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Purpose: In-hospital falls, especially among older patients, are a major and underestimated problem. Several studies have suggested
a possible association between anticholinergic drug use and falls, but the results are inconclusive and studies focusing on in-hospital
falls are scarce. The aim of the present study was to investigate whether anticholinergic drug exposure on admission is associated with
in-hospital falls.
Patients and Methods: This retrospective chart review study was conducted in the Erasmus MC University Medical Center,
Rotterdam, the Netherlands. Patients aged 65 years and older, who were acutely admitted to the geriatric ward between 2012 and 2015,
were included. Anticholinergic drug exposure was determined with the Anticholinergic Risk Scale (ARS), the Anticholinergic
Cognitive Burden scale (ACB) and the list of Chew. Logistic regression was used to investigate the possible association between
anticholinergic drug exposure and in-hospital falls. Analyses were adjusted for age, sex, fall history, fall as reason for admission,
number of drugs on admission, use of a mobility aid and delirium.
Results: A total of 905 patients were included, of which 94 patients experienced one or more in-hospital falls. Each additional antic-
holinergic drug in use, according to the ARS, was associated with an increased odd of experiencing a fall (OR = 1.49, 95% CI: 1.06–2.10).
Other measures, ie anticholinergic drug use (yes/no) and different categories of anticholinergic drug burden, measured with the ARS, ACB
and list of Chew, were all not associated with in-hospital falls.
Conclusion: Anticholinergic drug exposure on admission is possibly not a main risk factor for in-hospital falls among older patients.
Keywords: accidental falls, cholinergic antagonists, inpatients

Introduction
Falls affect approximately 30% of the older population each year, and are very common in hospital settings.1,2 Studies in
hospital settings show around 1–9 falls per 1000 patient days and 15–30% of the patients who fall in the hospital, are
inclined to fall again.3–5 Moreover, in-hospital falls can cause serious injuries, extended hospitalization, lead to additional
costs, and increase the risk for nursing home admission.1 Considering the magnitude of the problem, identifying
modifiable risk factors to reduce the risk for in-hospital falls is of paramount interest.

Older persons have an increased fall risk due to age-related physiological changes and high prevalence of comorbid-
ities. Known risk factors for falls are, among others, mobility impairments, a history of falls and Parkinson’s disease.6,7

Additionally, as the number of prescribed medications increases with age, older persons frequently use multiple (fall
increasing) drugs (polypharmacy).8,9 Specific drug classes that have been associated with an increased fall risk are
benzodiazepines, diuretics, opioids and anticholinergic drugs.10–15

It has been reported that more than half of the hospitalized older population use drugs with anticholinergic activity
(≈54%).16,17 Anticholinergics have several side-effects and older persons are sensitive to these effects due to age-related
pharmacokinetic and pharmacodynamic changes. Therefore, even drugs with low anticholinergic activity can give serious
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side effects such as blurred vision, dizziness and an increased risk of delirium. This may lead to an increased risk of
falling.6,14,15,18

Several studies have investigated the possible association between anticholinergic drug use and falls but the results
are inconsistent.19–22 The methods used to assess anticholinergic drug use differ among the studies which could cause the
inconsistency in the results. Also, variations exist in setting and study design. These differences decrease the compar-
ability of observational studies on falls. Given this lack of knowledge, we investigated the association between antic-
holinergic drug exposure, using three various techniques, and in-hospital falls in older hospitalized patients.

Methods
This (retrospective) observational chart review study was performed with a dataset previously used to investigate the
association between anticholinergic drug exposure on admission and delirium, length of hospital stay, postdischarge
institutionalization and in-hospital mortality.23 This dataset contained all acutely ill patients aged 65 and older,
hospitalized to the ward of geriatrics of the Erasmus MC University Medical Center, Rotterdam, The Netherlands
between January 1, 2012 and December 31, 2015. Acutely ill patients were defined as patients with an acute condition
that needed hospital admission to be treated. Due to the aim of the previous study, patients hospitalized for ≤ 2 days,
admitted for elective (diagnostic) procedures and those with missing data on drug use or outcome measures were
excluded from the dataset.23 In the present study, we included all patients enrolled in the dataset.

The study was conducted in accordance with the principles expressed in the Declaration of Helsinki. In The
Netherlands, ethical approval and patient consent are not required for retrospective chart review studies in which data
collected during routine clinical care are extracted and analyzed anonymously.

