
Vol.:(0123456789)

Drugs & Aging (2021) 38:977–994 
https://doi.org/10.1007/s40266-021-00895-x

SYSTEMATIC REVIEW

Quantifying Anticholinergic Burden and Sedative Load in Older Adults 
with Polypharmacy: A Systematic Review of Risk Scales and Models

Sweilem B. Al Rihani1 · Malavika Deodhar1 · Lucy I. Darakjian1 · Pamela Dow1 · Matt K. Smith1 · Ravil Bikmetov1 · 
Jacques Turgeon1,2 · Veronique Michaud1,2 

Accepted: 7 September 2021 / Published online: 9 November 2021 
© The Author(s) 2021

Abstract
Background Patients taking medication with high anticholinergic and sedative properties are at increased risk of experienc-
ing poor cognitive and physical outcomes. Therefore, precise quantification of the cumulative burden of their drug regimen 
is advisable. There is no agreement regarding which scale to use to simultaneously quantify the burden associated with 
medications.
Objectives The objective of this review was to assess the strengths and limitations of available tools to quantify medication-
related anticholinergic burden and sedative load in older adults. We discuss specific limitations and agreements between 
currently available scales and models and propose a comprehensive table combining drugs categorized as high, moderate, 
low, or no anticholinergic or sedative activity as excerpted from the selected studies.
Methods A targeted search was carried out using the National Library of Medicine through PubMed using medical subject 
heading terms and text words around the following search terms: (anticholinergic OR sedative) AND (load OR burden OR 
scale) for studies published between 1 January 1945 and 5 June 2021. In addition, the following databases were searched using 
the same terms: MEDLINE-EBSCO, APA PsycInfo, CINAHL Plus, Cochrane Library, Scopus, OAIster, OVID-MEDLINE, 
Web of Science, and Google Scholar. Screening by titles was followed by an abstract and full-text review. After blind evalu-
ation, agreement between reviewers was reached to establish drug characteristics and categories.
Results After 3163 articles were identified, 13 were included: 11 assigned risk scores to anticholinergic drugs and two to 
sedative drugs. Considerable variability between anticholinergic scales was observed; scales included between 27 and 548 
drugs. We generated a comprehensive table combining the anticholinergic and sedative activities of drugs evaluated and 
proposed a categorization of these drugs based on available scientific and clinical evidence. Our table combines informa-
tion about 642 drugs and categorizes 44, 25, 99, and 474 drugs as high, moderate, low, or no anticholinergic and sedative 
activity, respectively.
Conclusions Variability and inconsistency exists among scales used to categorize drugs with anticholinergic or sedative 
burden. In this review, we provide a comprehensive table that proposes a new categorization of these drugs. A longitudinal 
study will be required to validate the new proposed anticholinergic and sedative burden catalog in an evidence-based manner.
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1 Introduction

About 35% of adults aged ≥ 60 years consume more than 
five prescription drugs at a time, a condition referred to as 
polypharmacy [1–3]. Polypharmacy, although needed to 

treat co-occurring chronic diseases, increase the risk of 
inappropriate drug use resulting from prescription cascade 
used to circumvent adverse drug reactions (ADRs) [4, 5]. 
Drugs with anticholinergic or sedative properties are among 
the most commonly prescribed medications in patients with 
polypharmacy [6–10]. These medications are associated 
with central effects (such as cognitive dysfunction, delirium, 
frailty, confusion, falls, and brain atrophy) and peripheral 
side effects, including dry mouth, urinary retention, visual 
disturbance, tachycardia, lower gastrointestinal motility, and 
increased risk of pulmonary infections [11, 12]. The cumu-
lative anticholinergic burden and sedative load is usually 
unintentional and is aggravated by several medications with 
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Key Points 

Older adults taking medications with anticholinergic and 
sedative properties are at a higher risk of experiencing 
poor cognitive and physical outcomes.

We describe the strengths and limitations of 13 existing 
scales used to measure medication-related anticholiner-
gic burden and sedative load in the elderly.

A novel comprehensive catalog combining medications 
with anticholinergic and sedative potency excerpted from 
the selected studies is provided.

This review highlights the importance of understanding 
drug-induced anticholinergic and sedative side effects in 
clinical practice, especially in patients with poly- 
pharmacy, as this can significantly improve their quality 
of life and reduce the risk of dementia and associated 
cognitive impairment.

anticholinergic or sedative medications, but few evaluate 
cumulative anticholinergic or sedative burden simultane-
ously [19, 20].

Examples of anticholinergic quantification scales that 
have been used for the past decade include the Anticholin-
ergic Drug Scale (ADS), the Anticholinergic Cognitive Bur-
den (ACB) scale, and the Anticholinergic Risk Scale (ARS) 
[14, 21, 22]. Newer scales, such as the ACB for German pre-
scribers, the Brazilian scale, the Korean version of anticho-
linergic burden scale (KABS), and the modified ACB scale, 
are derived from one or more of the original scales with 
expert opinion sought for drugs not included in the origi-
nal series [23–26]. These were all developed using varying 
methods of measuring the anticholinergic or sedative activ-
ity of drugs and varying methods of classifying drugs into 
distinct potency categories [14, 21–26]. To date, no inter-
national consensus has been reached regarding which scale 
or tool to use to quantify the simultaneous anticholinergic 
and/or sedative burden.

To collate information, Durán et al. [27] and Salahudeen 
et al. [28] published two comprehensive systematic reviews 
that compared the anticholinergic burden of drugs using 
anticholinergic risk scales to quantify drug effects. They also 
evaluated associations between anticholinergic activity and 
adverse outcomes in older people and provided a compos-
ite table and lists of drugs with their anticholinergic poten-
cies. Although both reviews compiled cumulative tables of 
drug properties, the information presented was extracted 
directly from original scales for drugs listed with two or 
more anticholinergic potency scores [27, 28].

For drugs with sedative effects, fewer tools are available. 
In 2003, a detailed classification of drug sedation potency 
referred to as the “sedative load scale” was published, with 
an adaptation of this model published later in 2008 as part 
of a clinical trial [29, 30]. Therefore, an up-to-date system-
atic review of studies utilizing tools to quantify the anticho-
linergic burden and/or sedative burden of drugs with some 
examples of clinically relevant scale-validation studies is 
needed. Moreover, an evidence-based resource combining 
the anticholinergic and sedative burden scores of drugs in 
one table would be greatly useful for healthcare providers 
and pharmacists in community and clinical settings.

In this review, we summarized studies that used a pub-
lished tool to quantify anticholinergic burden and/or sedative 
load in older adults to describe the potential advantages, 
disadvantages, or challenges of using these tools and to 
present a comprehensive table combining drugs evaluated 
in selected studies with categorization of drugs as high, 
moderate, low, or no anticholinergic and sedative activity 
based on available information. We have named this table 
the AntiCholinergic and Sedative Burden Catalog (ACSBC), 
and it will be validated in our future studies.

anticholinergic properties that also have sedative properties 
[13].

Anticholinergic burden is defined as the “accumulation of 
higher levels of exposure due to one or more anticholinergic 
medications and the attendant increased risk of medication-
related adverse effects” [14]. Defining the sedative load is 
more complex, as sedation is commonly described through 
subjective feelings of sleepiness, lethargy, drowsiness, and 
reduced psychomotor processing [15].

A longitudinal analysis of data collected over 20 years 
showed that higher long-term cumulative exposure to 
anticholinergic and sedative medications was associated 
with poorer physical and cognitive functioning [16]. A 
cross-sectional analysis of a population-based cohort of 
2087 participants aged ≥65 years showed that almost half 
of the population were using anticholinergics or sedatives 
(n=954 [45.7%]); the use of these drugs was associated 
with poorer grip strength, slower walking speed, poorer 
instrumental activities of daily living, and poorer appetite 
[9]. Hanlon et al. [17] conducted a longitudinal analysis to 
quantify anticholinergic burden in a large older and middle-
aged cohort using ten different anticholinergic scales. Their 
results showed that anticholinergic medication use was com-
mon (8–18%) and that anticholinergic burden was associated 
with adverse outcomes in both age groups [17].

Given the associations between anticholinergic expo-
sure, sedative exposure, and poor clinical outcomes in older 
adults, precise quantification of the cumulative anticholin-
ergic burden and sedative load appears advisable to evaluate 
the risk–benefit ratio of prescribing or deprescribing some 
medications [18]. Several tools assess exposure to either 
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2  Methods

This systematic review was carried out in accordance with 
the procedures proposed by the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) pro-
tocol guidelines and following the Cochrane Collaboration 
guidelines where possible [31]. The focus of this work was 
formulated considering the PICOS/PECOS (population, 
intervention/exposure, comparison, outcome, study design) 
approach, leading to the design of a search strategy intended 
to be as inclusive as possible to properly address the main 
purpose of this review [32–35]. No protocol registration was 
made for this review.

