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Abstract

Background Increased exposure to anticholinergic medi-

cation is problematic, particularly in those aged 80 years

and older.

Objective The aim of this systematic review was to

identify tools used to quantify anticholinergic medication

burden and determine the most appropriate tool for use in

longitudinal research, conducted in those aged 80 years

and older.

Methods A systematic literature search was conducted

across six electronic databases to identify existing tools.

Data extraction was conducted independently by two

researchers; studies describing the development of each

tool were also retrieved and relevant data extracted. An

assessment of quality was completed for all studies. Tools

were assessed in terms of their measurement of the asso-

ciation between anticholinergic medication burden and a

defined set of clinical outcomes, their development and

their suitability for use in longitudinal research; the latter

was evaluated on the basis of criteria defined as the key

attributes of an ideal anticholinergic risk tool.

Results In total, 807 papers were retrieved, 13 studies

were eligible for inclusion and eight tools were identified.

Included studies were classed as ‘very good’ or ‘good’

following the quality assessment analysis; one study was

unclassified. Anticholinergic medication burden as

measured in studies was associated with impaired cognitive

and physical function, as well as an increased frequency of

falls. The Drug Burden Index (DBI) exhibited most of the

key attributes of an ideal anticholinergic risk tool.

Conclusion This review identified the DBI as the most

appropriate tool for use in longitudinal research focused on

older people and their exposure to anticholinergic medi-

cation burden.

Key Points

Anticholinergic medications exhibit a wide spectrum

of adverse effects, particularly in older people.

Increased exposure to anticholinergic medication is

associated with cognitive impairment, physical

impairment and an increased frequency of falls.

The Drug Burden Index is a valuable tool for

longitudinal research that is centred on the

quantification of anticholinergic medication burden

in those aged C80 years.

1 Background

The ‘oldest old’, those aged 80 years and older, are

increasing in number; if global projections are correct,

there will be 392 million and 830 million people aged

80 years and older by 2050 and 2100, respectively [1]. The

impact of predicted population demographics has led to the

inception of a number of longitudinal studies, which
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explore a wide range of factors associated with healthy

aging. Examples of these include Life and Living in

Advanced Age: a Cohort Study in New Zealand

(LiLACS NZ) [2], the Newcastle 85? Study [3] and the

Irish Longitudinal Study of Ageing (TILDA) [4]. These

studies have the capacity to investigate the effect of various

factors, such as disease diagnosis, nutritional status and

prescribing trends, and determine their effect on health and

wellbeing over time [18].

Prescribing for older people is a challenge, as old age is

often associated with frailty, cognitive impairment and the

presence of multiple chronic conditions (i.e. multimorbid-

ity) [5]. Polypharmacy, the prescribing of a number of

medicines for one individual, is synonymous with multi-

morbidity and can result in complicated medication regi-

mens [6–8], potentially inappropriate prescribing (PIP) and

subsequent medication-related problems [9]. This leads to

increased healthcare service utilization and healthcare costs

[10, 11], hospitalization [12, 13] and even mortality [14].

PIP in older people receives significant attention in the

research literature, with an area of specific concern being

the prescribing of anticholinergic (antimuscarinic) medi-

cines. It has long been established that a range of medi-

cations, particularly those possessing anticholinergic

properties (e.g. antidepressants, antispasmodics and

antipsychotics) cause a range of harmful effects in older

people [15]. These include central effects such as reduced

concentration and confusion, as well as peripheral effects

(e.g. falls, dry mouth, constipation and urinary retention),

which may result in agitation, decreased quality of life,

increased morbidity and increased mortality [15]. Fur-

thermore, the natural aging process predisposes older

people to these side effects; increased blood–brain barrier

(BBB) permeability results in unpredictable changes in

pharmacodynamics and pharmacokinetics, as well as

increased inter-individual variability [16]. Older people

often present with a number of chronic conditions, many of

which are treated with anticholinergic medications; this

results in additive or cumulative anticholinergic medication

exposure, referred to as anticholinergic medication burden

[17]. Despite this, anticholinergics are routinely prescribed

for conditions most often associated with this population

[e.g. chronic obstructive pulmonary disease (COPD), anx-

iety, incontinence, Parkinson’s disease and insomnia] [18].

Additionally, a number of drug classes (e.g. antihistamines,

bronchodilators and analgesics) have anticholinergic

properties and elicit subsequent anticholinergic side

effects, yet are not explicitly classified as anticholinergic

medications [19].

Screening tools have been developed to quantify anti-

cholinergic medication burden in this population. Based on

the principles of serum anticholinergic activity (SAA) [20],

professional opinion and consensus approaches [21],

examples include the Anticholinergic Drug Scale (ADS)

[22] and the Anticholinergic Risk Scale (ARS) [23].

Medications considered to have anticholinergic effects are

scored according to their anticholinergic activity (AA) and,

using these lists, patients’ anticholinergic exposure can be

determined through summation of the scores associated

with each medication [24]. The Drug Burden Index (DBI)

[25] is another tool used to quantify anticholinergic and

sedative medication burden, the calculation of which is

based on a pharmacological equation that incorporates drug

dose and the principles of dose response [26].

Anticholinergic medication burden in older people is

high risk and its quantification is challenging. Tools used to

quantify high-risk medicines in older people should be

evidence based, consistent, appropriate for routine clinical

practice and suitable for global utilization [27]. Anti-

cholinergic risk tools have already been reviewed in those

aged 60 years and older, and the effect of anticholinergic

medication burden has been reported [28–30]. However,

the impact of this medication burden may be even more

significant for the ‘oldest old’ because of their increased

vulnerability and risk of adverse drug reactions. To our

knowledge, tools used to quantify anticholinergic medica-

tion burden have not been reviewed in populations aged

80 years and older. Therefore, the aim of this systematic

review was to identify tools used to quantify anticholin-

ergic medication burden in this older population and to

determine the most appropriate tool for use in longitudinal

research, conducted in those aged 80 years and older. We

also sought to assess the tools in terms of their develop-

ment and measurement of the association between anti-

cholinergic medication burden and a defined set of clinical

outcomes.

