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Abstract

Background Exposure to high anticholinergic burden is associated with adverse outcomes in older adults. Older
adults with frailty have greater vulnerability to adverse anticholinergic effects. There is limited data on anticholinergic
burden in hospitalised older adults with frailty particularly, in New Zealand. This study aimed to (i) examine exposure
to anticholinergic medicines in older inpatients using multiple scales, and (i) describe the association of patient
factors such as frailty with anticholinergic exposure.

Methods We reviewed admission and discharge medicines of 222 older patients (> 65 years) in a New Zealand
hospital. Sociodemographic, diagnostic and medication data were collected from electronic health records.
Anticholinergic burden was quantified using the Anticholinergic Burden Classification (ABC), Anticholinergic
Cognitive Burden Scale (ACB), Anticholinergic Risk Scale (ARS), and Drug Burden Index (DBI). Frailty was assessed using
frailty index (FI) and the Hospital Frailty Risk score (HFRS); higher scores indicate higher frailty. Multivariable logistic
regression analysis was used to determine patient factors associated with anticholinergic burden.

Results Depending on the scale used, the mean anticholinergic burden ranged from 0.65 to 1.83 on admission and
0.59 to 1.40 at discharge, with 32-74% of the patients on admission and 25-65% at discharge prescribed at least one
anticholinergic medicine. About 1 in 3 patients had high anticholinergic burden on admission and discharge. On
admission, being frail (adjusted odds ratio [AOR] 5.16, 95% confidence interval [95% Cl] 1.57, 16.97), having history
of readmission (AOR 4.96, CI 1.58, 15.59), and higher number of medicines [AOR range 1.18 Cl 1.10, 1.26 (ARS scale)
to 1.25Cl 1.15, 1.36 (DBI scale)] were associated with higher odds of anticholinergic exposure. At discharge, pre-frail
(DBl scale: AOR=6.58, CI 1.71-25.32) and frail patients (ACB scale: AOR=5.73, Cl 1.66, 19.70) and those with higher
number of medicines [AOR range 1.18 CI 1.09, 1.29 (ARS scale) to 1.33 Cl 1.20, 1.49 (DBI scale)] had higher odds of
anticholinergic exposure.
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Conclusion A reduction in the anticholinergic burden from admission to discharge was observed in the study
population yet, one-third of the study cohort were discharged with high anticholinergic medicines. Enhancing
hospital prescribers’and pharmacists awareness about anticholinergic burden and targeted interventions such as
in-hospital deprescribing are needed to reduce high anticholinergic exposure in acute setting.
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Background

Medicines with anticholinergic effects are commonly
used in older adults for the management of various long-
term conditions. Evidence shows between 20% and 50%
of older adults are prescribed at least one medicine with
anticholinergic effect [1]. The cumulative effect of con-
current use of one or more medicines with anticholin-
ergic properties is known as anticholinergic burden [2].
A high anticholinergic burden is a reversible risk factor
for a range of adverse health outcomes including cogni-
tive decline, falls, fracture, and hospitalisation in older
adults [3, 4]. Older adults have increased susceptibility to
adverse anticholinergic effects due to age-related changes
in physiologic function altering pharmacokinetics and
pharmacodynamics of drugs [5]. Furthermore, hav-
ing multimorbidity, polypharmacy and frailty increase
vulnerability to adverse anticholinergic outcomes [6].
Despite the risks of adverse anticholinergic health out-
comes, the prevalence of anticholinergic use in older
adults continues to increase [7, 8]. The growing trend in
the anticholinergic burden has become a global concern
and thus, reducing exposure to anticholinergics is a pri-
ority to optimise medicines use and outcomes in older
adults.

Several tools have been developed to measure the
cumulative effects of anticholinergic medicines [9-11]
and assist health care providers in optimising the use of
these medicines. Scales such as the Drug Burden Index
(DBI) [12], Anticholinergic Risk Scale (ARS) [13], Anti-
cholinergic Cognitive Burden Scale (ACB) [14] and Anti-
cholinergic Burden Classification (ABC) [15] have been
widely validated and used in clinical research. However,
existing scales differ in their underlying assumptions for
quantifying anticholinergic burden, list of medicines, and
weighting assigned in rating the medicines. In addition,
there is limited data comparing the performance of exist-
ing scales in measuring cumulative anticholinergic bur-
den in relation to clinical outcomes. Currently, no single
anticholinergic scale is universally accepted gold stan-
dard measure [16] and thus, a combination of more than
one scale may help in providing better insights into anti-
cholinergic exposure in the studied population.

In New Zealand and globally, research into anticholin-
ergic burden in older adults have predominantly focused
on primary healthcare or long-term care facilities [17-
20]. There is limited data on anticholinergic exposure in
hospitalised older adults, particularly in those with frailty

to inform risk stratification and patient prioritisation for
in-hospital medicines review. In this study, we aimed to
examine anticholinergic prescribing in older inpatients
using multiple scales and describe the association of
patient factors such as frailty status with anticholinergic
exposure in a New Zealand hospital.

Methods

Study design and setting

This was a single centre, retrospective evaluation of
electronic medical records of older patients recruited
from Auckland city hospital general medicine and geri-
atric services. These patients were enrolled in the medi-
cines burden and attitude towards deprescribing study
between February 2020 and March 2022 [21]. Patients
were included in the study if they were 65 years and
older, had at least one long-term condition and one pre-
scription medicine on admission, were not cognitively
impaired, and were able to provide written consent.

