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ABSTRACT

Introduction: As continuous exposure to anti-
cholinergics has been associated with adverse
outcomes, accurately measuring exposure is
important. However, no gold standard measure
is available, and the performance of existing
measures has not been compared. Our objective
was to compare the properties of the Cumula-
tive Anticholinergic Burden (CAB) measure
against two existing measures of anticholinergic
exposure and to assess their compatibility for

Enhanced Digital Features To view enhanced digital
features for this article go to https://doi.org/10.6084/
m9.figshare.8864867.

Electronic supplementary material The online
version of this article (https://doi.org/10.1007/s12325-
019-01035-z) contains supplementary material, which is
available to authorized users.

G. Lozano-Ortega - S. M. Szabo (D<) - A. Cheung -
B. Rogula

Broadstreet Health Economics and Outcomes
Research, 203-343 Railway St., Vancouver, BC V6A
1A4, Canada

e-mail: sszabo@broadstreetheor.com

B. Suehs - E. O. Caplan
Humana Healthcare Research Inc, 500 West Main
St., Louisville, KY 40202, USA

A. Wagg

University of Alberta, 1-198 Clinical Sciences
Building, 11350- 83 Ave., Edmonton, AB T6G 2P4,
Canada

use in observational studies based on claims
data.

Methods: The average daily dose, cumulative
dose and CAB measures were evaluated on: the
applicability for use with anticholinergic bur-
den scales, the ability to consider duration and/
or accumulation of exposure, and consideration
of anticholinergic dose, potency, and residual
effect. To calculate each measure empirically,
Truven MarketScan claims data from 2012 to
2015 were analyzed. Cumulative anticholiner-
gic exposure over 1l-year post-enrollment was
calculated for each measure using Anticholin-
ergic Cognitive Burden scale scores. Median
[interquartile range (IQR)] and ranges of mea-
sure scores, and Spearman’s correlation coeffi-
cients between measures, were estimated. Due
to the differing methods of calculation, the
absolute values of each score cannot be
compared.
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Results: The properties of the different mea-
sures varied, with only the CAB considering
both dose and theoretical potency. The cohort
included 99,742 individuals (mean
age = 73.1 years; 54.9% female). Among indi-
viduals prescribed anticholinergics (n = 55,969),
1-year median (IQR) scores based on average
daily dose, cumulative dose and CAB measures
were 0.9 (0.3-1.5), 169 (7.3-33.9) and 203
(68-500), respectively. Measures were highly
inter-correlated (r* = 0.74-0.83).

Conclusions: Considering both potency and
dose, the CAB may prove a more comprehensive
measure of anticholinergic burden; however,
additional research is necessary to demonstrate
whether it has any association with relevant
health-related outcomes.

Funding: Astellas Pharma Global Development,
Inc.
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INTRODUCTION

Medications with anticholinergic properties are
frequently  prescribed to older adults
(those > 65 years of age) to manage conditions
such as asthma, chronic obstructive pulmonary
disease, depression, psychosis, Parkinson’s dis-
ease, allergies and overactive bladder [1]. As
these medications target acetylcholine receptors
at multiple sites, unintended effects due to
anticholinergic activity secondary to the pri-
mary purpose for which they were prescribed
occur [2]. As such, patients with multiple
comorbidities may accumulate higher levels of
exposure following the prescription of multiple
anticholinergics over long durations of time,
and with that comes an increased risk of medi-
cation-related adverse effects [3]. This exposure
is referred to in the literature as the anti-
cholinergic burden [4].

While many studies have examined the
anticholinergic burden cross-sectionally, only a
handful of studies have evaluated the effects of
cumulative exposure. In a prospective popula-
tion-based cohort study, Gray et al. reported
that cumulative anticholinergic use was