2 Methods

This systematic review was planned and reported in

accordance with the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses (PRISMA) [31].

2.1 Identification of Studies

An electronic literature search was performed in Ovid

Medline, Embase, PubMed, Web of Science, PsycINFO

and International Pharmaceutical Abstracts from the

inception of each database until February 2015; search

terms were agreed with an experienced librarian. Using

Medical Subject Headings (MeSH) and free text terms, the

search terms were: ‘Anticholinergic’ OR ‘Cholinergic

receptor blocking agent’ OR ‘Cholinergic antagonist’ OR

‘Antimuscarinic’ OR ‘Muscarinic receptor blocking agent’

OR ‘Muscarinic antagonist’ AND ‘Adverse effect’ OR
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‘Adverse drug reaction’ OR ‘Toxicity’ AND ‘Elderly’ OR

‘Aged’ OR ‘Geriatric’ OR ‘Aged 80 and over’ AND ‘Risk’

OR ‘Risk measure’ OR ‘Risk scale’ OR ‘Rating scale’ OR

‘Risk tool’.

2.2 Inclusion Criteria

Following removal of duplicates, titles and abstracts were

screened for inclusion. Review articles, commentaries,

letters and editorials were excluded, as were studies that

quantified anticholinergic medication burden using SAA

exclusively, because of the limitations associated with

SAA (e.g. its complex radioreceptor assay method and its

inability to quantify AA in the brain). Studies that met the

following criteria were eligible for inclusion: published in

the English language; including populations with an aver-

age age C80 years; studies with an intention to quantify

anticholinergic medication burden; and those with outcome

measures that included at least one of the clinical outcomes

of interest. The clinical outcomes of interest were defined

as cognitive function, physical function, frequency of falls,

hospitalization or all-cause mortality. At this stage, studies

that did not meet the inclusion criteria were excluded;

where there was any uncertainty regarding eligibility, full-

text copies of the study publications were assessed.

2.3 Data Management

Full-text copies of all potentially eligible study publica-

tions were gathered, and data extraction was completed

using a predefined data extraction table, which included the

first author, year of publication, country of origin, study

design, clinical setting, risk tool used, clinical outcomes

measured and the association between the measured anti-

cholinergic medication burden and clinical outcomes

measured. (Data extraction tables are available from the

authors on request). Data extraction was undertaken inde-

pendently by two researchers (KC and CR). The studies

that described the development of each tool were also

retrieved by one researcher (KC) and, with use of the same

data extraction table as that used for included studies, data

were extracted to provide information relating to how the

tools were established.

2.4 Data Analysis

An assessment of quality was completed for both included

studies and development studies; randomized controlled

trials (RCTs) were assessed using criteria specified by the

Jadad scale [32], where quality is assessed according to

‘randomization’, ‘blinding’ and ‘an account of all patients’.

Studies were regarded as ‘good’ studies if they achieved a

score of 3 or more (out of a maximum score of 5).

Observational studies were assessed using the Newcastle–

Ottawa Scale (NOS) [33] and application of the following

standard criteria: selection, comparability, exposure (case–

control studies only) and outcome (cohort and cross-sec-

tional studies only). Scores were tabulated and studies were

classified as ‘very good’, ‘good’, ‘satisfactory’ or ‘unsat-

isfactory’, accordingly. A narrative review of the literature

was performed to report the association between anti-

cholinergic medication burden and the clinical outcomes of

interest. A meta-analysis of the results was not possible,

because of heterogeneity of the study designs, interventions

and outcome measures. Following close scrutiny of the

literature [27, 34, 35], discussion within the research team

and consultation with a consultant geriatrician, a consensus

was reached on the key attributes of an ideal anticholin-

ergic risk tool. These were defined as evidence based,

associated with clinical outcomes, providing an indication

of severity/risk, concise, achieving good inter-rater relia-

bility within the multidisciplinary team (MDT), offering

alternative suggestions to improve the appropriateness of

anticholinergic prescribing, suitable for use in clinical

practice, suitable for use as a research tool, suitable for

incorporation into a clinical decision support system

(CDSS), regularly reviewed to provide up-to-date infor-

mation and applicable to healthcare settings internation-

ally. The tools identified by our search strategy were

compared against these criteria, to determine the most

appropriate tool for use in longitudinal research.

3 Results

A total of 807 papers were retrieved by the search strategy:

59 from Medline, 161 from Embase, 361 from PubMed,

170 from Web of Science, 10 from PsycINFO and 46 from

International Pharmaceutical Abstracts. Following elimi-

nation of duplicates, 530 papers remained, and the abstract

of each paper was analysed to determine its relevance for

inclusion. Analysis of abstracts alone resulted in exclusion

of 499 papers that failed to meet the inclusion criteria. A

total of 31 full-text papers were screened for eligibility; 18

were excluded, as they failed to meet the following criteria:

‘study populations with an average age C80 years’

(n = 16) and ‘studies with an intention to quantify anti-

cholinergic medication burden’ (n = 2). Thirteen studies

were included. Figure 1 details the search strategy results

and the process undertaken to identify eligible studies for

inclusion in this review.