Data collection

We reviewed electronic medical records of enrolled
patients and extracted relevant data on sociodemo-
graphic (e.g. age, sex, ethnicity, socioeconomic depri-
vation), and clinical (e.g. comorbidities, history of
readmission) and medication data. The New Zealand
deprivation index (Dep2013) was used to evaluate socio-
economic deprivation, and the scores were categorised as
least deprived (scores 1-3), moderately deprived (scores
4-7), and most deprived (scores 8—10). Medical condi-
tions were coded using the International Classification
of Diseases 10th Revision-Australian Modification (ICD-
10- AM). Diagnostic data were used to assess the burden
of comorbidities using the Charlson comorbidity index
(CCI) [22].

Assessment of frailty

The Hospital frailty risk score (HFRS) [23] and Frailty
index (FI) [24] were used to assess frailty status (See sup-
plementary file). These measures assess frailty based on
the number of accumulated deficits which can be quan-
tified using ICD-10-AM and other relevant information
on the patient’s record at the time of index admission.
Based on their HFRS score, patients are stratified as no
risk (0), low risk (1-5), intermediate risk (5-15), and high
risk (>15), a higher score indicating a higher risk of frailty
for a patient [23]. There were no patients in the ‘no risk’
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and ‘high-risk’ category in our study and thus, HFRS was
dichotomised into either low or intermediate risk. The FI
was calculated by summing the number of deficits in the
FI variables and dividing by the total number of possible
deficits. The index ranges from O to 1 and based on their
FI scores, patients are categorised as non-frail (0-0.25),
pre-frail (0.26-0.35) and frail (0.36-1) [25].

Assessment of anticholinergic medication exposure
Detailed information about medications such as name,
dose, dose frequency, route of administration, and indi-
cation was collected for each admission and discharge
medication. Exposure to anticholinergic medications
on admission and at discharge was evaluated using the
Anticholinergic Cognitive Burden Scale (ACB) [14],
Anticholinergic Burden Classification (ABC) [15], Anti-
cholinergic Risk Scale (ARS) [13] and the Drug Burden
Index (DBI) [12]. The ACB, ABC, and ARS scales classify
each medicine on a scale of 0 to 3, with 0 indicating no
anticholinergic property and 3 indicating strong anticho-
linergic effect [11]. The DBI scale evaluates exposure to
anticholinergic and sedative medications, and the total
DBI is the cumulative score of each medication, where
0 represents no burden, a score>0 but <1 represents a
low burden and a score>1 is high burden. In this study,
after quantifying patient level anticholinergic burden on
admission and at discharge, the scores were categorised
as 0 (no exposure) and >0 (exposure to anticholinergic
medicines). Scores>0 were further categorised into low
to moderate and high anticholinergic burden using the
cut-offs proposed in each scale.

Statistical analysis

The characteristics of the study participants were sum-
marised using descriptive statistics. Continuous variables
were reported using mean and standard deviation (SD),
or median and interquartile range (IQR) as appropri-
ate. Categorical variables were reported using frequen-
cies and percentages. The Wilcoxon Singed-Rank test
[26] was used to compare anticholinergic burden score
on admission and discharge for each scale. Multivariable
logistic regression analyses were conducted to assess fac-
tors associated with anticholinergic burden on admission
and at discharge quantified by each anticholinergic scale,
with adjustment for sociodemographic (e.g. age, sex,
ethnicity and socioeconomic deprivation), clinical (e.g.
comorbidity, number of medicines, frailty, history of falls
and readmission) covariates. We calculated unadjusted
and adjusted Odds Ratios (AOR) with 95% confidence
intervals (CI). We excluded patients who died during
hospitalisation from the analysis at discharge. In all cases,
significance was set at a p-value less than 0.05. Analyses
were performed using SPSS software, version 28.
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Results

Sociodemographic and clinical characteristics of the study
population

A total of 222 patients were included in the study of
which, seven died during hospitalisation. The mean age
was 81.9 (SD 8.2), and 63% were female. The majority of
the cohort was of European ethnicity (84.7%), and 18%
were living in the most deprived areas. The average num-
ber of medicines on admission and at discharge were 10.6
(SD 5.1) and 9.6 (SD 4.5), respectively. The majority had
polypharmacy (=5 medications) on admission (89.1%)
and at discharge (90.1%). Almost 1 in 4 patients had a
history of readmission 28 days prior to index admission,
44.1% had a history of falls, and 48.6% had an extended
length of stay (>20 days). The mean hospital frailty risk
and FI scores were 4 (SD 3) and 0.4 (SD 0.2), respectively.
Most patients were frail (76.6%) as per FI and were in
low risk (63.5%) category according to the hospital frailty
score. The average Charlson comorbidity index score was
1.61(SD 1.70) (Table 1).

Exposure to anticholinergic medicines

Exposure to anticholinergics on admission and discharge
is shown in Fig. 1. On admission, 73.9%, 59.9%, 39.2%
and 32.4% of the patients had exposure to at least one
anticholinergic medicine (i.e. score>0) according to the
ACB, DBI, ABC and ARS scales, respectively. A ‘high’
anticholinergic burden on admission was observed in
36%, 26.6%, 24.8% and 14% of the patients according to
the ABC, ACB, DBI and ARS scales, respectively. At dis-
charge, 66.9%, 59.1%, 32.1% and 25.6% had at least one
anticholinergic prescribed as per the ACB, DBI, ABC and
ARS scores, respectively. A ‘high’ anticholinergic bur-
den was observed in 29.8%, 23.7%, 17.7%, and 8.4% of
patients based on the ABC, DBI, ACB and ARS scores,
respectively.

