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Abstract

Background and Objectives: Anticholinergic burden (ACB) cumulatively leads to adverse outcomes and
increased mortality. Taiwan's NHIRD prevalence studies indicate ~60% of elderly patients (265)
annually receive anticholinergic medications. In those with polypharmacy, 60-80% were exposed to
anticholinergic medications, which was linked to higher risks of pneumonia, myocardial infarction,
and stroke. This study aims to survey physicians’ knowledge and attitudes on Anticholinergic
Burden (ACB) in Taiwan, directly addressing a recognized gap in clinical practice. Materials and
Methods: This nationwide, anonymized online 3-month survey (July—September 2025), used the KAP
framework. Physicians from 92 hospitals across Taiwan were invited to participate via e-mail. The
survey covered demographics, ACB knowledge, attitudes, practices, and feedback, utilizing
branching logic. Data was analyzed and presented descriptively. Of 62 respondents, only 23% of
physicians were aware of the term 'Anticholinergic Burden' (ACB). Knowledge of specific common
medication ACB scores was low (average 1.86/10), and respondents showed significant uncertainty
regarding the risks associated with high ACB. Despite 53% of physicians (33/62) rating ACB
assessment as "Important/Very Important,” this rarely translated into practice: most never calculated
scores, and only one did so routinely. Fifty-six participants' overwhelming demand for increased
ACB education emphasizes the critical need for training to close both the identified knowledge and
knowledge-practice gaps. Conclusions: Physician’s knowledge of medicines with anticholinergic
property is relatively low in Taiwan despite the awareness of its importance. There is a clear
knowledge and knowledge-practice gap which can be addressed through targeted educational
activities.

Keywords: anticholinergic burden; older adults; Taiwan

1. Introduction

Anticholinergic burden (ACB) refers to the cumulative effect of medications that block
acetylcholine receptors, leading to adverse outcomes such as dry mouth, constipation, cognitive
decline, and increased mortality risk.[1] Common contributors to anticholinergic burden include first-
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generation antihistamines (e.g., diphenhydramine, chlorpheniramine), antidepressants, and bladder
medications, which are measured using scales such as the Anticholinergic Cognitive Burden (ACoB)
and the Drug Burden Index (DBI).[2-4] Common examples include oxybutynin, tolterodine,
solifenacin, fesoterodine, and trospium, which exhibit high ACB scores (typically 2-3 on standard
scales) and correlate with cognitive decline, dry mouth, constipation, and dementia risk with long-
term use.[3] Older adults are particularly vulnerable to the effects of anticholinergic burden due to
physiological changes, such as decreased cholinergic reserve, and the common use of multiple
medications (polypharmacy). Many drugs possess varying degrees of anticholinergic activity. When
several of these medications are taken concurrently, their individual effects can compound, resulting
in a significantly higher overall anticholinergic burden. This cumulative effect can lead to more severe
anticholinergic symptoms and increased health risks in the elderly population. A study in New
Zealand showed that around 20-50% of seniors are exposed to ACB scores of 3 or higher, which are
linked to higher risks of dementia, falls, and frailty, as well as increased cognitive impairment and
mortality.[2]

Research on anticholinergic burden (ACB) highlights the need for improved monitoring of
medication effects, including routine ACB screening in electronic health records —especially in large
databases such as Taiwan’s National Health Insurance Research Database (NHIRD). Prevalence
studies show roughly 60% of older adults (=65 years) receive an anticholinergic medication at least
once per year; among those with polypharmacy, 60-80% exposure has been associated with increased
risk of incident pneumonia (adjusted OR 1.33).[5] NHIRD cohorts also demonstrated that recent ACB
increases was associated with acute cardiovascular events (myocardial infarction and stroke) in
317,446 hospitalized seniors from 2011-2018, using case-crossover designs to control biases.[6] Other
risks include dementia (HR = 1.05 for high ACB, though not always statistically significant) and an
increasing burden among middle-aged and elderly populations, underscoring the importance of
prescribing patterns in Taiwan's universal coverage system.[7] Incorporating ACB measurement
tools into guidelines for older adults and providing education to doctors to minimize unnecessary
prescriptions is essential to tackle this challenge.[8] However, a recent study in the UK showed that
physicians have limited knowledge and awareness of ACB management and prescribing practices
for older patients. Despite this, they demonstrate positive attitudes toward their role in ACB
management and a willingness to receive further education.[9] This study aims to explore the
physicians” knowledge and attitudes in Taiwan regarding ACB in their practice. We envisage that
findings from this work could help identify any knowledge gap which would benefit from structured
training programs as well as to identify any knowledge-practice gaps.