3.1 Included Studies

Studies eligible for inclusion in this review (n = 13) were

published between 2001 and 2014 (inclusive), two of
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which were studies associated with development of the tool

itself. The countries of origin included Australia [36–39],

the UK [40, 41], France [42], Canada [43], Norway [44],

the USA [45], Finland [46, 47] and Taiwan [48]. Clinical

settings included hospital [36, 40–43], community [39, 45–

47], nursing homes [44], residential aged care facilities

(RACFs) [37, 38] and the dementia unit of a veterans’

home [48]. Two studies were RCTs [44, 48], and the

remainder were observational studies [36–43, 45–47]. The

average age of the study populations ranged from 81 to

86 years, and functionality and disease diagnosis varied

considerably across study participants. One study observed

such a high prevalence of dementia diagnosis that it anal-

ysed participants in two separate groups, having catego-

rized them according to diagnosis of dementia [46]. The

tools identified by our search strategy were the DBI [25],

modified Anticholinergic Risk Scale (mARS) [49], Drug

Burden Index-World Health Organization (DBI-WHO)

[42], Clinician-Rated Anticholinergic Score (CR-ACHS)

[43], Summers’ Drug Risk Number (DRN) [50], ADS [22],

Anticholinergic Cognitive Burden (ACB) score [51], ARS

[23] and Chew’s list [52]. One study also utilized a dose-

adjusted mARS [41], while another study [40] only utilized

the anticholinergic component of the DBI (DBAC). Table 1

provides an overview of the included studies in terms of the

study design, clinical setting, study population, the tool

used to quantify anticholinergic medication burden and the

association between anticholinergic medication burden and

the clinical outcomes of interest (cognitive function,

physical function, frequency of falls, hospitalization and

all-cause mortality).

3.2 Association Between Anticholinergic Medication

Burden and Clinical Outcomes of Interest

3.2.1 Cognitive Function

Eight studies measured the association between anti-

cholinergic medication burden and cognitive function (see

Table 1), defined mainly by Mini Mental State Examina-

tion (MMSE) scores [44–46, 48]. Clinical settings included

hospital [36, 40, 43], community [39, 45, 46], nursing

homes [44] and the dementia unit of a veterans’ home [48].

The anticholinergic risk tools used were the DBI [36],

DBAC [40], mARS [40], CR-ACHS [43, 48], Summers’

DRN [43], ADS [44, 46], ACB [45], ARS [46] and Chew’s

list [46]. One study quantified anticholinergic medication

burden numerically, and anticholinergic medications were

defined as those included in the ADS, ARS or DBI [39].

Five studies reported evidence of an association [36, 39,

43, 45, 46]. Having excluded patients discharged for pal-

liative care, deceased patients and patients without a hos-

pital discharge summary, Best et al. [36] found that patients

admitted to hospital with a DBI C1 were almost three times

as likely to be admitted for delirium, with an odds ratio

(OR) of 2.95 and a 95 % confidence interval (CI) of

Records identified through database searching (n=807)

Records after duplicates removed (n=530)

Records screened (n=530) Records excluded as they did not meet inclusion criteria (n=499)

Full-text articles assessed for eligibility (n=31) Full-text articles excluded for failure to 
meet inclusion criteria:

Average age ≥80 years (n=16)

Intention to quantify anticholinergic 
medication burden (n=2)

Studies included in qualitative synthesis (n=13)

Fig. 1 Overview of study retrieval and selection using the defined search strategy
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Table 1 Description of included studies and the association between anticholinergic medication burden and the clinical outcomes of interest

Study Study design, clinical setting and study population Tool used to

quantify ACH

burden

Association between ACH

burden and clinical outcomes of

interest

Best et al. [36],

Australia

Study design: retrospective observational study (cross-sectional

analysis of clinical outcomes of interest)

Clinical setting: hospital

Study population: N = 329, average age 84.6 ± 7 years

DBI Hospitalization for delirium ?

Hospitalization for falls -

Bostock

et al. [40], UK

Study design: prospective observational study (cross-sectional

analysis of clinical outcomes of interest)

Clinical setting: hospital

Study population: N = 271, average age 83.0 ± 7 years

DBAC Cognitive function -

Physical function ?

mARS Cognitive function -

Physical function -

Number of

ACHs

Cognitive function -

Physical function ?

Overall ACH use Cognitive function -

Physical function ?

Dauphinot

et al. [42],

France

Study design: longitudinal observational study (clinical outcomes of

interest measured over an 11.6-month period)

Clinical setting: 3 geriatric medical hospitals

Study population: N = 337, average age 85.4 ± 6.6 years

DBI In-hospital falls ?

Mortality -

DBI-WHO In-hospital falls ?

Mortality -

Han et al. [43],

Canada

Study design: longitudinal observational study (clinical outcomes of

interest measured at 3-week follow-up)

Clinical setting: hospital

Study population: N = 278, incident/prevalent delirium, average age

83.4 ± 7.3 years

CR-ACHS Delirium symptom ?

Dementia diagnosis -

Summers’ DRN Delirium symptom -

Dementia diagnosis -

Number of

ACHs

Delirium symptom ?

Dementia diagnosis -

Kalisch Ellett

et al. [39],

Australia

Study design: retrospective observational study (clinical outcomes of

interest measured over a 2-year period)

Clinical setting: community

Study population: N = 36,015, veterans dispensed C1 ACH within

preceding 12 months, average age 82.9 ± 6.8 years

Number of

ACHs

Hospitalization for confusion or

dementia ? (some association)

Kersten

et al. [44],

Norway

Study design: single-blinded RCT (clinical outcomes of interest

measured at 4- and 8-week follow-up)

Clinical setting: 22 nursing homes

Study population: N = 87, ADS score C3, average age 86 years (IG)

and 85 years (CG)

ADS Cognitive function -

Koyama

et al. [45],

USA

Study design: prospective cohort study (clinical outcomes of interest

measured at 5-year follow-up)

Clinical setting: community

Study population: N = 1,429 (females), average age

83.2 ± 3.3 years

ACB Cognitive function ?

Physical function ?

(some association)

Lampela

et al. [46],

Finland

Study design: cross-sectional analysis of data from GeMS [58]

Clinical setting: community

Study population: N = 621, average age 81.7 ± 4.9 years

ADS Cognitive function ? (without

dementia diagnosis)

Physical function ?

ARS Cognitive function ? (without

dementia diagnosis)

Physical function ?

