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Abstract

Introduction Medications with anticholinergic activity (MACSs) are used to treat diseases common in older adults. Evidence
on the association between anticholinergic burden (AB) and increased risk of fractures and osteoporosis or reduced bone
mineral density (BMD) is inconsistent. Our aim was to conduct a systematic review of observational studies on AB with
fractures and osteoporosis or reduced BMD and provide methodological appraisal of included studies.

Methods We searched MEDLINE, EMBASE, Science Citation Index and CENTRAL as well as grey literature from data-
base inception up to August 2020. Eligibility criteria were: observational design, AB-exposure measured through a scale,
fracture of any type or osteoporosis or reduced BMD as outcome, and reported measure of association between exposure
and outcome. No restrictions related to time, language or type of data were applied. Eligibility and risk of bias assessment
as well as data extraction were performed independently by two reviewers. Risk of bias of the included studies was assessed
using the Newcastle—Ottawa Scale and the RTI Item Bank.

Results The majority of the nine included studies had low risk of bias but heterogeneous methodology. No study used a new
user design. Seven studies reported an increased risk of fractures associated with AB. In four studies using the Anticholin-
ergic Risk Scale (ARS), adjusted risk of fractures was increased by 2—-61% for ARS =1, by 0-97% for ARS =2, by 19-84%
for ARS =3, and by 56-96% for ARS >4; in three studies the ARS was aggregated, risk increased by 39% for ARS =1-2
and 17% for ARS =2-3. Two studies reported increased risk of fractures of 14 and 52% in the highest AB-category and one
study reported that change in ARS of >3 during hospitalization was associated with a 321% increased risk in fractures. Two
studies did not find an association between AB and fractures. The association between AB and osteoporosis or reduced BMD
could only be assessed in two studies, one reporting increased risk of lower BMD at Ward’s triangle, the other reporting no
association between AB and BMD T-score change at the femoral neck.

Discussion Our study suggests an association between AB and increased risk of fractures with possible dose-exposure gradi-
ent in studies using the ARS. The low number of studies and heterogeneity of methods calls for the conduct of more studies.
Plain language summary We conducted a study investigating the risk of fractures associated with anticholinergic burden,
which is the result of taking one or more medication with anticholinergic activity. The results of our study suggest that
persons who experience anticholinergic burden might have a higher risk of fractures. However, since we were only able to
include nine studies, more studies conducted in a similar way are needed.

1 Introduction

Oliver Riedel and Federica Pisa share senior authorship.
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This systematic review suggests that the risk of fractures
is increased in persons with high anticholinergic burden.

In studies using Anticholinergic Risk Scale (ARS), the
risk increases with increasing anticholinergic burden,
suggesting a dose exposure gradient.

We found that one study reported an increased risk of
lower BMD at Ward’s triangle in persons with high
anticholinergic burden, however a second study did not
find an association.

Overall, the studies used heterogeneous methods and few
studies had high quality. This calls for conduct of more
high quality studies.

Anticholinergic burden, often the result of concomitant
use of multiple MACs [10], has been associated with adverse
effects such as cognitive and functional impairment, reduced
quality of life, impaired activities of daily living [2] as well
as falls [11, 12] and fall-related injuries, particularly frac-
tures [13—16]. These effects are usually associated with the
person’s total anticholinergic burden, rather than specific
medications. Several scores have been proposed to summa-
rize the anticholinergic burden of patients. However, they
vary in their rationale, intended use and association with
outcomes [12].

Fractures, especially in older adults, often result in per-
manent disability or death and have a high impact on the
health care system and informal caregivers [17-20]. Approx-
imately one in three older adults experience at least one fall
each year; as a consequence, 5% of them will sustain a frac-
ture and 1% a hip fracture [19]. Hip fractures are associ-
ated with high short- and long-term mortality, reduced life
expectancy, increased risk of dependency and high costs for
the health care system [17-19].