2.1  Search Strategy

A targeted literature search of the published peer-reviewed 
literature and gray literature was first conducted in Octo-
ber 2019. In June 2021, the search was updated to include 
any new publications in the field. The National Library of 
Medicine through PubMed was queried using medical sub-
ject headings terms and text words around the following 
search terms: (anticholinergic OR sedative) AND (load OR 
burden OR scale). The search was conducted for studies pub-
lished between 1 January 1945 and 5 June 2021. In addi-
tion, the following databases were searched using the same 
terms: MEDLINE-EBSCO, APA PsycInfo, CINAHL Plus, 
Cochrane Library, Scopus, OAIster, OVID-MEDLINE, Web 
of Science, and Google Scholar. Finally, a citation analysis 
was conducted in Google Scholar and Web of Science to 
track the prospective citing of selected articles as it per-
tained to assessment of individual scales for utilization and 
validation.

2.2  Inclusion and Exclusion Criteria

Clinical trials, randomized controlled trials, reviews, sys-
tematic reviews, meta-analyses, and different retrospective, 
prospective, and cross-sectional observational studies evalu-
ating the anticholinergic burden and/or the sedative load of 
drugs used in patients aged ≥ 65 years were subject to a 
thorough full-text evaluation to meet our predefined inclu-
sion criteria. Studies were included in the final review if they 
included a list of drugs that were classified into categories 
based on the potency of their anticholinergic/sedative effects 
and if scores were assigned to each category to calculate a 
total anticholinergic and/or sedative burden. Case reports, 
letters, commentaries, editorials, articles in languages other 
than English, and anticholinergic rating scales based exclu-
sively on in vitro studies using radioreceptor assays without 
extensive literature review and expert opinion were excluded 
from this systemic review.

Three important clinical tools and scoring systems (Drug 
Burden Index [DBI], Chew’s list of anticholinergic drugs, 
and the original Clinician-rated Anticholinergic score 
[CrAS]) were not considered in our analyses for the follow-
ing reasons.

2.2.1  The Drug Burden Index

The DBI was developed and published in 2007 by Hilmer 
et al. [19] and is a great pharmacological tool that measures 
the effect of cumulative exposure to both anticholinergic 
and sedative medications on physical and cognitive function 
in older adults. Unfortunately, the DBI does not provide a 
quantitative grading score for drugs with anticholinergic or 
sedative properties. This system uses a specific drug mono-
graph to determine whether a drug has an anticholinergic or 
sedative effect by considering pharmacological aspects and 
side effect profiles. If a drug monograph reports a sedative or 
anticholinergic property, a DBI will be calculated using the 
DBI equation (B = D/(δ +D)), where D represents the daily 
dose taken by the patient and δ the minimum recommended 
daily dose approved by the US FDA. The total DBI for a 
drug regimen is calculated as the sum of exposure to each 
anticholinergic or sedative medication (sum of Bs from the 
equation). Some other limitations include that (1) all medi-
cations with clinically relevant sedative or anticholinergic 
properties are considered equivalent, (2) the DBI calcula-
tion should be based on a consensus list of medicines with 
anticholinergic and sedative properties that has not been 
recently updated, and (3) more recently, the authors of the 
DBI developed the DBI calculator, a software application 
used by pharmacists. Unfortunately, the DBI calculator web-
site (drugburdenindex.com) is currently only open to Aus-
tralian healthcare practitioners. Therefore, although the DBI 
is a scale developed to measure exposure to anticholinergic 
drugs and sedatives, it cannot be compared with other scales 
given the different way in which the score is calculated.

2.2.2  Chew’s List of Anticholinergic Drugs

Chew’s list is exclusively based on in vitro analysis of 
anticholinergic activity using radioreceptor assay [36]. How-
ever, we included in our analysis the Anticholinergic Activ-
ity Scale (AAS), which was developed based on Chew’s 
list of serum anticholinergic activity (SAA) for 107 drugs 
and on expert opinions as part of a longitudinal community 
cohort of patients with Parkinson’s disease [37].

2.2.3  The Clinician‐Rated Anticholinergic Score

The CrAS was developed in 2001 by Han et al. [38] as an 
alternative measure of anticholinergic medication exposure 
to Summer’s classification [39], a three-level ordinal scale 
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published in 1978 that did not include several of the newer 
medications. Therefore, the CrAS was established to allow 
the addition of 340 medications that were used in the study 
population or reported in the literature as having anticholin-
ergic effects. The anticholinergic effect of each medication 
was rated independently by three geriatric psychiatrists from 
0 (none) to 3 (high) based on their clinical experience and 
knowledge of each medication’s properties. Then, the inter-
rater reliability of the clinicians’ ratings of all medications 
was assessed and the agreement with Summer’s classifica-
tion and laboratory data was evaluated. The concordance of 
the mean and median values was used to establish the CrAS 
[38]. A modified version of the original CrAS (CrAS-mod) 
was published by Carnahan et al. [40] in 2002 as part of a 
pilot validation analysis of the CrAS-mod through measur-
ing SAA in a group of older long-term care residents and 
analyzing its association with CrAS-mod scores. Results 
of this pilot study supported the validity of the CrAS-mod 
and suggested opportunities for further improvement [40]. 
Therefore, in 2006, the same group further modified the 
CrAS-mod and changed the name to the ADS for brevity 
in a larger study that included 201 subjects who were not 
included in the pilot study [21]. The ADS was developed 
based on expert opinions and a literature search and was 
validated by measuring SAA and analyzing the association 
of the ADS with SAA [21]. Accordingly, we included the 
ADS and not the CrAS or CrAS-mod in our analysis.

2.3  Study Selection

Two clinical research scientists independently selected stud-
ies based on publication title and abstract and then reviewed 
the full texts of potential articles for final inclusion. The 
selected studies were further reviewed by a third clinical 
research scientist. Any discrepancies were resolved after a 
joint article review and discussion to reach a consensus with 
the help of the scientific committee supervisors and authors.

2.4  Data Extraction and Synthesis

The following information was extracted from eligible 
articles: country and year of development, classification 
method, scores for each category of drugs, number of drugs 
included, whether dose was considered in the final calcu-
lation, and the population used to validate the scale. This 
information was reviewed by an independent scientist and 
the data were compiled. Narratives of discussed strengths 
and limitations are provided in electronic supplementary 
material (ESM)-S1, which summarizes structured reviews 
of available methods to calculate drug burden and identifies 
potential research gaps.

2.5  Assessment of Study Quality

Three reviewers critically appraised each included study 
using the Hawker tool [41]. This tool was deemed more 
appropriate for this review as the included studies used 
different types of designs. The Hawker tool is designed to 
evaluate disparate data and studies covering a variety of 
research paradigms [41]. The tool comprises nine different 
items to assesses the reporting of a study in the following 
areas: (1) abstract and title, (2) introduction and aims, (3) 
method and data, (4) sampling, (5) data analysis, (6) ethics 
and bias, (7) results, (8) transferability and reliability, and 
(9) implications and usefulness. Each of the nine areas was 
given a score of either 1 (very poor), 2 (poor), 3 (fair), or 4 
(good) for a maximum total score of 36 [41].