Chew’s list Cognitive function ? (without

dementia diagnosis)

Physical function ?
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1.34–6.51. Han et al. [43] observed an association between

an increased CR-ACHS and increased severity of delirium

symptoms (p\ 0.01 for unadjusted association and

p\ 0.02 adjusted for total number of medications). The

study investigators reported similar results for the numer-

ical quantification of anticholinergic medication burden; an

increased number of anticholinergic medications pre-

scribed (defined as those medications included in the CR-

ACHS) was associated with increased severity of delirium

symptoms [43]. In comparison with subjects not exposed to

anticholinergic medications, Kalisch Ellett et al. reported a

significant increase in the risk of hospitalization for con-

fusion or dementia associated with the use of two anti-

cholinergic medications [relative risk (RR) 2.58, 95 % CI

1.91–3.48], and with three or more anticholinergic medi-

cations [incidence rate ratio (IRR) 3.87, 95 % CI

1.83–8.21]. This trend was also evident for the use of one

anticholinergic medication; however, this did not reach

significance [39]. Koyama et al. [45] excluded participants

with incomplete data and those who were deceased. Anti-

cholinergics were reported as the most common potentially

inappropriate medicine (76 %); increased ACB scores were

significantly associated with lower scores in California

Verbal Learning Test Second Edition Short Form (CVLT-

II) immediate recall (p = 0.03) and category fluency

(p = 0.02) [45]. Lampela et al. [46] excluded participants

with an unusable blood sample; increased anticholinergic

medication burden was associated with decreased MMSE

scores in those without a diagnosis of dementia (p\ 0.01

for Chew’s list and ARS, p\ 0.05 for ADS). Bostock et al.

[40], Kersten et al. [44] and Yeh et al. [48] did not report a

significant association between anticholinergic medication

burden and cognitive function.

3.2.2 Physical Function

Five studies assessed the association between anticholin-

ergic medication burden and physical function (see

Table 1), measured mainly by the Barthel Index (BI) [40,

41, 46, 48]. Clinical settings included hospital [40, 41],

community [45, 46] and the dementia unit of a veterans’

home [48]. The anticholinergic risk tools used were the

Table 1 continued

Study Study design, clinical setting and study population Tool used to

quantify ACH

burden

Association between ACH

burden and clinical outcomes of

interest

Lönnroos

et al. [47],

Finland

Study design: prospective observational study of data from GeMS

[58] (clinical outcomes of interest measured over a 1-year period)

Clinical setting: community

Study population: N = 339, average age 81.0 ± 4.6 years

DBI Hospitalization ?

(some association)

Lowry

et al. [41], UK

Study design: prospective observational study (cross-sectional

analysis of physical function, hospital mortality measured over a

5-month period)

Clinical setting: 2 hospitals

Study population: N = 362, average age 83.6 ± 6.6 years

mARS/dose-

adjusted

mARS

Physical function ?

Hospital mortality ? (with

hyponatraemia)

Wilson

et al. [37],

Australia

Study design: prospective observational study of data from cluster

RCT [59] (clinical outcomes of interest measured over a 1-year

period)

Clinical setting: RACFs

Study population: N = 602, average age 85.7 ± 6.4 years

DBI Falls ?

Wilson

et al. [38],

Australia

Study design: prospective observational study of data from cluster

RCT [59] (clinical outcomes of interest measured until death)

Clinical setting: RACFs

Study population: N = 602, average age 85.7 ± 6.4 years

DBI Mortality -

Yeh et al. [48],

Taiwan

Study design: open-labelled RCT (clinical outcomes of interest

measured at 12-week follow-up)

Clinical setting: veterans’ home (dementia unit)

Study population: N = 67, dementia diagnosis, average age

83.4 ± 4.4 years

CR-ACHS Cognitive function -

Physical function -

? Association observed, - no association observed, ACB Anticholinergic Cognitive Burden, ACH anticholinergic medication, ADS Anti-

cholinergic Drug Scale, ARS Anticholinergic Risk Scale, CG control group, CR-ACHS Clinician-Rated Anticholinergic Score, DBAC anti-

cholinergic component of Drug Burden Index, DBI Drug Burden Index, DBI-WHO Drug Burden Index-World Health Organization, DRN drug

risk number, GeMS Geriatric Multidisciplinary Good Care of the Elderly Study, IG intervention group, mARS modified Anticholinergic Risk

Scale, N number of study participants, RACF residential aged care facility, RCT randomized controlled trial
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DBAC [40], mARS [40, 41], ACB [45], ADS [46], ARS

[46], Chew’s list [46], dose-adjusted mARS [41] and CR-

ACHS [48]. Four studies reported evidence of an associa-

tion [40, 41, 45, 46]. Bostock et al. [40] included all

patients in their analysis and reported lower BI scores

associated with increasing DBAC (p\ 0.01). The study

investigators reported similar results for the association

between physical function and the total number of anti-

cholinergic medications prescribed, as well as for the

association between physical function and overall anti-

cholinergic medication use compared with no use; in this

instance, anticholinergic medications were defined as those

included in either the DBAC or mARS [40]. Having

adjusted for factors such as age, ethnicity, level of educa-

tion, smoking status, physical exercise and a modified

version of the Charlson Comorbidity Index (CCI), Koyama

et al. [45] reported that a one-unit increase in the ACB

score was significantly associated with one or more new

impairments in instrumental activities of daily living

(IADLs). In subjects without dementia, Lampela et al. [46]

reported an association between increased anticholinergic

medication burden and decreased activities of daily living

(ADLs) and decreased IADLs (p\ 0.001 for ADS, ARS

and Chew’s list); a similar trend was observed in those with

dementia (p\ 0.01 for ADS and ARS). Subjects were

excluded from the study by Lowry et al. [41] if they did not

wish to participate. The researchers reported an association

between higher mARS scores and lower BI scores; this was

even more significant for dose-adjusted mARS scores

(p\ 0.001) [41]. Yeh et al. [48] reported contrary findings;

decreased anticholinergic medication burden was not

associated with an improved BI score.

