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Introduction 31 

Older people living with frailty exposed to polypharmacy are at higher risk of suffering adverse 32 

events [1]. The much-needed process of identifying patients for medication review tends to be 33 

reactive rather than planned, with few solutions capable of proactive identification using 34 

electronic health care records [2, 3]. This article describes the development of a case-finding 35 

tool, capable of identifying older people with frailty exposed to anticholinergics, and at greater 36 

risk of the adverse effects associated with anticholinergic burden.  37 

 38 

Frailty: an important consideration when prescribing 39 

Frailty is a clinical state associated with vulnerability to adverse health outcomes, such as 40 

falls, long-term care, disability and death [4], and is seen in an estimated quarter to half of 41 

over 85-year-olds [5, 6]. Age-related decline in function and physiologic reserves across 42 

multiple organ systems can lead to failure of homeostatic mechanisms, compromising one’s 43 

ability to cope with stressors [4, 7]. Older people are considered to have greater 44 

susceptibility to the adverse effects of medicines, however in frailty this is thought to more 45 

pronounced, with greater implications for pharmacokinetics and pharmacodynamics [1]. 46 

Additional caution should be applied when managing pharmacotherapies in frailty; a 47 

condition considered to be the most problematic expression of population ageing [6].  48 

 49 

Key points 
 

 The AC-FRAIL tool proactively case-finds older people within a practice 

population, likely to be living with frailty, and exposed to higher levels of 

anticholinergic burden. 

 The cumulative effect of multiple anticholinergic medicines (with antimuscarinic 

properties) raises concerns within observational research, found to be associated 

with various severe adverse outcomes. 

 Older people living with frailty are less likely to tolerate the adverse effects of 

anticholinergic medicines, and are more likely to experience adverse outcomes.  

 As of writing, it is not possible to generate total anticholinergic burden scores 

within clinical systems for a practice population.  

 In general, frailty is superior to age in identifying at-risk older people. The NHS 

are encouraging proactive approaches to medication reviews, with new policies 

recommending targeted reviews in the moderate-severely frail. 

 The AC-FRAIL tool can assist practices with identifying older people at greatest 

risk from anticholinergic burden, to support with medicines optimisation and 

deprescribing interventions.  



Whilst there is strong agreement that screening for frailty should be routinely undertaken [8], 50 

there is currently no consensus on the optimum operational definition of frailty, or the most 51 

appropriate assessment approach [9]. Significant progress has been made however, and 52 

two distinct approaches have been elaborated: the phenotype model [4], and the cumulative 53 

deficit model [10]. In the UK, the Electronic Frailty Index (eFI) is used as a measure of frailty 54 

in primary care electronic health care records, providing a simple yet effective mechanism 55 

for the identification of frailty within a practice population [11]. 56 

 57 

Harms of medicines with anticholinergic properties in older people  58 

Anticholinergic medicines (with antimuscarinic properties) are routinely prescribed to treat a 59 

variety of clinical indications, despite being deemed high-risk and potentially inappropriate in 60 

the management of older people [12]. Through inhibition of the neurotransmitter 61 

acetylcholine by competitive binding to central and peripheral muscarinic receptors, 62 

anticholinergic activity can lead to a variety of commonly experienced side effects, which can 63 

be debilitating in these populations [13]. Problematic side effects include dry mouth, 64 

sedation, constipation and blurred vision, however there are also concerns over the longer-65 

term adverse effects of these medicines [14]. Anticholinergic burden; defined as the 66 

cumulative effect of taking one or more medicines with anticholinergic properties [15], has 67 

emerged as a concept increasingly associated with physical dysfunction, cognitive decline, 68 

hospitalisation and mortality amongst older populations [16, 17], including those living with 69 

frailty [18]. As the evidence raises plausible concerns over the safety of these medicines in 70 

older people, it is imperative to understand which have anticholinergic properties, and how 71 

they can accumulate during the routine management of acute, and long-term conditions.  72 

 73 

There is no consensus approach to the quantification of anticholinergic burden ,with various 74 

validated scales and indexes available to clinicians [17]. The scoring of medicines tends not 75 

to be exclusively derived by patient identified side effects, and instead expert opinion, 76 

pharmacological data, in vitro analyses of serum anticholinergic activity, or indeed a 77 

combination of approaches are adopted. The 2012 update of the Anticholinergic Cognitive 78 

Burden (ACB) scale has developed momentum for clinical use within UK healthcare settings 79 

[19], and is one of the most-frequently used expert opinion based scales for investigating 80 

adverse outcomes in observational research [16]. A score of 1 (possible anticholinergic 81 

activity), 2, or 3 (definite anticholinergic activity) is assigned to reflect increasing expected 82 

anticholinergic potency, and are summed to produce an ACB score; a numeric value 83 

quantifying anticholinergic burden. This simplicity makes it an attractive scale to characterise 84 

medicines within routine electronic health records [20].  85 



We adapted the US-derived ACB scale in line with UK prescribing during the development of 86 

the AC-FRAIL tool, using an extensive list of UK specific anticholinergics developed by 87 

