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Abstract

Background: Anticholinergic medications are drugs that block cholinergic transmission, either as their primary
therapeutic action or as a secondary effect. Patients with dementia may be particularly sensitive to the central effects
of anticholinergic drugs. Anticholinergics also antagonise the effects of the main dementia treatment, cholinesterase
inhibitors. Our study aimed to investigate anticholinergic prescribing for dementia patients in UK acute hospitals
before and after admission.

Methods: We included 352 patients with dementia from 17 UK hospital sites in 2019. They were all inpatients on
surgical, medical or Care of the Elderly wards. Information about each patient’s medications were collected using
a standardised form, and the anticholinergic drug burden of each patient was calculated with an evidence-based
online calculator. Wilcoxon’s rank test was used to look at the correlation between two subgroups upon admission
and discharge.

Results: On admission to hospital, 37.8% of patients had an anticholinergic burden score > 1 and 5.68% >3. On
discharge, 43.2% of patients with an anticholinergic burden score > 1 and 9.1% >3. The increase in scores was statisti-
cally significant (p =0.001). Psychotropics were the most common group of anticholinergic medications prescribed at
discharge. Of those patients taking cholinesterase inhibitors, 44.9% were also prescribed anticholinergic medications.

Conclusions: Our cross-sectional, multicentre study found that people with dementia are commonly prescribed
anticholinergic medications, even if concurrently taking cholinesterase inhibitors, and are significantly more likely to
be discharged from hospital with a higher anticholinergic burden than on admission.
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Dementia is a collective term for chronic neurodegen-
erative illnesses characterised by progressive cognitive
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Acetylcholine is thought to play a key role in memory,
and loss of cholinergic neurons correlates with memory
loss in Alzheimer’s and other dementias [3].

Anticholinergic medications are medications that
block cholinergic transmission, either as their pri-
mary therapeutic action or as a secondary effect [4].
Older patients are particularly prone to side-effects
from these drugs including impaired memory and
attention [5], delirium [6], falls [5], constipation and
urinary retention [7]. The effects on cognition seem
to be cumulative [8], with increased anticholinergic
activity associated with a marked decline in cognition.
Patients with dementia may be particularly sensitive to
the central effects of anticholinergic drugs. They are
more likely to develop delirium and increased cogni-
tive decline [9], potentially due to increased blood-
brain barrier permeability [10]. Anticholinergics also
antagonise the effects of the main dementia treat-
ment, cholinesterase inhibitors [11]. Examples of such
anticholinergic drugs include tricyclic antidepressants,
bladder antimuscarinics and antipsychotics [12].

Despite this, older people with dementia are subject
to considerable polypharmacy, including drugs with
anticholinergic effects [13]. Polypharmacy as a whole
[14], and anticholinergic polypharmacy specifically [15],
have been correlated with increased hospitalisation and
mortality.

Recent studies have attempted to quantify the anticho-
linergic effect of different medications. Online calculators
such as medichec and acbcalc have been developed using
these models. Medichec, based on Bishara et al. [16],
reports an anticholinergic burden (ACB) score for each
drug, calculated using the following factors: i) the mag-
nitude of anticholinergic action, ii) the extent of blood-
brain-barrier penetration, and iii) reports of association
with cognitive impairment. It also provides an aggregate
ACB score based on all drugs prescribed to an individual.

NICE guidelines on the assessment and management
of dementia recommend reviewing and, where possible,
replacing anticholinergic drugs in patients with demen-
tia [17]. However, it is not clear how often this occurs
in clinical practice. Our study aimed to characterise
anticholinergic prescribing for dementia patients in UK
acute hospitals before and after admission.

Methods
Study aim
To characterise anticholinergic prescribing for dementia
patients in UK acute hospitals before and after admission.

Study design
A cross-sectional, multicentre study was conducted in 2019.
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Study sites

Seventeen hospital sites from across the United Kingdom
were involved in the study (Additional file 1: Appendix
B). To be included in the audit, each hospital site was
required to have a minimum of one surgical, one medi-
cal and one Care of the Elderly ward. The audit was reg-
istered at each site and approval from each trust audit
committee was gained prior to data collection.