2.6  Scales Agreement

Two data scientists not involved in the data extraction and 
compilation analyzed the collected and systematized raw 
data about anticholinergic medications and their associated 
scores across selected scales. Data were reviewed and errors 
(e.g., incorrect spellings, multiple names for a single sub-
stance, etc.) and inconsistencies (e.g., multiple scores for a 
given substance in a single scale) were corrected through 
quality and integrity analyses. Cleaned data were manually 
reviewed by a clinical research scientist to ensure the cor-
rectness of performed analyses. This data set was further 
used to generate the descriptive summary: number of distinct 
and common medications between different scales, number 
of medications scored the same or differently among all 
available scales, etc. Microsoft SQL Server (v. 15; Microsoft 
Corporation, Albuquerque, NM, USA) was used for all anal-
yses. The numbers and frequency of medications across all 
selected scales were reported using stacked bar charts plot-
ted in Python (v.3.7.6; open-source software fiscally spon-
sored by NumFOCUS, Austin, TX, USA) using Matplotlib 
(v. 3.1.3; open-source comprehensive library sponsored by 
NumFOCUS), and seaborn (v. 0.10.0; a Python data visu-
alization library created by Michael Waskom, New York, 
NY, USA) packages. The score agreement across selected 
scales was determined using Spearman’s correlation coeffi-
cient (using p=0.05 as the statistical significance threshold) 
and summarized in a corresponding correlation matrix using 
SciPy (v. 1.4.1; a Python-based ecosystem of open-source 
software and fiscally sponsored by NumFOCUS). Accord-
ing to Evan’s empirical classification to infer correlation 
strength, a score of 0–0.19 was interpreted as “very weak” 
correlation, 0.20–0.39 as “weak,” 0.40–0.59 as “moderate,” 
0.60–0.79 as “strong,” and 0.80–1.0 as “very strong” [42].
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2.7  The Comprehensive Review Table

Scales retained for our analysis (n = 11) ranked the anticho-
linergic activity of medications into three to five categories, 
ranging from no anticholinergic activity (=0) to definite/high 
anticholinergic activity (=3 or 4). The drugs described in the 
11 rating scales and the two composite lists published by 
Durán et al. [27] and Salahudeen et al. [28] were collected 
into one cumulative anticholinergic review table. Similarly, 
the drugs listed in the sedative load model (SLM) and the 
Sloane model were merged into one cumulative sedative 
review table; the two cumulative review tables were merged 
into one cumulative table [29, 30].

Drugs with anticholinergic or sedative potency of 0 in 
different scales were labeled as “no activity,” drugs with a 
score of 1 were labeled as “low activity,” drugs with a score 
of 2 were labeled as “moderate activity,” and drugs with a 
score of 3 or 4 (representing high and very high in the differ-
ent scales) were labeled as “high activity.” If we encountered 
discrepancies between multiple scales in classifying a drug’s 
anticholinergic or sedative potency, we categorized the drug 
based on the consensus of the majority of the evidence. For 
example, a drug categorized as low activity in five different 
scales and moderate activity in two scales would be classi-
fied as low activity in the cumulative review table.

If the distinction was unclear, i.e. two scales classified 
a drug as moderate and another two classified it as high, 
research scientists conducted additional literature searches 
to categorize the drug. Accordingly, the drug was classified 
as “high activity” if an anticholinergic or sedative effect was 
commonly seen in a majority of patients as reported in clini-
cal studies or in the drug monograph. It was classified as 
“moderate activity” if the anticholinergic or sedative effect 
was seen in some patients or seemed to be dose dependent. 
A drug was classified as “low activity” if the anticholinergic 
or sedative effect was rare or only reported in sporadic cases 
and classified as “no activity” if no anticholinergic or seda-
tive effects were reported in clinical studies.

The same strategy was used when a drug’s anticholinergic 
potencies were reported in the scales but its sedative potency 
was not described. Drugs were excluded only if they had no 
sedative activity—as reported by the SLM—and no informa-
tion to report on activity in any of the anticholinergic scales 
analyzed or in the literature.

3  Results

The initial literature assessment produced 3163 potentially 
relevant articles. The search focused on articles evaluating 
the anticholinergic burden and/or the sedative load of drugs 
used in patients aged ≥65 years. We identified 22 scales 
reporting drug anticholinergic activity and three scales 

reporting drug sedative activity. Following the elimination 
of duplicate articles, 3148 remained. The title and abstract 
of each publication was reviewed to determine eligibility 
for inclusion in subsequent analyses. The analysis of titles 
and abstracts identified 2944 papers that did not meet the 
inclusion criteria and were therefore excluded. Of the 204 
studies remaining, 19 were deemed relevant and assessed for 
a classification of anticholinergic and/or sedative drugs into 
scales. Of those, 13 studies were included in the final step 
of our study (Fig. 1); a PRISMA flowchart of the systematic 
search describes the search strategy results and the process 
used to identify eligible studies for inclusion in this review.

3.1  Characteristics of the Included Studies

The 13 eligible studies included in this systematic review 
were published between 2003 and 2019, inclusive; 11 arti-
cles reported scales for the anticholinergic activity of drugs, 
and two articles reported scales for sedative activity. Clini-
cal settings included hospitalized patients; community-based 
patients; and patients in nursing homes, long-term care facil-
ities, residential homes, and dementia-specific care facili-
ties [14, 21, 22, 26, 29, 30, 37, 38, 43]. Three studies were 
longitudinal cohort studies, three were prospective studies, 
one was a community-dwelling cohort study, one was an 
observational study, and five were literature reviews [14, 
22–26, 29, 30, 37, 43–45]. The populations were all older 
adults, and the mean age, functionality, and disease diagno-
sis varied considerably across study participants. Table 1 
provides details of the studies included in our analysis.

3.2  Quality of Evidence Assessment

A quality assessment analysis for the 13 selected studies 
and scales (see Table S1 in the ESM) was completed using 
Appendix D of Hawker et al. [41]. The average score among 
all studies was 32 out of 36 (range 29–35), indicating that 
most references were of good quality. The lowest scores 
were observed in the ethics and bias sections. Most publica-
tions that did not have an adequate section addressing ethics 
were merely systematic reviews or literature reviews of other 
published scales and did not involve a clinical trial.

3.3  Anticholinergic Burden Scales

The 11 anticholinergic burden scales identified by our search 
strategy were the ACB scale, the modified ACB (mACB) 
scale, the ADS, the ARS, the Anticholinergic Loading 
Scale (ALS/ACL), the Anticholinergic Burden Classifica-
tion (ABC), the AAS, the KABS, the German ACB, the 
Brazilian AAS, and the Anticholinergic Effect on Cognition 
(AEC) [14, 21–26, 37, 43–45].



982 S. B. Al Rihani et al.

3.4  Anticholinergic Scales Development 
and Description

All 11 scales have a common goal: to categorize medica-
tions based on their ability to elicit anticholinergic effects 
and to provide an estimate of the total daily anticholinergic 
burden in older adults. In contrast, substantial differences 
were observed between the different scales regarding scale 
development settings and methods used to determine the 
anticholinergic activity. These differences were reflected 
in the variations of anticholinergic potency scores and the 
number of medications included in each scale. Drug anticho-
linergic activity is commonly divided into three or four cat-
egories, ranging from no activity (=0) to high activity (≥ 3). 
Scores in all 11 scales analyzed were decided based on the 
following methods, either directly or indirectly using previ-
ously validated scales:

1. Expert-based classification of drugs into lists of drugs 
with varying anticholinergic activity based on clinical 
experience.

2. Extensive literature review of medication properties, 
available studies associating drugs with their SAA 
through radioreceptor assays and in vitro measurement 
of drug binding affinity to muscarinic receptors, route 
of administration, potential drug interaction effects, and 
potential blood–brain barrier permeability.

Individual drug scores are then summated by either direct 
addition of scores or using an additional factor to account 
for drug dosage [14, 21–23, 26, 37]. A narrative detailed 
overview of the development and characteristics of the 11 
selected scales is provided in ESM S1.

Most scales—such as the ADS, ACB, and ARS—are 
based on expert opinion and literature review and thus have 
been widely applied and validated [11, 21, 22, 26, 46–69]. 
These scales are considered clinically useful since the 

Fig. 1  PRISMA flowchart. 
Preferred Reporting Items for 
Systematic Reviews and Meta-
Analyses (PRISMA) protocols 
flowchart of the study



983  Quantifying Anticholinergic Burden and Sedative Load 

Ta
bl

e 
1 

 O
ve

rv
ie

w
 o

f i
nc

lu
de

d 
an

tic
ho

lin
er

gi
c 

bu
rd

en
 sc

al
es

 a
nd

 se
da

tiv
e 

lo
ad

 m
od

el
s

Sc
al

e/
m

od
el

;  
co

un
try

; y
ea

r o
f 

de
ve

lo
pm

en
t

A
ge

 o
f p

op
ul

at
io

n 
stu

di
ed

M
et

ho
d 

of
  

de
ve

lo
pm

en
t

Sc
al

e 
po

in
ts

  
(n

o–
hi

gh
)

