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Assessing Risks of Polypharmacy Involving Medications 
With Anticholinergic Properties

ABSTRACT
PURPOSE Anticholinergic burden (ACB), the cumulative effect of anticholinergic 
medications, is associated with adverse outcomes in older people but is less stud-
ied in middle-aged populations. Numerous scales exist to quantify ACB. The aims 
of this study were to quantify ACB in a large cohort using the 10 most common 
anticholinergic scales, to assess the association of each scale with adverse out-
comes, and to assess overlap in populations identified by each scale.

METHODS We performed a longitudinal analysis of the UK Biobank community 
cohort (502,538 participants, baseline age: 37-73 years, median years of follow-
up: 6.2). The ACB was calculated at baseline using 10 scales. Baseline data were 
linked to national mortality register records and hospital episode statistics. The 
primary outcome was a composite of all-cause mortality and major adverse car-
diovascular event (MACE). Secondary outcomes were all-cause mortality, MACE, 
hospital admission for fall/fracture, and hospital admission with dementia/
delirium. Cox proportional hazards models (hazard ratio [HR], 95% CI) quantified 
associations between ACB scales and outcomes adjusted for age, sex, socioeco-
nomic status, body mass index, smoking status, alcohol use, physical activity, 
and morbidity count.

RESULTS Anticholinergic medication use varied from 8% to 17.6% depending 
on the scale used. For the primary outcome, ACB was significantly associated 
with all-cause mortality/MACE for each scale. The Anticholinergic Drug Scale was 
most strongly associated with mortality/MACE (HR = 1.12; 95% CI, 1.11-1.14 per 
1-point increase in score). The ACB was significantly associated with all secondary 
outcomes. The Anticholinergic Effect on Cognition scale was most strongly associ-
ated with dementia/delirium (HR = 1.45; 95% CI, 1.3-1.61 per 1-point increase).

CONCLUSIONS The ACB was associated with adverse outcomes in a middle- to 
older-aged population. Populations identified and effect size differed between 
scales. Scale choice influenced the population identified as potentially requiring 
reduction in ACB in clinical practice or intervention trials.

Ann Fam Med 2020;18:148-155. https://doi.org/10.1370/afm.2501.

INTRODUCTION

Many frequently prescribed medications for a range of medical 
conditions have anticholinergic properties.1 The use of mul-
tiple anticholinergic medications leads to a cumulative effect, 

referred to as the anticholinergic burden (ACB). The ACB is associated 
with adverse outcomes, including mortality, cardiovascular events, falls, 
and cognitive impairment, in older people.2 Several scales exist to quantify 
ACB3-12; however, there is no consensus regarding the optimal scale.13 It 
is recognized that the population identified as being at risk for adverse 
outcomes may vary depending on the choice of scale.14-17 The scales dif-
fer in the medications they include and the score they assign to specific 
medications. Scales for measuring ACB tend to classify medications into 4 
categories, from no anticholinergic activity (score = 0) to high anticholin-
ergic activity (score = 3). Scores are calculated by scoring each individual 
medication a person is taking and then summing them to provide an over-
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all score. Validations of the scales vary in study design, 
participant age, setting, length of follow-up, and meth-
odologic quality.13

Studies quantifying the impact of ACB have typi-
cally focused on patients aged at least 65 years, and 
often much older. It is not clear if findings from high-risk 
populations, such as nursing home residents, are relevant 
to the larger population of younger, less frail individu-
als. People aged <65 years can be affected by multiple 
chronic conditions (multimorbidity), multiple medica-
tions (polypharmacy), and frailty.18 Understanding how 
ACB affects such people is vital if the risks associated 
with ACB are to be mitigated at a population level.

Using data from the UK Biobank, a large 
community-based cohort of 502,538 participants aged 
37 to 73 years, we aimed to quantify the ACB for par-
ticipants using the 10 most validated anticholinergic 
scales, assess the association of each scale with adverse 
outcomes previously linked to ACB, and assess the 
agreement and degree of overlap of the scales in iden-
tifying ACB in the same population.

METHODS
Study Design and Participants
The UK Biobank is a community-based cohort study 
of 502,538 participants recruited from 2006 to 2010 in 
England, Scotland, and Wales. Participants completed a 
touchscreen questionnaire, had an interview with a study 
nurse, and had physical measurements (eg, height and 
weight) documented. All participants provided informed 
consent for data collection, analysis, and linkage to 
national mortality records and hospital episode statistics. 
This study was part of UK Biobank project 14151, with 
ethical approval from the National Health Service’s 
National Research Ethics Service (16/NW/0274).

