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Abstract

Background and Purpose Polypharmacotherapy is a growing phenomenon associated with adverse effects in older adults. We

assessed the potential confounding effects of cumulative anticholinergic burden (ACB) in patients who were hospitalised with

falls. Methods A non-interventional, prospective cohort study of unselected, acute admissions aged [?]65 years. Data were

derived from electronic patient health records. Results were analysed to determine the frequency of polypharmacotherapy and

degree of ACB and their relationship to falls risk. Primary outcomes were polypharmacotherapy, defined by [?]5 medications,

and ACB score. Key Results 411 consecutive subjects were included, mean age 83·8 ± 8·0 years: 40·6% male. 38·4% were

admitted with fall. Incidence of polypharmacotherapy was 80·8%, (88·0% and 76·3% among those admitted with and without fall

respectively). Incidence of ACB score of 0, 1, 2, [?]3 was 38*7%, 20*9%, 14*6% and 25*8% respectively. On multivariate analysis,

age (OR=1*03, [1*0 ; 1*05], p= 0*0494), ACB score (OR=1.15, [1.02 ; 1.29], p= 0.0245), polypharmacotherapy (OR=2*14,

[1*19 ; 3*87], p= 0*0115) but not Charlson Comorbidity Index (OR=0*92, [0*81 ; 1*04], p= 0*1723) were significantly

associated with higher falls rate. Of patients admitted with fall, 29*8% had drug-related orthostatic hypotension, 24*7% had

drug-related bradycardia, 37*3% were prescribed centrally acting drugs and 12*0% were taking inappropriate hypoglycaemic

agents. Interpretation Polypharmacotherapy results in cumulative ACB and both are significantly associated with falls risk in

older adults. The presence of polypharmacotherapy and each unit rise in ACB score have a stronger effect of increasing falls

risk compared to age and comorbidities.
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Research in context

What is already known

• Polypharmacotherapy is very common in adults over 65 and its prevalence is increasing
• It is associated with numerous adverse outcomes including hospitalisation with fall
• Many commonly prescribed medications have anticholinergic properties
• Cumulative anticholinergic burden (ACB) may explain a proportion of the poor outcomes associated

with polypharmacotherapy
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What this study adds

• To our knowledge, our study is the first that investigates the link between polypharmacotherapy and
falls by stratifying into several plausible culprit mechanisms under the umbrella of polypharmacothe-
rapy

• We show an increased risk of falls per unit increase of ACB score, which is previously unreported
• Patients with calculated ACB score of 3 compared to those with ACB score of 0 have a >50% higher

falls risk
• Common adverse effects of polypharmacotherapy also included orthostatic hypotension, bradycardia

and hypoglycaemia
• Our data demonstrate that falls are strongly associated with polypharmacotherapy rather than comor-

bidity, suggesting that a significant proportion of falls are iatrogenic and preventable

Clinical significance

• Structured medication review of all patients presenting with fall, with a focus on reducing ACB, is
likely to reduce some of the burden of falls on the healthcare system

• Routinely calculating ACB scores in inpatients aged over 65 may assist with medication rationalisation
and deprescribing

• Medical professionals at all levels would benefit from further education regarding the implications of
polypharmacotherapy and the need to weigh the benefit of a new medication with the associated harms
of increased medication and ACB

Abstract

Background and Purpose

Polypharmacotherapy is a growing phenomenon associated with adverse effects in older adults. We assessed
the potential confounding effects of cumulative anticholinergic burden (ACB) in patients who were hospita-
lised with falls.

Methods

A non-interventional, prospective cohort study of unselected, acute admissions aged [?]65 years. Data were
derived from electronic patient health records. Results were analysed to determine the frequency of poly-
pharmacotherapy and degree of ACB and their relationship to falls risk. Primary outcomes were polyphar-
macotherapy, defined by [?]5 medications, and ACB score.

Key Results

411 consecutive subjects were included, mean age 83·8 ± 8·0 years: 40·6% male. 38·4% were admitted with fall.
Incidence of polypharmacotherapy was 80·8%, (88·0% and 76·3% among those admitted with and without
fall respectively). Incidence of ACB score of 0, 1, 2, [?]3 was 38*7%, 20*9%, 14*6% and 25*8% respectively.
On multivariate analysis, age (OR=1*03, [1*0 ; 1*05], p= 0*0494), ACB score (OR=1.15, [1.02 ; 1.29],
p= 0.0245), polypharmacotherapy (OR=2*14, [1*19 ; 3*87], p= 0*0115) but not Charlson Comorbidity
Index (OR=0*92, [0*81 ; 1*04], p= 0*1723) were significantly associated with higher falls rate. Of patients
admitted with fall, 29*8% had drug-related orthostatic hypotension, 24*7% had drug-related bradycardia,
37*3% were prescribed centrally acting drugs and 12*0% were taking inappropriate hypoglycaemic agents.