Despite the high public health relevance of fractures, their
possible association with anticholinergic burden has not yet
been addressed in a systematic review. Therefore, we aimed
to conduct a systematic review on the association between
anticholinergic burden and the risk of fractures. Moreo-
ver, since a recent study suggested an association between
anticholinergic burden and reduced bone mineral density
(BMD) [21], which along with osteoporosis is a major risk
factor for fractures [22], we also aimed to conduct a sys-
tematic review on studies investigating this association. A
special emphasis was put on the description of the methodo-
logical quality of the included studies for both outcomes.
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2 Methods

This systematic review was conducted in accordance with
the PRISMA [23] and MOOSE [24] guidelines as well as a
guideline for the conduct of systematic reviews and meta-
analyses in older adults [25]. The protocol was registered in
the International Prospective Register of Systematic Reviews
(PROSPERO) (registration number CRD42018116737)
and published in a peer-reviewed journal [26]. As the pro-
tocol has already been published, we will only give a brief
description of methods.

2.1 Sources of evidence and search strategy

Search strategies were developed by the project team under
the guidance of an experienced medical librarian. To iden-
tify papers on the association between anticholinergic bur-
den and risk of fractures, the search strategy included two
concepts: anticholinergic (including medication and burden),
and fractures. For the association between anticholinergic
burden and osteoporosis or reduced BMD, the search strat-
egy included the concepts anticholinergic (including medi-
cation and burden), and osteoporosis or reduced BMD. The
appropriate controlled vocabulary representing these con-
cepts in each database was used (see Online Resource 1).

The search strategies were applied in the following elec-
tronic databases and information resources: MEDLINE
(1950 to July 2020), EMBASE (1947 to August 2020) and
Science Citation Index (1900 to July 2020). Moreover, we
searched in the Cochrane Controlled Register of Trials
(CENTRAL), sources dedicated to grey literature (Open
Grey, OSFPreprints, GreyLit and Google Scholar) and rele-
vant open access repositories (Open DOAR) until July 2020.

Additionally, references of included studies, prior system-
atic reviews and meta-analyses and studies citing included
studies were screened for eligible articles. Authors who have
published in this field were contacted for articles that may
have been missed or are unpublished.

2.2 Eligibility

To be eligible, studies had to be observational (i.e., cohort,
case—control, case-crossover or self-controlled cohort stud-
ies) and conducted in humans without restrictions regarding
demographics (i.e., age and sex) or setting (i.e., both popula-
tion-based studies and studies including persons hospitalized
or residents of nursing homes or other types of long-term
care facility). They had to evaluate exposure to the anticho-
linergic burden through a scale (either previously published
or newly developed) or cumulative exposure to MACs. Of
note, studies evaluating exposure to one or more individual
MACs were excluded.
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Moreover, studies were eligible either if they addressed
the outcome fractures without restriction to a defined site
(that is, fractures of any site, e.g., of the hip, of the hip and
the femur, of the wrist) or to a defined type (that is, any
fractures for whichever reason, e.g., fall-related, fragility-
related) or if they addressed the outcome osteoporosis or
reduced BMD. A crude or adjusted measure of association
between the exposure and the outcome (i.e., relative risk,
odds ratio (OR), hazard ratio (HR) or rate ratio), and the
corresponding 95% confidence interval (CI), or sufficient
data for its calculation had to be reported. Neither time or
language restrictions nor restrictions related to type of data
(e.g., primary data or secondary data) were applied. Confer-
ence abstracts were not considered in the full-text analysis.

2.3 Selection, data extraction and risk of bias
assessment

Eligibility assessment of titles, abstracts and full-text articles
as well as data extraction were performed independently by
two reviewers (OR and JR). Discrepancies were solved by
consensus. In case consensus could not be reached, an expert
researcher (FEP) resolved the discrepancy.

The risk of bias for each included study was assessed
using two quality assessment tools: the Newcastle—Ottawa
Quality Assessment Scale (NOS) [27] and the RTT item bank
[28]. We chose to use both quality assessment tools since
the NOS provides a concise evaluation of study quality and
is widely used, and the RTI item bank provides a detailed
evaluation of aspects of the studies that are specifically rel-
evant for studies addressing exposure to medications. Each
included study was independently assessed by each reviewer
(OR and JR) using both tools. For each item of each tool,
disagreement between the ratings of reviewers was solved
by consensus. Again, if consensus could not be reached, an
expert researcher (FEP) resolved the discrepancy.

