework could not be selected. 

 

Another framework that was explored was the TDF 383. The TDF is a 

comprehensive, theory-informed approach to identify determinants of 

behaviour. It provides a theoretical lens through which to view the cognitive, 

affective, social and environmental influences 516. The framework can be used 

to design theory-informed behaviour-change interventions 517 . The original 

framework (version 1) consists of �W�Z�H�O�Y�H���G�R�P�D�L�Q�V���L�Q�F�O�X�G�L�Q�J�����µ�N�Q�R�Z�O�H�G�J�H�¶�����µ�V�N�L�O�O�V�¶����

�µ�V�R�F�L�D�O���S�U�R�I�H�V�V�L�R�Q�D�O���U�R�O�H���D�Q�G���L�G�H�Q�W�L�W�\�¶�����µ�E�H�O�L�H�I�V���D�E�R�X�W���F�D�S�D�E�L�O�L�W�L�H�V�¶�����µ�E�H�O�L�H�I�V���D�E�R�X�W��

�F�R�Q�V�H�T�X�H�Q�F�H�V�¶�����µ�P�R�W�L�Y�D�W�L�R�Q���D�Q�G���J�R�D�O�V�¶�����µ�P�H�P�R�U�\�����D�W�W�H�Q�W�L�R�Q���D�Q�G���G�H�F�L�V�L�R�Q��

�S�U�R�F�H�V�V�H�V�¶�����µ�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���F�R�Q�W�H�[�W���D�Q�G���U�H�V�R�X�U�F�H�V�¶�����D�Q�G���R�W�K�H�U�V 383. However, the 

latest edition now has fourteen domains 516. Each domain consists of 

constructs; which can be regarded as sub-groups of the main domain and 

provides examples on what could fall within the domain. Reported benefits of 

using the TDF include increasing confidence in conducting qualitative research 

projects, and application of the framework can provide a broad perspective 518. 

Additionally, the framework has been reported to provide a means of 

understanding the implementation problem, with a view to understanding 

potential solutions also 518. However, challenges of using the TDF have also 

been reported, including the lack of expertise in operationalising the framework, 

and in response to this a TDF guide has been developed to make it more 

usable for a wider audience in implementation research 517.  
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During the review of the TDF domains, it was apparent that themes that formed 

from the inductive thematic analysis closely mapped to some of the TDF 

domains. Specifically, mapping was closer with version 1 of the TDF 383 than 

version 2 516. Not all twelve TDF domains were represented within the data. 

Therefore, it was decided that the study themes that formed from inductive 

thematic analysis would be mapped to version 1 of the TDF, and these domains 

influenced the naming process of the final themes. TDF domains that could not 

be linked to a study theme were excluded, as they did not emerge from the data 

in this particular study. The final named themes were presented to the 

�U�H�V�H�D�U�F�K�H�U�¶�V academic supervisors, and it was concluded that the scope and 

content of each theme could be succinctly and clearly communicated, and no 

further refinement of themes was required.  

 

9.3.4.6 Producing the report 

Once the final themes were established, the final analysis and write up of the 

report was conducted, with the aim of providing a concise, coherent, logical and 

interesting account of the themes that arose from the data 382. It has been 

argued that providing direct quotes from participants is an essential component 

of producing the final report; with short quotes facilitating greater understanding 

of specific points and demonstrating prevalence of themes; and longer quotes 

providing an in-depth view of the text 408. Withholding direct quotes from the 

final report, and just reporting themes and codes from transcripts can lead to a 

descriptive account of the data, lacking the depth needed to unlock richness of 

the qualitative data 408. Therefore, the researcher underwent a process of 

reviewing the coded data within each theme and sub-theme, and identifying 

direct quotes for the final report that articulated the meaning of each theme.  

 
9.3.5 Ethical considerations 

As introduced in section 6.9.3, ethical approval for this study was granted by the 

Chair of the Biomedical, Natural, Physical and Health Sciences Research Ethics 

Panel at the University of Bradford on 11th June 2020, reference: E807. According 

to the HRA ethics decision tool 519, it was deemed that although this study was 

�F�R�Q�V�L�G�H�U�H�G���µ�U�H�V�H�D�U�F�K�¶�����D�S�S�U�R�Y�D�O���I�U�R�P��an NHS REC was not required (evidence 

available in Appendix 11a and 11b). This was confirmed in an email exchange 

with HRA, and subsequently with the West Yorkshire Research and Development 
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department. Reasons for not requiring NHS REC approval were discussed in 

section 6.9.3. Both the Research Ethics Panel at the University of Bradford and 

HRA were satisfied, and therefore only University ethics approval was acquired.  

 

9.3.5.1 Ethical issues 

In the design of this research study, several ethical issues were taken into 

consideration, which included obtaining informed consent, maintaining the 

anonymity and confidentiality of participants, and the storage of sensitive data.  

 

A strict process was followed in obtaining informed consent from study 

participants. It was assumed that as the participants would be current HCPs 

working in primary care, that they had the necessary competence and 

understanding to give consent. To ensure that any questions or concerns the 

participants may have had were addressed prior to giving informed consent, a 

minimum period of forty-eight hours was provided to read and understand the 

PIS (Appendix 8), and/or contact the researcher for further information. During 

each communication with participants, they were asked to confirm whether they 

had received and understood the PIS (Appendix 8). Also, they were reminded 

that they could withdraw from the study at any point without giving any reason, 

however this would not be possible once the data was transcribed and 

anonymised.  

 

How the study aimed to maintain the anonymity and confidentiality of 

participants was communicated through the PIS (Appendix 8), and verbally at 

the beginning of the interviews. The interviews were conducted by the 

researcher from a private workspace so that others could not overhear the 

conversation and maintain confidentiality. The participants were asked to 

observe this also. Identifiable data as part of the recruitment stage was saved 

on a password protected Microsoft Excel® sheet. It was highlighted in the PIS 

(Appendix 8) that all identifiable data collected during the interviews would be 

anonymised during the transcription process. The PIS also informed 

participants of how all anonymised (and identifiable) data would be safely stored 

electronically, within the secure networks of the University of Bradford 

(Microsoft OneDrive®), accessible only by the researcher. The researcher�¶�V��

network was password protected, and was accessed through password 
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protected computers or laptops also. Files were never stored locally on 

electronic devices, always remaining within the secure OneDrive® network. The 

interview audio files were also stored digitally within the secure network. 

Participants were informed that identifiable data on the secure OneDrive® would 

be kept for up to six months after the completion of the study, and would be 

destroyed by deleting all appropriate files from OneDrive®. No files were ever 

backed up locally on personal computers, or laptops, therefore deletion of files 

from OneDrive® would permanently destroy the data. The digital audio files were 

also destroyed from OneDrive® as soon as data analysis was complete.  

 

Microsoft Teams® has video functionality, however the interviews were 

restricted to audio only. There is also the functionality to audio record the 

interview within the platform, therefore this was done with the consent of 

participants, and the audio file was saved directly to the �U�H�V�H�D�U�F�K�H�U�¶�V 

OneDrive®. This resulted in a high-quality audio file, immediately protected 

within Microsoft clouds, and therefore the use of a Dictaphone was not required. 

Microsoft Teams® was selected by the researcher as it is a platform trusted by 

many organisations, including the University of Bradford, and the NHS, in 

protecting data. The Microsoft website was consulted to understand how data is 

protected, and it was satisfied that this was a safe platform to conduct this 

research. Another ethical consideration with online platforms was the potential 

risk of unknown people entering the audio call. The risk of this was mitigated by 

�P�D�N�L�Q�J���W�K�H���L�Q�W�H�U�Y�L�H�Z���µ�L�Q�Y�L�W�D�W�L�R�Q���R�Q�O�\�¶�����D�Q�G���D���O�L�Q�N���W�R���W�K�H���L�Q�W�H�U�Y�L�H�Z���Z�D�V���V�K�D�U�H�G���R�Q�O�\��

with the participant.  

 

9.3.5.2 Ethical risks 

Potential ethical risks were also identified in preparation for conducting the 

interviews, including issues surrounding disclosure, coercion and management 

of distressed participants.   

 

If any information was disclosed by the participants which could suggest they, 

or their patients, could be at risk of harm, this would be noted by the researcher. 

This would be reported to the academic supervisors, but as a practising 

pharmacist, the researcher also had a duty of care to act on such information, 

and report it within the appropriate channels. The PIS (Appendix 8) highlighted 
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that this approach must be taken if concerning disclosures were made, to 

ensure that participants are fully aware before consenting, however no 

concerning disclosures were made in the interview process. Participation in the 

research study was entirely voluntary, free from coercion or undue influence. 

Participants received a certificate of participation (Appendix 12), which could be 

used as continuing professional development, and a contribution towards 

revalidation for those who are registered professionals.  

 

In anticipation of participants potentially experiencing distress, or a situation 

where confidential information was revealed in the interview, a distress protocol 

was developed to support the management of such scenarios (Appendix 13). 

Discussing clinical topics such as frailty, anticholinergic burden, and prescribing 

decision making for older people had the potential to cause upset or distress 

�D�P�R�Q�J���S�D�U�W�L�F�L�S�D�Q�W�V�����,�W���F�R�X�O�G���E�H���W�K�D�W���D���S�D�U�W�L�F�L�S�D�Q�W�¶�V���O�R�Y�H�G���R�Q�H���V�X�I�I�H�U�H�G���W�K�H��

consequences of a prescribing error or, clinical negligence, or equally the 

participant could become distressed by reflecting on their own errors, or 

possible experiences of litigation against them. It was anticipated that 

discussing new concepts to support deprescribing, such as risk prediction tools, 

could also cause distress, particularly if a participant is strongly against such an 

idea for example, or has had a negative experience with tools to inform decision 

making. The distress protocol (Appendix 13) gave participants the option to end 

their participation in the whole discussion, or avoid specific topics, consider 

alternative topics, or have a short break before returning back to the same 

issue. The protocol (Appendix 13) stated that in the event of participants getting 

very distressed, they could be signposted to support, such as Pharmacist 

Support, Samaritans, the Royal College of Nursing or the British Medical 

Association for counselling services. The distress protocol did not need to be 

used in any interview. 

 

A University of Bradford risk assessment form was not completed as the study 

did not involve any travel to high-risk places, nor did it involve interviewing in 

physical locations. This research study did not involve particularly vulnerable 

human participants, and did not focus on highly sensitive subject topics. No 

covert research methods were adopted, and explicit consent was sought from 

participants throughout.  
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9.3.6 Patient and public involvement 

There was no patient and public involvement in this study. However, themes 

emerging from the data were presented to an expert professional working 

group, comprising of primary care clinicians, as part of another project closely 

related to this programme of research. The researcher is a co-applicant of this 

separate project, funded by HDR UK, and discussions with the working group 

helped towards finalising the themes.  

9.4 Results  

9.4.1 Participant characteristics  

A total of twenty-five participants were interviewed, with a mean interview 

duration of 42 minutes. The following roles were represented: Clinical 

Pharmacist (n=10), Advanced Clinical Pharmacist (n=1), Care Home Pharmacy 

Technician (n=1), Advanced Pharmacy Technician (n=1), GP (n=4), Consultant 

Geriatrician (n=1), Advanced Nurse Practitioner (n=3) and Community 

Pharmacist (n=4). Across the whole sample, 60% were female (n=15). There 

were a variety of experience levels among participants, with year of qualification 

ranging from 1980 to 2020 (median year = 2010). Senior positions were held by 

24% (n=6), which included Senior Clinical Pharmacists (n=2), Lead Pharmacist 

in community pharmacy (n=1), GP partner in general practice (n=1), Pharmacist 

Partner in general practice (n=1), and Consultant Geriatrician (n=1).  

 

Of the sample, 72% (n=18) held prescribing credentials, however one was not 

actively prescribing as was based full-time in community pharmacy. General 

practice was the most common primary care setting, where 72% (n=18) of 

participants were based. At the time of recruitment, 12% (n=3) of professionals 

were employed directly by a PCN, and were working in general practice at scale 

across the network, as opposed to being based and employed by a single 

practice. Other participants were employed by NHS Foundation Trusts (12%, 

n=3), but were deployed across primary care sites, and 16% (n=4) were based 

in community pharmacy.  

 

There was a high response rate from prospective participants, due to a 

successful recruitment process. Also, there were various responses after the 
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recruitment flyer (Appendix 7) was posted on social media, particularly Twitter®, 

with the tweet being liked and retweeted multiple times, leading to more than 

20,000 digital impressions. The high response rate favoured the purposive 

sampling strategy, and the selected sample was able to reflect the variety of 

professionals involved in managing anticholinergic prescribing decisions with 

frail older people in primary care. A high response rate from pharmacy 

professionals in general practice was anticipated, as medicines optimisation 

and overseeing the safe use of medicines is central to their role. Also, at the 

time of recruitment and interviews, the use of tools to proactively case-find 

patients for medication reviews was topical, particularly due to the 

recommendations of such tools made in the PCN service specification 

surrounding SMRs. This may have contributed to the high level of interest from 

pharmacy professionals in general practice, ultimately making up 52% of the 

final sample (n=13). Participant characteristics are summarised in Table 18.  
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Table  18 �± Characteristics of participants (n=25)  
 
 
 
Participants  Professional title  Setting  Sex 

(M/F) 
Year of 
qualification  

Senior 
position* 
(Yes/No + role)  

Prescriber 
(Yes/No)  

Participated 
in similar 
studies 
(Yes/No)  

Clinical Pharmacists    
P1 Clinical pharmacist General Practice F 1982 No  No No 
P2 Clinical pharmacist General Practice F 2015 No Yes No  
P9 Clinical pharmacist General Practice (PCN) F 2013 No No No 
P10 Advanced Clinical 

Pharmacist  
NHS Foundation Trust �± 
Primary Care division 

F 2015 No  Yes No 

P11 Clinical Pharmacist General Practice (PCN) F 2012 Yes �± Senior 
Clinical 
Pharmacist 

Yes No  

P12 Clinical Pharmacist General Practice F 2020 No No  No 
P13 Clinical Pharmacist General Practice F 2000 No Yes No 
P16 Clinical Pharmacist General Practice M  2010 Yes �± Partner Yes No 
P17 Clinical Pharmacist General Practice M  2014 No  Yes No  
P22 Clinical pharmacist General Practice F 2004 No Yes No 
P23 Clinical Pharmacist  General Practice (PCN) F 1997 Yes �± Senior 

Clinical 
Pharmacist 

Yes No  

Pharmacy Technicians         
P15 Advanced 

Pharmacy 
Technician 

General Practice F 2016 No No  No 

P18 Care Home 
Pharmacy 
Technician  

NHS Foundation Trust �± 
Primary Care division 

F 1986 No No No 

General Practitioners         
P5 General 

Practitioner  
General Practice M 2018 No  Yes No  
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P7 General 
Practitioner  

General Practice M 2017 Yes �± Partner Yes No 

P8 General 
Practitioner  

General Practice M 2017 No  Yes No  

P24 General 
Practitioner  

General Practice M 2010 No Yes No 

Consultants         
P25 Consultant 

Geriatrician 
NHS Foundation Trust �± 
Primary Care division 

F 2008 Yes - Consultant Yes No 

Nurses         
P14 Advanced Nurse 

Practitioner 
General Practice F 2000 No  Yes No  

P19 Advanced Nurse 
Practitioner 
(nursing homes) 

General Practice F 1980 No Yes No 

P20 Advanced Nurse 
Practitioner 

General Practice F 1999 No Yes No  

Community 
Pharmacists  

       

P3 Community 
Pharmacist 

Medical centre community 
pharmacy  

M  2010 Yes �± Lead 
pharmacist 

Yes No 

P4 Locum Community 
Pharmacist  

Community pharmacy  M  2013 No Yes No 

P6 Community 
pharmacist 

Medical centre community 
pharmacy 

M 2008 No  No  No 

P21 Locum Community 
Pharmacist  

Community pharmacy  M  2019 No No No 
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9.4.2 Thematic analysis 

Six thematic areas with sixteen sub-themes were identified (Figure 22). As the 

themes were mapped to the TDF (version 1) 383, these can now be referred to 

�D�V���µ�G�R�P�D�L�Q�V�¶���D�Q�G�����µ�F�R�Q�V�W�U�X�F�W�V�¶���L�Q���O�L�Q�H���Z�L�W�K���W�K�L�V���I�U�D�P�H�Z�R�U�N�����,�Q���W�K�L�V���Y�H�U�V�L�R�Q���R�I���W�K�H��

TDF, there are twelve domains, however not all twelve domains were 

represented within the data. The six domains that were represented are as 

follows: knowledge and skills, beliefs about capabilities and consequences, 

decision processes, professional role and identify, motivation and goals, and 

environmental context and resources.  

 
Figure 22 �± The core themes (domains) and subthemes (co nstructs)  identified.   
 
Participants were both supportive and sympathetic to the concept of using risk 

prediction, to facilitate the case-finding of frail older people at greater risk of 

anticholinergic burden for deprescribing interventions. All participants were 

familiar with the concept of risk prediction, and could relate to using other risk 

prediction tools within clinical systems in general practice, or web-based tools 

for those in community pharmacy for example. Participants recognised that 

decision making around the prescribing or deprescribing of anticholinergics, 

particularly for older people living with frailty, can be very challenging. They 

welcomed the development of any tool that could assist them, and be effective 

in supporting clinical decisions between HCPs and patients, but also bring 

efficiencies to workflows when targeting patient populations for medication 

reviews. However, it emerged from the interviews that the views and 
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perspectives of risk prediction tools could not be considered in isolation without 

considering the specific clinical context in which they are to be utilised. In this 

case, the clinical context related to anticholinergic burden, frailty, and 

interventions such as deprescribing. Therefore, the domains that formed from 

the data also represented this wider context surrounding medicines 

management in this field. Definitions of TDF domains and constructs in the 

context of this study can be found in Table 19. 

 

Table 19 - Definitions of TDF domains and constructs in the context of this 

study.  

 
TDF domain  Construct  Definition in context of study  

Knowledge & 
skills  
 

Knowledge of 
clinical area 

- Knowledge of anticholinergic burden, frailty 
and associated risks. 

- Gaps in knowledge. 
 

Education & training 
 

- Education and resources required to support 
future implementation of a tool.  

Beliefs about 
capabilities & 
consequences  
 

Self-efficacy & 
confidence 
 

- Capabilities and confidence in deprescribing 
anticholinergics in frail older people. 

Outcome 
expectancies & 
consequences 
 

- Beliefs about the effect and consequences 
of anticholinergic deprescribing on clinical 
outcomes for frail older people.  

- Beliefs about the impact and purpose of 
using a risk predicting case-finding tool. 

 
Decision 
processes  
 
 
 

Clinical influences - Clinical factors as influences of 
anticholinergic deprescribing decision 
making. 

- Barriers and facilitators of decision making. 
Patient influences - Patient factors as influences of 

anticholinergic deprescribing decision 
making. 

- Barriers and facilitators of decision making 
Influence of 
tools/alerts 

- Tools/alerts as influences of anticholinergic 
deprescribing decision making.  

- Barriers and facilitators of decision making 
Local/national 
drivers & financial 
influences 

- Local/national drivers and financial aspects 
as influences of anticholinergic 
deprescribing decisions.  

- Barriers and facilitators of decision making 
Professional role 
& identity  
 
 
 
 
 
 

Professional identity 
 

- Beliefs, attitudes, and understanding of 
�R�Q�H�¶�V professional role in anticholinergic 
deprescribing. 

Multidisciplinary 
team dynamics 

- Consideration of team dynamics during 
anticholinergic deprescribing decision 
making.  
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Motivation & 
goals  
 
 
 
 
 
 

Clinical priorities 
 

- Views on the priorities of managing 
anticholinergic burden in the frail.  

- Motivation for, and goals of case-finding and 
deprescribing.  

Use of tools  - Motivation for embracing any tools, to 
support prescribing decisions. 

- Motivation for using risk prediction to inform 
decisions. 

- Perceived goals of using risk prediction.  
Reactive vs 
proactive approach 
to deprescribing 

- Motivation and goals of deprescribing 
approaches:  

o Reactive: discontinuing medicines in 
response to adverse clinical 
triggers, lack of efficacy etc, or 

o Proactive: prescriber and patient 
deciding to discontinue medicines 
because future benefits no longer 
outweigh potential harms 

 
Environmental 
context & 
resources  
 
 
 
 

Healthcare 
landscape 

- Aspects of the healthcare landscape as 
influences of anticholinergic deprescribing 
decisions for frail older people.  

Stressors - Stressors within the workplace as influences 
of anticholinergic deprescribing decisions for 
frail older people. 

Tool uptake - Factors to consider for the uptake of tools. 

 
Each domain will be presented in turn, supported by verbatim quotes from 

participants. To maintain confidentiality throughout, participants were referred to 

as their participant number, as detailed in Table 18.  

 
9.4.3 Knowledge and skills 

The first domain includes two constructs; knowledge of clinical area, and 

education and training. Participants reflected on the clinical areas of 

anticholinergic burden and frailty, and although they felt they had a reasonable 

understanding of these areas, they described how further improvements in 

knowledge and awareness would be needed prior to and during implementation 

of a tool. To support this, they recommended education and training 

opportunities.  

 

9.4.3.1 Knowledge of clinical area 

All participants were famil�L�D�U���Z�L�W�K���W�K�H���W�H�U�P���µ�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q�¶���W�K�U�R�X�J�K���W�K�H�L�U��

clinical experience, however there were differences in levels of knowledge and 

awareness across all participants, and indeed across different professions. 

Generally, participants expressed their concerns for the exposure of multiple 
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anticholinergic medicines to older people, referring to anticholinergic burden as 

the following: 

 

�³�,���W�K�L�Q�N���L�W�¶�V���W�K�H�V�H���P�H�G�L�F�D�W�L�R�Q�V���D�G�G�L�Q�J���X�S�����V�R���\�R�X���N�Q�R�Z�����F�X�P�X�O�D�W�L�Y�H���H�I�I�H�F�W�V���R�I��

these medications adding strain to this population and their cognitive function 

�D�Q�G���W�K�H���D�G�Y�H�U�V�H���P�R�U�E�L�G�L�W�\���D�Q�G���S�R�V�V�L�E�O�\���P�R�U�W�D�O�L�W�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�D�W�´��

[Participant 5 �± GP].  

 

�3�D�U�W�L�F�L�S�D�Q�W�V���F�R�X�O�G���U�H�O�D�W�H���W�R���W�K�H���µ�D�F�F�X�P�X�O�D�W�L�R�Q�¶���R�I���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���P�H�G�L�F�L�Q�H�V�����D�Q�G��

described what they felt were the implications of this: 

 

�³�:�H�O�O�����W�R���P�H���L�W�¶�V���W�R���G�R���Z�L�W�K���L�Q�F�U�H�D�V�H�G���D�P�R�X�Q�W���R�I���G�U�X�J�V���W�K�D�W���K�D�Y�H���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F��

side-effects, so in accumulation they increase the side-�H�I�I�H�F�W�V���´��[Participant 6 �± 

Community Pharmacist]. 

 

But some participants were unsure of the term anticholinergic burden, and the 

potential for associated risks, but made an assumption about what it means: 

 

�³�:�H�O�O�����L�W�¶�V���D���Q�H�J�D�W�L�Y�H���F�R�Q�Q�R�W�D�W�L�R�Q�����,�¶�Y�H���Q�R�W���O�R�R�N�H�G���W�K�D�W���P�X�F�K���L�Q�W�R���L�W���I�R�U���D���Z�K�L�O�H����

but I imagine the higher the score then the more likely they are to suffer from 

the side-�H�I�I�H�F�W�V�´��[Participant 6 �± Community Pharmacist]. 

 

Although participants had a general understanding of anticholinergic burden, 

they felt they lacked a deeper understanding of it however, and there were gaps 

in knowledge and awareness particularly around the specific associations with 

adverse outcomes. One participant for example stated that a possible limiting 

factor is the lack of consensus opinion on how to identify anticholinergic burden, 

and how this is still a developing area requiring further investigation within the 

scientific community: 

 

�³I feel that at the moment there is still lots of research to be done in the area. 

�:�H�¶�U�H���V�W�L�O�O���J�X�H�V�V�L�Q�J���D�O�P�R�V�W���D�V���W�R���K�R�Z���D���O�R�W���R�I���W�K�L�V���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���W�K�L�Q�J�V��

will work. Some of the traditional scoring systems that we have used are more of 

�D���J�X�H�V�V���U�D�W�K�H�U���W�K�D�Q���D�F�W�X�D�O���S�U�R�S�H�U���G�D�W�D���W�K�D�W���Z�H�¶�Y�H���J�R�W�´��[Participant 10 �± Advanced 

Clinical Pharmacist]. 
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One participant reflected on experiences of interacting with other HCP 

colleagues across primary care, stating how deficiencies in knowledge and 

awareness of anticholinergic burden hinders the proactive case-finding of 

potentially at-risk patients. She felt the lack of intervention can contribute to 

further burden: 

 

�³�(�V�S�H�F�L�D�O�O�\���L�Q���P�\���U�R�O�H�����,���W�K�L�Q�N���D���O�R�W���R�I���W�K�D�W���E�X�U�G�H�Q���L�V���F�D�X�V�H�G���E�\���D���O�D�F�N���R�I��

medication review, which might actually be because the prescriber might not 

have an awareness that actually some of these medications might cause a 

burden. That might be, for example, someone simply taking too many tablets, 

there is a burden in that respect. But also, it's that impact when you 

cumulatively give medications that are anticholinergic that can increase that risk 

of dementia, increase that risk of mortality. Before, I would attribute that with 

medicines such as amitriptyline, which are really well known to have 

anticholinergic side effects, but actually, it can be as a result of some other 

medications, which I �G�L�G�Q�¶�W���U�H�D�O�L�V�H���E�H�I�R�U�H���,���V�W�D�U�W�H�G���O�R�R�N�L�Q�J���L�Q�W�R���L�W�´��[Participant 10 

�± Advanced Clinical Pharmacist]. 

 

GPs also shared reflections suggesting that knowledge and awareness needs 

to improve in this area, and felt it was a new and emerging area: 

 

�³�,���W�K�L�Q�N���\�R�X�¶�O�O���I�L�Q�G���D���E�L�J���U�D�Q�J�H���R�I���G�L�I�I�H�U�H�Q�F�H���>�L�Q���N�Q�R�Z�O�H�G�J�H���R�I���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F��

burden]. I think perhaps the younger GPs who have done certain specialties 

�P�D�\���K�D�Y�H���D���E�H�W�W�H�U���N�Q�R�Z�O�H�G�J�H���E�H�F�D�X�V�H���Z�L�W�K���P�\���E�D�F�N�J�U�R�X�Q�G���,�¶�P���D���E�L�W���P�R�U�H��

aware of the problem. But if someone had�Q�¶�W���G�R�Q�H���W�K�D�W�����,���P�H�D�Q�����F�H�U�W�D�L�Q�O�\���L�I���,��

�K�D�G�Q�¶�W���G�R�Q�H���W�K�D�W���U�R�W�D�W�L�R�Q���L�Q���&�D�U�H���R�I���W�K�H���(�O�G�H�U�O�\���,���G�R�Q�¶�W���W�K�L�Q�N���,���Z�R�X�O�G���E�H���T�X�L�W�H���D�V��

clued up with the risks associated or be as more willing/brazen, I suppose, to 

�V�W�R�S���W�K�H�P�´��[Participant 7 - GP]. 

 

�³�«�I�R�U���P�R�V�W���*�3�V�����,���W�K�L�Qk it is a new area really in the guidelines�´���>�3�D�U�W�L�F�L�S�D�Q�W������- 

GP]. 

 

Those who had engaged with other HCP colleagues who also had an academic 

background relating to medicines optimisation of older people, or were 
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introduced to it through a colleague with special interest in this field, were also 

more likely to have greater awareness of identifying anticholinergic burden: 

 

�³�7�R���E�H���K�R�Q�H�V�W�����,���G�R�Q�¶�W���>�X�V�H���D�Q�\���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���V�F�R�U�L�Q�J���V�\�V�W�H�P�V�@�����,���W�K�L�Q�N��

�L�W�¶�V���R�Q�O�\���W�K�D�W���,�¶�Y�H���E�H�H�Q���L�Q���G�L�V�F�X�V�V�L�R�Q���Z�L�W�K���D�F�D�G�H�P�L�F�V���W�R���G�R���Z�L�W�K���U�H�V�H�D�U�F�K���L�Q���W�K�D�W��

�D�U�H�D���W�K�D�W���,�¶�Y�H���E�H�H�Q���D�Z�D�U�H���W�K�D�W���W�K�H�U�H���Z�D�V���D���V�F�R�U�L�Q�J���V�\�V�W�H�P���W�R���H�Y�H�Q���V�W�D�U�W���R�I�I���Z�L�W�K����

I suppose on a very superficial basis prior to that, I would have just been aware 

the more anticholinergic drugs we prescribe then potentially the worse it is. So, 

�D�W���W�K�H���P�R�P�H�Q�W���,���G�R�Q�¶�W���V�S�H�F�L�I�L�F�D�O�O�\���X�V�H���W�K�H���V�F�R�U�H�´��[Participant 24 �± GP].  

 

�³�6�R���,���W�K�L�Q�N���L�W�¶�V���V�R�P�H�W�K�L�Q�J���W�K�D�W���S�U�R�E�D�E�O�\���E�H�I�R�U�H���,���Z�D�V���L�Q���J�H�Q�H�U�D�O���S�U�D�F�W�L�F�H���Z�D�V�Q�¶�W��

�U�H�D�O�O�\���R�Q���P�\���U�D�G�D�U�����D�Q�G���,���W�K�L�Q�N���,�¶�Y�H���J�D�L�Q�H�G���D�Q���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���L�W���W�K�U�R�X�J�K�R�X�W���P�\��

time here really about how these medicines that we feel can be quite inert 

actually collectively can have a sort of potent�L�D�O�O�\���K�D�U�P�I�X�O���L�P�S�D�F�W���R�Q���S�H�R�S�O�H�´��

[Participant 17 �± Clinical Pharmacist). 

 

The same Clinical Pharmacist stated that there was a deficiency in 

anticholinergic burden training before qualifying from university, which may 

have contributed to gaps in knowledge and awareness: 

 

�³�,���G�R�Q�¶�W���U�H�P�H�P�E�H�U���G�R�L�Q�J���D�Q�\�W�K�L�Q�J���R�Q���L�W���D�W���D�O�O���D�W���X�Q�L�����7�K�H�U�H���P�L�J�K�W���E�H���&�3�'���S�D�F�N�D�J�H�V��

�W�K�D�W�� �F�R�Y�H�U�� �L�W�� �Q�R�Z�� �D�Q�G���S�U�H�V�F�U�L�E�L�Q�J�� �D�U�R�X�Q�G�� �R�O�G�H�U�� �S�H�R�S�O�H���� �E�X�W�� �,�¶�P���Q�R�W���V�X�U�H�� �Z�K�H�Q���,��

�O�D�V�W���G�L�G���D���&�3�'���S�D�F�N�D�J�H���W�R���E�H���K�R�Q�H�V�W���´��[Participant 17 �± Clinical Pharmacist] 

 

Another participant described the first-time learning about it at a training event, 

but reflected on how despite the availability of training opportunities, she felt the 

quantification of anticholinergic burden is not happening routinely in primary 

care: 

 

�³�, had never heard of anticholinergic scores, never heard of them, and the day 

that they gave me the burden scoring tool at a workshop, honestly I just thought 

�µ�R�K���P�\���*�R�G���W�K�L�V���L�V���P�R�V�W���L�Q�F�U�H�G�L�E�O�H���W�K�L�Q�J���H�Y�H�U�����Z�K�\���G�L�G���,���Q�R�W���N�Q�R�Z���D�E�R�X�W���W�K�L�V�"�¶��

And other people th�D�W���Z�H�U�H���W�K�H�U�H�����S�K�D�U�P�D�F�L�V�W�V���D�Q�G���W�H�F�K�Q�L�F�L�D�Q�V���Z�H�U�H���J�R�L�Q�J���µ�R�K��

�\�H�D�K���Z�H���G�R���D���E�L�W���R�I���W�K�L�V���D�Q�G���Z�H���G�R���D���E�L�W���R�I���W�K�D�W�¶���E�X�W���,�¶�P���V�W�L�O�O���J�H�W�W�L�Q�J���W�K�D�W���L�W�¶�V���Q�R�W��

�N�L�Q�G���R�I���U�H�D�O�O�\���K�D�S�S�H�Q�L�Q�J�´��[Participant 18 �± Care Home Pharmacy Technician). 
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Participants also reflected on their knowledge of frailty in the context of 

medicines optimisation, and deprescribing. Generally, participants understood 

the potential implications of advancing frailty on medication safety. Similar to 

reflections around anticholinergic burden, there was differing levels of 

knowledge and awareness among the participants however. With regards to 

frailty, one participant expressed the following: 

 

�³�,�W�
�V���D���F�R�P�E�L�Q�D�W�L�R�Q���R�I���O�R�W�V���R�I���G�L�I�I�H�U�H�Q�W���I�D�F�W�R�U�V���Z�K�L�F�K���W�K�H�Q���L�Q�F�U�H�D�V�H���W�K�H���U�L�V�N���R�I��

someone not doing well if something in their physiology changes, for example, if 

�W�K�H�\���K�D�Y�H���D�Q���L�Q�W�H�U�F�X�U�U�H�Q�W���L�Q�I�H�F�W�L�R�Q���R�U���D���I�D�O�O���R�U���V�R�P�H�W�K�L�Q�J���O�L�N�H���W�K�D�W�´��[Participant 23 

�± Senior Clinical Pharmacist].  

 

Another participant however described how there were gaps in knowledge, due 

to limited education and clinical experience of managing this clinical syndrome:  

 

�³�,���N�Q�R�Z���Z�H���G�L�G���W�R�X�F�K���R�Q���L�W���D�W���X�Q�L�Y�H�U�V�L�W�\���D�E�R�X�W���I�U�D�L�O�W�\���D�Q�G���,���U�H�P�H�P�E�H�U���G�R�L�Q�J���D���E�L�W��

�R�I���H�[�S�H�U�L�H�Q�F�H���L�Q���D���I�U�D�L�O�W�\���X�Q�L�W���L�Q���K�R�V�S�L�W�D�O�����E�X�W���,���G�R�Q�¶�W���U�H�P�H�P�E�H�U���P�X�F�K���D�E�R�X�W���L�W�����L�I��

�,�¶�P���K�R�Q�H�V�W�����6�R�����,���W�K�L�Q�N���P�R�U�H���H�G�X�F�D�W�L�R�Q���Z�R�X�O�G���S�U�R�E�D�E�O�\���E�H���U�H�D�O�O�\���X�V�H�I�X�O�´��

[Participant 12 �± Clinical Pharmacist].  

 

This was supported by other participants, who gave their perspectives of 

anticholinergic prescribing for the frail in the community pharmacy setting: 

 

�³I�W�¶�V���Q�R�W���V�R�P�H�W�K�L�Q�J���W�K�D�W���J�H�Q�H�U�D�O�O�\���F�R�P�P�X�Q�L�W�\���S�K�D�U�P�D�F�L�V�W�V���Z�L�O�O���O�R�R�N���D�W���R�U���W�K�L�Q�N��

ab�R�X�W�����,�W�¶�V���Q�R�W���V�R�P�H�W�K�L�Q�J���W�K�D�W�¶�V���F�R�Y�H�U�H�G���L�Q���D�Q�\���J�U�H�D�W���G�H�W�D�L�O���D�W���X�Q�L�Y�H�U�V�L�W�\�����V�R���I�R�U��

�W�K�H���P�D�M�R�U�L�W�\���R�I���W�K�H���F�R�P�P�X�Q�L�W�\���S�K�D�U�P�D�F�L�V�W�V���L�W���Z�R�Q�¶�W���E�H���G�R�Q�H���X�Q�O�H�V�V���W�K�H�\�¶�Y�H���G�R�Q�H��

�H�[�W�U�D���W�U�D�L�Q�L�Q�J�´ [Participant 6 �± Community Pharmacist]. 

 

Participants reflected on their knowledge and awareness of frailty, particularly in 

the context of the risks associated with prescribing or deprescribing 

anticholinergic medicines in this population:  

 

�³The evidence base says that frail older people will be pretty sensitive to the 

side effects of anticholinergic drugs, negative side effects, ultimately causing 
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�K�R�V�S�L�W�D�O���D�G�P�L�V�V�L�R�Q�V���R�U���G�H�D�W�K���U�H�D�O�O�\�´ [Participant 18 �± Care Home Pharmacy 

Technician]. 

 

However, gaps in awareness around the potential risks of anticholinergic 

burden specifically for the frail were identified by participants, and they felt it 

could hinder decision making between HCPs and patients: 

 

�³�,���W�K�L�Q�N���W�K�H���I�L�U�V�W���E�D�U�U�L�H�U���L�V���D�Z�D�U�H�Q�H�V�V�����V�R���L�I���\�R�X�¶�U�H���Q�R�W���D�Z�D�U�H���W�K�H�Q���\�R�X�¶�U�H���Q�R�W��

going to bring it up and discuss these things. As clinicians, we have to be aware 

and more mindful of this but also from a patient perspective, we have to 

educate our patients about this and there has to be more acknowledgement on 

�D���Z�L�G�H�U���V�F�D�O�H���D�Q�G���S�R�V�V�L�E�O�\���H�Y�H�Q���N�L�Q�G���R�I���D���S�X�E�O�L�F���K�H�D�O�W�K���I�R�U�X�P�´ [Participant 5 �± 

GP].  

 

Interestingly however, although anticholinergic burden among older people 

living with frailty was a concern for participants, a lack of focus on frailty was 

described during medication reviews: 

 

�³�,���Z�R�X�O�G���V�D�\���L�I���W�K�H�\�¶�U�H���I�U�D�L�O���D�Q�G���W�K�H�\�¶�Y�H���J�R�W���D���K�L�J�K���D�Q�W�L�F�K�R�Oinergic burden I think 

�W�K�D�W�¶�V���P�R�U�H���O�L�N�H�O�\���W�R���D�I�I�H�F�W���W�K�H�P���U�D�W�K�H�U���W�K�D�Q���L�Q���D���S�D�W�L�H�Q�W���Z�K�R���P�L�J�K�W���K�D�Y�H���D���K�L�J�K��

burden but not be frail. So, I think it is quite important to think about it, but I 

�S�U�R�E�D�E�O�\���G�R�Q�¶�W���W�K�L�Q�N���D�E�R�X�W���L�W���H�Q�R�X�J�K�´ [Participant 12 �± Clinical Pharmacist].  

 

Contrary to this, some participants described how there was greater focus on 

prescribing safety within frailty in general now: 

 

�³�,���W�K�L�Q�N���>�I�U�D�L�O�W�\�@���L�V���V�R�P�H�W�K�L�Q�J���Z�H�¶�U�H���Y�H�U�\���I�R�F�X�V�V�H�G���R�Q���Q�R�Z�«���Y�H�U�\���D�Z�D�U�H���R�I���Q�R�Z��

both in prescribing and in �G�H�S�U�H�V�F�U�L�E�L�Q�J�����,�W�¶�V���P�X�F�K���P�R�U�H���W�D�U�J�H�W�H�G���Q�R�Z���Z�L�W�K�����V�R�U�W��

of, all the calculators that we have to identify the patients, so it is quite a high 

�L�P�S�R�U�W�D�Q�F�H���L�Q���W�H�U�P�V���R�I���R�X�U���S�U�H�V�F�U�L�E�L�Q�J�´ [Participant 14 �± Advanced Nurse 

Practitioner]. 

 

However, not all participants valued the tools available to support the 

identification of frailty using routine data, and indeed had reservations about the 

variety of frailty definitions, and the lack of consensus on how frailty can be 
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identified. With that in mind, one participant reflected on her knowledge of 

frailty, stating: 

 

�³�,���W�H�Q�G���W�R���Q�R�W���V�X�E�V�F�U�L�E�H���W�R���D�O�O���W�K�H���W�H�U�P�V���D�Q�G���G�H�I�L�Q�L�W�L�R�Q�V���>�R�I���I�U�D�L�O�W�\�@���E�H�F�D�X�V�H���\�R�X�¶�O�O��

find all kinds of different ways of people scoring patients. So to me, a patient 

who is frail is someone who has got multiple comorbidities, that needs a very 

careful balance of day-to-�G�D�\���U�R�X�W�L�Q�H�����W�U�H�D�W�P�H�Q�W���D�Q�G���D�O�O���R�I���W�K�D�W���U�H�D�O�O�\�´ 

[Participant 25 �± Consultant Geriatrician) 

 

9.4.3.2 Education and training 

With gaps in knowledge and awareness identified, participants indicated that 

further education and training would be required to support effective use, and 

implementation of a risk prediction tool. 

 

Reflecting on the current landscape of medicines management within primary 

care, and the drive to recruit more pharmacy professionals into general practice, 

participants felt further resources would be required to upskill the developing 

workforce:  

 

�³�(�V�S�H�F�L�D�O�O�\���D�V���P�R�U�H���S�K�D�U�P�D�F�L�V�W�V���F�R�P�H���W�K�U�R�X�J�K�����D�Q�G���\�R�X���J�H�W���V�R�P�H���S�K�D�U�P�D�F�L�V�W�V��

that obviously have never worke�G���Z�L�W�K�L�Q���D���Y�H�U�\���F�O�L�Q�L�F�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W�����W�K�H�\�¶�Y�H��

come from community pharmacy where they may not be as aware of things like 

anticholinergic burden and things like that. So, I think a really good training 

program would be good. Even if it was like an online th�L�Q�J�����L�W���Z�R�X�O�G���E�H���K�H�O�S�I�X�O�´ 

[Participant 2 �± Clinical Pharmacist]. 