Study population

The sample comprised 352 medical records of patients
with dementia. They were all inpatients on a surgical,
medical or Care of the Elderly wards. Only patients with
a formal diagnosis of dementia (pre-existing or made
during that admission) were included. We included only
patients who were ready for discharge to ensure that we
captured their discharge medications.

Data collection

DC, NE and CG designed a form to capture data on each
study participant. The form included: patient demo-
graphics, medications on admission and discharge, and
discharge destination (Additional file 1: Appendix C). No
identifying information was recorded.

Data was collected from February to May 2019. For
each participant identified, their medical notes and drug
charts were reviewed. The data collection tool Enketo
[18] was used to record the data. To calculate the ACB
for each participant, an online calculator was used
(http://medichec.com [19]). This gave an overall ACB
score for each patient based on their list of medications
as reported by Bishara et al. [16].

Data analysis

Data was analysed by AH and DC using the statisti-
cal software package ‘R’ [20]. A mean overall ACB Score
was calculated for admission and discharge. As the data
was non-parametric, Wilcoxon’s rank test was used to
ascertain whether this change in score was statistically
significant.

Frequencies were calculated to show the number of
medications per drug class within the dataset. These
were weighted by the effect of the drug and the fre-
quency of prescription to show the contribution to the
overall ACB score.

Further analysis looked at the subset of patients tak-
ing the anti-dementia cholinesterase inhibitors. The
frequency of patients prescribed both cholinester-
ase inhibitors and ACB medications were calculated,
and their change in ACB score from admission to
discharge.

Data was recorded on the input patients received
from old-age psychiatrists, geriatricians and dementia
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specialists. Using change in ACB score as the outcome
variable, we used linear regression using the ordinary
least squares method against the binary input variables of
‘input from each specialty, modelled as interacting varia-
bles. A separate linear regression was performed accord-
ing to the type of ward the patient was on— modelled as
non-interacting binary variables, with change in ACB
score as the outcome variable.

Ethics

As our study was accessing routinely-collected data
to evaluate service provision through the collection of
anonymised and aggregated data, we registered with
local audit committees but did not apply for research eth-
ics. All methods were performed in accordance with the
relevant standards for service evaluations.

Results

Patient demographics

Three hundred fifty-two patient records were included
in the audit across 17 sites. A summary of patient demo-
graphics is presented in Table 1.

Patients were distributed across the hospitals with
18.5% admitted to acute wards, 9.7% admitted to a
dementia ward, 52.8% admitted to a geriatrics ward,
10.2% admitted to surgical wards and 8.5% admitted to
‘other” wards. 86.1% of patients were either seen by a geri-
atrician, dementia specialist or old age psychiatrist dur-
ing their admission.

Anticholinergic burden

Figure 1 shows the distribution of ACB scores on admis-
sion and on discharge. Mean ACB score on admission
was 0.61, with a mean score on discharge of 0.77.

On admission to hospital, 37.8% of patients had an
ACB >1 and 5.68% had an ACB of >3. This reflected a
total sample ACB score on admission of 215. On dis-
charge, 43.2% of patients with an ACB score>1 and 9.1%
of patients had an ACB score of >3. This corresponded to
a total sample ACB of 272. As the value counts for total
ACB at admission and total ACB at discharge are non-
parametric, Wilcoxon analysis could then be used to
compare whether the change from total admission ACB
score to total discharge ACB score was significant. This
analysis showed that there was in fact a statistically sig-
nificant increase from total admission ACB score to the
total discharge ACB score (t=693.0, p =0.001).

Table 2 shows the results of regression with change
in ACB as the outcome variable and specialist input as
the input variables. Significant values included nega-
tive association between ACB scores and input from old
age psychiatry alone (p =0.024), and from all 3 special-
ties (p =0.005). Input from both old age psychiatrist and
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dementia specialist was positively associated with ACB
scores (p =0.013).