associated with an increased risk of incident
dementia [5]. In a retrospective cohort study,
Campbell et al. reported that a higher anti-
cholinergic burden was associated with a greater
risk of cognitive impairment [6]. Richardson
et al. observed an association between the
majority of strongly anticholinergic medica-
tions (e.g., antiparkinsonian, antidepressant, or
urologic medications) and incident dementia
[7]. More recently, Szabo et al. reported that
higher levels of cumulative anticholinergic
burden were associated with a higher risk of falls
and fractures in a population with an overactive
bladder [8]. These associations, however, are
challenging to investigate because of the often
long latencies between exposure and outcomes.
As administrative claims data can provide lon-
gitudinal information on medication dispensa-
tion and health outcomes, they represent a
powerful and largely untapped resource for
evaluating the potential effects of cumulative
anticholinergic exposure. Several scales exist for
quantifying anticholinergic exposure cross-sec-
tionally; [4, 9-17] however, only two published
measures [developed by Gray et al. (cumulative
dose) and Campbell et al. (average daily dose)]
allow for the extrapolation of anticholinergic
burden scale scores over time [5, 6]. The appli-
cability of anticholinergic scales and measures
for use in the United States (US) observational
studies was recently reviewed by Lozano-Ortega
et al. [18] That review concluded that both
Gray’s cumulative dose measure, which con-
siders patient-specific dosing [5], and Camp-
bell’s average daily dose measure [6], which
considers anticholinergic potency, could be
implemented in administrative claims data.
However, as both anticholinergic dose and
theoretical potency have individually been
identified as contributors to anticholinergic
burden, a measure that considers both could
potentially capture the impact of the interac-
tion between patient-specific dosing and pre-
sumed anticholinergic activity. To try to fill this
gap, the Cumulative Anticholinergic Burden
(CAB) measure was developed, which considers
both dosing intensity and anticholinergic
potency [based upon the Anticholinergic Cog-
nitive Burden (ACB) scale] in its calculation
[19]. Such a measure may provide a more robust
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method to capture cumulative anticholinergic
exposure. However, the CAB measure has not
yet been validated through its application in
administrative data or through its comparison
with existing measures.

To expand upon the recent review of anti-
cholinergic burden scales and measures [18],
the properties of the CAB measure were com-
pared in this study against those of existing
measures of anticholinergic exposure; the
compatibility of all three measures for use in
observational studies based on administrative
claims data was also assessed.

METHODS

Descriptive characteristics of the CAB measure,
steps involved in its implementation, and the
measure output were evaluated against the
same parameters for existing measures of
cumulative anticholinergic exposure to deter-
mine their suitability for application in admin-
istrative claims analyses. Data from a large US
health dataset were used in the evaluation.

Descriptive Comparison of the Measures

The following details of each measure have
been summarized: data requirements for
implementation; whether it considers anti-
cholinergic cumulative exposure and potency as
well as dose; the disease context for which the
measure was developed; whether its develop-
ment was based on a specific anticholinergic
scale; its flexibility for use with all anticholin-
ergic scales; its mathematical properties (e.g.,
average vs. aggregated score; score boundaries);
the definition of exposure period; and consid-
erations for the categorization of the resulting
scores (Table 1). Other potential measures were
also considered initially, including the Drug
Burden Index with a modification to extrapo-
late anticholinergic burden longitudinally
[20, 21]. However, it was not included here as it
does not consider anticholinergic potency and
would therefore likely have similar limitations
as those of the cumulative dose measure [17].
Additional details on the characteristics of

anticholinergic measures assessed can be found
in this published review [18].

Quantitative Evaluation of the Measures

The three measures were applied in a claims
database to determine their suitability for use in
retrospective studies relying on administrative
data, and to evaluate correlations between the
measures.

Data Source

Data from the US-based Truven MarketScan
databases from 2012 to 2015 were used. These
databases contain nationally representative
healthcare data on patients insured commer-
cially, or with employer-sponsored supplemental
Medicare coverage. Data include demographics,
diagnoses, records of outpatient and inpatient
medical services, and pharmacy claims for over 84
million people linked at the individual level.

Cohort Identification

A 2.5% random sample was selected from indi-
viduals in the Truven MarketScan dataset
aged > 65 years between January 1, 2012 and
December 31, 2014. The sample was computer-
selected using a random number generator
where all individuals aged > 65 years had an
equal likelihood of being selected. Cohort
members were enrolled on the first visit during
the identification period at which an individual
was > 65 years old (index date). A minimum of
12 months of pharmaceutical prescription data
were required after enrolment to ensure that
anticholinergic exposure could be estimated
consistently across all cohort members.

Scale Selection

Although several anticholinergic scales with a
hierarchical anticholinergic weighting system
exist, the ACB scale was selected for the imple-
mentation of the three evaluated measures as it
is a validated scale with a wide coverage of
medications with anticholinergic effects and
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Table 1 Features of anticholinergic burden measures

Feature

Average daily score [6]

Cumulative dose [5]

Cumulative anticholinergic
burden

Data requirements for implementation in administrative database studies

Medication name
Medication dose
Days supplied

Minimum-effective

dose

Daily dose of
dispensed

medications

Developed within the
context of a specific

disease/condition?

Built from a specific
anticholinergic

burden scale?

