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Abstract

Purpose Drug intake might be a modifiable factor for the individual fall-risk of older adults, and anticholinergic properties
of drugs need to be considered. This study is aimed at analyzing the association of older adults’ individual anticholinergic
load with particular focus on use of overactive bladder anticholinergic medications with falls in multi-medicated patients.
Materials and Methods Cases of the prospective, observational, multi-center study on adverse drug reactions leading to
emergency departments (ADRED study) between 2015 and 2018 in Germany were analyzed comparing the exposure of
overactive bladder anticholinergic medications on the chance to present with a fall with patients without exposure. Logistic
regression analysis was used adjusting for pre-existing conditions, drug exposure, and the individual anticholinergic burden
by drug use. To this end, a combination of seven expert-based anticholinergic rating scales was used.

Results The anticholinergic burden was higher in patients with overactive bladder anticholinergic medications (median 2
[1; 3]) compared to not taking drugs of interest. Presenting with a fall was associated with overactive bladder anticholin-
ergic medications (odds ratio (OR) 2.34 [95% confidence interval 1.14-4.82]). The use of fall-risk increasing drugs was
likewise associated (OR 2.30 [1.32—4.00]). The anticholinergic burden itself seemed not to be associated with falls (OR
1.01 [0.90-1.12]).

Conclusions Although falls occur multifactorial in older adults and confounding by indication cannot be ruled out, the indica-
tion for a drug treatment should be decided with caution when other, non-pharmacological treatment options have been tried.
German clinical trial register DRKS-ID: DRKS00008979, registration date 01/11/2017.

Keywords Fall-risk increasing drugs - Older adults - Adverse drug reaction - Urologicals - Anticholinergic - Overactive
bladder anticholinergic medications - Multi-medication

Introduction

Falls are a major health issue for older adults as they can
lead to disabilities [1]. Around a third of all community-
dwelling older adults fall at least once a year often resulting
in fractures or injuries [2]. Rates of older adults presenting
with falls to the emergency department (ED) increased in the
last years in the United States [3]. The risk for ED admis-
sion rises with higher age and in female gender. Preventive
strategies for falls are often discussed and recommended [4].
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While falls are considered to be multifactorial with factors
such as motor weakness or cognitive impairment enhanc-
ing the individual fall-risk [2], the use of certain drugs is
likewise discussed. Patients with high anticholinergic drug
load were observed more commonly presenting with falls
or fractures to the ED in Korea [5]. Hence, the risk for falls
seems to increase with higher anticholinergic load as seen
in retrospective data [6].

Several systematic reviews on fall-risk increasing drugs
(FRIDs) exist. However, evidence usually derives from
observational studies showing large heterogeneity [7]. Often,
psychotropic drugs such as antipsychotics, sedatives, or
antidepressants are considered fall-risk increasing. Interest-
ingly, those drug classes often have a high anticholinergic
potential such as tricyclic antidepressants. Correspondingly,
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psychotropic drug use is observed commonly in older adults
presenting with falls to the ED in Germany [8].

Also, other drug classes such as anticholinergics or over-
active bladder anticholinergic medications are considered
to increase the risk for falls in older adults [9]. In lists for
potentially inappropriate medications for older adults, uro-
logicals in general are not considered as anticholinergics
[10] and the impact of overactive bladder anticholinergic
medications on falls of older adults is often discussed with
controverse findings [7, 9].

This study is aimed at analyzing the association of older
adults’ individual anticholinergic load with particular focus
on use of overactive bladder anticholinergic medications
with falls in multi-medicated patients.

Materials and methods
Study population

We analyzed data of the multicenter observational study
on Adverse Drug Reactions in Emergency Departments
(ADRED) (German Clinical Trial Register: DRKS00008979,
registration date 01/11/2017). The ADRED study collected
cases of ADRs that presented to EDs with the primary study
aim to analyze the proportion of medication errors in ADRs.
Patients were interrogated for their most current drug use.
If appropriate, information from the most current medica-
tion records was added. All medications were documented
that were seen in a timely plausible association with the ED
consultation. Data were collected from December 2015 until
March 2018 in four German EDs of tertiary care and teach-
ing hospitals (Ulm, Fiirth, Bonn and Stuttgart). A feasibility
study showed that ADRs are seen responsible for 6.5% of
ED consultations in these study centers [11]. The inclusion
criteria were adult patients presenting symptoms seen in a
possible, probable, or certain relation to a drug assessed with
the standardized causality assessment of the WHO Uppsala
Monitoring Centre. The causality assessment was conducted
by the study personnel, consisting of trained physicians or
pharmacists.

