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Abstract

Introduction Older patients are often exposed to medications with anticholinergic activity.
Anticholinergic burden (ACB) from medicines is linked to adverse health outcomes. However,
healthcare professionals” familiarity with ACB remains poor, and there is a lack of literature in
knowledge, attitudes, or practices (KAP) of ACB among Emergency department (ED) clinicians.
Methods A nationwide survey of ACB (using https://www.acbcalc.com) based on a pilot survey was
developed using the KAP framework and assessed for face and content validity by ACB experts. It
was distributed to ED physicians across the UK using REDCap through social media and professional
networks. Results Among the 108 ED physicians who responded, 54.6% (n=59) were aware of the
term ACB, but 54.2% (n=32/59) of them were unable to describe it. Their mean scores for quantifying
the ACB score and identifying side effects in older patients were 2.9 and 4.1 out of 10, respectively.
88.9% (n=96) believed that ACB is an important consideration in older patients. 67.6% (n=73) agreed
that awareness of the consequences of prescribing anticholinergic medications to older patients is
important. 50% (n=54) emphasized the importance of being able to assess and quantify the ACB score.
Of the 75 physicians who prescribed these medications, 40% (n=30/75) were unaware of ACB. 38.7%
(n=29/75) rarely considered ACB, 30.7% (n=23/75) never considered it, and only 1.3% (n=1/75) always
considered it. The majority of respondents (88.9%, n=96) agreed that more education on ACB is
needed in the ED. Conclusion ED physicians in the UK have limited knowledge and awareness of
ACB management and prescribing practices for older patients. However, they show positive attitudes
towards their role in ACB management and a willingness to receive further education.

Keywords: anticholinergic burden; emergency medicine; older patients; KAP framework;
nationwide survey; emergency department

1. Introduction

The UK population at mid-year 2020 was estimated to be 67.1 million. Like many other nations,
the age distribution in the UK is shifting towards older demographics. Predictions indicate that by
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2050, around 25% of the UK’s population will be 65 years or older, up from approximately 20% in
2019. This shift is due to a combination of reduced fertility rates and increased life expectancy [1]. In
2021-22 there were 24.4 million attendances to UK Emergency Departments (EDs), and 21.2% of this
is accounted for patients aged 65 years and over [2].

Anticholinergics actively compete with acetylcholine to prevent it from binding to cholinergic G
protein-coupled muscarinic receptors. These receptors are found in sweat glands, the sympathetic
and central nervous systems, and the cell membranes of parasympathetic nervous system cells.
Anticholinergic drugs block cholinergic neurotransmission in both the central and peripheral
nervous systems, causing various adverse effects [3]. Older patients exhibit increased rates of
comorbidity and polypharmacy, making them more likely to be prescribed multiple anticholinergic
medications [4]. Approximately 20-50% of older patients are consistently exposed to medications
with anticholinergic activity. Additionally, aging individuals may experience a decline in cholinergic
function, increased permeability of the blood-brain barrier, and changes in drug pharmacokinetics,
all of which can potentially amplify their vulnerability to the effects of anticholinergic medications.
Anticholinergic burden (ACB) refers to the cumulative effect of anticholinergic action resulting from
the use of multiple medications with varying degrees of anticholinergic activity [5].

ACB scales were developed to quantify the pharmacological effects of anticholinergic
medications and to serve as a practical tool for optimizing prescription practices in older patients [6].
The ACB can be quantified using a scoring system that categorises drugs based on their
anticholinergic properties: none, possible, or definite. In this system, a score of 0 indicates no
anticholinergic properties, 1 indicates possible anticholinergic properties, and scores of 2-3 indicate
definite anticholinergic properties [7]. ACB is associated with adverse health outcomes [8] such as
cognitive impairment [9], falls [10], delirium [11] hospitalization [12], increased length of hospital
stay, greater risk of emergency department visits [13] and increased mortality [14].