 

Education and training was recommended on how to approach the actual 

deprescribing intervention, once case-finding of at-risk patients has occurred: 

 

�³�,���W�K�L�Q�N���S�U�R�E�D�E�O�\���V�R�P�H���W�U�D�L�Q�L�Q�J���I�R�U���F�O�L�Q�L�F�L�D�Q�V���D�U�R�X�Q�G���Z�K�D�W���D�U�H���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F��

medicines, aside from the obvious ones is required. But also, something around 

the safety of deprescribing each of these various different things: do you stop it 

straight away, �G�R���\�R�X���Z�H�D�Q���L�W�����H�W�F�"�´ [Participant 23 �± Clinical Pharmacist].  
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Participants who described themselves as more experienced felt they did not 

require prescriptive, step-by-step guidance on how to optimise therapies, and 

described drawing on their previous experiences of deprescribing. However, 

participants less experienced in deprescribing, and less familiar with managing 

anticholinergic burden in frail older people, preferred detailed guidance, and 

steps to follow: 

 

�³�,���W�K�L�Q�N���L�I���D���U�L�V�N���S�U�H�G�L�F�W�L�R�Q���L�V���P�D�G�H�����G�H�Sending on what risk category they fall in 

to, I would want some guidance about what to do next, things that would 

support you with a deprescribing decision. I suppose it depends on the risk 

score, but I would need some additional information to guide on what to do next 

�U�H�D�O�O�\�´ [Participant 20 �± Advanced Nurse Practitioner].  

 

One community pharmacist reflected on how although they may not be directly 

involved in the deprescribing intervention, they do play a role in influencing 

prescribing decisions in the interest of medication safety, but further training is 

needed to support this.  

 

�³�,���W�K�L�Q�N���H�G�X�F�D�W�L�R�Q���L�V���D���E�L�J���L�V�V�X�H���E�H�F�D�X�V�H���Z�H�¶�U�H���Q�R�W���G�H�V�L�J�Q�H�G���W�R���W�K�L�Q�N���D�E�R�X�W��

�G�H�S�U�H�V�F�U�L�E�L�Q�J���,���G�R�Q�¶�W���W�K�L�Q�N�����H�V�S�H�F�L�D�O�O�\���D�W���X�Q�G�H�U�J�U�D�G�X�D�W�H���O�H�Y�H�O�����2�Q�O�\���Z�K�H�Q���Z�H�¶�Y�H��

qualified and started obviously working, and maybe if you do a prescribing 

�F�R�X�U�V�H���L�W���J�H�W�V���W�R�X�F�K�H�G���X�S�R�Q�����E�X�W���D�F�W�X�D�O�O�\���,���G�R�Q�¶�W���W�K�L�Q�N���W�K�H�U�H���L�V���H�Q�R�X�J�K���I�R�F�X�V���R�Q��

this at undergraduate level, on deprescribing. And even postgraduate level, I 

think there should probably be at least some sort of online resource or online 

course to help think about it more, in our day-to-�G�D�\�´ [Participant 3 �± 

Community Pharmacist]. 

 

One participant described how although being enrolled on a training pathway 

that covered deprescribing, that further in-depth deprescribing training was still 

required, with one suggestion being to make the learning relevant to different 

care settings: 

 

�,�¶�Y�H���M�X�V�W���V�W�D�U�W�H�G���R�Q���D���W�U�D�L�Q�L�Q�J���S�D�W�K�Z�D�\�����D�Q�G���,���H�Y�H�Q���I�H�H�O���W�K�D�W���,���F�R�X�O�G���G�R���Z�L�W�K���P�R�U�H��

education regarding deprescribing. Obviously, the training needs to be within 
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�F�D�U�H���K�R�P�H�V���D�V���Z�H�O�O���L�I���\�R�X�¶�U�H���O�R�R�N�L�Q�J���D�W���W�K�D�W���V�S�H�F�L�I�L�F���F�R�K�R�U�W���´ [Participant 9 �± 

Clinical Pharmacist]. 

 

GPs also called for further training, particularly as they felt anticholinergic 

burden was an increasingly important consideration when managing older 

people with frailty: 

 

�³�2�X�U���F�R�O�O�H�D�J�X�H�V���L�Q���K�R�V�S�L�W�D�O���D�Q�G���W�K�H���F�D�U�H���R�I���H�O�G�H�U�O�\���S�K�\�V�L�F�L�D�Q�V���D�U�H���L�Q�F�U�H�D�V�L�Q�J�O�\��

passing [anticholinergic] queries to us in discharge summaries. I do think 

training on this is probably required for all doctors, not just GPs, but obviously 

we are dealing with this patient population probably more than others. But I 

think for all doctors this need to be improved and there has to be a bit more 

�D�Z�D�U�H�Q�H�V�V���D�E�R�X�W���L�W�´ [Participant 5 �± GP].  

 

In terms of how training could be delivered, participants stated that this could be 

done online, or as face-to-face workshops for example: 

 

�³�,���W�K�L�Q�N���K�D�Y�L�Q�J���S�U�R�S�H�U���W�U�D�L�Q�L�Q�J���Z�L�W�K���P�D�\�E�H���F�D�V�H���V�W�X�G�L�H�V���D�Q�G���W�K�L�Q�J�V���O�L�N�H���W�K�D�W��

would be a lot more helpful because then you could use real examples in 

�S�U�D�F�W�L�F�H���D�V���Z�H�O�O�´ [Participant 2 �± Clinical Pharmacist]. 

 

9.4.4 Beliefs about capabilities and consequences 

Participants reflected on their own capabilities of deprescribing anticholinergic 

medicines, particularly involving frail older patients. They also reflected on their 

expectations of outcomes after deprescribing, and possible consequences of 

such interventions. This domain has two constructs: self-efficacy and 

confidence, and outcome expectancies and consequences.  

 

9.4.4.1 Self-efficacy and confidence 

Participants felt it was important to have confidence, and a sense of self-

efficacy, when approaching deprescribing of anticholinergic medicines in frail 

older people, as this was regarded as complex area of medicines optimisation. 

Some were confident in their deprescribing abilities, and were confident in 

making decisions whether or not to deprescribe: 
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�³�,�¶�P���D���E�L�J���E�H�O�L�H�Y�H�U���L�Q���L�I���\�R�X���G�R�Q�¶�W���Q�H�H�G���L�W�����W�K�H�Q���G�R�Q�¶�W���W�D�N�H���L�W�����D�Q�G���W�K�H�Q���Z�H�¶�O�O���M�X�V�W��

deprescribe. I know that drugs for urinary incontinence and things like that are 

�R�I�W�H�Q���S�U�H�V�F�U�L�E�H�G�����E�X�W���Z�H�¶�U�H���Q�R�W���D�F�W�X�D�O�O�\���O�R�R�N�L�Q�J���D�W���Z�K�H�W�K�H�U���W�K�H�\�¶�U�H���D�F�W�X�D�O�O�\��

working three �R�U���V�L�[���P�R�Q�W�K�V���G�R�Z�Q���W�K�H���O�L�Q�H�����,���W�K�L�Q�N���S�H�R�S�O�H���R�I�W�H�Q���J�H�W���O�H�I�W���R�Q���W�K�H�P�´ 

[Participant 9 �± Clinical Pharmacist].  

 

Reflecting on what builds confidence in the ability to effectively deprescribe, 

participants described how entering detailed discussions with patients and/or 

their carers, and having a structured approach to the intervention can be 

effective. HCPs acknowledged that there was not a one size fits all approach to 

deprescribing, and sometimes exploring various options is required: 

 

�³�,�W�
�V���U�H�D�O�O�\���M�X�V�W���D�E�Rut having a discussion, and educating about long term risks 

and what potentially could happen. I think for me it's always been about making 

a plan. I would have the discussion with the patient that actually if this plan 

�G�R�H�V�Q�¶�W���Z�R�U�N�����W�K�H�Q���Z�H���Z�L�O�O���K�D�Y�H���W�K�L�V back up in place and we will consider other 

�R�S�W�L�R�Q�V���´ [Participant 10 �± Advanced Clinical Pharmacist].  

 

The clinical context in question was seen as a challenge however with regards 

to deprescribing, as delivering deprescribing interventions to reduce 

anticholinergic burden, particularly in frail older people, required a higher level 

of confidence in abilities: 

 

�³�,���S�H�U�V�R�Q�D�O�O�\���G�R�Q�¶�W���O�D�F�N���F�R�Q�I�L�G�H�Q�F�H���L�Q���G�H�S�U�H�V�F�U�L�E�L�Q�J���L�Q���J�H�Q�H�U�D�O�����,���W�K�L�Q�N���L�W�¶�V���P�R�U�H���D��

�F�D�V�H���R�I���R�Q�O�\���Z�K�H�Q���\�R�X�¶�U�H���G�H�D�O�L�Q�J���Z�L�W�K���H�O�G�H�U�O�\���F�D�U�H�����,�Q���W�K�L�V��area, maybe I might 

need a bit more confidence I guess, to be able to go ahead and [deprescribe] 

�E�X�W���,���D�O�V�R���I�H�H�O���W�K�D�W���L�Q���J�H�Q�H�U�D�O�����W�K�H�U�H���L�V���D���O�D�F�N���R�I���F�R�Q�I�L�G�H�Q�F�H���I�U�R�P���F�O�L�Q�L�F�L�D�Q�V�´ 

[Participant 4 �± Locum Community Pharmacist].  

 

Other HCPs described feeling less confident in approaching the deprescribing 

of anticholinergic medicines in older people with frailty:  

 

�³�,�I���D���S�D�W�L�H�Q�W���Z�D�V���V�X�I�I�H�U�L�Q�J���I�U�R�P���W�K�H���V�L�G�H���H�I�I�H�F�W�V���I�U�R�P���P�H�G�L�F�D�W�L�R�Q�����W�K�H�Q���,���Z�R�X�O�G��

look to be stopping it. But in terms of specialised drugs that I �Z�R�X�O�G�Q�¶�W���L�Q�L�W�L�D�W�H��

myself, I would probably seek further advice in terms of the impact of stopping 
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�W�K�H���G�U�X�J�V�����V�X�F�K���D�V���R�[�\�E�X�W�\�Q�L�Q�����%�X�W���,���W�K�L�Q�N���D�V���P�\���N�Q�R�Z�O�H�G�J�H���R�I���W�K�H���G�U�X�J�V���L�V�Q�¶�W��

massive and extensive, I probably would have to take advice as to whether 

depres�F�U�L�E�L�Q�J���Z�D�V���D�S�S�U�R�S�U�L�D�W�H�����,�
�P���Q�R�W���D�Z�D�U�H���R�I���D�Q�\���V�S�H�F�L�I�L�F���J�X�L�G�D�Q�F�H�´ 

[Participant 14 �± Advanced Nurse Practitioner].  

 

Another Advanced Nurse Practitioner also reflected on anticholinergic 

deprescribing decisions when patients are experiencing side effects, becoming 

more complex when polypharmacy is involved: 

 

�³�6�R�P�H�W�L�P�H�V�����L�W���P�L�J�K�W���E�H���I�U�R�P���P�H���D���V�O�L�J�K�W���O�D�F�N���R�I���F�R�Q�I�L�G�H�Q�F�H�����D�Q�G���W�K�L�Q�N���µ�Z�H�O�O�����\�H�V����

�P�D�\�E�H���W�K�H�\���V�K�R�X�O�G���V�W�R�S���W�K�L�V���G�U�X�J�¶�����6�R�P�H�W�L�P�H�V���L�W�¶�V���F�O�H�D�U���F�X�W���D�Q�G���,���W�K�L�Q�N���G�H�I�L�Q�L�W�H�O�\ 

�L�W�¶�V���G�D�Q�J�H�U�R�X�V�����W�K�H�\���V�K�R�X�O�G���F�R�P�H���R�I�I���Lt, they're getting side-effects. But 

�V�R�P�H�W�L�P�H�V�����L�I���W�K�H�\�¶�U�H���R�Q���D���O�R�W���R�I���G�U�X�J�V�����,���P�L�J�K�W���Q�R�W���E�H���D���K�X�Q�G�U�H�G���S�H�U�F�H�Q�W���V�X�U�H�´ 

[Participant 20 �± Advanced Nurse Practitioner]. 

 

Recognising that this is a challenging clinical area, participants stated that 

feeling supported by others within the multidisciplinary team (MDT) was an 

important factor in approaching deprescribing decisions, which in turn helped 

increase confidence and self-efficacy: 

 

�³�,�
�P���D�X�W�R�Q�R�P�R�X�V���V�R���L�Q���D���O�R�W���R�I���F�D�V�H�V�����D�V���O�R�Q�J���D�V���,���F�D�Q���U�D�W�L�R�Q�D�O�L�V�H���Z�K�\���,�
�Ye 

�V�W�R�S�S�H�G���D���G�U�X�J���R�U���D�Q�\�W�K�L�Q�J�����P�R�V�W���R�I���W�K�H���*�3�V���Z�L�O�O���V�X�S�S�R�U�W���W�K�D�W���E�H�F�D�X�V�H���Z�H�¶�Y�H��

�Q�R�Z���E�H�H�Q���Z�R�U�N�L�Q�J���W�R�J�H�W�K�H�U���I�R�U���I�R�X�U���\�H�D�U�V���´ [Participant 19 �± Advanced Nurse 

Practitioner].  

 

9.4.4.2 Outcome expectancies and consequences 

Participants believed that reducing anticholinergic burden for frail older people 

can have a positive impact for vulnerable patients, and can reduce the risk of 

adverse outcomes. There was an expectation that deprescribing interventions 

would be beneficial for patients overall.  

 

�³�,���W�K�L�Q�N���L�W�¶�V���D�Q���L�P�S�R�U�W�D�Q�W���D�U�H�D���Z�L�W�K���U�H�J�D�U�G�V���W�R���I�U�D�L�O�W�\���E�H�F�D�X�V�H���L�W�¶�V���V�R�P�H�W�K�L�Q�J���W�K�D�W�����L�I��

managed well, can help improve the outcomes for a patient in terms of maybe 

their frailty score or further down the line, stopping or avoiding unnecessary 
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hospital admi�V�V�L�R�Q�V�� �R�U�� �*�3�� �D�S�S�R�L�Q�W�P�H�Q�W�V�� �D�V�� �Z�H�O�O�´��[Participant 3 �± Community 

Pharmacist]. 

 

Participants drew on their past experiences of deprescribing anticholinergics in 

this population, with one participant describing a positive result with regards to 

cognition: 

 

�³�,�¶�Y�H���K�D�G���D���F�R�X�S�O�H���R�I���F�D�V�H�V���Z�K�H�U�H���,�¶�Y�H���O�R�R�N�H�G���D�W���W�K�H���$�&�%���V�F�R�U�H�����D�Q�G���Z�R�U�N�H�G��

�Z�L�W�K���W�K�H���S�D�W�L�H�Q�W���D�Q�G���W�K�H�L�U���I�D�P�L�O�\���D�Q�G���V�D�L�G���µ�O�R�R�N�����O�H�W�¶�V���O�R�R�N���D�W���W�K�L�V�¶���D�Q�G���V�W�R�S�S�H�G��

�F�H�U�W�D�L�Q���G�U�X�J�V�����7�K�H���G�L�I�I�H�U�H�Q�F�H���W�K�D�W���W�K�D�W�¶�V���P�D�G�H���W�R���W�K�D�W���S�H�U�V�R�Q�¶�V���F�R�J�Q�L�W�L�Y�H���V�W�D�W�H����

�Z�H�¶�Y�H���K�D�G���V�R�P�H���U�H�D�O�O�\���J�R�R�G���U�H�V�X�O�W�V�´ [Participant 19 �± Advanced Nurse 

Practitioner].  

 

Although rationalising anticholinergic burden was seen as a beneficial 

intervention with regards to improving outcomes, there were concerns about the 

consequences of deprescribing also, and challenging decision-making 

processes: 

 

 �³�,���W�K�L�Q�N���D�J�D�L�Q���L�W�¶�V��the worries about deprescribing, like, certain barriers. 

�2�E�Y�L�R�X�V�O�\�����\�R�X�¶�U�H���Z�R�U�U�\�L�Q�J���D�E�R�X�W���V�W�R�S�S�L�Q�J���D���P�H�G�L�F�D�W�L�R�Q���L�I���L�W�¶�V���K�D�Y�L�Q�J���D���E�H�Q�H�I�L�F�L�D�O��

�H�I�I�H�F�W�«�W�K�H�U�H���D�U�H���U�L�V�N�V���D�Q�G���E�H�Q�H�I�L�W�V���R�I���K�D�Y�L�Q�J���P�H�G�L�F�D�W�L�R�Q���V�R���L�W�¶�V���L�P�S�R�U�W�D�Q�W���W�R��

�Z�H�L�J�K���X�S���E�R�W�K�����U�D�W�K�H�U���W�K�D�Q���M�X�V�W���O�R�R�N�L�Q�J���D�W���W�K�H���U�L�V�N�V�´ [Participant 12 �± Clinical 

Pharmacist]. 

 

Potential consequences of deprescribing were anticipated by participants, 

however this was not seen as a complete barrier to engaging in deprescribing in 

vulnerable populations. HCPs felt it was important to maintain a longitudinal 

relationship with patients after such interventions: 

 

�³�,���V�X�S�S�R�V�H���W�K�H�U�H���L�V���D���I�H�D�U���R�I���P�D�N�L�Q�J���S�H�R�S�O�H���S�R�W�H�Q�W�L�D�O�O�\���Z�R�U�V�H���U�D�W�K�H�U���W�K�D�Q���E�H�W�W�H�U����

�E�X�W���W�K�D�W�¶�V���Z�K�H�U�H���W�K�H���I�R�O�O�R�Z-�X�S���F�R�P�H�V���L�Q�´��[Participant 23 �± Clinical Pharmacist].  

 

With regards to the use of a future risk prediction tool in this area, there was an 

expectation that this should be beneficial in supporting deprescribing decisions, 
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and support the justification of why changes to therapies have been made, in 

line with the evidence base: 

 

�³�>�5�L�V�N���S�U�H�G�L�F�W�L�R�Q���W�R�R�O�V���D�U�H�@���Y�H�U�\���X�V�H�I�X�O���W�R�R�O�V���W�R���X�V�H���Z�K�H�Q���D�G�Y�L�V�L�Q�J���R�Q���Z�K�\���W�K�L�Q�J�V��

may or may not have been stopped. And plus, I suppose for a lot of people, it 

gives you the backup, because if anything goes wrong, you need to justify why 

�\�R�X�¶�Y�H���G�H-�S�U�H�V�F�U�L�E�H�G���V�R�P�H�W�K�L�Q�J���D�Q�G���Z�K�D�W�¶�V���W�K�H���H�Y�L�G�H�Q�F�H���W�R���V�X�S�S�R�U�W��this �D�V���Z�H�O�O�´ 

[Participant 13 �± Clinical Pharmacist].  

 

9.4.5 Decision processes 

As previously mentioned, HCPs described challenging decision-making 

processes in the deprescribing of anticholinergic medicines, particularly in the 

frail older population. This third domain describes factors as influences of 

anticholinergic deprescribing and is separated into the following four constructs: 

clinical influences; patient influences; influence of tools/alerts; and local/national 

drivers and financial influences.  

 

9.4.5.1 Clinical influences 

Although HCPs valued the role of tools to support decision making, they 

described how decisions cannot be made entirely based on a risk prediction 

tool. They stressed the importance of considering the whole clinical picture for 

�S�D�W�L�H�Q�W�V�����R�I�W�H�Q���G�H�V�F�U�L�E�H�G���D�V���D���P�R�U�H���µ�K�R�O�L�V�W�L�F���D�S�S�U�R�D�F�K�¶ by participants: 

 

�³�,��think [risk prediction tools] generally are a positive thing but at the same time, 

�H�Y�H�Q���L�I���\�R�X�¶�U�H���D�U�P�H�G���Z�L�W�K���W�K�D�W���U�L�V�N���S�U�H�G�L�F�W�L�R�Q���W�R�R�O�����\�R�X���K�D�Y�H���W�R���E�H���D�E�O�H���W�R���X�V�H���L�W��

�L�Q���F�O�L�Q�L�F�D�O���F�R�Q�W�H�[�W���D�Q�G���W�K�H���P�R�V�W���L�P�S�R�U�W�D�Q�W���W�K�L�Q�J���L�V���W�K�H���S�D�W�L�H�Q�W�´ [Participant 5 �± 

GP]. 

 

�³�<ou kind of need to look at it in a holistic way. There will be instances where 

you can make changes in a frail person to reduce their burden, and then their 

�T�X�D�O�L�W�\���R�I���O�L�I�H���L�V���H�L�W�K�H�U���P�D�L�Q�W�D�L�Q�H�G���R�U���G�R�H�V�Q�¶�W���E�H�F�R�P�H���Z�R�U�V�H���D�I�W�H�U���G�H�S�U�H�V�F�U�L�E�L�Q�J����

There are other individuals who have tried multiple drugs, alternatives, but it is 

that drug with the anticholinergic burden associated with it which actually gives 

�W�K�H�P���E�H�Q�H�I�L�W�����,���W�K�L�Q�N���V�R�P�H�W�L�P�H�V���L�W�
�V���D�E�R�X�W���O�R�R�N�L�Q�J���D�W���Z�K�D�W�¶�V���J�R�R�G���I�R�U���W�K�H�P���D�W���W�K�D�W��

moment in time and making �W�K�H�P���F�R�P�I�R�U�W�D�E�O�H�����,���W�K�L�Q�N���L�W�¶�V���D�E�R�X�W���O�R�R�N�L�Q�J���D�W���H�D�F�K��
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person individually, looking at their needs, and then making a decision on 

�Z�K�H�W�K�H�U���Z�H���V�K�R�X�O�G���S�U�H�V�F�U�L�E�H���D���G�U�X�J���Z�L�W�K���D���K�L�J�K���$�&�%���E�X�U�G�H�Q���R�U���Q�R�W�´ [Participant 

9 �± Clinical Pharmacist]. 

 

Other HCPs described situations where they felt potent anticholinergics may be 

the most beneficial choice of medicine to treat certain conditions, regardless of 

the frailty status: 

 

�³�0�H�G�L�F�L�Q�H�V���O�L�N�H���D�P�L�W�U�L�S�W�\�O�L�Q�H���I�R�U���H�[�D�P�S�O�H�����L�W�¶�V���D���Y�H�U�\���H�I�I�H�F�W�L�Y�H���P�H�G�L�F�L�Q�H���D�W��

reducing neuropath�L�F���S�D�L�Q�����E�X�W���W�K�H�Q���D�O�V�R���L�W���K�D�V���L�W�¶�V���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���H�I�I�H�F�W�V�����W�K�H��

�G�U�R�Z�V�L�Q�H�V�V�����W�K�H���K�D�Q�J�R�Y�H�U���H�I�I�H�F�W�V���W�K�H���Q�H�[�W���G�D�\�����H�W�F�«�´ [Participant 16 �± Clinical 

Pharmacist].  

 

However, it was clear that considering the frailty severity of patients was an 

important element of delivering holistic care, with frailty being a significant 

influence when making anticholinergic prescribing decisions: 

 

�³�,�W�¶�V���M�X�V�W���O�R�R�N�L�Q�J���D�W���H�Y�H�U�\�W�K�L�Q�J���K�R�O�L�V�W�L�F�D�O�O�\���D�Q�G�����R�E�Y�L�R�X�V�O�\�����W�K�H���P�R�U�H���R�O�G�H�U���D�Q�G��

frailer the patient, then the more risk of the renal function not being as good as 

somebody, say, who is younger, and may not metabolise drugs as well. There 

may be a build-up of other drugs in the system. So, you have to look at 

everything�«�S�D�U�W�L�F�X�O�D�U�O�\���L�Q���W�K�L�V���W�\�S�H���R�I���J�U�R�X�S���R�I���G�U�X�J�V�´ [Participant 20 �± 

Advanced Nurse Practitioner].  

 

One participant reflected on how they were more likely to prescribe 

anticholinergic medicines to fitter older patients, rather than the severely frail: 

 

�³�7�K�H���I�L�W�W�H�U���W�K�H�\���D�U�H�����W�K�H���P�R�U�H���O�L�N�H�O�\���W�K�H�\���D�U�H���W�R���E�H�Q�H�I�L�W���I�U�R�P���W�K�H��medicines, and 

�W�K�H���P�R�U�H���O�L�N�H�O�\���,���Z�L�O�O���E�H���W�R���S�U�H�V�F�U�L�E�H�����,�¶�P���Q�R�W���V�X�U�H���L�I���L�W�¶�V���M�X�V�W���H�[�S�H�U�L�H�Q�W�L�D�O���R�U���L�I��

�W�K�H�U�H�¶�V���H�Y�L�G�H�Q�F�H���E�H�K�L�Q�G���L�W�����E�X�W���,���W�K�L�Q�N���D�O�V�R���W�K�H���I�L�W�W�H�U���W�K�H�\���D�U�H���D�Q�G���W�K�H���O�H�V�V���I�U�D�L�O��

�W�K�H�\���D�U�H�����W�K�H���O�H�V�V���O�L�N�H�O�\���W�K�H�\���D�U�H���W�R���E�H���K�D�U�P�H�G���D�V���Z�H�O�O�����,���W�K�L�Q�N���W�K�D�W�¶�V��a feeling I 

�K�D�Y�H���P�R�U�H���W�K�D�Q���D�Q�\�W�K�L�Q�J�����,�¶�P���Q�R�W���V�X�U�H���Z�K�D�W���W�K�H���H�Y�L�G�H�Q�F�H���L�V�´ [Participant 17 �± 

Clinical Pharmacist] 
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Although a higher degree of frailty was seen as a significant factor influencing 

decisions to reduce anticholinergic burden, it was also suggested that frailer 

patients may not benefit from a deprescribing intervention with regards to 

improving outcomes: 

 

�³I�I���W�K�H�\���D�U�H���V�H�Y�H�U�H�O�\���I�U�D�L�O�«���\�R�X���F�D�Q���W�U�\���W�R���I�L�[���W�K�L�Q�J�V���E�X�W���L�W���P�D�\���E�H���W�R�R���O�D�W�H���I�R�U���\�R�X��

to try to change very much, �« If you target the [moderate frailty] cohort of 

�S�D�W�L�H�Q�W�V�����W�K�H�U�H�¶�V���D���F�K�D�Q�F�H���W�K�D�W���\�R�X���F�R�X�O�G���W�U�\���W�R���L�P�S�U�R�Y�H���W�K�L�Q�J�V�����R�U���Q�R�W�´ 

[Participant 25 �± Consultant Geriatrician].  

 

9.4.5.2 Patient influences 

The influence of patients was described as a significant factor when making 

prescribing decisions, particularly the reluctance to change therapies, or 

deprescribe. HCPs described difficulties in getting patients to understand their 

perspectives, and the rationale for deprescribing, and were seen as barriers at 

times during consultations: 

 

�³�3�D�W�L�H�Q�W�V���D�U�H���R�I�W�H�Q���U�H�O�X�F�W�D�Q�W���W�R���V�W�R�S���W�K�H�P���E�H�F�D�X�V�H���W�K�H�\���W�K�L�Q�N���L�W�¶�V���N�H�H�S�L�Q�J���W�K�H�P��

going, and it often makes really long challenging consultations, not necessarily 

because of disagreement, just because quite often with some of these 

�P�H�G�L�F�L�Q�H�V���S�D�W�L�H�Q�W�V���K�D�Y�H���E�H�H�Q���W�R�O�G���Z�K�H�Q���W�K�H�\���V�W�D�U�W���W�K�H�P���µ�\�R�X�¶�U�H���J�R�L�Q�J���W�R���E�H���R�Q��

�W�K�L�V���I�R�U�H�Y�H�U�´��[Participant 17 �± Clinical Pharmacist]. 

Historical prescribing was described as one of the major challenges by HCPs, 

and a significant influence of why participants may be reluctant to agree to a 

deprescribing intervention: 

 

�³�:�H���J�H�W���S�D�W�L�H�Q�W�V���Z�K�R���D�U�H���U�H�V�L�V�W�D�Q�W���W�R���V�W�R�S�S�L�Q�J���D�Q�\�W�K�L�Q�J�����S�D�U�W�L�F�X�O�D�U�O�\���V�R�P�H���R�O�G�H�U��

patients who have been taking something for years and t�K�H�\���G�R�Q�¶�W���V�H�H���D�Q�\�W�K�L�Q�J��

�Z�U�R�Q�J���Z�L�W�K���W�D�N�L�Q�J���L�W�����(�Y�H�Q���W�K�R�X�J�K���W�K�H�\�¶�U�H���J�H�W�W�L�Q�J���Y�H�U�\���O�L�W�W�O�H���E�H�Q�H�I�L�W���I�U�R�P���L�W�´ 

[Participant 3 �± Community Pharmacist].  

 

�³�,�W�¶�V���U�H�D�O�O�\���K�D�U�G���Z�L�W�K���U�H�J�D�U�G�V���W�R���D�P�L�W�U�L�S�W�\�O�L�Q�H���D�Q�G���W�K�L�Q�J�V���O�L�N�H���W�K�D�W���E�H�F�D�X�V�H���W�K�H�U�H�¶�V��

such a historical background to it. A lot of the elderly were taking it to help them 

�V�O�H�H�S���E�D�F�N���L�Q���W�K�H���G�D�\�����V�R���W�K�H�\�¶�Y�H���E�H�H�Q���R�Q���L�W���I�R�U���P�D�Q�\���\�H�D�U�V�����7�K�H�U�H���L�V���V�W�L�O�O���V�R�P�H��
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�S�R�R�U���S�U�H�V�F�U�L�E�L�Q�J���W�R�G�D�\���D�V���Z�H�O�O�����E�X�W���,���W�K�L�Q�N���D���O�R�W���R�I���L�W���L�V���M�X�V�W���W�K�H�\�¶�Y�H���E�H�H�Q���R�Q���L�W���I�R�U��

�V�X�F�K���D���O�R�Q�J���W�L�P�H�´ [Participant 2 �± Clinical Pharmacist]. 

 

In addition to historical prescribing, the issue of medication dependency was 

raised as a significant challenge also: 

 

�³�,�W���L�V���Y�H�U�\���G�L�I�I�L�F�X�O�W���Z�K�H�Q���S�D�W�L�H�Q�W�V���K�D�Y�H���G�H�S�H�Q�G�H�Q�F�\���W�R���P�H�G�L�F�D�W�L�R�Q�V�����O�L�N�H���R�S�L�D�W�H�V��

�D�Q�G���E�H�Q�]�R�G�L�D�]�H�S�L�Q�H�V�������7�K�D�W�¶�V a very, very difficult thing to unpick. For instance, 

�,�¶�Y�H���J�R�W���D���S�D�W�L�H�Q�W���R�Q���O�R�U�D�]�H�S�D�P�������,���G�R�Q�¶�W���W�K�L�Q�N���,�¶�P���H�Y�H�U���J�R�L�Q�J���W�R���J�H�W���K�H�U���R�I�I���L�W��

�E�H�F�D�X�V�H���W�K�D�W�¶�V���D���K�L�V�W�R�U�L�F�D�O���W�K�L�Q�J�������6�K�H�¶�V���K�D�G���I�D�O�O�V�����V�K�H�¶�V���K�D�G���I�U�D�F�W�X�U�H�V�����,�¶�P��

�Z�D�L�W�L�Q�J���W�R���J�H�W���V�R�P�H���S�K�R�Q�H���F�D�O�O�V���D�E�R�X�W���V�K�H�¶s confused and falling again because 

�V�K�H���F�D�Q�Q�R�W���J�H�W���R�I�I���W�K�H���O�R�U�D�]�H�S�D�P���D�Q�G���W�K�H�Q���Z�H�¶�U�H���V�W�X�F�N�´ [Participant 25 �± 

Consultant Geriatrician]. 

 

HCPs also described resistance by patients where specialists have been 

involved in starting particular medicines, and the belief by patients that other 

HCPs should not be making changes: 

 

�³�:�K�H�Q���S�D�W�L�H�Q�W�V���D�U�H���V�H�H�Q���L�Q���V�H�F�R�Q�G�D�U�\���F�D�U�H�����R�I�W�H�Q���W�K�H���S�D�W�L�H�Q�W�V���E�H�F�R�P�H���T�X�L�W�H��

adamant that their consultant suggested [�D���P�H�G�L�F�L�Q�H�@�����V�R���Z�H���V�K�R�X�O�G�Q�¶�W���J�R���D�E�R�Y�H��

�D���F�R�Q�V�X�O�W�D�Q�W���R�U���W�R���F�K�D�Q�J�H���V�R�P�H�W�K�L�Q�J�´ [Participant 2 �± Clinical Pharmacist].  

 

Participants acknowledged patient resistance to be a significant barrier to 

deprescribing, and could anticipate resistance within future consultations. HCPs 

described how they had developed techniques within consultations to try and 

encourage patients to make changes: 

 

�³�:�K�H�Q���,�¶�Y�H���V�X�J�J�H�V�W�H�G���W�K�D�W���Z�H���V�W�R�S���D���P�H�G�L�F�D�W�L�R�Q�����,���Z�R�X�O�G���D�O�Z�D�\�V���J�L�Y�H���D���U�H�D�V�R�Q��

and then ask their thoughts on it. A lot of the t�L�P�H�V���W�K�H�\���Z�L�O�O���V�D�\�����µ�Z�H�O�O�����,���W�K�L�Q�N���L�W�¶�V��

�K�H�O�S�L�Q�J�����,���Z�D�Q�W���W�R���V�W�D�\���R�Q���L�W���¶���6�R�����P�\���U�H�V�S�R�Q�V�H���L�Q���W�K�R�V�H���V�R�U�W���R�I���V�L�W�X�D�W�L�R�Q�V���D�U�H����

�µ�Z�H�O�O�����L�I���\�R�X�U���V�\�P�S�W�R�P�V���D�U�H���F�X�U�U�H�Q�W�O�\���V�W�D�E�O�H���\�R�X���F�R�X�O�G���W�U�\���Z�L�W�K�R�X�W���L�W���D�Q�G���V�H�H���K�R�Z��

�\�R�X���J�H�W���R�Q���¶���8�V�X�D�O�O�\���W�K�H�\�¶�U�H���D���E�L�W���U�H�V�L�V�W�D�Q�W�����E�X�W���V�R�P�H�W�L�P�H�V���W�K�H�\���P�L�J�K�W���V�D�\�����µ�R�N�D�\����

�Z�H�O�O�����Z�H�¶�O�O���W�U�\���L�W���D�Q�G���V�H�H���¶�´ [Participant 12 �± Clinical Pharmacist].  
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�8�O�W�L�P�D�W�H�O�\�����S�D�U�W�L�F�L�S�D�Q�W�V���G�H�V�F�U�L�E�H�G���K�R�Z���S�D�W�L�H�Q�W�V�¶���S�H�U�V�S�H�F�W�L�Y�H�V���Z�H�U�H���R�Q�H���R�I���W�K�H��

biggest influences on their anticholinergic deprescribing decisions. 

Deprescribing of anticholinergic medicines may not always be accepted by 

patients, and this was seen as acceptable by HCPs, providing that patients 

were made aware of potential risks, and could make informed decisions for 

themselves. Again, participants supported the use of tools to identify those at 

greater risk, however the most important factor was to consider each patient as 

individuals, and respect decision making also: 

 

�³�<�R�X���G�R���D���O�R�W���R�I���W�K�L�Q�J�V���G�L�I�I�H�U�H�Q�W���L�Q���W�K�H�R�U�\���W�K�D�Q���S�H�U�K�D�S�V���\�R�X���Z�R�X�O�G���G�R���L�Q���S�U�D�F�W�L�F�H����

So, yo�X���K�D�Y�H���W�R���W�D�N�H���H�D�F�K���S�D�W�L�H�Q�W���D�V���D�Q���L�Q�G�L�Y�L�G�X�D�O�����<�H�V�����L�W�¶�V���D���Y�H�U�\���E�L�J���F�O�L�F�K�p����

but you can have all the evidence base in the world and you can have all these 

theories etc. But when you have that patient in front of you, and their own life 

experiences, what they want, what they want to achieve etc, and if their biggest 

�S�U�R�E�O�H�P���L�V���W�K�H���I�D�F�W���W�K�D�W���W�K�H�\�¶�Y�H���J�R�W���D�Q���R�Y�H�U�D�F�W�L�Y�H���E�O�D�G�G�H�U���D�Q�G���W�K�H�\�¶�U�H���D�Z�D�U�H���R�I��

the risks of other things, and they are frail but they understand the risks and 

they want that sorted, you know, you probably will prescribe that because every 

�S�D�W�L�H�Q�W���L�V���G�L�I�I�H�U�H�Q�W���D�Q�G���\�R�X���F�D�Q�¶�W���E�O�D�Q�N�H�W-�D�S�S�U�R�D�F�K���D���S�D�W�L�H�Q�W�´��[Participant 5 �± 

GP]. 

 

9.4.5.3 Influence of tools/alerts 

HCPs reflected on the influence of tools/alerts on their prescribing/deprescribing 

decisions, generally finding that they support decision making processes: 

 

�³�,���W�K�L�Q�N���W�K�H�\���G�R���P�D�N�H���D���J�R�R�G���L�P�S�D�F�W���D�Q�G���J�L�Y�H���H�Y�L�G�H�Q�F�H-base to our decision 

�P�D�N�L�Q�J�´ [Participant 5 �± GP].  

 

It was emphasised that these were only to support decisions, and not to base 

decisions entirely on risks identified by a risk prediction tool: 

 

�³�,���W�K�L�Q�N���W�K�H�\���D�U�H���D���X�V�H�I�X�O���D�G�M�X�Y�D�Q�W�����6�R�����W�K�H�\���Z�L�O�O���J�X�L�G�H���\�R�X�U���G�H�F�L�V�L�R�Q���W�R���V�R�P�H��

�Z�D�\�����E�X�W���D�U�H���Q�R�W���W�K�H���µ�E�H���D�O�O�����H�Q�G���D�O�O�¶�����,���W�K�L�Q�N���W�K�D�W�¶�V���W�K�H���N�H�\���W�K�L�Q�J�����X�V�L�Q�J���W�K�H���Uight 

�W�R�R�O�V���W�R���Z�H�L�J�K���X�S���Z�K�D�W���W�K�H���U�L�V�N���L�V���D�Q�G���D�O�V�R���Z�K�D�W���L�W���P�H�D�Q�V���W�R���D���S�D�W�L�H�Q�W�´ 

[Participant 7 �± GP].  
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Participants described how tools/alerts not only have an influence on their 

�S�U�H�V�F�U�L�E�L�Q�J���G�H�F�L�V�L�R�Q�V�����E�X�W���D�O�V�R���D�Q���L�Q�I�O�X�H�Q�F�H���R�Q���S�D�W�L�H�Q�W�V�¶���G�H�F�L�V�L�R�Q�V���Z�L�W�K��regards 

to their therapy choices, and therefore can be beneficial for shared decision 

making. Reflecting on the use of existing risk prediction tools in primary care, 

one participant stated: 

 

�³�$�F�W�X�D�O�O�\�����L�W���G�R�H�V���K�H�O�S���S�D�W�L�H�Q�W�V���X�Q�G�H�U�V�W�D�Q�G���W�K�H���U�L�V�N�V���D�Q�G���E�H�Q�H�I�Lts when making 

the decision whether to prescribe or de-prescribe. So, I think they are very 

useful and I think a lot of pharmacists will be keen to use them. It just bolsters 

that need to make that prescribing decision, whether de-prescribe or prescribe 

something and from my experience, the patient puts a lot of trust in that as well. 

�7�K�H�\���P�L�J�K�W���Q�R�W���K�D�Y�H���K�H�D�U�G���R�I���W�K�H���W�R�R�O�V�����E�X�W���W�K�H�\���W�U�X�V�W���X�V���H�Q�R�X�J�K���W�K�D�W���Z�H�¶�U�H��

showing that this is a tool we use to help make a decision. They can illustrate 

nicely what impact �L�W���F�R�X�O�G���K�D�Y�H���R�Q���S�D�W�L�H�Q�W�V���D�Q�G���,�¶�Y�H���I�R�X�Q�G���W�K�D�W���W�R���E�H���S�U�H�W�W�\��

�X�V�H�I�X�O�´ [Participant 3 �± Community Pharmacist].  

 

HCPs felt a risk prediction tool could help identify an appropriate time to 

intervene with a deprescribing intervention, and a risk score could help support 

patients with decision making, by simplifying the message about a risk:  

 

�³�,���G�H�I�L�Q�L�W�H�O�\���W�K�L�Q�N���W�K�D�W���>�U�L�V�N���S�U�H�G�L�F�W�L�R�Q���W�R�R�O�V�@���D�U�H���X�V�H�I�X�O���I�R�U���F�O�L�Q�L�F�L�D�Q�V���O�L�N�H���P�\�V�H�O�I�����,��

feel like it would give a better understanding of when to make those decisions. I 

think it would be useful for the patient as well, to have that kind of tool to know 

that if a score is above a certain threshold, for example, then something needs 

to be actioned. I feel like they do translate quite complex information into more 

simple ter�P�V���I�R�U���W�K�H���S�D�W�L�H�Q�W�V�´ [Participant 10 �± Advanced Clinical Pharmacist].  

 

Acknowledging current patient risks was an important factor for HCPs, but they 

also valued the consideration of potential future risks. They felt that a tool that 

could present potential future risks to patients could facilitate better informed 

decision making, and possibly patients would be more open to discussions. 

They felt such tools could help encourage patients to look beyond the now, and 

to consider an intervention with a view to preventing adverse outcomes at a 

later stage: 
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�³�,���N�Q�R�Z���W�K�H�U�H�¶�V���D���O�R�W���R�I���W�R�R�O�V���I�R�U���G�H�S�U�H�V�F�U�L�E�L�Q�J�����V�X�F�K���D�V���W�K�H���6�7�2�3�3���6�7�$�5�7���N�L�Q�G��

�R�I���W�R�R�O�V�����W�K�D�W���D�U�H���V�X�S�S�R�V�H�G���W�R���K�H�O�S���Z�L�W�K���W�K�L�V�����E�X�W���V�R�P�H�W�L�P�H�V���L�W�¶�V���Q�R�W���D�V���V�L�P�S�O�H����

So, I think having a score for, say, a risk of a certain outcome, for 

anticholinergics or other medications, would be useful and then you could 

present that to the patient, and back-�X�S���\�R�X�U���U�H�D�V�R�Q�V���Z�K�\���\�R�X�¶�Y�H���V�X�J�J�H�V�W�H�G��

deprescribing. And then they might be more likely to have a think about it then 

rathe�U���W�K�D�Q���L�P�P�H�G�L�D�W�H�O�\���V�D�\�L�Q�J�����µ�Q�R���¶���E�H�F�D�X�V�H���D�W���W�K�D�W���W�L�P�H���,���V�X�S�S�R�V�H���W�K�H�\�¶�U�H��

thinking about their present situation and, they might not be thinking about the 

long-term effects that their medication could have. [Participant 12 �± Clinical 

Pharmacist].  