Further analysis of exposure to anticholinergics by
frailty showed that 39% (ACB scale) to 44.4% (ARS
scale) of the patients with intermediate frailty risk, and
77.8% (ARS scale) to 86.2% (ABC scale) of frail patients
had exposure to at least one anticholinergic medicine
on admission. At discharge, 40.9% (DBI scale) to 56.4%
(ARS scale) patients with intermediate frailty risk and
75.6% (DBI scale) to 87% (ABC scale) of frail patients
had exposure to at least one anticholinergic medicine.
When stratified by the level of exposure, 12.4%, 25.9%,
26.5% and 40% of patients with frailty had high anticho-
linergic exposure on admission as per ARS, DBI, ACB
and ABC scale, respectively. Likewise, 7.9%, 18.3%, 25.6%
and 34.8% of frail patients had high anticholinergic expo-
sure at discharge as per ARS, ACB, DBI and ABC scale,
respectively.

There was a significant reduction in the median anti-
cholinergic burden score from admission to discharge



Mohammed et al. BMC Geriatrics (2024) 24:1022

Table 1 Sociodemographic and clinical characteristics of study
population (N=222)

819 (+82)
141 (63.5%)

Age in years, mean (SD)
Sex female, n (%)
Ethnicity n (%)

European 188 (84.7%)
Asian 17 (7.7%)
Pacifica 11 (5.0%)
Maori 6 (2.7%)
Socioeconomic deprivation
Least deprived, n (%) 84 (37.8%)
Moderately deprived, n (%) 98 (44.1%)
Most deprived, n (%) 40 (18.0%)
Number of medicines on admission, mean (SD) 106 (+5.1)
Polypharmacy, n (%) 199 (89.6%)
Anticholinergic burden on admission
ARS, mean (SD) 0.86 (1.6)
ABC, mean (SD) 1.37(1.9)
ACB, mean (SD) 1.83(1.8)
DBI, mean (SD) 0.65(0.8)
Number of medicines at discharge, mean (SD) 9.6 (4.5)
Polypharmacy at discharge, n (%) 200 (93.0%)
Anticholinergic burden at discharge
ARS, mean (SD) 0.59 (1.3)
ABC, mean (SD) 1.05(1.6)
ACB, mean (SD) 140 (1.5)
DBI, mean (SD) 0.59 (0.7)
Length of stay in days, median (IQR) 2092 (17.9)
History of falls n (%) 98 (44.1%)
History of readmission n (%) 54 (24.3%)
Hospital frailty score, mean (SD) 4.0 (3.0

Low risk n (%)
Intermediate risk n (%)

141 (63.5%)
81 (36.5%)

Frailty index mean, (SD) 04(0.2)
Frail, n (%) 170 (76.6%)
Pre-Frail, n (%) 28 (12.6%)
Non-Frail, n (%) 24 (10.8%)

Charlson comorbidity index mean, (SD) 161 (+1.7)

ARS=Anticholinergic Risk Scale, ABC=Anticholinergic Burden, Classification,
ACB=Anticholinergic Cognitive Burden, DB/=Drug Burden Index, SD=Standard
deviation, /QR=Interquartile Range, LOS=Length of Stay

across the scales except in the DBI [ACB scale P<0.001;
ABC scale P=0.02; ARS scale P<0.001; DBI scale
P=0.22]. In 33% (n=71 ACB scale), 29.8% (n=64 DBI
scale), 28.4% (n=61 ABC scale), 12.1% (n=26 ARS scale)
of the patients, there was a reduction in the anticholiner-
gic score from admission to discharge. However, major-
ity of the patients had no change in their anticholinergic
burden score from admission to discharge (Fig. 2).

Factors associated with exposure to anticholinergic
medicines on admission and discharge

The results of logistic regression examining sociodemo-
graphic and clinical characteristics associated with expo-
sure to anticholinergics on admission and at discharge
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are shown in Tables 2 and 3. On admission, the odds
of exposure to anticholinergics was higher with higher
frailty score (ACB scale: AOR=5.16, CI 1.57, 16.97),
28-day readmission history (ACB scale: AOR=4.96,
95% CI 1.58, 15.59), and increasing number of medi-
cines (ABC scale: AOR=1.19, CI 1.11, 1.35; ACB scale:
AOR=1.23, CI 1.15, 1.42, ARS: AOR=1.18, CI 1.10, 1.26,
DBI scale: AOR=1.25, CI 1.15, 1.36).

At discharge, pre-frail (DBI scale: AOR=6.58, CI 1.71,
25.32) and frail patients (ACB scale: AOR=5.73, CI 1.66,
19.70), and those with higher hospital frailty risk score
(ARS scale: AOR=4.02, CI 1.74, 9.28) and higher number
of medicines (ABC scale: AOR=1.19, CI 1.09, 1.29, ACB
scale: AOR=1.23, CI 1.11, 1.35, ARS scale: AOR=1.18,
CI 1.09, 1.29, DBI scale: AOR=1.33, CI 1.20, 1.49) had
higher odds of anticholinergic exposure (Table 3). Com-
pared to NZ European, Pacific patients had lower odds of
anticholinergic exposure (DBI scale: AOR=0.14, CI 0.03,
0.64). Similarly, increasing age was associated with lower
odds of anticholinergic exposure (ACB scale: AOR=0.36,
CI 0.16, 0.79; DBI scale: AOR=0.30, CI 0.14, 0.61). Fur-
ther analysis by splitting the data into the oldest old (=80
years) vs. younger old (65-79) did not show a significant
difference between the two groups in anticholinergic
exposure on admissions across all four scales. Similar
results were observed at discharge, except for the DBI
[crude’s odds ratio (COR) 0.57, 95%CI 0.31, 0.96) and
ACB scales (COR 0.54, 95% CI 0.29, 0.99), where the ‘old-
est old’ had lower odds of exposure. However, in multi-
variable logistic analysis, no significant differences were
observed between the two groups across all scales, both
on admission and at discharge.

