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Abstract
Background and Objective  Anticholinergic medications are known to affect the prognosis of older nursing home residents. 
Various anticholinergic scales were developed to measure the cumulative anticholinergic burden; among them, the CRID-
ECO Anticholinergic Load Scale (CALS) has recently emerged as a new tool to identify patients with cognitive impairment 
due to anticholinergic burden. This study aimed to externally validate the CALS and to evaluate the association of CALS 
and the anticholinergic cognitive burden (ACB) scales with baseline cognitive and functional impairment, as well as with 
3-year mortality rates.
Methods  A prospective cohort of 600 nursing home residents (mean age 80.4 ± 8.0 years; 69.8% women) underwent a 
comprehensive geriatric assessment. Anticholinergic burden was assessed at baseline using both CALS and ACB scales. 
Cognitive impairment (Mini-Mental State Examination < 24) and physical disability (one or more impaired activities of 
daily living) were evaluated cross-sectionally using a logistic regression model. Cox proportional hazards models were 
used to estimate the association between anticholinergic burden and 3-year mortality, adjusting for age, sex, multimorbidity, 
nutritional status, and cognitive and functional status.
Results  Among 600 nursing home residents included in the study, 72.0% had cognitive impairment and 56.3% had at least 
one activity of daily living limitation. The CALS and ACB scores were significantly correlated ( � = 0.76), but CALS identi-
fied a higher number of residents with moderate-to-high anticholinergic burden. Multivariate logistic regression showed that 
CALS ≥ 2 was independently associated with cognitive impairment (odds ratio 1.84, 95% confidence interval 1.02–3.34), 
whereas ACB ≥ 2 was not. Both scales were associated with activities of daily living disability, with a stronger gradient and 
better goodness of fit for CALS than ACB. During the 3-year follow-up, 25.3% of residents died. Cox regression analyses 
showed that residents with CALS or ACB ≥ 2 had significantly lower survival over 3 years. In fully adjusted Cox models, 
both CALS ≥ 2 (hazard ratio 1.93, 95% confidence interval 1.07–3.46) and ACB ≥ 2 (hazard ratio 1.69, 95% confidence 
interval 1.02–2.83) remained associated with increased mortality. Prognostic performance was similar (CALS C-index: 
0.783; ACB: 0.781), but the model fit favored CALS.
Conclusions  In this cohort of nursing home residents, anticholinergic burden as measured by both CALS and ACB was 
associated with baseline physical impairment and 3-year mortality, but CALS showed a better goodness of fit. Between the 
two scales, CALS only was independently associated with baseline cognitive impairment. These findings support the clinical 
utility of CALS in assessing anticholinergic-related risk among frail older adults in institutional settings.
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Key Points 

Anticholinergic burden is a significant risk factor in 
older adults, contributing to cognitive impairment, physi-
cal disability, and mortality.

The CRIDECO Anticholinergic Load Scale includes a 
broader range of medications and may better capture 
anticholinergic-related risks than the anticholinergic 
cognitive burden scale.

This study assesses the validity of the CRIDECO 
Anticholinergic Load Scale in nursing home residents 
by comparing its associations with cognitive/physical 
impairment and 3-year mortality against those of the 
anticholinergic cognitive burden scale.

1  Introduction

Anticholinergic burden, the cumulative effect of using one 
or multiple drugs with anticholinergic activity, is frequently 
found among nursing home residents (NHRs). This burden 
is associated with several adverse events, including cogni-
tive impairment, frailty, urinary retention, and increased 
mortality [1–5]. To assess the anticholinergic burden and 
the risk of anticholinergic side effects in older people, vari-
ous scales have been employed. Among them, the anticho-
linergic cognitive burden (ACB) scale has gained attention 
because of several studies in hospitalized older patients 
reporting associations with cognitive, functional decline, 
and mortality [4, 6–8]. Recently, Ramos et al. developed 
and validated the CRIDECO Anticholinergic Load Scale 
(CALS) as a promising indicator of subtle cognitive impair-
ment [9]; for this reason, it emerged as a new risk tool in 
patients with dementia and Parkinson’s disease [10], and 
mortality and poor outcomes among older inpatients with 
pneumonia [11]. Recently, Novella et al. found CALS to 
have the best model fit out of 20 anticholinergic scales in 
the cross-sectional association with cognitive impairment 
and physical disability among older inpatients [12]. Given 
the vulnerability of NHRs, a population marked by cognitive 
and functional disability, polypharmacy, renal impairment, 
and a risk of high anticholinergic burden [13–17], CALS 
may offer a valuable alternative to traditional scales such 
as ACB. However, its utility in this setting remains under-
explored. For this reason, we performed a cross-sectional 
and longitudinal analysis to (a) validate the CALS score 
as a tool to measure anticholinergic burden among NHRs; 
(b) investigate the cross-sectional association of CALS and 

ACB scales with cognitive and physical impairment; and (c) 
assess the accuracy of the ACB scale and CALS in predict-
ing mortality in this population.