 

Participants described how tools also had the potential to support workflows in 

primary care, and influence where resources could be prioritised: 

 

�³�,���W�K�L�Q�N���L�I���Z�H���K�D�G���D���U�L�V�N���V�F�R�U�H���D�Q�G���Z�H���F�R�X�O�G���V�H�D�U�F�K���W�K�H���S�D�W�L�H�Q�W���S�R�S�X�O�D�W�L�R�Q���W�K�D�W��

were at a higher risk, we would probab�O�\���S�U�L�R�U�L�W�L�V�H���W�K�R�V�H���I�R�U���P�H�G�L�F�D�W�L�R�Q���U�H�Y�L�H�Z�´ 

[Participant 15 �± Advanced Pharmacy Technician].  

 

Generally, the participants were very sympathetic of tools and resources that 

can influence prescribing decisions, and could appreciate the individualised 

approach that risk prediction tools adopt.  

 

�³�,���W�K�L�Q�N���W�K�D�W���W�K�H���P�R�U�H���U�H�V�R�X�U�F�H�V���D�Q�G���W�K�H���P�R�U�H���W�K�L�Q�J�V���W�K�D�W���Z�H���F�D�Q���K�D�Y�H���L�Q���S�O�D�F�H��

to help our prescribing can only help. The world is becoming much more 

technologically advanced and in the next 10 to 20 years, medicine is going to be 

patient-�F�H�Q�W�U�H�G���D�Q�G���H�Y�H�U�\�W�K�L�Q�J���L�V���J�R�L�Q�J���W�R���E�H���W�D�L�O�R�U�H�G���W�R���W�K�D�W���L�Q�G�L�Y�L�G�X�D�O���S�H�U�V�R�Q�´��

[Participant 11 �± Clinical Pharmacist]. 

 

9.4.5.4 Local/national drivers & financial influences 

Drivers at both local and national level were identified as factors that influence 

prescribing decisions for HCPs. With the recent formation of the PCNs, 

participants described how there has been an increased focus on deprescribing 

at local level: 

 



265 
 

�³�,���W�K�L�Q�N���E�H�F�D�X�V�H���L�W�¶�V���D���S�D�U�W���R�I���W�K�H���6�0�5�V���F�X�U�U�H�Q�W�O�\�����Z�H�¶�U�H���O�R�R�N�L�Q�J���D�W��deprescribing 

�D�Q�G���W�K�H���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���U�L�V�N�´ [Participant 2 �± Clinical Pharmacist]. 

 

Some participants described a locally commissioned scheme to improve quality 

and cost effectiveness in prescribing, and alerts that are generated from 

prescribing systems which could influence their anticholinergic prescribing 

decisions: 

 

�³�:�L�W�K���W�K�H���D�O�H�U�W�V���Z�H���N�L�Q�G���R�I���K�D�Y�H���W�R���G�R���W�K�H�P���E�H�F�D�X�V�H���L�W�¶�V���S�D�U�W���R�I���W�K�H���S�U�H�V�F�U�L�E�L�Q�J��

�L�Q�F�H�Q�W�L�Y�H���V�F�K�H�P�H�����6�R�����L�I���Z�H���G�R�Q�¶�W���O�R�R�N���D�W���W�K�H���D�O�H�U�W�V���W�K�H���S�U�D�F�W�L�F�H���G�R�H�V�Q�¶�W���J�H�W���S�D�L�G��

so we have to �O�R�R�N���D�W���W�K�H�P���H�Y�H�U�\���Z�H�H�N�´ [Participant 15 �± Advanced Pharmacy 

Technician].  

 

One participant referred to national guidance on opiate prescribing, and how 

this was a significant influence on deprescribing decisions, ensuring patients 

are not exceeding the maximum recommended doses and with a view to 

reducing harm: 

 

�³�:�H�¶�U�H���U�H�D�O�O�\���F�R�P�L�Q�J���G�R�Z�Q���K�D�U�G���R�Q���R�S�L�D�W�H�V���D�W���W�K�H���P�R�P�H�Q�W���D�Q�G���G�H�S�U�H�V�F�U�L�E�L�Q�J��

�W�K�R�V�H�����:�H�¶�U�H���Q�R�W���V�D�\�L�Q�J���W�R���S�D�W�L�H�Q�W�V�����µ�J�R���D�Z�D�\���D�Q�G���W�K�L�Q�N���D�E�R�X�W���L�W�¶�����Z�H�¶�U�H���V�D�\�L�Q�J����

�µ�W�K�H���Q�D�W�L�R�Q�D�O���J�X�L�G�D�Q�F�H���L�V���G�R�Q�¶�W���E�H���R�Q���P�R�U�H than 120 milligrams of morphine a 

�G�D�\���D�Q�G���L�I���\�R�X���D�U�H�����W�K�H�Q���V�R�U�U�\���E�X�W���Z�H�¶�U�H���J�R�L�Q�J���W�R���U�H�G�X�F�H���\�R�X�¶�´ [Participant 1 �± 

Clinical Pharmacist]. 

 

HCPs stated that national clinical audits also had an impact on prescribing 

decisions. One participant provided the example of audits in community 

pharmacy, in which they are contractually obliged to fulfil, and felt an audit in 

this clinical area could improve deprescribing practices: 

 

�³�2�Q���D���O�D�U�J�H�U���O�H�Y�H�O�����L�I���W�K�H���1�+�6���L�Q�F�O�X�G�H�G���>�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���D�Q�G���I�U�D�L�O�W�\�@���D�V���R�Q�H��

of the audits for community pharmacies, then you would get a higher level of 

�H�Q�J�D�J�H�P�H�Q�W�´ [Participant 6 �± Community Pharmacist].  
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Participants also described financial factors which could also have an impact on 

decisions to prescribe, or deprescribe anticholinergic medicines in older people 

living with frailty: 

 

�³There is a financial benefit for the practice if they deprescribe in patients who 

are frail and who are over 75 and are on more than seven meds. I think there is 

a percentage �± �,���W�K�L�Q�N���L�W�¶�V�����������W�K�D�W we have to deprescribe for us to get the 

�P�R�Q�H�\�´ [Participant 15 �± Advanced Pharmacy Technician]. 

 

The Quality and Outcomes Framework (QOF) was also raised by participants, 

stating how this financial incentive scheme can incentivise optimal management 

of long-term conditions for example, which in turn can influence certain 

prescribing behaviours. They acknowledged that reducing anticholinergic 

burden was not an existing QOF criterion, however they suggested what the 

impact on the approach to deprescribing anticholinergics would be if this was 

introduced: 

 

�³�,�I���L�W���Z�D�V���D���4�2�)���F�U�L�W�H�U�L�D�����>�G�H�S�U�H�V�F�U�L�E�L�Q�J�@���Z�R�X�O�G���G�H�I�L�Q�L�W�H�O�\���J�H�W���G�R�Q�H�´���>�3�D�U�W�L�F�L�S�D�Q�W��

11 �± Clinical Pharmacist].  

 

However, financial incentives were not always seen as a useful approach in 

influencing prescribing decisions, with concerns that financial reward may be 

prioritised over optimal clinical care for an individual: 

 

�³�,�W���F�R�Q�F�H�U�Q�V���P�H���W�K�D�W���4�2�)���P�D�N�H�V���\�R�X���G�R���W�K�L�Q�J�V���W�K�D�W���\�R�X���P�L�J�K�W���Q�R�W���G�R���R�W�K�H�U�Z�L�V�H����

�<�R�X���N�Q�R�Z�����O�L�N�H���\�R�X���J�H�W���P�R�U�H���P�R�Q�H�\���L�I���W�K�H�U�H�¶�V���P�R�U�H���S�D�W�L�H�Q�W�V���Rn statins and 

�W�K�L�Q�J�V���O�L�N�H���W�K�D�W�´ [Participant 1 �± Clinical Pharmacist].  

 

Community Pharmacists reflected on their role within primary care to support 

deprescribing of potentially inappropriate medicines in the frail population, but 

felt the way their services are commissioned does not allow them to fully 

engage with such interventions: 

 

�³�&�R�P�P�X�Q�L�W�\���S�K�D�U�P�D�F�L�V�W�V���J�H�W���S�D�L�G���S�H�U���L�W�H�P�����V�R���F�R�P�P�X�Q�L�W�\���S�K�D�U�P�D�F�L�V�W�V���P�D�\���Q�R�W��

�E�H���K�D�S�S�\���W�R���U�H�F�R�P�P�H�Q�G���W�K�D�W���W�K�H�L�U���S�D�W�L�H�Q�W�V���J�H�W���O�H�V�V���L�W�H�P�V�����Z�K�L�F�K���,���N�Q�R�Z���G�R�H�V�Q�¶�W��
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sound good, but tha�W�¶�V���Z�K�D�W���V�R�P�H���F�R�P�P�X�Q�L�W�\���S�K�D�U�P�D�F�L�V�W�V���P�L�J�K�W���W�K�L�Q�N�´ 

[Participant 6 �± Community Pharmacist]. 

 

However, Community Pharmacists were in full support of deprescribing of 

problematic anticholinergic medicines, and happy to engage with primary care 

to support this, providing they were funded to do so appropriately. They felt they 

were best placed to actively support the reduction of anticholinergic burden in 

frail older populations: 

 

�³�,�I���W�K�H�U�H���Z�H�U�H���F�R�P�P�L�V�V�L�R�Q�H�G���V�H�U�Y�L�F�H�V���W�R���O�R�R�N���D�W���W�K�H�V�H���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q��

�V�F�R�U�H�V�����W�K�H�V�H���S�D�W�L�H�Q�W�V���F�R�P�H���L�Q�W�R���W�K�H���S�K�D�U�P�D�F�\���H�Y�H�U�\���P�R�Q�W�K�����,�W�¶�V���D���S�H�U�I�H�F�W���W�L�P�H��

for pharmacists to have a chat with the patient, have a look at the medication 

and see if they actually need a lot of them. Even if deprescribing is not an 

option, just having that discussion with the patient about anticholinergic burden 

scores, what it is and how a lot of drugs contribute and have a culminative 

�D�I�I�H�F�W�����,���W�K�L�Q�N���L�W�¶�V���Y�H�U�\���L�P�S�R�U�W�D�Q�W���D�Q�G���K�D�V���D���O�R�W���R�I���S�R�W�H�Q�W�L�D�O�´ [Participant 21 �± 

Locum Community Pharmacist].  

 

One participant questioned whether financial incentives are absolutely key to 

influencing optimal management of patients, and whether such approaches 

would be prioritised if not incentivised: 

 

�³�)�L�Q�D�Q�F�L�D�O���L�Q�F�H�Q�W�L�Y�H�V���D�U�H���D�O�Z�D�\�V���J�R�R�G�����D�Q�G���W�K�H�\���D�O�Z�D�\�V���W�H�Q�G���W�R���P�D�N�H���Vense, but 

if you look at it, are they the real reason why we manage blood pressure for 

example? If we take the financial aspect out of it for a second, we know that a 

poorly managed patients are going to drain more resources than a well-

managed patient. And I suppose we could make the case that a well-managed 

frail patient with respect to their anticholinergic burden actually becomes less of 

a drain on resources than someone poorly managed, and that becomes an 

�L�Q�F�H�Q�W�L�Y�H���L�Q���L�W�V�H�O�I�´ [Participant 16 �± Clinical Pharmacist].  

 

Although case-finding frail older patients exposed to potentially problematic 

medicines was within the remit of the PCNs at the time of interviews, some 

participants felt that the specific task of case-finding anticholinergic burden in 

frail older people needed to be incentivised further if HCPs were to prioritise 
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this. However, only those holding partnership positions in general practice had 

this perspective: 

 

�³�,���W�K�L�Q�N���W�K�D�W���V�R�P�H���V�R�U�W���R�I���I�X�Q�G�L�Q�J���R�U���W�L�P�H���Q�H�H�G�V���W�R���E�H���V�D�W�L�V�I�L�H�G���I�R�U���W�K�L�V��work to be 

done. If you try and do this as part of the rigmarole of general practice and all 

the million and one other things that all of our clinicians have to do on a daily 

�E�D�V�L�V�����L�W�¶�V���M�X�V�W���J�R�L�Q�J���W�R���E�H���D�Q�R�W�K�H�U���R�Q�H���R�I���W�K�H���W�K�L�Q�J�V���W�K�D�W���G�H�S�U�L�R�U�L�W�L�V�H���L�Q���I�D�Y�R�Xr of 

�V�R�P�H�W�K�L�Q�J���H�O�V�H���W�K�D�W���L�V���P�R�U�H���R�I���D���S�U�L�R�U�L�W�\���R�U���P�R�U�H���R�I���D���G�H�H�P�H�G���S�U�L�R�U�L�W�\���W�R�G�D�\�´ 

[Participant 16 �± Clinical Pharmacist]. 

 

9.4.6 Professional role and identity 

Participants described their beliefs, attitudes, and understanding of their 

professional role in anticholinergic deprescribing. This domain includes two 

constructs: professional identity, and multi-disciplinary team dynamics. 

 

9.4.6.1 Professional identity 

Clinical Pharmacists had a strong sense of ownership in delivering 

deprescribing interventions, and felt reasonably supported in doing so as this 

was seen as integral to the role: 

 

�³�7�K�H���S�U�D�F�W�L�F�H���L�V���U�H�D�O�O�\���V�X�S�S�R�U�W�L�Y�H���D�Q�G���S�D�U�W���R�I���W�K�H���U�H�D�V�R�Q���W�K�H�\�¶�Y�H���J�R�W���S�U�D�F�W�L�F�H��

pharmacists in is because they recognise the GPs find it really difficult to have 

the time to follow people up. It's alright for us to have multiple follow-up 

�D�S�S�R�L�Q�W�P�H�Q�W�V���L�I���Z�H���Q�H�H�G���W�R�����H�L�W�K�H�U���W�R���V�W�D�U�W���R�U���V�W�R�S���V�R�P�H�W�K�L�Q�J�´ [Participant 23 �± 

Clinical Pharmacist].  

 

Pharmacy professionals described taking a leading role in managing 

anticholinergic burden within GP practices. However, they expressed how fellow 

GPs may not always consider reducing anticholinergic burden to be as big of a 

priority: 

 

�³�:�K�H�Q���,���S�X�W���W�K�H���D�Q�Wicholinergic burden score in the consultation, and I need 

�V�R�P�H�E�R�G�\�¶�V���V�X�S�S�R�U�W���W�R���K�H�O�S���P�H���G�H�S�U�H�V�F�U�L�E�H�����R�U���H�Y�H�Q���M�X�V�W���F�R�Q�I�L�U�P���W�K�D�W���Z�K�D�W���,�¶�P��

�W�K�L�Q�N�L�Q�J���L�V���U�L�J�K�W�����,���K�D�Y�H���I�R�X�Q�G���W�K�D�W���*�3�V���G�R�Q�¶�W���U�H�D�O�O�\���S�U�L�R�U�L�W�L�V�H���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F��

�E�X�U�G�H�Q�����,�W���G�R�H�V�Q�¶�W���U�H�D�O�O�\���P�D�N�H���W�K�D�W���P�X�Fh of a difference to them as long as the 
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�S�D�W�L�H�Q�W�¶�V���V�\�P�S�W�R�P�V���D�U�H���F�R�Q�W�U�R�O�O�H�G�����D�Q�G���W�K�H���S�D�W�L�H�Q�W���L�V�����R�U���W�K�L�Q�N�V���W�K�H�\���D�U�H�����K�D�S�S�\����

�7�K�H�\���G�R�Q�¶�W���U�H�D�O�O�\���O�R�R�N���D�W���W�K�H���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���D�V���V�X�F�K�����S�H�U�K�D�S�V���E�H�F�D�X�V�H���L�W��

is not inbuilt into the clinical system and it's not �E�H�H�Q���X�V�H�G���Z�L�G�H�O�\���´ [Participant 

22 �± Clinical Pharmacist]. 

 

�³�$�W���W�K�H���P�R�P�H�Q�W�����L�I���,���G�L�G���L�G�H�Q�W�L�I�\���D���S�D�W�L�H�Q�W���W�K�D�W���K�D�G���D���K�L�J�K���E�X�U�G�H�Q�����W�K�H�Q���Z�R�X�O�G���W�K�H��

surgery or the practice pharmacist want to hear from me? Now, I appreciate that 

�V�R�P�H���Z�L�O�O�����E�X�W���V�R�P�H���Z�R�Q�¶�W���D�Q�G���W�K�D�W�¶�V���P�R�U�H���W�R���G�R���Z�L�W�K���W�K�H���F�R�P�P�X�Q�L�F�D�W�L�R�Q���I�U�R�P��

�W�K�H���F�R�P�P�X�Q�L�W�\���S�K�D�U�P�D�F�\���W�R���W�K�H���V�X�U�J�H�U�\���D�V���Z�H�O�O�´ [Participant 6 �± Community 

Pharmacist].  

 

9.4.6.2 Multidisciplinary team dynamics 

Participants reflected on their professional responsibilities to anticholinergic 

deprescribing, and reflected on deprescribing decision making within a MDT. 

Specialist input from secondary care was an important consideration for primary 

care HCPs before they made a deprescribing decision, and was seen as a 

barrier to making changes independently: 

 

�³�3�D�U�W�L�F�X�O�D�U�O�\���I�R�U���P�H�Q�W�D�O���K�H�D�O�W�K���P�H�G�L�F�D�W�L�R�Q�V�����Z�H���J�H�W���D���O�R�W���R�I���S�V�\�F�K�L�D�W�U�L�V�W�V���Z�K�R��

�K�D�Y�H���S�U�H�V�F�U�L�E�H�G���W�K�H�P�����D�Q�G���,���G�R�Q�¶�W���Z�D�Q�W���W�R���F�K�D�Q�J�H���W�K�D�W�����7�K�D�W���F�D�Q���E�H���T�X�L�W�H��

difficult to undo. For example, we might find patients who have been on 

anticholinergic medicines for many years, but the GP will not necessarily review 

�L�W�����6�R�P�H���R�I���L�W���L�V���G�X�H���W�R���V�W�L�J�P�D���L�Q���P�H�Q�W�D�O���K�H�D�O�W�K�´ [Participant 10 �± Advanced 

Clinical Pharmacist]. 

 

�+�R�Z�H�Y�H�U�����*�3�V���G�H�V�F�U�L�E�H�G���W�K�H�P�V�H�O�Y�H�V���D�V���µ�J�H�Q�H�U�D�O�L�V�W�V�¶�����D�Q�G���I�H�O�W���U�H�V�S�R�Q�V�L�E�O�H���I�R�U��

managing the whole clinical picture, rather than one condition or symptom. But 

GPs did also agree that sometimes specialist advice does need to be requested 

prior to deprescribing, taking a multidisciplinary approach: 

 

�³�,���W�K�L�Q�N���L�I���\�R�X�¶�U�H���G�R�L�Q�J���L�W���Z�L�W�K���D���U�H�Dsoned approach, which we perhaps have 

�P�R�U�H���L�Q�I�R�U�P�D�W�L�R�Q���W�K�D�Q���D���V�S�H�F�L�D�O�L�V�W�����$�Q�G���W�K�D�W�¶�V���W�K�H���S�R�L�Q�W���R�I���W�K�H��GP as a specialist 

�J�H�Q�H�U�D�O�L�V�W�����Z�H�¶�U�H���P�X�F�K���E�H�W�W�H�U���D�W���O�R�R�N�L�Q�J���D�W���W�K�H���Z�K�R�O�H���S�L�F�W�X�U�H�����+�R�Z�H�Y�H�U�����,���N�Q�R�Z��

there are certain specialties who I would probably respect the opinion a bit more 

�D�Q�G���W�K�L�Q�N�����µ�D�F�W�X�D�O�O�\���G�R���Z�H���Q�H�H�G���W�R���V�S�H�D�N���W�R���W�K�H�P���I�L�U�V�W���E�H�I�R�U�H���G�H�S�U�H�V�F�U�L�E�L�Q�J�"�¶��
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Care for the Elderly specialists, for example, are generally extremely good at 

�O�R�R�N�L�Q�J���D�W���D�O�O���W�K�H�V�H���W�K�L�Q�J�V�´ [Participant 7 �± GP]. 

 

Clinical Pharmacists also shared similar views when a specialist had been 

involved in treatment choices, valuing senior input from experts and as a 

multidisciplinary approach, but also valuing their own role as experts in 

medicines within the MDT in primary care: 

 

�³�,���I�H�H�O���O�L�N�H whenever you see something started by a consultant, you think, 

�µ�W�K�H�\�¶�U�H���D���F�R�Q�V�X�O�W�D�Q�W���V�R���W�K�H�\���N�Q�R�Z���P�R�U�H���W�K�D�Q���P�H���¶�����%�X�W���,���V�X�S�S�R�V�H�����D�W���W�K�H���V�D�P�H��

time, I know a lot about medications also. And if there were compelling reasons 

to stop something then I think you could always have a chat with the consultant 

who started it in the first place and give them the reasons and see what they 

thought about maybe stopping it, and make a joint decision. It is certainly a 

�E�D�U�U�L�H�U�����,���W�K�L�Q�N�����E�X�W���,���W�K�L�Q�N���L�W�¶�V���V�R�P�H�W�K�L�Q�J���W�K�D�W���Z�H���F�R�X�O�G���J�H�W���U�R�X�Q�G�´ [Participant 12 

�± Clinical Pharmacist]. 

 

9.4.7 Motivation and goals 

Participants described limited motivation levels for managing anticholinergic 

burden in frail older people. There was also a difference in opinion with regards 

to prioritising anticholinergic burden and frailty, with frailty seen as less of a 

priority. The use of tools to support deprescribing of anticholinergics however 

were generally seen as a positive, and HCPs were motivated to engage with 

such tools. HCPs also reflected on their motivation for deprescribing as a whole, 

distinguishing between two different approaches: reactive, and proactive 

deprescribing. This domain includes three constructs: clinical priorities, use of 

tools, and reactive versus proactive approach to deprescribing. 

 
9.4.7.1 Clinical priorities 

HCPs expressed the main factor influencing the limited motivation for reducing 

anticholinergic burden for the frail was that there were other competing interests 

that needed focusing on also. Particularly for frail older people, they felt clinical 

priorities could change over time: 

 

�³�$�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���L�V���Q�R�W���P�\���R�Q�O�\���F�R�Q�V�L�G�H�U�D�W�L�R�Q���Z�K�H�Q���,���O�R�R�N���D�W���W�K�H��
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medicines nowadays.  We may sometimes have patients with different things 

going on; falls, u�Q�V�W�D�E�O�H�Q�H�V�V�����O�R�Z���E�O�R�R�G���F�R�X�Q�W�V�����U�H�Q�D�O���L�P�S�D�L�U�P�H�Q�W�����W�K�H�\���F�D�Q�¶�W��

�V�O�H�H�S�����W�K�H�\�¶�Y�H���J�R�W���S�D�L�Q�����6�R���L�W���G�H�S�H�Q�G�V���R�Q���Z�K�D�W���E�R�W�K�H�U�V���W�K�H�P���W�K�H���P�R�V�W���D�Q�G���Z�K�D�W��

we can still try to tweak.  Sometimes we may have to accept that some 

medications will continue to have side effects that will be a concern but 

�V�R�P�H�W�L�P�H�V���R�W�K�H�U���W�K�L�Q�J�V���D�U�H���D���E�L�J�J�H�U���Z�R�U�U�\�����V�R���Z�H���G�H�D�O���Z�L�W�K���W�K�R�V�H�´ [Participant 

25 �± Consultant Geriatrician].  

 

One participant elaborated further on this, stating that limited resources were 

responsible for not being able to focus more efforts on the reduction of 

anticholinergic burden in frail older people:  

 

�³�,���G�R���W�K�L�Q�N���W�K�H�\���D�U�H���D���S�U�L�R�U�L�W�\�����%�X�W���L�W�¶�V���R�E�Y�L�R�X�V�O�\���F�R�P�S�H�W�L�Q�J���Z�L�W�K���O�R�W�V���R�I���R�W�K�H�U��

�D�U�H�D�V�����L�V�Q�¶�W���L�W�"���7�K�D�W�¶�V���W�K�H���S�U�R�E�O�H�P�����\�R�X���N�Q�R�Z�����O�L�P�L�W�H�G���D�P�R�X�Q�W���R�I���W�L�P�H�´ 

[Participant 1 �± Clinical Pharmacist]. 

 

Pharmacy Technicians described a greater motivation however for proactively 

case-finding patients for medication reviews, however different teams had 

different approaches to prioritisation. In one example, although frailty was not 

one of the target areas, anticholinergic burden had been prioritised, in the 

context of falls prevention: 

 

�³�7�K�H���W�K�U�H�H���S�U�L�R�U�L�W�L�H�V���D�U�H���W�K�H���S�D�W�L�H�Q�W�V���R�Q���K�L�J�K-risk meds like the opioids �± �Z�H�¶�U�H��

trying to reduce them down. Then falls and anticholinergic burden scores in the 

over 75s, and other high-�U�L�V�N���G�U�X�J�V���O�L�N�H���W�K�H���'�0�$�5�'�V�´ [Participant 15 �± 

Advanced Pharmacy Technician]. 

 

Considering both anticholinergic burden and frailty during medication reviews, 

participants described less of an emphasis on frailty, and felt that those 

considering frailty more deeply during prescribing decision making were 

perhaps those with specialist interest in this condition only: 

 

�³�,���Z�R�X�O�G���V�D�\���L�W���L�V���Y�H�U�\���Q�L�F�K�H���L�Q�G�L�Y�L�G�X�D�O�V���Z�K�R���W�H�Q�G���W�R���K�D�Y�H���D�Q���L�Q�W�H�U�H�V�W���L�Q���>�I�U�D�L�O�W�\�@���R�U��

in that area of prescribing who are the ones that maybe push that agenda 

stronger than others�´���>�3�D�U�W�L�F�L�S�D�Q�W���������± Clinical Pharmacist]. 
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Participants reflected on how there was greater motivation for treating individual 

conditions, and less motivation for addressing the overall burden of 

anticholinergics. The extent of anticholinergic burden might only be recognised 

if a dedicated anticholinergic burden review was undertaken: 

 

�³�,�W�
�V���V�R�P�H�W�K�L�Q�J���W�K�D�W���S�H�U�K�D�S�V���J�H�W�V���I�R�U�J�R�W�W�H�Q���Z�K�H�Q���S�H�R�S�O�H���S�U�H�V�F�U�L�E�H���E�H�F�D�X�V�H���W�K�H�\��

tend to treat the condition and not the person. I suppose retrospectively you get 

something like an anticholinergic burden audit, or a med review with a 

�S�K�D�U�P�D�F�L�V�W�����D�Q�G���W�K�H�\���V�D�\�����µ�R�K�����Z�H���Q�H�H�G���W�R���W�D�N�H���D�O�O���W�K�H�V�H���W�K�L�Q�J�V���R�I�I�¶�����,�W�
�V���P�D�\�E�H��

something that is sorted out by one group of people more than another set of 

�K�H�D�O�W�K�F�D�U�H���S�U�R�I�H�V�V�L�R�Q�D�O�V�´ [Participant 11 �± Clinical Pharmacist]. 

 

Participants felt that this was an area that CCGs do prioritise however, and 

have the desire to improve prescribing practices. However, the motivation of the 

CCGs were not always reflected at individual practice level: 

 

�³�,�W���P�L�J�K�W���E�H���V�R�P�H�W�K�L�Q�J���W�K�D�W���W�K�H���&�&�*�V���D�U�H���L�Q�W�H�U�H�V�W�H�G���L�Q�����E�X�W���D�J�D�L�Q�����Q�R�W���D�O�O��

practices will engage with everything that the CCG throws at them. However, if 

you can start to plan, or market, or sell this idea in to something along the lines 

�R�I���µ�R�S�W�L�P�L�V�D�W�L�R�Q�¶�����R�U���µ�U�H�G�X�F�L�Q�J���U�L�V�N�¶�����R�U���µ�U�L�V�N���P�D�Q�D�J�H�P�H�Q�W�¶�����W�K�H�V�H���D�U�H���N�L�Q�G���R�I��

words and terms that will get business managers, lead GPs, and GP partners 

interested in an idea, because it comes back to that business case of how can 

�Z�H���L�P�S�U�R�Y�H���S�D�W�L�H�Q�W���F�D�U�H�´ [Participant 16 �± Clinical Pharmacist].  

 

9.4.7.2 Use of tools 

There was significant motivation among HCPs for embracing tools to support 

with prescribing decisions, including the use of risk prediction tools. Better 

informed decision making, for both clinicians and patients, was regarded as one 

of the major goals of using such tools. Participants described feeling motivated 

to use tools to support with evidence-based decisions, and to improve 

communications with patients during consultations: 
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�³�7�K�H�\���J�L�Y�H���X�V���W�K�H���H�Y�L�G�H�Q�F�H-base to work from to discuss with our patients, they 

bring up analytics, they bring up a graph, and we can use that to explain [risks] 

�W�R���R�X�U���S�D�W�L�H�Q�W�V�´��[Participant 5 �± GP] 

 

�³�7�K�H�\���K�H�O�S��illustrate to the patient, in a fairly easy way, what the risk is and what 

it means for them. I have seen personally that they do impact on the 

�S�U�H�V�F�U�L�E�H�U�¶�V���G�H�F�L�V�L�R�Q�´ [Participant 3 �± Community Pharmacist].  

 

Having the means to quantify a risk and present it to the patient was seen as 

beneficial in developing rapport in consultations, and for the patient to build trust 

in the recommendations made by the HCP. This was seen as a goal of using 

such tools: 

 

�³�,���W�K�L�Q�N���R�I�W�H�Q���L�Q���W�K�H�V�H���G�L�V�F�X�V�V�L�R�Q�V���L�W�
�V���V�R�P�H�W�L�P�H�V���D�V �L�I���\�R�X�¶�U�H���M�X�V�W���J�L�Y�L�Q�J���\�R�X�U��

opinion without being able to back it up with anything. With a tool, you can 

either show it to a patient, or discuss the results with them, with a number 

�L�Q�Y�R�O�Y�H�G�����V�X�F�K���D�V���D���S�H�U�F�H�Q�W�D�J�H���U�L�V�N�´ [Participant 8 �± GP]. 

 

There was motivation for using risk prediction tools as a way of empowering 

patients in making their own decisions about their medicines also, and for 

patients to also be involved with interpreting the risks presented from the tools: 

 

�³�>�5�L�V�N���S�U�H�G�L�F�W�L�R�Q�@���W�R�R�O�V���D�U�H���W�K�H�U�H��to predict the risks. The risks should be 

presented to the patient for them to try to understand it, then, ultimately, the 

�G�H�F�L�V�L�R�Q���L�V���X�S���W�R���W�K�H�P�´ [Participant 22 �± Clinical Pharmacist]. 

 

Community Pharmacists described how currently they do not have access to 

the data held by general practices which would be required to run a risk 

prediction tool, however they reflected on a time with better interoperability, and 

they too could utilise risk prediction tools to support safer prescribing within 

primary care: 

 

�³�(�Y�H�Q���I�R�U���G�L�V�S�H�Q�V�L�Q�J���L�W���Z�R�X�O�G���E�H���Y�H�U�\���X�V�H�I�X�O�����E�X�W���L�W�¶�V���Q�R�W���V�R�P�H�W�K�L�Q�J���W�K�D�W���L�V��

available via our community pharmacy dispensing systems. If a tool was part of 

the dispensing process, where the dispensers could pass on the risk prediction 
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information to the pharmacist, then that would give the pharmacist greater 

�L�Q�I�R�U�P�D�W�L�R�Q���W�R���P�D�N�H���D���G�H�F�L�V�L�R�Q���D�E�R�X�W���V�X�J�J�H�V�W�L�Q�J���G�H�S�U�H�V�F�U�L�E�L�Q�J�´ [Participant 6 �± 

Community Pharmacist].  

 
9.4.7.3 Reactive versus proactive approach to deprescribing 

Participants reflected on their approach to the identification of older patients for 

deprescribing interventions, acknowledging how this can done reactively, or 

proactively. Reactive deprescribing was considered to be deprescribing as the 

opportunity arose; such as an anticholinergic identified and deprescribed in a 

consultation with a patient after experiencing side effects. Proactive 

deprescribing however was considered to be the organised and targeted 

identification of patients, leading to deprescribing after a thorough review and 

routine reconsideration of the risks and benefits of medications. With a view to 

using a risk prediction tool to support the reduction of anticholinergic burden, 

participants felt there were advantages and disadvantages to both approaches, 

however they felt most motivation for the proactive approach overall: 

 

�³�,���W�K�L�Q�N���L�Q���W�H�U�P�V���R�I���W�D�U�J�H�W�L�Q�J�����W�K�H���S�U�R�D�F�W�L�Y�H���D�S�S�U�R�D�F�K���L�V���S�U�R�E�D�E�O�\���R�Y�H�U�D�O�O���W�K�H���E�H�V�W��

approach. However, the reactive approach is also useful�����Z�K�H�Q���L�W�¶�V���H�P�S�O�R�\�H�G��

correctly, and probably more powerful than the proactive approach simply 

�E�H�F�D�X�V�H���\�R�X�¶�Y�H���J�R�W���W�K�H���S�D�W�L�H�Q�W���W�K�H�U�H���W�\�S�L�F�D�O�O�\���L�Q���I�U�R�Q�W���R�I���\�R�X���D�O�U�H�D�G�\�´ 

[Participant 7 �± GP].  

 

Participants felt motivated to proactively screen the population using a risk 

prediction tool, to case-find the highest risk patients sooner: 

 

�³�,�W���P�D�N�H�V���V�H�Q�V�H���W�R���G�R���L�W���P�R�U�H���D�V���D���V�H�D�U�F�K, rather than relying �R�Q���Z�K�H�Q���\�R�X�¶�U�H��

going to come across the patient.,,�V�R���S�D�W�L�H�Q�W�V���D�U�H�Q�¶�W���P�L�V�V�H�G�����,�I���W�K�H�U�H���D�U�H��

patients on these medicines that need to be assessed further, then a search 

would identify them. You could then, obviously, have a consultation with them 

�D�E�R�X�W���W�K�H�V�H���U�L�V�N�V�´ [Participant 8 �± GP].  

 

Although participants were motivated to using the proactive approach to 

deprescribing, particularly by using a risk prediction tool to identify patients, 

some had concerns about unsustainable workloads: 
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�³�,�¶�P���D���E�L�J���I�D�Q���R�I���U�H�S�R�U�W�L�Q�J���D�Q�G���G�R�L�Q�J���V�H�D�U�F�K�H�V���W�K�D�W���Z�H���F�D�Q���G�R���R�Q���R�X�U���V�\�V�W�H�P�V����

But, it goes back to capacity and the resources available to then actually review 

those patients. Searches can be done within half an hour, but actually going 

through tens, fifties, hundreds of patients and reviewing them to the point where 

�D�F�W�X�D�O�O�\���\�R�X���J�H�W���V�R�P�H���V�R�U�W���R�I���V�D�W�L�V�I�D�F�W�R�U�\���R�X�W�F�R�P�H�����L�W�¶�V���J�R�L�Q�J���W�R���Q�H�H�G���W�K�R�V�H��

�H�[�W�U�D���U�H�V�R�X�U�F�H�V���D�Q�G���W�K�H���F�D�S�D�F�L�W�\�����D�Q�G���,���G�R�Q�¶�W���V�H�H���Z�K�H�U�H���W�K�H�\���D�U�H��at the 

�P�R�P�H�Q�W�´ [Participant 16 �± Clinical Pharmacist].  

 

There was motivation for using a risk prediction tool both proactively, and 

reactively, and participants felt this blend of both approaches could have the 

biggest impact on deprescribing: 

 

�³�,���W�K�L�Q�N���\ou need both approaches, but you need an approach that picks up a lot 

of the patients reactively all the time and highlights that to the clinician. The 

proactive audit type approach is something that identifies the ones that have 

�E�H�H�Q���P�L�V�V�H�G�´ [Participant 24 �± GP]. 

 

A significant reason why the proactive approach to deprescribing was seen as 

most superior, with a view to using a risk prediction tool, was that the PCNs 

were organised in a way to work at scale: 

 

�³�7�K�H���O�L�V�W-based approach can give you something proactive to work with, which 

�P�L�J�K�W���U�H�D�O�O�\���Z�R�U�N���Z�H�O�O���S�R�S�X�O�D�W�L�R�Q���Z�L�V�H���I�R�U���W�K�H���3�&�1���S�K�D�U�P�D�F�L�V�W�V�´ [Participant 23 

�± Clinical Pharmacist].  

 

However, this approach was also supported with smaller patient list sizes, such 

as in care homes, with HCPs valuing the use of tools to prioritise high risk 

patients, and were motivated to use them to improve workflows:  

 

�³�,�W�¶�V���D���V�W�D�U�W�L�Q�J���S�R�L�Q�W�����I�R�U���H�[�D�P�S�O�H���L�Q���F�D�U�H���K�R�P�H�V�����,�Q���R�X�U���F�R�K�R�U�W���R�I���S�D�W�L�H�Q�W�V�����Z�H�¶�Y�H��

got over 3,000, and we need to be able to target the priorities really, to stop the 

admissions and to stop harm. I think [risk prediction] tools just help to highlight 

resi�G�H�Q�W�V���D�Q�G���S�D�W�L�H�Q�W�V���D���E�L�W���T�X�L�F�N�H�U���U�H�D�O�O�\�´ [Participant 18 �± Care Home 

Pharmacy Technician]. 
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9.4.8 Environmental context and resources 

From the perspective of the participants, the environmental context and 

availability of resources were important factors to consider for the future 

development and implementation of a risk prediction tool, to case-find frail older 

people at-risk of anticholinergic burden. This domain is separated in to three 

constructs; healthcare landscape, stressors, and factors impacting tool uptake.  

 

9.4.8.1 Healthcare landscape 

The changing healthcare landscape within primary care was identified as a 

factor which could influence the deprescribing of anticholinergic medicines for 

older people with frailty, and could make deprescribing a more challenging 

intervention: 

 

�³�3�D�W�L�H�Q�W�V���D�U�H���Q�H�Y�H�U���V�H�H�Q���E�\���W�K�H���V�D�P�H���S�H�U�V�R�Q���W�Z�L�F�H�����D�U�H���W�K�H�\�"���2�I�W�H�Q���W�K�D�W���R�O�G��

family doctor model has disappeared and there are multiple specialities looking 

after people, starting medicines, and then starting other medicines to treat side 

�H�I�I�H�F�W�V���R�W�K�H�U���P�H�G�L�F�L�Q�H�V�����E�X�W���Q�R�W���U�H�F�R�J�Q�L�V�L�Q�J���W�K�D�W�¶�V���D���V�L�G�H���H�I�I�H�F�W�����,�W�¶�V���D��

prescribing cascade; multiple different specialities are involved in the care and 

�W�K�H�U�H���L�V�Q�¶�W���W�K�D�W���F�U�R�V�V���D�Y�D�L�O�D�E�L�O�L�W�\���R�I���,�7���V�\�V�W�H�P�V�����<�R�X���V�W�L�O�O���F�D�Q�
�W���V�H�H���H�Q�W�L�U�H�O�\���Z�K�D�W��

th�H���*�3���V�X�U�J�H�U�\���K�D�Y�H���E�H�H�Q���G�R�L�Q�J���Z�K�H�Q���\�R�X�¶�U�H���W�K�H���K�R�V�S�L�W�D�O���F�R�Q�V�X�O�W�D�Q�W�����I�R�U��

�H�[�D�P�S�O�H�����(�Y�H�U�\�W�K�L�Q�J���G�R�H�V�Q�¶�W���W�D�O�N���W�R���H�D�F�K���R�W�K�H�U���S�U�R�S�H�U�O�\���\�H�W�´ [Participant 23 �± 

Clinical Pharmacist]. 

 

Although this was seen as a barrier, HCPs recognised that healthcare delivery 

has to operate in this way within the NHS, through a multidisciplinary approach. 

However, they called for a multi-sector approach to safer and appropriate 

anticholinergic prescribing, and indeed deprescribing, particularly for the frail 

older population: 

 

�³Some of it is too many people trying to be helpful but not seeing the whole 

�S�L�F�W�X�U�H���D�V���Z�H�O�O�������6�R�P�H�W�L�P�H�V���L�W���Z�R�U�N�V�����V�R�P�H�W�L�P�H�V���L�W���G�R�H�V�Q�¶�W���Z�R�U�N�����W�K�D�W�¶�V���W�K�H���W�U�L�F�N�\��

thing. I think primary care will need buy in from secondary and tertiary care as 

well because we know that GPs will tend to know their patients very well, but 

patients get sent off to hospital, �D�Q�G���W�K�H�Q���W�K�H�\���D�U�H���V�H�H�Q���L�Q���V�R�P�H�E�R�G�\�¶�V���V�S�H�F�L�D�O�L�V�W��
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clinic who then sends them home with more drugs because that will solve the 

single problem that the specialist is dealing with.  Primary care clinicians then 

try to tidy up everything, but these are the barriers�´���>�3�D�U�W�L�F�L�S�D�Q�W���������± Consultant 

Geriatrician].  

 

Participants acknowledged the changing landscape with regards to the recent 

transformational efforts to mobilise pharmacy professionals into general 

practice. However, some described how there were still gaps in this provision to 

prioritise in depth medication reviews, and they felt this contributed to potentially 

problematic prescribing: 

 

�³�<�R�X�¶�O�O���J�R���W�R���V�R�P�H���*�3���S�U�D�F�W�L�F�H�V���D�Q�G���W�K�H�\�¶�U�H���Y�H�U�\���E�H�K�L�Q�G���R�Q���W�K�H�L�U���P�H�G���U�H�Y�L�H�Z�V����

�R�U���W�K�H�\�¶�Y�H���M�X�V�W���U�H�D�X�W�K�R�U�L�V�H�G���P�H�G�L�F�L�Q�H�V���I�R�U���W�Z�H�O�Y�H���P�R�Q�W�K�V���Z�L�W�K�R�X�W���G�R�L�Q�J���D���P�H�G��

review. It's not good practice, but it does happen. There are some practices that 

haven't done any proper med reviews for years because they haven't got many 

GPs, or they haven't got a practice pharmacist. Poor prescribing could be 

happening for this frail population and that could be an issue. I know in a perfect 

world we wouldn't allow this to happen, but unfortun�D�W�H�O�\�����L�W���G�R�H�V�´ [Participant 

11 �± Clinical Pharmacist].  