Results of the regression of change in ACB against
ward type are shown in Table 3. All wards were signifi-
cantly positively associated with change in ACB scores
other than dementia wards.

On discharge, 152 patients were taking anticholinergic
medications. 103 (67.8%) were taking one anticholinergic
medication, 34 (22.4%) patients were taking two anticho-
linergic medications, 12 (7.9%) patients were taking three
anticholinergic medications and 3 (2.0%) patients were
taking four anticholinergic medications. In total, there
were 219 instances of anticholinergic medications being
prescribed.

Figure 1 shows the distributions of ACB scores at the
beginning and end of the admission, as well as the change
across the admission.

Of the 219 anticholinergic medications prescribed
at discharge, the most common drug class was psycho-
tropics (antidepressants, antipsychotics, mood stabilis-
ers or benzodiazepines; 74%) (see Fig. 2). The other drug
classes were antihistamines (8.2%), anticholinergic anti-
spasmodics (7.3%), non-steroidal anti-inflammatories
(5.9%), opiates (2.3%), anti-arrhythmics, anti-sickness,
quinine and Parkinson medications (1.4%). The most
frequently prescribed medications with anticholinergic
activity were Mirtazapine (n =41), Sertraline (n =35),
Citalopram (n =18), Cyclizine (n =17) and Midazolam
(n =14). When adjusted for their respective ACB scores,
the drugs contributing most to the total ACB were Mir-
tazapine, Sertraline and Amitriptyline. The breakdown
drug classes and their contribution to the ACB scores is
shown in Table 4.

Seventy-six medications with anticholinergic activity
were started during hospital admissions. The most fre-
quently commenced group of medications were psycho-
tropics (63.2%). Of the started medications, 26.3% were
antidepressants, 22.4% were antipsychotics, 17.1% were
antihistamines, 10.5% were antispasmodics, 14.5% were
benzodiazepines, 6.6% were anti-inflammatories and
2.6% were opiates.

Twenty-nine anticholinergic agents were stopped. 69%
of stopped anticholinergic medications were psychotrop-
ics. The most commonly stopped drug classes were anti-
depressants (34.5%), followed by antipsychotics (17.2%).
Others included antihistamines (10.3%), anticholinergic
antispasmodic (10.3%), benzodiazepines (10.3%), anti-
inflammatory (6.9%) and mood stabilisers, antiarrhyth-
mic and Parkinson’s medications (3.5%). Table 5 shows
the changes in antipsychotic prescribing between admis-
sion and discharge.

Sixty-nine patients were taking anti-dementia cho-
linesterase inhibitors. Of those patients, 31 (44.9%)
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Table 1 Patient demographics
Charactersitic N Percentage (%)
Age (years)
<65 6 1.7
65-74 25 7.1
75-84 137 389
85-94 161 45.7
>95 22 6.3
Sex
Female 190 54
Dementia Subtype
Alzheimer’s 130 369
Vascular 80 227
Mixed 47 134
Lewy Body 34 9.7
Frontotemporal 5 14
Other (e.g. Unspecified Dementia, Dementia in Parkinson'’s etc) 56 15.9
Diagnoses of Dementia made during admission
Yes 26 74
New diagnoses of dementia made despite delerium recorded during the admission
Yes 8 30.1
Ward
Acute 65 185
Dementia 34 9.7
Geriatric 186 52.8
Surgical 36 10.2
Other (e.g. Delayed dishcarged ward, Medical rehabilitation etc) 30 85
Specialist Input
Geriatrician 216 614
Dementia Specialist 18 5.1
Old Age Psychiatirst 4 1.1
Input from 2+ of above 65 18.5
Admitted from
Own Home 265 753
Residential Home 41 11.6
Nursing Home 44 12.5
Discharged to
Own Home 148 420
Residential Home 74 210
Nursing Home 98 27.8
Rehabilitation 24 6.8

were also taking anticholinergic medications. Eighteen
patients had an ACB score of 1, eight patients scored 2,
three patients scored 4 and one patient scored 5. Two
patients on cholinesterase inhibitors had a decreased
ACB from admission to discharge. The medications
stopped during admission were antipsychotics (100%).