However, healthcare professionals' familiarity with ACB is still poor, and they may overlook the
presentation of associated side effects [15]. In addition, there is a notable lack of literature from the
ED setting. Given their unique position, Emergency Medicine (EM) physicians may be able to
opportunistically perform focused medication reviews considering the ACB when patients present
to the ED. This study, via a UK wide survey of EM clinicians, aimed to identify gaps in knowledge,
attitudes, or practices (KAP) with regards to the ACB in older patients. Addressing such gaps, if
identified, could help mitigate harm to older patients and reduce subsequent attendances and
admissions.

2. Materials and Methods

2.1. Study Design and Population

This nationwide anonymised online survey received ethical approval from the School Ethics
Review Board (SERB) at the School of Medicine, Medical Sciences and Nutrition, University of
Aberdeen (Approval number: SERB815161).

2.1.1. Potential Participants

According to workforce data published by the Royal College of Emergency Medicine in 2018,
across the UK the population size of whole-time equivalent specialty trainees in emergency medicine
is 1762, and total number of whole time equivalent consultants in emergency medicine is 2075 [16].

2.1.2. Inclusion Criteria

Specialty trainees or Consultants in Emergency medicine are employed in the NHS.
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2.1.3. Exclusion Criteria

Those do not meet the above inclusion criteria.

2.1.4. Recruitment

An invitation email was distributed on the study team’s behalf by the Royal College of
Emergency Medicine Trainee Emergency Research Network (TERN). A reminder email was sent after
1 month. The email included an invitation letter, a participant information leaflet (PIL), and the
survey URL. The study was also advertised on the X (formerly known as Twitter) platform. An
invitation letter and the survey URL were posted on X. The participants read the PIL and clicked to
give consent on page one of the survey. The survey invitation was open and accessible to anyone via
the survey link. Opening questions confirmed eligibility. No incentives were offered for survey
completion.

2.2. Survey Content and Administration

2.2.1. Survey Content

The survey was designed using the KAP framework [17]. It was adapted from previous work
with the author’s permission (A survey amongst ED staff at St George’s Hospital) [18]. A team of
experts in the field of ACB assessed the survey for face and content validity. The question types
utilised included tick boxes (true/false and yes/no), multiple-choice, open-ended, Likert scales, and
satisfaction ranking (survey feedback). The survey was expected to take around 10 minutes to
complete and included the following sections: a) Participant demographics (Role & grade of the
participant). b) Participant knowledge of the ACB (6 items). c) Participant attitude towards the ACB
(4 items). d) Prescribing practices around the ACB (8 items). e) Survey feedback (2 items). With regard
to ACB knowledge we wused scoring system available from an online calculator
(https://www.acbcalc.com). The survey consisted of 9 pages, with each page containing 2-4 items.
The survey used a branching structure. If respondents were unaware of the term ‘ACB,” they were
excluded from subsequent knowledge-based questions and redirected to the sections on attitude and
clinical practice. Subsequent questions evaluated the proficiency of the ‘aware’” group of physicians
in articulating the concept of ‘ACB,” quantifying the ACB score for 10 commonly administered
medications in the ED and assessing their awareness of the potential associated side effects.
Participants and the public were not involved in any way in the development of the survey.

2.2.2. Survey Administration

We conducted an anonymised online survey over 3 months (May 1, 2024 — July 31, 2024)
targeting specialty trainees and consultants in emergency medicine across the UK. The survey was
administered using the REDCap electronic data capture platform hosted at the University of
Aberdeen [19,20].

2.3. Data analysis and Reporting

We conducted the data analysis by exporting the raw data from REDCap. We analyzed only
completed questionnaires. The quantitative data, primarily categorical, were expressed as
percentages with numbers in parentheses. Microsoft Excel was used to generate a combination of pie
charts and bar charts to illustrate the quantitative data. (e.g., grammar, spelling, punctuation, and
formatting) does not need to be declared.
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3. Results

3.1. Demographics

Among the 108 ED physicians who responded (87.8% completion rate, 92.3% recruitment rate),
the predominant grade was consultants, comprising 50.0% (n = 54), followed by registrars at 34.3%
(n=237) (Table 1).

Table 1. Demographics.