 

Others described a landscape where increased funding was being made 

available for the proactive identification of vulnerable patients, delivered as an 

MDT approach, including a dedicated medication review service. However, this 

was only commissioned at a local level, and not nationally, therefore not all 

patients had access to such a service: 

 

�³�3�U�R�D�F�W�L�Y�H���F�D�U�H���S�O�D�Q�Q�L�Q�J���K�D�V���G�H�Y�H�O�R�S�H�G���D�V���D���V�H�U�Y�L�F�H�����D�Q�G���Z�H���K�D�Y�H���D���G�H�G�L�F�D�W�H�G��

team within our practice, including a GP lead, a Clinical Pharmacist, and then I 

would be the first port of call for the nursing team in terms of discussing these 

patients. If there a specific medicines management decision to be made, they 

would go to the Clinical Pharmacist in the firs�W���L�Q�V�W�D�Q�F�H�´��[Participant 14 �± 

Advanced Nurse Practitioner].  

 

As the interviews for this study commenced in July 2020, participants described 

how the COVID-19 pandemic was a major driver of changes to the healthcare 
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landscape, and was impacting on their approaches to medicines management. 

HCPs felt they could not deliver anticholinergic deprescribing interventions for 

older people living with frailty at the height of the pandemic, as their medication 

reviewing services were primarily limited to telephone/video communications: 

 

�³�,�W�¶�V���V�R�P�H�W�K�L�Q�J���W�K�D�W���Q�H�H�G�V���G�R�L�Q�J���L�Q���I�D�F�H-to-face reviews rather than over the 

�S�K�R�Q�H�����D�Q�G���Z�H�¶�U�H���V�H�H�L�Q�J���K�D�U�G�O�\���D�Q�\�E�R�G�\���L�Q���W�K�H���V�X�U�J�H�U�\���D�W���W�K�H���P�R�P�H�Q�W����

�&�H�U�W�D�L�Q�O�\���Z�L�W�K���W�K�H���I�U�D�L�O�����Z�H���Z�R�X�O�G�Q�¶�W���U�H�D�O�O�\���E�H���H�[�S�H�F�W�L�Q�J���W�R���V�H�H���W�K�H�P���E�H�F�D�X�V�H��

�W�K�H�\�¶�Y�H���J�Rt to stay at home�´���>�3�D�U�W�L�F�L�S�D�Q�W�������± Clinical Pharmacist]. 

 

Participants also described how the pandemic had temporarily changed the way 

they prioritise patients for medication reviews in general practice, focusing more 

on immediate risks, rather than specifically those with high anticholinergic 

burden or frailty: 

 

�³�,�¶�P���F�X�U�U�H�Q�W�O�\���I�R�F�X�V�L�Q�J���R�Q���I�U�H�T�X�H�Q�W���D�W�W�H�Q�G�H�U�V���W�R���K�R�V�S�L�W�D�O�V�����W�K�R�V�H���U�H�F�H�Q�W�O�\��

discharged, and those in care homes. Because of COVID, with everything that 

�L�V���J�R�L�Q�J���R�Q�����W�K�H�\�¶�U�H���R�X�U���W�R�S���S�U�L�R�U�L�W�\�����-ust trying to keep people out of hospital. To 

�E�H���K�R�Q�H�V�W�����,���K�D�Y�H�Q�
�W���F�R�Q�V�L�G�H�U�H�G���I�U�D�L�O�W�\�´ [Participant 11 �± Clinical Pharmacist].  

 

9.4.8.2 Stressors 

Participants described how stressors in the workplace had a significant impact 

on the ability to actively engage in deprescribing interventions to reduce 

anticholinergic burden. The lack of time and resources was commonly 

described by participants as stressors. 

 

HCPs described feeling overwhelmed by the rising demands of reactive 

healthcare in primary care, respo�Q�G�L�Q�J���W�R���S�D�W�L�H�Q�W�V�¶���Q�H�H�G�V���D�Q�G���T�X�H�U�L�H�V���D�V���W�K�H�\��

present, and reducing opportunities to deliver proactive medication reviews: 

 

�³�,�W�
�V���D�Q���R�U�J�D�Q�L�V�D�W�L�R�Q�D�O���S�U�R�E�O�H�P�����:�H���D�U�H���W�U�\�L�Q�J���W�R���P�H�H�W���W�K�H���G�H�P�D�Q�G�V���R�I���X�U�J�H�Q�W��

queries on a day-to-day basis, but there is a huge demand. Patients keep 

ringing about anything. I believe my priorities should be to just concentrate on 

�P�H�G�L�F�D�W�L�R�Q���U�H�Y�L�H�Z�V�����E�X�W���L�W�
�V���M�X�V�W���L�P�S�R�V�V�L�E�O�H�´ [Participant 22 �± Clinical 

Pharmacist]. 
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Time constraints were reported to be an even more significant concern during 

consultations with older people living with frailty, as they are more likely to be 

exposed to polypharmacy and with complex health needs: 

 

�³�6�R�P�H���R�I���W�K�H�V�H���R�O�G�H�U���I�U�D�L�O�H�U���S�D�W�L�H�Q�W�V�����W�K�H�\���F�D�Q���E�H���R�Q���������S�O�X�V���P�H�G�V�����V�R���V�R�P�H���R�I��

these reviews can take a very lo�Q�J���W�L�P�H�´ [Participant 11 �± Clinical Pharmacist].  

 

�³�,�I���\�R�X���W�K�L�Q�N���D�E�R�X�W���L�W�����\�R�X�¶�Y�H���J�R�W���D������-minute appointment. The patients come 

�Z�L�W�K���W�K�H�L�U���D�J�H�Q�G�D�����D�Q�G���L�W�¶�V���R�I�W�H�Q���D���G�L�I�I�H�U�H�Q�W���D�J�H�Q�G�D�����D�Q�G���L�I���\�R�X���Z�H�U�H���W�K�H�Q���M�X�V�W��

thinking about your �D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���D�J�H�Q�G�D�����Z�H���Z�R�X�O�G�Q�¶�W���E�H���D�E�O�H���W�R���G�R��

�W�K�D�W���L�Q���������P�L�Q�X�W�H�V�´ [Participant 19 �± Advanced Nurse Practitioner]. 

 

A Consultant Geriatrician based in primary care stated how the lack of time and 

resources had implications for prescribing safety, as the safety and 

effectiveness of deprescribing interventions were dependent on close 

collaboration with colleagues in general practice: 

 

�³�(�Y�H�U�\���W�L�P�H���Z�H���W�U�\���W�R���P�D�N�H���F�K�D�Q�J�H�V���W�R���P�H�G�L�F�L�Q�H�V�����,���O�L�N�H���W�R���K�D�Y�H���F�K�H�F�N�V���G�R�Q�H��

�D�I�W�H�U�Z�D�U�G�V�����E�X�W���E�H�F�D�X�V�H���,�¶�P���G�H�S�H�Q�G�H�Q�W���R�Q other colleagues in general practice 

�Z�K�R���K�D�Y�H���J�R�W���O�R�W�V���R�I���R�W�K�H�U���W�K�L�Q�J�V���W�R���G�R���D�O�V�R�����L�W�¶�V���Y�H�U�\���K�D�U�G���W�R���W�U�\���W�R���P�D�N�H���L�W���D�V��

�V�D�I�H���D�V���S�R�V�V�L�E�O�H�´ [Participant 25 �± Consultant Geriatrician].  

 

Participants described how capacity issues in general practice was a major 

driving factor of why the management of anticholinergic burden for the frail was 

done ad hoc, rather than proactively: 

 

�³�,���W�K�L�Q�N���I�R�U���X�V���L�W�¶�V���D���E�L�W���R�I���D���F�D�S�D�F�L�W�\���L�V�V�X�H���L�Q���W�H�U�P�V���R�I���K�R�Z�����D�V���D���S�K�D�U�P�D�F�\���W�H�D�P����

well actually GPs as well, how we approach deprescribing and anticholinergic 

burden. Actually we still do it quite ad hoc at the moment, and I think one of my 

hopes with expanding our team is that we might be able to do it in a bit more of 

�D���V�\�V�W�H�P�D�W�L�F���D�Q�G���S�U�R�D�F�W�L�Y�H���Z�D�\�´ [Participant 17 �± Clinical Pharmacist]. 

 

With the ongoing investment into the primary care workforce in the UK, 

participants felt there were opportunities to utilise tools, to support the 
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identification of those at greatest risk from anticholinergic burden and prioritise 

for deprescribing interventions: 

 

�³�7�K�H�U�H�¶�V���D�O�O���W�K�H�V�H���S�D�W�L�H�Q�W�V���R�X�W���W�K�H�U�H���Z�L�W�K���K�L�J�K���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���V�F�R�U�H�V���W�K�D�W��

�D�U�H�Q�¶�W���J�H�W�W�L�Q�J���W�K�H�L�U���P�H�G�L�F�L�Q�H�V���U�H�Y�L�H�Z�H�G�« �E�H�F�D�X�V�H���Z�H���G�R�Q�¶�W���K�D�Y�H���W�L�P�H�����7�K�H��

PCNs are employing a lot of new pharmacists and technicians, and so if we had 

a risk predicti�R�Q���W�R�R�O���L�W���Z�R�X�O�G���M�X�V�W���K�H�O�S���W�K�H�P���L�P�P�H�G�L�D�W�H�O�\���D�Q�G���V�D�Y�H���D���O�R�W���R�I���W�L�P�H�´ 

[Participant 18 �± Care Home Pharmacy Technician]. 

 

Despite significant time constraints experienced by the HCPs in general 

practice, they were highly supportive of the concepts of proactive medication 

reviews, to help reduce anticholinergic burden in frail older people. However, 

they were also apprehensive about the further additional workload that 

proactive searching could lead to: 

 

�³I�I���Z�H�¶�Y�H���J�R�W���D���E�L�J���D�X�G�L�W���V�H�D�U�F�K���D�Q�G���Z�H���L�G�H�Q�W�L�I�\�����������S�D�W�Lents that have high 

�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���I�R�U���L�Q�V�W�D�Q�F�H�����Q�R�Z���W�K�H�U�H�¶�V���D���O�R�W���R�I���W�L�P�H���W�K�D�W�¶�V���J�R�L�Q�J���W�R���E�H��

�L�Q�Y�R�O�Y�H�G���L�Q���F�R�Q�W�D�F�W�L�Q�J���D�O�O���W�K�R�V�H���S�D�W�L�H�Q�W�V�����<�R�X�¶�U�H���J�R�L�Q�J���W�R���K�D�Y�H���W�R���W�U�\���D�Q�G���D�U�U�D�Q�J�H��

a telephone appointment nowadays with COVID, or a face-to-face appointment, 

�D�Q�G���W�K�H�Q���\�R�X�¶�U�H���J�R�L�Q�J���W�R���K�D�Y�H���W�R���G�R���D�O�O���W�K�R�V�H���U�H�Y�L�H�Z�V�´ [Participant 24 �± GP]. 

 

For one Clinical Pharmacist, to dedicate time to the proactive identification of 

frail older people at greater risk from their anticholinergic medicines, this would 

mean prioritising this agenda over other important areas: 

 

�³�+�R�Z���G�R���\�R�X���F�U�H�D�W�H���P�R�U�H���W�L�P�H���R�U���F�D�S�D�F�L�W�\���L�Q���W�K�H���V�\�V�W�H�P�"���6�R�����\�R�X���K�D�Y�H���D�O�U�H�D�G�\��

pressurised, already over-worked workforce giving them another job to do on 

top of what they already need to, well something has to give and I suppose the 

�T�X�H�V�W�L�R�Q���L�V���Z�K�D�W�"�´ [Participant 16 �± Clinical Pharmacist]. 

 

Community Pharmacists also expressed how there are opportunities for them to 

conduct a thorough review medicines, with a view to checking the 

appropriateness of prescribing, and monitoring anticholinergic burden levels, 

however are less likely to do this during busy periods: 
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�³�,�I���,�
�P���L�Q���D���E�X�V�\���S�K�D�U�P�D�F�\�« because of the workload, you can't [review patients] 

�E�H�F�D�X�V�H���W�K�H���S�D�W�L�H�Q�W�¶�V���Q�R�W���W�K�H�U�H���W�R���V�S�H�D�N���W�R���G�L�U�H�F�W�O�\���R�U�����\�R�X���M�X�V�W���G�R�Q�¶�W���K�D�Y�H���W�K�H��

�W�L�P�H���W�R���U�L�Q�J���X�S���R�U���I�L�Q�G���R�X�W���Z�K�\���W�K�H�\�
�U�H���R�Q���W�K�H�V�H���W�K�L�Q�J�V�´ [Participant 21 �± Locum 

Community Pharmacist].  

 

9.4.8.3 Tool uptake 

Participants reflected on factors which could influence the uptake of a new risk 

prediction tool integrated into clinical IT systems, to support the case-finding of 

high-risk patients and aid deprescribing decisions.  

 

Participants described how if the tool is to be integrated into clinical IT systems, 

that the clinical record must accurately reflect the current health of the patient: 

 

�³�0�D�N�L�Q�J���V�X�U�H���W�K�D�W���W�K�H���S�D�W�L�H�Q�W�V�¶���U�H�F�R�U�G�V���D�U�H���X�S���W�R���G�D�W�H�����R�U���D�V���X�S���W�R���G�D�W�H���D�V��

�S�R�V�V�L�E�O�H�����L�V���L�P�S�R�U�W�D�Q�W���E�H�F�D�X�V�H���L�W���F�D�Q���F�K�D�Q�J�H���S�U�H�V�F�U�L�E�L�Q�J���G�H�F�L�V�L�R�Q�V�´ [Participant 

2 �± Clinical Pharmacist]. 

 

Understanding a new tool, how it can be beneficial, and the rationale for its use 

were described as being important for HCPs to improve uptake. Participants 

described being exposed to various new tools and health technologies 

regularly, and this was almost seen as a barrier to their uptake: 

 

�³�,�I���D���F�O�L�Q�L�Fian is not being forced to use a new tool, you may struggle for them to 

�X�V�H���L�W���E�H�F�D�X�V�H���W�K�H�U�H�¶�V���V�R���P�D�Q�\���R�W�K�H�U���W�R�R�O�V�����D�Q�G���,���K�D�U�G�O�\���X�V�H���D���O�R�W���R�I���W�K�H�P����

Clinicians have to be aware of them to use them and have an understanding of 

�Z�K�\���W�K�H�\���V�K�R�X�O�G���E�H���X�V�L�Q�J���W�K�H�P�´ [Participant 5 �± GP]. 

 

Other HCPs also reflected on the issue of being increasingly exposed to new 

tools and being a potential barrier to uptake, but felt a consensus approach to 

which tools should be prioritised would encourage uptake: 

 

�³�:�H���Q�H�H�G���W�R���K�D�Y�H���V�R�P�H���N�L�Q�G���R�I���R�Y�H�U�D�O�O���D�S�S�U�R�D�F�K���W�R���Z�K�D�W�¶�V���W�K�H���P�R�V�W���L�P�S�R�U�W�D�Q�W��

tools to use and which are less important, which is hard because all clinical 

problems have their own issues�´���>�3�D�U�W�L�F�L�S�D�Q�W���������± GP].  
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Participants expressed how if a tool was to case-find patients based on 

elevated risks, it would need to present the risk in a simple and understandable 

way. This could support deprescribing decisions: 

 

�³�<�R�X���Z�R�X�O�G���Q�H�H�G���W�K�H���W�R�R�O���W�R���V�S�H�O�O���R�X�W���D�Q�\���U�L�V�N�V���F�O�H�D�U�O�\�����L�I���W�K�H�U�H���D�U�H���D�Q�\�����2�U���R�Q��

the other hand, make it more clear to a patient that it is the right medication for 

�W�K�H�P���W�R���V�W�L�O�O���E�H���R�Q���D�Q�G���W�K�D�W���W�K�H���U�L�V�N�V���D�U�H���O�R�Z�´ [Participant 8 �± GP].  

 

However, as previously reported, some participants were less likely to engage 

with new tools and technologies to case-find frail patients and support 

prescribing decisions, opting for a reactive approach:  

 

�³�-�X�V�W���E�H�F�D�X�V�H���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q���L�V���W�K�H�U�H���L�Q���D���W�R�R�O���G�R�H�V�Q�¶�W���P�H�D�Q���W�K�D�W���H�Y�H�U�\���V�L�Q�J�O�H��

HCP is actually going to have the time or inclination to check the information 

before they try �W�R���P�D�Q�D�J�H���W�K�H���S�D�W�L�H�Q�W�¶�V���S�U�R�E�O�H�P�V�����,���S�H�U�V�R�Q�D�O�O�\���G�R�Q�¶�W���W�H�Q�G���W�R���X�V�H��

�W�R�R�O�V���Q�R�Z�����,���M�X�V�W���J�R���E�\���Z�K�D�W���W�K�H���S�D�W�L�H�Q�W�V���D�U�H���O�L�N�H���U�H�D�O�O�\�´ [Participant 25 �± 

Consultant Geriatrician].  

 

�7�K�H���µ�D�O�H�U�W���I�D�W�L�J�X�H�¶���S�K�H�Q�R�P�H�Q�R�Q���Z�D�V���G�H�V�F�U�L�E�H�G���E�\���S�D�U�W�L�F�L�S�D�Q�W�V���D�V���D�Q�R�W�K�H�U��

potential barrier to the uptake of a new risk prediction tool in primary care. 

Reflecting on other tools, it was reported that multiple alerts from the system are 

a significant disturbance, and disrupted the workflow. Due to this, HCPs 

described the diminishing effect of alerts in terms of the impact on prescribing 

decisions. However, alerts themselves were not seen as the ultimate barrier to 

uptake, but alerts that were generalised, non-specific, and non-individualised to 

patients were unhelpful to HCPs: 

 

�³The problem for me is that you can switch off to the alerts because they come 

�X�S���V�R���R�I�W�H�Q�����\�R�X�
�U�H���D�O�P�R�V�W���G�L�V�P�L�V�V�L�Q�J���W�K�H�P���E�H�I�R�U�H���\�R�X�¶�Y�H���D�F�W�X�D�O�O�\���U�H�D�G���W�K�H�P����

So, I think you can get a bit numb to them. They can be very general and not 

really give you very much information�����D�Q�G���,���W�K�L�Q�N���Z�K�H�Q���W�K�H�\�¶�U�H���O�L�N�H���W�K�D�W�����\�R�X����

�N�L�Q�G���R�I�����M�X�V�W���V�Z�L�W�F�K���R�I�I���D���E�L�W���P�R�U�H���W�R���W�K�H�P�����6�R�����W�K�H�\���Q�H�H�G���W�R���E�H���P�R�U�H���V�S�H�F�L�I�L�F�´ 

[Participant 20 �± Advanced Nurse Practitioner]. 
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�³�,���W�K�L�Q�N���R�Q�H���R�I���W�K�H���E�L�J�J�H�V�W���S�U�R�E�O�H�P�V���L�V���W�K�D�W���S�R�S�X�S�V���V�W�R�S���\�R�X���G�X�U�L�Q�J���D��

consultation. When it fires, it halts you in your tracks. There are some things 

�W�K�D�W���D�U�H���D�E�V�R�O�X�W�H�O�\���F�U�L�W�L�F�D�O�����E�X�W���W�K�H���S�U�R�E�O�H�P���L�V�����L�I���\�R�X�¶�U�H���L�Q���W�K�H���P�L�G�G�O�H���R�I���G�R�L�Q�J��

something else and you get that pop-up, pop-�X�S���I�D�W�L�J�X�H���V�W�D�U�W�V���W�R���R�F�F�X�U�´ 

[Participant 24 �± GP].  

 

The lack of interoperability between clinical systems was also seen as a 

potential barrier to tool uptake. In particular, participants felt that interoperability 

�E�H�W�Z�H�H�Q���K�H�D�O�W�K���V�H�W�W�L�Q�J�V���Q�H�H�G�H�G���W�R���J�R���E�H�\�R�Q�G���µ�U�H�D�G���R�Q�O�\�¶�����W�R���E�H���D�E�O�H���W�R��

contribute to the shared clinical notes, and also take data from other systems 

when needed to support the use of a risk prediction tool. Poor interoperability 

was generally seen as a barrier: 

 

�³�:�H���F�D�Q���V�H�H���T�X�L�W�H���D���O�R�W���R�I���Z�K�D�W�¶�V���E�H�L�Q�J���J�R�L�Q�J���R�Q���L�Q���S�U�L�P�D�U�\���F�D�U�H���D�Q�G���V�H�F�R�Q�G�D�U�\��

care, but it's certainly not interoperable, there is just some commonality. There 

�L�V���D���V�K�D�U�H�G���V�S�D�F�H���Z�K�H�U�H���Z�H���F�D�Q���V�H�H���Y�D�U�L�R�X�V���E�L�W�V���R�I���H�D�F�K���R�W�K�H�U�¶�V���F�O�L�Q�L�F�D�O���Q�R�W�H�V����

�E�X�W���Z�H���F�D�Q�
�W���Z�U�L�W�H���W�R���L�W�´ [Participant 23 �± Clinical Pharmacist]. 

 

Having confidence and trust in a new risk prediction tool was also another 

important factor that could influence uptake. Participants described how it was 

important for them to feel reassurance that the tool is reputable, recommended 

by others, and will feel confidence in its use if integrated already into a clinical 

IT system: 

 

�³�,���S�H�U�V�R�Q�D�O�O�\���G�R���W�U�X�V�W���W�R�R�O�V�����E�X�W���R�Q�O�\���L�I���W�K�H�\���D�U�H���R�Q�H�V���W�K�D�W���,���N�Q�R�Z���Z�R�U�N�����D�Q�G��

people more senior than me have said they do work. But, at the same time, 

�\�R�X�¶�Y�H���J�R�W���W�R���W�D�N�H���L�W���Z�L�W�K���D���S�L�Q�F�K���R�I���V�D�O�W���S�X�U�H�O�\���E�H�F�D�X�V�H���W�K�H���W�R�R�O���P�L�J�K�W��not be 

updated, there may be other things such as underlying conditions, so, I think 

�\�R�X���F�D�Q�¶�W���M�X�V�W���V�R�O�H�O�\���X�V�H���D���W�R�R�O�´ [Participant 21 �± Locum Community 

Pharmacist].  

 

�³�,�I���Z�H���J�H�W���S�U�H�V�H�Q�W�H�G���Z�L�W�K���D���W�R�R�O���E�\���R�X�U���S�U�D�F�W�L�F�H���R�U���&�&�*���W�K�H�Q���,���Z�R�X�O�G���E�H���K�D�S�S�\���W�R��

use tha�W���W�R�R�O�´ [Participant 6 �± Community Pharmacist].  
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�³�:�H���G�R�Q�¶�W���U�H�D�O�O�\���V�H�F�R�Q�G���J�X�H�V�V���W�K�H���W�R�R�O�V���W�K�D�W���D�U�H���E�X�L�O�W���L�Q�W�R���>�W�K�H���F�O�L�Q�L�F�D�O���,�7��

�V�\�V�W�H�P�V�@�����V�R���W�K�H�\���Z�R�X�O�G���K�D�Y�H���W�R���E�H���D�F�F�X�U�D�W�H���D�Q�G���W�K�H�\�¶�G���K�D�Y�H���W�R���E�H���U�L�J�K�W�´ 

[Participant 15 �± Advanced Pharmacy Technician]. 

 

Being rigorously tested and validated, and being evidence based were all 

important factors expressed by HCPs when reflecting on what could improve 

the uptake of a risk prediction tool in this area: 

 

�³�7�K�H���Wool itself has to have gone through rigorous testing and shown to be 

�D�S�S�O�L�F�D�E�O�H���W�R���W�K�D�W���S�R�S�X�O�D�W�L�R�Q���L�Q���K�D�Q�G���W�K�D�W���Z�H�¶�U�H���G�H�D�O�L�Q�J���Z�L�W�K�����V�R���L�I���\�R�X�¶�U�H���W�D�O�N�L�Q�J��

�D�E�R�X�W���I�U�D�L�O�W�\���W�K�H�Q���L�W�¶�V���G�H�D�O�L�Q�J���Z�L�W�K���W�K�R�V�H���S�D�W�L�H�Q�W�V���Z�L�W�K���I�U�D�L�O�W�\�����L�Q���W�K�H���8�.�����,���W�K�L�Q�N���L�W�¶�V��

very importan�W���W�R���E�H���D�S�S�O�L�F�D�E�O�H���W�R���R�X�U���S�D�W�L�H�Q�W�V�´ [Participant 5 �± GP]. 

 

Although validation was important for HCPs, some also expressed how the 

limitations of a validated risk prediction tool should also be acknowledged, and 

communicated with patients. Limitations were not seen as a barrier to uptake 

however, but an important consideration during decision making processes: 

 

�³�(�[�S�O�D�L�Q�L�Q�J���W�K�H���O�L�P�L�W�D�W�L�R�Q�V���R�I���W�K�H���W�R�R�O���Z�L�W�K���R�W�K�H�U���F�O�L�Q�L�F�L�D�Q�V���D�Q�G���S�D�W�L�H�Q�W�V���L�V���Y�H�U�\��

�L�P�S�R�U�W�D�Q�W�����:�H�¶�Y�H���X�V�H�G���4�5�,�6�.�����D�Q�G���,�¶�Y�H���K�D�G���U�H�J�L�V�W�U�D�U�V���F�R�P�H���D�Q�G���V�D�\�����µ�Z�H�O�O�����W�K�H��

�4�5�,�6�.���L�V���W�K�L�V�����V�R���Z�H���V�K�R�X�O�G���G�R���W�K�L�V���¶���:�H�O�O�����W�K�D�W�¶�V���Q�R�W���D�F�W�X�D�O�O�\���D�O�Z�D�\�V���W�K�H���F�D�V�H�����L�V��

�L�W�����D�Q�G���W�K�D�W�¶�V���W�K�H���N�L�Q�G���R�I���O�L�P�L�W�D�W�L�R�Q�V���R�I���W�K�H�P�´ [Participant 7 �± GP].  

 

HCPs reflected on the clinical responsibilities of safer prescribing, and the need 

to feel trust and confidence in a tool before its uptake to support complex drug 

therapy decisions. They needed to feel confident that a deprescribing 

intervention influenced by the tool would be a positive intervention for patients, 

with a view to improving outcomes: 

 

�³�,�W�¶�V���L�P�S�R�U�W�D�Q�W���W�R���K�D�Y�H���W�U�X�V�W���L�Q���W�R�R�O�V�����H�V�S�H�F�L�D�O�O�\���L�Q���S�U�H�V�F�U�L�E�L�Q�J���D�Q�G���G�H�S�U�H�V�F�U�L�E�L�Q�J����

�<�R�X���G�R�Q�¶�W���Z�D�Q�W���W�K�H���W�R�R�O���W�R���V�W�D�W�H���µ�V�W�R�S���W�K�L�V���P�H�G�L�F�D�W�L�R�Q�¶�����E�H�F�D�X�V�H���L�W�¶�V���L�G�H�Q�W�L�I�L�H�G���W�K�D�W��

the patient is at risk, and then later down the line the patient have a different 

�S�U�R�E�O�H�P���R�U���K�D�Y�H���I�X�U�W�K�H�U���L�V�V�X�H�V���E�H�F�D�X�V�H���W�K�H�\�¶�Y�H���Q�R�W���E�H�H�Q���W�D�N�L�Q�J���W�K�H�L�U��

�P�H�G�L�F�D�W�L�R�Q�´ [Participant 12 �± Clinical Pharmacist].  
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Participants also reflected from a medico-legal perspective, that if errors occur, 

a patient is harmed, or a case is raised against a HCP, that they need 

reassurance the tool is an acceptable aid to decision making: 

 

�³�2�E�Y�L�R�X�V�O�\���\�R�X���Q�H�H�G���W�R���W�U�X�V�W���W�K�H���W�R�R�O���Z�K�H�Q���P�D�N�L�Q�J���D���G�H�F�L�V�L�R�Q�����D�Q�G���L�I���L�W�¶�V���J�R�L�Q�J���W�R��

fall on my head, then I need to know that that tool is validated, and that it has 

�U�H�J�X�O�D�U���J�R�Y�H�U�Q�D�Q�F�H�����D�Q�G���L�V���X�S�G�D�W�H�G���L�Q���D���Z�D�\���W�K�D�W�¶�V���D�S�S�U�R�S�U�L�D�W�H���D�Q�G���P�H�D�Q�L�Q�J�I�X�O��

�I�R�U���W�K�D�W���W�R�R�O�´ [Participant 13 �± Clinical Pharmacist]. 

 

Participants who felt less confident with deprescribing described how they 

would seek further advice and support from colleagues before delivering an 

intervention. However, they also stated that it would be desirable to have a tool 

to support with anticholinergic deprescribing decisions, and would facilitate 

independent decision making: 

 

�³�,���W�K�L�Q�N���D���W�R�R�O���Z�R�X�O�G���K�H�O�S���V�X�S�S�R�U�W���W�K�H �G�H�F�L�V�L�R�Q�����0�D�\�E�H���,���Z�R�X�O�G�Q�¶�W���Q�H�H�G���W�R���J�H�W��

advice or support from a clinician because I would have some data that 

suggests that we should be stopping. It just helps to support your decisions, 

really, so it would be helpful. It would possibly make me a bit more confident in 

my decision-�P�D�N�L�Q�J�´ [Participant 20 �± Advanced Nurse Practitioner]. 

 

Design features of tools and health technologies were also important factors for 

HCPs which could influence their uptake, particularly features which impact on 

the usability, and how easily the output can be translated in to clear and 

meaningful messages for patients: 

 

�³�,�W���K�D�V���W�R���E�H���T�X�L�F�N�����H�D�V�\���W�R���X�Q�G�H�U�V�W�D�Q�G�����D�Q�G���H�D�V�\���W�R���H�[�S�O�D�L�Q���W�R���W�K�H���S�D�W�L�H�Q�W����

Obviously with QRISK it has the smiley faces feature, so they are the kind of 

thi�Q�J�V���W�R���H�D�V�L�O�\���X�Q�G�H�U�V�W�D�Q�G�����,���Z�R�X�O�G�Q�¶�W���E�H���S�U�H�V�H�Q�W�L�Q�J���W�R�R���P�X�F�K���G�D�W�D���D�Q�G���W�D�E�O�H�V��

and charts and that kind of stuff. It has to be something that you can use in 

consultation that has an effect, and the patient takes it away with them, both in 

their mind or as a handout, and they can appreciate and understand it and 

�L�Q�I�R�U�P���W�K�H�L�U���G�H�F�L�V�L�R�Q���P�D�N�L�Q�J�´ [Participant 5 �± GP]. 
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Other HCPs drew on their experiences of using risk prediction tools to present a 

risk of an outcome, expressing the effectiveness of using colours to convey the 

risk severity: 

 

�³�$�V���Z�H�O�O���D�V���G�L�D�J�U�D�P�V���D�Q�G���Q�X�P�E�H�U�V�����F�R�O�R�X�U�V���D�U�H���T�X�L�W�H���J�R�R�G���D�V���Z�H�O�O�����,�I���D���S�D�W�L�H�Q�W��

just saw that, for example, they were at risk and that was red, so it was 

dangerous for them, they may take that on board a bit more. If it was green on 

�W�K�H���R�W�K�H�U���K�D�Q�G�����W�K�H�Q���W�K�H�\���P�D�\���V�H�H���L�W���D�V���V�D�I�H�U�´ [Participant 8 �± GP].  

 

Most participants agreed that quantitative data is less desirable when 

presenting risks to patients, such as a risk percentage, a figure on a continuous 

scale, or an odds ratio for example. Categorising the risk however was seen as 

a possible way of clearly conveying a message of risk: 

 

�³�,���W�K�L�Q�N���D���O�R�Z�����P�H�G�L�X�P�����K�L�J�K�����N�L�Q�G���R�I���V�F�R�U�L�Q�J���V�\�V�W�H�P���L�V���S�U�R�E�D�E�O�\���D�O�O���\�R�X���Q�H�H�G�����,��

think when you start to get into specific numbers people sometimes get a bit too 

�W�U�D�Q�V�I�L�[�H�G���R�Q���W�K�H���Q�X�P�E�H�U�V�´ [Participant 17 �± Clinical Pharmacist]. 

  

Ultimately, HCPs appreciated that the optimal way to present risks may depend 

on the individual patient, but having the flexibility of presenting risks in different 

ways was considered a feature of the tool could support uptake: 

 

�³�7�D�O�N�L�Q�J���W�R���D���S�D�W�L�H�Q�W�����\�R�X�¶�Y�H���J�R�W���W�R���J�D�X�J�H���W�K�H�L�U���F�R�P�P�X�Q�L�F�D�W�L�R�Q���Q�H�H�G�V���D�Q�G���K�R�Z��

they learn and understand things and try and find a way of communicating with 

�W�K�H�P���V�R���W�K�D�W���W�K�H�\���X�Q�G�H�U�V�W�D�Q�G�´ [Participant 9 �± Clinical Pharmacist]. 

 

9.4.8.4 Desire for a proactive case-finding tool 

HCPs acknowledged the importance for reducing anticholinergic burden for the 

frail older population. However, HCPs reflected on how there is a deficiency of 

tools integrated into clinical IT systems that can identify and quantify 

anticholinergic burden, and target this issue to improve outcomes. Instead, tools 

had to be accessed outside of the IT system, such as apps or website. 

Recognising this deficiency, HCPs reflected on what tools they would require in 

the future to better manage this, and recommendations were provided, both 

from a reactive and a proactive perspective. 
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�3�D�U�W�L�F�L�S�D�Q�W�V���F�D�O�O�H�G���I�R�U���D�Q���µ�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���F�D�O�F�X�O�D�W�R�U�¶���L�Q�W�H�J�U�D�W�H�G���L�Q�W�R���W�K�H��

clinical IT system. Current behaviours included seeking tools and resources 

online within a consultation, and participants called for a single resource to be 

built into the IT system:  

 

�³�,�W���Z�R�X�O�G���E�H���T�X�L�W�H���X�V�H�I�X�O���W�R���K�D�Y�H���D�Q���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���F�D�O�F�X�O�D�W�R�U���R�I���V�R�P�H��

sort, or just a way of having a record that the patient has had a review in terms 

of anticholinergic burden. At the moment, there are so many external websites 

or resources that we use, and it can often get quite overwhelming. So, actually 

having one that would be embedded into the system would be quite useful. At 

least then it would be available, for example, if it was a practice, then the whole 

practice would be able to see that data for that patient and that an 

anticholinergic burden review had been compl�H�W�H�G���D�V���Z�H�O�O�´ [Participant 10 �± 

Advanced Clinical Pharmacist]. 

 

Other suggestions for tools which would help opportunistically review 

anticholinergic burden within consultations included pop-ups: 

 

�³�,�¶�G���O�R�Y�H���D���S�R�S-up screen. It would be really useful to have the tools that flick up 

�I�R�U���S�D�W�L�H�Q�W�V���F�R�G�H�G���D�V���I�U�D�L�O�����D�Q�G���I�R�U���H�[�D�P�S�O�H���V�D�\�����µ�$�&�%���V�F�R�U�H���R�I���������G�R���\�R�X���Z�D�Q�W��

�W�K�L�V���I�R�U���W�K�L�V���S�D�W�L�H�Q�W�"���,�W�¶�V���Q�R�W���D�S�S�U�R�S�U�L�D�W�H�¶�����,�W���Z�R�X�O�G���P�D�N�H���S�H�R�S�O�H���W�K�L�Q�N�����µ�2�K�����,��

�I�R�U�J�R�W���D�E�R�X�W���W�K�D�W���´ [Participant 13 �± Clinical Pharmacist]. 

 

Community Pharmacists also requested access to data on anticholinergic 

burden scores and frailty indexes, recorded by general practices in the clinical 

records. This was so that they could recommend deprescribing interventions 

where appropriate: 

 

�³�,���W�K�L�Q�N���W�K�L�V���L�Q�I�Rrmation should be included in the shared Summary Care Record 

���6�&�5�������1�R�W���M�X�V�W���W�K�H���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���V�F�R�U�H�����E�X�W���W�K�H���I�U�D�L�O�W�\���V�F�R�U�H���D�O�V�R�´ 

[Participant 21 �± Locum Community Pharmacist]. 

 

From a proactive review perspective, HCPs also felt that being able to identify 

and record levels of anticholinergic burden within the clinical system is 
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important for the future case-finding of patients for medication review, and 

would be beneficial to incorporate it alongside a frailty index: 

 

�³�,�W���Z�R�X�O�G���E�H���J�R�R�G���L�I���Z�H��could code the anticholinergic burden score into our 

systems. Currently, there is no way of identifying this score that then can be 

�V�H�D�U�F�K�H�G���Z�L�W�K�L�Q���W�K�H���F�O�L�Q�L�F�D�O���V�\�V�W�H�P�´ [Participant 15 �± Advanced Pharmacy 

Technician]. 

 

�³�,�W���Z�R�X�O�G���G�H�I�L�Q�L�W�H�O�\���E�H���X�V�H�I�X�O���W�R���L�Q�Forporate assessing the anticholinergic burden 

alongside a frailty index tool. I think that would be really useful to have in there 

and an important factor when working out anticholinergic burden scores really�´��

[Participant 8 �± GP]. 

 

In terms of a risk prediction tool in this field, to case-find patients based on 

increased risks of particular outcomes, HCPs reflected on what would be the 

most important outcomes to predict, and which would encourage their uptake of 

the tool. Predicting cognitive impairment was seen as the most important 

outcome by the majority of HCPs, however mortality, falls and hospitalisation 

were also suggested: 

 

�³�,���W�K�L�Q�N���W�K�H���U�H�D�O�O�\���L�P�S�R�U�W�D�Q�W���R�Q�H�V���D�U�H���F�R�J�Q�L�W�L�Y�H���L�P�S�D�L�U�P�H�Q�W���D�Q�G���G�H�O�L�U�L�X�P����

�E�H�F�D�X�V�H���W�K�D�W�¶�V���M�X�V�W���Y�H�U�\���X�Q�S�O�H�D�V�D�Q�W���I�R�U���H�Y�H�U�\�E�R�G�\�´���>�3articipant 1 �± Clinical 

Pharmacist]. 

 

�³�$�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���G�U�X�J�V���D�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���G�H�P�H�Q�W�L�D�����V�R���,���W�K�L�Q�N���W�K�D�W�¶�V���W�K�H��

scariest one in terms of patients going on to develop that. I think that has to be 

�Q�X�P�E�H�U���R�Q�H�´ [Participant 4 �± Community Pharmacist]. 

 

Another major outcome considered by HCPs was hospitalisation, seeing the 

benefit in predicting this risk and target those with higher risks for anticholinergic 

deprescribing reviews: 

 

�³�2�E�Y�L�R�X�V�O�\�����D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���L�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���L�Q�F�U�H�D�V�H�G���I�D�O�O�V�����Z�K�L�F�K���K�Dve 

increased risk of hospital admission also. It could be quite a bold aim to reduce 
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hospital admissions, but a very good aim and potentially a very successful aim if 

�X�V�H�G���S�U�R�S�H�U�O�\�´ [Participant 7 �± GP]. 

 

�³�+�R�V�S�L�W�D�O�L�V�D�W�L�R�Q���L�V���D���U�H�D�O�O�\���L�P�S�R�U�W�D�Q�W���R�Q�H���E�H�F�D�X�V�H��for a lot of patients, the 

thought of going into hospital just fills them with dread. If you said in 

�F�R�Q�V�X�O�W�D�W�L�R�Q�V�����µ�Z�H�O�O���\�R�X�U���F�K�D�Q�F�H���R�I���J�R�L�Q�J���L�Q�W�R���K�R�V�S�L�W�D�O���L�I���\�R�X���U�H�P�D�L�Q�H�G���R�Q���W�K�L�V��

�G�U�X�J���P�L�J�K�W���E�H���;���Q�X�P�E�H�U���R�I���S�H�U�F�H�Q�W�¶�����Z�H���P�L�J�K�W���E�H���D�E�O�H���W�R���I�L�Q�G���D�Q���D�O�W�H�U�Q�D�W�L�Y�H and 

�S�D�W�L�H�Q�W�V���P�D�\���Z�H�O�O���E�H���P�R�U�H���P�R�W�L�Y�D�W�H�G���W�R���W�K�L�Q�N���D�E�R�X�W���G�H�S�U�H�V�F�U�L�E�L�Q�J���W�K�R�V�H���G�U�X�J�V�´ 

[Participant 24 �± GP].  

 

However, some HCPs felt that although a patient may have a higher predicted 

�U�L�V�N���R�I���D�Q���R�X�W�F�R�P�H�����L�W���G�R�H�V�Q�¶�W���Q�H�F�H�V�V�D�U�L�O�\���P�H�D�Q���W�K�D�W���D���P�H�G�L�F�L�Q�H���L�V���U�H�V�S�Rnsible 

for this, and indeed whether risks would reduce after deprescribing. An example 

was provided with regards to cognitive impairment: 

 

�³�<�R�X���G�R�Q�¶�W���N�Q�R�Z���Z�K�H�W�K�H�U���L�W�
�V���G�X�H���W�R���W�K�H���P�H�G�L�F�L�Q�H���F�D�X�V�L�Q�J���W�K�H���F�R�J�Q�L�W�L�Y�H��

impairment, or whether it is actually natural degeneration of brain function. You 

can't really gauge whether there would be a particular improvement on stopping 

�W�K�H���P�H�G�L�F�L�Q�H�´ [Participant 9 �± Clinical Pharmacist]. 

 

Finally, in response to recent policy changes, such as the introduction of SMRs, 

risk prediction tools were welcome to support prioritisation of medication 

reviews for high-risk patients: 

 

�³�7�K�H���6�0�5���V�S�H�F�L�I�L�F�D�W�L�R�Q���V�X�J�J�H�V�W�V���F�R�K�R�U�W�V���R�I���S�H�R�S�O�H���W�R���U�H�Y�L�H�Z�����E�X�W���,�¶�P���F�R�Q�F�H�U�Q�H�G��

about the numbers that are going to be involved in the cohorts �W�K�H�\�¶�U�H��

suggesting.  This tool would be another way of drilling down to identify where 

�\�R�X���F�R�X�O�G���V�W�D�U�W���S�U�L�R�U�L�W�L�V�L�Q�J���P�H�G���U�H�Y�L�H�Z�V�´ [Participant 23 �± Clinical Pharmacist].  