Identification of Anticholinergic Scales
A total of 10 different scales quantifying ACB were 
identified via a systematic literature review19 (see Sup-
plemental Appendix, http://www.AnnFamMed.org/con-
tent/18/2/148/suppl/DC1). These included the Anticho-
linergic Drug Scale (ADS),8 Clinician-rated Anticholin-
ergic Scale (CrAS),5 Anticholinergic Risk Scale (ARS),4 
Anticholinergic Cognitive Burden (ACoB),3 Anticho-
linergic Activity Scale (AAS),6 revised Anticholinergic 
Activity Scale (AAS-r),7 Anticholinergic Loading Scale 
(ALS),9 Modified Anticholinergic Risk Scale (m-ARS),12 
Anticholinergic Effect on Cognition (AEC),10 and Anti-
cholinergic Impregnation Scale (AIS).11

Baseline Variables
All participants reported medications taken at the 
time of recruitment during an interview with a trained 

study nurse. Participants were asked to name all 
regular medications taken excluding short-term medi-
cations (http://biobank.ctsu.ox.ac.uk/crystal/label.
cgi?id=100075). Specific data on dose, formulation, and 
duration were not collected. The British National Formu-
lary was used to identify generic and branded names 
for each medication.20 We calculated each participant’s 
ACB at baseline using each of the identified scales. 
Weightings for each medication (0-3) were taken 
from the published description of each scale and then 
summed to provide a numeric value for each scale.

The following baseline variables were used in 
adjusted analyses: age, sex, socioeconomic status 
(Townsend score derived from participant postcodes 
and divided into quintiles), body mass index (BMI; 
categorized as <18.5, 18.5-24.9, 25.0-29.9, ≥30.0), 
smoking status (current, previous smoker, nonsmoker), 
alcohol use (never/special occasions only, 1-3 times per 
month, 1-4 times per week, daily/almost daily), and 
level of physical activity in the past 4 weeks (none, low 
[light household tasks only], medium [heavy house-
hold tasks and/or walking for pleasure and/or other 
exercise], high [strenuous sports]). Participants also 
reported morbidities at the baseline assessment. The 
morbidities described in this study were from a list of 
43 morbidities originally established for a large epide-
miologic study in Scotland and subsequently amended 
for the UK Biobank.21,22 The number of morbidities 
reported was summed to give a morbidity count.

Outcomes
All outcomes were identified prospectively using data 
linkage. Baseline data were linked to national mortal-
ity records and hospital episode statistics. Hospital 
episode statistics outcomes were identified using Inter-
national Statistical Classification of Diseases and Related Health 
Problems, 10th revision (ICD-10) diagnostic codes. The 
median follow-up was 74.7 months (interquartile range, 
66.1-81.7 months).

Primary Outcome
The primary outcome was a composite of all-cause 
mortality and major adverse cardiovascular event 
(MACE; defined as nonfatal myocardial infarction 
[ICD-10 code I21], nonfatal stroke [ICD-10 codes I63, 
I64], or cardiovascular death [primary cause of death 
coded as I]).

Secondary Outcomes
Secondary outcomes included all-cause mortality, 
MACE, hospital admission for fall (ICD-10 codes 
W0, W1) or fracture (ICD-10 codes S02, S12, S22, 
S32, S42, S52, S62, S72, S82, S92, T05), and hospital 
admission with dementia or delirium (ICD-10 codes 
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F00, F01, F02, F03, F05; analysis was limited to partici-
pants without a dementia diagnosis at baseline).

Statistical Analysis
All analyses were prespecified before inspection of the 
data, in keeping with Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) 
guidelines.23

Baseline Descriptive Analysis
We classified the cohort as participants taking any anti-
cholinergic medication at baseline according to any of 
the 10 scales and those taking no anticholinergic medi-
cation. Age, sex, socioeconomic status, BMI, smoking 
status, alcohol use, physical activity level, morbidity 
count, and number of medications were summarized 
for each group.

Time-to-Event Analyses – Main Analysis
We used Cox proportional hazards models to assess 
the risk of each outcome for baseline values of each of 
the anticholinergic scales. We examined log-log sur-
vival curves to assess the proportional hazards assump-
tion for each variable. Cause-specific models were used 
to account for competing risks.24 Each outcome was 
modeled using time to first event.