2.4 Deviations from protocol

Due to the heterogeneity among the included studies and
the low number of included studies overall we decided not
to conduct quantitative assessment and to do a qualitative
assessment instead.

3 Results
3.1 Study selection

For anticholinergic burden and fractures 1100 articles were
identified, leaving 978 potentially eligible articles after
duplicates had been removed. Eligibility was assessed based
on title and abstract, leading to the exclusion of 929 articles

(Fig. 1). Of the 49 articles eligible for full-text assessment,
40 were excluded, as they did not use an anticholinergic
burden scale (N=17), did not assess fractures as an outcome
(N=10), did not report a measure of association (N=4), or
were only published as conference abstracts (N=9). Nine
studies fulfilled all eligibility criteria and were included into
the systematic review, corresponding to six cohort [14-16,
29-31] and three case—control studies [13, 32, 33].

We identified a total of 621 articles on the association
between anticholinergic burden and osteoporosis or reduced
BMD, leaving 590 articles after removal of duplicates. After
screening of title and abstract, 587 were excluded and 3
articles were included into full-text review. One article was
excluded as it was only published as a conference abstract.
Two full-text articles fulfilled the eligibility criteria and were
included in the systematic review [21, 30].

3.2 Anticholinergic burden and fractures
3.2.1 Study population and data source

The characteristics of the included studies are shown in
Table 1. The studies included a total of 610,862 persons,
74% (N=452,659) of which were women [13-16, 29-33].
Sample sizes ranged from 601 [32] to 202,260 persons
[13]. The study population was mainly drawn from North
America (N=363,723; 60%) [13, 29-31] and East Asia
(N=175,686; 29%) [14, 16, 32]. The remaining two stud-
ies included persons from New Zealand [15] and Colombia
[33]. Three studies evaluated persons treated with MACs
during the 2010s [15, 32, 33], four studies during the 2000s
[13, 14, 16, 29] and two studies during the 1990s [30, 31].

Study participants were mostly older adults. Five stud-
ies included persons aged > 65 years [13—-16, 32], one study
included persons aged > 60 years [33] and another one
persons aged > 50 years [30]. One study was restricted to
women between 50 and 79 years [31] and one study included
persons with Parkinson’s disease aged > 40 years [29]. The
study population was directly drawn from the general popu-
lation in three studies [14, 16, 33], while three other studies
were conducted in cohorts of community dwelling persons
[15, 30, 31]. Two studies included only hospitalized patients
[29, 32] and another one only nursing home residents [13].

Most studies were based on electronic claims or other
administrative data and used prescription or dispensation
records to assess the exposure to anticholinergic burden [13,
14, 16, 29, 33]. Two studies were based on primary data
and used self-reported use of MACs for exposure assess-
ment [30, 31]. The study of Jamieson et al. [15] was based
on both primary and administrative data but used records
from a national prescription register for exposure assess-
ment. Kose et al. [32] used inpatient medical records for
exposure assessment.
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Fig.1 PRISMA flow diagram of literature search and selection process for the association between anticholinergic burden and fractures and

anticholinergic burden and osteoporosis or reduced bone mineral density

3.2.2 Assessment of Exposure

The most common tool to measure the exposure was the
Anticholinergic Risk Scale (ARS), applied in four studies
exclusively [16, 29, 32, 33]; Marcum et al. [31] used the
Anticholinergic Drug Scale (ADS) and Jamieson et al. [15]
used the Drug Burden Index (DBI) [34]. Two studies used
more than one scale: the ARS, Anticholinergic Cognitive
Burden (ACB) scale and the DBI [14] and the ADS and
ACB scale [13]. Finally, Fraser et al. [30] developed a spe-
cific tool including the medications with score 2 and 3 from
the ARS and those with high anticholinergic effects listed
by Ancelin et al. [35].