 

9.5 Discussion  

This study had an overall aim of exploring the views and perspectives of HCPs 

in using risk prediction, to case-find frail older people at risk from anticholinergic 

burden for deprescribing interventions. The risk prediction tool in question was 

not in existence, therefore this was exploratory of a future deprescribing 

concept, to explore the need and feasibility of such a tool.  
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Overall, HCPs views and perspectives of the concept of risk prediction were 

positive within this clinical context. Ultimately however, a risk prediction tool was 

seen as only one important factor amongst a variety of other important factors 

surrounding complex anticholinergic deprescribing decision-making, particularly 

for the frail older population. This finding echoes what other previous research 

has found; that deprescribing for older people overall is a complex process 280, 

the barriers and facilitators are multifactorial 203, 520, 521, and currently available 

tools may only address some of these barriers 157. Through semi-structured 

interviews, thematic analysis identified six main domains and sixteen 

constructs, as important factors to consider during future development and 

implementation.  

 

There was a strong willingness to engage with a risk prediction tool, particularly 

as HCPs felt there was a deficiency of integrated tools. Interestingly, HCPs 

were supportive of all tools, providing they could facilitate safer prescribing and 

support with deprescribing. However, the concept of risk prediction in particular 

was of significant interest. HCPs felt not only could risk prediction be effective in 

proactively case-finding high-risk patients at population level, but also providing 

patient specific risks, enhance shared decision making, and further empowering 

patients to make informed decisions regarding their current and future health. 

This finding could be supported by other studies, which also found that other 

risk prediction tools have been well received by HCPs to support shared-

decision making 331, 522-524.  

 

It emerged from interviews that the views and perspectives of risk prediction 

tools had little value without considering the clinical context they are to be used 

in. It was anticipated by the researcher that interviewer responses would focus 

mostly on the concept of the risk prediction tool itself. However, the clinical 

context of anticholinergic burden, frailty, and deprescribing were just as, if not of 

greater importance to the participants, dominating a significant proportion of 

responses. This was a major influence on the development of the domains and 

�F�R�Q�V�W�U�X�F�W�V���V�H�O�H�F�W�H�G�����Z�L�W�K���R�Q�H���R�I���W�K�H���P�R�V�W���V�L�J�Q�L�I�L�F�D�Q�W���G�R�P�D�L�Q�V���E�H�L�Q�J���µ�N�Q�R�Z�O�H�G�J�H��

�D�Q�G���V�N�L�O�O�V�¶���� 
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Deficiencies in a deeper understanding of these clinical areas were reported, 

affecting partici�S�D�Q�W�V�¶���D�E�L�O�L�W�L�H�V���W�R���P�D�Q�D�J�H���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q���L�Q���W�K�L�V��

population. This is consistent with other research, which also found that 

knowledge and awareness of anticholinergic burden was lacking amongst 

HCPs, regardless of which healthcare setting they were based in 525, 526. 

Participants also lacked awareness of the full extent of the associated adverse 

effects of anticholinergic burden, acknowledging that knowledge gaps could 

impair their decision-making processes. Similar to previous research, 

participants in this study called for greater education and awareness of the 

possible adverse effects of anticholinergic prescribing 188. It was felt that a 

stronger understanding would be required before actively engaging in 

deprescribing, and engaging with a new risk prediction tool.  

 

Interestingly, despite feeling that the understanding and awareness of 

anticholinergic burden needed improvement, participants felt they could still 

engage in anticholinergic deprescribing interventions, however the prioritisation 

of this above other clinical tasks was relatively low. A major challenge was 

perceived to be the difficulties in the initial identification of a patient for a 

deprescribing intervention, and the lack of tools integrated within the clinical IT 

system to support this. Once identified, HCPs felt anticholinergic burden could 

influence their anticholinergic deprescribing decisions, but they needed to feel 

supported with identifying and quantifying anticholinergic burden. The challenge 

of deprescribing anticholinergics cannot be overcome solely through the use of 

case-finding tools or decision support systems, from the perspectives of the 

�S�D�U�W�L�F�L�S�D�Q�W�V�����D�Q�G���D�U�H���Q�R�W���W�K�H���³�E�H���D�O�O���D�Q�G���H�Q�G���D�O�O�´�����D�V���P�X�O�W�L�S�O�H���S�D�U�Wicipants stated. 

Indeed, there are studies which have tested tools and interventions to facilitate 

the reduction of anticholinergic medication exposure, and found not to be 

effective in primary care 527 528. These interventions did not utilise a risk 

prediction tool, however. At the very least,  participants valued the role of an 

integrated tool in raising awareness and improving knowledge of anticholinergic 

burden, as tools can be effective at narrowing knowledge gaps also 529. 

 

A deficiency of a deeper understanding and awareness of frailty was also 

expressed by HCPs. In a mixed methods study by Mulla et al., it was found that 

GPs also lacked knowledge of frailty, and more education was required to better 
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understand and support proactive identification of frailty within general practice 
530. In the present study, a lack of educational opportunities for frailty, 

particularly during university training stages, was seen as one of the main 

contributing factors to this, and it could be said for anticholinergic burden also. 

�7�K�H�R�U�H�W�L�F�D�O�O�\�����S�D�U�W�L�F�L�S�D�Q�W�V���U�H�F�R�J�Q�L�V�H�G���W�K�D�W���D���S�D�W�L�H�Q�W�¶�V���I�U�D�L�O�W�\���V�W�D�W�X�V���Z�D�V���L�P�S�R�U�W�D�Q�W��

to consider during anticholinergic prescribing decisions, rather than solely 

chronological age, and could indeed influence decisions to deprescribe. But 

similar to the case with anticholinergic burden, the proactive identification of 

frailty during consultations was not always of high priority, was not always 

conducted, and only became a consideration for some HCPs if they were 

alerted to the frailty status. In the study by Mulla et al, GPs were unsure of frailty 

risk-stratification tools, as they felt they lacked sensitivity and specificity 530. This 

was not reflected in the findings of the present study, however HCPs did need 

to feel assured that utilising such tools will have clinical benefit. By including 

measures of anticholinergic burden and frailty within an integrated risk 

prediction tool, it could be possible to support HCPs with case-finding, and 

assist deprescribing decisions. However, the findings highlight that improving 

knowledge and raising awareness of these clinical areas should be prioritised, 

to encourage optimal levels of uptake during future implementation.  

 

Participants were not lacking self-efficacy and confidence in deprescribing 

overall. Deprescribing has developed significant traction in recent times, and 

evidence-based guidelines continue to be developed to raise awareness and 

�V�X�S�S�R�U�W���Z�L�W�K���F�O�L�Q�L�F�L�D�Q�V�¶���V�H�O�I-efficacy 261. It is not surprising therefore that other 

studies have also found increased self-efficacy amongst clinicians delivering 

such an intervention 531. However, HCPs in this study described lacking self-

efficacy and confidence specifically in the context of reducing anticholinergic 

burden for older people living with frailty. In a qualitative systematic review by 

Stewart et al., it was found that HCPs also had low confidence in the reduction 

of anticholinergic burden 521, reinforcing that this area of deprescribing is 

perceived to be difficult, and perceived to be more complex than some other 

areas. This highlights how the effectiveness of deprescribing is highly 

dependent on self-efficacy, self-assurance, and confidence within specific 

clinical areas 500, 532, 533. 
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Although proactive identification and prioritisation of at-risk patients for 

medication reviews was seen as a challenge in the present study, the actual 

delivery of an effective anticholinergic deprescribing intervention was seen as a 

more significant challenge, particularly in this vulnerable population. If a risk 

prediction tool was available to case-find patients, and provide risk information 

to support anticholinergic deprescribing decisions, HCPs still felt they would 

require further support on how to approach the consultation, calling for specific 

guidance on how anticholinergic medicines should be safely withdrawn or 

optimised in the frail patient. For some, this included step-by-step guidance, for 

�H�[�D�P�S�O�H�����$�Q�G�H�U�V�R�Q���H�W���D�O�����V�W�D�W�H�G���W�K�D�W���W�K�H���³�I�R�J���R�I���S�R�O�\�S�K�D�U�P�D�F�\�´���F�D�Q���F�O�R�X�G���D��

�S�U�H�V�F�U�L�E�H�U�¶�V���F�D�S�D�F�L�W�\���W�R���L�G�H�Q�W�L�I�\���D�W-risk prescribing, and therefore decision 

support, in addition to accurate clinical information, is needed to overcome this 

and facilitate deprescribing processes 534. Despite lacking self-efficacy and 

confidence in deprescribing in this area, all participants felt they had a 

responsibility to deprescribe, regardless of their position, and valued this 

intervention to encourage safer prescribing. At times, they described the need 

to take a MDT approach, particularly for challenging cases, including obtaining 

the support of specialists in secondary care and sharing responsibility. In 

contrast, one study identified a major barrier to anticholinergic deprescribing, in 

that HCPs devolved anticholinergic prescribing and management responsibility 

to other groups of HCPs 203.  

 

Consistent with other literature, a factor influencing deprescribing decisions was 

�+�&�3�V�¶���E�H�O�L�H�I���W�K�D�W���G�H�S�U�H�V�F�U�L�E�L�Q�J���F�R�X�O�G���D�O�V�R���K�D�Y�H���G�H�W�U�L�P�H�Q�W�D�O���F�R�Q�V�H�T�X�H�Q�F�H�V���I�R�U��

patients, such as harm, or exacerbating pre-existing symptoms further 267, 534. 

This uncertainty can be seen as a barrier to the uptake of a new risk prediction 

tool in this area, and this needs to be considered and addressed. However, the 

belief that deprescribing could be detrimental to the patient was not the ultimate 

barrier, and HCPs described developing mechanisms and strategies to be able 

to respond to this, as such consequences were anticipated. They reinforced the 

importance of a follow-up appointment to check progress, and minimise the 

harms associated with deprescribing. Similar approaches have also been 

described by others, such as by Reeve et al., advocating proper planning and 

tapering of medicines, monitoring the patient after the medicine has been 

�V�W�R�S�S�H�G�����D�Q�G���U�H�L�Q�V�W�D�W�L�Q�J���W�K�H���P�H�G�L�F�L�Q�H���L�I���W�K�H���S�D�W�L�H�Q�W�¶�V���F�R�Q�G�L�W�L�R�Q���U�H�W�X�U�Q�V��535. 
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Importantly, HCPs believed there were positive consequences of deprescribing 

also, and the belief that this intervention was an important element of safer 

prescribing practices. Positive attitudes towards deprescribing has also been 

found in others studies 536, including the belief that such interventions can have 

positive outcomes for patients 537. Patients also have concerns about 

deprescribing, such as withdrawal symptoms, relapsing of symptoms, and 

concerns for increased risks of the outcome that the preventative medication 

was originally prescribed for 500. This is an important factor to consider in the 

present study also, as HCPs described patients themselves as influencers of 

deprescribing decisions also, and possible barriers to deprescribing 203, 500, 534. 

Overall, there was an expectation from HCPs that future risks of adverse 

outcomes would be mitigated through deprescribing, and in some cases, the 

expectation that patients would have improved quality of life soon after 

cessation of highly potent anticholinergics.  

 

There was also a strong expectation that a risk prediction tool could improve 

workflows in a pressured health system, through the prioritisation of high-risk 

patients for deprescribing. However, as stated by participants, simply making 

new tools available may not lead to increased deprescribing in practice, and 

such tools may only address some of the barriers to deprescribing, such as lack 

of awareness of anticholinergic medicines and frailty, or the lack of guidance on 

how to deprescribe 157.  

  

HCPs felt that regardless of recommendations from a risk prediction tool to 

consider reducing anticholinergic burden in a frail older person, it was 

paramount that decisions were to be considered holistically, and that patients 

be treated on an individual basis. This approach suggests that HCPs value the 

clinical freedom to make the ultimate decision along with the patient, and 

therefore for the tool to provide additional support only when needed. Yet, 

HCPs also called for prescriptive, step-by-step guidance on how to deliver the 

intervention through the cessation of medicines, which can be argued to be 

contradictory of this approach. Overall, HCPs had a realistic expectation of risk 

prediction tools; to provide assistance with clinical decision making. They 

welcomed tools which provided detailed, prescriptive guidance to the prescriber, 

but ultimately they felt this must be supplemented with clinical judgement. They 
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were also sympathetic towards tools that supported patients with making 

decisions, and tools that provided a platform for shared decision making. This 

can support the findings of another study, that decision support tools in 

healthcare are more likely to succeed if they can provide advice for patients, as 

well as clinicians, which can encourage the adoption of such tools 538.  

 

Financial incentives were seen a significant driver within primary care, and 

could influence the approach to anticholinergic deprescribing. This was 

perceived to be essential to trigger a change in their prescribing behaviour and 

prioritisation of tasks. Financial incentives can potentially influence prescribing 

behaviour 539, and in other countries such as Australia, and Sweden, financial 

incentives are in place for deprescribing, such as rewarding the reduction of 

potentially inappropriate medicines 540. HCPs in the present study valued 

financial incentivisation, and felt it would drive deprescribing, and the uptake of 

a risk prediction tool. However, it was perceived that there were zero incentives 

for deprescribing at the time of interviews. Interestingly, HCPs recognised the 

ongoing investment from the NHS in to PCNs. However, despite funding for 

increased capacity, they did not feel incentivised to focus on anticholinergic 

deprescribing, and prioritised other funded areas. Arguably, PCNs are funded to 

use tools to case-find frail older people exposed to potentially inappropriate 

prescribing, and for SMRs to be delivered. Therefore, the use of a risk 

prediction tool in this area would be with a view to improving existing workflows, 

and streamlining the case-finding of high-risk patients as part of an already 

existing commissioned and mandated NHS service. However, HCPs did not 

perceive this to be an incentive, and felt further incentivisation would be 

required. The present study suggests that HCPs in working in primary care in 

England need to feel more rewarded for rationalising potentially inappropriate 

prescribing also, which has been observed in other studies also 541.  

 

The financial implications of deprescribing for community pharmacy was also a 

major concern. Community Pharmacists saw deprescribing as a threat to their 

income, and as reported by other studies also, there is a lack of financial 

incentives to address polypharmacy in this sector 520, or specifically 

anticholinergic burden. Equally, from a clinical perspective, they valued the 

rationalisation of medicines with a view to improving patient outcomes, and to 
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work collaboratively with general practice to support deprescribing. But 

reluctance to do so has been observed previously due to the financial reliance 

on prescription volume, triggering distrust about conflicts of interest between the 

different sectors 542.  

 

HCPs expressed concerns relating to aspects of professional identity, seen as 

potential barriers to collaborative working. For example, some Clinical 

Pharmacists and Pharmacy Technicians based in general practice described 

how other clinical staff may not always be engaging when they present 

deprescribing recommendations, and may not accept such recommendations. 

Also, they felt reducing anticholinergic burden for frail older people at times was 

less of a priority for other staff. However, in general, Clinical Pharmacists and 

Pharmacy Technicians felt their anticholinergic deprescribing recommendations 

were frequently enacted, which is consistent with previous literature reporting 

the benefits of pharmacist-led interventions 543, 544. Having support from the GPs 

was an important element for HCPs, particularly those less confident in 

deprescribing anticholinergics. But for those working autonomously, such as 

Clinical Pharmacists, this was not an issue as deprescribing decisions could be 

made independently. In a previous study in Germany, GPs were perceived to 

be the �µcentral manager of medications�¶ in the context of deprescribing 

responsibilities, and could be considered gatekeepers for coordination and 

medication treatment of multimorbid patients 545. Similar dynamics were evident 

in the present study, particularly when considering the perspectives of 

Community Pharmacists, who felt that their deprescribing recommendations to 

general practice staff may not always be actioned, and they questioned whether 

their input was valued in the deprescribing process because of this. A 

systematic review concluded that Community Pharmacists can lead 

deprescribing interventions and that they are valuable partners in deprescribing 

collaborations 546, however the present study highlights how there are barriers 

to consider.  

 

Also, with regards to the MDT dynamics, the professional boundaries with 

secondary care prescribers were also reported to be a barrier to deprescribing 

amongst participants. A minority of HCPs were willing to challenge 

recommendations from specialists if these were deemed unsuitable. However, 
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�W�K�H���P�D�M�R�U�L�W�\���R�I���S�D�U�W�L�F�L�S�D�Q�W�V���G�L�G���Q�R�W���I�H�H�O���F�R�Q�I�L�G�H�Q�W���G�H�Y�L�D�W�L�Q�J���I�U�R�P���D���V�S�H�F�L�D�O�L�V�W�¶�V��

recommendation without discussing it with them first. This reluctance to stop a 

medicine started by another specialist in a different health setting has also been 

previously reported 547-549. 

 

Although anticholinergic burden and frailty were perceived to be priority clinical 

areas within medicines management, there was limited motivation levels 

amongst HCPs to prioritise the deprescribing of anticholinergics in this 

vulnerable population. In a study by Ailabouni et al., other competing factors 

were also found to decrease motivation to deprescribe 500. However, the study 

only involved GPs, and did not specifically relate to anticholinergic 

deprescribing, but rather deprescribing in general 500. It is possible that limited 

motivation levels identified in the present study could be specific to the clinical 

context; that reducing anticholinergic burden is perceived to be a challenging 

task especially in multi-morbid frail patients, typically resulting in longer and 

complex consultations. Another factor to consider is that complex deprescribing 

decisions often require a collaborative approach, and as one study found, 

barriers to collaborative working often resulted in poor motivation to reduce 

anticholinergic use 521. In a recent systematic review of the evidence for 

deprescribing interventions among older people living with frailty, it was 

concluded that deprescribing could be safe, feasible, well tolerated and could 

lead to important benefits 367. Therefore, the limited motivation expressed by 

participants in the present study should be understood further, and considered a 

potential barrier to the uptake of a risk prediction tool in this area to support 

deprescribing. It is also important to consider the motivation among patients 

also, and how this could possibly influence the motivation levels amongst 

HCPs. A study in Canada found that an educational deprescribing leaflet posted 

to patients triggered their motivation to engage with clinicians regarding the 

deprescribing of benzodiazepines, through improved knowledge and increased 

concern about taking their medicines 550.  

 

Alert fatigue within consultations was considered a barrier to the engagement 

with decision support tools, consistent with other literature 551-553. But equally 

some HCPs valued some alerting to important information within consultations, 

providing it was highly specific to individual patients, and highly relevant, 
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meaningful, and actionable. Particularly with the expanding workforce within 

PCNs, participants felt that the proactive identification of patients using case-

finding tools would be the preferred option. There is an increasing focus on 

proactive approaches to deprescribing, to help prevent medication-related 

harms often seen in the older population 554, with solutions developed to 

proactively screen practice populations and case-find patients for review 63, 299.  

 

It was reported that poor interoperability between clinical IT systems across 

�K�H�D�O�W�K�F�D�U�H���V�H�F�W�R�U�V�����U�H�V�W�U�L�F�W�L�Q�J���S�U�H�V�F�U�L�E�H�U�V�¶���D�F�F�H�V�V���W�R���W�K�H���I�X�O�O���F�O�L�Q�L�F�D�O���U�H�F�R�U�G�����Z�D�V��

a potential barrier to tool uptake. Participants felt this has implications for 

prescribing safety. These are legitimate concerns, considering that a significant 

number of patient safety incidents and adverse events have been linked to 

interoperability-related challenges 555. Other literature has stated that limited 

interoperability between electronic health care records is a system-level 

challenge to the deprescribing process 556. The interoperability to view 

electronic health records across various health sectors was perceived to be 

important for HCPs, particularly as they felt a multi-sector approach was pivotal 

to support effective anticholinergic deprescribing for frail older people. Not only 

was a shared health record considered important, but also a multi-sector 

commitment to safer prescribing, and deprescribing initiatives, requiring strong 

collaboration. However, as identified by Ailabouni et al., multi-disciplinary 

working requires regular meetings and communication between professionals, 

but a lack of resources can often hinder this and be a barrier to working 

collaboratively 500. As identified in another qualitative study, another major 

barrier to the adoption and effective use of decision support tools was the lack 

of structured and coded diagnosis documentation, and outdated medication 

information in the electronic health record 557. This led to distrust towards such 

systems, and was also a concern for participants of the present study also, 

emphasising how accurate risk predictions are completely dependent on the 

availability and accuracy of the recorded data.  

 

The COVID-19 pandemic was also seen as a major barrier to effective 

deprescribing and the delivery of medicines management interventions , and at 

the time of interviewing it presented a major shift in the healthcare landscape. 

Where deprescribing was considered challenging pre-pandemic, additional 
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challenges were also described in terms of being able to effectively deprescribe 

through telemedicine. Hypothetically, if the case-finding tool was to identify a 

frail older person residing in a care home, participants felt they had low 

confidence in effective deprescribing through remote methods in this population.  

Other studies have reported barriers to deprescribing using these 

communication methods, such as patient inabilities to use technology and lack 

of assistance from others, but also greater risks of withdrawal effects and 

severe consequences 558. Participants did not reflect on their future commitment 

to virtual deprescribing consultations with older patients however, despite online 

consultations deemed to be the future of primary care by 2023-24 559. Additional 

initiatives should be in place to address these challenges, such as teaching and 

support older people with using such technology, and providing technical 

support if patients have any concerns 558, and ultimately to address avoidable 

health inequalities for service user groups globally 560. These are important 

considerations, if a case-finding tool is to proactively identify older people for 

deprescribing reviews. 

 

Participants expressed a concern for workplace stressors, and how this 

ultimately could determine their capacity for engagement with a new 

deprescribing case-finding tool. In particular, there were concerns for how such 

a case-finding tool could generate increasing workloads, at a time when 

participants felt they struggled to meet the rising demands of medicines 

management within primary care.  Concerns for initial and ongoing workloads 

associated with deprescribing have also been reported by other studies, mainly 

with regards to the sustainability of such a clinical intervention 534, 561. Where the 

commencement of a new medication often only requires a simple one-off 

interaction with a patient, deprescribing is considered to be a longitudinal 

process 157, and therefore it is understandable that participants expressed 

concerns for a tool which could increase deprescribing activity. Not only would 

resources be required to deliver the deprescribing process, but also setting up 

the case-finding tool, running it, and the review process to identify which of the 

identified patients should be targeted for an SMR. Interestingly however, not all 

participants shared such concerns with regards to increasing workloads, with 

others valuing the prospective tool as an enhancement of existing workflows to 

identify patients for SMRs. They believed there was a place for such a tool, to 
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streamline these activities, and that there was resource within the PCN to not 

only case-find patients using tools, but also deliver on the entire deprescribing 

process. It is projected that by 2023/24, a typical PCN will have five Clinical 

Pharmacists, with a typical practice population of 10,000 patients expected to 

have a pro-rata coverage of 12 hours per week 562. Therefore, it is important to 

consider this expanding resource, but also appreciate that resource constraints, 

such as lack of staffing and time 520, still need to be carefully considered before 

the deployment of a case-finding tool that could increase the frequency of 

deprescribing interventions.  

 

Having a clear understanding of the purpose and rationale for the tool, and how 

it is to be used within the deprescribing workflow, were important to participants 

in terms of uptake. HCPs needed to feel trust and confidence when using it to 

make clinical decisions, particularly from the viewpoint of protecting themselves 

professionally from litigation. In a qualitative study investigating what hinders 

the uptake of computerised decision support tools in hospitals, clinicians also 

expressed concerns for the use of tools being used against them, in the event 

of medical-legal controversies, and the perception that such tools may reduce 

their professional autonomy 563.  For this reason, HCPs of the present study 

indicated that the tool should be evidence-based, validated and reliable. But 

participants were not only concerned about protecting themselves from 

litigation, but also to benefit patients, needing to feel confident that a 

deprescribing intervention influenced by a risk prediction could be beneficial 

clinically. A survey carried out by the Royal College of Physicians showed that 

there were concerns amongst senior physicians for using clinical decision 

support tools, which also identified key issues with trustworthiness 564. Rather 

than being perceived as tools to augment professional competence, expertise 

and critical thinking, they have been perceived to be limiting of these by some 

clinicians 563, which is also a finding of the present study. But providing the risk 

predictions of the prospective tool have sufficient predictive accuracy, and are 

�E�D�V�H�G���R�Q���O�D�U�J�H���V�F�D�O�H���D�Q�D�O�\�V�H�V���R�I���S�D�W�L�H�Q�W���G�D�W�D�����W�K�L�V���Z�R�X�O�G���L�Q�F�U�H�D�V�H���F�O�L�Q�L�F�L�D�Q�V�¶��

confidence in its uptake, according to the HCPs. They expressed similar 

concerns for alert fatigue that has been identified in other previous literature 551-

553, describing how frequent non-specific alerts can disturb workflows within 

consultations 361 and can negatively impact the uptake of tools. HCPs preferred 
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the option of positioning the prospective tool outside of the consultation, so that 

the deprescribing process is not fragmented by alerts.  

 

Characteristics and design-features of the prospective case-finding tool could 

�D�O�V�R���L�Q�I�O�X�H�Q�F�H���S�D�U�W�L�F�L�S�D�Q�W�V�¶���X�S�W�D�N�H�����7�K�H�V�H���Z�H�U�H���L�P�S�R�U�W�D�Q�W���W�R���X�Q�G�H�U�V�W�D�Q�G���I�U�R�P��

the perspectives of the participants, particularly as previous studies found that 

clinicians have failed to adopt the recommendations from computerised clinical 

decision support tools 565, 566. The simplicity and ease of use were important to 

the HCPs of the present study, who recommended that the messages from the 

tool should be clear, concise and understandable for both HCPs and patients. 

The high frequency of alerts during a consultation can be perceived to be 

irritating, to the extent where they are ignored and clinicians often become 

desensitised 566; an opinion shared by participants of the present study also. 

However, as participants preferred the prospective tool to be positioned outside 

of the consultation in the deprescribing workflow, arguably the risk of alert 

fatigue would not be such an issue in this case. With a view to screening 

practice populations with the prospective case-finding tool, HCPs anticipated 

how a large number of older people could be highlighted for a medication 

review, and therefore a grading system to prioritise such reviews could be 

advantageous. In particular, participants felt that grading risks of specific 

adverse outcomes into categories, such as mild, moderate and severe, could 

support the prioritisation process for an SMR, suggesting that the way risks are 

presented is also an important factor to consider for uptake.  Grading the 

severity of alerts was also considered a useful characteristic of decision support 

tools in another study, especially where the frequency of alerts are high 566.  

 

Other important considerations for the way risks are presented included 

whether they should be presented quantitatively, such as percentage risks for 

example, as text, or visually. There were differences of opinion of such methods 

of communicating risk, however visualisations were perceived to be a simple 

and effective approach by most, and more suitable for patients to interpret. This 

can be supported by a study by Liu et al, who stated that absolute percentages 

can be difficult for patients to interpret, and that visualisation of risk can be more 

appropriate, using customisable bar charts for example 567. Additionally, a 

systematic review focusing on health risk communication found that patients 



302 
 

often preferred features such as visual simplicity, and familiarity that were not 

associated with quantitative judgements 568. However, this systematic review 

also stated that it should not be assumed that all graphics are more intuitive 

than quantitative risks or text, as many studies have found that patients 

interpretations of graphics were dependent on expertise or instruction 568. 

Interestingly, the HCPs in the present study felt that the most superior method 

of health risk communication is the one in which patients are most likely to 

interpret and understand, acknowledging this could be different from patient to 

patient. HCPs felt the method was important for their own interpretation, but 

emphasised the importance of the appropriate method for patients. For these 

reasons, having the flexibility of multiple methods to present the risk was an 

attractive prospect for the HCPs.  

 

�7�K�L�V���V�W�X�G�\���V�H�U�Y�H�G���D�V���D�Q���H�D�U�O�\���H�[�S�O�R�U�D�W�L�R�Q���R�I���+�&�3�V�¶���S�H�U�V�S�H�F�W�L�Y�H�V���R�I���X�V�L�Q�J���D��

future risk prediction tool, to case-find frail older patients at-risk of 

anticholinergic burden, beginning to build a case for the roadmap towards 

development. The study findings suggest that arguably there is a case for 

pursuing this development, particularly as participants felt integrated tools are 

very much needed to support with anticholinergic deprescribing decisions, and 

there was support for risk-prediction to facilitate this. However, the insights from 

the twenty-five HCPs revealed that various factors have implications for the 

development, and the feasibility of implementation into clinical practice. 

Although there was significant interest in the concept of the tool, and indications 

that it could be feasible to incorporate into deprescribing workflows, factors 

were identified as potential barriers to successful uptake. Equally, various 

facilitators were also identified, including recommendations from HCPs which 

could support uptake. Ultimately, the views and perspectives of HCPs 

surrounding this concept is multi-factorial, which has important implications for 

future development and implementation.  

 

9.5.1 Implications for tool development and implementation 

Based on the findings of this study, it is recommended that front-line usability 

should be part of the initial exploration of the prospective tool, involving end-

users at the outset as part of any early developmental efforts 363. This means 

including HCPs in any other research projects to understand how the tool would 
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be practically used, and the impact it would have on clinical encounters 363, 

such as decision making around anticholinergic deprescribing in frailty.  

 

The interviews were challenged by the fact that HCPs had to respond to a 

proposed concept, and consider the future use of a tool hypothetically, rather 

than providing rich perspectives of using an existing tool in clinical practice. 

HCPs were not shown any prototypes, and were not provided with detailed 

descriptions of the proposed tool and its functionality, as the concept is in its 

infancy. Therefore, the responses of this study alone are not adequate enough 

to inform future development, and the continual involvement of HCPs should be 

encouraged if further stages of development are to be pursued. An expert 

working group, representing end-users of the prospective tool in primary care 

would be essential, to support a transition from a theoretical tool in to one with a 

view to development and implementation. This would include brainstorming, 

further research, and indeed testing of the tool in a clinical setting, as an 

iterative process. In addition to end-users, having representation from the 

support teams surrounding HCPs could also be beneficial in the expert working 

group, including receptionists, administrative team members and managers. 

Community pharmacy representation is also crucial, as although they may not 

have direct access to the electronic health records, they could provide support 

to the overall deprescribing journey. Understanding front-line usability however 

is dependent on the engagement of HCPs who can provide the clinical context 

and workflow that a decision support tool is intending to influence, and therefore 

a multidisciplinary approach to research and the development of future teams 

must be encouraged 363.  

 

Patient and public involvement and engagement (PPIE) is important to consider 

also, which can bring a real-world and lived-experience perspective and 

improve the efficiency and value of research in this area 569. Forming alliances 

with patients and the public can also increase the accountability and 

transparency of research 570, and their perspectives would particularly be 

valued. The tool outputs would need to be interpretable by patients also, 

reinforcing why PPIE should also be embedded into future development and 

implementation processes.  
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The domains and constructs identified also provides a structure to guide further 

discussions with an expert working group and a patient and public panel. This is 

to highlight the barriers and facilitators identified in this study to successful 

uptake, and invite further engagement to further support developmental 

processes. In particular, significant barriers such as deficiencies of a deeper 

knowledge of the clinical area, lack of confidence in approaching consultations 

to reduce anticholinergic burden, the fear of adverse consequences of 

deprescribing, scepticism of decision support tools, patient reluctance to 

deprescribe, and the perceived lack of financial incentivisation and 

remuneration of staffing should be addressed.  

 

9.5.2 Methodological considerations and limitations 

This study involved a moderate sample size (n=25), and the use of purposive 

sampling allowed the deep exploration of rich and varied views and 

perspectives of HCPs across primary care. This included representation from 

various professionals, and was a strength. The inclusion of Community 

Pharmacy professionals can also be considered a strength. Although they do 

not have access to the full electronic health record, the newly formed PCNs 

facilitate closer collaboration between general practice and Community 

Pharmacy. Therefore, there are opportunities for Community Pharmacy 

professionals to further support deprescribing processes, and their views and 

perspectives of a prospective risk prediction tool in supporting this are 

invaluable.  

 

The findings of this study are not entirely generalisable to all HCPs working 

across primary care in England, however. The recruitment of a varied sample 

with regards to medicines management experience within primary care was 

achieved, however, the study depended on snowball sampling, in addition to 

advertisement through social media platforms. There have been several 

criticisms of snowball sampling, arguing that it is not possible to ensure sample 

diversity 571, 572. It is thought by some that it can underrepresent those least 

keen to cooperate, and potential interviewees with smaller professional 

networks may be less likely to be referred for an interview 573. Equally, snowball 

sampling may over-represent the interviewees (and other professionals in their 

�Q�H�W�Z�R�U�N�����W�K�D�W���W�K�H���L�Q�W�H�U�Y�L�H�Z�H�U���V�S�R�N�H���Z�L�W�K���I�L�U�V�W�����R�W�K�H�U�Z�L�V�H���N�Q�R�Z�Q���D�V���µ�D�Q�F�K�R�U�L�Q�J�¶��
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572. Arguably, the intent of this study was not to create generalisable findings, 

but rather to develop an in-depth exploration of a central phenomenon; a 

philosophical approach adopted by Creswell that can defend snowball sampling 
574. Additionally, it is unknown how many of the twenty-five interviewees were 

recruited specifically as a consequence of snowball sampling, as this data was 

not collected. Also, as this study was an in-�G�H�S�W�K���L�Q�L�W�L�D�O���H�[�S�O�R�U�D�W�L�R�Q���R�I���+�&�3�V�¶��

views and perspectives of a new deprescribing concept, using risk prediction to 

case-find patients, arguably the recruitment of participants who were suitability 

familiar with the clinical context was essential, and justifiable.  

 

Approaching thematic analysis inductively was a strength of this study, allowing 

the actual data itself to derive the structure of analysis, rather than a 

predetermined theory, structure or framework. This was particularly important 

as the area of study had been previously unexplored, with regards to the use of 

risk prediction tools to case-find at-risk patients for deprescribing. The principles 

of inductive thematic analysis were adhered to, however once the themes and 

sub-themes had been developed, it was at this point that they were mapped to 

an existing framework utilised within the implementation science field. The TDF 

was selected, as the study themes and subthemes could be closely mapped to 

�W�K�H���µ�G�R�P�D�L�Q�V�¶���D�Q�G���µ�F�R�Q�V�W�U�X�F�W�V�¶���R�I���W�K�L�V���I�U�D�P�H�Z�R�U�N�����S�U�R�Y�L�G�L�Q�J���D���W�K�H�R�U�H�W�L�F�D�O���O�H�Q�V��

through which to view the cognitive, affective, social and environmental 

influences on HCP behaviour 517. The TDF is well established in the field of 

implementation science in healthcare 517, and therefore aligning with this could 

be seen as advantageous in supporting future tool development and 

implementation. The piloting of the interview schedule with primary care 

professionals before commencing the study is also another strength, in addition 

�W�R���V�H�H�N�L�Q�J���I�H�H�G�E�D�F�N���I�U�R�P���W�K�H���U�H�V�H�D�U�F�K�H�U�¶�V���F�O�L�Qical adviser, helping to improve 

the schedule.  

 

The researcher conducted thematic analysis independently, which can be 

considered a limitation of the data analysis process. It is considered good 

practice for more than one researcher to independently code the data and 

evaluate intercoder reliability , but this was not possible due to limited resources 

within the PhD programme 575. However, regular meetings were held with the 
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supervision team to discuss emerging patterns within the data, and support the 

development of the themes and sub-themes.  

 

Another potential limitation was that the interviews were conducted at the peak 

of the COVID-19 pandemic, amid a major shift in the way medication reviews 

and deprescribing interventions were delivered. The vast majority were being 

delivered virtually. Participants were asked to provide their views and 

perspectives of a future health technology to support with deprescribing, 

however it is possible that the impact of the pandemic may have influenced their 

uncertainties and perspectives of future tool implementation. The future 

prospects of proactively case finding patients and deprescribing may have been 

obscured, as it was unclear how the pandemic would progress, and the long-

term impact on the approach to medicines management was unclear. HCPs 

described increasing workloads as a consequence of the pandemic, which may 

�K�D�Y�H���D�O�V�R���L�Q�I�O�X�H�Q�F�H�G���+�&�3�V�¶���V�L�J�Q�L�I�L�F�D�Q�W���F�R�Q�F�H�U�Q�V���I�R�U���D�G�G�L�W�L�R�Q�D�O���Z�R�U�N�O�R�D�G���L�I���D���Q�H�Z��

proactive case-finding tool was to be introduced. It remains unclear whether 

such concerns would be present post-pandemic. Regardless, concerns for 

rising workloads and deficiencies in resources has been a recurrent theme 

within other deprescribing research, reported before the pandemic also 500, 520, 

521, 534, 558.  

 

Additionally, at the time of interviews, the SMR service was in its infancy, and 

the delivery of the new service as per the PCN specification was delayed due to 

the pandemic. This means that participants were asked to provide their views 

and perspectives of a future tool in the context of a service which they may not 

have had much experience of. However, all participants understood the nature 

of SMRs, and how proactive case-finding of at-risk patients was an important 

element.   

 

Finally, as the researcher is a Clinical Pharmacist in general practice, it is 

possible this may have influenced interview conduct and subsequent analysis. 

Throughout the study, the researcher was aware of the potential influence this 

could have, and the potential bias that could be introduced during data analysis. 

Piloting the interview schedule, receiving feedback on it from a clinical adviser, 

and adhering to the semi-structure of the schedule during interviews was an 
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important process to limit any influence, and promoted greater reflexivity. By 

taking an inductive approach to analysis, and following the principles and best 

practices of thematic analysis 382, 409, this also ensured the researcher stayed 

true to the content of the interviews.   

 

9.6 Conclusion  

The concept of a risk prediction tool was regarded as a needed and potentially 

feasible innovation by HCPs, to support the case-finding of frail older patients 

at-risk from anticholinergic burden for SMRs. They acknowledged that there is a 

complete deficiency of tools integrated into clinical IT systems to help tackle 

anticholinergic burden, recognising this as an area requiring improvement, to 

help mitigate the risks of high-risk prescribing and improve patient outcomes. 

Furthermore, with recent NHS policy changes influencing more targeted 

medication reviews, HCPs felt they needed to be supported by new integrated 

tools capable of proactively identifying and quantifying anticholinergic burden, 

prioritising those at greater risks for SMRs. This was a major driver of their 

positivity towards this concept, as they felt this was well-suited to the 

stratification of patients by predicted risks of specific outcomes. Therefore, this 

study supports a case towards a future case-finding tool in primary care that 

uses risk prediction, to support HCPs with a proactive and technology-aided 

approach to SMRs.  

 

However, this study identified multiple factors which could influence future 

uptake and requires careful consideration, having significant implications for the 

design and implementation stages. Barriers included deficiencies in a deep 

knowledge of anticholinergic burden and frailty, low confidence in approaching 

consultations to reduce anticholinergic burden, the fear of adverse 

consequences of deprescribing, scepticism of the influence of decision support 

tools where holistic patient centred decisions are required, and patient 

reluctance to deprescribe. Other barriers included lack of time and resources for 

high-quality consultations, the perceived lack of financial incentivisation and 

remuneration, and the challenges of multidisciplinary working. Facilitators of 

successful uptake were identified, such as education packages to improve 

clinical knowledge and guidance on deprescribing anticholinergics, improving 

interoperability of clinical systems between settings, the continual expansion of 
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the PCN workforce, assurance of a validated and trusted tool, and having 

confidence that it can safely aid clinical decision making. Ultimately, this study 

has shown that the involvement of primary care staff, patients and the public, as 

partners, will be crucial towards the development and implementation of an 

integrated case-finding tool that uses risk prediction. The findings of this study 

can provide a foundation to build on, and facilitate future work. 
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SECTION FOUR: GENERAL DISCUSSION 
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Section F our  Introduction  

Section Three presented the three studies conducted in this programme of 

research. Section Four, consisting of Chapter Ten only, summarises and 

combines the key findings of the three studies and outlines the contribution of 

this programme of research to the wider literature. This includes an introduction 

to an early prototype of a case-finding tool, informed by this research. Practical 

implications of the studies conducted and recommendations for future research 

and tool development are also discussed.  
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Chapter 1 0: Discussion   
 

The overall aim of this programme of research was to begin to explore the need 

and feasibility of an integrated case-finding tool, that uses risk prediction, to 

facilitate the proactive review of anticholinergic prescribing for frail older people. 

As this concept is a novel approach towards reducing anticholinergic burden, 

the research focused on the early stages of the innovation adoption pathway, 

and aimed to provide recommendations towards future tool development.  

 

The above-mentioned aim was achieved through meeting the aims and 

objectives of the three individual studies. Predicting risks through the integration 

with clinical IT systems was previously unexplored in this specific clinical 

context. Therefore, this thesis represents significant progress towards a novel 

and innovative tool for safer prescribing, and provides the initial foundations 

towards future development and implementation in primary care.  

 

Findings from this research indicate that there is a case for pursuing an 

integrated case-finding tool further, and development should be prioritised. The 

findings demonstrated a need for such a proactive intervention, to address the 

problematic nature of anticholinergic burden for the frail population, and to 

mitigate the associated adverse effects that were reported in the systematic 

review. The need for a tool was also reinforced by the views of HCPs in primary 

care, who recognised the risks of MRH, but currently lacked the tools they 

required to proactively address anticholinergic burden at scale. Additionally, the 

feasibility of a case-finding tool that uses risk prediction was also explored. 

Findings indicated that it is feasible to develop a risk prediction model, that 

includes measures of anticholinergic burden and frailty as predictors of an 

outcome. However, the utility of these measures in improving the predictive 

performance of models was low, and could not be established from this 

research alone. This early exploratory work was useful to help shape the path 

towards future tool development, but ultimately the feasibility of developing 

highly performing and reliable prediction models with such measures should be 

explored further. This is particularly important, as HCPs considered this tool 

concept to be a feasible solution in supporting SMR workflows, and facilitate 

challenging prescribing decisions surrounding anticholinergic burden.  
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Overall, in exploring the need and feasibility of a case-finding tool, this 

programme of research has set a foundation towards future development and 

implementation. Through this important groundwork, this thesis identifies areas 

which needs to be addressed, setting recommendations for further work. 

Indeed, the findings of this research have already had an impact, informing 

further research activity surrounding the development of case-finding tools, to 

address the risks of anticholinergic burden for frail older people.  

 

The next section will present a summary of the findings from each study and 

how they contributed together towards addressing the overall aim of the thesis.  

 

10.1 Summary of findings  

To achieve the overall aim of this programme of work, three separate studies 

were conducted which addressed three research questions. A recap of these 

research questions is provided in Figure 23. 

 
 
 

Figure 23 �± Summary of the research questions of the studies presented in this thesis . 

Sequential mixed  methods approach  

Study One question : 
What are the associations 
between anticholinergic 

medication exposure and 
adverse health outcomes in 

older people with frailty?