For the main analysis, hazard ratios (HRs) with 95% 
CIs were calculated for a 1-point increase in ACB for 
each scale. We excluded participants with missing data 
for ≥1 covariate. Each scale was modeled separately 
using 3 different models. Model 1 adjusted for age, sex, 
and socioeconomic status (n = 501,992; 0.1% missing). 
Model 2 adjusted as for Model 1 plus adjustment for 
BMI, smoking status, alcohol use, and physical activ-
ity level (n = 487,697; 3% missing). Model 3 adjusted 
as for Model 2 plus adjustment for morbidity count 
(n = 483,182; 3% missing).

Contribution of the anticholinergic scale was 
assessed by calculating the proportion of explainable 
variance explained by the scale. The predictive accu-
racy of Model 3 was assessed using Harrell’s C-statistic 
with 10-fold internal cross-validation. The C-statistic 
of a base model (including all covariates except the 
anticholinergic scale) was calculated for comparison.

Time-to-Event Analyses – Sensitivity Analyses
We performed 3 prespecified sensitivity analyses to 
assess potential sources of bias. The first excluded 
events occurring in the first 12 months of follow-up 
(to limit bias from reverse causality). For the second, 
follow-up was truncated at 24 months, with participants 
censored at first event or at 24 months of follow-up, 
whichever occurred first (to limit bias from unmeasured 
fluctuations in ACB over the full follow-up period). The 

third adjusted for all covariates of Model 2 plus hyper-
tension, coronary heart disease, diabetes, stroke/tran-
sient ischemic attack, and heart failure at baseline. This 
was performed for the primary outcome (cardiovascular 
event or death), all-cause mortality, and MACE only.

Assessment of Overlap of Anticholinergic Scales
A Venn diagram was created using the 4 most vali-
dated scales (ARS, ADS, CrAS, ACoB13) to assess the 
level of overlap for participants identified as scoring ≥1 
on these scales.3-5,8,13

RESULTS
Baseline Characteristics
Sociodemographic characteristics are shown in Table 
1. Participants taking anticholinergic medication (score 
≥1 on any scale) were significantly older than those 
taking no anticholinergic medication (score 0 on all 
scales) and more likely to be female, to be current or 
previous smokers, to report infrequent or no alcohol 
intake, and to have low physical activity. The median 
morbidity count was greater for those with greater 
ACB, as was the median number of medications.

Anticholinergic Burden Among UK Biobank 
Participants
Figure 1 shows the ACB for UK Biobank participants 
for each of the 10 scales. There was variation between 
scales in the number of people identified at all levels. 
The ALS identified the greatest number of people as 
taking anticholinergic medication (n = 88,409, 17.6%). 
The ARS identified the fewest (n = 40,298, 8%).

Outcomes
Primary Outcome
With respect to the primary outcome composite of 
all-cause mortality and MACE, a total of 16,375 (3.3%) 
participants experienced nonfatal myocardial infarction, 
stroke, or death within the follow-up period. Greater 
ACB was significantly associated with a greater risk of 
the primary outcome for all scales (Table 2). The effect 
size associated with ACB was attenuated when adjust-
ing for potential confounders (Supplemental Appendix). 
In the fully adjusted model (Model 3: adjusted for age, 
sex, socioeconomic status, BMI, smoking status, alcohol 
use, physical activity level, and morbidity count), HRs 
per 1-point increase in ACB ranged from 1.05 (95% CI, 
1.03-1.07) for CrAS to 1.12 (95% CI, 1.11-1.14) for ADS.

Sensitivity analyses 1 (excluding events in the first 
year) and 3 (controlling for cardiovascular comorbidity) 
showed similar results to the main analysis. In sensitiv-
ity analysis 2 (truncated at 24 months follow-up), ARS 
was not significantly associated with MACE or death.
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Secondary Outcomes
The HRs for the fully adjusted model (Model 3) for 
each of the secondary outcomes and each anticholiner-
gic scale are shown in Table 2. Results were similar to 
the composite primary outcome when considering all-

cause mortality and MACE separately. Each scale was 
significantly associated with risk of hospitalization for 
fall/fracture. However, the predictive accuracy was less 
than that for other outcomes (ie, the C-statistic was 
0.626 for ADS; see Supplemental Appendix).

A total of 210 participants (not reporting dementia 
at baseline) had a hospital admission with dementia 
or delirium during follow-up. Each scale was signifi-
cantly associated with increased risk (Table 2). The 
AEC score, which was designed to assess the risk of 
neurocognitive complications, showed the greatest 
effect size for this outcome (HR = 1.45; 95% CI, 1.3-
1.61). Models including AEC had the greatest predic-
tive accuracy for dementia/delirium compared to the 
base model (the C-statistic was 0.832 and 0.806 for 
the AEC model and base model, respectively). The 
HRs for ARS and AAS-r were no longer significant 
after excluding admissions in the first year. Truncating 
follow-up at 24 months, AAS-r did not show significant 
effect sizes (Supplemental Appendix).