2. Materials and Methods

Study Design

This nationwide anonymised online survey was distriuted via the Research Electronic Data
Capture (REDCap) platform, hosted at the University of Aberdeen.10 The survey was designed using
the KAP (Knowledge, Attitudes, and Practices) framework. It was adapted from previous similar
work in the UK with the author's permission.[9]

Setting and Participants

We invited physicians from 92 hospitals located throughout all regions of Taiwan, comprising
three major healthcare settings: medical centers, regional hospitals, and district hospitals. The same
list of hospitals in the Taiwan Patient Safety Culture Survey (TPSCS) was used.[11]

Interventions

We conducted the survey over 3 month-period between (July and September 2025). Survey
invitation was sent via email to medical staff on behalf of the study team by hospital coordinators.
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The email included an invitation letter, participant information leaflets in both English and Chinese,
and the survey URL. Participation in the survey was voluntary, and responses were collected
anonymously. Participants provided consent by accepting to complete the survey voluntarily. The
question types included tick-box (true/false and yes/no), multiple-choice, open-ended, Likert scales,
and satisfaction rankings (survey feedback). The survey took around 10 minutes to complete and
included the following sections:

a) Participant demographics (hospital classification and medical specialty).

b) Participant knowledge of the ACB (6 items).

c) Participant attitudes toward the ACB (4 items).

d) Prescribing practices related to the ACB (8 items).

e) Survey feedback (2 items).

The survey used a branching structure. For example, if respondents were unaware of the term
"anticholinergic burden," the survey skipped the knowledge and attitude sections, as they were
irrelevant to the participant. A reminder email was sent one month after the initial invitation.
Participants who completed the survey had the chance to win one of 10 gift cards, each valued at 300
NTS, in a lucky draw.

Statistical Analysis

Data were impoted from the REDCap online platform. We analyzed only complete answers. The
quantitative data, primarily categorical, were expressed as numbers with percentages in parentheses.
REDCap generated a combination of frequency tables, pie charts, and bar charts to illustrate data.

3. Results

3.1. Demographics

A total of 62 physicians participated in the survey; the majority are from "Emergency Medicine"
(18 participants). The remaining participants are distributed across various specialties, including
clinical neurophysiology, geriatric medicine, and general medicine, etc. Of them, 5 were from clinic,
1 from district hospital, 51 from medical center and 5 from regional hospital. The first question asked
if the physicians knew the term 'ACB.' Fourteen out of sixty-two physicians (23%) said they were
aware of it. (Table 1)

Table 1. Demographics.

Medical Hospital No. of No. Physicians who
specialty classification Physicians are aware of ACB
Yes No
Emergency medicine Medical center 27 3 24
Regional hospital 3 1 2
District hospital 1 1 0
Clinic 1 1 0
Family Medicine Medical center 6 1 5
Clinic 1 1 0
Internal Medicine Medical center 7 1 6
Regional hospital 2 1 1
Orthopedics Medical center 1 0 1
Otorhinolaryngology (ENT) = Medical center 1 1 0
Rehabilitation Medicine Clinic 1 0 1
Others Medical center 9 3 6
Clinic 2 0 2
Total 62 14 48
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3.2. Knowledge

Physicians were asked to accurately quantify the anticholinergic burden (ACB) score for ten
commonly used medications: Bisoprolol, Loperamide, Sertraline, Furosemide, Amlodipine, Quinine
Sulfate, Oxybutynin, Diazepam, Isosorbide Mononitrate, and Metformin. (Table 2)

Table 2. Anticholinergic burden (ACB) score of the 10 medications listed in the survey.