Patients agreed to take part in the study and provided writ-
ten informed consent. The study was approved by the respon-
sible ethical committee of the University of Bonn (202/15).

Definition of falls

For all patients, ADR symptoms leading to or presented at
ED consultation were documented. If a patient reported a
fall that led to ED consultation, those cases were counted as
fallers. All patients with other ADR symptoms were classi-
fied as non-fallers.
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Drug use

Several drug classes were considered as FRIDs and therefore
included in our analysis [9] (Supplement 1). Drug groups were
defined using the Anatomic Therapeutic Chemical classifica-
tion system (ATC-classification). We focused on overactive
bladder anticholinergic medications used for urinary frequency
and incontinence (ATC code: G0O4BD).

Anticholinergic drugs were identified, and the anticho-
linergic burden score (ABS) was calculated according to a
review combining seven anticholinergic risk scales[12] (Sup-
plement 2). An ABS was calculated for each patient enrolled.
‘We calculated three different versions of this score, an overall
anticholinergic burden score (ABS), a score excluding uro-
logicals (ABS-U) and one excluding drugs assessed as FRIDs
(ABS-F).

Included variables

We analyzed general information as well as factors related
to the ED visit. All patients enrolled in the study were inter-
rogated for their past medical history, and if appropriate, this
information was extended by a most current documentation
letter. All diseases reported were coded by an ICD-10 code and
then included in the analysis. From the literature, certain con-
ditions potentially increasing the risk for falls were identified
and defined with the ICD-10 classification. These included
rheumatic diseases (including arthrosis [13], gout, theuma-
toid arthritis [14], and connective tissue diseases), diseases
of the back (including ankylosing spondylitis[15]), soft tissue
diseases (including muscular diseases [16], sarcopenia [17]),
osteopathies and chondropathies (including osteoporosis),
abnormalities of gait, and a tendency to fall [18]. Apart from
musculoskeletal diseases, other pre-existing conditions likely
to increase the risk of falling were included: dementia [19]
(including Alzheimer’s disease, vascular dementia, dementia
in other diseases, and unspecified dementia), Parkinson’s dis-
ease [20], multiple sclerosis [21], epilepsy [22], polyneuropa-
thy [23], cerebral palsy and paralysis syndrome, chronic pain,
atherosclerosis of arteries of extremities, and urinary incon-
tinence. Further, affective, neurotic, stress, and somatoform
disorders were regarded as one variable.

All patient cases were assessed for the mentioned pre-existing
conditions and this information included in our analysis. If no
ICD-10 code for one of the respective diseases was documented
in the database, the case was handled as not having one of the
described pre-existing conditions.

Statistical analysis

Characteristics of the patients with the use of overactive
bladder anticholinergic medications were compared to
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patients without. The ABS, ABS-U, and ABS-F were cal-
culated for each case. Metric variables were tested for nor-
mal distribution using the Kolmogoroff-Smirnov test. We
used medians and interquartile ranges (IQR) to describe the
respective two groups. For categorical variables, we used
absolute and relative frequencies. p-values were calculated
using the Mann—Whitney U test for metric variables and the
chi-squared test for categorical variables. Likewise, patients
with the use of FRIDs were compared with patients without
(Supplement 3).

We calculated unadjusted regression analyses along with
two additional adjusted models for presenting with a fall to
the ED always comparing the exposure to overactive bladder
anticholinergic medications to no exposure.

Model 1 was adjusted for age and sex, and model 2 was
adjusted for age, sex, number of prescribed FRIDs exclud-
ing overactive bladder anticholinergic medications, number
of drugs (without FRIDs), ABS-U, and pre-existing condi-
tions associated with falling (see above, all binary (yes vs.
no)). An interaction term for the use of overactive bladder
anticholinergic medications and the ABS-U was calculated
using model 2.

The frequency of exposure and the applied dosages of
single drug were analyzed, and for each single substance, the
regression models were repeated as described above (models
1 and 2).