Can any scale be
considered for this

measure?

Does it consider
duration of
exposure?

Does it consider
cumulative
exposure?

Does the calculation
consider dose?

Does it consider
residual

anticholinergic
effect?

What does the

measure estimate

Score boundaries

Yes
No
No
No

No

No

Yes, ACB scale but can

accommodate any scale

Yes

Yes

Average daily anticholinergic

exposure

Lower bound: 0, upper bound:
depends on the scale

considered (theoretical upper

bound)

Yes

Yes®

Cumulative total standardized

daily dose

Lower bound: 0, upper bound:
infinity (theoretical upper

bound)

Yes, ACB scale but can

accommodate any scale

Yes

Yes

Cumulative anticholinergic

¢xposure

Lower bound: 0, upper
bound: infinity (theoretical
upper bound)
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Table 1 continued

Feature Average daily score [6] Cumulative dose [S] Cumulative anticholinergic
burden
Suggested score 0: 0-0.49; 1: 0.50-1.49; 2: No use; 1-7; 7-17; 17-34; Study-specific

categories 1.50-2.49; etc
Method for Arbitrary
determining score
categories
Score depends on No

length of study
period?

> 34

Based on clinical interpretability
and the observed exposure

distribution within the study

May be informed by
assessment of the

distribution of the

sample empirically observed
outcomes
Yes Yes

ACB anticholinergic cognitive burden
* Dose may need to be informed by other sources

b . . . . .
The cumulative dose measure is not dependent on scale scores, but different scales can be considered for determining the

medications that will be included in the estimation of the score. The authors have focused on high-potency anticholinergics

only

¢ The cumulative dose measure considers duration of exposure indirectly, by considering total numbers of tablets dispensed

the inclusion of numerous high-potency medi-
cations (see Online Resource Figure 2) [22].
Although the ACB scale has been used in other
jurisdictions [23-25], as it was developed in the
US it was expected to have better coverage of
medications included within this dataset than
those developed outside the US [18].

Data Evaluation for Measure
Implementation

A descriptive evaluation of the data and steps
required for implementation of the three mea-
sures was conducted. Each measure was evalu-
ated based on the extent of data cleaning and
merging required, the ease of extraction and the
amount of matching of medication information
with the US Food and Drug Administration’s
National Drug Codes (NDC).

Various degrees of data cleaning were
required to implement each measure, and to
merge medication names, routes of adminis-
tration, tablet strength and unit of the active
ingredient. Medication characteristics missing

from the dataset were extracted from the NDC
codes available in MarketScan [26].

Measurement of Cumulative
Anticholinergic Exposure

Cumulative anticholinergic exposure was cal-
culated for a 1-year period per cohort member,
according to the average daily dose, cumulative
dose and CAB measures. The 1-year exposure
period was selected to align with exposure
periods in previous studies [6, 15]. Example
calculations are presented in Online Resource
Fig. 1.

Average Daily Dose Measure

The average daily dose measure [6] is calculated
by summing the total anticholinergic potency
(according to the ACB scale) of all anticholin-
ergics prescribed over the period considered by
the ACB scales and dividing the resulting value
by the number of days in the period, as follows:
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Mean total ACB score

>~ (Drug A #days supplied x ACBscore) + (Drug B # days supplied x ACBscore) + (DrugX ...)

# daysin the exposure period

Cumulative Dose Measure

To calculate scores based on the cumulative dose
measure [5], medication doses are first standard-
ized and then summed to derive an estimate of
cumulative exposure, described as the cumulative
total standardized daily dose (TSDD) [27, 28§].
Steps to calculate TSDD are: (1) calculate total
medication dose for each prescription dispensa-
tion of a medication considered by an anti-
cholinergic scale like the ACB scale, by
multiplying the tablet strength by the number of
tablets dispensed; (2) for each prescription dis-
pensation, calculate the standardized daily dose
(SDD) by dividing the estimated total medication
dose by the minimume-effective dose per day
(MED) recommended for use in older adults as per
Semla et al.; [29] and (3) for each participant, sum
the SDD for all anticholinergic pharmacy dis-
pensations during the exposure period to gener-
ate a TSDD. The resulting TSDD is then
categorized into “no use” (score of 0); 1-90;
91-365; 366-1095; or greater than 1095, with cut
points based on clinical interpretability and the
observed exposure distribution.