Medication ACB score

Bisoprolol
Quinine sulphate
Furosemide
Amlodipine
Sertraline
Metformin
Diazepam
Isosorbide mononitrate
Loperamide
Oxybutynin

* ACB scores of the 10 medications are based on the ACB calculator.[12].

W Rk kR R )OO0 oo

The average correct score was 1.86 out of 10, with a range of 0 to 6. Among the ten medications,
Oxybutynin had the highest ACB score of 3. Of the 14 respondents, 14.3% (n = 2) correctly identified
this score, while 50.0% (n = 7) answered 'do not know'. (Figure 1) All 7 physicians said they didn’t
know how to calculate the ACB score for ten common medications, even though they knew the term
‘anticholinergic burden' (ACB). They also admitted they didn’s understand which medications in a
patient's history have anticholinergic properties or how many conditions are linked to these
medications.
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Figure 1. Results of identifying the anticholinergic burden (ACB) score in older patients for ten commonly used

medications.

Figure 2 showed a survey identifying side effect associated with a high anticholinergic burden
(ACB) score in older patients for 10 commonly used medications. The findings include high rates of
incorrect answers and uncertainty, particularly for conditions such as urinary incontinence and
delirium, which had no correct responses. Open-angle glaucoma and gastro-oesophageal reflux
disease (GERD) also showed significant inaccuracies and uncertainty among respondents. In
contrast, Stroke and Falls had a higher number of correct responses, indicating better awareness.
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Figure 2. Results of identifying side effects associated with a high anticholinergic burden (ACB) score in older
patients.

3.3. Attitude

Figure 3 showed physicians’ beliefs regarding the importance of assessing anticholinergic
burden in patients and of being aware of the consequences of prescribing anticholinergic medications
to older adults. Of the 62 respondents, 30 rated the assessment of anticholinergic burden as

“Important,” while 27 emphasized the importance of awareness regarding prescribing consequences
in this population.

Not important at all -

Low importance -3 4

©

>

2

‘g 22

'g 27

Important 30
Very important - 6
5
0 5 10 15 20 25 30 35

No. of Physician

[ Important to be able to assess and quantify the anticholinergic burden in patients

[l Important to have an awareness of the consequences of prescribing anticholinergic medications to older

SRS B

Figure 3. Physicians” perspectives on the importance of evaluating anticholinergic burden.

Figure 4 shows awareness and educational needs regarding ACB. The largest group of
participants is unaware of ACB but requires more education. Fifty-six out of sixty-two participants

still need more education on ACB. The results suggest an opportunity for educational outreach to
bridge this gap.

Awareness on ACB and Require more education

M aware of ACB and required more education M aware of ACB but no required more education

B unaware of ACB but required more education unaware of ACB and no required more education

Figure 4. Awareness and educational needs regarding ACB.
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3.4. Practice

There was only one family physician in the clinic who considered the anticholinergic burden
and utilized the anticholinergic burden score. Twenty-nine participants responded to questions
regarding their consideration and calculation of the anticholinergic burden and/or their use of the
anticholinergic burden score. Over half of the respondents indicated that they never consider or
calculate the anticholinergic burden. Most participants (22 physicians) reported that they never
calculate the anticholinergic burden score. Notably, only one family physician at the clinic
consistently evaluates anticholinergic burden and uses the score. (Figure 5)

Two physicians who never considered the anticholinergic burden or use the anticholinergic
burden score calculation in their practice believed that assessing the anticholinergic burden in
patients and being aware of the consequences of prescribing anticholinergic medications to older

adults was "Not important at all."

Always . }

Iy Rarely 6
5
=
L:_‘z Sometimes [ D 7
22
0 5 10 15 20 25

No. of physician

M calculate ACB Ml consider ACB

Figure 5. Often practice of considering the anticholinergic burden and/or using the anticholinergic burden

score.