3.2.3 Frequency of Falls

Using the DBI [36, 37, 42] or DBI-WHO [42], three studies

measured the association between anticholinergic medica-

tion burden and frequency of falls (see Table 1). Clinical

settings included a number of hospitals in both Australia

[36] and France [42], and a number of RACFs in Australia

[37]. Dauphinot et al. [42] observed an increased falls

frequency associated with increased DBI and DBI-WHO

(p = 0.02); significance remained after adjustment for

comorbidity, age and sex. Wilson et al. [37] also observed

that increased exposure to anticholinergic or sedative

medications (and subsequent increased DBI) was associ-

ated with an increased frequency of falls (p\ 0.001).

3.2.4 Hospitalization

One study measured the association between anticholiner-

gic medication burden and the rate of hospitalization (see

Table 1). This study took place in the community setting,

and anticholinergic medication burden was measured using

the DBI [47]. Patients were categorized into three groups

on the basis of their calculated DBI; these groups were ‘0’,

‘[0 to\1’ and ‘C1’, which corresponded to ‘low’, ‘med-

ium’ and ‘high’ DBI. The proportion of hospitalized

patients increased significantly with each increased DBI

group (p = 0.027), adjusted for age and sex. However, the

association between increased DBI and hospitalization was

limited; increased DBI was not associated with an

increased length of hospital stay, nor did it predict hospital

utilization [47].

3.2.5 All-Cause Mortality

Three studies measured the association between anti-

cholinergic medication burden and all-cause mortality (see

Table 1); the anticholinergic risk tools utilized were the

DBI [38, 42], DBI-WHO [42], mARS and dose-adjusted

mARS [41]. The clinical settings included a number of

hospitals [41, 42] and RACFs [38]; mortality data were

obtained from patients’ medical notes and national regis-

ters. Only Lowry et al. [41] reported significant results;

increased scores in the mARS (p = 0.001) and dose-ad-

justed mARS (p = 0.005) were associated with mortality

but only in those also diagnosed with hyponatraemia.

3.3 Quality Assessment Analysis

Quality assessment analysis for the included studies was

completed using the Jadad scale for RCTs and the NOS for

observational studies; the studies were ‘very good’ [36–42,

47] or ‘good’ [43–46], and one was unclassified [48]. The

latter was described as a ‘prospective cohort study’ and an

‘open-labelled case–control study’, which delivered an

intervention to a ‘randomized’ group of patients; hence it

was assessed as an RCT [48].

3.4 Development Studies

Studies associated with development of these tools were

published between 1978 and 2014 (inclusive)—six in the

USA [22, 23, 25, 50–52], one in Canada [43] and one in

France [42]. Table 2 provides an overview of the devel-

opment studies; it details the study design, clinical setting

and study population, highlights the main characteristics of

the tool, and reports the association between anticholiner-

gic medication burden and the outcomes measured. The

studies included hospital patients [42, 43, 50], residents of

long-term care facilities [22], community-dwelling patients

[23, 25, 51] and an in vitro analysis of AA [52]. The out-

comes measured were delirium [50], delirium symptom

severity and dementia diagnosis [43], SAA [22], physical

function, attention and concentration [25], in vitro AA

The Burden of Anticholinergic Medication in the ‘Oldest Old’ 841



Table 2 Description of the development studies, tool characteristics and the association between anticholinergic medication burden and the

outcomes measured

Tool

developed

Study design, clinical setting and study

population

Tool characteristics Association between ACH

burden and the outcomes

measured

Summers’

DRN

[50]

Study design: observational cohort study

Clinical setting: hospital

Study population: N = 84 patients

undergoing cardiotomy, cataract

extraction or electroconvulsive therapy

Quantification: 4-point scale (scores 0–3)

Derivation: compilation of medicines with

anticholinergic effect and those known to cause

delirium

Number of ACHs: 62

Delirium ?

CR-ACHS

[43]

Study design: longitudinal observational

study

Clinical setting: hospital

Study population: N = 278 patients with

incident/prevalent delirium, average age

83.4 ± 7.3 years

Quantification: 4-point scale (scores 0–3)

Derivation: an extension of Summers’ DRN [50] to

include medicines with known anticholinergic effect

as reported in the literature and rated by 3 geriatric

psychiatrists

Number of ACHs: 340

Delirium symptom ?

Dementia diagnosis -

ADS [22] Study design: cross-sectional analysis of

data from an observational study [60]

Clinical setting: long-term care facilities

Study population: N = 297, average age

86 ± 7 years

Quantification: 4-point scale (scores 0–3)

Derivation: compilation of those medicines included in

the CR-ACHS [43] and also associated with SAA [20]

Number of ACHs: 117

SAA ?

DBI [25] Study design: cross-sectional analysis of

data from an observational study [61]

Clinical setting: community

Study population: N = 3075 well-

functioning persons, average age

73.6 ± 2.9 years

Quantification: pharmacological calculation of drug

burden using values of prescribed DD and MDD

Derivation: utilization of data from existing studies on

medications and their effects on physical and cognitive

function in older people. Published drug databases and

guidelines used to identify medications

Number of ACHs: country specific

Physical function ?

Attention/concentration ?

Chew’s

list [52]

Study design: in vitro radioreceptor assay

to measure AA of 107 medicines

commonly used by older adults

Quantification: 4-point scale

Derivation: compilation of medications with AA

in vitro, detected using the radioreceptor assay

Number of ACHs: 39

AA in vitro ?

ARS [23] Study design: literature review and

observational cohort study

Clinical setting: 2 cohorts from primary

care clinics

Retrospective study population: N = 132,

average age 78.8 ± 5.3 years

Prospective study population: N = 117,

average age 71.5 ± 11.6 years

Quantification: 4-point scale (scores 0–3)

Derivation: compilation of ACHs based on a literature

review and expert opinion

Number of ACHs: 49

ACH side effects ?

ACB [51] Study design: systematic literature review

and cross-sectional analysis

Clinical setting: primary care

Study population: N = 3013 older adults

from primary care clinics, average age

73.4 years

Quantification: 4-point scale (scores 0–3)

Derivation: compilation of ACHs based on systematic

literature review and expert opinion

Number of ACHs: 88

Cognitive function ?