Discussion

Our study found 32-74% of older patients on admission,
and 25-65% at discharge were prescribed at least one
medicine with anticholinergic effect. Of these, 14—36%
of the patients on admission and 8—30% at discharge had
high anticholinergic burden. Overall, there was a reduc-
tion in the median anticholinergic burden from admis-
sion to discharge across the scales and that 12-33% of
the patients had a decrease in their anticholinergic bur-
den score at discharge. However, 32—-85% of the patients
had no change in their anticholinergic burden score from
admission to discharge whilst 2.8-39.5% had an increase
anticholinergic burden at discharge.

Our findings are consistent with local and international
literature. Previous NZ studies reported that 3 in 4 older
patients in acute setting (as per ADS scale) [27] and 1 in
3 in primary care (as per the DBI) are prescribed at least
one anticholinergic medicine [17]. International studies
that have examined anticholinergic burden in an acute
setting reported conflicting results, with some reporting
a reduction in the number of prescribed anticholinergic
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Fig. 1 Exposure to anticholinergic medicines on admission and discharge
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Fig. 2 Proportion of patients with increased, decreased, and unchanged anticholinergic medicines exposure at discharge

medicines from admission to discharge whilst others
showing either no change or increased in anticholiner-
gic burden from admission to discharge [27-30]. In an
observational study of 549 older patients recruited from
seven hospitals (four European countries), more than 1 in
5 patients who were not on anticholinergic medicines on
admission were discharged with at least one anticholin-
ergic medicine [28]. An Italian study of 1908 hospitalised

older patients reported 38% of the patients had increased
ACB score at discharge [30]. In a Spanish study of 200
patients in a geriatric unit [31], no significant change
in the exposure to anticholinergics was found between
admission and discharge.

In our study, we found a significant association between
the number of medicines and the odds of anticholinergic
burden both on admission and at discharge. A one unit
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Table 2 Factors associated with exposure to anticholinergics on admission (N=222)
Variables Exposure to anticholinergics on Admission

ACB scale ABC scale ARS scale DBl scale

AOR (95% ClI) AOR (95% ClI) AOR (95% ClI) AOR (95% ClI)
Age in years* 1.00 (0.95-1.05) 1.01(0.97-1.05) 0.96 (0.92-1.01) 0.97 (0.93-1.02)

Sex (ref male)
Ethnicity (ref NZ European)
Asian
Pacific
Maori
Number of medicines*
Deprivation Index (ref least deprived)
Moderately deprived
Most deprived
ca
Frailty Index (ref non-frail)
Pre-frail
Frail
HFRS (ref low risk)
Readmission history (ref none)
History of falls (ref none)

0.73 (0.33-1.59)

4.01 (0.68-23.75)
091 (0.18-4.55)
0.51(0.07-3.94)
1.23(1.15-1.42)

1.72(0.75-3.96)
0.90 (0.33-2.43)
1.02 (0.81-1.29)

1.86 (0.44-7.87)
5.16(1.57-16.97)
0.81(0.34-1.90)
4.96(1.58-15.59)
0.93 (0.43-2.02)

0.95 (0.49-1.84)

1.45 (0.47-4.49)
0.68 (0.14-3.27)
1.75(0.27-11.20)
1.19(1.11-1.28)

1.03 (0.52-2.06)
1.34 (0.55-3.30)
1.08 (0.90-1.30)

0.37 (0.08-1.77)
1.37 (0.40-4.65)
0.960 (0.48-1.91)
1.68 (0.82-3.48)
0.88 (0.45-1.71)

1.55 (0.76-3.18)

0.56 (0.17-1.93)
0.21 (0.04-1.28)
0.63 (0.08-5.05)
1.18(1.10-1.26)

1.05 (0.52-2.16)
0.69 (0.26-1.83)
0.76 (0.61-0.96)

0.84 (0.20-3.49)
1.00 (0.31-3.28)
1.88 (0.91-3.99)
0.68 (0.32-1.48)
0.59 (0.29-1.19)

0.95 (0.48-1.86)

0.32(0.10-1.05)
0.28 (0.06-1.29)
0.33 (0.04-2.47)
1.25(1.15-1.36)

1.33(0.65-2.72)
0.53(0.21-1.34)
0.78 (0.63-0.97)

3.63(0.88-15.11)
1.92 (0.63-5.87)
1.71 (0.82-3.55)
1.26 (0.58-2.78)
1.36 (0.69-2.70)

Bolded values=statistically significant (p<0.05) higher odds of anticholinergic exposure; AOR=Adjusted Odds Ratio, C/=confidence interval, ACB=Anticholinergic
Cognitive Burden, ABC=Anticholinergic Burden Classification, ARS=Anticholinergic Risk Scale, DB/=Drug Burden Index, ‘ref’ = Reference Group, *= continuous

variable

Table 3 Factors associated with exposure to anticholinergics at discharge (N=215)

Variables

Exposure to anticholinergics at discharge

ACB scale
AOR (95% Cl)

ABC scale
AOR (95% Cl)

ARS scale
AOR (95% Cl)

DBl scale
AOR (95% Cl)