M
ed

ic
at

io
ns

 
in

cl
ud

ed
 (N

)
D

os
e 

co
ns

id
er

at
io

n 
ap

pl
ie

d
M

et
ho

ds
 to

 c
al

cu
la

te
 

to
ta

l d
ru

gs
 b

ur
de

n
Li

m
ita

tio
ns

A
D

S;
 U

SA
; 2

00
6

64
–1

02
 y

ea
rs

EO
 +

 a
ss

es
sm

en
t o

f 
SA

A
0–

3
52

0
Ye

s
Su

m
m

at
io

n 
of

 in
di

-
vi

du
al

 sc
or

es
Th

e 
ca

te
go

riz
at

io
n 

of
 d

ru
gs

 u
si

ng
 A

D
S 

ra
tin

gs
 

is
 a

 te
ch

ni
qu

e 
of

 li
m

ite
d 

pr
ec

is
io

n 
an

d 
ha

s n
ot

 
be

en
 u

pd
at

ed
 si

nc
e 

fir
st 

pu
bl

ic
at

io
n

A
B

C
; F

ra
nc

e;
 2

00
6

>
 6

0 
ye

ar
s w

ith
ou

t 
de

m
en

tia
EO

 +
 li

te
ra

tu
re

 
re

vi
ew

 +
 a

ss
es

s-
m

en
t o

f S
A

A

2–
3

27
N

o
Su

m
m

at
io

n 
of

 
av

er
ag

e 
es

tim
at

ed
 

cl
in

ic
al

 e
ffe

ct
s o

f 
sp

ec
ifi

c 
dr

ug
s

Lo
w

 n
um

be
r o

f m
ed

ic
at

io
ns

 a
nd

 n
o 

co
ns

id
er

at
io

n 
of

 d
os

e

A
R

S;
 U

SA
; 2

00
8

>
 6

5 
ye

ar
s

EO
 +

 li
te

ra
tu

re
 

re
vi

ew
1–

3
49

Ye
s

Su
m

m
at

io
n 

of
 in

di
-

vi
du

al
 sc

or
es

M
ed

ic
at

io
ns

 re
vi

ew
ed

 w
er

e 
lim

ite
d 

 
to

 th
os

e 
ta

ke
n 

by
 m

em
be

rs
 o

f t
he

 V
et

er
an

s 
A

ffa
irs

 B
os

to
n 

H
ea

lth
ca

re
 S

ys
te

m
.  

Li
m

ite
d 

nu
m

be
rs

 o
f d

ru
gs

 w
er

e 
 

in
cl

ud
ed

 in
 th

e 
sc

al
e,

 d
ru

gs
 th

at
 sc

or
ed

 0
  

w
er

e 
no

t p
ub

lis
he

d 
or

 in
cl

ud
ed

 in
 th

e 
sc

al
e

A
C

B
; U

SA
; 2

00
8

M
ea

n 
ag

e 
73

 y
ea

rs
EO

 +
 li

te
ra

tu
re

 
re

vi
ew

1–
3

88
N

o
Su

m
m

at
io

n 
of

 in
di

-
vi

du
al

 sc
or

es
Th

e 
sc

al
e 

di
d 

no
t p

ro
vi

de
 a

 c
om

pr
eh

en
si

ve
  

lis
t a

nd
 d

id
 n

ot
 c

on
si

de
r d

os
e

A
A

S;
 N

or
w

ay
; 2

01
0

M
ea

n 
ag

e 
74

 y
ea

rs
 

w
ith

 P
D

EO
 +

 e
xi

sti
ng

 sc
al

e 
in

vo
lv

in
g 

as
se

ss
-

m
en

t o
f S

A
A

0–
4

99
N

o
Su

m
m

at
io

n 
of

 in
di

-
vi

du
al

 sc
or

es
Th

e 
po

pu
la

tio
n 

us
ed

 fo
r s

ca
le

 d
ev

el
op

m
en

t 
m

ig
ht

 n
ot

 b
e 

re
pr

es
en

ta
tiv

e,
 a

nd
 n

o 
co

ns
i 

de
ra

tio
n 

of
 d

os
e 

w
as

 m
ad

e
A

C
L/

A
LS

;  
A

us
tra

lia
; 2

01
1

>
 6

0 
ye

ar
s w

ith
 m

ild
 

co
gn

iti
ve

 im
pa

ir-
m

en
t, 

A
D

, a
nd

 
he

al
th

y 
pa

tie
nt

s

Th
e 

C
rA

S 
an

d 
A

B
C

 
sc

al
e 

m
et

ho
ds

 +
 

EO

0–
3

29
2

N
o

A
C

L 
sc

or
e 

of
 th

e 
hi

gh
es

t s
co

rin
g 

an
tic

ho
lin

er
gi

c 
dr

ug

Sc
al

e 
de

ve
lo

pe
d 

by
 c

om
bi

ni
ng

 p
re

vi
ou

sly
  

pu
bl

is
he

d 
lis

ts
 o

f S
A

A
s o

f m
ed

ic
at

io
n 

 
w

ith
 c

lin
ic

ia
n-

ra
te

d 
an

tic
ho

lin
er

gi
c 

 
sc

or
es

 a
nd

 p
ro

vi
di

ng
 a

nt
ic

ho
lin

er
gi

c 
sc

or
es

 
fo

r m
ed

ic
at

io
ns

 in
 th

e 
A

us
tra

lia
n 

Im
ag

in
g,

 
B

io
m

ar
ke

rs
 a

nd
 L

ife
sty

le
 st

ud
y,

 w
hi

ch
  

ha
d 

no
 a

va
ila

bl
e 

da
ta

 fo
r t

he
ir 

 
an

tic
ho

lin
er

gi
c 

ac
tiv

iti
es

. N
o 

co
ns

id
er

at
io

n 
 

of
 d

os
e 

w
as

 re
po

rte
d

A
EC

; U
K

; 2
01

6
N

ot
 a

pp
lic

ab
le

Re
vi

ew
 o

f t
he

 B
N

F 
th

ro
ug

h 
in

 v
itr

o 
an

tic
ho

lin
er

gi
c 

po
te

nc
y,

 c
ap

ac
ity

 
to

 c
ro

ss
 th

e 
B

B
B

 
an

d 
st

at
em

en
ts

 
m

ad
e 

in
 st

an
da

rd
 

te
xt

s

0–
3

12
2

N
o

N
ot

 a
pp

lic
ab

le
Sc

al
e 

de
ve

lo
pe

d 
ba

se
d 

on
 in

 v
itr

o 
 

an
tim

us
ca

rin
ic

 a
ct

iv
ity

, w
hi

ch
 d

oe
s n

ot
 

ac
co

un
t f

or
 v

ar
yi

ng
 d

ru
g 

do
sa

ge
s, 

 
ph

ar
m

ac
ok

in
et

ic
s, 

or
 d

iff
er

en
ce

s a
s a

 re
su

lt 
of

 
in

di
vi

du
al

 p
at

ie
nt

 p
hy

si
ol

og
y.

 S
im

ila
rly

,  
B

B
B

 p
en

et
ra

tio
n 

is
 v

ar
ia

bl
e 

an
d 

ca
n 

be
 

aff
ec

te
d 

by
 a

ge
, s

ex
, a

nd
 o

th
er

 fa
ct

or
s, 

 
in

cl
ud

in
g 

de
m

en
tia



984 S. B. Al Rihani et al.

AA
S 

A
nt

ic
ho

lin
er

gi
c 

A
ct

iv
ity

 S
ca

le
, A

BC
 A

nt
ic

ho
lin

er
gi

c 
B

ur
de

n 
C

la
ss

ifi
ca

tio
n,

 A
C
B 

A
nt

ic
ho

lin
er

gi
c 

C
og

ni
tiv

e 
B

ur
de

n 
sc

al
e,

 A
C
L 

A
nt

ic
ho

lin
er

gi
c 

Lo
ad

in
g 

Sc
al

e,
 A
D

 A
lz

he
im

er
’s

 d
is

ea
se

, 
AD

S 
A

nt
ic

ho
lin

er
gi

c 
D

ru
g 

Sc
al

e,
 A
EC

 A
nt

ic
ho

lin
er

gi
c 

Eff
ec

t 
on

 C
og

ni
tio

n,
 A
LS

 A
nt

ic
ho

lin
er

gi
c 

Lo
ad

in
g 

Sc
al

e,
 A
RS

 A
nt

ic
ho

lin
er

gi
c 

R
at

in
g 

Sc
al

e,
 B
BB

 b
lo

od
–b

ra
in

 b
ar

rie
r, 
BN

F 
B

rit
is

h 
N

at
io

na
l F

or
m

ul
ar

y,
 C
rA
S 

C
lin

ic
ia

n-
R

at
ed

 A
nt

ic
ho

lin
er

gi
c 

Sc
or

e,
 E
O

 e
xp

er
t o

pi
ni

on
, K

AB
S 

K
or

ea
n 

A
nt

ic
ho

lin
er

gi
c 

B
ur

de
n 

Sc
al

e,
 m
AC

B 
m

od
ifi

ed
 A

nt
ic

ho
lin

er
gi

c 
C

og
ni

tiv
e 

B
ur

de
n 

sc
al

e,
 P
D

 
Pa

rk
in

so
n’

s d
is

ea
se

, S
AA

 se
ru

m
 a

nt
ic

ho
lin

er
gi

c 
ac

tiv
ity

, S
LM

 se
da

tiv
e 

lo
ad

 m
od

el

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Sc
al

e/
m

od
el

;  
co

un
try

; y
ea

r o
f 

de
ve

lo
pm

en
t

A
ge

 o
f p

op
ul

at
io

n 
stu

di
ed

M
et

ho
d 

of
  

de
ve

lo
pm

en
t

Sc
al

e 
po

in
ts

  
(n

o–
hi

gh
)