Nine patients had an increase in score from admis-
sion to discharge. Medications added during admis-
sion were antidepressants (20%), antipsychotics (40%),
benzodiazepines (20%), anti-inflammatories (10%) and
antihistamines (10%). The remaining 58 patients had no
change in score between admission and discharge.
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(a) Anticholinergic Burden Score on Admission and Discharge
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Fig. 1 Depicts bar charts (a) and (b). Chart (a) displays the number of patients with each Anticholinergic Burden Score, first at Admission, then at
discharge. Chart (b) displays the change in Anticholinergic Burden Score from admission to discharge. Negative change shows a decrease in score

Table 2 Results of regression of specialist input against change

in ACB score

Specialist input P= 0.02> 0975 Table 3 Linear regression analysis testing whether ward type
Geriatrician 0448 —0366 0.162 influence the total ACB at discharge

Old age Psychiatry 0024 —1867 —0133  ward type p— 0.05 0.95
Geriatrician 4 Old age Psychiatry 0060 —0.041 1.937

Dementia Specialist 0476  —0626 0293 Acute 0023 0.283 3717
Geriatrician + Dementia Specialist 0.521 —0.743 0377 Geriatric 0038 0.104 352
Old Age Psychiatry 4+ Dementia Specialist 0013 0311 2.594 Surgical 0038 0106 3.56
Geriatrician 4 Old age Psychiatry + 0005 —3297 —0601 Dementia 0057 —0052 3405
Dementia Specialist Other 0.032 0.168 3632
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(a) Biggest contributors to the Anticholinergic Burden Score based on drug
group
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(b) Drug groups that contributed to patients Anticholinergic Burden score
upon discharge
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Fig. 2 Depicts pie charts (a) and (b). Chart (a) highlights the proportional contributions to the Anticholinergic Burden Score for each drug group.
The contribution each drug group makes is based on the total Anticholinergic Burden score, the individual drug Anticholinergic Burden score and
its frequency in the dataset. Chart (b) depicts the frequency each drug group contributed to the patients Anticholinergic Burden score at discharge
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Table 4 Drugs prescribed, N prescribed, ACB drug score for drug, percentage of total ACB at discharge

Drug Class Medicine ACB score N Prescribed Percentage of total ACB for
sample (%)
Antidepressants 14 107 55.07
Mirtazapine 1 41 15.07
Sertraline 1 35 12.87
Amitriptyline 3 9 9.93
Citalopram 1 18 6.62
Fluoxetine 1 4 147
Antipsychotics 1.67 31 19
Quetiapine 2 11 8.09
Olanzapine 2 10 7.35
Prochlorperazine 2 3 2.21
Levomepromazine 2 3 2.21
Aripiprazole 1 3 1.1
Flupentixol Decanoate 1 1 037
Antihistamines 1.5 18 9.93
Cyclizine 1 17 6.25
Chlorphenamine 2 1 0.74
Antispasmodics 1.33 16 7.84
Hyoscine Butyl Bromide 1 9 331
Tolterodine 2 4 294
Solifenacin 1 3 1.1
Benzodiazepines 1 20 7.35
Midazolam 1 14 5.15
Diazepam 1 5 1.84
Temazepam 1 1 0.37
Anti-inflammatories 1 13 4.78
Prednisolone 1 13 4.78
Opiates 1 5 1.84
Fentanyl 1 5 1.84
Mood Stabilisers 1 4 147
Carbamazepine 1 3 1.1
Lithium 1 1 037
Anti-sickness 3 1 1.1
Hyoscine Hydrobromide 3 1 1.1
Anti-arrhythmics 1 2 0.74
Amiodarone 1 2 0.74
Anti-Parkinson’s 2 1 0.74
Amantadine 2 1 0.74
Quinine 1 1 037
Quinine Sulphate 1 1 037
Discussion taken on discharge. Psychotropics are both the most

Our cross-sectional, multicentre study found that people
with dementia are commonly prescribed anticholinergic
medications, even if concurrently taking cholinesterase
inhibitors, and are significantly more likely to be dis-
charged from hospital with a higher ACB than on admis-
sion. We found that psychotropic medications accounted
for almost three quarters of anticholinergic medications

added and the most stopped medication during hospital
admissions.