Age in years *
Sex (ref male)
Ethnicity (ref NZ European)
Asian
Pacific
Maori
Number of medicines *
Deprivation Index (ref least deprived)
Moderately deprived
Most deprived
ca
Frailty Index (ref non-frail)
Pre-frail
Frail
HFRS (ref low risk)
Readmission history (ref none)
History of falls (ref none)

Length of stay
> median

0.36(0.16-0.79)
1.25 (0.62-2.54)

0.78 (0.22-2.72)
0.28 (0.06-1.31)
3.50 (0.50-23.55)
1.23(1.11-1.35)

1.74 (0.82-3.70)
0.74 (0.29-1.86)
1.01 (0.80-1.27)

3.50(0.86-14.23)
5.73(1.66-19.70)
0.91(0.42-1.95)
1.86 (0.78-4.41)
0.93 (0.46-1.89)
0.62 (0.30-1.27)

0.68 (0.33-1.42)
0.66 (0.33-1.32)

0.90 (0.27-3.00)
0.17 (0.02-1.60)
345 (0.50-23.79)
1.19(1.09-1.29)

1.19(0.57-2.51)
1.86 (0.73-4.76)
1.02 (0.82-1.26)

0.80 (0.16-4.05)
2.52(0.67-9.52)
1.14 (0.54-2.39)
1.32 (0.62-2.80)
0.95 (0.47-1.92)
0.58 (0.29-1.19)

0.35(0.16-0.79)
143 (0.66-3.08)

048 (0.11-2.13)
0.22 (0.23-2.08)
1.08 (0.16-7.41)
1.18(1.09-1.29)

1.12(0.50-2.52)
1.52 (0.56-4.14)
0.79 (0.61-1.03)

140(0.27-7.21)
143 (0.35-5.80)
4.02(1.74-9.28)
0.62 (0.27-1.46)
0.92 (0.42-2.00)
040 (0.18-0.89)

0.30(0.714-0.61)
1.00 (0.53-1.91)

0.72 (0.24-2.20)
0.14(0.03-0.64)
0.19(0.03-1.13)
1.33(1.20-1.49)

1.64 (0.83-3.22)
1.08 (0.45-2.58)
0.96 (0.79-1.16)

6.58(1.71-25.32)
2.88(0.97-8.51)
1.64 (0.81-3.28)
121 (0.58-2.53)
153 (0.80-2.93)
0.85 (0.45-1.61)

Bolded values=statistically significant (p<0.05) higher odds of anticholinergic exposure, AOR=Adjusted Odds Ratio, C/=confidence interval, ACB=Anticholinergic
Cognitive Burden, ABC=Anticholinergic Burden Classification, ARS=Anticholinergic Risk Scale, DB/=Drug Burden Index, ‘ref’ = Reference Group, *= continuous

variable

increase in the number of medicines was associated with
1.2 to 1.3-fold increase in the odds of anticholinergic bur-
den. As the number of medicines increases, the chance
of taking an anticholinergic medicine and the cumula-
tive anticholinergic burden increases. This needs critical

consideration due to potential risk of inappropriate anti-
cholinergic medicines use and associated adverse out-
comes [32]. In community-dwelling older adults in New
Zealand, anticholinergic agents such as tricyclic antide-
pressants and benzodiazepines account for 17% and 15%
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of inappropriately prescribed medicines, respectively
[33]. Likewise, other classes of medicines with anticho-
linergic effects such as psychotropics significantly con-
tribute to higher exposure to potentially inappropriate
medicines in community-dwelling older adults in NZ
[33].

We also found a high prevalence of frailty in our study
population, with two-third of the patients being frail
based on FI measure and more than one-third considered
having a moderate risk as per hospital frailty risk score.
The relationship between frailty and anticholinergic bur-
den is intertwined. In our study, depending on the scale
used, 77.8—-86.2% of frail patients on admission and 75.6—
87% of them at discharge had exposure to at least one
anticholinergic medicine. Among patients with frailty,
12.4-40% on admission, and 7.9-34.8% at discharge had
high anticholinergic exposure. A higher anticholinergic
burden can worsen outcomes in frail patients, and frailty,
can in turn, lowers individuals’ capability to handle
adverse anticholinergic effects [34]. Thus, understand-
ing individual’s frailty status and level of anticholinergic
burden is essential to inform the risk-benefit assessment
and optimise the use of anticholinergic medicines. In our
study, both on admission and at discharge, the odds of
anticholinergic burden were higher among frail patients
than non-frail patients. However, this association was not
consistently observed across all scales. A recent Austra-
lian study of 115 geriatric inpatients found that one third
of severely frail patients had high anticholinergic burden
and patients with higher anticholinergic burden were two
times as likely to be severely frail [35]. The risk of adverse
anticholinergic events such as falls among frail older
patients with exposure to high anticholinergics is higher
by about four times compared to non-frail patients [36].
While significant association between history of falls and
exposure to anticholinergics was not observed in our
study, a significant proportion (44%) of our study cohort
had previous history of falls, of which, 13—-32% on admis-
sion and 14-29% at discharge had exposure to anticho-
linergics bearing considerable risk of adverse cognitive
and functional outcomes.

In our study, one in four patients had readmission his-
tory 28 days prior to current hospitalisation and patients
with readmission history had almost five times higher
odds of anticholinergic exposure on admission (shown
in ACB scale only). This is broadly consistent with exist-
ing international literature [37-39]. Patients hospital-
ised with acute health care needs likely receive new
treatment and/or changes to their pre-admission treat-
ment regimen, which may be continued during hospi-
talisation to post-discharge. In a prospective study of 452
adult patients admitted to emergency surgical setting
in the UK, moderate anticholinergic burden (measured
by ACB scale) was significantly associated with 30-day
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readmission [37]. Likewise, a retrospective study of 3061
older inpatients in Taiwan reported that patients with
ACB score of 22 had higher readmission within 6-month
post discharge [39].

