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AbstrACt
Objective To estimate the association between 
cumulative anticholinergic burden and falls and fractures 
in patients with overactive bladder (OAB).
Design A retrospective claims-based study (2007–2015) 
of patients with OAB; outcomes from a subset were 
contrasted to a non-OAB comparison.
setting United States, commercially and Medicare-
insured population.
Participants 154 432 adults with OAB and 86 966 adults 
without OAB, mean age of 56 years, and 67.9% women.
Main outcome measures Cumulative anticholinergic 
burden, a unitless value representing exposure over time, 
was estimated over the 12 months pre-index (‘at baseline’) 
and every 6 months post index. Burden was categorised 
as no burden (0), low burden (1–89), medium burden 
(90–499) or high burden (500+). Unadjusted rates of 
falls or fractures were estimated, and the increased risk 
associated with anticholinergic burden (measured at the 
closest 6-month interval prior to a fall or fracture) was 
assessed using a Cox proportional hazards model and a 
marginal structural model.
results Median (IQR) baseline anticholinergic burden was 
30 (0.0–314.0) and higher among older (≥65 years, 183 
[3.0–713.0]) versus younger (<65 years, 13 [0.0–200.0]) 
adults. The unadjusted rate of falls or fractures over the 
period was 5.0 per 100 patient-years, ranging from 3.1 
(95% CI 3.0–3.2) for those with no burden, to 7.4 (95% 
CI 7.1–7.6) for those with high burden at baseline. The 
adjusted risk of falls and fractures was greater with higher 
anticholinergic burden in the previous 6 months, with 
an HR of 1.2 (95% CI 1.2 to 1.3) for low burden versus 
no burden, to 1.4 (95% CI 1.3 to 1.4) for high versus 
no burden. Estimates from marginal structural models 
adjusting for time-varying covariates were lower but 
remained significantly higher with a higher anticholinergic 
burden. Rates of falls and fractures were approximately 
40% higher among those with OAB (vs those without).
Conclusion Higher levels of anticholinergic burden 
are associated with higher rates of falls and fractures, 
highlighting the importance of considering anticholinergic 
burden when treating patients with OAB.

IntrODuCtIOn
Falls and fractures, which are major causes 
of morbidity and mortality among older 
adults,1 2 have numerous risk factors, both 
intrinsic and extrinsic.2–12 Interactions 
between one or more of these factors are also 
important contributors to fall risk.12–14 Over-
active bladder (OAB) is a symptom complex 
including urinary urgency, with or without 
urinary incontinence and nocturia, symptoms 
that are intrinsic risk factors for falls or frac-
tures.11–13 15–17 While many patients manage 
their OAB symptoms with lifestyle modifica-
tions alone,18 among those requiring phar-
macotherapy most will initially be treated 
with anticholinergic medications called 
antimuscarinics.19 Cumulative or prolonged 
exposure to the broader class of anticholin-
ergic medications, which are widely used to 
manage patients across a variety of health 

strengths and limitations of this study

 ► This is the first study to demonstrate the association 
of higher cumulative anticholinergic burden with a 
higher risk of falls and fractures among those with 
overactive bladder (OAB).

 ► This study contributes evidence to help inform the 
appropriate use of anticholinergic medications, both 
among younger and older patients with OAB who 
have a higher comorbidity burden.

 ► The use of a validated generalisable dataset with 
a large sample size allowed for the calculation of 
precise estimates of risk and an understanding 
of the interplay of factors contributing to falls and 
fractures.

 ► As with any retrospective study, the findings are 
limited by the use of claims  data, and duration of 
follow-up available.
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conditions, is also a risk factor for falls and fractures even 
among populations already at higher risk.3–7 

To date, studies have infrequently evaluated the impact 
of OAB treatment17 20 and never the impact of anticho-
linergic burden on falls and fractures among those with 
OAB.21 22 Few randomised trials of antimuscarinic treat-
ments report the occurrence of falls, and those that do, 
usually do not report significant differences between OAB 
treatments or placebo.23–25 One observational study exam-
ining OAB treatments and falls and fractures reported no 
difference in rates among over 100 000 patients initiating 
two different antimuscarinics over their first 90 days of 
treatment, though follow-up times were short.20 Another 
reported a slightly protective effect of OAB treatment on 
falls but did not measure fractures, nor the intensity of, 
duration of or adherence to OAB treatments.17 However, 
the impact of anticholinergic burden on falls and frac-
tures risk in OAB would not be driven by antimuscarinic 
use only, but rather from the total of all prescribed anti-
cholinergic medications; to the best of our knowledge, 
this has not yet been examined.

Understanding the magnitude of the association 
between anticholinergic burden and falls and fractures 
among those with OAB is important for several reasons. 
First, OAB is highly prevalent, particularly among older 
adults, affecting up to 18.5% of adults over 40 years of 
age.26 Second, the high frequency of major risk factors 
for falls and fractures (including older age, urinary symp-
toms11–13 and gait problems)27 among those with OAB 
contribute to an approximately 33% increased risk of 
falls compared with those without OAB,28 independent of 
any incremental risk possibly conveyed by anticholinergic 
burden. However, if antimuscarinics successfully manage 
the symptoms of OAB that are themselves risk factors for 
falls, it is conceivable that the impact of treating OAB with 
antimuscarinics could be a reduction in falls and frac-
tures.17 Alternatively, anticholinergic burden could act as 
an effect modifier of the relationship between OAB symp-
toms and risk of falls or fractures, such that its impact 
would be more or less pronounced among different 
subgroups of patients with OAB. Finally, unlike certain 
fall risk factors such as older age or sex, anticholinergic 
burden is potentially modifiable, and at-risk patients with 
OAB could be managed by treatments that do not act 
by the anticholinergic pathway. Due to the multifacto-
rial nature of falls and fractures risk,1 14 the application 
of rigorous statistical techniques is required to appropri-
ately control for potential confounders while estimating 
the association between time-varying exposures such as 
anticholinergic burden and relevant outcomes.