Overlap of Populations Identified by Scales
To illustrate the degree of overlap in populations 
identified as at risk by the different scales, participants 
scoring ≥1 on any of the 4 most validated scales (ADS, 
CrAS, ARS, ACoB)3-5,8 are shown in the Venn diagram 
in Figure 2. A total of 23% of these participants scored 
≥1 on all 4 scales.

DISCUSSION
Summary of Findings
We found considerable variability between scales in 
the proportion of participants identified as taking anti-
cholinergic medication and the quantification of ACB. 
Regarding the 4 most validated scales,3-5,8 less than 1 in 
4 of those scoring ≥1 on any scale were identified by 
all 4 scales. Despite this, a modest association between 
anticholinergic medication use and cardiovascular 
events, mortality, admission due to fall/fracture, or 
admission with dementia/delirium was seen across all 
scales after adjusting for multiple clinical and sociode-
mographic factors. Small effect sizes of this kind might 
still be important at the population level, especially 
when there is no proven intervention that halts or 
delays cognitive decline, one of the important adverse 
effects. The association between ACB and outcomes 
has biologic plausibility. Our results appear to be robust 
because associations remained consistent when cor-
rected for potential confounders and across several pre-
specified sensitivity analyses. Effect sizes for AEC and 
AIS, which were developed to predict neurocognitive 
outcomes, were greater for dementia/delirium; however, 
CIs overlapped with the other scales. Whereas there 

Table 1. Baseline Characteristics

Variable

Score = 0 on  
All Scales 

N = 367,319

Score ≥1 on  
Any Scale 

N = 135,321

Age, y, median (IQR) 57 
(49-62)

60 
(53-65)

Missing 0 0

Sex, No. (%)

Female 198,346 (54) 75,120 (55.5)

Male 168,973 (46) 60,201 (44.5)

Missing 0 0

Townsend score quintile 
(socioeconomic status), 
No. (%)
1 (Least deprived) 77,293 (21.1) 23,394 (17.3)

2 75,738 (20.6) 24,381 (18.0)

3 74,334 (20.3) 26,078 (19.3)

4 72,916 (19.9) 27,479 (20.3)

5 (Most deprived) 66,602 (18.2) 33,798 (25.0)

Missing 436 191

BMI category, No. (%)

<18.5 1,975 (0.5) 651 (0.5)

18.5-24.9 127,580 (35) 29,887 (22.5)

25.0-29.9 159,715 (43.8) 54,552 (41.1)

≥30 74,969 (20.6) 47,491 (35.8)

Missing 3,080 2,740

Smoking status, No. (%)

Never 208,977 (57.2) 64,624 (48.1)

Previous 120,154 (32.9) 52,944 (39.4)

Current 36,210 (9.9) 16,779 (12.5)

Missing 1,978 974

Alcohol use, No. (%)

Never/special occasions 61,230 (16.7) 37,460 (27.8)

1-3 times per month 39,987 (10.9) 15,886 (11.0)

1-4 times per week 187,445 (51.2) 57,339 (42.5)

Daily/almost daily 77,572 (21.2) 24,218 (18.0)

Missing 1,085 418

Physical activity level,  
No. (%)
High 43,279 (11.9) 6,798 (5.1)

Medium 290,383 (80.0) 103,221 (77.9)

Low 11,330 (3.1) 7,613 (5.7)

None 17,983 (5.0) 14,875 (11.2)

Missing 4,344 2,814

Morbidity count, median 
(IQR)

1 (0-1) 2 (1-3)

Missing 1,173 672

Number of regular medica-
tions, median (IQR)

1 (0-2) 4 (3-7)

Missing 862 0

BMI = body mass index; IQR = interquartile range.

Note: Percentages were calculated excluding missing values.
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was a consistent association between ACB and risk of 
adverse outcomes regardless of scale used, the popula-
tions identified as being at risk varied considerably 
depending on which scale was used. This has important 
implications if ACB is to be assessed in clinical practice 
and interventions designed to reduce its impact.