The median length of stay (LoS) in our study cohort
was twenty days. No significant association between
LoS and anticholinergic burden was observed across
the scales except in the ARS scale which showed that
patients with longer LoS had lower anticholinergic
exposure than those with shorter LoS. One possible
reason for this is that patients with longer LoS may
have their medicines reviewed and anticholinergics
deprescribed in the hospital. However, as our study
cohorts were recruited from general medicine and
geriatrics wards, whether the observed association
between increased LoS and reduced anticholinergic
exposure holds true across other specialities within the
hospital needs investigation. It known that prescribing
practices and deprescribing awareness vary between
specialities. In a study of 33,360 of older inpatients
in United Kingdom, Herrero-Zazo et al. [40] found a
significant variation in anticholinergic burden (ARS
score) between hospital specialties with lower anti-
cholinergic burden scores in patients discharged from
the Geriatric Medicine, and Trauma and Orthopaedics
wards compared to other specialities.

In the present study, increasing age was associated
with lower odds of anticholinergic exposure at dis-
charge. The lower exposure to anticholinergics at dis-
charge could be due to prioritisation of the older age
group for medicine review to reduce medicines burden
during hospitalisation. However, our analysis by split-
ting the data into the oldest old (=80 years) vs. younger
old (65-79), did not show significant difference in the
anticholinergic exposure between the two groups.
Hence, further research is required if hospital-based
high risk patient prioritisation for targeted interven-
tions such as deprescribing can reduce anticholinergic
burden. We also found lower anticholinergic exposure
(DBI scale) at discharge among pacific patients com-
pared to NZ Europeans. Our finding aligns with pre-
vious community-based NZ studies which reported
lower DBI exposure among Pacific and Maori com-
pared to NZ Europeans [17, 18]. These findings signal
differences in anticholinergics prescribing exit in dif-
ferent ethnic groups in NZ. However, further research
is needed to understand if inequities in prescribing
practices or differences in medical conditions among
different ethnic groups is a driving factor.

Limitations

There are several limitations to our study. The partici-
pants were recruited from general medicine and geri-
atrics wards, and older inpatient without cognitive
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impairment and thus, the findings cannot be gener-
alised beyond the population studied. Further research
is needed to gain insights into exposure to anticho-
linergics in other specialities within the hospital or
other hospitals across the country. Both Maori and
Pacific patients were underrepresented in our study
which could be attributed to our inclusion criteria. We
used >65 years as cut-off to define older adults irre-
spective of their ethnicity. As there is a significant dif-
ference in life expectancy among ethnic groups in NZ,
using >50 years cut-offs for Maori and Pacific patients
may have improved representation of both groups in
our study. Although several scales exist to measure
the cumulative effects of anticholinergic medicines,
there is no universally accepted gold standard method
to assess the anticholinergic burden. Due to heteroge-
neity between the scales in their underlying assump-
tions for quantifying anticholinergic burden, list of
medicines included and rating the medicines [41], it
was not possible to pool the data from each scale as a
single absolute number. We haven't categorised classes
of medicines contributing to anticholinergic burden
in this study and thus, future research should explore
the most common contributing classes of medicines
to anticholinergic burden to inform decision mak-
ing. Furthermore, causality between identified factors
and anticholinergic exposure cannot be determined.
However, given high proportion of our study cohort
were discharged with anticholinergic medicines and
that anticholinergic exposure in acute setting is a risk
factor for hospital readmissions, using anticholiner-
gic burden scales alongside existing clinical decision-
support system might present better opportunity to
reduce exposure to these medicines in the hospital and
potential adverse outcomes post-discharge.

Despite these limitations, we used a comprehensive
approach to evaluate anticholinergic burden using
multiple scales to provide insights into exposure to
anticholinergic medicines in acute setting in NZ.
The findings can inform clinical practice and future
research on implementation of targeted interventions
to reduce anticholinergic exposure in an acute set-
ting particularly, in the most vulnerable group such as
patients with frailty and high anticholinergic burden.

Conclusion

A reduction in the anticholinergic burden from admis-
sion to discharge was observed in the study population
yet, one-third of the study cohort were discharged with
medicines with high anticholinergic effects. Enhancing
hospital prescribers’ and pharmacists’ awareness about
anticholinergic burden and targeted interventions
such as in-hospital deprescribing are needed to reduce
high anticholinergic exposure in acute setting.
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ICD-10-AM  International Classification of Diseases 10th Revision-Australian
Modification
SD Standard deviation

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512877-024-05394-3.

[ Supplementary Material 1 J

Acknowledgements
We thank the University of Auckland and Auckland City Hospital, for their
administrative and technical support in conducting this study.

Author contributions

Conceptualisation: MAM, AA, LH, SW, RC, JA. Methodology: MAM, AC, NW and
JH. Data acquisition: MAM, AC. Data curation: MAM, AA, LH, SW, RC, JA. Data
analysis: MAM, NW, AA, LH, SW, RC, JA. Manuscript writing-original draft: MAM,
AA, LH, SW, RC, JA. Manuscript writing-review and editing: MAM, AC, NW, AA,
LH, SW, RC, JA. Supervision: MAM, AC, NW, JH. All authors read and approved
the final manuscript.

Data availability

The datasets used and /or analyzed during this study are not publicly available
due to confidentiality of patient information and ethical restrictions but are
available in summary form from the corresponding author upon reasonable
request.