The primary objective of this study was to estimate the 
association between anticholinergic burden and falls and 
fractures among individuals with OAB. A secondary objec-
tive was to compare rates of falls and fractures among 
those with OAB to an age-matched and sex-matched 
sample without OAB. These data will be important to 
help formulate treatment recommendations for patients 
with OAB at higher risk of falls and fractures.

MethODs
study design
This retrospective cohort study used the Truven Market-
Scan claims databases from the USA, which are large, 
nationally representative healthcare datasets of Commer-
cial Claims and Encounters (commercial) and patients 
insured through Medicare Supplemental and Coordina-
tion of Benefits (medicare supplemental). These data-
bases contain individually linked data for over 84 million 
people, allowing characterisation of patient populations, 
treatment patterns, clinical outcomes and healthcare 
resource use (including medication fills).29 These data 
have been widely validated for clinical, pharmacoepide-
miological and pharmacoeconomic research.30–32 

The study period was from January 2007 to December 
2015. For the core analyses, the identification period 
for enrolment was from January 2008 to December 
2014, to allow ≥1 year of pre-enrolment data per person 
for summarising baseline characteristics, determining 
whether an individual is an incident or prevalent case 
of OAB (see below) and establishing anticholinergic 
exposure. The final year of the study period was used 
to allow all cohort members the opportunity for ≥1 year 
of follow-up post-index date, defined according to the 
date of the first identified OAB-related code during the 
study period. Outcomes could occur at any time between 
the index date and censoring (eg, inpatient death, dis-en-
rolment in the insurance plan or the end of the study 
period).

For comparison with individuals without OAB, data 
from January 2008 to December 2009 were used to enrol 
patients into either a non-OAB cohort or an OAB cohort 
(‘OAB cohort 2’, representing a subset of the core OAB 
cohort). All patients were assigned an index date of 
1 January 2010 to avoid immortal time bias in classifying 
subsequent outcomes to exposure groups.33 Data from 
January 2010 to December 2015 were used to observe the 
outcomes of interest.

Patient involvement
Patients and the public were not involved in this research.

study sample
Study inclusion required that individuals be ≥18 years 
of age at the index date with medical and pharmaceu-
tical coverage in the 12 months prior to the index date. 
Exclusion criteria were neurogenic bladder/neurogenic 
detrusor overactivity, pregnancy, malignant neoplasm, 
renal impairment, hepatic insufficiency, trauma or organ 
transplantation during the study period (online supple-
mentary table 1). Study eligibility was determined based 
on the availability of insurance coverage rather than 
actual resource use, and no exclusion criteria related to 
the duration of post-index follow-up were imposed.

The OAB cohort included individuals with (1) vali-
dated International Classification of Diseases, Ninth 
Revision (ICD-9) codes in any position on ≥1 inpatient 
claims or ≥2 outpatient medical claims on separate dates, 
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or (2) ≥2 OAB-specific medication claims (by National 
Drug Codes) during the identification period (online 
supplementary table 1). The date of the first relevant 
code during the identification period was the individual’s 
index date. Cohort members were classified as incident 
if, in the year prior to index, they had no OAB-specific 
claims. All other OAB cases were classified as prevalent.

For comparison with the non-OAB cohort, individuals 
in OAB cohort 2 were required to have 1 year of data 
availability pre-index and potential for data availability 
through at least 2010. The non-OAB cohort was randomly 
selected according to a 2:1 age and sex match to OAB 
cohort 2. Members of both cohorts were assigned an 
index date of 1 January 2010 (ie, the end of the identifi-
cation period).

In terms of sample size, another recent MarketScan 
study identified over 1 million individuals with OAB over 
5 years.34 Fractures, which occur more infrequently than 
falls, were observed among 5% of a separate OAB cohort 
over 5 years,15 which would correspond to 50 000 indi-
viduals from a cohort of 1 million. While little is known 
about anticholinergic burden and falls in OAB, in an 
Irish study in Parkinson’s disease, 24% of those with high 
anticholinergic burden had injurious falls versus 7% 
of those without anticholinergic burden.35 To detect a 
difference as great in OAB, at alpha=0.05 and power=0.8, 
300 individuals per anticholinergic burden level would 
be required. Ultimately, of the eligible cohort of over 
2 million persons with OAB, a 15% sample was randomly 
selected for computational feasibility.

Classifying exposure and outcomes
The exposure of interest was cumulative anticholin-
ergic burden estimated by applying the score derived 
from a cross-sectional measure of anticholinergic expo-
sure (the 2012 version of the Anticholinergic Cognitive 
Burden [ACB)] scale, a validated scale counting usage 
of 104 medications rated as contributing at least some 
anticholinergic burden)36 37 over time, as outlined in 
online supplementary figure 1.38 Briefly, a unitless value 
reflecting the intensity of anticholinergic exposure (by a 
medication’s defined daily dose),39 40 strength of anticho-
linergic activity (by drug-specific ACB score) and period 
of exposure is estimated, reflecting an individual’s cumu-
lative standardised daily dose of all medications over time 
(online supplementary figure 1).41

Cumulative anticholinergic burden was calculated 
at baseline (over the 12-month pre-index period) and 
updated at 6-month intervals. At each time point, an 
individual’s anticholinergic burden was classified as 
no burden versus any anticholinergic burden, with 
burden characterised as low (1–89), medium (90–499) 
and high (500+), based on an initial review of histo-
grams of score data. An example patient with low anti-
cholinergic burden may have received two 90-day fills for 
25 mg atenolol (ACB score=1) over a year (cumulative 
anticholinergic burden=60) versus a patient with high 
anticholinergic burden having received one 30-day fill for 

100 mg carbamazepine (ACB score=1), two 30-day fills for 
solifenacin 10 mg (ACB score=3) and two 90-day fills for 
tolterodine 4 mg (ACB score=3) over a year (cumulative 
anticholinergic burden=912, additional example calcula-
tions provided in online supplementary figure 1).