M
ed

ic
at

io
ns

 
in

cl
ud

ed
 (N

)
D

os
e 

co
ns

id
er

at
io

n 
ap

pl
ie

d
M

et
ho

ds
 to

 c
al

cu
la

te
 

to
ta

l d
ru

gs
 b

ur
de

n
Li

m
ita

tio
ns

G
er

m
an

 A
C

B
;  

G
er

m
an

y;
 2

01
8

N
ot

 a
pp

lic
ab

le
EO

 +
 li

te
ra

tu
re

 
re

vi
ew

0–
3

50
4

N
o

In
 a

 re
tro

sp
ec

tiv
e 

an
al

ys
is

 to
 ta

ilo
r 

th
e 

G
er

m
an

 A
C

B
 

lis
t t

o 
th

e 
cl

in
ic

al
 

se
tti

ng
, s

um
m

at
io

n 
of

 in
di

vi
du

al
  

sc
or

es
 w

as
 a

pp
lie

d

Sc
al

e 
ba

se
d 

on
 p

re
vi

ou
sly

 p
ub

lis
he

d 
A

C
B

 sc
al

e 
an

d 
di

d 
no

t p
ro

vi
de

 a
 c

om
pr

eh
en

si
ve

 li
st 

to
 

in
cl

ud
e 

al
l d

ru
gs

 a
pp

ro
ve

d 
in

 G
er

m
an

y

B
ra

zi
lia

n 
A

C
B

; 
B

ra
zi

l; 
20

19
N

ot
 a

pp
lic

ab
le

EO
 +

 li
te

ra
tu

re
 

re
vi

ew
1–

3
12

5
N

o
N

ot
 a

pp
lic

ab
le

Sc
al

e 
no

t v
al

id
at

ed
 a

nd
 d

id
 n

ot
 u

se
 a

 
co

m
pr

eh
en

si
ve

 li
te

ra
tu

re
 se

ar
ch

 st
ra

te
gy

. N
o 

co
ns

id
er

at
io

n 
of

 d
os

e 
w

as
 re

po
rte

d
K

A
B

S;
 K

or
ea

; 2
01

9
N

ot
 a

pp
lic

ab
le

EO
 +

 li
te

ra
tu

re
 

re
vi

ew
0–

3
49

4
N

o
N

ot
 a

pp
lic

ab
le

Sc
al

e 
de

ve
lo

pe
d 

ba
se

d 
on

 u
si

ng
 m

ed
ic

at
io

ns
 

pr
ev

io
us

ly
 ra

te
d 

in
co

ns
ist

en
tly

 th
ro

ug
h 

ex
pe

rt 
co

ns
en

su
s t

ha
t i

s n
ot

 n
ec

es
sa

ril
y 

co
rr

ec
t. 

N
o 

co
ns

id
er

at
io

n 
of

 d
os

e 
w

as
 re

po
rte

d
m

A
C

B
; A

us
tra

lia
; 

20
19

M
ea

n 
ag

e 
84

 y
ea

rs
B

as
ed

 o
n 

A
C

B
 a

nd
 

A
R

S 
sc

al
es

 b
ut

 
w

ith
 m

od
ifi

ca
tio

ns
: 

w
he

n 
dr

ug
s w

er
e 

sc
or

ed
 d

iff
er

en
tly

 
in

 th
e 

tw
o 

sc
al

es
, 

th
e 

hi
gh

er
 sc

or
e 

w
as

 c
on

si
de

re
d

1–
3

82
N

o
Su

m
m

at
io

n 
of

  
in

di
vi

du
al

 sc
or

es
Sc

or
in

g 
ba

se
d 

on
 h

ig
he

st 
va

lu
e,

 n
o 

cl
in

ic
al

 
ou

tc
om

e 
or

 e
xp

er
t o

pi
ni

on
 a

nd
 n

o 
co

ns
id

er
at

io
n 

of
 d

os
e

SL
M

; F
in

la
nd

; 2
00

3
N

ot
 a

pp
lic

ab
le

EO
0–

4
90

0
N

o
N

ot
 a

pp
lic

ab
le

N
ot

 u
pd

at
ed

, n
o 

do
se

 c
on

si
de

ra
tio

n
Sl

oa
ne

 m
od

el
; U

SA
; 

20
08

66
 p

ts
, a

ge
d 

65
–8

0 
ye

ar
s, 

fro
m

 tw
o 

de
m

en
tia

-s
pe

ci
fic

 
ca

re
 fa

ci
lit

ie
s

EO
, m

od
ifi

ed
 fr

om
 

th
e 

SL
M

0–
4

60
Ye

s
Su

m
m

at
io

n 
of

 
in

di
vi

du
al

 sc
or

es
 

ba
se

d 
on

 se
da

tiv
e 

po
te

nc
y,

 d
os

e,
 

an
d 

av
er

ag
e 

da
ily

 
m

ai
nt

en
an

ce
 d

os
e 

fo
r e

ac
h 

m
ed

ic
a-

tio
n

Li
m

ite
d 

nu
m

be
r o

f d
ru

gs
, n

ot
 u

pd
at

ed



985  Quantifying Anticholinergic Burden and Sedative Load 

classification of drugs is based on outcomes observed by 
experts in the clinic or reported in the literature. The ARS 
scale, similar to the ADS scale, considers drug dose and 
score adjustments based on an individual's total daily dose 
received relative to the maximum recommended dose [21, 
22]. The ARS was developed to predict both central and 
peripheral effects; the ACB scale only includes medications 
that are likely to have a negative effect on cognition and has 
been shown to predict central and peripheral adverse effects 
related to cumulative anticholinergic exposure [14, 22]. 
More recent scales, including the mACB, the German ACB, 
the KABS, and the Brazilian AAS, are based on expert opin-
ion and systematic literature review and also include drugs 
not previously listed in earlier scales [23–26].

Figure 2 represents a stacked bar chart for the 11 anticho-
linergic scales, compiling the total number of drugs in each 
scale and the percentage of drugs in each anticholiner-
gic potency group including no, low, moderate, and high 
anticholinergic activity. Interestingly, we found that at least 
50% of all drugs listed in the ADS, German ACB, KABS, 
ACL/ALS, AEC, and AAS did not have any anticholinergic 
activity and were categorized as such [21, 23, 25, 37, 44, 
45]. The ADS, German ACB, and KABS scales reported 
the highest number of drugs (at least 495), with 5–16% of 
these drugs having moderate to high anticholinergic activity 
[21, 23, 25].

3.5  Anticholinergic Scales Agreement

The 11 anticholinergic scales (with a total of 810 distinct 
drugs) were compared head to head to determine the number 
of drugs in common among all scales and the concordance 
in scoring of anticholinergic potency among scales. A list 
of the most classified drugs (N = 29), described in at least 
nine of the 11, with their anticholinergic potency score as 
described in each scale is provided in Table 2. Among a total 
of 810 drugs, 235 distinct drugs were exclusively found in 
one of the 11 scales: 103 and 59 drugs were solely included 
in the ADS and KABS scales, respectively. In addition, 
404 drugs (~ 50%) scored the same in at least two scales, 
whereas 140 drugs scored differently in one or more scales. 
Only amitriptyline was classified as high anticholinergic 
activity with complete agreement in all 11 scales.

A heatmap showing Spearman’s rank correlation coef-
ficients between scores for medications common to each 
pair of scales is presented in Fig. 3. With only 27 listed 
drugs, the ABC scale had the lowest number of correlations 
(n = 3), i.e. correlation with the Brazilian scale, AAS, and 
KABS, with coefficients of 0.8, 0.60, and 0.59, respectively. 
Conversely, the KABS, which includes a total of 494 medi-
cations, showed a significant correlation with all ten of the 
other anticholinergic scales, with a strong average correla-
tion coefficient of 0.79. In addition, the ACB scale (which 

includes 88 medications) and the Brazilian scale (which 
includes 125 medications), both showed a significant cor-
relation with nine other anticholinergic scales, with average 
correlation coefficients of 0.78 and 0.75, respectively. The 
AEC, the AAS, and the German scale had a significant cor-
relation with eight other scales, the ALS and ADS had a 
correlation with seven scales, and the ARS and mACB had 
a correlation with six and five other scales, respectively.