Cumulative Anticholinergic Burden
Measure

The CAB measure was calculated using a novel
method based on Gray et al.’s cumulative dose
measure, but with the inclusion of medication
dosing [5]. Cumulative exposure was thus cal-
culated taking into account both drug-specific
properties (i.e., anticholinergic activity) and
patient-specific dosing. The World Health
Organization (WHO) defined daily dose (DDD),
the average daily maintenance dose for a med-
ication’s main indication in adults, was used to
standardize dosing across different medications,
and the drug-specific ACB score provided
strength of anticholinergic activity [30]. Steps to

estimate cumulative exposure were: (1) deter-
mine the DDD [30, 31] of each medication
considered by the ACB scale; (2) calculate the
standardized daily dose (SDD) for each anti-
cholinergic dispensing according to the follow-
ing equation:

Number of Daily Units x Unit Dose
DDD '

(3) multiply the SDD by the medication’s
ACB scale score to yield a drug- and patient-
specific measure of standardized daily
anticholinergic exposure (SDACE); (4) sum the
drug-specific SDACE for all anticholinergic
medications for individuals treated with
multiple anticholinergic medications on a
given day to give a summed standardized daily
anticholinergic exposure (SumSDACE); and (5)
calculate cumulative exposure by summing
SumSDACE for all days during the exposure
period. As DDDs are often unavailable in
administrative databases, they were extracted
from the WHO Collaborating Centre for Drug
Statistics Methodology website [32]. An outline
of the steps involved in calculating the CAB are
provided in Online Resource Figure 3.

SDD =

Statistical Analysis

Demographic characteristics of the cohort,
overall and according to anticholinergic expo-
sure level, were summarized using means and
standard deviations (SD) for continuous vari-
ables and counts and percentages for categorical
variables.

A data-cleaning algorithm was applied to
handle clinically implausible values, based on
assumptions regarding the most likely data
errors responsible, and values adjusted accord-
ingly. Briefly, SDDs above 10 were considered
highly unlikely and the following adjustments
were made: SDDs > 10 and < 100 were divided
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by 10, SDDs > 100 and < 1000 were divided by
100, and SDDs > 1000 and < 10,000 were divi-
ded by 1000, and so forth.

Measure scores were estimated among those
with anticholinergic exposure only. Variability
in overall scores for each measure of cumulative
anticholinergic exposure was assessed by means
(SD) and medians [interquartile range (IQR)].
Note that the absolute values of scores are not
directly comparable across measures due to
inherent differences in calculation methods,
and each measure maps to a different range of
values. Spearman’s correlation coefficients were
calculated to assess inter-measure correlations
of estimated scores.

This article does not contain any new studies
with human or animal subjects performed by
any of the authors, and, as such, informed
consent of individuals was not required. The
dataset came from the US-based Truven Mar-
ketScan databases from 2012 to 2015.

RESULTS

Descriptive Comparison of the Measures

In the descriptive comparison of the CAB mea-
sure against the other two measures (Table 1),
all were considered suitable for implementation
in observational studies using claims data.
Based on the data requirements, all measures
consider medication name, and both the
cumulative dose and CAB consider dose and
days supplied. The CAB does not incorporate
the minimume-effective dose, but it does incor-
porate the daily dose of dispensed medications,
which neither the average daily dose nor
cumulative dose measures do. Based on these
characteristics, the data requirements for each
measure can be satisfied by administrative
datasets containing outpatient prescription
dispensing information. In the more general
comparison of characteristics, none of the
measures were developed within the context of
a specific disease or condition, nor do any of
them consider residual anticholinergic effect.
While each of the three measures can accom-
modate any anticholinergic burden scale, as the
cumulative dose measure does not consider

potency, it is limited to anticholinergic expo-
sure of medications considered by the selected
scale; the other two measures can be adapted to
consider anticholinergic medications additional
to the included scale. This ability to accommo-
date any scale is important, as researchers may
choose scales more suitable to their research
objectives.

Quantitative Evaluation of the Measures

The mean (SD) age of the overall cohort
(n =99,742) was 73.1 (7.6) years. Over 60% of
the cohort was between 65 and 75 years of age,
and almost 55% were women. The cohort was
primarily composed of individuals residing in
southern states (31.6%), while the northeast
and north central were comparably represented
(22.8% and 25.4%, respectively). Additional
demographic characteristics of the cohort are
summarized in Table 2.

Of the 99,742 members in the cohort, 56.1%
were prescribed one or more anticholinergics
during the 1-year period after their index date
(Table 2). The mean (SD) age was slightly higher
among those treated with anticholinergics [73.8
(7.8) years] compared to those without anti-
cholinergic exposure [72.2 (7.3) years], as was the
percentage of females (57.7% among those trea-
ted with anticholinergics, vs. 51.4% among those
without anticholinergic exposure). Both groups
were similar in their geographic distribution.