The primary outcome was a composite of falls and 
fractures sufficiently severe to require inpatient or outpa-
tient care, identified by validated ICD-9 and Healthcare 
Common Procedure Coding System/Current Procedural 
Terminology codes (online supplementary table 1). 
While these outcomes were initially considered individ-
ually (ie, as falls, vs fractures), due to consistency in the 
trends in results between the composite and individual 
outcomes (data not shown), the manuscript results focus 
on the composite outcome.

statistical analysis
Baseline characteristics were summarised by means, 
SDs, medians and IQRs for continuous variables, and 
by number and percent for categorical variables. These 
included demographics, risk factors for falls and fractures, 
or high anticholinergic burden and other comorbidities. 
Comorbidities were considered by overall Elixhauser 
score42 and according to key comorbidities (see online 
supplementary table 1 for codes). Baseline characteristics 
were summarised overall and according to age (<65 vs >65 
years) and sex.

Cumulative anticholinergic burden was summarised 
by the number and percent with no burden versus any 
burden at baseline and at 6-month intervals post index, 
mean (95% CI) scores at baseline and at 6-month inter-
vals post index, and as the five most frequent anticholin-
ergic medications from the ACB scale prescribed at least 
once (at the level of the medication and class), overall 
and by age.

The frequency of falls and fractures over the period was 
estimated according to baseline level of anticholinergic 
burden. The unadjusted rate (95% CI) per 100 person-
years was estimated using negative binomial regression 
models, overall and by age, sex and timing (ie, an inci-
dent vs prevalent case) of OAB. Rates were compared 
according to baseline anticholinergic burden using rate 
ratios (RRs) with 95% CIs.

Time to first fall or fracture, according to time-varying 
levels of cumulative anticholinergic burden (measured at 
the closest 6-month interval prior to the fall or fracture) 
and adjusted for age, sex and other key covariates at base-
line, was estimated using the Andersen-Gill formulation of 
the Cox proportional hazards model43 and was compared 
between cohorts at different levels of burden using HRs 
with 95% CIs. Potential covariates for adjustment were 
identified based on preliminary models, and covariates 
remaining significant were retained in the final model 
(see list of potential covariates, identified by literature 
review, in online supplementary table 1). While the inclu-
sion of anticholinergic burden as a continuous variable 
was considered, it was ultimately included as a categorical 
variable due to the ease of interpretation from comparing 
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estimates for categorical levels directly. To understand the 
impact of age, a subgroup analysis was performed among 
patients aged >65 years at index.

Changes in medications or comorbidities over the 
period may be related to both anticholinergic use and 
the occurrence of falls and fractures. To control for these 
time-varying covariates, as well as all other non-time-
varying covariates included in the non-weighted Cox 
analysis, a marginal structural model was run.44 For its 
implementation, a multinomial logistic model estimating 
inverse-probability weights was first developed to predict 
anticholinergic burden (measured at the closest 6-month 
interval prior to the fall or fracture) based on age, sex 
and all covariates identified for inclusion. Any comor-
bidities included as covariates were set to time varying, 
with their indicator set to ‘absent’ unless a code for the 
comorbidity was found, after which all subsequent inter-
vals for that individual had the indicator set to ‘present’. 
Then, the marginal structural model incorporating the 
inverse-probability weights was implemented to estimate 
the HR (95% CI) of falls and fractures associated with 
levels of anticholinergic burden among those with OAB, 
adjusting for age, sex and other key covariates at base-
line. Further details on the marginal structural model, 
including estimation of stabilised weights and robust vari-
ances, are described by Robins et al.45

To compare falls and fractures among those with OAB 
with those among the non-OAB cohort, the increased risk 
according to the level of baseline anticholinergic burden 
and the OAB status was first estimated as unadjusted rates 
and RRs (95% CIs) and then using adjusted Cox and 
marginal structural models, as previously discussed. OAB 
status was handled as a fixed covariate in both the Cox 
and marginal structural models. To estimate the extent of 
the modification (by anticholinergic burden) of the asso-
ciation between OAB and falls and fractures, interaction 
terms were included in the model, and the effect of OAB 
for each level of anticholinergic burden was estimated.

All analyses were conducted in R V.3.4.0.

results
Core analyses
The mean age of the OAB cohort (n=154 432) was 56 
years, 75.9% were <65 years, 67.9% were women (table 1) 
and the median duration of follow-up post index was 2.5 
years. The mean (SD) Elixhauser comorbidity score was 
1.0 (3.9), and 3.6% had a fall or fracture in the preceding 
year. At baseline (measured over 12 months pre-index), 
35.4% had no burden, 25.0% had low burden, 20.5% had 
moderate burden and 19.1% had high anticholinergic 
burden. Those with any baseline anticholinergic burden 
were slightly older on average and were more likely to 
be women. The median (IQR) baseline anticholinergic 
burden was 30 (0–314) and was substantially higher 
among those aged ≥65 (183 [3–713]) versus those aged 
<65 (13 [0–200]) years.