Strengths and Limitations
The UK Biobank cohort is larger than any previous 
cohort assessing ACB and includes data covering a 
broad range of sociodemographic and lifestyle char-
acteristics. Follow-up via linkage to mortality registers 
and national hospital episode statistics limited recall 
bias in outcome assessment but relied on these events 
resulting in an inpatient episode and being accurately 
coded. Whereas this was unlikely to affect our iden-
tification of MACE, mortality, and fractures, other 
outcomes, such as falls and dementia/delirium, might 
lack sensitivity.25 Whereas the length of follow-up was 
an advantage, ACB and the extent of multimorbidity 
might change over time. These changes were not cap-
tured by modeling only baseline values. We conducted 
a sensitivity analysis truncating follow-up at 24 months 
to limit bias caused by unmeasured fluctuations in 
ACB or multimorbidity during the follow-up period. 
However, such an analysis might only partially mitigate 
potential bias from unmeasured changes over time. All 
medication and morbidity variables were defined by 
self-report, which is a potential source of bias. The UK 
Biobank data are not currently linked to primary care 
or prescribing databases that could validate medica-
tion use or diagnoses. However, participants were sup-
ported by a study nurse in providing accurate medical 
and drug history, and limitations of self-report would 
be expected to affect each scale similarly. Finally, we 
did not have information on dosage or duration of 

anticholinergic medication taken. The included scales 
do not specify medication dose. This meant that we 
were unable to include alternative scales, such as the 
Drug Burden Index, which includes a subscale assessing 
ACB.26 Duration of medication usage is also likely to be 
an important factor in the risk of adverse outcomes, and 
we were not able to measure this in the present study.

Our present findings indicate association only. A 
causal relation between ACB and adverse outcomes 
was not proven. As with any observational study, our 
findings were susceptible to residual confounding. 
Assessing adverse consequences from medication use 
is particularly susceptible to confounding by indication 
(wherein the indicating illness, rather than medica-
tion, is the causative factor in adverse outcomes).27 
We attempted to limit this by adjusting for morbidity 
count as a measure of chronic disease burden. Results 
remained significant, although HRs were attenuated. 
We also conducted a sensitivity analysis for cardiovas-
cular outcomes, adjusting for a range of cardiometa-
bolic comorbidities, with similar results. However, 
these analyses cannot rule out residual confounding.

Context and Implications
Recommendations to reduce ACB are starting to be 
included in clinical guidelines (eg, for dementia or 
polypharmacy).28,29 Our present findings indicate that 
the number of people identified as being at risk will 
vary depending on the measures used (eg, ALS identi-
fied more than twice as many people as ARS), and 
different scales will identify different people. The ARS 
and ACoB had the greatest effect size for the primary 
outcome, although point estimates for AEC and AIS 
were greater for neurocognitive outcomes. Rather than 
identifying an optimal scale, our findings highlight pit-
falls and implications that should be considered when 

Table 2. Hazard Ratios (95% CI) for Anticholinergic Scales, by Outcome

Scale MACE/Mortality All-Cause Mortality MACE Fall or Fracture Dementia/Delirium

CrAS 1.05 (1.03-1.07) 1.05 (1.04-1.07) 1.03 (1-1.06) 1.09 (1.06-1.11) 1.23 (1.1-1.36)

ARS 1.05 (1.03-1.08) 1.06 (1.04-1.08) 1.01 (0.97-1.05) 1.06 (1.03-1.1) 1.23 (1.07-1.4)

AAS-r 1.06 (1.04-1.08) 1.07 (1.05-1.08) 1.07 (1.04-1.09) 1.09 (1.06-1.12) 1.14 (1.02-1.28)

ALS 1.06 (1.04-1.08) 1.07 (1.05-1.08) 1.04 (1.01-1.07) 1.1 (1.07-1.13) 1.26 (1.14-1.41)

AAS 1.06 (1.05-1.08) 1.07 (1.05-1.09) 1.07 (1.05-1.1) 1.09 (1.06-1.12) 1.24 (1.11-1.37)

AEC 1.07 (1.05-1.1) 1.08  (1.06-1.1) 1.04 (1-1.08) 1.12 (1.09-1.16) 1.45 (1.3-1.61)

m-ARS 1.07 (1.06-1.09) 1.08 (1.06-1.1) 1.02 (0.99-1.06) 1.08 (1.05-1.12) 1.27 (1.13-1.43)

AIS 1.08 (1.06-1.1) 1.09 (1.07-1.11) 1.04 (1.01-1.08) 1.14 (1.1-1.17) 1.38 (1.24-1.54)

ACoB 1.12 (1.1-1.14) 1.13 (1.11-1.15) 1.17 (1.14-1.2) 1.11 (1.08-1.14) 1.26 (1.14-1.4)

ADS 1.12 (1.11-1.14) 1.13 (1.12-1.15) 1.15 (1.12-1.17) 1.13 (1.1-1.16) 1.29 (1.16-1.42)

AAS = Anticholinergic Activity Scale; AAS-r = revised Anticholinergic Activity Scale; ACoB = Anticholinergic Cognitive Burden; ADS = Anticholinergic Drug Scale; 
AEC = Anticholinergic Effect on Cognition; AIS = Anticholinergic Impregnation Scale; ALS = Anticholinergic Loading Scale; ARS = Anticholinergic Risk Scale; CrAS = Cli-
nician-rated Anticholinergic Scale; MACE = major adverse cardiovascular event; m-ARS = Modified Anticholinergic Risk Scale. 