2 � Methods

2.1 � Sample

All patients consecutively admitted to ten participating nurs-
ing homes were invited to take part in the study. A total of 
868 patients aged 65 years and older were initially screened 
and enrolled between January 2018 and May 2019 and fol-
lowed up over a 36-month period. After obtaining a written 
informed consent from all participants enrolled in the study 
or their legal representatives, all recruited NHRs under-
went a standardized multidimensional geriatric assessment, 
including detailed clinical history, anthropometric meas-
urements, and validated instruments to evaluate cognitive 
function, functional status, physical performance, nutritional 
condition, and depressive symptoms. Routine hematologi-
cal tests were also performed. Patients were followed up 
every 12 months for 3 years to collect information on their 
vital status. In the case of discharged NHRs, this information 
was collected via a telephone interview with residents and/
or their relatives/caregivers. For patients who died during 
the follow-up period, information about the date, place, and 
cause of death was collected from death certificates pro-
vided by relatives or caregivers. For the current analysis, 
patients with missing data on baseline cognitive and physical 
function (n = 170) or missing mortality data (n = 98) were 
excluded, leaving 600 patients to be included in the analy-
ses. The study design was approved by the Regional Ethics 
Committee of Catanzaro, Italy (protocol CE 119/2016) and 
was performed in accordance with the standards of ethics 
outlined in the Declaration of Helsinki.

2.2 � Exposure Variables

Anticholinergic burden was assessed using two different 
scales: ACB [18] and CALS [9], which include 88 and 
217 anticholinergic medications, respectively. The ACB 
scale was developed to assess the extent of anticholin-
ergic adverse effects on cognitive function [18] and is 
considered particularly accurate in the assessment of cen-
tral anticholinergic burden [19] compared to other tools 
mainly focused on peripheral effects [20, 21]. Although 
the ACB scale is well established, it may underestimate 
anticholinergic effects from newer or commonly used 
drugs in NHRs. CALS, derived from a more recent lit-
erature review, includes a broader array of anticholinergic 
agents and may better reflect the contemporary medica-
tion landscape in NHRs. Indeed, the CALS was recently 
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developed by Ramos et al. [9] after performing a system-
atic review of the literature and comparing anticholiner-
gic medications included in seven other scales; in brief, 
the CALS list includes 217 anticholinergic medications 
classified according to their potency in three classes: (a) 
drugs with low anticholinergic potency (score = 1; 125 
medications); (b) drugs with medium anticholinergic 
potency (score = 2; 28 medications); and (c) drugs with 
high anticholinergic potency (score = 3; 62 medications). 
The cumulative CALS score was calculated by summing 
all the burden scores for each drug taken by the patient.

The main exposure variable was calculated as follows: 
ACB or CALS score = 0 (no anticholinergic medications); 
ACB or CALS score = 1 (low anticholinergic burden); 
ACB or CALS scores ≥ 2 (moderate-to-high anticholin-
ergic burden) [22]. Anticholinergic burden was assessed 
at baseline only, as repeat assessments were not available. 
However, medication regimens in NHRs tend to remain 
stable over time because of long-term prescribing patterns 
and limited therapeutic changes in this setting [23].

2.3 � Outcomes

The primary aim of the study is to evaluate the cross-
sectional association between anticholinergic burden 
and both physical and cognitive impairment. These out-
comes were assessed through a comprehensive geriat-
ric assessment, which was performed systematically by 
trained personnel at the baseline visit, using the interRAI 
long-term care facility instrument. Physical functioning 
was evaluated by assessing the capacity to perform five 
activities of daily living (ADLs, i.e., bathing, dressing, 
eating, toileting, and transfer) using a modified version 
of the Katz Index [24]. Each activity was scored as 0 if 
patients were unable to perform the task and 1 for patients 
able to perform such activity. Then, ADL scores ranged 
between 0 (unable to perform any activity) and 5 (able to 
perform all the activities). Cognitive status was assessed 
using the age- and education-adjusted Mini-Mental State 
Examination (MMSE) score [25], and patients scoring 
less than 24 were considered cognitively impaired [26].