Cumulative anticholinergic burden over time
Despite 35% having no anticholinergic burden at base-
line, over 80% of those with OAB (n=124 819) had at 
least some anticholinergic burden recorded during any 
of the 6-month intervals over the period. The five most 
frequent anticholinergic medications prescribed from 
the ACB scale, two of which were antimuscarinics for 
OAB, were codeine (n=27 639, 17.9%; ACB score=1), 
oxybutynin (n=27 554, 17.8%; ACB score=3), prednisone 
(n=27 131, 17.6%; ACB score=1), tolterodine (n=26 663, 
17.3%; ACB score=3) and cyclobenzaprine (n=21 691, 
14.0%; ACB score=2). The most frequent anticholinergic 
medication classes prescribed were genitourinary smooth 
muscle relaxants (n=44 497, 28.8%, which included 
other antimuscarinics, in addition to oxybutynin and 
tolterodine), antidepressants (n=22 638, 14.7%), beta-
blockers (n=21 026, 13.6%), benzodiazepines (n=15 361, 
9.9%) and adrenal medications (n=11 728, 7.6%). Mean 
(95% CI) levels of anticholinergic burden increased over 
the period and were higher among older versus younger 
cohort members (figure 1).

rates of falls and fractures
Among those with OAB, 15 287 (9.9%) experienced a fall 
(3.3%) or fracture (7.7%) over follow-up, including 3650 
(2.4%) with no baseline anticholinergic burden, 3495 
(2.3%) with low burden, 3802 (2.5%) with moderate 
burden and 4340 (2.8%) with high burden (measured 
over 12 months pre-index). The unadjusted rate of falls 
or fractures was 5.0 (95%  CI 4.9 to 5.1) per 100 patient-
years and ranged from 3.1 (95%  CI 3.0 to 3.2) for no base-
line anticholinergic burden to 7.4 (95% CI 7.1 to 7.6) for 
high burden (figure 2). For those aged ≥65 years, rates 
were high overall and higher among those with higher 
baseline anticholinergic burden; from 8.2 (95% CI 7.6 to 
8.8) per 100 person-years for no burden to 11.1 (95% CI 
10.6 to 11.6) for high burden. For those aged <65 years, 
rates were lower but also increased with increasing levels 
of baseline anticholinergic burden from 2.3 (95% CI 2.2 
to 2.4) per 100 person-years for no burden to 4.8 (95% 
CI 4.6 to 5.1) for high burden. When comparing rates 
between those aged <65 vs >65 years at the same level of 
baseline anticholinergic burden, RRs demonstrated a 
2.0-fold to 3.5-fold increased risk of falls and fractures 
among older adults with OAB compared with younger 
adults with OAB.

A 1.9-fold (95% CI 1.9 to 2.0) increased risk of falls and 
fractures was observed among those with some versus no 
baseline anticholinergic burden; RRs ranged from 1.5 
(95%  CI 1.4 to 1.6) for those with low versus no anti-
cholinergic burden to 2.4 (95%  CI 2.3 to 2.5) for those 
with high versus no anticholinergic burden (figure 2). 
The increased risk of falls and fractures associated with 
anticholinergic burden level was more pronounced 
among younger (<65 years; RR 1.7, 95% CI 1.6 to 1.8) 
versus older (≥65 years; RR 1.4, 95% CI 1.3 to 1.5) adults 
with OAB.



5Szabo SM, et al. BMJ Open 2019;9:e026391. doi:10.1136/bmjopen-2018-026391

Open access

Ta
b

le
 1

 
D

em
og

ra
p

hi
c 

an
d

 c
lin

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 t

he
 O

A
B

 c
oh

or
t 

at
 b

as
el

in
e,

Tr
uv

en
 M

ar
ke

tS
ca

n 
d

at
ab

as
es

 2
00

7–
20

15

 

O
ve

ra
ll

B
y 

ag
e

B
y 

b
as

el
in

e 
an

ti
ch

o
lin

er
g

ic
 b

ur
d

en
*

B
y 

se
x

<
65

≥6
5

N
o

 b
ur

d
en

S
o

m
e 

b
ur

d
en

M
al

e
Fe

m
al

e

n=
15

4 
43

2
n=

11
7 

27
1

n=
37

 1
61

n=
54

 6
02

n=
99

 8
30

n=
49

 5
97

n=
10

4 
83

5

n
%

n
%

n
%

n
%

n
%

n
%

n
%

A
g

e 
(y

ea
rs

)

M
ea

n 
(S

D
)

55
.7

15
.2

49
.4

11
.0

75
.7

7.
5

51
.4

14
.6

58
.1

15
.0

56
.2

14
.0

55
.5

15
.8

M
ed

ia
n 

(IQ
R

)
56

46
–6

4
52

43
–5

8
75

69
–8

1
52

42
–6

0
58

49
–6

8
57

48
–6

4
55

46
–6

4

≤4
5

36
 0

39
23

.3
36

 0
39

30
.7

0
0

17
 3

00
31

.7
18

 7
39

18
.8

99
15

20
26

 1
24

24
.9

46
–5

5
39

 7
84

25
.8

39
 7

84
33

.9
0

0
15

 3
57

28
.1

24
 4

27
24

.5
12

 7
43

25
.7

27
 0

41
25

.8

56
–6

5
43

 4
14

28
.1

41
 4

48
35

.3
19

66
5.

3
14

 6
10

26
.8

28
 8

04
28

.9
16

 1
60

32
.6

27
 2

54
26

66
–7

5
17

 6
49

11
.4

0
0

17
 6

49
47

.5
43

83
8

13
 2

66
13

.3
61

15
12

.3
11

 5
34

11

76
–8

5
13

 0
99

8.
5

0
0

13
 0

99
35

.2
23

41
4.