Twenty-nine physicians reported their use of the ACB score in documenting a patient's
medication history: 2 often, 1 always, 4 rarely, and 22 never. If physicians perform the anticholinergic
burden score and find it to be high, many of them (11 participants) will discuss the results with their
patients. (Figure 6)
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If/ when you do the anticholinergic burden score and find it to be high, what action would you

then take?
1 1 1
Others N

1
> .
£ Otorhinolaryngology (ENT) [l
b 1 5 2
o
- Internal medicine [
3 12
2 Famil licine [N

amily medicine
= Y 4 4 5 1
Emergency medicin
0 2 4 6 8 10 12 14 16
Emergency Otorhinolaryngolog
Family medicine = Internal medicine Others

medicine y (ENT)
M Inform GP 4 1 0 0 1
M Inform admitting clinical team 4 0 1 1 1

Discuss with the patient 5 0 5 0 1
Do nothing 1 2 2 0 0

No. of Physicians

M [nform GP M Inform admitting clinical team Discuss with the patient Do nothing

Figure 6. Often action of considering the high anticholinergic score.

4. Discussion

While a recent UK nationwide study focused on emergency medicine physicians' knowledge,
attitudes, and practices (KAP) concerning anticholinergic burden (ACB),[9] this Taiwanese survey
extended its investigation to include other medical specialties. This Taiwanese survey similarly found
consistent global lack of knowledge and poor practice about ACB. Physicians in Taiwan, only 23% of
surveyed physicians recognized ACB, with an average score of just 1.86/10 for identifying ACB in
common medications. While a UK study reported higher ACB awareness among emergency
medicine specialists (54.6%), over half of them still lacks knowledge of ACB score and side effects for
commonly used medicines, achieving scores of only 2.9/10 for medications and 4.1/10 for side effects,
often misattributing conditions like urinary incontinence.[9]

The Anticholinergic Cognitive Burden (ACoB) scale, which assigns scores from 0 to 3 based on
a drug's cognitive effects, stands out for its high quality, ranking among the top for rigor and
applicability (75% AGREE II) out of nineteen reviewed instruments. The ACoB shows the strongest
correlation with mortality trends.[13] Tools such as the ACB calculator are available to aid in
quantifying anticholinergic burden for deprescribing strategies.[12] Despite the availability and
validation of these tools, physicians who are aware of ACB in this study only averaged 1.86 out of 10
correct ACB scores for ten commonly used medications, with 50% expressing uncertainty about high-
burden medications. Furthermore, all seven respondents who were aware of the term 'ACB' but
lacked comprehensive knowledge reported their inability to identify specific anticholinergic drugs
or conditions linked to high ACB, including delirium (for which 0% responded correctly) and urinary
incontinence. These findings are likely to cause the observed high ACB exposure in Asian elderly
populations, where 60% of Taiwanese seniors receive anticholinergics annually, elevating pneumonia
risk (OR 1.33).[5] These results show a strong need for specific training to help doctors better
understand ACB and use it correctly.
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Over 53% of Taiwanese physicians rated ACB assessment as "Very Important” (10%) or
"Important” (44%). This is similar to the UK study at 88.9% reporting importance in older patients,
83.3% feeling responsible, and 88.9% desiring ED-specific training, despite 70.4% claiming
postgraduate knowledge acquisition.[9] This receptivity persists amid Taiwan's rising ACB trends
linked to cardiovascular events (case—case—time—control OR 1.38, 95% CI 1.34-1.42 for ACB 1-2 vs 0;
OR 2.03, 95% CI 1.98-2.09 for >3 vs 0) in 317,446 seniors.[6]

In this study, 47% (29/62) never considered ACB, 76% (22/29) never calculated/documented
scores; only one clinic family physician applied it routinely; and 38% (11/29) would discuss high
scores. UK data showed 69.4% (52/75 prescribers) rarely/never considered ACB, 81.3% never
calculated scores, and just 1.3% always did so—though 61.7% would alert the admitting team’s post-
high score.® Both indicate suboptimal deprescribing, contrasting ACB scale validations studies
suggesting intervention at scores >2.