Richardson et al.[21]. 88 

 89 

NHS policy context 90 

Within the UK’s National Health Service (NHS), older people living with frailty are recognised 91 

as a priority group to ensure safe and effective prescribing [22]. The General Medical 92 

Services contract for England requires general practices to identify and manage patients 93 

over the age of 65 with moderate-to-severe frailty and conduct a medication review [22]. The 94 

first national service specification to be delivered by the Primary Care Networks (PCNs) in 95 

the 2020/21 period is ‘Structured Medication Reviews (SMRs) and Optimisation Services’. 96 

To address this workload, the guidance encourages a targeted approach with the use of 97 

tools and technology, focusing on reducing overmedication [23].  98 

 99 

The need for a case-finding tool 100 

The NHS Business authority can provide practices with ‘polypharmacy comparators’ data 101 

using the ePACT2 platform; a high-level view of a practice prescribing to support proactive 102 

approaches to medicines management. This can highlight the percentage of patients 103 

exposed to higher ACB scores, or excessive polypharmacy for example, and although it is 104 

possible to make a request for the NHS numbers of these patients, it is not an activity that 105 

can be run easily within a practice as a tool to support medicines management. Neither is it 106 

able to stratify patients by frailty status. In EMIS Web, it is possible to identify ACB scores for 107 

individual medicines, but not as a systematic search of patients’ total ACB scores across the 108 

practice population, and does not consider frailty. The AC-FRAIL tool is unique in how it 109 

proactively identifies anticholinergic burden amongst older people living with frailty within a 110 

practice population, by extracting data from a practice’s clinical information system, and 111 

supporting users with decisions to prioritise medication reviews. 112 

Introduction to the case-finding tool 113 

The AC-FRAIL tool processes a standardised report from TPP SystmOne to produce 114 

graphical and tabular summaries of the relationship between the eFI and ACB scores. It is 115 

implemented in Microsoft Excel for ease of uptake within NHS practices (Microsoft v16.0 on 116 

Windows (32-bit) NT 10.00). The interactive user interface helps the user explore subgroups 117 

of their patient population according to two levels of ACB score, and three levels of frailty 118 

status.  119 

 120 



Using the AC-Frail case-finding tool 121 

As illustrated in figure 1, the user begins by running and exporting a prepared TPP 122 

SystmOne report. After clicking the ‘Load Data’ button in AC-FRAIL, the user selects the 123 

exported TPP SystmOne report from the explorer window, which is automatically loaded and 124 

processed. The relationship between ACB scores and the eFI is presented on a graphical 125 

display, where each point represents a patient (figure 2). The purpose of the graphical 126 

summary is to provide an overview of the practice’s population, visualising the distribution of 127 

patients with mild, moderate and severe eFI scores and low or high ACB scores. The 128 

interactive buttons facilitate a detailed look at subgroups of patients in a tabular form, 129 

including information about the count and name of anticholinergic medications categorised 130 

according to the ACB scale. It is for the user to decide on which subgroup of patients to 131 

review first, however from the perspectives of theoretical risk, and in line with NHS guidance, 132 

it is recommended that the “High ACB – Severe eFI” group should be prioritised. 133 

 134 

Search inclusion criteria 135 

The extensive search was designed within TPP SystmOne’s clinical reporting module. The 136 

search is limited to over 65-year olds, who are identifiable by TPP SystmOne’s eFI report, 137 

and have been issued anticholinergic medicines within the previous three months. The 138 

structure of the clinical reports searching for the anticholinergic medicines can be visualised 139 

in figure 3. Patients are identified by the eFI report if they inherit at least one Read code 140 

characterising a frailty deficit. Anticholinergic medications can be of any class, licensed or 141 

unlicensed, and issues are not limited to those with repeat templates, allowing acute issues 142 

to be identified. 143 

 144 

Incorporating anticholinergic burden and frailty  145 

As of writing, automatic calculation of anticholinergic burden is not available within TPP 146 

SystmOne. Instead, the AC-FRAIL workflow uses multiple clinical reports separated by 147 

medicines that are collated for processing in the AC-FRAIL tool. Automated calculation of 148 

the eFI score is available in TPP SystmOne and is included in all clinical reports. 149 

 150 

Thresholds for identifying high anticholinergic burden and frailty 151 

Although there is limited evidence to suggest a threshold at which ACB scores become 152 

clinically significant, a score of 3 or more is deemed significant in terms of associations with 153 

adverse outcomes [21, 24]. AC-FRAIL uses an ACB threshold of 3 to indicate higher 154 

anticholinergic burden, and uses the eFI thresholds for which its validity was originally 155 

assessed: mild (>0.12 – 0.24), moderate (>0.24 – 0.36), and severe frailty (>0.36) [11]. 156 