Data Evaluation for Measure
Implementation

To derive anticholinergic exposure using the
average daily dose measure, medications within
the ACB scale were matched to NDCs in the
MarketScan data. Most data fields required for
estimating average daily dose are available in
MarketScan, and only moderate data cleaning
was required. As NDC codes are reported in
MarketScan, medication names could easily be
extracted.

As the cumulative dose measure incorporates
additional medication characteristics, including
dose, tablet strength and MED information,
more data cleaning and merging was required
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Table 2 Baseline characteristics of cohort

General population

By anticholinergic exposure

n = 99,742 Treated with anticholinergics No anticholinergic exposure
n = 55,969 n = 43,773
Age (years)
Mean (SD) 73.1 (7.6) 73.8 (7.8) 722 (7.3)
Median [IQR] 71 [66, 78] 72 (67, 79] 70 [66, 7]
» % n % n %
Age categories (years)
65 <70 42,828 4.9 21,710 38.8 21,118 482
70 < 75 20,055 20.1 11,246 20.1 8809 20.1
75 < 80 15,308 15.3 9290 16.6 6018 137
80 < 85 11,543 11.6 7228 12.9 4315 9.9
> 85 10,008 10.0 6495 11.6 3513 8.0
Sex
Female 54,806 549 32313 57.7 22,493 51.4
Male 44,936 45.1 23,656 43 21,280 48.6
Region
Northeast 22,774 228 12,692 227 10,082 23.0
North central 25378 254 14,353 256 11,025 252
South 31478 316 18,622 333 12,856 29.4
West 17,946 18.0 9101 163 8845 202
Unknown 804 0.8 399 07 405 0.9
Multiple regions 1362 14 802 14 560 13

SD standard deviation, IQR interquartile range

than for the average daily dose measure. If the
selected scale included medications with a MED
specific to route of administration, routes in the
administrative data may require recategoriza-
tion to match those in MED definitions before
merging in MED. For medication routes with an
unavailable MED, DDD was used as a proxy; in
the absence of both estimates, DDD was
informed by expert opinion.

The CAB measure relies on DDD; as DDD is
route-specific, routes in the administrative data
may require recategorization to match those in
DDD definitions before merging in DDD. Like

the cumulative dose measure, the CAB measure
considers quantity in its calculations; this
information is likely to be available in admin-
istrative datasets but may require some cleaning
of negative and unreasonably large values.

Note that data cleaning and merging steps
are database-specific, depending on the level
and quality of the prescription data of the
database being accessed. The steps indicated
here were influenced by data availability and
the quality of the MarketScan dispensation
information.
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Cumulative Anticholinergic Exposure
Scores and Correlations

Median (IQR) scores among those treated with
anticholinergics (n = 55,969) during the year of
follow-up were 0.9 (0.3-1.5) for average daily
dose, 16.9 (7.3-33.9) for the cumulative dose,
and 203 (68-500) for the CAB measure
(Table 3). Cumulative exposure data were non-
normally distributed across all three measures
(Fig. 1).

The average daily dose, cumulative dose, and
CAB scores were all highly correlated; from
r* = 0.74 for the correlation of the cumulative
dose and CAB measures, to r* = 0.83 for the
correlation of average daily dose and CAB
measures (Fig. 1).

DISCUSSION

Measures of cumulative anticholinergic expo-
sure assess the overall anticholinergic burden
experienced by individuals over time by
extrapolating scores on anticholinergic burden
scales longitudinally. With a growing interest in
measuring the impact of cumulative anti-
cholinergic exposure, an understanding of
which measures are well suited for application
to administrative claims data is of value for
researchers designing studies of associated
health outcomes. In this study, a new measure
of cumulative anticholinergic exposure, the

CAB, was introduced and compared in admin-
istrative data alongside two published measures
[S, 6].

The three measures considered here were
deemed well suited for their application in
observational studies relying on administrative
health data. Inter-measure score correlations
were high across all pairs of measures
(r* = 0.74-0.83), suggesting a similar likelihood
of capturing true associations between cumula-
tive anticholinergic exposure and clinical out-
comes of interest.