Grade of participants n(%)
Consultant 54 (50.0)
Core trainee 17 (15.7)
Registrar 37 (34.3)
Total 108 (100)

3.2. Knowledge

The initial question inquired whether the physicians were aware of the term ‘ACB’. Of the 108
respondents, 54.6% (n = 59) indicated awareness, while 34.3% (n = 49) did not. The question was,
“Which best describes your understanding of the ACB?” Of the 59 physicians who reported being
aware of the ACB, 54.2% (n = 32) incorrectly described the term ACB.

The average score of 59 physicians in accurately quantifying the ACB score for ten commonly
used medications was 2.9 out of 10 (range 0-7). Several questions asked respondents to correctly
identify the ACB scores of medications. Among the ten medications, oxybutynin had the highest ACB
score of 3. Of the 59 respondents, 57.6% (n = 34) correctly identified this score, 18.6% (n=11) provided
incorrect scores, and 23.7% (n = 14) were uncertain.

As shown in Figure 1a, for medications with an ACB score of 1(Table 2), there was an average
correct response rate of 15.6% (range 6.8-25.4%). Conversely, an average of 46.1% (range 37.3-61.0%)
provided incorrect scores, while 38.3% (range 32.2-44.1%) were uncertain. For medications with an
ACB score of 0, there was an average correct response rate of 39.8% (range 20.3-49.2%). Conversely,
an average of 21.2% (range 13.6-37.3%) provided incorrect scores, while 39.0% (range 37.3-42.4%)
were uncertain. For all medications, the most common response was ‘don’t know,” with an average
of 37.1% (range: 23.7-44.1%). On average, 29.5% (range: 6.8-57.6%) of physicians correctly identified
the score, while 33.4% (range 13.6-61.0%) provided incorrect scores.

The average score of 59 physicians in identifying the potential side effects associated with older
patients having a high ACB score was 4.1 out of 10 (range 0-8). As shown in Figure 1b, 86.4% (n = 51)
correctly identified falls and delirium and 59.3% (n = 35) correctly identified dementia.
Cardiovascular disease was correctly identified by 33.9% (n = 20), incorrectly identified by 30.5% (n
= 18), and 25.6% (n = 21) were uncertain. Additionally, 16.9% (n = 10) of the physicians correctly
identified that stroke is associated with a high ACB score. An average of 49.2% (range 42.4-55.9%)
incorrectly identified urinary incontinence, sarcopenia, gastro-oesophageal reflux disease, and open-
angle glaucoma as associated with a high ACB score, when they are not known to be. However, 50.8%
(n = 30) of physicians correctly indicated that osteoporosis is not associated.

Of the 59 physicians, 70.4% (n = 38) reported that they acquired their knowledge regarding the
ACB during postgraduate training.
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Table 2. Anticholinergic burden (ACB) score of the 10 medications listed in the survey.
ACB score* 0 1 2 3
Bisoprolol Metformin Oxybutynin
uinine sulphate Diazepam
Medication Q P P
Furosemide Isosorbide mononitrate
Amlodipine Loperamide
*ACB scores of the 10 medications are based on the ACB calculator’.
Oxybutynin |
Metformin

Isosorbide mononitrate
Diazepam

Sertraline

Loperamide
Amlodipine
Furosemide

Quinine sulphate

Bisoprolol
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Quinine . ) Isosorbide
Bisoprolol Furosemide = Amlodipine | Loperamide | Sertraline Diazepam Metformin | Oxybutynin
sulphate mononitrate
um Correct 45.8 20.3 4.1 49.2 254 6.8 18.6 13.6 13.6 57.6
Incorrect 15.3 37.3 18.6 13.6 37.3 61.0 47.5 424 424 18.6
m Don't know 39.0 424 37.3 37.3 37.3 32.2 33.9 4.1 4.1 23.7
M Correct Incorrect M Don't know (a)
Open-angle glaucoma IR |
GERD I |
Urinary incontinence I 1
Sarcopenia I |
Osteoporosis I |
Dementia I |
CVD I |
Deeliriurv |
Stroke I |
Fa (s —
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Falls Stroke Delirium CVvD Dementia Osteoporosis Sarcopenia |. Urn7ary GERD Open-angle
incontinence glaucoma
m Cormrect 86.4 16.9 86.4 33.9 59.3 50.8 27.1 22.0 22.0 10.2
Incorrect 0.0 4.1 0.0 30.5 15.3 16.9 42.4 54.2 4.1 55.9
m Don't know 13.6 39.0 13.6 35.6 254 32.2 30.5 23.7 33.9 33.9