DBI-WHO

[42]

Study design: longitudinal observational

study

Clinical setting: 3 geriatric medical

hospitals

Study population: N = 337, average age

85.4 ± 6.6 years

Quantification: pharmacological calculation of drug

burden using values of prescribed DD and DDD

Derivation: modification of DBI [25] to allow

international comparison of DBI scores

Number of ACHs: country specific

In-hospital falls ?

Mortality -

? Association observed, - no association observed, AA anticholinergic activity, ACB Anticholinergic Cognitive Burden, ACH anticholinergic

medication, ADS Anticholinergic Drug Scale, ARS Anticholinergic Risk Score, CR-ACHS Clinician-Rated Anticholinergic Score, DBI Drug

Burden Index, DBI-WHO Drug Burden Index-World Health Organization, DD daily dose, DDD defined daily dose, DRN drug risk number,

MDD minimum daily dose, N number of study participants, SAA serum anticholinergic activity
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[52], anticholinergic adverse effects (falls, dizziness, con-

fusion, dry mouth, dry eyes and constipation) [23], cogni-

tive function [51], in-hospital falls and mortality [42].

Quality assessment was completed using the NOS. One

study was classified as ‘very good’ [42], five as ‘good’ [22,

23, 25, 43, 51] and one as ‘satisfactory’ [50]; the in vitro

study [52] was not quality assessed.

3.5 Most Appropriate Tool for Use in Longitudinal

Research

The most appropriate tool for use in longitudinal research

was identified using criteria considered to be the key

attributes of an ideal anticholinergic risk tool. The tools

identified by our search strategy were compared against

these criteria, and a consensus was researched by discus-

sion within the research team. The DBI and DBI-WHO

compared most favourably, and Table 3 provides an

overview of the results of this analysis. All tools were

developed on the basis of the evidence that anticholinergic

medications inhibit the muscarinic receptors in the central

and peripheral nervous system, which leads to inhibition of

processes such as memory, attention, behaviour and motor

functions [18]. With the exception of Summers’ DRN, all

tools were associated with at least one of the clinical out-

comes of interest; however, Summers’ DRN was associ-

ated with delirium in its development study. The DBI

compared most favourably in its ability to associate anti-

cholinergic medication burden with the clinical outcomes

of interest; six of the included studies measured anti-

cholinergic medication burden using the DBI, five of which

reported a significant association with the clinical out-

comes measured. The DBI was associated with all clinical

outcomes of interest, except for all-cause mortality,

whereas the other tools identified were utilized less fre-

quently by the included studies and gave inconsistent

results. All tools provided an indication of severity (i.e. a

score to indicate either AA or drug burden); however, none

of the tools identified provided a concise, comprehensive

level of information with regard to anticholinergic medi-

cation burden (e.g. offered alternatives to improve pre-

scribing practice). With the exception of the DBI-WHO, all

of the tools have been utilized by MDTs in a number of

different settings; however, inter-rater reliability values

have not been extensively reported. All tools were regarded

as suitable for use in clinical practice, as research tools and

for incorporation into a CDSS; however, calculation of the

DBI and DBI-WHO may prove more time consuming in

clinical practice. Summers’ DRN [50], the CR-ACHS [43],

the ADS [22], Chew’s list [52], the ARS [23], and the ACB

[51] need to be regularly updated to include new medica-

tions with recognized anticholinergic properties, and any

new medications added need to be scored accordingly.

Furthermore, these tools reflect the prescribing patterns of

the country in which they were developed, which restricts

their generalizability; the DBI [25] and DBI-WHO [42],

however, offer more flexibility. Hilmer et al. [25] used

Mosby’s Drug Consult [53] and the Physicians’ Desk

Reference [54] to define anticholinergic and sedative drugs

in their development of the DBI; therefore, using country-

specific resources (e.g. Monthly Index of Medical Spe-

cialities [MIMS], the DBI [25] and DBI-WHO [42]) can be

Table 3 Criteria used to identify the most appropriate tool for use in longitudinal research and the results of this analysis

Ideal risk tool criteria Summers’ DRN

[50]

CR-ACHS

[43]

ADS

[22]

DBI

[25]

Chew’s list

[52]

ARS

[23]

ACB

[51]

DBI-WHO

[42]

Evidence based ? ? ? ? ? ? ? ?

Associated with clinical outcomes ? ?? ?? ??? ?? ?? ?? ?

Provided indication of severity/risk ? ? ? ? ? ? ? ?

Concise - - - - - - - -

Offered alternatives to improve

prescribing practice

- - - - - - - -

Good inter-rater reliability within MDT - - - - - - - -

Suitable for clinical practice ?? ?? ?? ? ?? ?? ?? ?

Suitable as a research tool ? ? ? ? ? ? ? ?

Suitable for incorporation into CDSS ? ? ? ? ? ? ? ?

Provided up-to-date information - - - ? - - - ?

Suitable for international utilization - - - ? - - - ??

? Extent to which risk tool exhibits characteristic, - risk tool does not exhibit characteristic, ACB Anticholinergic Cognitive Burden,

ADS Anticholinergic Drug Scale, ARS Anticholinergic Risk Score, CDSS clinical decision support system, CR-ACHS Clinician-Rated Anti-

cholinergic Score, DBI Drug Burden Index, DBI-WHO Drug Burden Index-World Health Organization, DRN drug risk number, MDT multi-

disciplinary team
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adapted to reflect the anticholinergic medications pre-

scribed within that country. In addition, their underlying

methodology is based on an equation, produced in accor-

dance with pharmacological principles. This element will

not change over time and does not require regular updating.