Across Taiwan (several specialties and settings) and the UK (emergency medicine), similar KAP
gaps show the need to include ACB education in training programs — especially since the UK Royal
College of Emergency Medicine (RCEM) does not explicitly cover ACB in its curriculum despite its
relevance to prescribing safety. In Taiwan's NHIRD context, mandatory electronic alerts could
leverage positive attitudes,[6] alike to UK proposals for emergency medicine
pharmacist/polypharmacy team collaborations and general practitioner (GP) system red-flagging.
Recent research shows that higher anticholinergic burden (ACB) raises the risk of serious events like
heart problems.[6] Other studies show emergency doctors and staff have gaps in knowledge and
practice about ACB. [9] Together, these findings mean we should teach ED clinicians how to measure
and reduce ACB. Using REDCap to deliver short training, validated ACB scales to screen patients,
and ED-specific education would help turn research into practice and lower risks such as falls,
delirium, and heart events —especially for patients taking many medicines.[6,9]

A recent prospective cohort study in a Thai tertiary hospital found a significant ACB in older
hospitalized adults, with nearly 38% having high ACB scores (=3) at discharge, often increasing
during their stay. Common contributors included benzodiazepines, corticosteroids, and
antihistamines. High ACB at discharge was slightly associated with increased one-year mortality.[14]
Hospital physicians and clinical pharmacists should routinely review medications for high
anticholinergic burden (ACB score 23) during admission and discharge, using tools like the ACB
scale, Beers Criteria, or STOPP/START. Anticholinergics should be used at the lowest effective dose
for the shortest duration, with gradual tapering to avoid withdrawal effects. This study from Taiwan
contributes to the understanding of the vital role of responsive medication review and informed
prescribing, grounded in both knowledge and careful practice in improving outcomes for older
patients.

Top of Form

A primary limitation of this study is the low participation rate: only 62 physicians responded
from 92 targeted hospitals. This low response rate inherently limits statistical power and introduces
a risk of selection bias, potentially leading to overrepresentation of highly motivated respondents.
This mirrors findings from the analogous UK study, which reported a similarly low response rate of
2.8% among emergency specialists.[9] Such low engagement rates across both studies suggest a self-
selection bias favoring engaged clinicians rather than yielding a truly representative cross-section of
the physician population. Next, respondents skewed toward emergency medicine (29%) and medical
centers, underrepresenting primary care, geriatrics, or rural district hospitals despite nationwide
intent. Emergency dominance may inflate perceived gaps, as this specialty handles acute elderly
presentations but lacks routine ACB focus. Lastly, reliance on self-reported practices risks social
desirability bias, where physicians overstate positive attitudes despite rare ACB calculations. No
objective verification of prescribing behaviors exists, unlike database studies linking ACB to
outcomes.
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5. Conclusions

This study reveals a significant disparity between physicians' positive attitudes toward
anticholinergic burden (ACB) management and their actual knowledge and practices regarding ACB
management in Taiwan. Most participating physicians showed limited awareness, with only a small
fraction knowing the term 'ACB," and their ability to accurately identify ACB scores for common
medications was notably low. This knowledge deficit extended to the identification of conditions
associated with high ACB scores, such as urinary incontinence and delirium. Despite these
knowledge gaps, a large majority of physicians generally viewed ACB management positively, rating
assessment and understanding prescribing risks as Important' or 'Very Important." However, this
positive attitude rarely translated into widespread clinical practice, as most respondents never
calculated ACB scores, and only a single-family physician regularly applied it. A few physicians who
deemed ACB management 'Not important at all' consistently reported that they never incorporated
it into their practice. The findings from this study, along with comparative data, highlight suboptimal
deprescribing practices that contradict recommended ACB intervention guidelines, underscoring a
widespread and inconsistent approach to ACB consideration and calculation in clinical practice. The
overwhelming demand for more ACB education from most participants further emphasizes the
urgent need for targeted training to bridge these critical gaps.
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