3
10

 7
58

10
.8

37
65

7.
6

93
34

8.
9

86
+

44
47

2.
9

0
0

44
47

12
61

1
1.

1
38

36
3.

8
89

9
1.

8
35

48
3.

4

Fe
m

al
e 

se
x

10
4 

83
5

67
.9

79
 1

59
67

.5
25

 6
76

69
.1

29
 9

99
54

.9
74

 8
36

75
.0

0
0

10
4 

83
5

10
0.

0

C
o

m
o

rb
id

it
ie

s†

H
yp

er
te

ns
io

n,
 

un
co

m
p

lic
at

ed
55

 9
00

36
.2

35
 3

32
30

.1
20

 5
68

55
.3

14
 4

01
26

.4
41

 4
99

41
.6

19
 8

95
40

.1
36

 0
05

34
.3

D
ia

b
et

es
 m

el
lit

us
 a

nd
 

d
ia

b
et

ic
 p

er
ip

he
ra

l 
ne

ur
op

at
hy

21
 4

90
13

.9
13

 4
24

11
.4

80
66

21
.7

55
40

10
.1

15
 9

50
16

.0
82

05
16

.5
13

 2
85

12
.7

C
er

eb
ro

va
sc

ul
ar

 d
is

ea
se

 
an

d
 s

tr
ok

e
85

17
5.

5
31

80
2.

7
53

37
14

.4
15

99
2.

9
69

18
6.

9
29

05
5.

9
56

12
5.

4

D
iz

zi
ne

ss
83

98
5.

4
53

66
4.

6
30

32
8.

2
19

05
3.

5
64

93
6.

5
22

49
4.

5
61

49
5.

9

O
st

eo
p

or
os

is
66

09
4.

3
31

62
2.

7
34

47
9.

3
16

26
3.

0
49

83
5.

0
47

1
0.

9
61

38
5.

9

A
rt

hr
iti

s
63

45
4.

1
43

70
3.

7
19

75
5.

3
12

95
2.

4
50

50
5.

1
10

97
2.

2
52

48
5.

0

Fa
lls

 o
r 

fr
ac

tu
re

s 
w

it
hi

n 
th

e 
p

re
ce

d
in

g
 y

ea
r

55
42

3.
6

30
59

2.
6

24
83

6.
7

11
63

2.
1

43
79

4.
4

12
10

2.
4

43
32

4.
1

Li
fe

st
yl

e 
fa

ct
o

rs

S
m

ok
in

g
13

 5
48

8.
8

88
36

7.
5

47
12

12
.7

29
56

5.
4

10
 5

92
10

.6
44

26
8.

9
91

22
8.

7

A
lc

oh
ol

 a
b

us
e

76
8

0.
5

65
8

0.
6

11
0

0.
3

18
8

0.
3

58
0

0.
6

37
4

0.
8

39
4

0.
4

M
ed

ic
at

io
ns

O
p

io
id

s
56

 0
36

36
.3

41
 6

08
35

.5
14

 4
28

38
.8

11
 0

44
20

.2
44

 9
92

45
.1

14
 8

87
30

.0
41

 1
49

39
.3

B
en

zo
d

ia
ze

p
in

e 
us

e
27

 5
07

17
.8

20
 2

52
17

.3
72

55
19

.5
23

49
4.

3
25

 1
58

25
.2

58
82

11
.9

21
 6

25
20

.6

C
hr

on
ic

 u
se

 o
f i

nh
al

ed
 o

r 
or

al
 c

or
tic

os
te

ro
id

s
53

67
3.

5
33

06
2.

8
20

61
5.

5
88

8
1.

6
44

79
4.

5
14

92
3.

0
38

75
3.

7

R
is

k 
fa

ct
o

rs
 f

o
r 

hi
g

h 
an

ti
ch

o
lin

er
g

ic
 

b
ur

d
en

C
on

tin
ue

d



6 Szabo SM, et al. BMJ Open 2019;9:e026391. doi:10.1136/bmjopen-2018-026391

Open access 

 

O
ve

ra
ll

B
y 

ag
e

B
y 

b
as

el
in

e 
an

ti
ch

o
lin

er
g

ic
 b

ur
d

en
*

B
y 

se
x

<
65

≥6
5

N
o

 b
ur

d
en

S
o

m
e 

b
ur

d
en

M
al

e
Fe

m
al

e

n=
15

4 
43

2
n=

11
7 

27
1

n=
37

 1
61

n=
54

 6
02

n=
99

 8
30

n=
49

 5
97

n=
10

4 
83

5

n
%

n
%

n
%

n
%

n
%

n
%

n
%

D
ep

re
ss

io
n,

 n
eu

ro
tic

 
d

is
or

d
er

s 
or

 p
sy

ch
os

is
32

 6
74

21
.2

27
 0

37
23

.1
56

37
15

.2
78

38
14

.4
24

 8
36

24
.9

81
35

16
.4

24
 5

39
23

.4

C
hr

on
ic

 o
b

st
ru

ct
iv

e 
p

ul
m

on
ar

y 
d

is
ea

se
 

10
 0

16
6.

5
56

04
4.

8
44

12
11

.9
18

24
3.

3
81

92
8.

2
31

67
6.

4
68

49
6.

5

P
ar

ki
ns

on
's

 d
is

ea
se

/o
th

er
 

ne
ur

ol
og

ic
al

 im
p

ai
rm

en
ts

59
73

3.
9

34
01

2.
9

25
72

6.
9

10
59

1.
9

49
14

4.
9

18
47

3.
7

41
26

3.
9

D
em

en
tia

15
70

1.
0

13
8

0.
1

14
32

3.
9

21
6

0.
4

13
54

1.
4

40
8

0.
8

11
62

1.
1

In
te

st
in

al
 m

ot
ili

ty
 d

is
or

d
er

s
15

2
0.