Data Collection
All data was collected from medical records. Variables that may contribute to the occurrence of falls were collected and
included age, sex, body mass index (BMI), use of walking, hearing or visual aids, the presence of Parkinson’s disease,
fall history, fall as reason for admission, prescribed drug use at the time of admission and the occurrence of delirium. The
severity of comorbidities was calculated with the Charlson Comorbidity Index (CCI), which includes 19 medical
conditions scored from one to six, with total scores ranging from 0–37.24 The higher the score, the more severe the
burden of comorbidities. Also length of hospital stay, place of residence before admission and after discharge, and in-
hospital mortality were documented.

Anticholinergic Drug Measurement
In the present study, we focused on anticholinergic drug use at the time of admission. Dispensing records from the
community pharmacy were used to register all prescribed drugs in use by the patient. If this information was unavailable,
correspondence letters of general practitioners or other referrers, or the medication history from the hospital medical
record were used.23

Several anticholinergic drug scales are available that rank drugs based on their anticholinergic properties. In the
present study, we used the Anticholinergic Risk Scale (ARS),25 the Anticholinergic Cognitive Burden scale (ACB,
version of 2012)26 and the list of Chew et al.27 These lists were chosen because they are simple and quick to use, and
contain different anticholinergic drugs.

On the ARS, drugs are ranked based on their anticholinergic side effects, both central and peripheral, possibly leading
to cognitive dysfunction. It has a total of 49 drugs divided with a score of 1 to 3, 1 meaning moderate anticholinergic
potential and 3 meaning high anticholinergic potential.25 The ACB includes 99 drugs that are ranked with a score ranging
between 1 to 3, based on their potential to have a negative effect on cognition. Drugs with a score of 3 have also
associations with delirium.26 Finally, the 39 drugs on the list of Chew are ranked based on in vitro anticholinergic
activity. They are scored from 0.5–3 which means low to high anticholinergic activity.27

In the present study, anticholinergic drug exposure on admission was defined as the use of anticholinergic drugs
(no/yes), total number of anticholinergic drugs, and categories of anticholinergic drug burden (ADB), all measured with
the ARS, ACB and list of Chew. ADB is the sum of scores assigned to each drug prescribed to the patient.
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Study Outcome
The primary outcome measure was the occurrence of falls during the hospital stay. A fall was defined as an unintentional
change in body position. These data were collected from medical records in the hospital and subsequently compared with
the recorded falls from the incident monitoring reporting system to verify the completeness of the data.

Statistical Analysis
All data was analyzed using Statistical Package for the Social Sciences (SPSS version 25.0 IBM Corp., Armonk, NY,
USA) and results were assumed statistically significant at a two-sided P<0.05. Possible differences in characteristics
between fallers and non-fallers were compared using the Chi-square test or Fisher’s exact test for categorical
variables and the Mann–Whitney U-test or Student’s t-test for continuous variables, depending on the distribution
of the data.

Logistic regression was performed to obtain the odds ratio (OR) and 95% confidence interval (CI) for in-hospital falls
(dependent variable) according to different measures of anticholinergic drug exposure (exposure no/yes, total number of
anticholinergic drugs and categories of ADB quantified with the ARS, the ACB and the Chew). Number of antic-
holinergic drugs was treated as a continuous variable. ADB was divided into three categories: no ADB (for all scales
score 0), moderate ADB (ARS and ACB score 1–2; Chew score 0.5–1.0) and high ADB (ARS and ACB score ≥3; Chew
score ≥1.5); the first category was used as reference. Adjustments have been made for characteristics with a P<0.10 and
which were available for all patients (fall history, fall as reason for admission, number of drugs on admission, use of
a mobility aid and delirium) and for standard covariates (age and sex) through multivariate logistic regression.