Interpretation

Polypharmacotherapy results in cumulative ACB and both are significantly associated with falls risk in older
adults. The presence of polypharmacotherapy and each unit rise in ACB score have a stronger effect of
increasing falls risk compared to age and comorbidities.

Introduction

3
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The most widely recognised definition of polypharmacy or ‘polypharmacotherapy’ is the use of 5 or more
medications.1,2 The high prevalence of polypharmacotherapy is a consequence of the increasing rate of
multimorbidity in the ageing population worldwide. In the United Kingdom, up to one third of 69-year-olds
are prescribed polypharmacotherapy.3 Polypharmacotherapy is associated with several negative outcomes,
including adverse drug effects, non-adherence, and functional decline.4,5

The risk of hospitalisation with falls increases with polypharmacotherapy. Fall is one of the most common
reasons for admission to hospital for older adults and are a main cause of morbidity with an in-hospital
mortality rate as high as 16%.6,7

Polypharmacotherapy predisposes to higher anticholinergic burden (ACB), which is emerging as a risk fac-
tor for adverse events that disproportionately affect older adults, including falls, cognitive impairment and
progression of neurodegenerative disease.8–12 Many medications used to treat chronic conditions such as
cardiovascular disease, hypertension, depression, urinary incontinence, pain, and allergies have weak anti-
cholinergic properties, but the summative effects may have important implications and worse outcomes in
older adults.

The aim of our study was to assess the incidence of polypharmacotherapy among older hospitalised patients
and to explore the relationship between polypharmacotherapy and cumulative ACB score in these patients
and risk of fall.

Methods

This was a non-interventional prospective cohort study of all elderly patients defined as aged [?]65 years
admitted to an acute medical ward of a district general hospital based in southern England between Septem-
ber 2021 and November 2021. All patients admitted onto the ward above the age of 65 were included.
Patients who were below the age of 65 and for end-of-life care were excluded. Data from consecutive patients
were collected from the electronic patient health record. Data set included age, gender, past medical his-
tory, medications, documentation of falls and nursing observation charts including heart rate and postural
blood pressure readings. Figure 1 shows the patient inclusion flowchart. This study was approved by our
institution’s Research, Quality Improvement and Audit Department with reference FXP-48.

ACB score was calculated based on each patient’s regular medication prior to admission. This was ascer-
tained using the national patient record database: NHS Summary Care Record. All regular oral medica-
tions prescribed prior to admission were included for this and polypharmacotherapy was defined as [?]5
regular medications. The ACB score was calculated using an online based ACB calculator (accessible
onhttp://www.acbcalc.com/ ). Each medication was assigned a score of 0 for no anticholinergic proper-
ties; 1 for mild anticholinergic properties; 2 for moderate; and 3 for severe. The total ACB score was
therefore the sum of scores for all regular medications on admission.

Charlson Comorbidity Index (CCI) was calculated based on each patient’s past medical history as listed
on their electronic patient records. Patient age and past medical history were used for CCI calculation.
Aspects of past medical history used for CCI calculation included myocardial infarction, congestive heart
failure, peripheral vascular disease, cerebral vascular accident/ transient ischaemic attack, dementia, chronic
obstructive pulmonary disease, peptic ulcer disease, liver disease, diabetes mellitus, hemiplegia, moderate to
severe chronic kidney disease (CKD; stage [?]3), solid tumour, leukaemia, lymphoma and, acquired immune
deficiency syndrome. An online CCI calculator was used to calculate each patient’s CCI, accessible on
https://www.mdcalc.com/charlson-comorbidity-index-cci.

The primary outcomes of the study were to identify the incidence of polypharmacotherapy and ACB scores,
comparing this between hospitalised older adults admitted with or without a fall and to investigate the
association between falls, ACB score, CCI and age. The secondary outcome of the study was to identify the
incidence of drug-related orthostatic hypotension (defined as a fall in systolic blood pressure of at least 20
mmHg and/or a fall in diastolic blood pressure of at least 10 mmHg within 3 minutes of standing), drug-
related bradycardia (defined as a heart rate of less than 60 beats per minute on 2 or more occasions during

4
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the daytime [nocturnal bradycardic episodes were not deemed significant], which was reversible on cessation
of negatively chronotropic agents), prescription of centrally acting and inappropriate doses or prescription
of hypoglycaemic agents in patients admitted with a fall.