Declarations

Ethics approval and consent to participate

Ethics approval was obtained from Auckland Health Research Committee
(Ref: AH1091). All participants provided informed consent and the study was
conducted in compliance with the declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'School of Pharmacy, Faculty of Medical and Health Sciences, The
University of Auckland, Auckland, New Zealand

’Australian Institute of Health Innovation, Macquarie University, Sydney,
Australia

Received: 26 February 2024 / Accepted: 18 September 2024
Published online: 20 December 2024

References

1. Nishtala PS, Salahudeen MS, Hilmer SN. Anticholinergics: theoretical and clini-
cal overview. Exp Opin Drug Saf. 2016;15(6):753-68.

2. Kouladjian O'Donnell L, Gnjidic D, Nahas R, Bell JS, Hilmer SN. Anticholinergic
burden: considerations for older adults. J Pharm Pract Res. 2017:47(1):67-77.


https://doi.org/10.1186/s12877-024-05394-3
https://doi.org/10.1186/s12877-024-05394-3

Mohammed et al. BMC Geriatrics

20.

22.

23.

(2024) 24:1022

Ruxton K, Woodman RJ, Mangoni AA. Drugs with anticholinergic effects and
cognitive impairment, falls and all-cause mortality in older adults: a system-
atic review and meta-analysis. Br J Clin Pharmacol. 2015;80(2):209-20.
Taylor-Rowan M, Edwards S, Noel-Storr AH, McCleery J, Myint PK, Soiza R,

et al. Anticholinergic burden (prognostic factor) for prediction of dementia
or cognitive decline in older adults with no known cognitive syndrome.
Cochrane Database Syst Rev. 2021;5(5):CD013540.

Karimi S, Dharia SP, Flora DS, Slattum PW. Anticholinergic burden: clinical
implications for seniors and strategies for clinicians. Consultant Pharmacist: J
Am Soc Consultant Pharmacists. 2012;27(8):564-82.

Hilmer SN, Gnjidic D. Prescribing for frail older people. Australian Prescriber.
2017;40(5):174-8.

Mur J, Cox SR, Marioni RE, Muniz-Terrera G, Russ TC. Increase in anticholinergic
burden from 1990 to 2015: age-period-cohort analysis in UK Biobank. Br J
Clin Pharmacol. 2022;88(3):983-93.

Grossi CM, Richardson K, Savva GM, Fox C, Arthur A, Loke YK, et al. Increasing
prevalence of anticholinergic medication use in older people in England
over 20 years: cognitive function and ageing study | and II. BMC Geriatr.
2020;20(1):267.

Dinh TS, Meid AD, Rudolf H, Brueckle MS, Gonzalez-Gonzélez Al, Bencheva V,
et al. Anticholinergic burden measures, symptoms, and fall-associated risk in
older adults with polypharmacy: development and validation of a prognostic
model. PLoS ONE. 2023;18(1):20280907.

Rube T, Ecorcheville A, Londos E, Modig S, Johansson P. Development of the
Swedish anticholinergic burden scale (Swe-ABS). BMC Geriatr. 2023;23(1):518.
Lisibach A, BenelliV, Ceppi MG, Waldner-Knogler K, Csajka C, Lutters M. Qual-
ity of anticholinergic burden scales and their impact on clinical outcomes: a
systematic review. Eur J Clin Pharmacol. 2021;77(2):147-62.

Hilmer SN, Mager DE, Simonsick EM, Cao Y, Ling SM, Windham BG, et al. A
drug burden index to define the functional burden of medications in older
people. Arch Intern Med. 2007;167(8):781-7.

Rudolph JL, Salow MJ, Angelini MC, McGlinchey RE. The anticholinergic risk
scale and anticholinergic adverse effects in older persons. Arch Intern Med.
2008;168(5):508-13.

Boustani M, Campbell N, Munger S, Maidment |, Fox C. Impact of anticholin-
ergics on the aging brain: a review and practical application. Aging Health.
2008:4(3):311-20.

Ancelin ML, Artero S, Portet F, Dupuy A-M, Touchon J, Ritchie K. Non-degener-
ative mild cognitive impairment in elderly people and use of anticholinergic
drugs: longitudinal cohort study. BMJ (Clinical Res ed). 2006;332(7539):455-9.
Lisibach A, Gallucci G, Beeler PE, Csajka C, Lutters M. High anticholinergic
burden at admission associated with in-hospital mortality in older patients: a
comparison of 19 different anticholinergic burden scales. Basic Clin Pharma-
col Toxicol. 2022;130(2):288-300.

Cardwell K, Kerse N, Ryan C, Teh R, Moyes SA, Menzies O, et al. The Association
between Drug Burden Index (DBI) and health-related outcomes: a longitudi-
nal study of the'Oldest Old’ (LILACS NZ). Drugs Aging. 2020;37(3):205-13.
Nishtala PS, Narayan SW, Wang T, Hilmer SN. Associations of drug burden
index with falls, general practitioner visits, and mortality in older people.
Pharmacoepidemiol Drug Saf. 2014;23(7):753-8.

Shawagfeh B, Hughes CM, McGuinness B, Barry HE. A systematic review of
interventions to reduce anticholinergic burden in older people with demen-
tia in primary care. Int J Geriatr Psychiatry. 2022,37(6).

Phutietsile GO, Fotaki N, Jamieson HA, Nishtala PS. The association between
anticholinergic burden and mobility: a systematic review and meta-analyses.
BMC Geriatr. 2023;23(1):161.