B Correct Incorrect M Don't know

~

b)

Figure 1. Analysis of ED physicians’ responses to knowledge-based survey questions. (a) Bar chart illustrates
the accuracy of physicians in quantifying the ACB score for ten commonly used medications, categorised into
four scoring groups (Table 2). (b) Evaluation of physicians’ ability to identify conditions associated with high
ACB scores in older patients. The conditions listed in the bottom five rows are associated with high ACB scores,
whereas those in the top five rows are not (n=59). CVD = Cardiovascular disease, GERD = Gastro-esophageal

reflux disease.

r(s). Distributed under a Creative Com CC BY license.
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3.3. Attitudes

Among the 108 respondents, 88.9% (n=96) believed that the ACB is an important consideration
in older patients. Additionally, 83.3% (n = 90) of the physicians felt responsible for managing this
burden. A total of 67.6% (n = 73) agreed that awareness of the consequences of prescribing
anticholinergic medications to older patients is important (Figure 2a). Furthermore, 50% (n = 54) of
the physicians emphasized the importance of being able to assess and quantify the ACB score (Figure
2b).

How importantdo you believeit is for Emergency Department
staff to have an awareness of the consequences of prescribing
anticholinergic medications to older patients?

60
51(47.2%)
50
40 34(31.5%)
30
22(20.4%)
20
10
1(0.9%)
0
Very important Important Neutral Low importance (a)
How importantdo you believe itis for Emergency
Department staff to be able to assess and quantify the ACB
in patients?
60
49(45.4%)
50
40(37.0%)
40
30
20 14(13.0%)
10 4(3.7%)
1(0.9%)
0 [ |
Very important Important Neutral Low importance Notimportant at

al (b)

Figure 2. Graphical representations of emergency department physicians’ responses to questions from the
’Attitudes’ section of the survey. (a) Likert scale illustrating physicians’ awareness of the potential consequences
of their prescribing practices. (b) Likert scale illustrating physicians’ awareness of their ability to assess and
quantify the ACB in patients (n=108).

3.4. Practice

Among 108 physicians, it was observed that 75 physicians prescribed anticholinergic
medications. Among these 75 physicians, 40.0% (n = 30) were part of the 49 physicians who were
unaware of the ACB and its potential consequences.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Of those asked to evaluate the extent to which they considered ACB in their clinical practice (n
=75) just over one third (38.7%, n = 29) rarely considered it, 30.7% (n = 23) never considered it, and
24.0% (n = 18) sometimes considered it (Figure 3a). Only 1.3% (n = 1) always considered the ACB in
their practice, while 5.3% (n = 4) often considered it.

The frequency with which physicians calculate the ACB score when documenting a patient’s
medication history was asked about in the survey. The majority of 81.3% (n=61) never calculated the
ACB score, 14.7% (n = 11) rarely calculated it, and 4.0% (n = 3) sometimes calculated it (Figure 3b).
No physicians reported always or often calculating the ACB score in their practice.

Among 75 respondents regarding actions taken after calculating a high ACB score, 61.7% (n =
37) would inform the admitting clinical team, 51.7% (n = 31) would notify the GP, and 21.7% (n = 13)
would discuss it with the patient. Additionally, 20.0% (n =12) do not calculate the ACB score, while
6.7% (n = 4) selected "other" (Figure 3c). Free-text responses indicated that some physicians would
also inform the polypharmacy clinic, ED pharmacist, or frailty team.

In the final section of the survey, it was revealed that 88.9% of the 108 physicians (n=96) agreed
that more education is required regarding the ACB in the ED.

How often do you considerthe ACB and/or use the ACB

score?
35
0,
30 29(38.7%)
25 23(30.7%)
20 8(24.0%)
15
10
5 4(5 3%)
1(1 3%)
0
Always Often Sometimes Rarely Never
How often do you calculate the ACB score when you
document a patient's medication history?
70
61(81.3%)
60
50
40
30
20
11(14.7%)
10 3(4.0%)
0 0
0 [
Always Often Sometimes Rarely Never (b)
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If/ when you do the ACB score and find it to be high, what
action would you then take?