Whilst there is a significant literature on ACB [21, 22],
particularly in dementia [23-26], our study adds a large
cohort of patients from a variety of hospitals around the
UK, with granular patient-level data including treatment
setting and specialist input.
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Table 5 Antipsychotics present at discharge (new Vs old Vs
change in prescription)

Antipsychotics N Percentage (%)

Admitted and discharged on the same antipsy- 13 419

chotic

Aripiprazole

Quetiapine

Olanzapine

Levopromazine

Prochlorperazine

Flupentixol
Newly prescribed an antipsychotic (no previous) 7 548
Aripiprazole
Quetiapine
Olanzapine
Levopromazine
Prochlorperazine

Change in type of antipsychotic during admission 32

- - W = A NN = = O NN =

Risperidone=> Olanzapine

Our findings are broadly consistent with the wider
literature. Gutierrez-Valencia et al. [21] reported an
increase in medications with anticholinergic effects
among 200 patients discharged from an acute geri-
atric unit. Similarly, Wawruch et al. [22] found a
statistically significant increase in elderly patients pre-
scribed anticholinergic medications at discharge in
1636 patients admitted to long-term care facilities in
Slovakia [22]. In a large retrospective study of Italian
dementia patients, Reinold et al. [24] found that ACB
was higher at discharge, with 46.1% of patients having
a moderate to high ACB score at discharge compared
to 25.4% at admission. Of prescribed medications with
anticholinergic activity, they reported cardiovascu-
lar drugs were the most common, with antipsychotics
second. Upon discharge, they noted that furosemide
(23.4%), quetiapine (15.3%) and promazine (8.9%) were
most commonly prescribed [24].

Whilst we also found an increased ACB at discharge
and identified antipsychotics as the second biggest male-
factor (22.4% of anticholinergic medications), in our study
antidepressants were the largest contributor to ACB score
(26.3%). The three most commonly prescribed medica-
tions were mirtazapine, sertraline and citalopram, and the
drugs contributing most to the total ACB were mirtazap-
ine, sertraline and amitriptyline. Psychotropic medica-
tions are frequently started in acute hospitals. In an audit
of 35 acute hospitals in Ireland in 2013, Gallagher et al.
[23] reported a significant increase in patients prescribed
antipsychotics on discharge [23]. Indeed, 41% of those
prescribed antipsychotics had doses increased [23].
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Almost half of patients in our study (44.9%) who were
prescribed acetylcholinesterase inhibitors as treatment
for dementia were also given anticholinergic drugs. A
small number of these patients (< 3%) had anticholinergic
medications stopped or reduced. Other studies have also
reported that inappropriate co-prescription of anticho-
linergics and acetylcholinesterase inhibitors is com-
mon [11]. The action of acetylcholinesterase inhibitors
is opposed by anticholinergic medications [27], and this
may lead to a reduction in therapeutic benefit.

In our study, the majority of patients (86.1%) were seen
either by a geriatrician, dementia specialist or old age
psychiatrist during their admission. Our analysis shows
that specialist input was not associated with increased
ACB, and that input from old-age psychiatry and a com-
bination of old age psychiatry, geriatrician and demen-
tia specialist was associated with a reduction in ACB,
although this finding must be treated with significant
caution due to the small numbers (n =38 and 14 respec-
tively) involved. It was also notable that, of all wards, only
dementia wards were not associated with increases in
anticholinergic burden. This presents some evidence that
specialist input may be helpful in counteracting the ten-
dency towards increasing anticholinergic burden in inpa-
tients. This is despite recommendations that reviews can
be undertaken by any doctor or pharmacist or special-
ist nurse [28, 29], with the use of tools such as STOPP/
START Version 2 (Screening Tool of Older People’s Pre-
scriptions and Screening Tool to Alert to Right Treat-
ment) [30].