1
10

7
0.

1
45

0.
1

43
0.

1
10

9
0.

1
39

0.
1

11
3

0.
1

E
lix

ha
us

er
 s

co
re

, m
ea

n 
(S

D
)

1
3.

9
1

3.
3

3
5.

0
1

3.
0

1
4.

3
1

3.
9

1
3.

9

T
im

in
g

 o
f 

O
A

B

In
ci

d
en

t 
ca

se
1 

06
 7

30
69

.1
84

 8
88

72
.4

21
 8

42
58

.8
43

 6
88

80
.0

63
 0

42
63

.1
36

 7
83

74
.2

69
 9

47
66

.7

P
re

va
le

nt
 c

as
e

47
 7

02
30

.9
32

 3
83

27
.6

15
 3

19
41

.2
10

 9
14

20
.0

36
 7

88
36

.9
12

 8
14

25
.8

34
 8

88
33

.3

A
nt

ic
ho

lin
er

g
ic

 b
ur

d
en

M
ea

n 
(S

D
)

26
6.

7
48

6.
5

21
3.

8
44

3.
9

43
3.

8
57

0.
3

0
0

41
2.

6
55

3.
2

15
4.

2
36

5.
3

32
0.

0
52

6.
1

M
ed

ia
n 

(IQ
R

)
30

0.
0,

 3
14

.0
13

0.
0,

 2
00

.0
18

3
3.

0,
 

71
3.

0
0

0.
0,

 0
.0

18
0

36
.0

, 
60

9.
0

1
0.

0,
 

12
0.

0
60

.0
0.

0,
 

44
5.

5

N
o 

b
ur

d
en

54
 6

02
35

.4
46

 7
46

39
.9

78
56

21
.1

54
 6

02
10

0.
0

0
0

24
 6

03
49

.6
29

 9
99

28
.6

Lo
w

38
 6

69
25

.0
31

 2
29

26
.6

74
40

20
.0

0
0

38
 6

69
38

.7
11

 5
04

23
.2

27
 1

65
25

.9

M
ed

iu
m

31
 7

19
20

.5
22

 0
06

18
.8

97
13

26
.1

0
0

31
 7

19
31

.8
84

60
17

.1
23

 2
59

22
.2

H
ig

h
29

 4
42

19
.1

17
 2

90
14

.7
12

 1
52

32
.7

0
0

29
 4

42
29

.5
50

30
10

.1
24

 4
12

23
.3

*B
as

el
in

e 
an

tic
ho

lin
er

gi
c 

b
ur

d
en

 a
ss

es
se

d
 o

ve
r 

th
e 

12
-m

on
th

 p
re

-i
nd

ex
 p

er
io

d
.

†O
nl

y 
co

m
or

b
id

iti
es

 id
en

tifi
ed

 a
m

on
g 

>
2.

5%
 a

re
 p

re
se

nt
ed

. T
he

 fo
llo

w
in

g 
w

er
e 

id
en

tifi
ed

 a
m

on
g 

<
2.

5%
 o

f t
he

 c
oh

or
t:

 s
yn

co
p

e,
 c

om
p

lic
at

ed
 h

yp
er

te
ns

io
n,

 c
og

ni
tiv

e 
im

p
ai

rm
en

t,
 A

lz
he

im
er

's
 

d
is

ea
se

, m
us

cu
lo

sk
el

et
al

 p
ro

b
le

m
s,

 h
yp

er
p

ar
at

hy
ro

id
is

m
, d

ec
re

as
ed

 v
is

io
n,

 c
hr

on
ic

 k
id

ne
y 

d
is

ea
se

, l
eg

 a
nd

 fo
ot

 a
m

p
ut

at
io

n,
 h

yp
ot

en
si

on
, a

nd
 p

al
m

on
en

ta
l r

efl
ex

.
O

A
B

, o
ve

ra
ct

iv
e 

b
la

d
d

er
.

Ta
b

le
 1

 
C

on
tin

ue
d

 



7Szabo SM, et al. BMJ Open 2019;9:e026391. doi:10.1136/bmjopen-2018-026391

Open access

Adjusted rates of falls and fractures
A statistically significant association was observed 
between anticholinergic burden (measured at the closest 
6-month interval prior to the fall or fracture) and falls 
and fractures in the Cox model adjusted for age, sex 
and key comorbidities; and the magnitude of the associ-
ation increased with increasing levels of anticholinergic 
burden. All key covariates included in the final model 
are described in table 2. HRs (95% CI) for falls and frac-
tures were 1.2 (95% CI 1.2 to 1.3) for low versus no anti-
cholinergic burden, 1.3 (95% CI 1.2 to 1.4) for medium 
versus no burden and 1.4 (95% CI 1.3 to 1.4) for high 
versus no burden. Findings from the marginal structural 

model were consistent, although the magnitude of the 
association was slightly less: HRs were 1.2 (95% CI 1.1 to 
1.2) for low versus no burden, 1.2 (95% CI 1.1 to 1.3) for 
medium versus no burden and 1.3 (95% CI 1.3 to 1.4) 
for high versus no burden. Among those aged ≥65 years, 
anticholinergic burden was significantly associated with 
falls and fractures in the Cox model, but the association 
was less than that for the overall OAB cohort: 1.1 (95% 
CI 1.0 to 1.2) for low burden versus no burden, 1.2 (95% 
CI 1.1 to 1.3) for medium burden versus no burden and 
1.2 (95% CI 1.1 to 1.3) for high burden versus no burden 
(table 2). See online supplementary figure 2 for boxplots 
demonstrating the distribution of estimated weights by 
time and level of anticholinergic burden.

