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Abstract
Objective: Anticholinergic burden refers to the cumulative effects of taking multiple medications with anticholinergic
effects. This study was carried out in a public hospital in Singapore, aimed to improve and achieve a 100% com-
prehensive identification and review of measured, anticholinergic burden in a geriatric psychiatry liaison service to
geriatric wards. We evaluated changes in pre-to post-assessment anticholinergic burden scores and trainee feedback.
Method: Plan Do Study Act methodology was employed, and Anticholinergic Effect on Cognition scale (AEC) was
implemented as the study intervention. A survey instrument evaluated trainee feedback.
Results: There was no measured anticholinergic burden in a baseline of 170 assessments. 75 liaison psychiatry as-
sessments were conducted between June and November 2021 in two cycles. 94.7% of pre-assessments (at the time of
assessment) and 71.1% of post-assessments (following assessment) had a record of AEC scores in clinical documen-
tation in cycle one, improving in the second cycle to 100%, 94.6%, respectively. A high post-assessment AEC score of 3
and over reduced from 15.8% in cycle one to 5.4% in cycle two. The trainee feedback suggested an enriching edu-
cational experience.
Conclusions: Using the AEC scale, the findings support the feasibility of comprehensive identification and review of
measured anticholinergic burden in older people with neurocognitive disorders.

Keywords: anticholinergic burden scales, anticholinergic effect on cognition scale, anticholinergic drugs, dementia,
delirium

Anticholinergic burden refers to the cumulative ef-
fects of takingmultiplemedicationswith desired or
undesired anticholinergic effects.1 Anticholinergic

drugs are associated with delirium,2 cognitive decline,3

falls risk4 and mortality5 including increased all-cause
mortality risk specifically in persons with dementia.5
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Leveraging advances in research in medication safety is
critical to enhancing care quality in older people with
delirium and dementia. We describe a healthcare im-
provement study harnessing an anticholinergic burden
scale in a geriatric psychiatry liaison service to geriatric
wards in a public hospital in Singapore with 1000 beds.
The study’s theoretical rationale was that introducing
a validated anticholinergic burden scale to quantify
anticholinergic burden would improve prescribing
practice in a liaison psychiatry service context.

The study’s primary aim was to improve and achieve
a comprehensive identification and review of measured
anticholinergic burden in the geriatric psychiatry liaison
service to geriatric wards.

We also evaluated changes in pre-to post-assessment
anticholinergic burden scores and trainee feedback.

Methods

Context

Changi General Hospital is a public hospital covering the
eastern part of Singapore with four geriatric wards
housing subsidised patients and one private and sub-
sidised mixed geriatric and rehabilitation ward.

The Geriatric Psychiatry Liaison Programme is a liaison
service initiative that has been operational in geriatric
wards since 2013.6 The service operates twice weekly,
covering four geriatric wards with 116 beds.

The Geriatric team makes referrals for new assessments
and reviews through an electronic system that defines
referral criteria. The core older person’s liaison team
comprises a Geriatric Psychiatrist, Psychologist and doc-
tors in psychiatry training.

The study’s interdisciplinary composition comprised
a Geriatric Psychiatrist, Pharmacist, Geriatric Advanced
Practice Nurse from the Geriatric inpatient team, Con-
sultants from Geriatric Medicine, Internal Medicine, and
Gastroenterology. Two International mentors were also
part of the study.

Study Baseline

The data management team in Changi General Hospital
extracted 170 liaison psychiatry assessments between 1
November 2020 and 30 April 2021 for a 6-month baseline
of referrals. The data were retrospectively extracted be-
tween April and early June 2021 at the study outset. The
study had a baseline of 0% with no prior measured an-
ticholinergic burden score using an anticholinergic bur-
den scale (0/170 assessments).

Plan Do Study Act (PDSA) methodology
and intervention

PDSA cycles,7 and the timeline is illustrated (Figure 1).