�‡Systematic 
review of 
observational 
studies

Study Two question: 
Do measures of anticholinergic 

burden and frailty improve 
model performance predicting 

cognition, functional ability, and 
health related quality of life?

�‡Prediction modelling 
using cohort data

Study Three question:
What are HCPs' views and 
perspectives of using risk 

prediction, to case-find frail 
older people at risk of 

anticholinergic burden for 
deprescribing interventions in 

primary care?

�‡Qualitiative 
study: semi -
structured 
interviews
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A systematic review of observational studies was conducted, to understand the 

associations between anticholinergic medication exposure and adverse health 

outcomes for older people. This study achieved its aim, and provided insights 

into such associations, ultimately highlighting the need for a tool to help reduce 

risks. Frail older people were at risk of adverse outcomes with exposure to 

anticholinergic medicines, including poorer physical function, increased risk of 

falls, and mortality. However, mixed results were seen for grip strength, TUGT, 

cognitive dysfunction and ability to perform ADLs, with some studies showing 

some associations, and some not. No associations were observed for 

transitions between frailty states, or lower psychological wellbeing. Importantly 

for this programme of research however, it remains uncertain whether those 

with advancing frailty were at a greater risk from anticholinergic medicines, 

compared with older people deemed to be fit, or whether older people are 

generally at greater risk regardless of their frailty status. The evidence was not 

strong enough to ascertain this, as very few studies stratified study samples by 

frailty status and could not facilitate the comparison of associations by frailty 

groups. Although associations have been evidenced, and can support a case 

towards the need for a case-finding tool, there is an urgent need for this issue to 

be evaluated further within studies that robustly minimise bias, and stratify by 

frailty.  

 

Whilst Study One identified the need for a case-finding tool, Study Two began 

to explore the feasibility of using risk prediction, to case-find frail patients at 

increased predicted risk from anticholinergic burden, for an SMR. To do this, 

Study Two took an important initial step to explore the utility of measures of 

anticholinergic burden and frailty as predictors, and assess whether their 

inclusion within models can improve performances when predicting three key 

outcomes important to the care of older people: cognition, functional ability, and 

health related quality of life. Findings showed that within models containing the 

highest performing subset of predictors (best-subset models), the measures of 

anticholinergic burden (Total ACB score) and frailty (eFI) did not contribute 

meaningful improvements to predictive performance using CARE75+ data. The 

measures had modest utility in improving the performance of models predicting 

cognitive function, as measured by MoCA, however improvements were small, 
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and likely to be clinically insignificant. The measures of interest were redundant 

in models predicting functional ability (Barthel Index), and health related quality 

of life (EQ-5D-5L), regardless of whether measures were forced in, or out. 

During the selection of candidate predictors using data-driven methods, 

predictive utility was evidenced by the measures during univariate regression 

analyses, and by their ranking in the deletion statistics after backward selection. 

This could suggest the Total ACB score and the eFI have some potential to be 

considered as useful predictors, but their inclusion within multivariate models 

revealed little, or no benefit to predictive performance. Using this cohort data, 

the usefulness and feasibility of including these measures in future risk 

prediction models is questionable, to facilitate case-finding of at-risk patients. 

However, Study Two highlighted the implications of using composite measures 

to represent anticholinergic burden and frailty, when attempting to determine 

their individual predictive utility 

 

Interpreting the individual predictive contribution of the Total ACB score and the 

eFI was challenged by the complex relationship between the phenomenon they 

represent, and potential multicollinearity between the predictors within best 

subset models. The lack of enhancements in predictive performance, when 

adding these composite measures, was likely due to the presence of other 

predictors that already represented similar information about the outcome. It is 

this potential collinearity which may have �G�H�W�H�U�P�L�Q�H�G���W�K�H���P�H�D�V�X�U�H�V�¶���S�R�R�U���X�W�L�O�L�W�\. 

Ultimately however, model building procedures were limited only to the 

availability of variables within CARE75+:  a dataset collected for the purposes of 

a prospective cohort study only. The findings can therefore only be considered 

in the context of CARE75+ data, and cannot be generalised to other data 

sources, such as EHR data. To be able to integrate with clinical IT systems in 

primary care, a case-finding tool that uses risk prediction, would need to use 

data routinely collected within EHRs. Therefore, although Study Two was 

important to begin to explore the feasibility of risk prediction using these 

measures, and provide future recommendations, feasibility needs to be 

determined using EHR data in the next phase of development. Multicollinearity 

must be carefully considered when investigating the predictive contribution of 

the composite measures. Also, understanding the optimal way of representing 

anticholinergic burden and frailty within models is required: either as composite 
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measures, or by breaking down the composites in to their individual variables 

and including those with highest performances only. 

 

The final study (Study Three) explored HCPs�¶ views and perspectives of using 

risk prediction, to case-find frail older people at risk of anticholinergic burden for 

deprescribing. This was the final element of the programme of research, in 

pursuit of understanding the need, and the feasibility of a tool; an integral step 

towards future development. Study Three highlighted that the twenty-five 

participants in primary care acknowledged a deficiency of tools integrated into 

clinical IT systems, that proactively address anticholinergic burden through 

SMRs. They recognised the risks of anticholinergic burden, especially for frail 

older people, and the importance of interventions to reduce such risks. 

Ultimately however, they did not feel supported by the current IT infrastructure 

within clinical IT systems in this area. They therefore called for improvements in 

health innovations, to help mitigate the risks of high-risk anticholinergic 

prescribing and improve patient outcomes. They supported the concept of risk 

prediction, as a potential way of supporting the case-finding of at-risk frail 

patients, and found the concept to be a feasible option to assist in their 

deprescribing workflows. They felt there was a need for such a tool, to not only 

proactively identify patients at scale across a practice population, but also to 

stratify by risks and therefore facilitate the prioritisation of patients for SMRs. 

Importantly also, they felt a prediction of a risk of an adverse outcome would 

benefit medicines optimisation and deprescribing decisions, not only for HCPs, 

but for patients and their carers also. However, although the HCPs indicated a 

need for such a case-finding tool, this study identified multiple factors which had 

implications for the feasibility of implementation, and for future uptake, requiring 

careful consideration during design and development stages  

 

A significant finding of the study was that the perspectives of a risk prediction 

tool to support case-finding cannot be considered in isolation, and had to be 

considered in the specific clinical context of what the tool aims to achieve. 

Although it was anticipated that the clinical context would need to be discussed 

with participants, to begin to understand the need and the feasibility within 

workflows, the extent of the importance of the clinical context was 

underestimated by the researcher. In particular, interviews highlighted the 
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challenges HCPs face with anticholinergic burden, deprescribing, and 

medicines optimisation for older people, and the importance of recognising 

these factors. So much so that when aiming to make a safer prescribing 

intervention, the proposed tool was perceived to be only one factor, amongst 

multiple other factors, that could influence the success of such an intervention. 

These elements became a dominant aspect of the interviews, and was 

subsequently reflected within the six domains, and sixteen constructs formed 

during inductive thematic analysis. Exploring further, HCPs indicated that they 

lacked a deep knowledge of anticholinergic burden and frailty, suggesting low 

confidence in approaching consultations to reduce anticholinergic burden. 

There was a fear of adverse consequences of deprescribing anticholinergics, 

and therefore HCPs called for education and training to support alongside future 

integrated tools, and improve clinical decision making in this area. Other 

barriers to future tool implementation included scepticism of the influence of 

decision support tools where holistic patient centred decisions are required, 

patient reluctance to deprescribe, lack of time and resources for high-quality 

consultations, the perceived lack of financial incentivisation and remuneration, 

and the challenges of MDT working. The implementation and uptake of a risk 

prediction tool was thought to be feasible however, providing there are future 

improvements to interoperability of clinical systems, expansion of the workforce, 

and robust testing and validation is undertaken to promote trust in the tool. 

Overall, using risk prediction to case-find at-risk patients was perceived to be 

important, needed, and a potentially feasible approach. However, it was 

considered only one element of a multi-factorial approach towards safer 

prescribing, with various other factors influencing decision making processes. 

This emphasised the importance of seeking primary care stakeholder 

involvement throughout future development and implementation phases, to 

ensure that these factors are carefully considered. This is to improve future tool 

uptake, but ultimately to promote a clinically meaningful, useful and effective 

solution, to support HCPs and patients with reducing the risks from 

anticholinergic burden. 

 

10.2 Key strengths and limitations of the studies  

As the use of risk prediction to case-find at-risk patients for SMRs was 

previously unexplored, the mixed methods approach was able to facilitate early 
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exploration into this new concept. This, in addition to embracing the pragmatism 

paradigm, allowed a flexible approach towards data collection and extraction to 

support answering the research questions. Published methodological standards 

on the development and evaluation of clinical risk prediction models reinforce 

the benefits of a mixed methods approach, to identify the need and feasibility of 

such tools 576. In particular, the standards recommend a systematic review of 

relevant clinical literature, assessment of the predictive utility of key predictors, 

and qualitative research with HCPs, as early stages of development. Therefore, 

in the endeavour to explore the need and feasibility to inform future 

development of a case-finding tool, the chosen mixed methods approach was 

key to upholding these methodological standards. The strengths and limitations 

of each of the three studies were introduced in their respective chapters of this 

thesis (sections 7.5.3, 8.5.4 and 9.5.2). However, their key strengths and 

limitations are summarised below. 

 

A strength of Study One was that it was the first systematic review on 

anticholinergic burden studies with a particular focus on frailty. Various other 

systematic reviews have focused on anticholinergic burden for older populations 

in general 37-39, 45, 184, 213, 232, but none had synthesised outcome data specifically 

for the frail. Identifying this gap, and approaching it with arguably the most 

rigorous literature reviewing method, was a strength. The rigour associated with 

a systematic review was integral to support �P�H�H�W�L�Q�J���6�W�X�G�\���2�Q�H�¶�V���D�L�P�V����and 

answer the research question as effectively as possible. Study One was 

significantly challenged by how in previous anticholinergic burden research, 

frailty was not commonly reported amongst samples. Therefore, a strength of 

this study was the comprehensive search strategy, allowing for the identification 

of studies where frailty was not explicitly reported, but where samples could be 

identified as frail based on reporting of clinical parameters and their thresholds. 

A fully independent review process was maintained in identifying the final 

included studies, and indeed all stages of the systematic review process. A 

wide variety of anticholinergic exposures and frailty measures were represented 

within the included studies, which challenged the synthesis of data, but 

highlighted the robustness of the selection process in identifying diverse 

anticholinergic burden research internationally.  
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A limitation of this programme of work however is that Study One only 

represented literature up to the search date of 1st August 2019. In exploring the 

need for a future case-finding tool from a clinical outcomes perspective, it was 

important that findings were informed by all eligible literature, including those 

most recently published in the field. It is possible that the literature has 

expanded since August 2019, and therefore studies which would have met the 

eligibility criteria beyond this date are not represented. The researcher 

recognises this as a limitation, but also recognises the limited time and 

resources available within a PhD programme. The study was extensive in size, 

requiring numerous team members to assist with the independent review 

process of each review stage. Rather than repeating the whole process, a 

scoping review of the literature in April 2021 was conducted using the same 

search strategy. It was deemed unlikely that additional significant contributions 

were made to the field which would change the overall findings of the study. 

Another limitation could be that each included study was determined to be at 

serious risk of bias, mainly due to selection biases in study samples. However, 

due to the deficiency of randomised controlled trials in this field, the study was 

designed only to consider observational research, and therefore greater risks of 

bias can be expected.  

 

Study Two was the first study to explore whether measures of anticholinergic 

burden and frailty have utility as predictors within multivariate prediction models. 

Specifically, this study was the first to consider these measures entirely within 

the prediction domain, as opposed to the causal inference domain. Exploring 

the predictive utility of key predictors is an important process in the early 

development of risk prediction models in healthcare. Therefore, this approach in 

Study Two was a strength, fulfilling the recommended methodological standards 
576. The use of best subsets regression was a strength to facilitate this 

investigation, allowing a data-driven method to determine whether the 

measures of interest would be retained in the highest performing combination of 

predictors from the full model. Furthermore, best subsets regression was able to 

determine the highest performing combination of predictors where the Total 

ACB score and eFI were included, or excluded. Ultimately, this allowed a 

comparison of performance across various model specifications, to help 

determine the utility of the measures. Importantly, Study Two prioritised the 
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Total ACB score and eFI as composite measures to represent anticholinergic 

burden and frailty, as they can be calculated and retrieved using data collected 

within primary care EHRs. Therefore, with a view to informing the future 

development of a tool that integrates with clinical IT systems, this selection of 

measures can be considered a significant strength, with application in real world 

clinical practice. The dataset selected for the prediction modelling was able to 

support meeting the aims of the study, offering a diverse range of geriatric data, 

with a focus on ageing and frailty. An advantage was that it provided a sample 

size suitable for prediction 330. It also provided rich clinical data on outcomes 

such as cognition, physical function, mental health, and others, reported as 

quantitative data rather than categorical data. This can be considered superior 

for prediction modelling, from a statistical perspective. But although this data 

source was appropriate for the initial exploratory work in Study Two, the data 

source introduced some limitations. As discussed previously, CARE75+ data 

was purposefully collected as part of a prospective cohort study, and therefore 

does not represent what is routinely available in primary care EHRs. This has 

implications for the generalisability of findings.  

 

Seeking the views and perspectives of HCPs in Study Three, as future end 

users, was a strength. This fulfilled an important methodological standard for 

risk prediction tool development 576. The use of semi-structured interviews 

greatly strengthened this study, facilitating an in-depth exploration of factors 

which could influence the success of future development and implementation. In 

particular, this provided the HCPs with the flexibility and freedom to discuss 

views and perspectives important to them, and therefore the study was able to 

capture rich data to inform the roadmap ahead. Inductive thematic analysis was 

also a strength, supported by the use of the TDF. Domains and constructs were 

developed that accurately reflected the data, and ultimately provided a lens to 

view the approach towards future development and implementation. Other 

strengths included interviewing twenty-five participants, representing a wide 

range of HCPs across primary care, who held a range of roles and levels of 

experience with regards to medicines optimisation.  

 

Although this was a relatively large sample for in-depth semi-structured 

interviews, a limitation could be that the study findings cannot be generalised to 
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the whole of England. The study relied upon snowball sampling to recruit 

participants, to encourage participation by like-minded HCPs involved in the 

management of anticholinergic burden and frailty, and who were sympathetic to 

role of health innovations to support decision making. Therefore, it is for this 

reason that the findings cannot be entirely generalisable to all HCPs in primary 

care. The concept of risk prediction to support case-finding was in its infancy, 

and therefore the purpose of the study was to understand the initial views and 

perspectives of HCPs, who potentially were already experienced in this field. 

Although the lack of generalisability of findings was a limitation of this study, the 

researcher deems this to be acceptable in the context of what the study 

ultimately aimed to achieve, in the early exploration of the concept. Other 

limitations include how the researcher conducted thematic analysis 

independently. However, regular meetings were held with the supervision team 

to discuss emerging patterns within the data, and supported the development of 

the domains and constructs. This approach could also be considered a 

strength, encouraging reflexivity, as the researcher acknowledged that his 

experience as a Clinical Pharmacist in primary care could potentially influence 

data analyses.  

 

10.3 Contribution of thesis studies to the literature  

Over the last decade, there has been increased emphasis on improving 

prescribing safety for older people, through proactive approaches. This has 

been on an international scale, particularly influenced by the response to the 

third WHO Global Patient Safety Challenge: Medication Without Harm 22. 

Launched in 2017, this initiative aimed to reduce severe avoidable MRH by 50% 

globally within five years, reinforcing interventions such as deprescribing and 

case-finding of high-risk patients as important approaches to address 

problematic polypharmacy 255-257, 260, 261, 269, 280, 367. Advancements in the 

development of tools to support HCPs with effective deprescribing decisions is 

noticeable 31, 33, 50, 157, 291, including tools that integrate in to clinical IT systems 
63, 297, 326. It is thought that integrated clinical decision support tools can have a 

positive effect on decision making for medication safety, can reduce MRH 284, 

and ultimately their use represents a paradigm shift in healthcare today 361. 

Having health innovations that support this medication safety agenda is 

important, particularly as researchers have highlighted the challenges faced by 
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HCPs in the management of multimorbidity for older people, and the barriers to 

addressing polypharmacy and hyper-polypharmacy through deprescribing 61, 203, 

259, 266, 269. Supporting the development of integrated tools that assist HCPs with 

MRH reduction is therefore an important area of research for the future of 

prescribing safety practices, in which this programme of research has 

contributed to significantly. 

 

Tools and scales exist to assist HCPs with identifying high-risk anticholinergic 

prescribing, and to support the reduction of anticholinergic burden 37, 39, 356. It is 

internationally recognised that the reduction of anticholinergic burden is a key 

priority to address within medication reviews 33, 50, 153, 320, 325, as anticholinergics 

can be high-risk for older people 35, 37, 39, 45, 48. But as identified in the literature 

review in Chapter Four, very few anticholinergic burden tools can integrate 

directly with clinical IT systems. Furthermore, it was highlighted that none have 

the functionality to screen an entire practice population in primary care, using 

routine EHR data, and proactively identify frail older patients at-risk from 

anticholinergic burden for a medication review. Despite research indicating the 

risks associated with anticholinergic burden for frail older people 36, 39, 48, 207, 440, 

577-579, the lack of integrated tools to address safer prescribing proactively in this 

area is remarkable. Ultimately, this is the gap that this programme of research 

identified, and addresses, beginning to explore the concept of a proactive case-

finding tool, that uses risk prediction to identify frail patients at-risk from 

anticholinergic burden. Such an approach in the field of anticholinergic burden 

has never been explored, and subsequently this programme has contributed 

three novel studies to the field. With the findings indicating a need, and 

feasibility of a tool, this research represents being one step closer towards the 

development of integrated tools to reduce anticholinergic burden.   

 

10.3.1 Health policy and practice implications 

The contribution of this research is timely, closely aligning with recent changes 

in NHS policy that are transforming the way medicines optimisation services are 

approached in England 55. Firstly, as highlighted in the introduction, and further 

discussed in Chapter Four, SMRs have become a commissioned service to be 

delivered by PCNs, as a more targeted and proactive approach to medication 

reviewing 56. The PCN service specification specifies key areas to prioritise, 
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which include areas of high-risk prescribing associated with MRH, such as 

anticholinergics, and patient populations such as the frail. Furthermore, the 

service specification recommends the use of tools, to help proactively case-find 

patients who meet the criteria for prioritisation for SMRs by the NHS 56, 253. 

Therefore, the concept of a case-finding tool proposed and explored by this 

programme of research represents a major contribution towards assisting HCPs 

with the use of a case-finding tool, that meets health policy expectations and 

aims to reduce MRH for the frail associated with anticholinergic burden. 

Secondly, the specific focus of this case-finding tool on frailty is also significant, 

as frailty continues to become an increasingly important consideration in 

medicines optimisation 125. With the wide scale implementation of the eFI in 

primary care, the targeted identification of those living with frailty has been a 

contractual requirement since the 2017/18 General Medical Services (GMS) 

contract was introduced in England 55. With the identification of a list of patients 

on a frailty register, there is a requirement to ensure such patients are 

prioritised for medication reviews. Therefore, the concept of a case-finding tool 

that incorporates a frailty measure closely aligns with the health policy, and 

could help ensure that the frail are prioritised for medicines optimisation 

services. Thirdly, the Department of Health and Social Care published a report 

in September 2021, providing recommendations to reduce overprescribing 54. 

This has been identified as a serious problem in health systems internationally, 

with causes thought to be influenced by systemic and cultural factors. 

Overprescribing was defined as giving patients medicines �W�K�H�\���G�R�Q�¶�W���Q�H�H�G���R�U��

want, or importantly for the context of this programme of research, medicines 

which may do them harm.  Amongst other important recommendations to 

reduce overprescribing, the report highlighted the importance of health 

innovations to assist HCPs with case-finding of patients: 

 

�³Data analytics and analysis can directly assist prescribers by identifying 

individual patients who may be at risk of overprescribing. This allows the 

prescriber to review their case or ask the patient to take part in a medication 

review�´��54.  

 

Since the publishing of this report, there have been calls for digital leaders to 

work closely with clinical IT system suppliers in primary care, to develop and 
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ensure there are �µ�V�D�I�H���D�Q�G���D�S�S�U�R�S�U�L�D�W�H�¶���G�L�J�L�W�D�O���W�R�R�O�V���I�R�U���S�U�H�V�F�U�L�E�L�Q�J 54, 580. 

Barriers were identified however by the report, acknowledging �W�K�D�W���³�W�K�H���O�D�F�N���R�I��

digital interoperability�´���K�D�G�����L�Q���S�D�U�W�����O�H�G���W�R���D���S�U�R�E�O�H�P���Z�L�W�K���R�Y�H�U�S�U�H�V�F�U�L�E�L�Q�J 54.  

Additionally, other barriers included the risk of alert fatigue, poor design leading 

to missed information, and finally a lack of follow up on what patients have been 

newly prescribed. The report recommended that organisations such as NHSX 

and NHS Digital should work closely with clinical IT system suppliers, and 

commission research teams to review, develop and evaluate digital decision-

support tools. An integrated case-finding tool, that aims to identify patients at 

risk of anticholinergic burden and assist with safer prescribing is therefore very 

much closely aligned with the recommendations set out in this overprescribing 

report. With this programme of research exploring this concept further, it has 

made a substantial contribution towards the future development of integrated 

digital innovations, to help meet the expectations of the Department of Health 

and Social Care. In line with their recommendations, research should be 

commissioned to further explore the development of this tool, to assist with 

preventing overprescribing. Arguably, the need for integrated, proactive case-

finding tools to support safer prescribing has also been amplified by the COVID-

19 pandemic. Such tools could support the recommendations made by the 

Health and Social Care Committee to the UK government, on how to clear the 

primary care backlog caused by the pandemic 581.  

 

Health policy is therefore a driving factor demonstrating the need for an 

integrated case-finding tool in this field. The following section summarises the 

overall contributions that the three studies make, with regards to the need and 

the feasibility of the proposed tool, in the context of the wider literature.  

 

10.3.1 The need for a future tool: 

By identifying associations between anticholinergic exposure and adverse 

outcomes for frail older people, Study One has contributed to the literature in 

support of the need for interventions, that focus on anticholinergic burden 

reduction in this population specifically 1. This was important to establish, 

particularly as health policy is driving the prioritisation of frailty within targeted 

medication reviews. Study One contributed a method to how to identify frailty 

within observational research, particularly when frailty is not explicitly reported 
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in studies. This was a complex endeavour to isolate frailty using clinical 

parameters from validated frailty measures, with the researcher able to utilise 

the skills learned in another frailty systematic review he was actively involved 

with within the PhD programme 3. Study One showed that associations with 

poorer physical function, increased risk of falls, and increased mortality had the 

strongest supporting evidence, which can support the findings of other 

systematic reviews also 37, 39, 45, 213, 232. Similar to findings reported by Welsh et 

al. however, there were mixed results for various outcomes, such as grip 

strength, TUGT, cognition and ADLs 39. This highlighted how the associations 

between anticholinergic exposure and some adverse outcomes are still not fully 

established, arguably hindered by the lack of uniformity of anticholinergic 

burden measures in the literature.  

 

Ultimately, Study One reinforced the problematic nature of anticholinergic 

prescribing, specifically for the frail, adding to the literature around the 

associated risks for older people 43, 48, 53, 183, 191, 213, 244, 355, 459, 493, 582. However, a 

major contribution of this study is that it identified a deficiency of research 

focusing on risks for this vulnerable population specifically.  This is important to 

consider, especially if health policy encourages the prioritisation of health 

resources for reviewing high-risk medicines for the frail. There should be greater 

emphasis on identifying frailty within studies 464, to understand the risks of high-

risk prescribing.  

 

A significant contribution from Study Three was identifying how HCPs did not 

feel supported by existing tools within clinical IT systems, to identify at-risk 

patients and reduce anticholinergic burden in primary care. They needed to feel 

supported, expressing their perspectives of the challenges of deprescribing in 

primary care, adding to the perspectives of HCPs in existing literature 266, 268, 269. 

A rich contribution to the understanding of the barriers and facilitators of 

reducing anticholinergic burden were provided, which was not well studied 

within this specific clinical context previously. However, the findings can 

reinforce contributions made by Stewart et al. 365.  

 

Arguably however, the most significant contribution of Study Three was the 

views and perspectives of using risk prediction; a concept HCPs were familiar 
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with, but not in the context of deprescribing anticholinergics. Not only is risk 

prediction a novel concept for anticholinergic burden, as proposed by the 

researcher, but also a novel approach for deprescribing as a whole, with very 

few researchers studying its potential within medicines optimisation. Some 

studies have explored the use of risk prediction, with a view to the development 

of risk prediction models as an intervention to reduce MRH 350, 352, 353. But none 

have had a specific focus on anticholinergic burden and frailty. One study used 

a qualitative approach to help identify MRH risk factors from the perspectives of 

HCPs, to help support model building procedures for prediction models 350. But 

none have taken a qualitative approach, to understand the views and 

perspectives of HCPs using risk prediction to reduce anticholinergic burden for 

the frail, or the deprescribing of any other medicines. With �W�K�H���S�D�U�W�L�F�L�S�D�Q�W�V�¶ 

support of the concept of risk prediction for deprescribing identified, this should 

be researched further, to explore whether this could be an effective 

deprescribing approach of the future.  

 

Study Three also demonstrated how not only was there a need for risk 

prediction to help case-find at-risk patients, but also to support difficult decisions 

between HCPs and patients. A predicted risk of an adverse outcome was 

considered useful when attempting to make shared decisions, and participants 

believed it could positively impact the effectiveness of deprescribing decisions. 

This concept was supported overall, and this study highlighted a need for a 

case-finding tool that uses risk prediction. However, participants reported 

various uncertainties of risk prediction that would need to be addressed in future 

research, supporting findings by Takamine et al. also. 364 

 
10.3.2 The feasibility of a future tool  

Although Study Two could not ultimately show that measures of anticholinergic 

burden and frailty could meaningfully improve the performances of models 

predicting cognition, daily functioning and health-related quality of life, this study 

has still made important contributions towards understanding the feasibility of a 

risk prediction model in this field. The overall approach to include measures of 

anticholinergic burden and frailty within the same multivariate prediction models 

has never been explored, and therefore this is an important first step towards 

understanding their feasibility in enhancing predictions. Specifically, the Total 



326 
 

ACB score and the eFI have never been explored in this context, which is a 

significant contribution to the literature, particularly as these measures can be 

identified using routinely collected EHR data, and have the potential to be 

incorporated into a future case-finding tool that uses risk prediction in primary 

care. This research has therefore formed the foundations for other research to 

further explore the use of the Total ACB score and eFI in this context, and 

determine their true feasibility within future prediction models.  

 

Univariate regression analyses, and backward selection rankings indicated that 

the Total ACB score and eFI could be considered reasonable predictors in 

predicting the three outcomes. Other studies have identified measures of 

anticholinergic burden as predictors of the three outcomes studied 191, 192, 357, 493, 

494, and so too have measures of frailty 467, 495, 496. Therefore, it was not 

unreasonable to consider the Total ACB score and eFI as feasible options to 

include in multivariate prediction models. But the novel contribution made by 

Study Two was instead of investigating whether the measures could be good 

predictors through association analysis within a causal framework, it was 

investigated entirely within the prediction domain, reporting the metrics of 

predictive performance, such as adjusted R2 and RMSE. Reporting such 

metrics was integral to help determine whether the measures had utility in 

enhancing predictions, and whether it would be feasible to include them in the 

future development of a case-finding tool that uses risk prediction.  

 

Despite the Total ACB score and eFI performing reasonably well as predictors 

in univariate analyses and their ranking in backward selection, Study Two 

indicated that their addition to best subset models for each outcome did not 

improve performances. When assessing their feasibility as composite 

measures, within future models that use data applicable to the primary care 

setting, Study Two emphasised the importance of considering the impact of 

multicollinearity. Possibly the most significant contribution of Study Two to the 

literature is that including the Total ACB score and eFI, as composite measures, 

may not be the most optimal way of representing anticholinergic burden and 

frailty within models. Dismantling the composite measures and including their 

relevant individual variables with highest predictive performance requires 

assessment also.  



327 
 

 

Understanding �+�&�3�V�¶���S�H�U�V�S�H�F�W�L�Y�H�V���R�I��the feasibility of using risk prediction in 

this context is also a major contribution to the literature. In particular, an 

important finding was that before HCPs could engage effectively with a case-

finding tool that uses risk prediction, issues such as deficiencies in 

understanding of anticholinergic burden and frailty, and low confidence in 

approaching consultations to reduce anticholinergic burden, needed to be 

resolved. Other studies have reported deficiencies in knowledge of these key 

areas also, highlighting how improving education and training is key to 

improving future uptake 334, 525, 526. Various other factors were raised, but a 

recurring theme was how HCPs felt strongly that a future tool should not replace 

clinical decision making, but enhance it, and that HCPs should be able to 

consider the patient holistically when making challenging deprescribing 

decisions. The feasibility of using a future tool also depended on the validity of 

the predictions, the value of deprescribing based on predicted risks, the 

availability of time, resources and incentives, and the possible adverse effects 

of deprescribing. Importantly, Study Three highlighted how the involvement of 

primary care staff, patients and the public, as partners, will be crucial to 

development processes. The study contributed six domains and sixteen 

constructs that represented the data, providing a structure to follow when 

developing the roadmap ahead towards future tool development.  

 

10.3.3 Tool prototyping  

The findings from this programme of research also provided a foundation to 

explore the prototyping of a case-finding tool. After studies One to Three 

indicated the need and feasibility, another important step was therefore to 

explore how a case-finding tool could operate, and integrate into a clinical IT 

system in general practice. The prototyping and testing of an integrated case-

finding tool was embarked upon by the NIHR YHPSTRC, as a collaboration 

between t�K�H���µ�6�D�I�H���8�V�H���R�I���0�H�G�L�F�L�Q�H�V�¶���D�Q�G���µ�'�L�J�L�W�D�O���,�Q�Q�R�Y�D�W�L�R�Q�V�¶���W�K�H�P�H�V����This was 

with a view to incorporating it into a wider study by the NIHR YHPSTRC; a 

study testing the feasibility of a multi-component deprescribing process, in 

which a case-finding tool is an integral part of. Tool development was a direct 

follow on from the programme of research presented in this thesis, with the 

researcher taking a leading role in prototype development, and driving the 
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concept further towards integration with clinical IT systems in general practice.  

This was a collaborative effort, however Dr Duncan Petty and Dr Ciarán 

McInerney made substantial contributions. Ultimately, the collaboration led to 

�W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���W�K�H���µ�$�&-�)�5�$�,�/�¶���F�D�V�H-finding tool, which is introduced further 

below.  

 

10.3.3.1 Introducing the AC-FRAIL case-finding tool 

The purpose of prototyping at this stage was to establish an early version of a 

case-finding tool that could integrate with a clinical IT system, and proactively 

identify frail older people exposed to high levels of anticholinergic burden. The 

purpose was not to develop the final edition of a sophisticated tool that uses risk 

prediction, as worked towards in this programme of research. The AC-FRAIL 

tool was therefore a starting point; a foundation to build on, where risk 

prediction could be added in the future to help identify at-risk patients. An 

important finding from the qualitative study (Study Three) was that HCPs 

needed a tool, which could automate the process of quantifying total 

anticholinergic burden scores for a patient population. This was so that they 

could view the entire patient population at a high-level, outside of a consultation, 

stratify the patients by anticholinergic burden scores, and plan which patients 

should be prioritised for review. Such a tool is not in existence. Therefore, the 

AC-FRAIL aimed to fill this void, and begin to explore the development of an 

integrated tool. In doing so, an important element was to determine the 

feasibility of using anticholinergic burden and frailty measures, to support 

proactive case-finding using EHR data, in which this approach is the first of its 

kind.  

As this programme of research highlighted the importance of considering frailty 

when making medicines optimisation decisions, it was decided that the eFI 

would be incorporated into the tool. This was due to the wide scale availability 

of the eFI in primary care, and the capability of retrieving an eFI score for all 

patients using clinical reporting systems. The ACB scale was used to quantify 

anticholinergic burden, for the same reasons in Study Two, as discussed in 

section 8.3.4.2. The final edition of the AC-FRAIL prototype is therefore a tool 

which assigns a Total ACB score, and eFI score to all patients aged sixty-five 

and over in a patient population.  
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Importantly for this programme of research, prototyping revealed the feasibility 

of incorporating these measures of interest within a clinical IT system (TPP 

SystmOne), and that all patients within the population can be assigned such 

measures using EHR data. However, integration was not seamless, and there 

were challenges to direct integration with the clinical IT system. This process 

identified how SystmOne does not offer the functionality to assign an ACB score 

to each medicine, and therefore developing a Total ACB score variable that can 

be reported on was not possible. This is opposed to the eFI, which already has 

an established clinical reporting function in SystmOne, which screens more than 

2000 CTV3 codes and assigns an eFI score for every patient. The challenge to 

integration was therefore solely due to the lack of anticholinergic burden 

quantification functionality. Subsequently, the team explored other routes for 

tool development, which could support direct integration with EHR data from 

SystmOne, but ultimately sit outside this system and have the flexibility for 

independent software development. Due to challenges with direct integration 

with clinical IT systems, various �µ�Y�H�Q�G�R�U���Q�H�X�W�U�D�O�¶���W�R�R�O�V��have emerged that also 

take this approach, such as AccuRx 583.   

 

To maintain integration, the AC-FRAIL tool was designed to process a 

standardised report from SystmOne, and generate a crude EHR data extract as 

a comma-separated values file. This data can then be inputted into the tool; a 

macro-enabled Microsoft Excel dashboard, which then produces graphical and 

tabular summaries of the relationship between the Total ACB score and eFI 

scores. It is implemented in Microsoft Excel for ease of uptake within NHS 

practices (Microsoft v16.0 on Windows (32-bit) NT 10.00). The development of 

the AC-FRAIL tool has been previously described 2. Figure 24 below shows a 

screenshot of the AC-FRAIL homepage, with the graphical summary previously 

mentioned.  
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Figure 24 �± A screenshot of the homepage of the AC -FRAIL tool, showing a graphical 
representation of the relationship between Anticholinergic Cognitiv e Burden (Total ACB) 
scores and the Electronic Frailty Index (eFI), where each point represents a patient. The 
vertical grey bar marks the boundary for the ACB score threshold, with a score of 3 or 
considered clinically significant. The horizontal black li nes mark the boundaries of eFI 
thresholds: mild (>0.12 �±0.24), moderate (>0.24 �±0.36) and severe (>0.36) frailty. Tabular 
summaries of subgroups can be accessed via the buttons that surround the plot.  
 

The interactive user interface helps the user explore subgroups of their patient 

population according to two levels of ACB score, and three levels of frailty 

status. �µ�/�R�Z���$�&�%���V�F�R�U�H�¶���U�H�S�U�H�V�H�Q�Ws �$�&�%���V�F�R�U�H�V���O�H�V�V���W�K�D�Q���������D�Q�G���µ�K�L�J�K���$�&�%��

�V�F�R�U�H�¶���U�H�S�U�H�V�H�Q�Ws ACB scores of 3 or more. Mild, moderate and severe frailty 

are �U�H�S�U�H�V�H�Q�W�H�G���E�\���µ�P�L�O�G�¶, �µmoderate�¶ and �µ�V�H�Y�H�U�H���H�)�,�¶���L�Q���W�K�H���J�U�D�S�K�����D�Q�G���Z�H�U�H��

characterised by the established eFI thresholds stated in Figure 24. The 

purpose of the graphical summary is to provide an overview of a practice 

population, visualising the distribution of patients with mild, moderate and 

severe eFI scores, and low or high ACB scores.  

 

The interactive buttons facilitate a detailed look at subgroups of patients in a 

tabular form, including information about the count and name of anticholinergic 

medications categorised according to the ACB scale. This can be seen in 

Figure 25 below, with screenshots representing two different sub-groups of 

patients: those with high ACB scores and severe eFI, and those with high ACB 

scores and moderate eFI.  
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Figure 25 �± Screenshots showing a detailed look at two of the six possible sub -groups of 
patients ( high ACB scores and severe eFI, and high ACB scores and moderate eFI) within 
the AC -FRAIL tool. In the detailed views, a list of all patients meeting these 
anticholinergic burden and frailty thresholds are provided (de -identified for the purpose 
of this ex planation). Identifiable information such as NHS number, name, and age 
provided. The crude eFI score is reported,  and then various columns dedicated to the 
�Y�D�U�L�D�E�O�H�V���U�H�S�U�H�V�H�Q�W�L�Q�J���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F���E�X�U�G�H�Q�����µ�$�&�%�����¶�����µ�$�&�%�����¶�����D�Q�G���µ�$�&�%�����¶���U�H�S�R�U�W�V���W�K�H��
number of medicines prescribed to the patient which has an ACB score of 1,2 or 3. The 
�µ�$�&�%���F�R�X�Q�W�¶���L�V���W�K�H���R�Y�H�U�D�O�O���Q�X�P�E�H�U���R�I���P�H�G�L�F�L�Q�H�V���S�U�H�V�F�U�L�E�H�G���Z�K�L�F�K���D�U�H���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F�����D�Q�G��
�D�U�H���L�G�H�Q�W�L�I�L�H�G���R�Q���W�K�H���$�&�%���V�F�D�O�H�����D�Q�G���W�K�H���µ�7�R�W�D�O���$�&�%���V�F�R�U�H�¶���L�V���W�K�H���D�F�F�X�P�X�O�D�W�H�G���V�F�R�U�H����
�µ�$�&�%�����G�U�X�J�V�¶�����µ�$�&�%�����G�U�X�J�V�¶���D�Q�G���µ�$�&�%�����G�U�X�J�V�¶���U�H�S�R�U�W�V���W�K�H���Q�D�P�H���R�I���H�D�F�K���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F��
medicine contributing to this anticholinergic medication data, assigning them to their 
respective column based on their ACB score. In the first row, this patient is prescribed a  
total of eight anticholinergic medicines, with a Total ACB score of 10. The ACB medicine 
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�Z�K�L�F�K���F�R�Q�W�U�L�E�X�W�H�G���W�K�H���K�L�J�K�H�V�W���V�F�R�U�H���Z�D�V���µ�K�\�R�V�F�L�Q�H�¶�����F�R�Q�V�L�G�H�U�H�G���W�R���E�H���D���K�L�J�K�O�\���S�R�W�H�Q�W��
anticholinergic medicine.  
 

10.3.3.2 Summary of the contribution of the AC-FRAIL tool 

The AC-FRAIL tool is the first tool to integrate with clinical IT systems in primary 

care, capable of reporting measures of anticholinergic burden and frailty for 

patients using EHR data, and support the stratification of patients for SMRs. As 

discussed previously, no other tool has taken this approach to proactively 

identify patients based on these clinical factors, with existing tools typically 

relying on alerts and pop ups within consultations. The proactive approach of 

identifying lists of patients, separated in to six different sub-groups is an 

advantage for PCNs, supporting the systematic case-finding of at-risk patients 

for SMRs, as per NHS guidance. With this tool, PCNs would have the ability to 

decide which sub-group of patients should be prioritised, depending on their 

perception of potential risk, and arguably can support better utilisation of finite 

resources. The tool can provide a high-level view of the practice population, and 

can highlight frail patients exposed to high levels of anticholinergic burden for 

closer inspection and review of their medicines. This can help ensure patients at 

greatest risk can be prioritised proactively, rather than relying on reactive 

approach to medicines optimisation. This tool can be deployed across an entire 

PCN population, and satisfy the recommendation of the use of tools to case-find 

at-risk patients.  

 

The tool has undergone extensive development and testing in primary care, 

requiring various iterations. The researcher took a leading role with developing 

the concept, and developing the SystmOne reports to create the data 

extractions, and the front-end of the tool that the users will see. Dr Duncan 

Petty supported the development of SystmOne reports also, helping to identify 

and input the ACB medicines. Dr Ciarán McInerney led on the back-end side of 

the tool, working closely with the researcher to ensure that the concept and 

ideas were translated in to a meaningful, useful, and user-friendly tool. The final 

version of the prototype is version 5.4, which underwent development in a demo 

version of SystmOne, and then testing in a live SystmOne system with real 

world EHR data. As the researcher was employed as a Clinical Pharmacist at a 

medical practice in throughout the PhD programme, the practice provided 

permission to develop and test the AC-FRAIL tool using their systems. This was 
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providing no data left the practice, and that all data protection regulations were 

stringently followed. After testing in this practice with a list size of 8,000 

patients, the tool was ready to be tested at PCN level. As of March 2022, the 

tool was made available to a PCN in Bradford (UK), to test its utility and 

feasibility within a deprescribing study, as mentioned previously.  

 

This programme of research has contributed significantly to the prototype 

development of the AC-FRAIL tool, which will be further tested by other HCPs 

outside the research team. The tool is a tangible output from this research, 

contributing an integrated solution for the case-finding of frail older people 

exposed to concerning levels of anticholinergic burden. Ultimately, the AC-

FRAIL tool does not offer the use of risk prediction, to support case-finding of 

at-risk patients. However, this prototype represents a strong foundation to 

incorporate the future use of risk prediction models, and can provide a platform 

for this programme of research to be continued. 

 
10.3.3.2 The Anticholinergic Medication Index (ACMI) 

In recognition of this programme of research�¶�V���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���W�K�H���I�L�H�O�G�����D�Q�G���W�K�H��

progress made with developing a case-finding tool, the researcher was invited 

to apply for a new research grant together with another team, to further explore 

developing anticholinergic burden tools. This grant application was accepted, 

funded by Health Data Research UK (HDRUK), and as of March 2022, the 

researcher is actively involved in supporting this research activity. In particular, 

this funded study aims to develop the Anticholinergic Medication Index (ACMI); 

an index taking a novel approach to quantifying anticholinergic burden. The 

ACMI is proposing to be the first anticholinergic measure informed by metrics of 

associations between medicines and adverse outcomes, such as hazard ratios.  

Using this index, the project then aims to develop a risk prediction tool, to 

identify frail older patients at greatest risk of adverse events associated with 

anticholinergic meds, for SMRs. The intention of this tool is to be fully integrable 

with SystmOne, and eventually be implemented nationally if proven to be an 

effective solution. This project is a large collaboration between researchers from 

the University of Leeds and Liverpool, which also includes affiliate members of 

the NIHR YHPSTRC.  
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The programme of research presented in this thesis has contributed 

significantly to this HDRUK project, particularly as there are similarities, with 

HDRUK intending to use risk prediction to help support case-finding. The 

findings from the three studies, and the development of AC-FRAIL tool, have 

helped contribute to the overall concept and research design, providing an 

overall steer to the project.  