Results
A total of 1193 patients were admitted to the geriatric ward during the study period of whom 905 were included (165 did
not meet the inclusion criteria, 119 were excluded because they were hospitalized for ≤ 2 days and 4 had missing data
with regard to drug use or outcome measures). A detailed flow chart of the study sample selection can be found in
a previous publication.23 No statistically significant differences were found in sex distribution and age between included
and excluded patients.23

Table 1 shows the baseline and discharge characteristics of the overall sample, of which 10.4% (94 patients)
experienced at least one fall in the hospital. The median age of the patients was 81 (interquartile range: 76–85) and
48.3% were male. Patients who fell were more likely to be male (60.6% vs 46.9%, P=0.011), more frequently had
a positive fall history (76.6% vs 43.8%, P<0.001), were more likely to have a fall as the primary reason for admission
(10.6% vs 4.7%, P=0.025) and had less prescribed drugs on admission (median 7 vs 8, P=0.015) than non-fallers.
Furthermore, patients who fell during hospital stay were more likely to have a delirium during their admission (56.4% vs
25.5%, P<0.001), had a longer length of hospital stay (median 13 vs 7 days, P<0.001) and were more likely to be
admitted to an institutional care facility after discharge (73.9% vs 43.5%, P<0.001) than patients who did not fall.
Figure 1 shows that most patients fell within the first week of hospitalization.

Anticholinergic Drug Use and Falls
Table 2 shows the characteristics with regard to anticholinergic drug exposure. The percentage of patients that used at
least one anticholinergic drug, was 28.3% based on the ARS, 71.2% based on the ACB, and 57.8% based on the Chew.
The median anticholinergic drug burden was 1 or lower for the overall sample, fallers and non-fallers.

Table 3 shows the ORs and corresponding 95% CIs for in-hospital falls based on different measures of anticholinergic
effect. In adjusted models, we found that each additional anticholinergic drug in use by a patient according to the ARS
was associated with a 49% increase in odds of experiencing a fall during the hospital stay (OR = 1.49 (95% CI 1.06–
2.10)). However, this association seems to be caused by a small group of four patients who used four anticholinergic
drugs. In this group, the fall frequency was 50%, while it was around 10% in patients using 0 to 3 anticholinergic drugs.
Anticholinergic drug exposure (yes/no) and ADB, measured with the ARS, ACB and list of Chew, were not associated
with in-hospital falls.
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Discussion
In this study, we found that each additional anticholinergic drug in use by an older patient, according to the ARS, is
associated with a 49% increase in odds of experiencing a fall during the hospital stay. This association was caused by
a very small group of patients using four anticholinergic drugs and might be an overestimation. Other measures of
anticholinergic drug use, ie anticholinergic drug burden and exposure, measured with the ARS, ACB and list of Chew
were not associated with an increased risk of falling. This is the first study investigating the association between
anticholinergic drug use, measured with the ARS, ACB and list of Chew, and in-hospital falls.

A previous study has investigated the same issue in older hospitalized patients, but used the Drug Burden Index
(DBI) to measure anticholinergic drug burden.19 Dauphinot et al19 found that an increase in DBI during admission
resulted in a three-fold higher risk of falling. However, the DBI measures the total exposure to anticholinergic and
sedative drugs,28 and therefore, the association can also be caused by sedative drugs. Moreover, in line with our
findings, they found no difference in DBI between fallers and non-fallers when the DBI was calculated on hospital
admission.19

Other studies have investigated the association between anticholinergic drug exposure and falls outside the hospital.
Landi et al20 found a positive association between ARS score and rate of falls during 1-year follow-up in older persons

Table 1 Characteristics of the Overall Study Sample

Variables Non-Fallers (n = 811) Fallers (n = 94) P-value

Men, n (%) 380 (46.9) 57 (60.6) 0.011

Age, years, median (IQR) 81 (76–85) 82 (77.8–87.3) 0.06

CCI, median (IQR) 2 (1–4) 2.5 (1–4) 0.38

Parkinson’s disease, n (%) 31 (3.8) 7 (7.4) 0.10

Delirium, n (%) 207 (25.5) 53 (56.4) <0.001

Delirium prior to fall, n (%) n/a 47 (18.5) n/a

BMI, kg/m2, median (IQR)a 24.5 (21.5–27.7) 23.7 (20.4–27.3) 0.06

Number of drugs on admission, median (IQR) 8 (6–12) 7 (5–11) 0.015

Fall in history, n (%)b 355 (43.8) 72 (76.6) <0.001

Fall as reason for admission, n (%) 38 (4.7) 10 (10.6) 0.025

Fall risk screening done, n (%) 593 (73.1) 71 (75.5) 0.62

Mobility aid, n (%) 410 (50.6) 56 (59.6) 0.10

Vision aid, n (%) 352 (43.4) 42 (44.7) 0.81

Hearing aid, n (%) 135 (16.7) 11 (11.7) 0.22

In-hospital mortality, n (%) 59 (7.3) 6 (6.4) 0.75

Length of stay, days, median (IQR) 7 (5–11) 13 (10–16) <0.001

Place of residence before admission, n (%)