The substitution of approved minimum daily dose (MDD)

values, specific to the country in which it is being utilized,

renders the DBI suitable for international use. The DBI-

WHO utilizes universal ‘defined daily dose’ (DDD) values

provided by the WHO Collaborating Centre (WHOCC) for

Drug Statistics Methodology [42], which increases its

international relevance. The WHOCC guidelines state that

DDD values should not be used to standardize the clinical

effect of similar active compounds; in addition, MDD

values do not account for individual patient characteristics

(e.g. age and sex). Nevertheless, these values can be used

as an estimate to allow the researcher to assess prescribing

trends [55] and, in this instance, quantify anticholinergic

medication burden.

4 Discussion

To our knowledge, this is the first systematic review of

clinical studies that have quantified anticholinergic medi-

cation burden in those aged 80 years and over, which

reports the measurement of association between anti-

cholinergic medication burden and a defined set of clinical

outcomes, and identifies the most appropriate tool for use

in longitudinal research. Thirteen studies and eight distinct

risk tools were identified. Summers’ DRN was the foun-

dation upon which the CR-ACHS and ADS were estab-

lished; despite this, each tool was evaluated individually.

Two studies used a slightly modified version of the ARS

(thereafter referred to as mARS) [40, 49]. This modified

version included two additional medications, ipratropium

and tiotropium. The study investigators chose to include

these medications in their analysis of anticholinergic

medication burden, as both were found to possess consid-

erable AA [56]. The mARS referred to in this review

should not be confused with the more recent Modified

Anticholinergic Risk Scale [15], published in 2014 by

Sumukadas et al. This latter anticholinergic risk tool was

produced in accordance with UK prescribing patterns and

incorporated medications listed in the ACB and ADS that

were considered to have anticholinergic properties; how-

ever, it was not included in this review, as the study pop-

ulation did not have a mean age C80 years. A previous

review [30] reported the ACB as being the most frequently

validated tool in ascertainment of the association between

anticholinergic medication burden and adverse clinical

outcomes; however, in this review, the ACB was utilized

by only one group of researchers [45]. Nevertheless, our

findings indicate that anticholinergic medication burden

was associated with impaired cognitive and physical

function, as well as an increased frequency of falls; how-

ever, its association with hospitalization and all-cause

mortality was uncertain. The review also concluded that

the DBI was the most suitable tool for longitudinal

research.

Of the studies that measured cognitive function (n = 8),

five reported a significant association with anticholinergic

medication burden. While incident cognitive impairment

may be a confounding factor, these five studies employed

measures to account for this. Such measures included sta-

tistical adjustment for dementia diagnosis [36, 39], statis-

tical adjustment for dementia diagnosis and delirium type

[43], and statistical adjustment for baseline MMSE scores

[45], as well the execution of a statistical analysis on two

independent study groups (based on a diagnosis of

dementia, or lack thereof) [46]. Three studies did not report

an association with anticholinergic medication burden,

maybe because of characteristics of the study populations

at baseline or the short duration of follow-up. For example,

one of the studies that failed to report significant results

observed a high prevalence of dementia diagnosis at

baseline [44], while inclusion in the other study required a

diagnosis of dementia [48]. Both studies had a short

duration of follow-up (8 weeks and 12 weeks, respec-

tively). In populations with such impaired cognition at

baseline, longer follow-up periods may be required for

clinical significance to be achieved. The other study, which

did not report an association between anticholinergic

medication and cognitive function, utilized only one

component (the anticholinergic component) of the DBI (the

DBAC); it did not include sedative medications in the

analysis, which may explain this lack of association [40].

Studies that measured cognitive function used a number of

different scales in doing so [e.g. the MMSE, Modified

MMSE (3MS), Abbreviated Mental Test (AMT) and

Consortium to Establish a Registry for Alzheimer Disease

(CREAD)]. These scales may differ in their sensitivity to

changes in cognition, which may have led to inconsisten-

cies in the results observed.

Evidence of the association between anticholinergic

medication burden and physical function was more sub-

stantial than that for cognitive function. Five studies

measured physical function, and only one study failed to

report a significant association with anticholinergic medi-

cation burden. That study, which did not find an association

with physical function, was an RCT conducted in Japanese

veterans diagnosed with dementia, and anticholinergic

medication burden was measured using the CR-ACHS

[48]. Geographical differences between this study and the

CR-ACHS development study may, in part, explain this

lack of significance. The CR-ACHS was originally
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developed in Canada where, perhaps, medications that are

regularly prescribed differ from those used in Japan. Fur-

thermore, outcome measures between these two studies

differed, in that the CR-ACHS was developed to determine

the association between anticholinergic medication burden

and diagnosis of dementia or delirium symptom severity, as

defined by the Delirium Index (DI) [43]; the study by Yeh

et al. [48] measured the association between anticholiner-

gic medication burden and physical function, defined by

the BI.

Anticholinergic medication burden was also associated

with an increased frequency of falls; three studies evalu-

ated this relationship, and two reported a significant asso-

ciation, using the DBI [37] and DBI-WHO [42]. The study

that reported results contrary to this only measured falls

that resulted in hospital admission; however, it is possible

that increased DBI may have been significantly associated

with an increased frequency of falls, but not necessarily

falls that resulted in hospitalization [36]. Interestingly, one

study that observed a significant association between

increased DBI-WHO and an increased frequency of falls

also reported that increased frequency of falls did not

correlate with increased polypharmacy. In fact, those who

experienced an increased number of falls were receiving

fewer medications, which emphasizes that prescribing

appropriateness is paramount in this population [42]. The

clinical outcomes ‘hospitalization’ and ‘all-cause mortal-

ity’ were evaluated less frequently (n = 1 and n = 3

respectively), and the results were inconclusive, possibly

because of the short duration of follow-up used. In par-

ticular, studies measuring all-cause mortality may require a

much longer duration of follow-up in order to reach sig-

nificance. Nevertheless, this highlights the need for more

clinical studies to assess the effects of anticholinergic

medication burden on these outcomes, hospitalization and

all-cause mortality.