Statistical Analysis

Statistical analysis was performed with the online medical statistics application EasyMedStat (version 3.17;
www.easymedstat.com). The data presented as mean with standard deviation, and categorical variables were
shown as percentages. A multivariate logistic regression was performed to assess the relation between falls
and ACB score, CCI and age. Odds ratio was adjusted for different sets of confounders and are reported with
95% confidence intervals. Data were checked for multicollinearity with the Belsley-Kuh-Welsch technique.
Heteroskedasticity and normality of residuals were assessed respectively by the White test and the Shapiro-
Wilk test. A p-value < 0*05 was considered statistically significant.

Results

A total of 411 patients were included in the study. The mean age of our patients were 83*8 +- 8*0 years,
40*6% male. Table 1 summarises patient demographics and characteristics. 38*4% of our patients were
admitted with a fall. The median age was 86*0 (Q1 79*0; Q3 90*0) and 84.0 years (Q1 78*0; Q3 90*0)
respectively for patients admitted with and without a fall (difference: 2*0 , p=0*125); (table 2a and 2b for
univariate and bivariate analysis). Age was associated with an increased rate of patients admitted with a
fall per each 1-unit rise (OR=1*03, [1*0 ; 1*05], p= 0*0494).

The mean CCI of our study group was 5*7 +- 1*7. The mean CCI in patients admitted with and without
a fall was 5*65 +- 1*66 and 5*74 +- 1*76 respectively. The median CCI were respectively 5*0 (Q1 5*0; Q3
6*0) and 5.0 (Q1 5*0; Q3 7*0) for patients admitted with and without fall (difference: 0.0, p=0*549); (table
3a and 3b for univariate and bivariate analysis). CCI was not associated with the rate of patients admitted
with a fall with each 1-unit rise, (OR=0*92, [0*81 ; 1*04], p= 0*1723).

Overall incidence of polypharmacotherapy of our study group was 80*8%. Polypharmacotherapy in patients
admitted without and with a fall were 76*3% and 88*0% respectively. There was an association between
polypharmacotherapy and an increased risk of fall (OR=2*27 [1*3;3*98],p=0*005); (table 4a and 4b for uni-
variate and bivariate analysis of polypharmacotherapy). Table 5 lists commonly prescribed drugs (incidence
of >5%) with ACB within our study group. Incidence of ACB scores of 0, 1, 2, [?]3 was 38*7%, 20*9%,
14*6% and 25*8% respectively. The median ACB scores were respectively 2*0 (Q1 0*0; Q3 3*0) and 1*0
(Q1 0*0; Q3 2*0) for patients admitted with and without fall (difference: 1*0 , p=0*009); (table 6a and
6b for univariate and bivariate analysis of ACB score). ACB score was associated with an increased rate
of patients admitted with a fall per each 1-unit rise in ACB, (OR=1*15, [1*02 ; 1*29], p= 0*0245). In our
linear regression model, a patient with an ACB score of 3 compared to a patient with an ACB score of 0
would have a >50% higher chance of falling.

Of the patients who were admitted with fall (38*4% of total study group), 29*8% was found to have drug-
related orthostatic hypotension, 24*7% had drug-related bradycardia, 37*3% were taking regular centrally
acting agents and 12*0% were taking inappropriate hypoglycaemic agents. Table 7 summarises the incidence
of secondary outcomes in patients admitted with fall. Table 8 summarises the regression results of the study.

Discussion

Polypharmacotherapy is a common phenomenon in older adults and is associated with worse physical and
cognitive outcomes which may be aggravated by the summative effect of drugs carrying ACB. Our study,

5
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the first we are aware of, clearly demonstrates that age, ACB, polypharmacotherapy, but not comorbidity,
are associated with significantly higher falls risk in older patients.

Our results demonstrate a high incidence of polypharmacotherapy in older hospitalised patients (78.3%)
consistent with previous epidemiology studies (74%).13 88% of patients admitted with a fall were exposed
to polypharmacotherapy. Our data also highlight a statistically significant positive association between
polypharmacotherapy and cumulative ACB and the incidence of falls. Our data also show a higher odds
ratio between polypharmacotherapy and falls compared to comorbidity. This implies that the presence of
polypharmacotherapy or the increase in ACB score represents a more significant increase of falls and harm.
In addition, of patients admitted with fall, 29*8% was found to have drug-related orthostatic hypotension,
24*7% had drug-related bradycardia, 37*3% were taking regular centrally acting agents and 12*0% were
taking inappropriate hypoglycaemic agents. All these interconnected factors contribute to falls risk and play
a crucial role in the progression of the cycle of frailty and has been linked to poorer outcomes for older
patients in terms of maintaining independence and mortality.14,15

Undesirable effects of anticholinergic medications arise from their effect on G-protein coupled muscarinic
receptors present in both peripheral and central nervous systems. Peripheral anti-muscarinic effects are
usually associated with short term use of anticholinergics. However, many of these medications cross the
blood brain barrier and affect the central nervous system directly, and this is more pronounced in older
adults where age-related changes in the blood brain barrier disrupt its function.16 By demonstrating the
impact of polypharmacotherapy and cumulative ACB in older adults, particularly with respect to falls in
this study, we highlight the importance of pharmacological rationalisation and deprescribing.