Results from Model 3: Adjusted for age, sex, socioeconomic status, body mass index, smoking status, alcohol use, physical activity level, and morbidity count.
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attempting to identify and reduce ACB. The simplicity 
and usability of scales is also relevant to clinical use. 
The importance of classes of medications, compared to 
high or low scores, should also be explored.30

There is a need to explore the effect of reducing 
ACB at a population level, given that the focus of exist-
ing interventions is limited to frail older people.31,32 
The average age of UK Biobank participants is 
younger than previous cohorts validating these scales 
(mean ages generally >70 years, many conducted in 
nursing homes or palliative care settings). Participants 
in the UK Biobank are more affluent and less multi-
morbid than the UK average.33 Whereas this limits 

accurate inference regarding the prevalence of ACB in 
the general population, relations between exposures 
and outcomes remain valid. However, the effect sizes 
observed in the present study were modest, and the 
effect of reducing ACB at an individual level is not 
clear. Furthermore, residual confounding, particu-
larly confounding by indication, cannot be excluded 
as an explanation for the associations observed. Our 
present finding that ACB is associated with various 
adverse outcomes, in a younger and relatively healthier 
population than previously studied, highlights that 
there may be value in interventions to reduce ACB at 
a population level because the absolute numbers of 

Figure 1. Number of participants identified as taking anticholinergic medication, by each scale.

 Scale
Included  

medications

ARS Anticholinergic Risk Scale (Rudolph et al,4 2008) 49 

AEC Anticholinergic Effect on Cognition (Bishara et al,10 2017) 122 

m-ARS Modified Anticholinergic Risk Scale (Sumukadas et al,12 2014) 61 

AIS Anticholinergic Impregnation Scale (Briet et al,11 2017) 128 

AAS-r Revised Anticholinergic Activity Scale (Ehrt et al,7 2010) 99 

AAS Anticholinergic Activity Scale (Chew et al,6 2008) 107 

ACoB Anticholinergic Cognitive Burden (Boustani et al,3 2008) 88 

ADS Anticholinergic Drug Scale (Carnahan et al,8 2006) 117 

CrAS Clinician-rated Anticholinergic Scale (Han et al,5 2008) 60 

ALS Anticholinergic Loading Scale (Sittironnarit et al,9 2011) 49 
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people potentially at risk are high. Developing such an 
intervention would require investigation of barriers and 
facilitators to optimizing anticholinergic prescribing 
at the patient, professional, and organizational levels. 
However, there is also a need to identify and under-
stand what factors increase susceptibility to adverse 
effects of ACB (eg, older age, frailty, etc).

Conclusions
In a middle- to older-aged population of >500,000 
people, we found levels of anticholinergic prescrib-
ing ranging from 8% to 17.6% depending on the scale 
used. There was an association of anticholinergic med-
ication use with mortality, cardiovascular events, and 
admissions for falls/fractures and dementia/delirium, 
irrespective of scale used. This was true after adjusting 
for sociodemographic factors and morbidities. How-
ever, different populations will be identified depending 
on the scale used. These findings should inform their 
use in clinical practice and in decision making in future 
intervention trials.

To read or post commentaries in response to this article, see it 
online at http://www.AnnFamMed.org/content/18/2/148.
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Figure 2. Venn diagram of percent of participants scoring ≥1 on any of the 4 most validated scales.

ACoB = Anticholinergic Cognitive Burden; ADS = Anticholinergic Drug Scale; ARS = Anticholinergic Risk Scale; CrAS = Clinician-rated Anticholinergic Scale.

ADS

7.7%

15%

23%

11%

1.1%

9.3%

3%

5.6%

1.3%

0.024%

0.16%

CrASARS

ACoB

1.6%

0.12%

1.5%20%

WWW.ANNFAMMED.ORG
http://www.AnnFamMed.org/content/18/2/148


POLYPHARMACY INVOLVING ANTICHOLINERGICS

ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 18, NO. 2 ✦ MARCH/APRIL 2020

155

ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 18, NO. 2 ✦ MARCH/APRIL 2020

154

�Supplemental materials: Available at http://www.AnnFamMed.
org/content/18/2/148/suppl/DC1/.