Secondary analysis

For FRIDs, model 1 was calculated analogous to the model
above. A model similar to model 2 was used adjusting for
age, sex, number of drugs (without FRIDs), ABS-F and all
pre-existing conditions associated with falling (see above)
(model 3). Both models were repeated including the number
of FRIDs per patient.

Results of logistic regression analyses are shown as
odds ratios (OR) with corresponding 95% confidence inter-
vals (CI). All statistical analyses were conducted using
IBM® SPSS® Statistics (version 27).

Results

In total, 2939 cases from the ADRED study were ana-
lyzed. Characteristics of the study population are displayed
in Table 1. The majority of patients were not exposed to
overactive bladder anticholinergic medications (97.8%,
n=2875). Despite that, fall as cause for the emergency
visit was more frequent in patients with overactive blad-
der anticholinergic medications (17.2%, n=11) compared
to those without (5.6%, n=160).

Patients exposed to overactive bladder anticholinergic
medications took in median 10 [8;14] drugs. FRID use in
this population was as follows: Diuretics were taken by
57.8% (n=234) of those, non-opioid analgesics by 29.7%
(n=19), antidepressants by 23.4% (n=15), opioids by
21.9% (n=14), antiepileptics by 20.3% (n=13), antip-
sychotics, anti-Parkinson drugs, a-blocker for prostatic
hyperplasia and sedatives/hypnotics/anxiolytics by 10.9%
(n="7) respectively, cardiac glycosides by 6.3% (n=4),
a-blocker as antihypertensive drugs by 3.7% (n=3), and
central acting antihypertensive drugs by 3.1% (n=2). Use
of certain FRIDs and fall predisposing diseases are pic-
tured in Supplement 4.

The overall ABS was higher in patients with urologi-
cals (ABS 5 [4;6] vs. 1 [0;2]). When excluding urologi-
cals from the ABS, patients with urologicals still had a
higher score (ABS-U 2 [1;3] vs. 1 [0;2]) (Fig. 1). Our
study population took seven different overactive bladder
anticholinergic medications, prescribed with various doses
(Supplement 5).

Results from the regression analyses are displayed in
Table 2. The unadjusted OR for overactive bladder anticho-
linergic medications was 3.46 [1.77—-6.76] and decreased
after adjusting for age and sex 2.77 [1.40-5.49]. Adjusting
for further parameters showed an OR of 2.34 [1.14-4.82].
Adjusted model 2 for overactive bladder anticholinergic
medications is shown completely in Table 3. Next to over-
active bladder anticholinergic medications, age, female
sex, the number of FRIDs, soft tissue diseases, abnormal-
ity of gait and mobility/ tendency to fall, and polyneu-
ropathy were associated with falling in our sample. The
ABS-U was not associated with falling in the regression
model (OR 1.01 [0.90-1.12]).

There was no significant interaction term between the
use of overactive bladder anticholinergic medications and
ABS-U (p=0.26).

We calculated regression analyses for each of the seven
overactive bladder anticholinergic medications individu-
ally. Both oxybutynin (OR 9.67 [2.29-40.81]) and tro-
spium (OR 3.25 [1.33-7.93]) were significantly associ-
ated with higher chances for falls in unadjusted analyses,
but with large confidence intervals due to little statisti-
cal power. Only oxybutynin showed significant results in
model 1 (OR 9.34 [2.09-41.72]) as well as model 2 (OR
9.20 [1.84-45.89]), while trospium did not.

Secondary analysis
Also exposure to FRIDs was associated with falls in logis-
tic regression analyses. This was true for the use of FRIDs

as well as for an increase of odds with higher number of
FRIDs (Table 2).
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Table 1 Characteristics of study population according to exposure to overactive bladder anticholinergic medications or not

Missing cases Without bladder With bladder p-value
medication, n = 2875 medication, n = 64