Home 618 (76.2) 78 (83) 0.14

Place of residence after discharge, n (%)

Home 425 (56.5) 23 (26.1) <0.001

Notes: aBMI was available for 724 non-fallers and 90 fallers; bdoes not include falls as reason for admission.
Abbreviations: ACB, Anticholinergic Cognitive Burden scale; ARS, Anticholinergic Risk Scale; BMI, body mass index; CCI, Charlson Comorbidity Index; IQR,
interquartile range.
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living in nursing homes. In the present study, no association was found between categories of ADB, measured with the
ARS, and falls, although patients with a high ADB tended to fall more frequently than those with a low ADB. The
difference in findings can be caused by the difference in population. Landi et al20 included nursing home residents and
these persons may be more vulnerable than the patients included in our study. As a result, those persons may already have
a higher chance of falling.

Machado-Duque et al29 found that a moderate and high ARS score (total score of 2 or ≥3 respectively) were
associated with increased odds for hip fracture in persons aged 60 years and older. In contrast to our study, more persons
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Figure 1 Frequency distribution of falls per hospital day.

Table 2 Characteristics with Regard to Anticholinergic Drug Exposure

Variable Non-Fallers (n = 811) Fallers (n = 94) P-value

Exposed to DAPs, n (%)

ARS 227 (28) 29 (30.9) 0.56

ACB 576 (71) 68 (72.3) 0.79

Chew 475 (58.6) 48 (51.1) 0.16

Number of DAPs, median (IQR)

ARS 0 (0–1) 0 (0–1) 0.49

ACB 1 (0–2) 1 (0–2) 0.28

Chew 1 (0–1) 1 (0–1) 0.29

ADB score, median (IQR)

ARS 0 (0–1) 0 (0–1) 0.58

ACB 1 (0–3) 1 (0–2) 0.53

Chew 0.5 (0–1) 0.5 (0–1) 0.29

Abbreviations: ACB, Anticholinergic Cognitive Burden scale; ADB, anticholinergic drug burden; ARS, Anticholinergic Risk
Scale; DAPs, drugs with anticholinergic properties; IQR, interquartile range.
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Table 3 Odds Ratios for in-Hospital Falls According to Different
Measures of Anticholinergic Drug Exposure

Variable Fall/No Fall OR (95% CI)

ARS

Exposure to DAPs

No 65/584 1.00 (ref)

Yes 29/227 1.48 (0.88–2.51)

Number of DAPs

Per drug 94/811 1.49 (1.06–2.10)

ADB score

0 65/584 1.00 (ref)

1–2 19/154 1.32 (0.73–2.37)

≥3 10/73 2.07 (0.90–4.72)

ACB

Exposure to DAPs

No 26/235 1.00 (ref)

Yes 68/576 1.55 (0.88–2.74)

Number of DAPs

Per drug 94/811 1.03 (0.80–1.31)

ADB score

0 26/235 1.00 (ref)

1–2 48/354 1.60 (0.90–2.84)

≥3 20/222 1.35 (0.63–2.88)

Chew

Exposure to DAPs

No 46/336 1.00 (ref)

Yes 48/475 1.00 (0.61–1.64)

Number of DAPs

Per drug 94/811 1.13 (0.85–1.49)

ADB score

0 46/336 1.00 (ref)

0.5–1.0 31/336 0.88 (0.52–1.51)

≥1.5 17/139 1.48 (0.73–2.99)

Notes: Values in bold are statistically significant (P < 0.05). Models are adjusted for
age, sex, fall history, fall as reason for admission, number of drugs on admission, use
of a mobility aid and delirium (in patients who have fallen, delirium was counted as
‘yes’ if delirium occurred before the fall).
Abbreviations: ACB, Anticholinergic Cognitive Burden scale; ADB,
Anticholinergic drug burden; ARS, Anticholinergic Risk Scale; CI, confidence inter-
val; DAPs, drugs with anticholinergic properties; OR, odds ratio.
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used at least one drug with anticholinergic properties (61.9% compared to 28.3% in our study) and more persons had
a total ARS score of 2 (12.8% compared to 5.4% in our study) or ≥3 (24.2% compared to 9.2% in our study). In our
study, the median ARS score was relatively low. It is possible that patients with high ARS scores are more vulnerable to
experience a fall or hip fracture than patients with low ARS scores, but that the number of patients with high ARS scores
in our study was too low to detect such an effect.