We found a progressive numerical decline in polypharmacotherapy and ACB without statistical significance
due to numbers (Figure 2). This might be attributed to changes in physiology and drug metabolism with
age such that some drugs become obsolete and/or because this population may have greater contact with
healthcare professionals, either in primary or secondary care, who adjust pharmacotherapy.

Falls are often multifactorial and are both an association and cause of increased frailty. Research into
interventions to reduce the risk of falls is ongoing, but even multifaceted interventions have only shown
modest benefits.17 Identifying culprit medications and drug classes with a view to develop a structured
medication review for those at risk of falling could therefore improve outcomes and relieve pressure on the
healthcare system.

NICE guidance on falls in older people recommends that people who have had a fall or are at increased risk
of falling should have a medication review as part of a multifactorial risk assessment. It is recommended
that psychotropic medications which carry a high ACB should be discontinued, if possible, to reduce their
risk of falling. Despite it being well proven and understood in the literature that ACB is linked to poorer
outcomes for older patients, awareness appears to remain low in clinical environments. A study conducted in
2020 showed that there is a limited understanding of the potential harms of starting regular anticholinergic
medications among clinical staff.18Therefore, the process of due pharmacovigilance remains to be embedded
into clinical practice amongst the wider medical team who care for patients above the age of 65.

Our findings clearly validate the importance of rationalising and balancing risks and benefits of starting
medications with any ACB. There are several validated tools that assess the burden of anticholinergic drugs.
Although there is heterogeneity in the clinical value of these scales and an absence of an established gold
standard, current evidence suggests that the ACB score is of higher quality compared to other tools.19 We
therefore suggest the use of the online based ACB calculator (accessible on http://www.acbcalc.com/) in
daily clinical activity to reduce potentially inappropriate medications for older patients. An ACB score [?]3
confers a heightened risk of cognitive and functional impairment, falls and mortality. As demonstrated in
our study, it is also important to consider lower potential anticholinergic drugs as cumulative effects can lead
to high ACB.

Falls and their complications have significant clinical and financial implications for secondary care, with an
estimated cost the NHS of more than PS2.3 billion per year.20 Therefore, falls impact quality of life, wellbeing,

6



P
os

te
d

on
A

u
th

or
ea

21
J
u
l

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
65

84
21

15
.5

30
99

90
2/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

and healthcare resources. With appropriate pharmacovigilance, medication rationalisation with regular
review and education towards reducing the need for initiating medications with ACB, there are potentially
enormous cost savings. This ranges from reduced prescription costs, to preventing acute admissions related
to falls and their complications and costs associated with managing general frailty. Further study and more
thorough cost benefit analysis is awaited to corroborate this.

Conclusion

There is a high incidence of polypharmacotherapy among older hospitalised adults. Our study clearly
demonstrates that polypharmacotherapy and cumulative ACB score are significantly positively associated
with increased incidence of falls. Furthermore, the presence of polypharmacotherapy and each unit rise
in ACB score have a stronger effect of increasing falls risk when compared to age and comorbidity. ACB
and polypharmacotherapy are modifiable risk factors, and our findings strongly support deprescribing when
possible to prevent falls and improve outcomes in older adults.

Limitations

As a single-centre study at a district general hospital, we cannot generalise our results to other settings.
Furthermore, our trust is based in southern England, where population demographics and socioeconomic
status may differ from those elsewhere.

We also acknowledge that extracting information from medical notes requires second-hand interpretation
and may not be representative of the full clinical picture. The Rockwood Clinical Frailty Score was not
included because of the potential inconsistencies in interpretation.

Considerations were made for the utilisation of sample size calculations to ensure the study was powered
appropriately. Despite achieving significant results in a number of outcomes, we acknowledge the risk of a type
2 error occurring with our experimental sample size. Therefore, we were unable to discount an association
between polypharmacotherapy, ACB and those variables which did not achieve statistical significance with
observed effect sizes.

Table and figures

7
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