Discussion 157 

Advantages of the AC-FRAIL tool 158 

The AC-FRAIL case-finding tool could help general practices identify individual patients with 159 

higher levels of anticholinergic burden, particularly those who are likely to be living with 160 

moderate to severe frailty. The tool has been designed for proactive searching of a practice’s 161 

population. This is in accordance with NHS policy and the current primary-care strategy for 162 

frailty, and for the proactive delivery of SMRs in this target group [23]. 163 

 164 

Comparison with other tools 165 

Other tools are available to support the quantification of anticholinergic burden, such as the 166 

web-based ACB calculator (http://www.acbcalc.com/), but this requires the manual input of 167 

medicines. EMIS Web provides functionality where individual medicines can be assigned an 168 

ACB score in a consultation, however cannot provide a total ACB score for all accumulated 169 

medicines, and cannot serve as a proactive audit function, stratifying by frailty. There is 170 

currently no functionality within TPP SystmOne for identifying anticholinergic burden. 171 

 172 

We believe the AC-FRAIL tool is unique in its ability to identify potentially ‘at risk’ patients, by 173 

embracing a proactive approach through the screening of practice populations, quantifying 174 

ACB scores for all older people, and stratifying patients into subgroups based on frailty 175 

severity. This could be particularly attractive to PCNs when systematically targeting patients 176 

for SMRs, but also for quality improvement projects. The tool not only has the advantage of 177 

case-finding those at greater theoretical risk, but also identifying anticholinergic medicines, 178 

serving as an education resource to raise awareness of the vast array of anticholinergic 179 

medicines routinely prescribed.  180 

 181 

The AC-FRAIL tool is also unique in how it can support practices in prioritisation of 182 

medication reviews. We would recommend prioritising the group with highest ACB Scores 183 

(≥3) and severe frailty (eFI > 0.36) for review, with the rationale that they could be 184 

imminently at risk of outcomes such as a fall, or delirium. However, a practice may prefer to 185 

review mild - moderately frail patients, with the focus on reducing the risk of worsening 186 

frailty, as there is evidence to suggest such medicines may influence frailty transitions [25]. 187 

 188 

Limitations of the tool 189 

Although this tool can support systematic case-finding, it cannot substitute the clinical 190 

decision made by clinicians. It is limited to identifying possible ‘at risk’ patients, and 191 

http://www.acbcalc.com/


medicines to consider for dose reduction, optimisation, or substitution. As clinical judgement 192 

must be exercised, the tool should be seen as a resource to support the identification of ‘at 193 

risk’ patients, and support decision making around whether to review medications. The 194 

extensive anticholinergic medication list within the search is preliminary, despite 195 

comprehensively encompassing medicines within the ACB scale and further medicines, as 196 

per Richardson et al.’s updated list [21]. Searches for generic medicines do not incorporate 197 

all possible brands and branded generics within the data output, so it is necessary to add 198 

these to the searches, and update periodically, as well as any other anticholinergic 199 

formulations that come to market in the UK A formal review process will be developed to 200 

ensure searches remain up to date, informed by future updates to the ACB scale. Finally, the 201 

eFI score must not be interpreted as a diagnostic tool, and should be considered a screening 202 

tool only. Although the eFI demonstrates good sensitivity and specificity when identifying 203 

frailty at population level, it must be accompanied with clinical judgement by a trained 204 

professional when used at individual level to confirm the presence and severity. The eFI 205 

relies on accurate and up-to-date clinical coding, so inaccuracies can have implications on 206 

the validity of the eFI score.  207 

 208 

Next steps for development 209 

We initially intended to build the tool entirely within SystmOne, but the required features 210 

were not part of the clinical reporting functionality. In its current form as an Excel macro, the 211 

tool and the data it reads must be located on a local drive rather than a network drive, and 212 

each subgroup only handles up to 4,000 patients. Planned updates to the tool will address 213 

these issues and include a redesign of aesthetics and functionality. Improvements will be 214 

guided by user testing as part of ongoing work by the Safe Use of Medicines group at the 215 

NIHR Yorkshire and Humber Patient Safety Translational Research Centre, who will seek 216 

industry partners to develop a robust, national, vendor-neutral roll out. During 2019-2020, 217 

David Mehdizadeh is also undertaking a series of mixed-methods studies which will continue 218 

to inform the future development of the AC-FRAIL tool.  219 

 220 
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Figure 1: Workflow diagram of the 1-2-3 process to produce graphical and tabular summaries of the 

relationship between anticholinergic prescribing and frailty. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Graphical display of the relationship between ACB scores and the eFI, where each point represents 

a patient. The vertical grey bar marks the boundary for the ACB-score threshold and the horizontal black lines 

mark the boundaries of eFI thresholds: mild (>0.12 – 0.24), moderate (>0.24 – 0.36), and severe frailty 

(>0.36). Tabular summaries of subgroups can be accessed via the grey buttons that surround the plot. 
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Figure 3: Diagram visualising how individual clinical reports were developed for the medicines, depending on 

their ACB score. There is a limit to the number of medicines that can be included within a single report, 

therefore multiple reports were created. They were then joined, so that patients taking any medicine, from any 

report, could be identified. Medicines had to be separated in to their respective ACB group, so that the final 

exported data file (CSV) could separate them into columns. This therefore supported the sum calculation for 

the total ACB score for a patient, performed by the AC-FRAIL tool. 
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