Although the mACB scale, which includes 82 drugs, was 
developed based on modifying the ACB and the ARS scales, 
the Spearman’s correlation coefficient between the mACB 
and the ARS was 0.49 (considered moderate) and did not 
reach a statistically significant level (p = 0.109) [26]. This 
could be partly because of the low number of drugs com-
mon between the mACB and the ARS (N = 12). In general, 
correlation coefficients did not reach statistical significance 
among pairs of scales sharing fewer than 20 drugs in com-
mon. Figure S1 in the ESM gives an overview of the number 
of drugs in common between each pair of scales. This figure 
shows that the ADS–KABS pair had the highest number 
of medications in common, with 295 drugs in total, with 
a strong correlation coefficient of 0.72, followed by the 
ALS–KABS pair, with 183 drugs in common and a correla-
tion coefficient of 0.64.

3.6  Sedative Burden Scales

The number of sedative burden scales is limited, and only 
two sedative burden scales met our inclusion criteria: the 
SLM and the Sloane model (derived from the SLM) [29, 30]. 
The SLM, which classifies drugs into no, low, moderate, or 
high sedative potency based on clinical expertise, is the most 
widely used scale [30].

The comprehensive list of over 900 medications in this 
publication, along with relevant anatomical therapeutic 
chemical (ATC) codes, made this model convenient to use in 
clinical settings [30]. Modifications to the SLM were intro-
duced by Sloane et al. [29] in 2008 for drugs used in their 
clinical trial. The limitations of the Sloane model (modified 
SLM) are the small number of drugs included and that all 
drugs included in this model were also included in the SLM 
with minor differences in categorizing a few drugs between 
the two scales [29]. A detailed narrative overview of the 
development and characteristics of the SLM and Sloane’s 
scales is provided in ESM S1.

In the SLM, the potency scores for each drug were sum-
mated as a total sedative load [30]. A strength of this model 
is that the sedative load formula included both the measure 
of dose and the potency of the sedative medication. Even 
though dosage was not a factor in the original publications, 
literature from measurement of sedative loads seems to sug-
gest that dosage and sometimes duration of action is consid-
ered an important factor in these calculations. The sedative 
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load formula used by Sloane et al. included both to calculate 
sedative load, making the SLM more nuanced.

3.7  The Comprehensive Review Table

As mentioned in Sect. 3.5, there are inconsistencies and dis-
agreements between scales in scoring anticholinergic drugs. 
In an attempt to streamline and collate all available evidence, 
we combined the 810 distinct considered anticholinergic 
drugs and the 900 considered sedative drugs into one table. 
After applying the conditions described in Sect. 2.1, we cre-
ated a comprehensive review table of 642 drugs from the 13 
scales (Table S2 in the ESM). In this newly created catalog 
(ACSBC), 44 drugs are classified as having high anticho-
linergic activity, 25 as moderate activity, 99 as low activity, 
and 474 as no activity. These medications have also been 
assigned a sedative potency. Among the 642 medications, 31 
have high sedative activity, 126 have moderate activity, 225 
have low sedative activity, and 260 have no sedative activity. 
Moreover, 618 of the 642 are approved by the FDA, 16 drugs 
are not approved, and eight drugs have been discontinued.

4  Discussion

To the best of our knowledge, this systematic review is the 
first to compare both the anticholinergic burden and the sed-
ative load of several drugs regularly used in older adults. 
This literature review also offers an up-to-date evaluation of 
clinically relevant anticholinergic and sedative rating scales. 
As part of this literature search, 11 anticholinergic burden 
scales and two sedative load scales were selected. The com-
prehensive review table generated (ACSBC: Table S2 in the 
ESM) provides the largest catalog of drugs classified by their 
anticholinergic activity and the second largest repository 
of drugs classified by their sedative activity. Importantly, 
the ACSBC is one of the few databases to provide a com-
bined anticholinergic and sedative potency classification of 
high, moderate, low, or no activity. Several anticholinergic 
medications have sedative properties. To avoid redundancy 
between scales and algorithms, drugs with both properties 
are merged in the ACSBC table. In addition, not all medica-
tions with anticholinergic effects necessarily have sedation 
burden, and vice versa. This table offers a complete sum-
mary of drugs with one or both properties (Table S2 in the 
ESM).

Medications with sedative and/or anticholinergic activity 
are commonly prescribed in older patients, and until now 
there has been no standardized consensus for which rating 
scale best measures drug anticholinergic or sedative activ-
ity [11, 70]. The citation analysis of the 13 scales showed 
that the ARS scale was the most cited of the anticholinergic 
scales (N=600), followed by the ABC (N=577) and the ADS 
scales (N = 481) [21, 22, 43]. A recent longitudinal study 
conducted from a large cohort of more than 500,000 patients 
(aged 37–73 years) derived anticholinergic burden using the 
ten most validated anticholinergic scales (including ADS, 
CrAS, ARS, ACB, Chew’s list, AAS, ALS, AEC, modified 
ARS, and the Anticholinergic Impregnation Scale [AIS]) 
[14, 17, 21, 36–38, 44, 45, 71]. The authors investigated 
the association between each scale and adverse outcomes 
linked to anticholinergic burden such as mortality, cardio-
vascular events, falls, and cognitive impairments (dementia, 
delirium). The four most validated scales were used for the 
assessment of overlap of anticholinergic scales (ARS, ADS, 
CrAS, ACB) for patients with a score ≥1 on these scales 
[17]. This study demonstrated that the anticholinergic bur-
den was significantly associated with all-cause mortality and 
major adverse cardiovascular events (MACE) for each tested 
scale (in the adjusted model, the hazard ratios were greater 
for ACB and ADS) [17]. The degree of overlap in the cohort 
identified as at risk was reported at 23% of these participants 
scored on all of the four most validated scales. The results 
of this study showed that, depending on the scale evaluated, 
anticholinergic medication use varied from 8 to 17.6% [17]. 

Fig. 2  Percentage of drugs listed in each anticholinergic potency 
group for each scale. Stacked bar chart for the 11 anticholinergic 
scales showing the percentage and number of drugs in each anticho-
linergic potency group, with 0 for no anticholinergic activity, 1 for 
low, 2 for moderate, and 3+ for high. The number in parentheses is 
the total number of drugs in each scale. Bars with no text are less 
than 6%. AAS Anticholinergic Activity Scale, ABC Anticholinergic 
Burden Classification, AC Anticholinergic activity, ACB Anticho-
linergic Cognitive Burden scale, ADS Anticholinergic Drug Scale, 
AEC Anticholinergic Effect on Cognition, ALS Anticholinergic Load 
Scale, ARS Anticholinergic Rating Scale, KABS Korean Anticholiner-
gic Burden Scale, mACB modified Anticholinergic Cognitive Burden 
scale
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Their results indicated that ARS and ACB showed the high-
est effect size for the primary outcomes (all-cause mortality/
MACE), and effect sizes were greater for neurocognitive 
outcomes (dementia/delirium) with AEC and AIS scales. 
Moreover, irrespective of the scale used, there was an asso-
ciation between anticholinergic medication use and mortal-
ity, hospital admissions for falls/fractures, dementia/delir-
ium, and cardiovascular events. However, the scale selected 
influenced the population identified as possibly requiring 
reduction of anticholinergic burden in clinical practice or 
intervention trials [17]. It should be noted that the mean age 
of this cohort was younger (average age 58 years) than pre-
vious populations used to validate these scales (mean ages 
generally > 70 years).

The SLM (N = 46) was the most validated sedative model 
[30]. A detailed year-to-date analysis is provided in Table S3 
in the ESM. Consistent with these findings, our systematic 
review provides a comprehensive review table that combines 
all drugs in the ADS and most drugs in the SLM, in addition 
to the abovementioned scales.

The major strength of existing anticholinergic scales 
is that they are regularly updated. Published in 2019, the 
most recently developed scales are the mACB, the German 
ACB, the KABS, and the Brazilian anticholinergic activity 
drug scales [23–26]. These are based on systematic reviews 
that included previously validated scales, such as the ACB, 
ADS, and ARS scales, and expert opinion [14, 21, 22]. It 
is reassuring that the anticholinergic potency assigned to 
drugs is continually updated. However, these updates have 
mainly been applied in countries outside of the USA, and an 
updated version with medications approved by the FDA is 
lacking. In our comprehensive review table (Table S2 in the 
ESM), we identified which drugs are FDA approved.