In four studies, exposure was based on assessment of
anticholinergic burden either at baseline or at multiple time
points during follow-up. In the study of Crispo et al. [29],
anticholinergic burden was assessed using the Anticholin-
ergic Risk Scale (ARS) [36] based on all medication pre-
scribed at the baseline hospital encounter. Fraser et al. [30]
assessed exposure to MACs at baseline and at visits after
5 and 10 years. A last-value-carried-forward approach was
used and exposure to MACs was assumed to be continu-
ous between visits [30]. Kose et al. [32] evaluated change
in ARS scores between hospital admission and discharge
and occurrence of hip fracture. Marcum et al. [31] assessed
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self-reported exposure to MACs during the past two weeks,
at baseline and after three years using the Anticholinergic
Drug Scale (ADS) [37].

Two studies assessed exposure to MACs during a defined
assessment period of 30 days before the occurrence of the
outcome among cases and corresponding date controls [13,
33]. Within this assessment period, Chatterjee et al. [13]
assessed whether a patient was exposed to at least one level
2 or 3 medication from the ADS. They also conducted sen-
sitivity analyses extending the assessment period to 60 and
90 days and applied the Anticholinergic Cognitive Burden
(ACB) scale [38] as a second exposure measurement tool.
Conversely, Machado-Duque et al. [33] summed up ARS
scores of all prescribed MACs.

The exposure was assessed longitudinally in three studies.
In two, cumulative anticholinergic burden scores for each
study participant were calculated on a quarterly [16] or
monthly [14] basis during the up to 10-year follow-up peri-
ods. Jamieson et al. [15] calculated participant’s cumulative
anticholinergic burden on a 90-days interval basis, during
the up to three-year long follow-up period.

Exposure categories were defined differently across the
included studies: While Fraser et al. [30] and Marcum et al.
[31] defined exposure simply as use of at least one MAC,
levels of anticholinergic burden were distinguished in the
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¥ studies of Lu et al. (ARS 1-2,>3) [16], Crispo et al. (ARS
E 1,2-3,>4) [29], Hsu et al. (ARS/ACB 1, 2, 3,>4; DBI
3 5 0<—<0.5, 0.5<—<1) [14], Chatterjee et al. (ADS 2, 3
! E 2/3) [13] and Machado-Duque et al. (ARS 1, 2, >3) [33].
% e Exposure in the study of Kose et al. was categorized as
é a change of anticholinergic burden of ARS 1, 2 and >3 [32].
= § Reference category in eight studies was either non-use
T8 ] of MACs or no anticholinergic burden [13-16, 29-31, 33].
i T i One study used no change in anticholinergic burden during
2 i ié hospitalization as reference category [32]. None of the stud-
Z — %) . . . o
E g 3 et ies used a new-user design or applied criteria to prevent the
o = S inclusion of prevalent users of MACs.
&
o3 3 fz_f 3.2.3 Assessment of outcome
=L = =
2 g e g © The most commonly assessed outcome was any fracture (4
S g % “ﬁ ‘B studies) [14, 16, 29, 30], followed by hip fracture (3 stud-
g £ms £ ies) [15, 32, 33], hip/femur fracture (1 study) [13] as well
% as hip, lower arm/wrist and total fracture (1 study) [31].
b :5:1) g The outcome was mostly assessed based on secondary data,
o § :5) 8 that is, diagnostic codes recorded in databases (6 studies)
'% § -g:cj _§ E, [13-16, 29, 33], hospital medical records (1 study) [32] or
é 2 % ‘g = s self-reports of fractures adjudicated through medical or radi-
o Y - 20 ology records (2 studies) [30, 31]. Three studies excluded
E % 5 s 2 E . g £ & E = g 5 patients v.th hafi a prior history of fall or fracture [13, 31,
559 § g § _‘:’ c: 3 A i % ; @ £ § 32] and six studies did not [14-16, 29, 30, 33].
559 |33S53EEELE
=35 |[= < ;g 3.2.4 Baseline prevalence of anticholinergic burden
- =
s g 2 g = : Baseline prevalence of use of MACs ranged from 8% [30] to
g § 2 g R S; 85% [29]. With the exception of Lu et al. [16], baseline use
E S % o = 8% ) of MACs was lower in studies that were based on primary
Z 5 8 = e @ data [30-32] compared to studies that were based on admin-
. _ z’ istrative and/or claims data [13-15, 29, 33].
El 4E g Association between anticholinergic burden and fractures.
a 5 E % B All nine studies reported adjusted risks [13-16, 29-33],
“g g = § 2 é including known risk factors for fractures. Of these, three
© = Al fg’ 2z studies adjusted for time-varying covariates [14, 15, 32] but
g : g one study adjusted only for age and time-varying according
Z n 5 % to the Charlson Comorbidity Index [14].
2 § ? g Seven studies reported increased risk of fractures associ-
g CN’ S s ated with anticholinergic burden [13-16, 29, 32, 33], while
g ks o 8 two studies did not find an association if factors related to
z 2 z i:fg health status and risk factors for fractures were adjusted
E ‘é E 'E § for [30, 31]. Four studies using the ARS showed a dose-
2 exposure gradient [14, 16, 29, 33] (Fig. 2). In these studies,
E’ -c.‘: _§ é adjusted risk estimates in the exposure categories of ARS 1
3 é § E £ were associated with 2-61% increased risk (compared with
g ~ 8 ; ARS =0) for the respective outcomes [14, 16, 29, 33]. Fur-
E g § & thermore, ARS 1-2 was associated with increased risk of
= 5o § % 39%, ARS 2 with risks of 0-97%, ARS 2-3 with risks of
% = s S g 17%, ARS 3 with risks of 19-84% and ARS >4 with risks
el a S < of 56-96% [14, 16, 29, 33].
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Fig.2 Results of subset of studies that use the anticholinergic risk scale (ARS) for the assessment of the association between anticholinergic