Several scales quantify the anticholinergic burden, in-
cluding the Anticholinergic Risk Scale,1 the Anticholin-
ergic Drug Scale,1 Anticholinergic Cognitive Burden
Scale1 and the Anticholinergic Effect on Cognition scale,
AEC.8 The study team discussed the introduction of the
AEC, an innovative scale that addresses the muscarinic
binding affinity of a given drug, the blood–brain barrier
permeability and cognitive adverse effects.5,8 The scale
addresses central anticholinergic activity and differs from
the other currently available scales.5,8 AEC provides
a traffic light system of drug classification with scores
ranging from 0, 1, 2 and 3. A score of 0 indicates no central
anticholinergic activity, and three indicates high central
anticholinergic activity.8

We defined and measured comprehensive identifica-
tion as the total anticholinergic burden score at the
time of liaison psychiatry assessment (pre-assessment
total AEC score) evidenced in clinical documentation.
The comprehensive reviewwas defined andmeasured as
the total anticholinergic burden score following as-
sessment (post-assessment total AEC score). The liaison
psychiatry team calculated the anticholinergic burden
using theMedichec online resource (www.medichec.com).9

The calculation of the total AEC score is illustrated
(supplementary data).

Medication review strategies included substituting with
a safer alternative (low AEC score medication), depres-
cribing and dose reduction of psychotropic medications.

The primary aim was achieved using the data of mea-
sured anticholinergic burden, with the record of pre-
and post-assessment total AEC scores in clinical docu-
mentation at each liaison psychiatry assessment as the
numerator and the total number of assessments the
denominator.

We measured the changes in pre- to post-assessment
anticholinergic burden scores as increased, decreased or
unchanged. The standard for improvement was set at
100% within 12 months from April 2021, set as the study
start date.

We commenced study cycle one and introduced the
AEC scale between 3 June 2021 and 12 August 2021. The
study PDSA data, demographic variables and diagnoses
were prospectively collected on a Microsoft Excel
spreadsheet by the study psychiatrist, examining the
electronic records of referrals and assessments. All
consecutive referrals were included in the study cycles,
with one exclusion applied to requests for mental ca-
pacity assessments.

We studied the results of cycle one and implemented the
second cycle between 30 August 2021 and 22 November
2021 for further improvement.

Driver diagram7 illustrates the interventions, contextual
elements and change drivers used to achieve the study
aim (Figure 2).

Data verification and accuracy of calculated scores for all
assessments were undertaken.
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Survey on trainee feedback

A government survey builder10 was used to devise the
survey questions, comprising a Likert scale, semi-
structured questions and free text comments on feed-
back and improvement areas.

The study psychiatrist emailed the online anonymised
survey in November 2021 to all past and current trainees.
One trainee who assisted the study psychiatrist with de-
vising the survey instrument was exempted from survey
participation.

Analysis

Descriptive statistics were generated for all quantitative
data using Excel. All free text comments in the survey
results were included verbatim.

Results of PDSA cycles

In 2 cycles, there were 51 unique patients and 75 as-
sessments (Tables 1 and 2).

Four patients in the first cycle and five patients in the
second cycle were assessed more than once.

Pre- and post-assessment total AEC scores of 1 and over
were entirely attributable to antipsychotics and anti-
depressants in cycle one, single medication or a com-
bination. Two other medications (domperidone and
prednisolone) were accounted for in cycle two.

The main findings were on improvement in documented
total AEC scores at pre-assessment and post-assessment
(Table 2).

The results on secondary aim compared changes in pre-to
post-assessment total AEC scores (Figure 3).

Results of Trainee feedback

There were 11 out of 14 survey respondents (78.6%).

The survey trainee results suggested an enriching edu-
cational experience (supplementary data).

Discussion

The main study results showed that implementing the
AEC scale led to a 94.7% electronic documentation record
of identification (pre-assessment total AEC score), leading
to a record of review (post-assessment total AEC score) in
71.1% of assessments in cycle one and a further 100%
documentation record of identification and 94.6% review
in cycle two.