Although there is consensus on many findings, it is
important to note the heterogeneity in methodology.
Each study uses a different method to assess ACB. For
example, Wawruch et al. [22] identified anticholinergic
drugs as those that scored >2 of 3 on lists published by
Han et al. [8] and Rudolph et al. [31], but did not calculate
an ACB score for individual patients. Gutierrez-Valen-
cia et al. [21] used the anticholinergic risk scale (ARS)
based on Rudolph et al. [31] The ARS ranks medications
known to have anticholinergic effects on a scale from 0
(limited/none) to 3 (very strong). This ranking is based
on the medication’s dissociation constant for the cholin-
ergic receptor and its anticholinergic adverse effects. A
patient’s ARS score is the sum of the ARS ranking for all
of their medications [31]. However, the ARS is not based
on a systematic review of the literature and instead iden-
tifies medications based on one American healthcare
system. In contrast, Reinold et al. [24] used the ‘Anticho-
linergic Cognitive Burden Scale’ based on Boustani et al.
[30] The developers of this scale classified medications
into mild, moderate or severe anticholinergic effects
based on a literature review and evaluation by an expert
interdisciplinary team. These medications were then
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scored from 0 to 3 (0 =no anticholinergic effect, 1 =pos-
sible anticholinergic effects, 2/3=clinically relevant
anticholinergic effects) based on their in vitro affinity for
muscarinic receptors, blood-brain barrier permeability
and association with development of delirium. A patient’s
total score is the sum of the score assigned to each medi-
cation [32]. Another possible system is the Anticholin-
ergic Drug Scale developed by Carnahan et al. [33] This
scale ranks medications based on their serum anticho-
linergic activity from 0 (no known activity) to 3 (marked
activity). The total score for each patient is determined
by the sum of the score for each medication [31]. In our
study we chose to use Bishara et al’s [16] Anticholinergic
Effect on Cognition (AEC) scale, as described above. The
AEC scale uses information on drug classes and medica-
tions from the British National Formulary. It also assesses
penetration of the blood-brain barrier [16].

Strengths

This study has a number of strengths. We are the first to
investigate anti-cholinergic prescribing in dementia patients
in UK hospitals. Our study was a cross-sectional study,
comprising 17 sites. Therefore, the results should be gen-
eralisable to other acute hospital settings. We have a large
sample size, which minimised the chance of type II error.
We used an evidence-based online calculator to ensure that
we made standardised assessments of ACB score.

Limitations

Some limitations should be noted. We used a conveni-
ence sample of dementia patients who were ready for dis-
charge. This could have introduced some selection bias.
We did not enhance case ascertainment by using stand-
ardised dementia diagnostic assessments. Thus, patients
that did not have a diagnosis of dementia made by their
clinical team and clearly documented would have been
missed. Whilst Bishara et al’s [16] AEC scale compre-
hensively assesses adverse effects due to anti-cholinergic
action, it does not consider the broader appropriateness
of the prescription [19]. Future studies would benefit
from longitudinal follow-up of patients after hospital
discharge, to assess the effect of anticholinergic prescrip-
tions on long-term outcomes.

Conclusions

Our cross-sectional, multicentre study found that older
adults with dementia are commonly prescribed anticho-
linergic medications, even if also prescribed cholinest-
erase inhibitors. Anticholinergic burden increased after
hospital admission. Psychotropic medications accounted
for the majority of anticholinergic burden. Increased
awareness of anticholinergic effects and standardised
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tools for medication reviews may help to address this
problem. It may be that specialist input from old age psy-
chiatry along with other specialists or specialist dementia
wards can help reduce this tendency toward increased
anticholinergic burden, but this is a preliminary find-
ing that requires further validation. Further research is
needed to investigate the impact of anticholinergic bur-
den on long-term patient outcomes.
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