Other studies have used the ACB. Zia et al30 found that an ACB score ≥ 1 was associated with recurrent and injurious
falls in older community-dwelling persons, but this association did not remain statistically significant after adjustment for
gait and balance impairment. Squires et al31 also examined the association between ACB scores and injurious falls in
older community-dwelling persons and found that persons with a high ACB score had an increased risk for injurious falls
over an average follow-up of 2.6 years. In contrast to our study, they only investigated falls resulting in a fracture or
injury requiring hospitalization, while we also examined falls that did not result in injury.

Suehs et al22 found that anticholinergic drug exposure, measured with the ACB, was associated with an increased risk
of a combined falls/fractures endpoint in older persons with overactive bladder. However, most of the drugs which
showed an association with falls and fractures were the anticholinergic drugs used for the treatment of overactive bladder.
Therefore, study findings may not be generalizable to other populations where anticholinergic drug use patterns are
different.

Considering that in-hospital falls are multifactorial, other factors than anticholinergic drug exposure could play
a bigger role in the occurrence of falls. In line with previous studies,7,32 we found that patients with a history of falls,
those who had a fall as primary reason for admission and those who had delirium were at increased risk of in-hospital
falls. Moreover, we found that the total number of drugs on admission was lower among patients who experienced an in-
hospital fall than in those who did not fall. Dauphinot et al19 also showed a statistically significantly higher risk of falling
when the number of drugs on admission is low. However, it can be speculated that the therapeutic classes of the drugs
have a greater effect on the occurrence of an adverse event, in this case in-hospital falls, than the number of drugs.19

A potential reason why we could not find a clear association between anticholinergic drug use and falls is that we
focused on in-hospital falls, which means that only falls that occurred during admission (in a couple of days) were used
for the analysis. In previous studies, data on falls was collected by following patients for several months to years.20,22,31

Following patients for a longer period of time increases the risk and amount of falling. Moreover, many patients in our
study were exposed to anticholinergic drugs, but the median ADB score per patient was relatively low. This means that
a lot of patients used anticholinergics, but these were drugs that have a minimal anticholinergic effect. It might be
possible that patients with a high ADB are more vulnerable to fall than patients with a low ADB.

Strengths and Limitations
This study has several strengths. To the best of our knowledge, this is the first study in which three anticholinergic drug
scales were used and compared to investigate the association between anticholinergic drug exposure and falls. Moreover,
this study focused on in-hospital falls, while most other studies focused on falls in community dwelling or nursing home
patients. Also, the results were obtained in a relatively large sample (approximately three times larger than that of
Dauphinot et al19). Lastly, not only data from the incident monitoring reporting system were used, but also data from
medical records, which reduces the possibility of underestimating the number of falls considerably.

There are also some limitations. First, the anticholinergic drug scales used in this study do not take into account
treatment duration and drug dose, while these factors also determine the amount of anticholinergic exposure and thus the
severity of side-effects. Second, we measured anticholinergic drug exposure on hospital admission and did not collect
data on changes in drug exposure during the hospital stay. This limits the ability to draw conclusions on causality.
However, most falls occurred in the first week of hospitalization, and therefore, even when anticholinergic drugs were
stopped after admission these drugs could still have had an effect based on the elimination half-life of the drug. Third,
there are other drug classes, such as benzodiazepines, which can increase the risk of falling. In the present study, we have
adjusted for the number of drugs in use per patient on admission, but not for the type of drugs in use.
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Conclusion
In this study, we found that anticholinergic drug exposure on admission, measured with the ARS, ACB and Chew was
not associated with an increased fall risk in older hospitalized patients. More research needs to be done, for example in
subgroups with a high baseline fall risk, to clarify the possible association between anticholinergic drugs and falls, to
reduce as many risk factors for falls as possible.
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