Age in years, median (IQR) 0 72 (57; 80) 80 (75; 86) <0.001
GFR in ml/min/1.73 m?, median (IQR) 793 64.64 (41.46; 86.73) 58.76 (36.51; 72.95) 0.044
Length of stay in days, median (IQR) 294 6 (3; 10) 7.5 (3; 14) 0.023
No. of admission diagnosis, median (IQR) 0 1(1;2) 2(1;3) 0.110
No. of prescribed drugs, median (IQR) 0 7 (3; 10) 10 (8; 14) <0.001
No. of ADR symptoms, median (IQR) 0 2(1;4) 2(1;3) 0.061
No. of pre-existing conditions, median (IQR) 262 5@3:;7) 6(3;9) 0.132
No. of FRIDs, median (IQR) 0 1(0;3) 3(2;5) <0.001
No. of drugs taken (without FRIDs), median (IQR) 0 5(2;8) 6 (5; 10) <0.001
ABS, median (IQR) 0 1(0;2) 5(4;6) <0.001
ABS-U, median (IQR) 0 1(0;2) 2(1;3) 0.001
Sex, n (%) 0 0.735

Female 1421 (49.4) 33 (51.6)

Male 1454 (50.6) 31 (48.4)
Triage, n (%) 10 0.449

Red 152 (5.3) 2(3.2)

Orange 1162 (40.5) 23 (36.5)

Yellow 1400 (48.8) 33 (52.4)

Green 142 (5.0) 4(6.3)

Blue 10 (0.3) 1(1.6)
Seriousness of the ADR, n (%) 0 0.385

No serious damage 314 (10.9) 3@4.7)

Hospitalization required 2371 (82.5) 54 (84.4)

Life-threatening damage 182 (6.3) 7 (10.9)

Persistent damage 1(0.0) 0(0.0)

Death 7(0.2) 0(0.0)
Condition at discharge, n (%) 0 0.110

Recovered without damage 141 (4.9) 2 3.1

Not yet recovered 260 (9.0) 11 (17.2)

Improved condition 2196 (76.4) 42 (65.6)

Permanent damage 16 (0.6) 1(1.6)

Death 110 (3.8) 2@3.1)
Treatment, 1 (%) 0 0.070

Inpatient 2590 (90.1) 62 (96.9)

Outpatient 285 (9.9) 2(3.1)

Fall, n (%) 0 160 (5.6) 11 (17.2) <0.001

Bold emphasis: significance p < 0.05

No. number, IQR interquartile range, ADR adverse drug reaction, FRIDS fall-risk increasing drugs, GFR glomerular filtration rate, ABS anticho-
linergic burden score, ABS-U anticholinergic burden score without the anticholinergic burden of overactive bladder anticholinergic medications

Discussion

This analysis of falls that led to ED visits, showed that
not only FRIDs in general, but more specifically overac-
tive bladder anticholinergic medications are associated
with an increased risk for falls. While the anticholiner-
gic burden was higher in patients with FRIDs and over-
active bladder anticholinergic medications, these drugs
seemed to be associated with falls irrespective of the

@ Springer

cumulative anticholinergic burden caused by the concomi-
tant multi-medication.

With an adjusted OR of 2.34, the risk for presenting with
a fall to the ED is doubled when taking an overactive blad-
der anticholinergic medication compared to controls. Due
to anticholinergic activity, this association is a reasonable
assumption for fall genesis in older adults. The cumulative
anticholinergic activity respecting other anticholinergic
drugs such as specific antidepressants seemed to have less



European Journal of Clinical Pharmacology (2023) 79:1185-1193 1189

no fall fall
14 * *
12 o
o *
10 o * *
o * o o
8 o o o
* o o o
6 * o
* *
4 o o
0 o
2
0
ABS ABS-F ABS-U ABS ABS-F ABS-U

Fig.1 ABS, ABS-F, and ABS-U in patients with no fall versus fall.
ABS: anticholinergic burden score; ABS-F: anticholinergic burden
score excluding the anticholinergic properties of fall-risk increasing

impact on fall-risks in our analysis. We could not observe an
interaction of anticholinergic activity with the use of overac-
tive bladder anticholinergic medications. Thus, the fall-risk

drugs; ABS-U: anticholinergic burden score excluding the anticholin-
ergic properties of overactive bladder anticholinergic medications

increasing effect may be connected to overactive bladder
anticholinergic medications irrespective of the anticholinergic
activity deriving from the other drugs taken concomitantly.