burden and fractures

3.2.5 Risk of bias assessment

Based on the Newcastle—Ottawa scale, the risk of bias was
lowest in Jamieson et al. [15], followed by Lu et al. [16]
and Chatterjee et al. [13], while it was highest in Machado-
Duque et al. [33] (Table 2). Intermediate risk of bias was
found in Hsu et al. [14], Fraser et al. [30], Marcum et al. [31]
and Kose et al. [32].

Risk of bias assessments based on the RTI Item Bank
showed that the majority of studies had a low risk of bias
(Table 3): The risk of bias was low in 88-92% of the items
for four studies [13—16] and in 58—-71% of the items for
another four studies [29, 31-33]. Fraser et al. [30] had a
low risk of bias in only 25% of the items. Items 6 “Do the
confidence intervals suggest lack of precision?” and 27 “Is
the impact of unmeasured confounding important enough
to affect the believability of results?” were the items most
frequently rated as high risk of bias in the RTI Item Bank
(five [15, 29, 30, 32, 33] and four studies, respectively [29,
30, 32, 33]). Item 7 “What is the level of detail in describing
the intervention or exposure?”” was most frequently rated as
unclear risk of bias (five studies [13, 30-33]).

3.3 Anticholinergic burden and osteoporosis
or reduced bone mineral density

The study of Ablett et al. [21], assessed the associa-
tion between reduced BMD (through dual-energy X-ray

absorptiometry) and the anticholinergic burden (ACB scale,
based on self-reported use of MACs) among 3,883 UK
women aged 45-54 years who participated in the Aberdeen
Prospective Osteoporosis Study between 1997 and 2000.
In total, 590 (15.2%) women used at least one MAC. Hav-
ing adjusted for comorbidities (including age), women with
ACB score of >2 had about three times the risk of having
reduced BMD in the lowest quintile BMD at Ward’s triangle
[OR 2.81 (95% CI 1.16-6.79)], compared with women with
ACB =0, but not at other skeletal sites, such as hip, femur,
trochanter or spine.

In addition to the association between anticholinergic bur-
den and falls and fractures, Fraser et al. [30] also assessed
change in BMD T-score at the femoral neck for a subgroup
of n=194 participants who reported being treated with
MAC:s at study baseline and at the second assessment five
years later. Change of BMD T-score was compared between
baseline and the second assessment 10 years later using an
independent ¢ test. After adjustment for variables associated
with BMD there was no significant association between use
of MAC and change in BMD.