Mohammed MA, Harrison J, Milosavljevic A, Chan AHY. Attitude towards
deprescribing and its association with frailty and complexity of medica-

tion regimen: a survey of older inpatients in a district health board in New
Zealand. BMC Geriatr. 2023;23(1):166.

Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al. Updating and
validating the Charlson comorbidity index and score for risk adjustment in
hospital discharge abstracts using data from 6 countries. Am J Epidemiol.
2011;173(6):676-82.

Gilbert T, Neuburger J, Kraindler J, Keeble E, Smith P, Ariti C, et al. Develop-
ment and validation of a hospital frailty risk score focusing on older people in
acute care settings using electronic hospital records: an observational study.
Lancet (London England). 2018;391(10132):1775-82.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 9 of 9

Rockwood K, Howlett SE. Fifteen years of progress in understanding frailty
and health in aging. BMC Med. 2018;16(1):220.

Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K. A standard proce-
dure for creating a frailty index. BMC Geriatr. 2008;8:24.

Rosner B, Glynn RJ, Lee ML. The Wilcoxon signed rank test for paired compari-
sons of clustered data. Biometrics. 2006;62(1):185-92.

Lee MSS, Hanger HC. Audit of anticholinergic medication changes in older
hospitalised patients using the anticholinergic drug Scale. Intern Med J.
2017;47(6):689-94.

Weichert |, Romero-Ortuno R, Tolonen J, Soe T, Lebus C, Choudhury S, et al.
Anticholinergic medications in patients admitted with cognitive impairment
or falls (AMICI). The impact of hospital admission on anticholinergic cognitive
medication burden. Results of a multicentre observational study. J Clin Pharm
Ther. 2018;43(5):682-94.

Hook A, Randall JL, Grubb CM, Ellis N, Wellington J, Hemmad A, et al. Anti-
cholinergic drug burden in patients with dementia increases after hospital
admission: a multicentre cross-sectional study. BMC Geriatr. 2022;22(1):783.
Reinold J, Palese F, Romanese F, Logroscino G, Riedel O, Pisa FE. Anticholin-
ergic burden before and after hospitalization in older adults with demen-

tia: increase due to antipsychotic medications. Int J Geriatr Psychiatry.
2019;34(6):868-80.

Gutiérrez-Valencia M, Izquierdo M, Malafarina V, Alonso-Renedo J, Gonzalez-
Glaria B, Larrayoz-Sola B, et al. Impact of hospitalization in an acute geriatric
unit on polypharmacy and potentially inappropriate prescriptions: a retro-
spective study. Geriatr Gerontol Int. 2017;17(12):2354-60.

Cross AJ, George J, Woodward MC, Ames D, Brodaty H, llomdki J, et al. Poten-
tially inappropriate medications and anticholinergic burden in older people
attending memory clinics in Australia. Drugs Aging. 2016;33(1):37-44.
Nishtala PS, Bagge ML, Campbell AJ, Tordoff JM. Potentially inappropriate
medicines in a cohort of community-dwelling older people in New Zealand.
Geriatr Gerontol Int. 2014;14(1):89-93.

Ruiz SJ, Cevallos V, Baskaran D, Mintzer MJ, Ruiz JG. The cross-sectional
association of frailty with past and current exposure to strong anticholinergic
drugs. Aging Clin Exp Res. 2021;33(8):2283-9.

Shwe PS, Thein PM, Marwaha P, Taege K, Shankumar R, Junckerstorff R.
Anticholinergic burden and poor oral health are associated with frailty in
geriatric patients undergoing inpatient rehabilitation: a cross-sectional study.
Gerodontology. 2023;40(2):213-9.

Naharci M, Tasci |. Frailty status and increased risk for falls: the role of anticho-
linergic burden. Arch Gerontol Geriatr. 2020;90:104136.

Ablett AD, Browning A, Quan V, Tay HS, McCormack C, Carter B, et al. Anti-
cholinergic burden and patient related clinical outcomes in an emergency
general surgical setting. Asian J Surg. 2019,42(4):527-34.

Hwang S, Jun K, Ah Y-M, Han E, Chung JE, Lee J-Y. Impact of anticholinergic
burden on emergency department visits among older adults in Korea: a
national population cohort study. Arch Gerontol Geriatr. 2019;85:103912.
Liang CK, Chou MY, Hsu YH, Wang YC, Liao MC, Chen MT, et al. The
association of potentially inappropriate medications, polypharmacy and
anticholinergic burden with readmission and emergency room revisit after
discharge: a hospital-based retrospective cohort study. Br J Clin Pharmacol.
2023;89(1):187-200.

Herrero-Zazo M, Berry R, Bines E, Bhattacharya D, Myint PK, Keevil VL.
Anticholinergic burden in older adult inpatients: patterns from admission to
discharge and associations with hospital outcomes. Therapeutic Adv drug
Saf. 2021;12:20420986211012592.

Al Rihani SB, Deodhar M, Darakjian LI, Dow P, Smith MK, Bikmetov R, et al.
Quantifying anticholinergic burden and sedative load in older adults with
polypharmacy: a systematic review of risk scales and models. Drugs Aging.
2021;38(11):977-94.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Anticholinergic burden and frailty in older inpatients: insights from analysis of admission and discharge medicines using four anticholinergic scales
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and setting
	﻿Data collection
	﻿Assessment of frailty
	﻿Assessment of anticholinergic medication exposure
	﻿Statistical analysis

	﻿Results
	﻿Sociodemographic and clinical characteristics of the study population
	﻿Exposure to anticholinergic medicines
	﻿Factors associated with exposure to anticholinergic medicines on admission and discharge

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