The wide variability in classification of anticholiner-
gic potency of drugs among different scales is considered 
a major limitation for clinicians. For example, olanzapine 
is classified as high potency in the ACB scale, moderate 
potency in the ARS and AAS scales, and low potency in the 
ADS scale [14, 21, 22]. This variability is because most of 
these scales are based on individual expert’s opinions. Newer 
scales such as the mACB, the German ACB, the KABS, and 
the Brazilian anticholinergic activity drug scale—which are 
based on systematic reviews—are attempting to reduce this 
variability by classifying drugs with anticholinergic activity 
and sedative activity based on specific categorization rules 
[23–26]. Expert opinion can also be used in the KABS or 
German scale as a part of decision making in their catego-
rization rules [23, 25]. Interestingly, the mACB classifies 
drugs into the highest score among all the scales reviewed 
regardless of the evidence level [26]. Although it may be 
convenient, it may not be clinically accurate. To minimize 
the variability and help reach a consensus on classifying 
anticholinergic potency, our catalog intends to classify these 

drugs according to the greatest amount of evidence avail-
able, combines sedative and anticholinergic drug properties, 
and is not limited to drugs approved in a particular country. 
This is in contrast with some previously published system-
atic reviews that reported drugs with two or more different 
anticholinergic potency scores [11, 27, 28].

Other scale-specific limitations originate from the cri-
teria used by different scales. For example, validated and 
frequently used scales such as the ADS, the ACB, the AAS, 
and the ALS are based on experts’ clinical experience and 
knowledge of the medications’ pharmacological properties 
extracted from literature and serum radioreceptor studies 
(to detect SAA, which may reflect the peripheral but not 
necessarily the central anticholinergic activity) [14, 21, 37]. 
Although this is a quantitative measure, it only measures 
the peripheral anticholinergic activity and may not clearly 
reflect central nervous system anticholinergic effects, espe-
cially if blood–brain barrier permeability is not considered. 
Additionally, SAA cannot differentiate between anticholin-
ergic activity of endogenous substances and administered 
drugs [21]. Consequently, a correlation between SAA and 
anticholinergic adverse outcomes has not been conclusively 
confirmed [59, 72]. For example, the ARS scale considered 
the in vitro drug muscarinic receptor-binding affinity in 
addition to literature search and expert opinion as part of 
its development. Although this method can provide a better 
understanding of the anticholinergic potency of a particular 
drug, because of their costs, in vitro binding studies have not 
been conducted for a large proportion of medications on the 
market [22, 73, 74].

Our analyses also provide the sedative load potencies for 
each drug concomitantly with its anticholinergic activity 
score. Unlike drugs with anticholinergic properties, drugs 
with sedative properties do not have a mutually common 
pharmacology for sedation, making quantification of the 
overall effect of taking several drugs with sedative proper-
ties difficult [75]. Moreover, defining the term sedation is 
complex, as sedation is commonly described through both 
subjective feelings of sleepiness, lethargy/drowsiness, and 
reduced psychomotor processing [15]. Long-term use of 
sedative drugs is associated with dementia and not recom-
mended in older adults [76]. However, a large percentage 
of older adults continue taking long-term sedative medica-
tions or drugs with off-target sedative side effects, such as 
antipsychotics, antidepressants, and antihistamines, which 
can contribute significantly to the total sedative burden in 
these patients [16, 77].

The sedative scales that met our inclusion criteria were 
only the SLM and its modified version published by Sloane 
et al. [29, 30]. The SLM provides drug classes that are pre-
sented with their ATC codes, potentially making it easy 
to update as the FDA approves newer medications [30]. 
Potency scores for each drug in a patient drug regimen is 
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Table 2  List of drugs considered anticholinergic by at least one scale and their classification
Drug name AAS ABC ACB ADS AEC ALS ARS Brazilian German KABS mACB

Drugs classified in 7 or mo
Alprazolam 3 1 1 0 1 1 1 1 1
Amantadine 2 1 2 2 2 2 2 2
Amitriptyline 4 3 3 3 3 3 3 3 3 3 3
Atenolol 0 1 0 0 0 1 1 0 1
Atropine 3 3 3 3 3 3 3 3 3
Bupropion 1 0 0 1 1 1 1
Captopril 0 1 1 0 1 1 0 1

Carbamazepine 0 2 2 1 0 2 2 1 2
Chlorpheniramine 3 3 2 3 3 3 3 3 3
Chlorpromazine 3 3 3 3 3 3 3
Chlorthalidone 1 1 0 1 1 0 1
Citalopram 2 0 1 1 1 1 1
Clemas e 3 3 3 3 3 3

Clomipramine 3 3 3 3 3 3 3 3
Clozapine 4 3 3 3 2 3 3 3 3
Codeine 0 2 1 1 1 1 1 1 1
Colchicine 3 1 0 0 1 0 0 1

Cyproheptadine 2 2 3 3 3 3 3 2 1
Diazepam 1 1 1 1 1 1 1 1 1
Digoxin 1 3 1 1 1 1 1 1 1

Diphenhydramine 3 3 2 3 3 3 3 3
Doxepin 4 3 3 3 3 3 3
Fentanyl 1 1 1 0 1 1 1 1

e 2 1 1 1 1 1 1
Fluphenazine 1 1 3 3 3 1 1
Fluvoxamine 2 1 1 0 1 1 1 1 1
Furosemide 1 3 1 1 0 1 1 1 1
Haloperidol 0 1 0 0 2 1 1 2 1 1
Hydralazine 1 1 0 1 1 1 1

e 1 1 0 1 1 1 1
Hydroxyzine 3 3 3 1 3 3 3 3
Imipramine 3 3 3 3 3 3 3 3 3 3
Isosorbide 0 1 1 0 1 1 0 1
Levodopa 0 0 0 0 1 1 1 0
Loperamide 1 1 0 1 2 1 2 1 1

Metoclopramide 0 0 0 1 1 1 1 0 1
Metoprolol 0 1 0 0 0 1 1 0 1
Mirtazapine 0 1 1 1 1 1 1
Morphine 1 1 0 1 1 1 1
Nifedipine 0 1 1 0 1 1 0 1

Nortriptyline 3 3 3 3 2 3 3 3
Olanzapine 3 3 1 2 2 3 2 3 3

Orphenadrine 4 3 3 3 3 3 3 3 3
Oxybutynin 4 3 3 3 3 2 3 3 3 3 3
Paro e 3 3 1 2 2 1 3 2 2 3

Perphenazine 0 3 1 1 3 1 2
Prednisolone 0 1 1 0 1 1 1 1
Promethazine 3 3 3 0 3 3 1 3

Pseudoephedrine 0 2 2 2 1 0 2
e 2 3 0 2 1 2 2 2 3
e 2 1 2 0 1 1 1 2 1 1

Risperidone 1 0 0 1 1 1 1 1 1
Sertraline 0 1 1 0 1 1 0 2

Theophylline 2 2 1 1 0 2 1 2 1 3
Thioridazine 4 3 3 3 3 3 3
Tolterodine 3 3 2 3 2 3 3 3 3
Trazodone 1 0 0 1 1 1 1
Triamterene 1 1 0 1 1 0 1

Trihexyphenidyl 4 3 3 3 3 3 3 3 1
Trimipramine 4 3 3 3 3 3 3
Venlafaxine 0 0 0 1 1 1 1 1
Warfarin 0 1 0 0 1 1 0 1
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Table 2  (continued)

s
Amiodarone 0 1 0 0 0
Ampicillin 1 1 1 0
Aripiprazole 1 0 1 1 1
Azathioprine 1 1 1 0
Baclofen 0 2 2 1 1 2

Benztropine 4 3 3 3 3 3 3
Bisacodyl 0 1 1 0

0 1 1 1 1 0
Brompheniramine 3 3 3 3 3
Carbinoxamine 3 3 3 3

Celecoxib 0 1 1 0
e 0 0 2 2 1 2

Chlordiazepoxide 1 0 1 1
e 1 2 0 2 2 2 2 2

Clonazepam 1 1 1 1 1
Clorazepate 3 1 1 1 1

Cyclobenzaprine 2 2 2 3 2
Darifenacin 3 3 0 3 3 3
Desipramine 3 3 2 2 3 2

Dexamethasone 1 0 1 1 0
Dexchlorpheniramine 3 3 3 3

Dicyclomine 3 3 3 3
em 1 0 0 1 1 0

Dimenhydrinate 3 3 2 3 3 3
Dipyridamole 0 1 1 1 1 0 1
Disopyramide 0 1 2 2 0 1
Doxylamine 0 3 1 3 3
Entacapone 0 0 1 1 1 0
Escitalopram 0 1 1 1 1

e 1 0 1 1 0
Fexofenadine 0 0 2 1 1 0
Flavoxate 3 3 3 3

Hyoscyamine 3 3 3 3 3 3
Lansoprazole 1 0 0 1 0
Levo e 1 1 1 1

Lithium 0 1 1 1 1 0
Loratadine 0 0 1 2 1 1 1 2
Lorazepam 1 0 1 1 1
Loxapine 2 2 2 2
Meclizine 3 3 3 3 3
Me rmin 0 1 1 0