Table 2 Regression analyses for the association of falls as adverse drug reaction with the exposure to overactive bladder anticholinergic medica-
tions in general, single overactive bladder anticholinergic medications, and fall-risk increasing drugs (FRIDs)

Missing  Unadjusted, OR [95% CI] Model 1, OR [95% CI] Model 2, OR [95% CI] Model 3, OR [95% CI]

values, n

Bladder medication (yes) 262 3.46 [1.77-6.76]

Darifenacin (yes) 262 1.99 [0.25-15.98]
Oxybutynin (yes) 262 9.67 [2.29-40.81]
Solifenacin (yes) 262 3.98 [0.42-35.80]
Trospium (yes) 262 3.25[1.33-7.93]
FRIDs (yes) 262 2.89 [1.71-4.88]
No. of FRIDs 262 1.21 [1.12-1.31]

2.77 [1.40-5.49]
1.47 [0.18-12.14]
9.34 [2.09-41.72]
3.09 [0.34-28.09]
2.45 [0.99-6.06]
2.30 [1.34-3.92]
1.15 [1.06-1.25]

2.34 [1.14-4.82]
0.96 [0.10-9.61]
9.20 [1.84-45.89]
1.46 [0.14-15.16]
2.15[0.83-5.53]

2.30 [1.32-3.99]
1.15 [1.05-1.26]

Bold emphasis: significance p < 0.05
Model 1: adjusted for age and sex

Model 2: adjusted for age, sex, no. of FRIDs (excluding overactive bladder anticholinergic medications), no. of drugs taken (without FRIDs),
pre-existing conditions (rheumatic diseases, diseases of the spine and back, soft tissue diseases, osteopathies and chondropathies, abnormality
of gait and mobility/tendency to fall, dementia, Parkinson’s disease, multiple sclerosis, epilepsy, polyneuropathy, cerebral palsy and paralysis
syndrome, affective, neurotic, stress and somatoform disorders, chronic pain, atherosclerosis of arteries of extremities and urinary incontinence),
and anticholinergic burden score without the anticholinergic burden of overactive bladder anticholinergic medications

Model 3: adjusted for age, sex, no. of drugs taken (without FRIDs), pre-existing conditions (rheumatic diseases, diseases of the spine and back, soft
tissue diseases, osteopathies and chondropathies, abnormality of gait and mobility/ tendency to fall, dementia, Parkinson’s disease, multiple sclerosis,
epilepsy, polyneuropathy, cerebral palsy and paralysis syndrome, affective, neurotic, stress and somatoform disorders, chronic pain, atherosclerosis of
arteries of extremities and urinary incontinence), and the anticholinergic burden score without the anticholinergic burden of FRIDs
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Table 3 Full adjusted model 2
for the association of falls with

OR [95% CI]

exposure to overactive bladder
anticholinergic medications

Bladder medication
Age
Sex (female)

No. of FRIDs (without urologicals)

No. of drugs (without FRIDs)

ABS-U (anticholinergic burden score without urologicals)

Rheumatic diseases
Diseases of the spine and back
Soft tissue diseases

Osteopathies and chondropathies
Abnormality of gait and mobility/tendency to fall

Dementia
Parkinson’s disease
Multiple sclerosis
Epilepsy
Polyneuropathy

Cerebral palsy and paralysis syndrome
Affective, neurotic, stress, and somatoform disorders

Chronic pain

Atherosclerosis of arteries of extremities

Urinary incontinence

2.34 [1.14-4.82]
1.03 [1.01-1.04]
1.66 [1.16-2.36]
1.14 [1.02-1.27]
0.92 [0.87-0.98]
1.01 [0.90-1.12]
1.31 [0.71-2.43]
1.32 [0.61-2.84]
3.77 [1.39-10.22]
1.38 [0.67-2.83]
2.96 [1.26-6.95]
1.67 [0.96-2.88]
1.35 [0.56-3.27]
1.97 [0.25-15.73]
1.32[0.51-3.43]
2.32 [1.17-4.60]
1.26 [0.35-4.49]
1.42 [0.84-2.41]
1.01 [0.49-2.09]
0.37 [0.13-1.04]
1.12 [0.47-2.66]

Bold emphasis: significance p < 0.05

FRIDS fall-risk increasing drugs, ABS-U anticholinergic burden score without the anticholinergic burden
of overactive bladder anticholinergic medications

Discriminating between effects of drugs and effects of the
underlining disease is always a challenge (i.e., confounding
by indication). It has previously been shown that overactive
bladder (OAB) itself is associated with an increased risk of
falls [24]. This might be related to the urinary urgency asso-
ciated with the OAB that causes sudden movements which
could be problematic in older adults with gait impairment.
While patients with OAB seem to be at higher risk for falls,
some evidence might point towards a reduced risk for falls
when treated [25].