Both studies were rated as having an intermediate risk of
bias based on the Newcastle-Ottawa scale; Ablett et al. had
a low risk of bias in 81% and Fraser et al. in 80% of the items
according to RTI Item Bank.
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Table 2 Risk of bias in the included studies according to Newcastle-Ottawa risk assessment scale

Cobhort studies Selection® Comparability® Outcome®
Anticholinergic burden and fractures
Crispo et al. [29] 3/4 1/1 2/3
Fraser et al. [30] 3/4 0/1 2/3
Hsu et al. [14] 4/4 0/1 2/3
Jamieson et al. [15] 4/4 1/1 3/3
Lu et al. [16] 3/4 1/1 3/3
Marcum et al. [31] 2/4 1/1 2/3
Case—Control studies Selection® Comparability® Exposure®
Anticholinergic burden and fractures
Chatterjee et al. [13] 3/4 1/1 3/3
Kose et al.[32] 3/4 0/1 2/3
Machado-Duque et al. [33] 2/4 0/1 3/3
Cohort Studies Selection® Comparability® Outcome®
Anticholinergic burden and osteoporosis or BMD
Ablett et al. [21] 3/4 1/1 2/3
Fraser et al. [30] 3/4 1/1 1/3
A lower score represents a higher risk of bias
#A maximum rating of four can be given for the category “selection”
A maximum rating of one can be given for the category “comparability”
€A maximum rating of three can be given for the categories “outcome” and “exposure”
Table 3 Risk of bias in the included studies according to RTI Item bank
Item Risk of bias
Unclear High
Low risk riskof  risk of
Study 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 of bias bias bias
e
Cohort Studies
Crispo et al. 58.3% 33.3% 8.3%
Fraser et al. 25.0% 54.2%  20.8%
Hsu etal. 923%  38%  3.8%
Jamieson et al. 88.5% 3.8% 7.7%
Luetal. 88.0%  80%  4.0%
Marcum et al. 69.2% 23.1% 7.7%
Case-Control Studies
Chatterjee et al . 87.5% 12.5% 0.0%
Kose et al. 60.9% 17.4%  21.7%
Machado-Duque et al. 70.8% 12.5% 16.7%
Anticholinergic burden and
osteoporosis or BMD
Cohort Studies
ettet . [ Il BN B B ' FrrMrartresr

Fraser et al.
Green=low risk of bias, yellow=unclear risk of bias, red=high risk of bias

4 Discussion
In this first systematic review of studies assessing the risk of

fractures associated with anticholinergic burden, seven out
of the nine included studies found a positive association.
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Four studies that used the ARS showed a dose-response
relationship. We also looked at studies that focused on osteo-
porosis or reduced BMD as an outcome. One of the two
included studies reported an association of anticholinergic
burden with lower BMD at Ward’s triangle, but not at other
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skeletal sites [21]. The other study did not find an associa-
tion between use of MAC and change of BMD T-score at
femoral neck [30].

In the included studies that assessed the risk of fractures
associated with anticholinergic burden, the increased risk
was consistent despite the large heterogeneity in terms of
population and study design. Increased risks of fractures
were reported in different geographical regions (e.g., North
America [13, 29] and East Asia [14, 16, 32]); in the general
population [14, 16, 33] as well as in nursing home residents
[13], community dwellers [15] and hospitalized persons
[29, 32]; in studies with longitudinal [14—16] and baseline
assessment of anticholinergic burden [13, 29, 32, 33]. Inter-
estingly, the studies that did not find an association between
anticholinergic burden and fractures were studies that were
based on primary data, assessed anticholinergic burden
based on self-reported use of MACs and whose patients
were recruited during the 1990s [30, 31].