Comparison with the non-OAb cohort
To understand the impact of OAB on the association 
between anticholinergic burden and falls and fractures, 
outcomes from 86 966 individuals without OAB and 
43 483 individuals with OAB were analysed. Both cohorts 
were 71.0% women and had a mean age of 57.4 years. 
The mean (SD) Elixhauser comorbidity score was slightly 
lower in the non-OAB cohort (0.7 [2.9]) than in OAB 
cohort 2 (1.0 [3.6]), as was the percentage with a fall 
or fracture in the previous year (2.5% for the non-OAB 
cohort versus 3.3% for OAB cohort 2). The mean (SD) 
baseline anticholinergic burden (assessed over 12 
months pre-index) for the OAB cohort two was substan-
tially higher (347.6 [553.8]) than that for the non-OAB 
cohort (89.2 [243.3]), which was reflected in the differ-
ence in distribution according to anticholinergic burden 
level at baseline. In OAB cohort 2, 33.9% had no burden 
and 25.6% had high burden at baseline, compared with 
59.2% with no burden and 4.7% with high burden at 
baseline in the non-OAB cohort.

The unadjusted rate (95% CI) of falls and fractures per 
100 person-years was higher among those with OAB (4.8, 
95% CI 4.7 to 5.0) versus those without (3.5, 95% CI 3.5 
to 3.6). Rates in OAB cohort 2 ranged from 3.1 (95% CI 
2.9 to 3.3) for those with no baseline burden to 6.9 (95% 
CI 6.6 to 7.3) for high baseline burden; and rates in the 
non-OAB cohort ranged from 2.7 (95% CI 2.6 to 2.8) for 
those with no burden to 8.1 (95% CI 7.4 to 8.8) among 
the small sample with high burden. Overall, those with 
OAB were at a 1.4-fold (95% CI 1.3 to 1.5) increased risk 
of falls and fractures compared with those without OAB. 
RRs ranged from 1.2 (95% CI 1.1 to 1.3) for those with no 
baseline burden to 0.9 (95% CI 0.8 to 0.9) among those at 
the highest level of burden (table 3).

Adjusted estimates from the Cox model confirmed 
the statistically significant association between OAB 
status and falls and fractures, which are modified by the 
level of anticholinergic burden (measured at the closest 
6-month interval prior to the fall of fracture; see online 
supplementary table 2). Among those with OAB, the 
HR for low burden versus no anticholinergic burden 
was 1.3, that for medium burden versus no anticholin-
ergic burden was 1.3 and that for high burden versus no 

Figure 1 Mean (95% CI) level of anticholinergic burden 
according to time since cohort entry and age. ACB, 
anticholinergic burden.

Figure 2 Rates (top) and rate ratios (bottom), for falls and 
fractures* estimated over the study period in the overactive 
bladder cohort, according to baseline anticholinergic 
burden,** overall and according to age (<65 years vs >65 
years); Truven MarketScan databases 2007–2015. *Point 
estimates (dots) and 95% CIs (lines) plotted. **Baseline 
anticholinergic burden assessed over the 12-month pre-index 
period. ACB, anticholinergic burden. 

https://dx.doi.org/10.1136/bmjopen-2018-026391
https://dx.doi.org/10.1136/bmjopen-2018-026391
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anticholinergic burden was 1.4. Among those without 
OAB, the HR for low versus no anticholinergic burden 
was 1.4, that for medium versus no burden it was 1.4 
and that for high versus no burden it was 1.7. Results 
from the marginal structural model were similar (online 
supplementary table 2), with boxplots demonstrating the 
distribution of estimated weights by time and level of anti-
cholinergic burden in online supplementary figure 3.

DIsCussIOn
While anticholinergic exposure has been associated with 
higher rates of falls and fractures among those with other 
health conditions,3–7 until now, the impact of cumulative 
anticholinergic burden on the risk of falls and fractures 
among those with OAB has been unknown. This large 
cohort study demonstrated that, among those with OAB, 
higher cumulative anticholinergic burden is associated 
with a significantly higher rate of falls and fractures. 
After adjustment for age, sex and key comorbidities, the 
increased risk of falls and fractures was 23% among those 
with low burden, 30% among those with medium burden 
and 38% among those with high burden, compared with 
those without anticholinergic burden. Rates of falls and 
fractures were approximately 40% higher among those 
with OAB than in a non-OAB comparison group. These 
data suggest that both urinary symptoms and anticho-
linergic burden are important risk factors for falls and 
fractures. The magnitude of the dose–response-like 
association and temporal relationship and the biologic 
plausibility of the association46 lend credence to possible 
causality33 between increasing anticholinergic burden 
and falls and fractures in OAB.