40 37(61.7%)
35 31(51.7%)

30

25

20 o,

e 13(21.7%) 12(20.0%)

10 4(6.7%) . 4(6.7%)
5 == -
0

Inform GP Inform Discusswith Do nothing Do not Other(Discuss
admitting the patient calculate ACB with ED
clinicalteam score pharmacist,
Polypharmacy
or Frailty
Team) (C)

Figure 3. — Analysis of Physicians’ Responses to Questions from the ‘Clinical Practice’ Section of the Survey (a)
Depiction of the frequency with which physicians consider the ACB in their prescribing practices (n = 75). (b)
Depiction of the frequency with which physicians calculate the ACB score when documenting a patient’s
medication history (n="75). (c) Depiction of the actions physicians would take upon identifying a high ACB score
in their patients (n = 60).

4. Discussion

Our results indicated a significant knowledge gap regarding the ACB among physicians. The
mean score of physicians in accurately quantifying the ACB score for ten commonly used medications
and in identifying the potential side effects associated with older patients having a high ACB score
was below 5 out of 10. While most physicians could correctly identify the medications with the
highest and lowest ACB scores, they often incorrectly identified medications with an ACB score of 1.
A large proportion of physicians correctly identified falls, delirium, and dementia as potential side
effects. Interestingly, some physicians continued to prescribe anticholinergic medications despite
being unaware of the ACB . Even among those who were aware of the ACB (54.6%), these medications
were prescribed without utilising anticholinergic scoring.

This study[18] was based on a survey which aimed to assess KAP regarding the ACB among ED
staff at St George’s Hospital. This included non-physician clinicians, although physicians constituted
the majority at 79.4%. The survey also revealed a substantial knowledge gap concerning the ACB
among clinicians. Notably, some staff members, despite being unaware of the ACB, continued to
prescribe anticholinergic medications. Even among those aware of the ACB (65.7%), anticholinergic
medications were still prescribed without utilising anticholinergic scoring.

These reflect suboptimal clinical practices concerning the ACB, potentially overlooking
opportunities to reduce iatrogenic harm in older patients presenting to the ED. There is the potential
to explore the use of an ACB tool in the ED. For high-risk patients discharged to their homes, there is
potential to create a system that alerts general practitioners about the necessity for a medication
review [21]. Most physicians exhibited a positive attitude towards their role in managing the ACB
and expressed a strong interest in further education on the topic.

Given the fact that older patients are major users of emergency services, identifying patients
with high ACB at ED attendance may land itself as a great opportunity to red flag the community
team, such as general practitioners and community pharmacists, for medicine optimisation as
appropriate. This is of particular import as many side effects of ACB present with common problems
such as delirium triggered by constipation and urinary retention and falls which may have potential
to prevent further falls with appropriate medicine optimisation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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A limitation of this study is that, methodologically, the survey instrument had limited formal
validation. Due to our focus on specialty trainees, we excluded many non-training grade doctors
working in UK EDs. This exclusion may impact the number of participants and may not accurately
reflect the true context of UK EDs. However, based on previous local survey (all ED clinicians) and
the current study findings, it is reasonable to conclude that the findings are likely to reflect current
knowledge, attitude and practice of all physicians (and clinicians) working in the UK. Additionally,
the small sample size precluded meaningful comparisons between different grades of physicians due
to their disproportionate representation. More respondents would be needed to meaningfully
compare the staff groups.

5. Conclusions

Physicians in emergency medicine in the UK exhibit limited knowledge, awareness, and
prescribing practices regarding the management of the ACB. Despite this, they demonstrate positive
attitudes towards their potential role in ACB management and express a willingness to receive
further education. Consequently, there is a need for research focused on developing educational
interventions for these physicians, with the aim of enhancing patient outcomes. This has potential to
have impact on reducing emergency department attendance and emergency admissions, and
improved health and wellbeing of older people, through collaborative working with primary care
teams.
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