The review article by López-Álvarez et al.11 notes that
prescribing medications with anticholinergic effects
may be inevitable or appropriate in conditions like
depression and primary psychotic disorders, as evi-
denced in our study results. The post-assessment total
AEC score of 2 and over paradoxically increased in cycle
one (42.1%). However, we found that 40.7% had a di-
agnosis of depression, and 11.1% had a psychotic dis-
order in cycle one. In the second cycle, 12.5% had
a diagnosis of depression, 16.7% had a diagnosis of
a psychotic disorder and the post-assessment total AEC
score of 2 and over showed a reduction to 16.2% from
42.1% in cycle one. A high post-assessment total AEC
score of 3 and over reduced from 15.8% in cycle one to
5.4% in cycle two, demonstrating improvement in the
second cycle.

A study by Hanlon et al.12 concluded that anticholinergic
burden was associated with adverse outcomes in middle-
aged and older adults, with the AEC scale most strongly
associated with dementia and delirium. Dementia risk has
been found to be increased in association with exposure to
several types of stronger anticholinergic drugs.13 Therefore,
medication review strategies to minimise anticholinergic
burden are needed, balancing risks and benefits, medical
comorbidities and other prescribed medications11 when
making prescribing decisions.

The study’s strengths involve a healthcare improvement
study that attempts to bridge the gap between the clinical
application of anticholinergic drug burden and advances
in research and innovation. Other strengths were har-
nessing a digital aid using Medichec to quantify the
central anticholinergic burden and the study team’s
adaptability to ongoing challenges during the COVID-19
pandemic.

Figure 1. PDSA timeline chart.
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Limitations of this study include its relatively small
sample in a geriatric psychiatry liaison setting led by the
study psychiatrist and the possibility of improvement
through chance in the second cycle. However, the sample

size is consistent with health care improvement studies
where improvement initiatives are evaluated on a small
scale prior to upscaling. While cognitive testing using
validated screening tools is embedded into the

Table 1. Demographics and diagnoses

Cycle 1 n = 27 (%) Cycle 2 n = 24 (%)

Gender
Female 21 (77.8) 12 (50.0)
Male 6 (22.2) 12 (50.0)

Age (year)
Mean (SD) 80.3 (5.9) 83.5 (6.5)

Ethnicity
Chinese 22 (81.5) 20 (83.3)
Indian 1 (3.7) 2 (8.3)
Malay 2 (7.4) 0 (0.0)
Others 2 (7.4) 2 (8.3)

Delirium, MCI� or dementia
None for all 3 4 (14.8) 2 (8.3)
Only delirium 3 (11.1) 2 (8.3)
Delirium and dementia 5 (18.5) 9 (37.5)
Delirium and MCI 4 (14.8) 4 (16.7)
Only dementia 7 (25.9) 4 (16.7)
Only MCI 4 (14.8) 3 (12.5)

Depression 11 (40.7) 3 (12.5)
Psychotic disorder 3 (11.1) 4 (16.7)

�Mild Cognitive Impairment.

Figure 2. Driver Diagram.
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comprehensive geriatric inpatient assessment, we did not
capture the data for this study.

An organisational approach to medication safety and
progressive implementation into other specialist service
provisions is underway.

Conclusions and Recommendations
Using the AEC scale, the study findings support the fea-
sibility of comprehensive identification and review of
measured anticholinergic burden in older people with
neurocognitive disorders as part of routine care and
assessments.

This study appears to be the first to exemplify the usage of
an anticholinergic burden scale at assessment in a prag-
matic geriatric psychiatry liaison clinical setting. We trust
that this innovative study will spur the clinical applica-
tion of the measured anticholinergic burden to refine
clinical practice in neurocognitive disorders.