In contrast, evidence for falls in patients with OAB treated
with anticholinergic drugs can likewise be found [26]. Thus,
it remains unclear whether the OAB, or the anticholinergic
therapy is the reason for the increased risk for falls or a
combination of both.

Our finding of an increased risk for falls with overac-
tive bladder anticholinergic medications is in line with a
consensus on FRIDs that refers fall-risks to the anticho-
linergic activity of drugs [9]. Regarding individual over-
active bladder anticholinergic medications, differences
between single drugs should be expected, in line with
different anticholinergic burdens per drug. But our study
population was too small for final conclusions. One might
differentiate between selective (solifenacin, darifenacin)
and non-selective (oxybutynin, tolterodine, trospium,
and fesoterodine) anticholinergics supported by a study
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indicating a significant risk for non-selective anticholin-
ergic in patients [27, 28]. Also, the time of use might be
of importance for the individual fall-risk, as some drugs
could be expected to increase the fall-risk with continuous
use [29]. The anticholinergic burden of overactive bladder
anticholinergic medications is associated with cognitive
decline and could be connected with different altered risks
for falls in older adults per single drugs [30]. Therefore,
the anticholinergic capacity might outweigh the benefit of
treating OAB pharmacologically in older adults in some
cases.

The high observed prevalence of pre-existing conditions
analyzed predisposing for falls might underline a multifacto-
rial pathogenesis of falls in older adults. However, while also
other non-pharmacological treatment options for OAB exist
[31], the indication for a pharmacological treatment in older
adults should be decided with caution.

An increased risk of falls with drug exposure might as
well be associated with the intake of a multitude of drugs
summing up to an increased risk with different drug-drug
interactions. In our analyses, we respected this by adjusting
for FRIDs, use of other drugs, and the cumulative anticho-
linergic burden. As this is a clear strength of our study, one
need to admit that a distinct classification of anticholinergic
drugs is lacking. Therefore, we combined different scoring
systems on anticholinergic drugs [12].
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Interestingly, while the number of FRIDs was associated
with higher fall risks in fully adjusted models, the solely
number of drugs excluding FRIDs was not. This might
underline the importance of a summative effect of drugs
associated with a fall-risk than the solely multi-medication.

We need to point out that this was a cohort of ADR cases
and therefore comparisons derived from comparing with
other ADR cases. However, the population covers a large
picture of chief complaints for presenting to the ED and
presents an older, multi-medicated population which is in
line with other studies [11]. Besides, all ADR cases analyzed
were assessed concerning causality using a standardized
assessment, which is a clear strength of our study.

Our analysis has some limitations. Firstly, we calculated
the ABS based solely on the fact whether a patient took an
anticholinergic drug or not but did not differentiate between
application forms. However, in our study population, most of
the drugs act systemically. Secondly, due to the rather small
sample size of patients with overactive bladder anticholin-
ergic medications, we did not take individual dosages into
account. Therefore, further investigation is needed on the
effect of different dosages and their influence on falls. Other
limitations lie in the study design as this was an observa-
tional study, data quality and completeness can differ from
case to case and study center to study center. Also, the depth
of documentation could differ from case to case with, e.g.,
sometimes serious cases that could not be interrogated well
for their drug use and past medical history due to urgency
of the symptoms. Thus, for a better harmonization of data,
regular telephone conferences were conducted during enroll-
ment between the study centers.

Conclusion

In conclusion, we showed that overactive bladder anticholin-
ergic medications are associated with an increased risk for
falls leading to presentations to the ED. In addition, patients
with FRIDs also have an increased risk for falls. While many
drugs show anticholinergic properties, the fall-risk associ-
ated with overactive bladder anticholinergic medication
exposure seems increase despite anticholinergic load of the
concomitant medication.

Although falls occur multifactorial in older adults and
confounding by indication cannot be ruled out, the indication
for a drug treatment should be decided with caution. Other,
non-pharmacological treatment options such as behavioral
therapy for OAB should be considered as well.
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