 

10.4 Future research : Recommendations for t he roadmap ahead 

This programme of research was conducted as part of a PhD, therefore limited 

by time and resource constraints. Below are recommendations for further 

research, as a roadmap ahead towards further tool development. This can be 

separated in to three priority areas: 

 

1) Understanding whether risks associated with anticholinergic burden differ 

by frailty status. 

2) Risk prediction model development and tool implementation. 

3) Evaluating the effectiveness of a case-finding tool to support 

deprescribing processes.  

 

10.4.1 Investigating a risk modifying role of frailty 

To justify prioritising patients based on frailty status, such as moderate or 

severe frailty, it is important to establish whether frailty can indeed modify the 

risks when patients are exposed to high-risk medicines. Therefore, importantly 

for this research, it is imperative to understand whether anticholinergic burden 

in a severely frail older person is associated with greater risks of adverse 

outcomes, compared to a fit older person. The systematic review in Study One 

attempted to understand this, but revealed a paucity of evidence which stratified 

study populations by frailty 1. Further studies are required to establish this, to 

underpin the need for a tool focusing on this population.  

 

Understanding whether frailty status has a risk modifying role with regards to 

anticholinergic burden is a complicated enquiry, as highlighted in section 6.7.3 

by the use of DAGs. Arguably an RCT could be the most superior research 

design for this enquiry, to reduce potential biases to a minimum, and enhance 

the reliability of findings. However, there is an ethical issue around exposing 
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older people living with frailty to high levels of anticholinergic burden, due to the 

potential for causing adverse outcomes. This is likely to be a reason why there 

is currently no RCTs which investigate these associations in the frail older 

population 422. Instead, RCTs in the field have investigated the effect of 

deprescribing interventions for anticholinergic burden instead, comparing to 

usual care, for example 197, 584.  

 

As this is inherently a causal enquiry, investigating this further with the use of 

methods aligning with the causal inference paradigm would be beneficial. The 

researcher proposes to explore the risk modifying role of frailty with quantitative 

observational research, using large-scale, routinely collected EHR data from 

primary care. One of the methodological standards for the development of 

clinical risk prediction models is to �³ensure the dataset is representative of the 

population for whom the prediction model is intended� ́576. Although this first 

step of further work is not developing a risk prediction model, the work aims to 

inform future development. Therefore, exploring the risk modifying role of frailty 

using the data intended to develop future models will be advantageous.  

 

Within the causal inference paradigm, �µcounterfactual prediction�¶ is a method 

that uses data, to predict certain features of the world if the world has been 

different, and could be a method well suited to addressing this research 

problem 585. Causal inference is a common goal of counterfactual prediction, 

whereby a prediction of the distribution of an outcome can be made in different 

hypothetical situations 585. This is followed by a comparison of those outcome 

distributions 585. In practical terms, for this enquiry, the hypothetical situations 

could be different frailty severities, comparing outcome distributions depending 

whether older patients are fit, or living with mild, moderate, or severe frailty. 

Models could be developed with the use of DAGs, to help inform model building 

procedures 586 and follow the principles and best practices of causal inference 

research. This is crucial to improve the reliability of estimations of the causal 

relationships. The impact that the hypothetical change in frailty status has on 

the outcome distribution, if any, would help further understand the role that 

frailty may have on risks when patients are exposed to anticholinergic burden. 

As discussed previously however, both frailty, and anticholinergic medications, 

could have their own causal relationships with adverse outcomes, such as 
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cognitive decline, falls, and hospitalisation for example. Therefore, it is 

important to acknowledge that this study cannot isolate the true causal 

contribution from the frailty measure, but can use a rigorous approach to 

improve the accuracy of the estimand.  

 

Choosing the outcome to be predicted is another important factor. Based on 

findings from the wider literature 48, 192, 217, 579, 582, and qualitative findings from 

Study Three where HCPs identified outcomes that should be of focus, cognitive 

decline should be explored further. Other studies have also used counterfactual 

predictions to predict counterfactual risks under hypothetical situations, such as 

different treatment strategies 587. A data source has been identified by the 

researcher to conduct this research, acquiring a data extract from the SAIL 

Databank 588. This contains de-identified EHR data from the primary care 

population of Wales, aged sixty-five and older (approximately 600,000 patients).  

 

As the risk modifying role of frailty is unknown when patients are prescribed 

anticholinergic medicines, this study is important to improve future prescribing 

practices, and also underpin the justification for stratifying populations by frailty 

for SMRs.  

 

10.4.2 Risk prediction model development and tool implementation 

A pivotal next step for this programme of research is to build on the foundations 

made in Study Two, and pursue the development of risk prediction models 

using EHR data from primary care. Importantly, Study Three reinforced the 

importance of involving stakeholders from primary care, due to the many 

barriers and facilitators identified which could impact future tool uptake. 

Therefore, in this further work, HCPs and other primary care stakeholders, 

including patients and carers, should be invited to participate in the following 

processes towards future development and provide their perspectives.  

 

The data extract acquired from SAIL Databank can also be used for this, to 

facilitate further quantitative investigations into the following enquiries.  In order 

to decide on which outcome the final risk prediction model should predict within 

a case-finding tool, it is important to explore the development of a variety of 

models for different outcomes, similar to the process undertaken in Study Two. 
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However, it is anticipated that outcomes will only be available as categorical 

variables, such as the presence of a CTV3 code characterising an outcome in a 

binary form. This means that OLS will not be applied, and the use of logistic 

regression could be adopted. Study Two was not designed to determine the 

overall utility of measures of anticholinergic and frailty within models predicting 

outcomes, particularly using primary care data. Therefore, this utility should be 

explored using EHR data in the SAIL Databank, to assess the feasibility of 

using the Total ACB score and eFI as predictors, and whether they can 

enhance he performances of predictions to assist with decision making.  

 

Model building procedures should be informed by the use of DAGs, and a 

combination of data driven methods and clinical intuition applied to inform the 

final selection of predictors, to improve the generalisability of models 329. As 

highlighted in Study Two, multicollinearity may have hindered the process of 

understanding the individual contribution that these composite measures make 

to predictions. Therefore, further work should also focus on breaking down 

these composite measures, identifying which of the individual components have 

the greatest predictive contribution, and including them individually within 

models. This methodological consideration has been recommended by other 

researchers, and therefore comparisons should be made between this 

recommended approach and including the composite measure, to identify the 

most superior approach 491. Another important methodological consideration is 

externally validating all models, to further enhance generalisability to other EHR 

data sources in primary care. As the SAIL Databank is representative of a 

Welsh population, it would be advantageous to externally validate in data 

sources such as the Clinical Practice Research Datalink, Research One, or 

Connected Bradford, which are representative of an English population. This is 

important, as the future tool will be intended for use in England initially.  

 

Depending on the analyses of the performances of models, the feasibility of the 

measures of interest, and the perspectives of HCPs and patients on the most 

beneficial approach, a decision would need to be made on which outcome, or 

outcomes, should be selected for the focus of the case-finding tool. If the 

chosen models perform well, and HCPs consider the output metric to be useful 

in supporting deprescribing processes, the integration of the models into a 
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case-finding tool will need to be studied. Here, lessons learned from the AC-

FRAIL prototyping can come to fruition, and provide a platform whereby a risk 

prediction model could be incorporated. Due to the integration challenges 

identified in the prototyping phase, it would be useful to consider a full software 

development approach to tool development. Study Three identified how HCPs 

favoured a proactive approach to systematically screening a patient population, 

outside of a consultation, and identify lists of patients to target for SMRs. The 

platform built for AC-FRAIL can facilitate this, and provide a high-level view of 

the population, through an interactive dashboard.  

 

An important element of involving primary care stakeholders is to determine 

their views and perspectives of this approach, and whether they feel adding a 

risk prediction output to the dashboard will further enhance their decisions to 

prioritise patients, and help make deprescribing decisions. A prototype of this 

concept should be developed, inclusive of the risk prediction output, and its 

implementation into primary care should be investigated qualitatively. It is 

recommended that implementation theory is considered in the very initial stages 

of large-scale implementation, and use of theories such as NPT can support 

this 589. NPT could be particularly suited to supporting future implementation, as 

it is �F�R�Q�V�L�G�H�U�H�G���W�R���E�H���D�Q���µ�D�F�W�L�R�Q���W�K�H�R�U�\�¶, concerned with explaining what people 

do, rather than their attitudes or beliefs 590. Therefore, understanding further the 

different kinds of work that people do around implementing a new practice, 

relating to coherence, cognitive participation, collective action, and reflexive 

monitoring, are important considerations 590.  

 

The study of human-computer interactions is also key to supporting the 

implementation process. Study Three identified views and perspectives of 

HCPs based on a concept alone, as the tool was not in existence at the time of 

interviewing. Therefore, an understanding of the human-computer interaction for 

the future tool will need to be established, as an iterative process to inform the 

development process, and help promote adoption and successful usage. This 

could take a mixed methods approach, exploring this both quantitatively and 

qualitatively. To improve the usability of computer systems, six usability goals 

have been previously proposed 591. Systems should be effective, efficient, have 

utility, be learnable, memorable, and safe 591. Nielsen has also previously 
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identified usability heuristics for human-computer interaction. These include 

factors such as error prevention, consistency and standards, user control and 

freedom, aesthetics and minimalist design, and flexibility of use, amongst others 
592, 593. Studying the human-computer interaction will be important further work, 

to improve the implementation in to SMR workflows to support deprescribing.  

 

10.4.3 Evaluating the effectiveness of a case-finding tool that uses risk 

prediction, as a deprescribing intervention.  

Before wide-scale implementation can be considered, an assessment of impact 

of the case-finding intervention needs to be undertaken. This is important to 

recommend, as some healthcare interventions are implemented without any 

evaluation, or have a low quality evaluation, requiring onerous data collection 

and inefficient use of finite of health resources 594. As this programme of 

research was undertaken within a worldwide pandemic, the researcher has 

become increasingly aware of the importance of efficient use of finite health 

resources for frontline HCPs. In particular, from the perspective of tool 

development, this experience has amplified the importance of recognising the 

barriers and facilitators to HCPs, and to ensure tools can simplify tasks, and 

support decision making during challenging clinical encounters. Study Three 

identified how a tool needs to be innovative, and useful, but ultimately realistic 

within the resources available, reinforcing the need for robust evaluation. 

Furthermore, assessing the impact of health interventions enables healthcare 

teams to improve services, and can inform future health policy 595. 

 

The evaluation of the tool has to be considered carefully, particularly as the 

concept of risk prediction to inform deprescribing processes is a novel 

approach. HCPs in primary care are familiar with risk prediction to inform the 

commencement of medicines, but not to predict which patients should be 

prioritised for review, and which medicines should be stopped or reduced. It is 

for this reason that a small-scale feasibility study with one medical practice 

should be the initial step, with a view to understanding the scalability of the tool. 

Scalability can be defined as the ability of an intervention to show effectiveness 

on a small scale, and then be expanded under real world conditions to a larger 

scale, while retaining effectiveness 596. Therefore, this initial step of determining 

scalability is important to this future work, before expanding further. The use of 
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the case-finding tool could be evaluated using a mixed methods feasibility 

study, focusing on the following: 

 

1. Qualitative assessment of the impact of using risk prediction to 

proactively case-find and prioritise patients for SMRs.  

2. Qualitative assessment of the impact of using risk prediction to support 

anticholinergic deprescribing decisions with patients.  

3. Quantitative assessment of the impact on anticholinergic prescribing post 

intervention, such as: 

a. Changes in Total ACB score. 

b. Changes in number of anticholinergic medicines prescribed.  

 

If an initial small-scale feasibility study can show the tool to be feasible and 

effective in these areas, and can show scalability, the above assessments 

should be repeated across a single PCN, representing a patient population of 

around 60,000. The aim of these approaches would be to inform a larger scale 

impact study.  

 

10.5 Final conclusions  

This programme of research has provided the foundations for the development 

towards a novel health innovation, to reduce MRH for frail older people. An 

integrated case-finding tool, to facilitate the review of anticholinergic prescribing 

is a step closer to becoming a reality in primary care. This research proposed 

the use of risk prediction, to support case-finding and facilitate deprescribing 

decisions; a concept that, until now, was under-researched within the context of 

anticholinergic burden. However, by taking an exploratory approach to pursue 

this new concept further, this programme of research has identified a need, the 

potential feasibility of such a tool, and opportunities for the future. 

 

Insights into the need for a tool were identified, by identifying associations 

between anticholinergic medication exposure and adverse outcomes for frail 

older people. This highlighted the specific risks that frail older people can be 

exposed to, and ultimately the risks that an intervention could aim to reduce. 

These included poorer physical function, falls, and mortality. Insights from HCPs 

on the proposed tool also indicated a need, reporting how there is a deficiency 



341 
 

of integrated tools to address anticholinergic burden. As future end-users, they 

supported the concept of risk prediction, to systematically case-find those at 

greatest risk, and facilitate deprescribing decisions. However, to further 

reinforce the need of a tool that risk-stratifies frail patients for SMRs, further 

work is recommended to understand whether risks of anticholinergic exposure 

differ by frailty severity.   

 

In exploring the feasibility of risk prediction as a method of case-finding at-risk 

patients, this research identified that the Total ACB score and the eFI, as 

measures of anticholinergic burden and frailty, did not enhance the 

performances of best subset models predicting key outcomes. This was most 

likely impacted by multicollinearity within models, and the inclusion of higher 

performing predictors that were available within the CARE75+ dataset. 

However, although useful, these findings can only be considered in the context 

of the data used for the model builds, and are not generalisable to all healthcare 

settings. Modelling using EHR data from primary care; data that the future tool 

intends to integrate with, is paramount. This is to assess the application of the 

measures for predictions, using real-world primary care data. Representing 

anticholinergic burden and frailty within models as composite scores, or broken 

down into individual components of the composites, should be established, to 

optimise predictive performance.  

 

Whilst the concept of risk prediction in this context is in its infancy, the views 

and perspectives of HCPs indicated this to be a feasible intervention to support 

deprescribing. However, this research identified multiple factors which could 

influence future uptake, having significant implications for future design and 

implementation stages. The reported barriers and facilitators not only related to 

the proposed intervention, or the technology used, but also factors relating to 

the overall challenge of deprescribing anticholinergic medicines. Although 

sophisticated tools were considered feasible, to proactively identify and stratify 

patients for SMRs, they were considered to be only one component of a 

multifactorial, and multifaceted medication review process. HCPs felt that 

patients must be considered holistically, and that a tool should only assist with 

deprescribing decisions, rather than making a final decision.  
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Ultimately, early insights into the need, and potential feasibility of a safer 

prescribing tool in primary care have been established. Such insights have 

informed an early prototype of a case-finding tool, providing a foundation for 

further work. This research is timely, with the increasing international 

recognition and focus on improving medication safety. Nationally, this work can 

help support PCNs, in their endeavor to use tools to case-find at-risk patients 

for SMRs. Therefore, there is a case for such tools to facilitate the review of 

anticholinergic prescribing for frail older people, with this thesis contributing 

recommendations for the roadmap towards future development and 

implementation.  
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Appendices  
 

Appendix 1 : PRISMA checklist  
 
 

Section/topic  # Checklist item  
Reported on 
page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  106 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study 
eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; 
limitations; conclusions and implications of key findings; systematic review registration number.  

N/A 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  106 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, 
interventions, comparisons, outcomes, and study design (PICOS).  

107 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if 
available, provide registration information including registration number.  

107 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 
considered, language, publication status) used as criteria for eligibility, giving rationale.  

108 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to 
identify additional studies) in the search and date last searched.  

110 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it 
could be repeated.  

375 (Appendix 
2) 
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Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 
applicable, included in the meta-analysis).  

110 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and 
any processes for obtaining and confirming data from investigators.  

110 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 
assumptions and simplifications made.  

108 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of 
whether this was done at the study or outcome level), and how this information is to be used in any 
data synthesis.  

111 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  111 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures 
of consistency (e.g., I2) for each meta-analysis.  

112 

 

Section/topic  # Checklist item  
Reported on 
page #  

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, 
selective reporting within studies).  

N/A 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if 
done, indicating which were pre-specified.  

N/A 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram.  

113 (+Figure 
9) 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-
up period) and provide the citations.  

115 (+Table 5) 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 
12).  

144 (+Table 8) 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for 
each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

129 (+Table 6 
and 7) 
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Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of 
consistency.  

129 (+Figure 
10)  

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  N/A 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression 
[see Item 16]).  

N/A 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their 
relevance to key groups (e.g., healthcare providers, users, and policy makers).  

146 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias).  

149 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for 
future research.  

153 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 
funders for the systematic review.  

XIX 
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Appendix 2: Search strategy for each database  
 

MEDLINE (EBSCO) 

Rows �F�R�P�E�L�Q�H�G���Z�L�W�K���³�2�5�´���D�Q�G���F�R�O�X�P�Q�V���F�R�P�E�L�Q�H�G���Z�L�W�K���³�$�1�'�´ 

Elderly/frailty domain  
 
 

Anticholinergic domain  Epidemiological filters 
domain  

(MH "Aged+")  
 

(MH "Muscarinic 
Antagonists")  

(MH "Epidemiologic 
Studies")  

late* life  (MH "Anticholinergic 
Syndrome")  

(MH "Case-Control 
Studies+")  

 
(MH "Age Factors+")  

(MH "Cholinergic 
Antagonists+")  

 
(MH "Cohort Studies+")  

 
older adult* 

anti#choliner*   
case control  

 
elderly 

 
anti#muscarinic*  

cohort stud*  

(MH "Geriatrics")  (anti#choliner*) N5 (drug* or 
medic* or therap* or regime* 
or treatment* or preparation* 
or remed* or pill* or tablet* or 
prescri* or dose* or dosing*)  

cohort analy*  

geriatric*  cholinergic block*  cohort N5 (study or studies)  
senior* (cholinergic blocking* or 

anti#muscarinic* or 
muscarinic antagonist* or 
parasympatholytic* or 
atropinic*) N5 (drug* or 
medic* or agent* or therap* 
or regime* or treatment* or 
preparation* or remed* or 
pill* or tablet* or prescri* or 
dose* or dosing*)  

follow N5 (study or studies)  

pensioner* muscarinic antagonist*  observation* N5 (study or 
studies)  

oap*  anticholinergic syndrome*  longitudinal  
(MH "Retirement")  cholinergic antagonist*  retrospective  
retired parasympatholytic* cross sectional  
retiree* muscarinic receptor block* cross sectional N5 (study or 

studies)  
oldest old atropin*  survey  
deep old age  (anti#choliner* or 

anti#muscarinic*) N5 
(burden* or risk* or assess* 
or scale* or tool* or quantif* 
or measure* or rating* or 
load* or accumulat* or 
capacit*)  

(MH "Epidemiologic 
Studies+")  

polypathologic*  anti#cholinergic cognit* 
burden  

 

(MH "Geriatric Assessment")  acb   
geriatric assessment drug burden index   
retirement  anticholinergic risk scale   
aged ars   
comprehensive geriatric 
assessment  

anticholinergic drug scale*  

(MH "Frailty")  ads  
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frail* Sedative N1 (load or burden 
or accumulat*) 

 

(MH "Geriatric Psychiatry")    
geriatric psychiatry   
geriatric psychology    
geriatric 
psychopharmacology  

  

pre-frail*    
robust   
mild* frail*    
moderat* frail*   
severe* frail*   
extreme* frail*    
frail* stat*   
cognitiv* frail*   
physic* frail*   
geriatric syndrome*   
function* status    
(MH "Sarcopenia")    
sarcop#eni*    
cumulative deficit*    
phenotype model*    
(edmonton or fried) N5 
(index* or indicator* or score* 
or scale* or tool* or test* or 
model* or phenotype* or 
criteri* or marker* or method* 
or instrument* or assess* or 
exam* or evaluat* or 
measure* or screen* or 
diagnos* or detect* or 
identif*)  

  

(MH "Walking Speed")    
gait speed*    
grip strength    
(MH "Hand Strength+")    
time* up and go    
time* up and go test*    
tugt    
gug   
get up and go test*    
get up and go    
(MH "Activities of Daily 
Living+")  

  

physical N3 function*    
multi-morbid*    
advanced age*    
multi-disease*    
(multidisease* or multi-
disease* or (multiple N1 (ill* 
or disease# or condition* or 
syndrome* or disorder*)))  

  

 
Symbols:     

MH = Exact subject heading.  

(*)   = Replaces one or more letters 

(#)   = Matches one optional character. 
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Near operator (N): N5 finds the words if they are a maximum of five words apart 

from one another, regardless of the order in which they appear. 

(+)   = Explode  

 

CINAHL (EBSCO)  

�5�R�Z�V���F�R�P�E�L�Q�H�G���Z�L�W�K���³�2�5�´���D�Q�G���F�R�O�X�P�Q�V���F�R�P�E�L�Q�H�G���Z�L�W�K���³�$�1�'�´ 

Elderly/frailty domain  
 
 

Anticholinergic domain  Epidemiological filters 
domain  

(MH "Aged+")  
 

(MH "Muscarinic 
Antagonists")  

(MH "Epidemiological 
Research")  

late* life  anticholinergic syndrome (MH "Case-Control 
Studies+")  

 
(MH "Age Factors")  

(MH "Cholinergic 
Antagonists+")  

 
(MH "Prospective studies+")  

 
older adult* 

anti#choliner*   
case control  

 
elderly 

 
anti#muscarinic*  

cohort stud*  

 
(MH "Geriatrics")  

 
(anti#choliner*) N5 (drug* or 
medic* or therap* or regime* 
or treatment* or preparation* 
or remed* or pill* or tablet* or 
prescri* or dose* or dosing*)  

cohort analy*  

 
geriatric*  

 
cholinergic block*  

 
cohort N5 (study or studies)  

 
senior* 

 
(cholinergic blocking* or 
anti#muscarinic* or 
muscarinic antagonist* or 
parasympatholytic* or 
atropinic*) N5 (drug* or 
medic* or agent* or therap* 
or regime* or treatment* or 
preparation* or remed* or 
pill* or tablet* or prescri* or 
dose* or dosing*)  

 
follow N5 (study or studies)  

 
pensioner* 

 
muscarinic antagonist*  

observation* N5 (study or 
studies)  

 
oap*  

anticholinergic syndrome*   
longitudinal  

 
(MH "Retirement")  

 
cholinergic antagonist*  

 
retrospective  

 
retired 

 
parasympatholytic* 

 
cross sectional  

 
retiree* 

 
muscarinic receptor block* 

 
cross sectional N5 (study or 
studies)  

 
oldest old 

 
atropin*  

survey  

 
deep old age  

 
(anti#choliner* or 
anti#muscarinic*) N5 
(burden* or risk* or assess* 
or scale* or tool* or quantif* 
or measure* or rating* or 

 
(MH "Epidemiological 
Research+")  
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load* or accumulat* or 
capacit*)  

 
polypathologic*  

 
anti#cholinergic cognit* 
burden  

epidemiological study 

(MH "Geriatric Assessment")   
acb  

 

 
geriatric assessment 

drug burden index   

 
retirement  

 
anticholinergic risk scale  

 

 
aged 

 
ars  

 

 
comprehensive geriatric 
assessment  

 
 
anticholinergic drug scale* 

 

 
(MH "Frailty Syndrome")  

 
ads  
 

 

 
frail* 

Sedative N1 (load or burden 
or accumulat*) 

 

 
(MH "Geriatric Psychiatry")  

  

 
geriatric psychiatry 

  

 
geriatric psychology  

  

 
geriatric 
psychopharmacology  

  

 
pre-frail*  

  

 
robust 

  

 
mild* frail*  

  

 
moderat* frail* 

  

 
severe* frail* 

  

 
extreme* frail*  

  

 
frail* stat* 

  

 
cognitiv* frail* 

  

 
physic* frail* 

  

 
geriatric syndrome* 

  

 
function* status  

  

 
(MH "Sarcopenia")  

  

 
sarcop#eni*  

  

 
cumulative deficit*  

  

 
phenotype model*  
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(edmonton or fried) N5 
(index* or indicator* or score* 
or scale* or tool* or test* or 
model* or phenotype* or 
criteri* or marker* or method* 
or instrument* or assess* or 
exam* or evaluat* or 
measure* or screen* or 
diagnos* or detect* or 
identif*)  

  

 
(MH "Walking Speed")  

  

 
gait speed*  

  

 
grip strength  

  

 
(MH "Grip Strength")  

  

 
time* up and go  

  

 
time* up and go test*  

  

 
tugt  

  

 
gug 

  

 
get up and go test*  

  

 
get up and go  

  

 
(MH "Activities of Daily 
Living+")  

  

 
physical N3 function*  

  

 
multi-morbid*  

  

 
advanced age*  

  

 
multi-disease*  

  

 
(multidisease* or multi-
disease* or (multiple N1 (ill* 
or disease# or condition* or 
syndrome* or disorder*)))  
 

  

 

Symbols:    

MH = Exact subject heading.  

(*)   = Matches multiple characters. 

(#)   = Matches one optional character. 

Near operator (N): N5 finds the words if they are a maximum of five words apart 

from one another, regardless of the order in which they appear. 

(+)   = Explode  
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EMBASE 

Each term in each domain will be searched with OR, and then the three 

domains will be searched with AND. 

 

Elderly/frailty domain (searched with OR)  

 
 

26,463 
#58 
multidisease* OR 'multi disease*' OR (multiple NEAR/1 
(ill* OR disease* OR condition* OR syndrome* OR disorder*)) 

181 
#57 
'multi disease*' 

23,591 
#56 
'advanced age*' 

1,104 
#55 
'multi morbid*' 

61,968 
#54 
physical NEAR/3 function* 

83,129 
#53 
'daily life activity'/exp OR 'daily life activity' 

575 
#52 
'get up and go' 

358 
#51 
'get up and go test*' 

480 
#50 
gug 

218 
#49 
tugt 

4,340 
#48 
'time* up and go test*' 

6,245 
#47 
'time* up and go' 

23,453 
#46 
'hand strength'/exp OR 'hand strength' 

23,489 
#45 
'grip strength' 

6,382 
#44 
'gait speed*' 

13,037 
#43 
'walking speed'/de 

4,664 
#42 
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(edmonton OR fried) NEAR/5 
(index* OR indicator* OR score* OR scale* OR tool* OR test* OR model* OR phenotype* OR 
criteri* OR marker* OR method* OR instrument* OR assess* OR exam* OR evaluat*  
OR measure* OR screen* OR diagnos* OR detect* OR identif*) 

212 
#41 
'phenotype model*' 

161 
#40 
'cumulative deficit*' 

13,564 
#39 
sarcop?ni* 

7,824 
#38 
'sarcopenia'/de 

67,295 
#37 
'function* status' 

2,147 
#36 
'geriatric syndrome*' 

925 
#35 
'physic* frail*' 

164 
#34 
'cognitiv* frail*' 

1,112 
#33 
'frail* stat*' 

36 
#32 
'extreme* frail*' 

247 
#31 
'severe* frail*' 

103 
#30 
'moderat* frail*' 

81 
#29 
'mild* frail*' 

222,566 
#28 
robust 

933 
#27 
'pre frail*' 

 
189 

#25 
'geriatric psychopharmacology' 

24 
#24 
'geriatric psychology' 

15,897 
#23 
'geriatric psychiatry' 

7,419 
#22 
'gerontopsychiatry'/de 
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35,672 
#21 
frail* 

6,933 
#20 
'frailty'/de 

3,388 
#19 
'comprehensive geriatric assessment' 

21,529 
#18 
retirement 

17,002 
#17 
'geriatric assessment' 

14,862 
#16 
'geriatric assessment'/de 

122 
#15 
polypathologic* 

1 
#14 
'deep old age' 

2,966 
#13 
'oldest old' 

1,776 
#12 
retiree* 

10,138 
#11 
retired 

14,588 
#10 
'retirement'/de 

1,086 
#9 
oap* 

2,573 
#8 
pensioner* 

69,188 
#7 
senior* 

290,034 
#6 
geriatric* 

44,730 
#5 
'geriatrics'/de 

508,098 
#4 
elderly 

88,963 
#3 
'older adult*' 

21,564 
#2 
'late* life' 

4,261,046 
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Anticholinergic domain (searched with OR)  
           
  

    119 
#80 
'anticholinergic drug scale'/exp OR 'anticholinergic drug scale' 

55,932 
#79 
ars 

122 
#78 
'anticholinergic risk scale' 

122 
#77 
'anticholinergic risk scale'/exp OR 'anticholinergic risk scale' 

163 
#76 
'drug burden index'/exp OR 'drug burden index' 

5,476 
#75 
acb 

153 
#74 
'anticholinergic cognit* burden' 

1,381 
#73 
(anti$choliner* OR anti$muscarinic*) NEAR/5 
(burden* OR risk* OR assess* OR scale* OR tool* OR quantif* OR measure* OR rating* OR loa
d* OR accumulat* OR capacit*) 

81,931 
#72 
atropin* 

9,085 
#71 
'muscarinic receptor block*' 

1,363 
#70 
parasympatholytic* 

1,230 
#69 
'cholinergic antagonist*' 

1,011 
#68 
'anticholinergic syndrome*' 

4,408 
#67 
'muscarinic antagonist*' 

9,836 
#66 
'cholinergic blocking*' OR 'antimuscarinic*' OR 'muscarinic 
antagonist*' OR 'parasympatholytic*' OR ('atropinic*' NEAR/5 
(drug* OR medic* OR agent* OR therap* OR regime* OR treatment* OR preparation* OR reme
d* OR pill* OR tablet* OR prescri* OR dose* OR dosing*)) 

967 
#65 
'cholinergic block*' 

10,336 
#64 
anti$choliner* NEAR/5 
(drug* OR medic* OR therap* OR regime* OR treatment* OR preparation* OR remed* OR pill* 
OR tablet* OR prescri* OR dose* OR dosing*) 
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4,075 
#63 
anti$muscarinic* 

20,743 
#62 
anti$choliner* 

30,433 
#61 
'cholinergic receptor blocking agent'/de OR 'cholinergic receptor blocking agent' 

1,006 
#60 
'anticholinergic syndrome'/de OR 'anticholinergic syndrome' 

8,754 
#59  
'muscarinic receptor blocking agent'/de 
 
Epidemiological filters domain  
 

633,427 
#96 
'questionnaire'/de 

380,229 
#95 
'cross sectional' NEAR/5 (study OR studies) 

484,584 
#94 
'cross sectional' 

1,097,928 
#93 
retrospective 

335,504 
#92 
longitudinal 

286,957 
#91 
observation* NEAR/5 (study OR studies) 

229,526 
#90 
follow NEAR/5 (study OR studies) 

417,579 
#89 
cohort NEAR/5 (study OR studies) 

478,475 
#88 
'cohort analy*' 

265,450 
#87 
'cohort stud*' 

213,795 
#86 
'case control' 

477,978 
#85 
'cohort analysis'/exp OR 'cohort analysis' 

187,495 
#84 
'case control study'/exp OR 'case control study' 

216,014 
#83 
'epidemiology'/de 
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The final search comprises of:  Elderly/frailty domain AND anticholinergic 

domain AND epidemiological filter domain 

 

Symbols  

(/de) = Emtree term 

(*)   = Matches multiple characters. 

($)   = Replaces one or no letters 

(?)   = Single letter truncation 

Near operator (N): NEAR/5 finds the words if they are a maximum of five words 

apart from one another, regardless of the order in which they appear. 

 

The Cochrane Database of Systematic Reviews  
 
Elderly/frailty domain (searched with OR)  
 
ID Search          Hits 
#1 MeSH descriptor: [Aged] explode all trees     1236 
#2 "late* life"          33 
#3 MeSH descriptor: [Age Factors] explode all trees     9860 
#4 "older adult*"         759 
#5 elderly          47287 
#6 MeSH descriptor: [Geriatrics] this term only     198 
#7 geriatric*         14275 
#8 senior*          4396 
#9 pensioner*         72 
#10 oap*          67 
#11 MeSH descriptor: [Retirement] this term only     49 
#12 retired          477 
#13 retiree*          89 
#14 "oldest old*"         93 
#15 "deep old age"         0 
#16 polypathologic*         8 
#17 MeSH descriptor: [Geriatric Assessment] this term only    1412 
#18 "geriatric assessment"        1957 
#19 retirement         455 
#20 aged                    475124 
#21 "comprehensive geriatric assessment"      306 
#22 MeSH descriptor: [Frailty] this term only      31 
#23 frail*          3193 
#24 MeSH descriptor: [Geriatric Psychiatry] this term only    39 
#25 "geriatric psychiatry"        1502 
#26 "geriatric psychology"        3 
#27 "geriatric psychopharmacology"       54 
#29 "pre-frail*"         130 
#30 robust          10458 
#31 "mild frailty"         2 
#32 "moderate frailty"        3 
#33 "severe frailty"         6 
#34 "extreme frailty"         1 
#35 "frailty status"         104 
#36 "cognitive frailty"        9 
#37 "physical frailty"         92 
#38 "geriatric syndrome*"        53 
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#39 "function* status"        113 
#40 MeSH descriptor: [Sarcopenia] this term only     312 
#41 sarcop?ni*         1143 
#42 "cumulative deficit*"        6 
#43 "phenotype model*"        8 
 
#44 ("edmonton" or "fried") NEAR/5 (index* or indicator* or score* or scale* or tool* or test* 
or model* or phenotype* or criteri* or marker* or method* or instrument* or assess* or exam* or 
evaluat* or measure* or screen* or diagnos* or detect* or identif*)               353
                                                                                      
 
#45 MeSH descriptor: [Walking Speed] this term only     80 
#46 "gait speed*"         1331 
#47 "grip strength"         3631 
#48 MeSH descriptor: [Hand Strength] explode all trees    1311 
#49 "time* up and go"        176 
#50 "time* up and go test*"        104 
#51 tugt          78 
#52 gug          7 
#53 "get up and go test*"        135 
#54 "get up and go"         187 
#55 MeSH descriptor: [Activities of Daily Living] explode all trees   8760 
#56 physical NEAR/3 function*       11690 
#57 multi-morbid*         415 
#58 "advanced age*"        901 
#59 multi-disease*         21 
#60 (multidisease* or multidisease* or (multiple NEAR/1 (ill* or disease# or condition* or 
syndrome* or disorder*)))        1251 
 
#61 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 
OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR 
#24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR 
#35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45 OR 
#46 OR #47 OR #48 OR #49 OR #50 OR #51 OR #52 OR #53 OR #54 OR #55 OR #56 OR 
#57 OR #58 OR #59 OR #60        52148 
 
Anticholinergic domain (searched with OR)  
 
#62 MeSH descriptor: [Muscarinic Antagonists] this term only    850 
#63 MeSH descriptor: [Anticholinergic Syndrome] this term only   1 
#64 MeSH descriptor: [Cholinergic Antagonists] explode all trees   1220 
#65 anti?choliner*         3509 
#66 anti?muscarinic*        761 
#67 (anti?choliner*) NEAR/5 (drug* or medic* or therap* or regime* or treatment* or 
preparation* or remed* or pill* or tablet* or prescri* or dose* or dosing*)                           1737                                   
#68 "cholinergic block*"             0 
#69 ("cholinergic blocking*" or anti?muscarinic* or "muscarinic antagonist*" or 
parasympatholytic* or atropinic*) NEAR/5 (drug* or medic* or agent* or therap* or regime* or 
treatment* or preparation* or remed* or pill* or tablet* or prescri* or dose* or dosing*) 1046 
#70 "muscarinic antagonist*"        590 
#71 "anticholinergic syndrome*"       31 
#72 "cholinergic antagonist*"        49 
#73 parasympatholytic*        821 
#74 "muscarinic receptor block*"       0 
#75 atropin*          3498 
#76 (anti?choliner* or anti?muscarinic*) NEAR/5 (burden* or risk* or assess* or scale* or 
tool* or quantif* or measure* or rating* or load* or accumulat* or capacit*)   241 
#77 "anticholinergic cognitive burden"      6 
#78 acb          563 
#79 "drug burden index"        21 
#80 "anticholinergic risk scale"       5 
#81 ars          674 
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#82 "anticholinergic drug scale*"       10 
#83 ads          625 
#84 Sedative NEAR/1 (load or burden or accumulat*)     4 
#85 #62 OR #63 OR #64 OR #65 OR #66 OR #67 OR #68 OR #69 OR #70 OR #71 OR #72 
OR #73 OR #74 OR #75 OR #76 OR #77 OR #78 OR #79 OR #80 OR #81 OR #82 OR #83 OR 
#84  

10727 
Epidemiological filters domain (searched with OR)  
#86 MeSH descriptor: [Epidemiologic Studies] this term only    40 
#87 MeSH descriptor: [Case-Control Studies] explode all trees   12803 
#88 MeSH descriptor: [Cohort Studies] explode all trees              142437 
#89 "case control"         11344 
#90 "cohort study"         10664 
#91 "cohort analysis*"        16749 
#92 cohort NEAR/5 (study or studies)      28214 
#93 follow NEAR/5 (study or studies)      99954 
#94 observation* NEAR/5 (study or studies)      21125 
#95 longitudinal         19596 
#96 retrospective         30177 
#97 "cross sectional"        16162 
#98 "cross sectional" NEAR/5 (study or studies)     11914 
#99 survey          28935 
#100 MeSH descriptor: [Epidemiologic Studies] explode all trees             148834 
 
#101 #86 OR #87 OR #88 OR #89 OR #90 OR #91 OR #92 OR #93 OR #94 OR #95 OR #96 
OR #97 OR #98 OR #99 OR #100       
                     277398
                           
Final search of all three do mains (searched with AND)  
 
#102 #61 AND #85 AND #101       1258 
After only including Cochrane reviews        275 
 
Symbols  

MeSH = Exact subject heading.  

(*)   = One or more characters 

(?)   = Zero or one characters 

Near operator (NEAR/x): NEAR/5 finds the words if they are a maximum of five 

words apart from one another, regardless of the order in which they appear. 
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Web of Science  

�5�R�Z�V���F�R�P�E�L�Q�H�G���Z�L�W�K���³�2�5�´���D�Q�G���F�R�O�X�P�Q�V���F�R�P�E�L�Q�H�G���Z�L�W�K���³�$�1�'�´ 

�$�O�O���W�H�U�P�V���Z�H�U�H���V�H�D�U�F�K�H�G���L�Q���³�$�/�/���)�,�(�/�'�6�´���X�Q�O�H�V�V���V�W�D�W�H�G���R�W�K�H�U�Z�L�V�H���� 

The search was conducted in the Core Collection 

 
Elderly/frailty domain  
 
 

Anticholinergic domain  Epidemiological filters 
domain  

Aged 
 

�³�0�X�V�F�D�U�L�Q�L�F Antagonists"  "Epidemiologic Studies" 

�³�O�D�W�H�
 �O�L�I�H�´  "Anticholinergic Syndrome" "Case-Control Studies"  
 
�³�$�J�H �)�D�F�W�R�U�V�´ 

"Cholinergic �$�Q�W�D�J�R�Q�L�V�W�V�´  
"Cohort �6�W�X�G�L�H�V�´  

 
�³�R�O�G�H�U �D�G�X�O�W�
�´ 

anticholiner*   
�³�F�D�V�H �F�R�Q�W�U�R�O�´  

 
elderly 

 
antimuscarinic*  

�³�F�R�K�R�U�W �V�W�X�G�
�´  

 
geriatric*  

 
TOPIC: (anticholiner*) 
NEAR/5 (drug* or medic* or 
therap* or regime* or 
treatment* or preparation* or 
remed* or pill* or tablet* or 
prescri* or dose* or dosing*)  

�³�F�R�K�R�U�W �D�Q�D�O�\�
�´  

 
senior* 

 
�³�F�K�R�O�L�Q�H�U�J�L�F �E�O�R�F�N�
�´  

 
TOPIC: cohort NEAR/5 
(study or studies)  

 
pensioner* 

 
TOPIC: ���³�F�K�R�O�L�Q�H�U�J�L�F 
�E�O�R�F�N�L�Q�J�
�´ or antimuscarinic* 
or �³�P�X�V�F�D�U�L�Q�L�F �D�Q�W�D�J�R�Q�L�V�W�
�´ 
or parasympatholytic* or 
atropinic*) NEAR/5 (drug* or 
medic* or agent* or therap* 
or regime* or treatment* or 
preparation* or remed* or 
pill* or tablet* or prescri* or 
dose* or dosing*)  

 
TOPIC: follow NEAR/5 
(study or studies)  

 
oap*  

 
�³�P�X�V�F�D�U�L�Q�L�F �D�Q�W�D�J�R�Q�L�V�W�
�´  

TOPIC: observation* 
NEAR/5 (study or studies)  

 
Retirement 

�³�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F �V�\�Q�G�U�R�P�H�
�´   
longitudinal  

 
retired 

 
�³�F�K�R�O�L�Q�H�U�J�L�F �D�Q�W�D�J�R�Q�L�V�W�
�´  

 
retrospective  

 
retiree* 

 
parasympatholytic* 

 
�³�F�U�R�V�V �V�H�F�W�L�R�Q�D�O�´  

 
�³�R�O�G�H�V�W �R�O�G�´ 

 
�³�P�X�V�F�D�U�L�Q�L�F receptor �E�O�R�F�N�
�´ 

 
TOPIC: �³�F�U�R�V�V �V�H�F�W�L�R�Q�D�O�´ 
NEAR/5 (study or studies)  

 
�³�G�H�H�S old �D�J�H�´  

 
atropin*  

survey  

 
polypathologic*  

 
TOPIC: (anticholiner* or 
antimuscarinic*) NEAR/5 
(burden* or risk* or assess* 
or scale* or tool* or quantif* 
or measure* or rating* or 
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load* or accumulat* or 
capacit*)  

 
�³�*�H�U�L�D�W�U�L�F Assessment" 

 
�³�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F cognit* 
�E�X�U�G�H�Q�´  

 

 
�³�F�R�P�S�U�H�K�H�Q�V�L�Y�H geriatric 
�D�V�V�H�V�V�P�H�Q�W�´  

 
acb  

 

 
Frailty" 

�³�G�U�X�J burden �L�Q�G�H�[�´   

 
frail* 

 
�³�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F risk �V�F�D�O�H�´  

 

 
"Geriatric Psychiatry"  

 
ars  

 

 
�³�J�H�U�L�D�W�U�L�F �S�V�\�F�K�R�O�R�J�\�´  

 
 
�³�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F drug �V�F�D�O�H�
�´ 

 

 
�³�J�H�U�L�D�W�U�L�F 
�S�V�\�F�K�R�S�K�D�U�P�D�F�R�O�R�J�\�´  

 
ads  
 

 

 
old*  

TOPIC: Sedative NEAR/1 
(load or burden or 
accumulat*) 

 

 
�³�S�U�H-�I�U�D�L�O�
�´  

  

 
robust 

  

 
�³�P�L�O�G�
 �I�U�D�L�O�
�´  

  

 
�³�P�R�G�H�U�D�W�
 �I�U�D�L�O�
�´ 

  

 
�³�V�H�Y�H�U�H�
 �I�U�D�L�O�
�´ 

  

 
�³�H�[�W�U�H�P�H�
 �I�U�D�L�O�
�´  

  

 
�³�I�U�D�L�O�
 �V�W�D�W�
�´ 

  

 
�³�F�R�J�Q�L�W�L�Y�
 �I�U�D�L�O�
�´ 

  

 
�³�S�K�\�V�L�F�
 �I�U�D�L�O�
�´ 

  

 
�³�J�H�U�L�D�W�U�L�F �V�\�Q�G�U�R�P�H�
�´ 

  

 
�³�I�X�Q�F�W�L�R�Q�
 �V�W�D�W�X�V�´  

  

 
Sarcopenia  

  

 
Sarcop?ni*  

  

 
�³�F�X�P�X�O�D�W�L�Y�H �G�H�I�L�F�L�W�
�´  

  

 
�³�S�K�H�Q�R�W�\�S�H �P�R�G�H�O�
�´  

  

 
TOPIC: (edmonton or fried) 
NEAR/5 (index* or indicator* 
or score* or scale* or tool* or 
test* or model* or phenotype* 
or criteri* or marker* or 
method* or instrument* or 
assess* or exam* or evaluat* 
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or measure* or screen* or 
diagnos* or detect* or 
identif*)  
 
�³�:�D�O�N�L�Q�J Speed"  

  

 
�³�J�D�L�W �V�S�H�H�G�
�´  

  

 
�³�J�U�L�S �V�W�U�H�Q�J�W�K�´  

  

 
"Hand Strength" 

  

 
�³�W�L�P�H�
 up and �J�R�´  

  

 
�³�W�L�P�H�
 up and go �W�H�V�W�
�´  

  

 
tugt  

  

 
gug 

  

 
�³�J�H�W up and go �W�H�V�W�
�´  

  

 
�³�J�H�W up and �J�R�´  

  

 
"Activities of Daily Living"  

  

 
TOPIC: physical NEAR/3 
function*  

  

 
�³�P�X�O�W�L-�P�R�U�E�L�G�
�´  

  

 
�³�D�G�Y�D�Q�F�H�G �D�J�H�
�´  

  

 
�³�P�X�O�W�L-�G�L�V�H�D�V�H�
�´  

  

 
TOPIC: (multidisease* or 
multi-disease* or (multiple 
NEAR/1 (ill* or disease or 
condition* or syndrome* or 
disorder*)))  
 

  

 
Symbols:    

 (*)   = Matches multiple characters. 