The included studies differed in regards to the methods
used to assess the anticholinergic burden: (i) four different
anticholinergic burden scales were used (ARS, ADS, ACB,
DBI) and among the five studies that used the ARS scale for
the assessment of anticholinergic burden different defini-
tions for MACs were used; (ii) not all studies distinguished
between different levels of anticholinergic burden in their
exposure assessments, which made dose response assess-
ment difficult (iii) among the studies that used the ARS
and distinguished between levels of anticholinergic burden,
exposure assessment and categorization of the ARS into
exposure categories differed considerably. For example, in
their highest exposure category, Fraser et al. [30] included
medication with ARS score 2 and 3 and medication with
high anticholinergic effects defined by Ancelin et al. [35].
In contrast, the other four studies used the list of MACs
from Rudolph et al. [36]. Finally, (iv) exposure assessment
was not uniform across studies: Kose et al. [32] defined
exposure as the magnitude of change in anticholinergic bur-
den, whereas the other studies that used the ARS measured
anticholinergic burden at certain points in time or within
time frames.

To our knowledge, this is the first systematic review
investigating the association between anticholinergic burden
and fractures. Our findings are consistent with some, but not
all, systematic reviews on the association between anticho-
linergic burden and falls [12, 39, 40]. The pathway from falls
to fractures is plausible as falls are the main cause of frac-
tures, particularly among older adults [41]. Welsh et al. [12]
and Cardwell et al. [11] reported that the majority of studies
consistently found an increased risk of falls associated with
anticholinergic burden. However, Ruxton et al. [40] con-
cluded that only some MACs (olanzapine and trazodone)
were associated with an increased risk of falls while others
(amitriptyline, paroxetine and risperidone) were not. In their

narrative review, Collamati et al. [39] reported inconclusive
evidence regarding increased risk of falls associated with
anticholinergic burden.

Strengths of this systematic review include the search
for eligible studies in the most relevant literature databases
using a comprehensive and reproducible search strategy.
Additionally, references of included studies, studies citing
included studies as well as grey literature were searched.
Evaluation of potentially eligible studies, data extraction
as well as the risk of bias assessment were performed by
two independent investigators. The review was performed
according to the relevant guidelines [23—-25] and the pro-
tocol was first registered in PROSPERO and subsequently
published in an open access journal [26].

Limitations of this systematic review include the low
number of included studies. We could not quantitatively
summarize the risk across the included studies because of
their high heterogeneity in particular due to differences in
methods for the assessment of anticholinergic burden, spe-
cifically the use of different scales and individual modi-
fications to the scale’s lists of MACs. We also could not
summarize the results of the subgroup of studies that used
the ARS due to different definitions of exposure categories
across these studies. Moreover, as prior studies showed only
a low concordance between the scales for the assessment of
anticholinergic burden [42, 43], we chose not to combine
studies in which anticholinergic burden was assessed using
different scales. Since none of the included studies used a
new user design, the inclusion of prevalent users of MACs
may have contributed to depletion of susceptible which may
have led to an under ascertainment of fractures occurring
early after start of treatment with MACs [44]. Moreover,
only three studies used a longitudinal design. Most studies
were either conducted in North America or East Asia and
two studies were based on data that was collected in the
1990s. Evidence for Europe and other geographical regions
is thus lacking.

This systematic review suggests an increased risk of
fractures associated with anticholinergic burden and a dose
response relationship in studies using the ARS. Physicians
should be careful when prescribing MACs and consider
all other medications the patient is taking in this regard.
Furthermore, medication regimen with potential risk for
high anticholinergic burden should be revised and substi-
tutes without anticholinergic activity should be prescribed.
If treatment with MACs is necessary, patients should be
advised of adverse events including falls and fractures and
be closely monitored.

The mixed methodological quality of included stud-
ies calls for the conduct of more studies with longitudinal
assessment of anticholinergic burden or new user design.
Standardization of the method for the assessment of anticho-
linergic burden would greatly improve the comparability of
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studies as meta-analysis in this systematic review was not
possible due to the differences in use of scales for the assess-
ment and classification of anticholinergic burden. Further-
more, the lack of studies from other geographical areas such
as Europe, Africa and South America calls for the conduct
of studies in these regions.

We could only include two studies that investigated the
association between anticholinergic burden and the risk of
osteoporosis or reduced BMD. Therefore, more studies are
needed on this outcome before a conclusion can be made.
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