The use of a validated generalisable dataset with a large 
sample size allowed for the calculation of precise esti-
mates of risk and an understanding of the interplay of 
factors contributing to falls and fractures. While assessing 
cumulative exposure revealed a dose–response-like rela-
tionship with falls and fractures, validating that measure 
against cross-sectional assessments will be important. 
Varied statistical techniques were specified a priori, and 
results were consistent regardless of the approach selected. 
Finally, falls and fractures were assigned according to an 
individual’s OAB status prior to the follow-up period to 
avoid the potential for misclassification among those who 
developed OAB during that period.47

As with any retrospective study, the findings are 
limited by the data and duration of follow-up available. 
As the study used claims data, misclassification may have 
occurred if coding is driven by reimbursement-related 
factors. Additionally, adherence to anticholinergic medi-
cations could not be assessed using these data, only that 
a prescription claim was recorded. Given the sampling 
frame, findings may not be reflective of outcomes for 
individuals without or with other types of insurance. As 
those with intermittent coverage may have been included, 
both exposure and outcomes may be underestimated. 
Additionally, anticholinergic use may be underestimated 
as over-the-counter medications, or those not included in 
the ACB scale, would not have been captured. Further, 
many other scales for measuring anticholinergic burden 
exist, and each considers different medications. While we 
chose the ACB scale because of its relevance to the United 
States context and the comprehensive list of medications 
considered,36 37 the choice of anticholinergic burden 
scale could impact the results. Limitations to the ACB 

Table 3 Rates and RRs for falls and fractures estimated over the study period in OAB cohort 2 and in the non-OAB cohort, 
according to baseline anticholinergic burden; Truven MarketScan databases 2007–2015

OAB cohort 2 Non-OAB cohort
OAB versus non-OAB 
RRs

n=43 483 n=86 966 n=130 449

Fall and fracture rates (95% CI) per 100 person-years 

Overall, crude rate 4.8 (4.7 to 5.0) 3.5 (3.5, to 3.6) 1.4 (1.3 to 1.5)

By baseline anticholinergic burden level*

  No burden (0) 3.1 (2.9 to 3.3) 2.7 (2.6 to 2.8) 1.2 (1.1 to 1.3)

  Low (1–89) 4.3 (4.0 to 4.6) 3.8 (3.6 to 4.0) 1.1 (1.0 to 1.2)

  Medium (90–499) 5.5 (5.2 to 5.8) 5.1 (4.9 to 5.4) 1.1 (1.0 to 1.2)

  High (500+) 6.9 (6.6 to 7.3) 8.1 (7.4 to 8.8) 0.9 (0.8 to 0.9)

RRs, by anticholinergic burden level

Any burden versus no burden 1.8 (1.7 to 1.9) 1.8 (1.7 to 1.9)

   Low burden versus no burden 1.4 (1.3 to 1.5) 1.4 (1.3 to 1.5)

   Medium burden versus no burden 1.7 (1.6 to 1.9) 1.9 (1.8 to 2.0)

   High burden versus no burden 2.2 (2.0 to 2.4) 3.0 (2.7 to 3.3)

*Baseline anticholinergic burden assessed over the 12-vmonth pre-index period.
OAB, overactive bladder; RR, rate ratio.

https://dx.doi.org/10.1136/bmjopen-2018-026391
https://dx.doi.org/10.1136/bmjopen-2018-026391
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scale include that the scores assigned to various medi-
cations have not been validated against serum anticho-
linergic activity, and that it omits some medications with 
anticholinergic activity (eg, gabapentin) in its derivation, 
which is based on expert consensus and literature review. 
Finally, it is conceivable that those with higher anticho-
linergic burden would have more encounters with the 
medical system within which to detect falls or fractures. 
We did not adjust for this, however, as the health condi-
tions underlying the increased healthcare resource use 
would also be on the causal pathway between anticholin-
ergic exposure and falls and fractures.

Few other robust data on the impact of cumulative anti-
cholinergic exposure on falls and fractures among those 
with OAB exist. A recent US claims-based study found that 
antimuscarinic-treated patients with OAB were at an almost 
50% increased risk of falls and fractures compared with 
those without OAB, even without measuring overall anticho-
linergic burden, although those analyses did not account 
for other important risk factors.48 A borderline significant 
association was reported between antimuscarinic use and 
fractures among Taiwanese patients with OAB, although 
assessment of anticholinergic burden was based on a single 
dispensation only.49 That increased anticholinergic burden 
was associated with increased falls and fractures among 
those with OAB is consistent with findings from those with 
Parkinson’s disease,5 depression50 and among post-meno-
pausal women.4 Exact estimates of increased risk are diffi-
cult to compare directly because most studies measured 
burden cross-sectionally and not cumulatively. Nonethe-
less, the available evidence suggests a consistent message 
of increased falls and fractures risk with increased anticho-
linergic exposure and that the amount of increased risk 
depends on the extent of anticholinergic burden, as well as 
the underlying disease. Future research may build off these 
findings by evaluating the impact of OAB-specific treatment 
on OAB symptoms that are risk factors for falls and frac-
tures, while accurately accounting for background level of 
cumulative anticholinergic burden. This is important as 
successful management of OAB symptoms with antimusca-
rinics may, in itself, decrease the risk of falls and fractures.

Older adults had a 3.3-fold increased risk of falls and 
fractures compared with younger adults with OAB and 
a 2.0-fold to 3.5-fold increased risk at each level of anti-
cholinergic burden. While we were surprised that the 
increased risk of falls and fractures associated with anti-
cholinergic burden was less marked among older adults 
with OAB—a finding consistent in both the unadjusted 
and adjusted analyses—there are a few plausible expla-
nations. One is that the baseline risk of falls or fractures 
is much higher among older adults. This suggests that 
older adults with OAB likely have many predisposing 
factors other than anticholinergic burden compared 
with younger patients with OAB for whom anticholin-
ergic burden may be the main contributing risk factor. 
Regardless of the mechanism, these findings highlight 
the importance of medication review for falls risk among 
younger and older patients with OAB.51 52

In an administrative database study of patients with 
OAB, higher levels of anticholinergic burden are associ-
ated with a higher rate of falls and fractures, with those at 
the highest level at an almost 40% increased risk of falls 
and fractures compared with those without anticholin-
ergic burden. These data will help inform on the appro-
priate use of anticholinergic medications among both 
younger and older patients with OAB with multifaceted 
comorbidity requiring anticholinergic exposure.53
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