References
	 1. Roe CM, Anderson MJ, Spivack B. Use of anticholinergic medica-

tions by older adults with dementia. J Am Geriatr Soc. 2002;​50(5):​
836-842.

	 2. Tune LE. Anticholinergic effects of medication in elderly patients. 
J Clin Psychiatry. 2001;​62(Suppl 21):​11-14.

	 3. Boustani M, Campbell N, Munger S, Maidment I, Fox C. Impact of 
anticholinergics on the aging brain:​ a review and practical applica-
tion. Aging Health. 2008;​4(3):​311-320.

	 4. Rudolph JL, Salow MJ, Angelini MC, McGlinchey RE. The anticholin-
ergic risk scale and anticholinergic adverse effects in older persons. 
Arch Intern Med. 2008;​168(5):​508-513.

	 5. Han L, Agostini JV, Allore HG. Cumulative anticholinergic exposure 
is associated with poor memory and executive function in older 
men. J Am Geriatr Soc. 2008;​56(12):​2203-2210.

	 6. Chew ML, Mulsant BH, Pollock BG, et al. Anticholinergic activity of 
107 medications commonly used by older adults. J Am Geriatr Soc. 
2008;​56(7):​1333-1341.

	 7. Ehrt U, Broich K, Larsen JP, Ballard C, Aarsland D. Use of drugs 
with anticholinergic effect and impact on cognition in Parkinson’s 
disease:​ a cohort study. J Neurol Neurosurg Psychiatry. 2010;​81(2):​
160-165.

	 8. Carnahan RM, Lund BC, Perry PJ, Pollock BG, Culp KR. The Anti-
cholinergic Drug Scale as a measure of drug-related anticholinergic 
burden:​ associations with serum anticholinergic activity. J Clin Phar-
macol. 2006;​46(12):​1481-1486.

	 9. Sittironnarit G, Ames D, Bush AI, et al.;​ AIBL Research Group. 
Effects of anticholinergic drugs on cognitive function in older Aus-
tralians:​ results from the AIBL study. Dement Geriatr Cogn Disord. 
2011;​31(3):​173-178.

	10. Bishara D, Harwood D, Sauer J, Taylor DM. Anticholinergic effect 
on cognition (AEC) of drugs commonly used in older people. Int 
J Geriatr Psychiatry. 2017;​32(6):​650-656.

	11. Briet J, Javelot H, Heitzmann E, et al. The anticholinergic impregna-
tion scale:​ towards the elaboration of a scale adapted to prescrip-
tions in French psychiatric settings. Therapie. 2017;​72(4):​427-437.

	12. Sumukadas D, McMurdo MET, Mangoni AA, Guthrie B. Temporal 
trends in anticholinergic medication prescription in older people:​ 
repeated cross-sectional analysis of population prescribing data. 
Age Ageing. 2014;​43(4):​515-521.

	13. Salahudeen MS, Duffull SB, Nishtala PS. Anticholinergic burden 
quantified by anticholinergic risk scales and adverse outcomes in 
older people:​ a systematic review. BMC Geriatr. 2015;​15(1):​31.

	14. Pont LG, Nielen JTH, McLachlan AJ, et al. Measuring anticholinergic 
drug exposure in older community-dwelling Australian men:​ a com-
parison of four different measures. Br J Clin Pharmacol. 2015;​80(5):​
1169-1175.

	15. Mayer T, Haefeli WE, Seidling HM. Different methods, different 
results—how do available methods link a patient’s anticholinergic 
load with adverse outcomes? Eur J Clin Pharmacol. 2015;​71(11):​
1299-1314.

	16. Pasina L, Djade CD, Lucca U, et al. Association of anticholinergic 
burden with cognitive and functional status in a cohort of hospital-
ized elderly:​ comparison of the anticholinergic cognitive burden 
scale and anticholinergic risk scale:​ results from the REPOSI study. 
Drugs Aging. 2013;​30(2):​103-112.

	17. Salahudeen MS, Hilmer SN, Nishtala PS. Comparison of anticholin-
ergic risk scales and associations with adverse health outcomes in 
older people. J Am Geriatr Soc. 2015;​63(1):​85-90.