With the exception of one study [48], the quality

assessment results for the included studies were ‘very

good’ [36–42, 47] or ‘good’ [43–46]. The retrieval and

quality assessment of development studies provided

information on the tools identified, such as the basis on

which they were established, the methods associated with

their development, the outcomes measured and the results

reported. Unlike the quality assessment of the included

studies, only the DBI-WHO development study was clas-

sed as ‘very good’ [42]; the CR-ACHS, ADS, DBI, ARS

and ACB development studies were classed as ‘good’ [22,

23, 25, 43, 51]. To ascertain the most appropriate tool for

use in longitudinal research, the tools identified by our

search strategy were compared against a defined set of

criteria that were considered to be the key attributes of an

ideal anticholinergic risk tool for use in older people; the

DBI compared most favourably in this analysis. Despite the

increased international relevance of the DBI-WHO, it was

not considered a better tool than the original DBI, as it has

not been extensively validated across several clinical set-

tings, nor has it been associated with various clinical out-

comes. This was not surprising, as it has only recently been

published in 2014 [42].

Undoubtedly, each tool has its own strengths and limi-

tations, and no tool has been designed to replace the

knowledge or expertise of the clinician. There are a number

of strengths common to all identified tools; all are based on

clinical evidence, are associated with clinical outcomes,

provide an indication of severity, and are suitable for

clinical practice and incorporation into a CDSS. However,

none of the identified tools offers an alternative to improve

the appropriateness of anticholinergic prescribing or

accounts for patient-specific characteristics (e.g. sex, eth-

nicity, exposure to other pharmacological compounds, or

disease diagnosis and subsequent variability in the body’s

physiological response to medications). Furthermore, all of

the tools identified assume that quantification of cumula-

tive drug burden is a linear additive process, but this may

not be the case, as anticholinergic medications are not

clinically proportionate; one cannot assume that aggregate

drug burden is derived through summation of the scores

assigned to the individual drugs. In addition to these

common limitations, tools based on scored drug lists do not

account for drug dose, and their utilization is more

restrictive in that they are country specific; as a result, there

is considerable variation between these tools in terms of the

number of drugs included within each tool (in this instance,

ranging from 39 to 340) and the scores assigned to them.

Despite this, tools based on scored drug lists, such as the

ARS, provide a quick and convenient categorical measure

of anticholinergic medication burden, which is particularly

useful for busy physicians on the hospital ward, whereas

calculation of DBI and DBI-WHO is more time consum-

ing. Moreover, MDD and DDD values used to calculate

DBI and DBI-WHO may not reflect the actual dose pre-

scribed in this older population. Nevertheless, the DBI and

DBI-WHO account for drug dose, incorporate the princi-

ples of dose response and are easily adapted to reflect the

prescribing patterns of the country in which they are being

utilized.

In a previous systematic review of anticholinergic risk

tools, Durán et al. identified a number of discrepancies

between those identified (e.g. the number of drugs included

in each tool identified ranged from 22 to 117) [21]. Sub-

sequently, the authors developed their own uniform list of

anticholinergic drugs (n = 100), through a synthesis of the

seven distinct tools identified by their systematic review

[21]. Despite being highly credible, this tool was not

included in our review, as it did not meet our inclusion

criteria. The inconsistency in scores attributed to the same
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drug by different tools has also been cited in a recent study,

which utilized the ADS, ARS and ACB to quantify the

anticholinergic medication burden of 83 hospital patients

(aged C65 years). It found a poor level of agreement

between these risk tools and reported mean anticholinergic

risk scores of 1.96 ± 1.01 (ARS), 1.98 ± 1.3 (ADS) and

3.28 ± 1.58 (ACB) [24]. This discrepancy may be a direct

result of the tools having been developed in different

countries using different methods and outcome measures,

as noted by Durán et al. [21]. Having considered the results

for the association between anticholinergic medication

burden and the clinical outcomes of interest (as reported in

the included studies), the quality of the included studies,

the quality of the development studies and the extent to

which the identified tools exhibit the key attributes of an

ideal anticholinergic risk tool, the DBI has been assessed to

be the best tool overall.

This review had a number of strengths; following the

principles of systematic reviewing, the objectives were

researched, justified and clearly stated. A robust literature

search was conducted across six electronic databases, and

strict inclusion criteria were predefined. Previous reviews

either have focused on a single clinical outcome [29, 57] or

have not been specific to those aged 80 years and older

[28–30]; this review, however, assessed five clinical out-

comes that we considered to be particularly relevant in the

‘oldest old’. Data extraction was completed independently

by two researchers, and a quality assessment of all included

studies was completed. In addition, studies associated with

the development of each tool were retrieved, relevant data

extracted and their quality assessed. However, the absence

of a meta-analysis and calculation of an effect size was a

limitation of this review. There was considerable clinical

and methodological heterogeneity between the included

studies (e.g. differences in study designs, interventions

used and outcomes measured); therefore, it was not pos-

sible to undertake a meta-analysis. This was not surprising,

as both RCTs and observational studies were eligible for

inclusion in this review, as were a total of five clinical

outcomes. A further limitation of this review was the cri-

teria used to determine the most appropriate tool for use in

longitudinal research. Despite having been compiled in

accordance with the literature, agreed upon by consensus of

the research group and approved by a consultant geriatri-

cian, these criteria have not been validated for this purpose.

5 Conclusion

This review identified the tools used to quantify anti-

cholinergic medication burden in subjects aged 80 years

and over, assessed their ability to associate this burden with

a defined set of clinical outcomes and determined the most

appropriate tool for use in longitudinal research, conducted

in the ‘oldest old’. Our results indicate that anticholinergic

medication burden is associated with impaired cognitive

function and physical function, as well as an increased

frequency of falls; however, its association with hospital-

ization and all-cause mortality is inconclusive. Overall, the

DBI was considered the most appropriate tool for use in

longitudinal research, conducted in this older population.

In light of the limited number of studies conducted in this

population group, future studies should endeavour to

ascertain the effect of anticholinergic medication burden in

populations that are, exclusively, aged 80 years and older.
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