(?)   = Single letter truncation 

Near operator (NEAR/): NEAR/5 finds the words if they are a maximum of five 

words apart from one another, regardless of the order in which they appear. 
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PsycINFO (EBSCO)  

Rows �F�R�P�E�L�Q�H�G���Z�L�W�K���³�2�5�´���D�Q�G���F�R�O�X�P�Q�V���F�R�P�E�L�Q�H�G���Z�L�W�K���³�$�1�'�´ 

Elderly/frailty domain  
 
 

Anticholinergic domain  Epidemiological filters 
domain  

Aged 
 

�³�0�X�V�F�D�U�L�Q�L�F Antagonists" (DE "Epidemiology")  

�³�O�D�W�H�
 �O�L�I�H�´  "Anticholinergic Syndrome" �³�H�S�L�G�H�P�L�R�O�R�J�L�F���V�W�X�G�L�H�V�´ 
 
"Age �)�D�F�W�R�U�V�´ 

"Cholinergic �$�Q�W�D�J�R�Q�L�V�W�V�V� �´  
"case-control studies"  

 
�³�R�O�G�H�U �D�G�X�O�W�
�´ 

anti#choliner*   
(DE "Cohort Analysis")  

 
elderly 

 
anti#muscarinic*  

 
case control  

 
(DE "Geriatrics")  

 
(anti#choliner*) N5 (drug* or 
medic* or therap* or regime* 
or treatment* or preparation* 
or remed* or pill* or tablet* or 
prescri* or dose* or dosing*)  

cohort stud*  

 
geriatric*  

 
�³�F�K�R�O�L�Q�H�U�J�L�F �E�O�R�F�N�
�´  

cohort analy*  

 
senior* 

 
(cholinergic blocking* or 
anti#muscarinic* or 
muscarinic antagonist* or 
parasympatholytic* or 
atropinic*) N5 (drug* or 
medic* or agent* or therap* 
or regime* or treatment* or 
preparation* or remed* or 
pill* or tablet* or prescri* or 
dose* or dosing*)  

 
cohort N5 (study or studies)  

 
pensioner* 

 
�³�P�X�V�F�D�U�L�Q�L�F �D�Q�W�D�J�R�Q�L�V�W�
�´  

 
follow N5 (study or studies)  

 
oap*  

�³�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F �V�\�Q�G�U�R�P�H�
�´  observation* N5 (study or 
studies)  

 
(DE "Retirement")  

 
�³�F�K�R�O�L�Q�H�U�J�L�F �D�Q�W�D�J�R�Q�L�V�W�
�´  

 
longitudinal  

 
retired 

 
parasympatholytic* 

 
retrospective  

 
retiree* 

 
�³�P�X�V�F�D�U�L�Q�L�F receptor �E�O�R�F�N�
�´ 

 
�³�F�U�R�V�V �V�H�F�W�L�R�Q�D�O�´  

 
�³�R�O�G�H�V�W �R�O�G�´ 

 
atropin*  

 
�³�F�U�R�V�V �V�H�F�W�L�R�Q�D�O�´ N5 (study 
or studies)  

 
�³�G�H�H�S old �D�J�H�´  

 
(anti#choliner* or 
anti#muscarinic*) N5 
(burden* or risk* or assess* 
or scale* or tool* or quantif* 
or measure* or rating* or 
load* or accumulat* or 
capacit*)  

survey  

 
polypathologic*  

 
�³�D�Q�W�L���F�K�R�O�L�Q�H�U�J�L�F cognit* 
�E�X�U�G�H�Q�´  
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(DE "Geriatric Assessment")   
acb  

 

 
�³�J�H�U�L�D�W�U�L�F �D�V�V�H�V�V�P�H�Q�W�´ 

�³�G�U�X�J burden �L�Q�G�H�[�´   

 
retirement  

 
�³�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F risk �V�F�D�O�H�´  

 

 
�³�F�R�P�S�U�H�K�H�Q�V�L�Y�H geriatric 
�D�V�V�H�V�V�P�H�Q�W�´  

 
ars  

 

 
Frailty  

 
  
�³�D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F drug �V�F�D�O�H�
�´ 

 

 
frail* 

 
ads  
 

 

 
(DE "Geriatric Psychiatry")  

Sedative N1 (load or burden 
or accumulat*) 

 

 
 
(DE "Geropsychology") 

  

 
�³�J�H�U�L�D�W�U�L�F �S�V�\�F�K�R�O�R�J�\�´  

  

 
�³�J�H�U�L�D�W�U�L�F 
�S�V�\�F�K�R�S�K�D�U�P�D�F�R�O�R�J�\�´  

  

 
�³�S�U�H-�I�U�D�L�O�
�´  

  

 
robust 

  

 
�³�P�L�O�G�
 �I�U�D�L�O�
�´  

  

 
�³�P�R�G�H�U�D�W�
 �I�U�D�L�O�
�´ 

  

 
�³�V�H�Y�H�U�H�
 �I�U�D�L�O�
�´ 

  

 
�³�H�[�W�U�H�P�H�
 �I�U�D�L�O�
�´  

  

 
�³�I�U�D�L�O�
 �V�W�D�W�
�´ 

  

 
�³�F�R�J�Q�L�W�L�Y�
 �I�U�D�L�O�
�´ 

  

 
�³�S�K�\�V�L�F�
 �I�U�D�L�O�
�´ 

  

 
�³�J�H�U�L�D�W�U�L�F �V�\�Q�G�U�R�P�H�
�´ 

  

 
 
(DE "Functional Status")  

  

 
Sarcopenia 

  

 
sarcop#eni*  

  

 
�³�F�X�P�X�O�D�W�L�Y�H �G�H�I�L�F�L�W�
�´  

  

 
�³�S�K�H�Q�R�W�\�S�H �P�R�G�H�O�
�´  

  

 
(edmonton or fried) N5 
(index* or indicator* or score* 
or scale* or tool* or test* or 
model* or phenotype* or 
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criteri* or marker* or method* 
or instrument* or assess* or 
exam* or evaluat* or 
measure* or screen* or 
diagnos* or detect* or 
identif*)  
 
�³�:�D�Oking Speed"  

  

 
�³�J�D�L�W �V�S�H�H�G�
�´  

  

 
�³�J�U�L�S �V�W�U�H�Q�J�W�K�´  

  

 
�³�+�D�Q�G �6�W�U�H�Q�J�W�K�´  

  

 
�³�W�L�P�H�
 up and �J�R�´  

  

 
�³�W�L�P�H�
 up and go �W�H�V�W�
�´  

  

 
tugt  

  

 
gug 

  

 
�³�J�H�W up and go �W�H�V�W�
�´  

  

 
�³�J�H�W up and �J�R�´  

  

 
(DE "Activities of Daily 
Living")  

  

 
physical N3 function*  

  

 
�³�P�X�O�W�L-�P�R�U�E�L�G�
�´  

  

 
�³�D�G�Y�D�Q�F�H�G �D�J�H�
�´  

  

 
�³�P�X�O�W�L-�G�L�V�H�D�V�H�
�´  

  

 
(multidisease* or multi-
disease* or (multiple N1 (ill* 
or disease# or condition* or 
syndrome* or disorder*)))  
 

  

 
Symbols:    

DE = Subjects [exact].  

(*)   = Replaces one or more letters 

(#)   = Matches one optional character. 

Near operator (N): N5 finds the words if they are a maximum of five words apart 

from one another, regardless of the order in which they appear. 
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Appendix 3: Screening flowchart for title/abstracts and full  texts  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Outcomes : Any of the following outcomes assessed? 
 

Primary : Physical impairment, cognitive dysfunction, frailty 
status/severity 

Secondary : Unplanned hospitalisation, institutionalisation, 
mortality, change in quality of life, serious/minor adverse events, 
adverse drug reactions (ADRs), antimuscarinic side effects (eg: 
xerostomia, visual impairment, constipation, tachycardia, urinary 

retention, hyperthermia), withdrawal of medicine(s) due to adverse 
effects, still on study medication therapy at end of final follow-up. 

 

EXCLUDE  
 

NO 

Exposure:  Anticholinergics  
Does the study observe the exposure to anticholinergic medicines? 

This can be reported as: 
- Anticholinergics, antimuscarinics, anticholinergic burden 

- Atropinic drugs, sedative load 
- Potentially inappropriate prescribing PIM) 

- Medicines within the Drug Burden Index (DBI) 
- Antidepressants 

NB: if various drugs are discussed, have to be able to separate 
and report on anticholinergic drugs independently. 

 

YES 

NO EXCLUDE  
 

Study type:  
Was the study an observational study? Eg: 

prospective/retrospective cohort studies, or case-controlled study? 

YES 

NO 

Population:  
Does the study population consist of older people with mean age 

of 65 or over?  

NO 

YES 

Frailty:  
Was an assessment of baseline function/ dependency / frailty / 
multimorbidity conducted? Can you therefore identify frailty?  

YES 

NO 

EXCLUDE  
 

EXCLUDE  
 

EXCLUDE  
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Appendix 4: Summary of reasons for excluding studies at full  text review stage  

 
Study first author (year)  
 

Study title  Reason for exclusion  

Aizenburg, (2002) 219 
 

Anticholinergic Burden and the Risk of Falls Among Elderly 
Psychiatric Inpatients: A 4-Year Case-Control Study 

No validated measure of frailty.  

Ancelin, (2006) 205 Non-degenerative mild cognitive impairment in elderly 
people and use of anticholinergic drugs: longitudinal cohort 
study 

No validated measure of frailty.  

Andre, (2019) 238 
 

Anticholinergic exposure and cognitive decline in older 
adults: effect of anticholinergic exposure definitions in a 3-
year analysis of the multidomain Alzheimer preventive trial 
(MAPT) study 

Frailty reported, however outcomes stratified by frailty not 
reported. 

Ball, (2015) 597 
 

Anticholinergic Burden Assessed using General Practice 
Electronic records 

No validated measure of frailty. 

Berdot, (2009) 598 
 

Inappropriate medication use and risk of falls �± A 
prospective study in a large community-dwelling elderly 
cohort 

No validated measure of frailty. 

Bostock, (2013) 492 
 

Associations between different measures of anticholinergic 
drug exposure and Barthel Index in older hospitalized 
patients 

No validated measure of frailty. 

Bottiggi, (2006) 599 
 

Long-Term Cognitive Impact of Anticholinergic Medications 
in Older Adults 

No validated measure of frailty. 

Byrne, (2019) 243 
 

Impact of drug burden index on adverse health outcomes in 
Irish community-dwelling older people: a cohort study 

Frailty reported as an outcome, but unable to identify 
whether there is a change in frailty state associated with 
the exposure. 

Campbell, (2011) 600 
 

Association Between Prescribing of Anticholinergic 
Medications and Incident Delirium: A Cohort Study 

No validated measure of frailty. 

Cancelli, (2010) 601 
 

Anticholinergic drugs increase the risk of cognitive decline 
and dementia in older people  

No validated measure of frailty. 

Chatterjee, (2017) 602 
 

Risk of Mortality Associated with Anticholinergic Use in 
Elderly Nursing Home Residents with Depression  

No validated measure of frailty. 
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Esin, (2015) 603 
 

Influence of antimuscarinic therapy on cognitive 
functions and quality of life in geriatric patients 
treated for overactive bladder 

No validated measure of frailty. 

George, (2017) 604 
 

Polypharmacy and Gait Performance in Community�±
dwelling Older Adults  

Unable to isolate anticholinergics from the exposure 
variable.  

Giron, (2001) 605 
 

The appropriateness of drug use in older nondemented and 
demented population 

No validated measure of frailty. 

Gnjidic, (2009) 236 
 

Drug Burden Index and physical function in older Australian 
men 

No evidence of a pre-frail/frail sample. 

Gnjidic, (2014) 234 
 

Sedative load and functional outcomes in community-
dwelling older Australian men: the CHAMP study 

No evidence of a pre-frail/frail sample. 

Gnjidic, (2012) 248 
 

High-Risk Prescribing and Incidence of Frailty among Older  
community-Dwelling Men 

Frailty reported as an outcome, but unable to identify 
whether there is a change in frailty state associated with 
the exposure. 

Han, (2008) 206 
 

Cumulative Anticholinergic Exposure Is Associated with 
Poor Memory and Executive Function in Older Men 

No validated measure of frailty. 

Hassan, (2018) 606 
 

Associations between Drug Burden Index, medication 
appropriateness and patient-reported outcomes in the 
community pharmacy setting in Malaysia 

Frailty reported, however outcomes stratified by frailty not 
reported. 

Herr (2017) 246 
 

Frailty, polypharmacy, and potentially inappropriate 
medications in old people: findings in a representative 
sample of the French population 

Frailty reported as an outcome, but unable to identify 
whether there is a change in frailty state associated with 
the exposure. 

Hilmer (2009) 237 
 

Drug Burden Index Score and Functional Decline in Older 
People 

No evidence of a pre-frail/frail sample. 

Huang (2012) 607 
 

Relationship between Potentially Inappropriate 
Anticholinergic Drugs (PIADs) and Adverse Outcomes 
among Elderly Patients in Taiwan  

No validated measure of frailty.  

Inkeri, (2019) 608 
 

Anticholinergic drug use and its association with self�æ
reported symptoms among older persons with and without 
diabetes 

No validated measure of frailty.  

Jamsen, (2017) 498 
 

Drug Burden Index and change in cognition over time in  
community-dwelling older men: the CHAMP study 

No validated measure of frailty.  

Kersten, (2015) 609 
 

Clinical impact of potentially inappropriate medications 
during hospitalization of acutely ill older patients with 
multimorbidity 

Unable to isolate anticholinergics from the exposure 
variable. (Unable to contact corresponding author to 
request this data) 
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Khan, (2013) 610 
 

Clinical Decision Support System and Incidence of Delirium 
in Cognitively Impaired Older Adults Transferred to Intensive 
Care  

No validated measure of frailty. 

Koyama, (2014) 196 
 

Long-term Cognitive and Functional Effects of Potentially 
Inappropriate Medications in Older Women 

No validated measure of frailty. 

Kroger, (2019) 611 
 

Is the Drug Burden Index Related to Declining Functional 
Status at Follow-up in Community-Dwelling Seniors 
Consulting for Minor Injuries? Results from the Canadian 
Emergency Team Initiative Cohort Study 

Unable to isolate anticholinergics from the exposure 
variable. (Unable to contact corresponding author to 
request this data) 

Lampela, (2013) 612 
 

Anticholinergic Drug Use, Serum Anticholinergic Activity, 
and Adverse Drug Events Among Older People: A 
Population-Based Study 

No validated measure of frailty. 

Lampela, (2016) 245 
 

Association Between Anticholinergic Load and Frailty in 
Community-dwelling Older People 

Frailty reported as an outcome, but unable to identify 
whether there is a change in frailty state associated with 
the exposure. 

Landi, (2014) 613 
 

Anticholinergic Drug Use and Negative Outcomes Among 
the Frail Elderly Population Living in a Nursing Home 

No validated measure of frailty. 

Lowry, (2011) 614 
 

Associations Between the Anticholinergic Risk Scale Score 
and Physical Function: Potential Implications for Adverse 
Outcomes in Older Hospitalized Patients  

No validated measure of frailty. 

MacLagan, (2017) 615 
 

Frailty and Potentially Inappropriate Medication Use at 
Nursing Home Transition 

No reporting of clinical outcomes.  

Merchant, (2009) 616 
 

Use of drugs with anticholinergic effects and cognitive 
impairment in community-living older persons 

No validated measure of frailty. 

Moulis, (2015) 241 
 

Exposure to Atropinic Drugs and Frailty Status  Frailty reported as an outcome, but unable to identify 
whether there is a change in frailty state associated with 
the exposure. 

Movig, (2001) 617 
 

Association Between Oxybutynin and Neuropsychiatric 
Adverse Effects Not Confirmed In Daily Practice 

No validated measure of frailty. 

Myint, (2015) 618 
 

Total anticholinergic burden and risk of mortality and 
cardiovascular disease over 10 years in 21,636 middle-aged 
and older men and women of EPIC-Norfolk prospective 
population study 

No validated measure of frailty. 
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O'Connell, (2018) 619 
 

Drug burden index to define the burden of medicines in older 
adults with intellectual disabilities: An observational cross-
sectional study 

No validated measure of frailty. 

O'Connell, (2019) 620 
 

Association of Drug Burden Index with grip strength, timed 
up and go and Barthel index activities of daily living in older 
adults with intellectual disabilities: an observational cross-
sectional study 

Inappropriate population.  

Oken, (2006) 621 
 

Cognition and fatigue in multiple sclerosis: Potential effects 
of medications with central nervous system activity 

No validated measure of frailty. 

Pasina, (2013) 577 
 

Association of Anticholinergic Burden with Cognitive and 
Functional Status in a Cohort of Hospitalized Elderly: 
Comparison of the Anticholinergic Cognitive Burden Scale 
and Anticholinergic Risk Scale 

No validated measure of frailty. 

Peklar, (2015) 622 
 

Sedative Load and Frailty Among Community-Dwelling 
Population Aged 65 Years  

Frailty reported as an outcome, but unable to identify 
whether there is a change in frailty state associated with 
the exposure. 

Petrov, (2014) 623 
 

Benzodiazepine (BZD) use in community-dwelling older 
adults: Longitudinal associations with mobility, functioning, 
and pain  

No validated measure of frailty. 

Risacher, (2016) 499 
 

Association Between Anticholinergic Medication Use and 
Cognition, Brain Metabolism, and Brain Atrophy in 
Cognitively Normal Older Adults 

No validated measure of frailty. 

Salahudeen, (2015) 624 
 

Anticholinergic burden quantified by anticholinergic risk 
scales and adverse outcomes in older people: a systematic 
review 

Inappropriate study design. 

Salahudeen, (2015) 625 
 

Comparison of Anticholinergic Risk Scales and Associations 
with Adverse Health Outcomes in Older People 

No validated measure of frailty. 

Sanders, (2017) 626 
 

Relationship between drug burden and physical and 
cognitive functions in a sample of nursing home patients with 
dementia 

No evidence of a pre-frail/frail sample. (Unable to contact 
corresponding author to request further) 

Sargent, (2018) 244 
 

Anticholinergic Drug Induced Cognitive and Physical 
Impairment: Results from the InCHIANTI Study 

Frailty reported as an outcome, but unable to identify 
whether there is a change in frailty state associated with 
the exposure. 

Seifert, (1983) 627 
 

Use of anticholinergics in the nursing home: an empirical 
study and review 

Unable to obtain full text. 
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Shapiro (2017) 628 
 

Medication Use Leading to Hospital Readmission in Frail 
Elders  

No validated measure of frailty. 

Sharma, (2018) 629 
 

Predictors of Falls and Fractures Leading to Hospitalization 
in People with Dementia: A Representative Cohort Study 

No validated measure of frailty. 

Sura, (2015) 630 
 

Anticholinergic drugs and health-related quality of 
life in older adults with dementia 

No validated measure of frailty. 

Taipale, (2011) 233 
 

Muscle Strength and Sedative Load in Community- Dwelling 
People Aged 75 Years and Older: A Population- Based 
Study  

Unable to isolate anticholinergics from the exposure 
variable.  

Teramura -Grönblad , (2011) 
631 
 

Use of Anticholinergic Drugs and Cholinesterase Inhibitors 
and Their Association with Psychological Well-Being Among 
Frail Older Adults in Residential Care Facilities  

No validated measure of frailty. 

Uusvaara, (2013) 632 Detailed Cognitive Function and Use of Drugs with 
Anticholinergic Properties in Older People 

No validated measure of frailty. 

Villalba -Moreno, (2018) 579 Association Between Drug Burden Index and Functional and 
Cognitive Function in Patients with Multimorbidity 

No validated measure of frailty. 

Wauters, (2016) 633 
 

Polypharmacy in a Belgian cohort of community- dwelling 
oldest old (80+)  

No validated measure of frailty. 

Wouters, (2017) 251 Quantification of anticholinergic and sedative drug load with 
the Drug Burden Index: a review of outcomes and 
methodological quality of studies 

Inappropriate study design. 

Wouters, (2019) 582 Long-Term Exposure to Anticholinergic and Sedative 
Medications and Cognitive and Physical Function in Later 
Life  
 

No evidence of a pre-frail/frail sample. 

Wu, (2017) 242 Association between using medications with anticholinergic 
properties and short-term cognitive decline among older 
men: A retrospective cohort study in Taiwan 

Frailty reported as an outcome, but unable to identify 
whether there is a change in frailty state associated with 
the exposure. 

Yalya, (2015) 634 
 

Drugs with anticholinergic side�æeffects in primary care  
 

Very few participants in the study exposed to 
anticholinergic medicines. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Teramura-Gr%C3%B6nblad%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21562310
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Appendix 5: Data visualisations to assist with predictor selection   
 
Visualisations of anticholinergic and frailty variables and their associations with 

the outcomes, to assist with predictor selection 

 
MoCA  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A5.1 - A box plot showing the relationship between the MoCA score, and the total 
ACB score (ACBsum).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A5.2 - A box plot showing the relationship between the MoCA score, and the total 
number of medicines on the ACB scale (ACBcount).  
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Figure A5.3 - A box plot showing the MoCA score, stratified by frailty grade, as per the 
eFI.  
 
 
 
 
Barthel Index  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure A5.4 - A box plot showing the relationship between the Barthel Index, and the total 
ACB score (ACBsum).  
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Figure A5.5 - A box plot showing the relationship between the Barthel Index, and the total 
number of medicines on the ACB scale (ACBcount).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A5.6 - A box plot showing the Barthel Index, stratified by frailty grade, as per the 
eFI. 
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EQ-5D-5L 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A5.7 - A box plot showing the relationship between the EQ -5D-5L score, and the 
total ACB score (ACBsum).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A5.8 - A box plot showing the relationship between the EQ -5D-5L score, and the 
total number of medicines on the ACB scale (ACBcount).  
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Figure  A5.9 - A box plot showing the EQ -5D-5L, stratified by frailty grade, as per the eFI.  
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Appendix 6: Number of times anticholinergic medicines observed in 
baseline CARE75+ data, stratified by mild, moderate and severe frailty  

 
 
ACB medicines with a score of 1  
 
 

  
Number of times anticholinergic medicines observed  

  

Medicine (ACB1)  

Across whole 
sample 
(n=2059 
observations)  

% of whole 
sample 
observa -
tions  

Mild 
(>0.12-
0.24) 
(n=735) 

Moderate 
(>0.24-
0.36) 
(n=643) 

Severe 
(>0.36) 
(n=251) 

Ramipril  380 18.46% 144 146 48 

Bendroflumethiazide  218 10.59% 103 62 8 

Furosemide  200 9.71% 40 82 71 

Co-codamol  164 7.97% 48 74 21 

Warfarin  141 6.85% 39 63 28 

Isosorbide  112 5.44% 30 51 30 

Atenolol  104 5.05% 27 46 10 

Lisinopril  91 4.42% 36 21 20 

Doxazosin  85 4.13% 26 36 11 

Indapamide  80 3.89% 20 38 6 

Ranitidine  71 3.45% 26 20 14 

Prednisolone  62 3.01% 21 24 15 

Codeine  54 2.62% 12 25 11 

Enalapril  51 2.48% 27 14 5 

Tiotropium inhaler  51 2.48% 9 24 14 

Perindopril  50 2.43% 22 13 6 

Cetirizine  42 2.04% 15 17 5 

Digoxin  41 1.99% 11 15 12 

Tramadol  41 1.99% 9 23 8 

Nifedipine  39 1.89% 12 14 7 

Citalopram  34 1.65% 7 16 5 

Loperamide  32 1.55% 16 9 4 

Loratadine  28 1.36% 14 11 0 

Umeclidinium inhaler 
(Incruse)  

28 1.36% 5 17 6 

Mirtazapine  27 1.31% 3 7 11 

Fexofenadine  26 1.26% 3 9 7 

Co-dydramol  25 1.21% 7 9 4 

Mebeverine  24 1.17% 9 9 0 

Buprenorphine patch  21 1.02% 1 13 5 

Sertraline  20 0.97% 7 10 1 
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Metoprolol  17 0.83% 1 12 0 

Fentanyl patch  16 0.78% 4 11 0 

Bumetanide  15 0.73% 5 5 5 

Fluoxetine  14 0.68% 6 4 2 

Morphine  13 0.63% 5 4 3 

Desloratadine  8 0.39% 8 0 0 

Dihydrocodeine  8 0.39% 0 6 2 

Dipyridamole  8 0.39% 2 6 0 

Venlafaxine  8 0.39% 1 1 3 

Fluticasone+  
vilanterol+  
umeclidinium inhaler 
(Trelegy)  

7 0.34% 2 2 2 

Prochlorperazine  7 0.34% 0 4 3 

Aminophylline  6 0.29% 0 6 0 

Colchicine  6 0.29% 4 1 1 

Valsartan+ 
hydrochlorothiazide  

6 0.29% 3 1 1 

Indacaterol+ 
Glycopyrronium 
(Ultibro)  

5 0.24% 0 1 4 

Escitalopram  4 0.19% 0 4 0 

Irbesartan + 
hydrochlorothiazide  

4 0.19% 0 1 3 

Nifedipine  4 0.19% 12 14 7 

Aclidinium inhaler  3 0.15% 3 0 0 

Amisulpride  3 0.15% 1 1 1 

Baclofen  3 0.15% 1 2 0 

Beclometasone+ 
formoterol+ 
glycopyrronium 
inhaler  

3 0.15% 0 3 0 

Co-amilofruse  3 0.15% 0 0 3 

Glycopyrronium 
inhaler (Seebri)  

3 0.15% 0 1 2 

Hydralazine  3 0.15% 0 0 3 

Losartan+ 
hydrochlorothiazide  3 0.15% 0 1 0 

Theophylline  3 0.15% 0 2 1 

Acrivastine  2 0.10% 0 0 0 

Alimemazine  2 0.10% 0 2 0 

Hydrochlorothiazide  2 0.10% 0 0 0 

Paracetamol+ 
tramadol  

2 0.10% 2 0 0 

Risperidone  2 0.10% 0 2 0 

Tapentadol  2 0.10% 2 0 0 

Aclidinium+ 
formoterol inhaler 
(Duaklir)  

1 0.05% 0 1 0 
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Levocetirizine  1 0.05% 0 0 1 

Loprazolam  1 0.05% 0 1 0 

Oxycodone  1 0.05% 1 0 0 

Oxycodone+ 
naloxone  

1 0.05% 1 0 0 

Trazodone  1 0.06 0 1 0 

 
 
ACB medicines with a score of 2  
 
 

  
Number of times anticholinergic medicines observed  

 

Medicine (ACB2)  

Across whole 
sample 
(n=2059 
observations)  

% of whole 
sample 
observations  

Mild 
(>0.12-
0.24) 
(n=735) 

Moderate 
(>0.24-
0.36) 
(n=643) 

Severe 
(>0.36) 
(n=251) 

Atenolol+  
chlortalidone  

29 1.41% 9 7 3 

Carbamazepine  8 0.39% 2 2 2 

Enalapril+  
hydrochlorothiazide  

2 0.10% 0 2 0 

Lisinopril+  
hydrochlorothiazide  

2 0.10% 2 0 0 

Captopril+  
hydrochlorothiazide  

1 0.05% 0 1 0 

Perindopril+  
indapamide  

1 0.05% 0 1 0 

 
 
ACB medicines with a score of 3  
 
 

  
Number of times anticholinergic medicines observed  

  

Medicine (ACB3)  

Across whole 
sample 
(n=2059 
observations)  

 % of whole 
sample 
observations  

Mild 
(>0.12-
0.24) 
(n=735) 

Moderate 
(>0.24-
0.36) 
(n=643) 

Severe 
(>0.36) 
(n=251) 

Amitriptyline  121 5.88% 37 54 21 

Solifenacin  48 2.33% 15 21 11 

Tolterodine  23 1.12% 6 6 8 

Dosulepin  11 0.53% 3 6 0 

Oxybutynin  11 0.53% 0 4 4 

Promethazine  10 0.49% 4 2 2 

Hydroxyzine  7 0.34% 2 5 0 



411 
 

Hyoscine  7 0.34% 3 4 0 

Paroxetine  6 0.29% 0 2 4 

Fesoterodine  4 0.19% 3 1 0 

Solifenacin+tamsulosin  4 0.19% 2 0 0 

Cyclizine  3 0.15% 1 2 0 

Trospium  3 0.15% 0 1 2 

Nortriptyline  2 0.10% 0 2 0 

Darifenacin  1 0.05% 0 1 0 
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Appendix 7: Recruitment flyer  
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Appendix 8: Participation Information Sheet (PIS)  
 

 
�(�[�S�O�R�U�L�Q�J���+�H�D�O�W�K���&�D�U�H���3�U�R�I�H�V�V�L�R�Q�D�O�V�¶���Y�L�H�Z�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V���R�I���X�V�L�Q�J���U�L�V�N��

prediction tools, to aid anticholinergic deprescribing decisions in older 
people living with frailty.  

 
PARTICIPANT INFORMATION SHEET (PIS) (V2 �± 27/05/20) 

 
You are being invited to take part in a research study. Before you decide if you want to 
take part, it is important for you to understand why the research is being carried out 
and what it will involve for you.  
 
Please take time to read the following information carefully and discuss it with others if 
you wish. Please ask if there is anything that is not clear or if you would like more 
information. Thank you for reading this.  
 
Who will conduct the research?  
A team of researchers from the University of Bradford Pharmacy School led by Mr 
David Mehdizadeh, who is conducting the research as part of his wider PhD project. 
 
What is the aim of the research?  
The aim of the study is to �H�[�S�O�R�U�H���K�H�D�O�W�K���F�D�U�H���S�U�R�I�H�V�V�L�R�Q�D�O�V�¶�����+�&�3�V�����Y�L�H�Z�V���D�Q�G��
�S�H�U�V�S�H�F�W�L�Y�H�V���R�Q���W�K�H���S�R�W�H�Q�W�L�D�O���I�R�U���µ�U�L�V�N���S�U�H�G�L�F�W�L�R�Q���W�R�R�O�V�¶�����W�R���D�L�G���D�Q�W�L�F�K�R�O�L�Q�H�U�J�L�F��
deprescribing decisions in older people living with frailty. The findings will be used to 
inform further work, with a view to the future development of a deprescribing decision 
support tool; facilitating decisions to reduce anticholinergic burden in this vulnerable 
patient group.  
 
What are risk prediction tools?  
They enable HCPs to use models, scores or algorithms to predict the probability of a 
patient developing a condition, or experiencing adverse health outcomes, based on 
patient risk factor data. An example of a risk prediction tool used in primary care is 
QRISK2; a cardiovascular disease risk calculator based on patient demographics and 
clinical information. 
 
Why have I been chosen?  
You have been chosen as in your role within primary care, you have gained insight into 
medicines management of older people living with frailty, and have experience in 
decision making with regards to prescribing/deprescribing. This may be through 
personal experience, or observation of these experiences in your work. This is not  
limited to those with prescribing credentials, and is open to all primary care 
professionals e.g. general practitioners (GPs), community geriatricians, clinical 
pharmacists, community pharmacists, pharmacy technicians, advanced nurse 
practitioners (ANPs), nurses, advanced clinical practitioners (ACPs) and allied health 
professionals (AHPs). 
 
What would I be asked to do if I took part?  
You will be asked to take part in a one-to-one interview in your own time, using an 
online platform such as Skype or Microsoft Teams. This will not be a video call. Digital 
audio recording will take place. A traditional telephone call is also available to those 
who request this, and will also be recorded (by a encrypted digital audio recorder). The 
interview will be semi-structured, led by the interviewer (David Mehdizadeh). We 
expec t that the interview will take no longer than 60 minutes to complete.  
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If you are interested in taking part, please sign and email the attached consent form to: 
D.Mehdizadeh@Bradford.ac.uk . Once we have received a consent form from you, 
you will be contacted in order to arrange a convenient time for you to be interviewed. 
 
Where will the research be conducted?  
You can conduct this research from anywhere, using a PC, laptop, or even a mobile 
device. However, we do ask that you conduct the interview from a private area, where 
others cannot overhear the conversation.  
 
What happens to the data collected?  
All information provided by you during any communications and indeed during the 
interview will be kept strictly confidential, and stored securely within password 
protected University networks (Microsoft OneDrive). This will only be accessible to 
David Mehdizadeh, as the custodian of the data generated. The digital audio files 
generated from the interviews will be saved to the secure University network. The 
recording will then be transcribed, which means that the discussion will be listened to 
and then the discussion will be put into written words. Once the transcripts have been 
checked for accuracy by the research team, the audio-recordings will be destroyed 
through deletion of files on OneDrive. The transcript of the interview will have any 
names or other information that might make it possible to identify you removed. This 
means that we can then store the transcripts in an anonymised form on the password 
protected network. Within 6 months of study completion, data will be deleted from 
OneDrive and therefore permanently destroyed.  
 
The anonymised transcripts will be analysed by the research team to look for any 
common themes. Findings from the analysis may be published in a report, journal 
articles and/or conference presentations and may include quotations from the group 
discussions, but these will not have your name or be attributed to any particular 
participant.  
 
What are the benefits and risks to me of takin g part in the study?  
There is no direct benefit, although the information you provide will help us gain a 
better understanding of your views and perspectives of risk prediction, in the context of 
aiding anticholinergic prescribing/deprescribing decisions in those living with frailty. 
This will help us design further studies to research this area, and inform the future 
development of a deprescribing decision support tool. Taking part may also help you 
reflect on decision making in medicines management, and you will receive a certificate 
of participation which can be used as CPD for revalidation. It is unlikely that you will 
experience any dangers, discomfort or inconvenience.  
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How is confidentiality maintained?  
Confidentiality will be maintained at all times and handled in accordance with the Data 
Protection Act 2018. This is very important to us. Your name and any identifying 
features will be removed so that all written transcripts are anonymised. This means we 
can respect confidentiality at all times. All completed consent forms will be stored 
electronically within secure University networks, or locked in a filing cabinet in a locked 
office. All findings reported in reports, articles and presentations will not be traceable 
back to you. Details of your participation will not be divulged to any person outside of 
our research team. The study will respect confidentiality and ask you not to mention 
patients or colleagues by name. If any details of colleagues or patients are mentioned 
they will be promptly removed from the interview data. In the interests of patient safety, 
it may be deemed necessary to break this confidentiality if you describe some 
seriously unsafe practice of yours, in which we have an obligation to report this to the 
appropriate bodies. If this situation occurs, the interview will be stopped and the matter 
discussed with you, making it clear what is happening and before discharging that 
responsibility.  
 
What happens if I do not want to take part or if I change my mind?  
It is up to you to decide whether or not to take part. If you do decide to take part, please 
complete a consent form. If you choose not to take part, simply do not complete the 
consent form.  
 
What happens if I want to change my mind?  
You can withdraw from the study at any time without giving reason and without 
detriment to yourself. You may also leave the interview at any point, if you wish to. The 
information collected can be destroyed after you withdraw if you prefer. You are free to 
withdraw up to 7 days after the interview, but after this period the transcript will be 
anonymised and it will not be possible to remove information you have given. 
 
Who is funding the research?  
The research is funded by the NIHR Yorkshire and Humber Patient Safety 
Translational Research Centre (NIHR YHPSTRC), who are funding David 
�0�H�K�G�L�]�D�G�H�K�¶�V���3�K�'���S�U�R�J�U�D�P�P�H�� 
 
Who has reviewed the study?  
Ethics approval has been granted by the Chair of the Biomedical, Natural, Physical and 
Health Sciences Research Ethics Panel at the University of Bradford on 11/06/2020 
(ref: E807). 
 
What do I do next?  
Please complete the consent form.  
 
What if there is a problem?  
The study researcher will be available to resolve any problems (contact details below). 

Researcher: David Mehdizadeh (D.Mehdizadeh@Bradford.ac.uk)   
Based at: University of Bradford, School of Pharmacy & NIHR Patient Safety 
Translational Research Centre 

Principal supervisor: Prof Peter Gardner (P.H.Gardner@Bradford.ac.uk) 
Based at: University of Bradford, School of Pharmacy 
 
If you want to make a formal complaint about the conduct of the research then please 
contact the named point of contact for research integrity at the University of Bradford: 
Professor John Bridgeman, Pro-Vice Chancellor (Research and Knowledge Transfer), 
Office of the Vice-Chancellor, University of Bradford, Richmond Road, Bradford, BD7 
1DP, Tel: 01274 235565, Email: p.mclaren@bradford.ac.uk (Pam McClaren �± PA).   
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Appendix 9:  Participant Consent Form  
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Appendix 10:  Interview Schedule  
 
 

 
 
 

�(�[�S�O�R�U�L�Q�J���+�H�D�O�W�K���&�D�U�H���3�U�R�I�H�V�V�L�R�Q�D�O�V�¶���Y�L�H�Z�V��and perspectives of using risk 
prediction  tools,  to aid anticholinergic deprescribing decisions  in older 

people living with frailty  �± INTERVIEW SCHEDULE 
 

The interview will begin with a brief introduction from the PhD candidate, 
introducing his research area, the topic of discussion, and the aims of this 
study. This will also introduce the structure of the interview, and how the topic of 
discussion will be split in to two parts: 
 
�x Part one:  Discussing frailty, and anticholinergic burden, in the context of 

influencing prescribing/deprescribing decisions. 
�x Part two:  Discussing the future use of risk prediction tools to facilitate 

deprescribing decisions.  

 
Part one - Frailty, anticholinergic burden, and deciding to deprescribe 
In part one, the participant will be presented with three main questions: 

 
1) What are your views or perspectives of managing anticholinergic 

prescribing in older people living with frailty?  
 

2) How do  frailty status , and anticholinergic burden influence your 
anticholinergic deprescribing decisions ? 
 

3) Which potential adverse outcomes can inf luence your decisions to 
reduce anticholinergic burden in older people living with frailty?  

 
Part two �± The use of risk prediction tools to aid anticholinergic deprescribing 
decisions, in older people living with frailty 
 

4) What are your views and perspectiv es of using risk prediction tools 
(e.g QRISK2) to help inform prescribing decisions?  
 

5) Looking to the future, what are your thoughts on using risk 
prediction tools to aid  anticholinergic deprescribing decisions, in 
older people living with frailty?  
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Appendix 11 a: NHS REC tool �± Is my study research?  
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Appendix 11b: NHS REC tool �± Do I need NHS REC review?  
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Appendix 12: Certificate of Participation  
 

 

 
This certificate confirms that 

 

 
 
 

participated in the research study 
 

 
�(�[�S�O�R�U�L�Q�J���+�H�D�O�W�K���&�D�U�H���3�U�R�I�H�V�V�L�R�Q�D�O�V�¶���Y�L�H�Z�V���D�Q�G��

perspectives of using risk prediction tools, to aid 
anticholinergic deprescribing decisions in older 

people living with frailty  
 
 
Participation involved taking part in a semi-structured 

interview where opinions and perspectives of 
anticholinergic burden, frailty and deprescribing in 

primary care were provided. 
 

 
This comprised a total of 45 minutes activity. 

 
 

 
Professor Rebecca Lawton 
Director, NIHR Yorkshire and Humber Patient Safety Translational Research 
Centre  
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July 2020 
Appendix 13: Distress Protocol  
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