	18. Hanlon P, Nicholl BI, Jani BD, Lee D, McQueenie R, Mair FS. Frailty 
and pre-frailty in middle-aged and older adults and its associa-
tion with multimorbidity and mortality:​ a prospective analysis of 
493 737 UK Biobank participants. Lancet Public Health. 2018;​3(7):​
e323-e332.

	19. Neal S, Myint P, Smith T, Loke Y, Soiza R, Lowrie J. Identification 
and comparison of existing anticholinergic medication scales:​ a sys-
tematic review. PROSPERO 2017 CRD42017076510. http:​//www.crd.
york.ac.uk/PROSPERO/display_record.php?ID=CRD42017076510. 
Accessed Jan 10, 2020.

	20. British National Formulary 59. 59th revised ed. London, UK:​ BMJ 
Group and Pharmaceutical Press;​ 2010.

	21. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. 
Epidemiology of multimorbidity and implications for health care, 
research, and medical education:​ a cross-sectional study. Lancet. 
2012;​380(9836):​37-43.

	22. Nicholl BI, Mackay D, Cullen B, et al. Chronic multisite pain in 
major depression and bipolar disorder:​ cross-sectional study of 
149,611 participants in UK Biobank. BMC Psychiatry. 2014;​14:​350.

	23. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Van-
denbroucke JP;​ STROBE Initiative. Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) statement:​ guide-
lines for reporting observational studies. BMJ. 2007;​335(7624):​
806-808.

	24. Austin PC, Lee DS, Fine JP. Introduction to the analysis of survival 
data in the presence of competing risks. Circulation. 2016;​133(6):​
601-609.

	25. Wilkinson T, Ly A, Schnier C, et al. Identifying dementia cases with 
routinely collected health data:​ a systematic review. Alzheimer’s 
Dement. 2018;​14(8):​1038-1051.

	26. Hilmer SN, Mager DE, Simonsick EM, et al. A drug burden index to 
define the functional burden of medications in older people. Arch 
Intern Med. 2007;​167(8):​781-787.

	27. Bosco JLF, Silliman RA, Thwin SS, et al. A most stubborn bias:​ no 
adjustment method fully resolves confounding by indication in 
observational studies. J Clin Epidemiol. 2010;​63(1):​64-74.

	28. National Institute for Health and Care Excellence. Dementia:​ assess-
ment, management and support for people living with dementia 
and their carers. NICE guideline 97. https:​//www.nice.org.uk/guid-
ance/ng97. Published Jun 2018. Accessed Jan 9, 2020.

	29. Scottish Government Polypharmacy Model of Care Group. Poly-
pharmacy guidance, realistic prescribing. 3rd ed;​ 2018. https:​
//www.therapeutics.scot.nhs.uk/wp-content/uploads/2018/09/
Polypharmacy-Guidance-2018.pdf. Accessed Jan 9, 2020.

	30. Richardson K, Fox C, Maidment I, et al. Anticholinergic drugs and 
risk of dementia:​ case-control study. BMJ. 2018;​361:​k1315.

	31. Kersten H, Molden E, Tolo IK, Skovlund E, Engedal K, Wyller TB. 
Cognitive effects of reducing anticholinergic drug burden in a frail 
elderly population:​ a randomized controlled trial. J Gerontol A Biol 
Sci Med Sci. 2013;​68(3):​271-278.

	32. Agar M, Currow D, Plummer J, Seidel R, Carnahan R, Abernethy 
AP. Changes in anticholinergic load from regular prescribed medi-
cations in palliative care as death approaches. Palliat Med. 2009;​
23(3):​257-265.

	33. Fry A, Littlejohns T, Sudlow C, Doherty N, Allen N. OP41 The 
representativeness of the UK Biobank cohort on a range of sociode-
mographic, physical, lifestyle and health-related characteristics. 
J Epidemiol Community Health. 2016;​70(Suppl 1):​A26-A26.

WWW.ANNFAMMED.ORG
WWW.ANNFAMMED.ORG
http://www.AnnFamMed.org/content/18/2/148/suppl/DC1/
http://www.AnnFamMed.org/content/18/2/148/suppl/DC1/
http:​//www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017076510
http:​//www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017076510
https:​//www.nice.org.uk/guidance/ng97
https:​//www.nice.org.uk/guidance/ng97
https:​//www.therapeutics.scot.nhs.uk/wp-content/uploads/2018/09/Polypharmacy-Guidance-2018.pdf
https:​//www.therapeutics.scot.nhs.uk/wp-content/uploads/2018/09/Polypharmacy-Guidance-2018.pdf
https:​//www.therapeutics.scot.nhs.uk/wp-content/uploads/2018/09/Polypharmacy-Guidance-2018.pdf