The CAB measure offers an advantage in that
it is a summative measure that considers both
dose and anticholinergic potency of medica-
tions over time. This is important as high-dose
as well as high-potency anticholinergics are
associated with increased risk of cognitive
impairment in older adults. However, it is
plausible that the CAB may offer no additional
benefit in quantifying the associations between
cumulative burden and clinical outcomes. To
allow for a better understanding of the clinical
impact of cumulative anticholinergic exposure
across different patient populations, future
research should focus on: (1) the consistent
application of a measure that would allow easier
comparison of results from different studies in
this area and help researchers understand the
relative effects of exposure in different popula-
tions and in examining different outcomes; (2)
defining thresholds of exposure above which
action should be taken in routine clinical

Table 3 One-year® cumulative anticholinergic exposure scores based on the ACB scale

Measure

All cohort members (2= 99,742)

Cohort members with
anticholinergic dispensations

(n=55,969)

Median (IQR) Range Median (IQR) Range
Average daily dose (including days with no 0.1 (0.0, 0.9) 0.0, 16.1 0.9 (0.3, 1.5) 0.0, 16.1
anticholinergics)
Cumulative dose 2.9 (0.0, 19.7) 0.0, 390.3 16.9 (7.3, 33.9) 0.1, 390.3
Cumulative Anticholinergic Burden 24 (0, 240) 0, 11,609 203 (68, 500) 0, 11,609

I0R interquartile range

* The one-year exposure period was arbitrary; the appropriate exposure period may be disease- and outcome-specific, so

appropriate consideration should be given on a case-by-case basis
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Fig. 1 Spearman’s correlations of anticholinergic burden

measures estimated over a one-year exposure period.
Measures estimated in the context of the ACB scale.

practice; (3) applying the CAB measure along-
side one or more other measures to compare
their abilities to predict clinical outcomes; and
(4) the evaluation of whether reducing anti-
cholinergic burden, either through dose reduc-
tion, restricted duration, or both, translates to
clinical improvement in prospective trials.
Another potential next step would be the
development of a model that varies the specific
anticholinergics considered in the cumulative
burden calculation to examine whether a total
scale score versus subsets of anticholinergics
(e.g., only high-potency anticholinergics) works
better for predicting key outcomes.

6000

9000
12000

The diagonal presents density plots of the estimated scores
while the lower section of the figure presents scatter plots
of the corresponding measures

A strength of this study is the estimation of
anticholinergic burden in a general population
sample, these data can therefore provide
benchmarks for plausible ranges of each mea-
sure for comparison with the results of future
studies. In this study, all medications consid-
ered by the ACB scale were included in the
calculation of the scores, rather than only the
strong anticholinergics, as was done by Gray
et al.[5]. However, the impact of multiple mild
anticholinergics taken simultaneously has not
been well established and may be outcome-
specific. Future studies should consider a com-
prehensive inclusion of medications for testing
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the hypothesis that CAB from all medications
(including those categorized as mild anti-
cholinergics) may contribute to adverse out-
comes through an anticholinergic pathway.

An important limitation of these analyses
relates to how anticholinergic medications are
used in real-world settings. Anticholinergics are
a heterogeneous class of medications, with sig-
nificant variability in patterns of use related to
individual patient characteristics, disease attri-
butes or symptom severity. For example, anti-
histamines may be used intermittently for
control of itching or allergic symptoms,
whereas antidepressants are intended for daily
use. The measures to calculate anticholinergic
exposure described in this study are based on an
assumption that exposure is distributed evenly
across a defined timeframe; however, this
pragmatic approach may not reflect the
dynamic nature of clinical care. A further limi-
tation of using claims data to assess anti-
cholinergic exposure is the inability to assess
medication adherence, as available data report
medication dispensations rather than use. If
necessary, adherence may be estimated using
standard measures focusing on the frequency
and timing of prescription refills. Finally, care-
ful considerations must be made in the selec-
tion of the most appropriate anticholinergic
scale, with respect to which medications are
available as well as the variability of over-the-
counter medications in different countries. As
such, the recommendations presented here are
limited to observational studies relying on
administrative claims data in the US. A further
consideration with respect to scale selection is
that many scales are validated in an older pop-
ulation, and thus the population to which each
scale is applied should be examined. In the
present study, as the ACB was validated among
older adults, its use among adults
aged > 65 years was warranted.

CONCLUSION

The CAB measure, which considers both anti-
cholinergic dose and potency, is a viable tool for
measuring cumulative anticholinergic exposure
in future observational studies relying on US

administrative claims data. Future research is
needed to compare the predictive ability of the
CAB against that of other available metrics
across relevant clinical outcomes associated
with high anticholinergic burden.
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