Author's Note
SQUIRE 2.0 Guidelines14 have been used to devise the writing of this manuscript.
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Figure 3. Change in total AEC score from pre-assessment.

Table 2. Total AEC scores

Cycle 1 n = 38 (%) Cycle 2 n = 37 (%)

Pre�- n = 38 (%) Post��-n = 38 (%) Pre�- n = 37 (%) Post��- n = 37 (%)

0 17 (44.7) 13 (34.2) 23 (62.2) 27 (73.0)
1 6 (15.8) 9 (23.7) 4 (10.8) 4 (10.8)
2 9 (23.7) 10 (26.3) 6 (16.2) 4 (10.8)
3 6 (15.8) 6 (15.8) 3 (8.1) 1 (2.7)
4 1 (2.7) 1 (2.7)
Record of total AEC scoresa 36/38 (94.7) 27/38 (71.1) 37/37 (100.0) 35/37 (94.6)

� pre-assessment total AEC score �� post-assessment total AEC score.
aAny missing records of total AEC scores in clinical documentation were retrospectively calculated prior to data analysis.

Balasundaram et al.

539



Funding
The author(s) disclosed receipt of the following financial support for the research, au-
thorship, and/or publication of this article: This work was supported by the RS is part-funded
by: i) the National Institute for Health Research (NIHR) Biomedical Research Centre at the
South London and Maudsley NHS Foundation Trust and King’s College London; ii) an NIHR
Senior Investigator Award; iii) the National Institute for Health Research (NIHR) Applied
Research Collaboration South London (NIHR ARC South London) at King’s College Hospital
NHS Foundation Trust; iv) the DATAMIND HDR UK Mental Health Data Hub (MRC grant MR/
W014386).

ORCID iD
Bharathi Balasundaram  https://orcid.org/0000-0002-7312-4632

References
1. Salahudeen MS, Duffull SB and Nishtala PS. Anticholinergic burden quantified by an-

ticholinergic risk scales and adverse outcomes in older people: a systematic review. BMC
Geriatr 2015; 15: 31. DOI: 10.1186/s12877-015-0029-9

2. Egberts A, Moreno-Gonzalez R, Alan H, et al. Anticholinergic drug burden and delirium:
a systematic review. J Am Med Dir Assoc 2021; 22: 65–73.

3. Pieper NT, Grossi CM, Chan WY, et al. Anticholinergic drugs and incident dementia, mild
cognitive impairment and cognitive decline: a meta-analysis. Age Ageing 2020; 49: 939–947.

4. Stewart C, Taylor-Rowan M, Soiza RL, et al. Anticholinergic burden measures and
older people’s falls risk: a systematic prognostic review. Ther Adv Drug Saf 2021; 12:
1–10.

5. Bishara D, Perera G, Harwood D, et al. The Anticholinergic Effect on Cognition (AEC) scale-
associations with mortality, hospitalisation and cognitive decline following dementia
diagnosis. Int J Geriatr Psychiatry 2020; 35: 1069–1077.

6. Balasundaram B, Yoon PS, Rosario BH, et al. Geriatric psychiatry liaison programme in
a Singapore public hospital geriatric ward setting: descriptive and evaluation study on
delirium and dementia. Proceedings of Singapore Healthcare 2019; 28: 266–273.

7. http://www.ihi.org/resources/Pages/Tools/PlanDoStudyActWorksheet.aspx ”Reprinted
from www.IHI.org with permission of the Institute for Healthcare Improvement (IHI),
©2022.“ (accessed 22 March 2022).

8. Bishara D, Harwood D, Sauer J, et al. Anticholinergic Effect on Cognition (AEC) of drugs
commonly used in older people. Int J Geriatr Psychiatry 2017; 32: 650–656.

9. Medichec. South London Maudsley NHS Trust. http://www.medichec.com (accessed 18
February 2022).

10. FormSG. https://form.gov.sg (accessed 29 November 2021).
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