Methotrexate 0 1 1 0
Methylprednisolone 1 0 1 1 0

Midazolam 1 1 1 1
Oxazepam 0 1 1 1

Oxcarbazepine 2 2 2 2 2 2
Oxycodone 1 1 1 1 1
Pethidine 0 2 2 2 2 2

Phenobarbital 1 0 1 1 0
Pimozide 2 2 2 2 2 2

Pramipexole 0 0 1 1 1 0
Prednisone 1 1 1 1

Prochlorperazine 0 1 2 2 2 2
Procyclidine 3 3 3 3 3
Quinidine 1 0 1 1 1

Scopolamine 3 3 3 3
Selegiline 0 0 1 1 1 0
Solifenacin 1 0 3 3 3 3
Temazepam 1 1 1 1 1
Tizanidine 3 3 3 2
Tramadol 1 0 2 1 2 2

Trifluoperazine 3 1 2 3 3 3
Valproate 1 0 1 1 0
Vancomycin 1 1 1 0
Ziprasidone 0 1 1 1

Drug name AAS ABC ACB ADS AEC ALS ARS Brazilian German KABS mACB
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combined as a total sedative load, and significant correla-
tion with higher age, female sex, poor basic education, poor 
health habits, depression, dementia, or impaired mobility 
was established in clinical studies [78]. At this point, the 
dosage of drugs was not considered, introducing some limi-
tations to clinical applicability. The comprehensive scope 

of over 900 medications in this classification, along with 
relevant ATC codes, made it a convenient reference. The 
SLM has also been used to describe sedative drug use in 
patients with dementia [79, 80]. Other groups have used 
this method to show that increased sedative load increased 
the likelihood of caries and reduced grip strength [81]. The 

Table 2  (continued)

Drug classified in 1 to 3 ancholinergic scales
Amoxapine 3 3 3
Asenapine 1 1
Belladona 2 3 3
Benazepril 0 1 0
Betaxolol 0 1 0
Carbidopa 0 1 1
Carisoprodol 0 3 3
Ce�rizine 2 1

Chlorphenamine 3
Chlorzoxazone 0 2 0
Chordiazepoxide 1

Clidinium 2
Clindamycin 1 1 0
Cycloserine 1 0

Desloratadine 1 1 1 1
Desvenlafaxine 1

Dextromethorphan 0 1 1
Divalproex 1
Estazolam 1 1

Fesoterodine 3 3
Flurazepam 1 1 1

Salmeterol 1

Guaifenesin 1 1
Hydrocodone 0 1
Hyoscine 3

Iloperidone 1
Ketorolac 0 1 0

3 3 2
Mebeverine 0 0 1
Meperidine 2 2
Methadone 2 2

Methocarbamol 1 1 1
Molindone 2 2 2
Naratriptan 1 1 0

e 1 0 0
Paliperidone 1 1 1
Phenelzine 1
Pridinol 3

Propoxyphene 1 0
Protriptyline 3 3
Pyrilamine 3 3 3
Sumatriptan 1 1 0
Thiothixene 1 3 1
Trandolapril 0 0 1
Triazolam 1 1 1
Triprolidine 3 2
Trospium 0 3 3

Zolmitriptan 1 1 0
Zuclopenthixol 2

*U.S. common drug names are used
0 = No ac y 1 = Low 2 = Moderate 3 = High 4 = Very high

Drug name AAS ABC ACB ADS AEC ALS ARS Brazilian German KABS mACB

US common drug names are used. 0 (blue) indicates no activity, 1 (green) indicates low, 2 (yellow) indicates moderate, 3 (orange) indicates 
high, 4 (red) indicates very high
AAS Anticholinergic Activity Scale, ABC Anticholinergic Burden Classification, ACB Anticholinergic Cognitive Burden scale, ADS Anticho-
linergic Drug Scale, AEC Anticholinergic Effect on Cognition, ALS Anticholinergic Loading Scale, ARS Anticholinergic Rating Scale, KABS 
Korean Anticholinergic Burden Scale, mACB modified Anticholinergic Cognitive Burden scale
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SLM has been widely applied to many other studies, and it 
has been suggested that using beta coefficient analysis asso-
ciated with clinical outcomes may improve calibration of 
these scales [15].

Though multiple studies use these scales in retrospective 
medication reviews, few have used the SLM in prospective 
studies. A major limitation of all sedative scales is that they 
are based exclusively on clinical opinion. Additionally, these 
sedative scales have not been updated since they were first 
published. To our knowledge, with 642 drugs, our compre-
hensive table is the most updated catalog of FDA-approved 
anticholinergic and sedative medications (Table S2 in the 
ESM).

Given the variety of scales available in the literature, it 
is evident that the detrimental effects of anticholinergic and 
sedative drug use have been recognized, and an effort has 
been made by the scientific community to quantify anticho-
linergic burden and sedative load in older adults [9, 16, 82, 
83]. Table S4 in the ESM provides a few examples, i.e. not 
a comprehensive list, of clinically relevant scale-validation 
studies that evaluated different anticholinergic and sedative 
rating scales with various clinical outcomes and results in 
the elderly. Studies aimed at the development and validation 

of a method that can longitudinally measure the burden of 
both anticholinergic and sedative drugs are needed. The 
establishment of the reliability and relevance of such a com-
bined method will be helpful in improving healthcare, as 
long as it is always up to date to guide physicians and health-
care professionals in prescribing/deprescribing practices for 
potentially inappropriate medications in older populations. 
Further, a study using a validated and prospectively applied 
anticholinergic scale that accounts for anticholinergic drugs 
and clinical outcomes will lend greater strength to this effort.

Our systematic review had multiple strengths, including 
our inclusion criteria of studies that only used a standard-
ized scale, followed by our data extraction methods and the 
quality of evidence obtained, as our systematic review was 
developed and revised by several clinical and nonclinical sci-
entists. However, a possible limitation of our review is that 
it was not possible to conduct a quantitative meta-analysis 
because of the discrepancies between available anticholin-
ergic scales and the very small number of available sedative 
load models. The consensus procedure used to create a new 
anticholinergic and sedative grading of potency is another 
potential limitation. We proposed four categories (i.e., no 
activity, low, moderate, and high) based on the highest level 
of evidence and consensus among different rating scales.

5  Conclusion

Our systematic review identified a high degree of vari-
ability and inconsistency among scales used to categorize 
drugs with anticholinergic or sedative burden. Several drugs 
possess both of these pharmacological properties, and the 
predictive value of the derived burden scores on outcomes 
could be difficult to establish. We have generated a com-
prehensive table that regroups a large number of drugs and, 
more importantly, proposes a new categorization of these 
drugs. Validation of a method that can longitudinally meas-
ure both anticholinergic and sedative drug burden in an 
accurate and evidence-based manner would be immensely 
useful for improving the healthcare and quality of life of 
older adults. Large clinical databases (e.g. UK BioBank) 
are currently being made available to researchers to perform 
simulation and validation studies using real-world data. This 
would allow testing of new models and algorithms without 
conducting long and expensive clinical trials. Furthermore, 
simulation studies with the virtual addition of drugs would 
also prevent exposure of patients to drugs and their side 
effects.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40266- 021- 00895-x.

Fig. 3  Score agreement between the 11 anticholinergic scales. Heat-
map showing Spearman’s rank correlation coefficient between scores 
for medications common to each pair of scales. Coefficients that were 
not statistically significant (p  ≥  0.05) are left blank. AAS Anticho-
linergic Activity Scale, ABC Anticholinergic Burden Classification, 
ACB Anticholinergic Cognitive Burden scale, ADS Anticholinergic 
Drug Scale, AEC Anticholinergic Effect on Cognition, ALS Anticho-
linergic Load Scale, ARS Anticholinergic Rating Scale, KABS Korean 
Anticholinergic Burden Scale, mACB modified Anticholinergic Cog-
nitive Burden scale

https://doi.org/10.1007/s40266-021-00895-x
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