The secondary aim of the study was to investigate the 
association between anticholinergic burden and mortality 
during the follow-up. For participants who died during 
the follow-up period, information about the date, place, 
and cause of death was collected from death certificates 
provided by relatives or caregivers. Patients who were lost 
to  follow-up or discharged from the nursing home were 
censored at the time of their last known contact.

2.4 � Covariates

Covariates for cross-sectional analyses included a history of 
chronic diseases and nutritional status. The latter was evalu-
ated using the Mini Nutritional Assessment (MNA), a well-
validated tool for assessing malnutrition in elderly individu-
als [27]. A score lower than 12 points indicates the presence 
of malnutrition/malnutrition risk [28]. A history of chronic 
diseases was also detailed; for the present analyses, we con-
sidered hypertension, atrial fibrillation, diabetes mellitus, 
chronic obstructive pulmonary disease, congestive heart fail-
ure (CHF), coronary artery disease (CAD), peripheral artery 
disease (PAD), stroke, dementia, anemia, and chronic kidney 
disease. Overall comorbidity was assessed by the Cumula-
tive Illness Rating Score for Geriatrics (CIRS-G) [29]. The 
presence of anemia was defined as having a hemoglobin 
level < 12 g/dL among women and < 13 g/dL among men.

2.5 � Statistical Analysis

Demographic, clinical characteristics, and outcomes data 
were summarized with counts and percentages for categori-
cal variables, and means (standard deviation) for normally 
distributed continuous variables. The Kolmogorov–Smirnov 
test was used to check the normality of the related vari-
ables. An independent sample t-test and chi-squared test 
were used when appropriate. The concordance between the 
two anticholinergic scales was measured by using Spear-
man’s � coefficient. A logistic regression analysis was used 
to test the relationship between anticholinergic burden and 
the prevalence of cognitive impairment (MMSE < 24) and 
disability in at least one ADL; the strength of the association 
was expressed by estimating the odds ratio (OR) and 95% 
confidence interval (CI). Regression models were corrected 
for potential confounders as follows:

Model A: age and sex adjusted;
Model B: model A + MNA Short Form and CIRS-G;
Model C: model B but with the number of non-anticho-

linergic drugs and with chronic diseases (hypertension, atrial 
fibrillation, diabetes, CHF, CAD, PAD, stroke, dementia, 
anemia, chronic obstructive pulmonary disease, and chronic 
kidney disease) instead of CIRS-G.

A Kaplan–Meier analysis was performed to estimate 
survival curves stratified for anticholinergic burden, quanti-
fied using both the ACB scale and CALS. The relationship 
between anticholinergic burden and 3-year mortality was 
assessed by bivariate and multivariate Cox regression mod-
els, including the same confounders used in cross-sectional 
analyses with the addition of MMSE and dependent ADL. 
Supplementary analyses were repeated for 1- and 2-year 
mortality. The length of survival from the baseline visit until 
death was used as the failure time for the models. Survivors 
were censored on the day of the last follow-up visit. The 
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proportional hazard assumption was checked graphically, 
plotting the log-minus-log survival function over time. The 
performance of these models was assessed by computing the 
cross-validated ten-fold concordance index [30].

To limit the risk of confounding by indication—where 
certain medications may be prescribed because of underly-
ing conditions associated with poor outcomes—we repeated 
the analyses by (a) grouping patients with no or minimal 
anticholinergic exposure (scores of 0 or 1) together and com-
pared them to those with higher exposure (scores ≥ 2). This 
approach helps distinguish the effects of significant anticho-
linergic burden from those of mild or incidental exposure; 
(b) stratifying survival models in patients with and without 
specific disease conditions.

Statistical analyses were performed using the survival 
package of R v3.4.2 statistical language.

3 � Results

3.1 � Descriptive Characteristics of the Study 
Population

The clinical characteristics of the whole sample of 600 
patients, as well as those of the subgroups surviving and 
deceased patients are reported in Table 1. Overall, these 
residents received 5096 medications, which were considered 
for this analysis. Approximately 69.8% of the sample were 
female (Table 1), and the mean (standard deviation) age 
was 80.4 (8.0) years. The study population was treated with 
6.3 (3.3) medications. Eight residents did not receive any 
medication at all. Polypharmacy was found in 73.37% of 
the study population, while excessive polypharmacy (> 10) 
was found in 14.45%.

Despite the two anticholinergic scales were strongly cor-
related (Spearman’s � : 0.76, p < 0.001), the CALS score was 
higher than the ACB score; furthermore, patients with two or 
more anticholinergic medications were almost 50% accord-
ing to CALS and 22% according to ACB. After calculating 
the difference between CALS and ACB scores, we observed 
that 56% of the study population had the same score, only 
a minority had an ACB greater than the CALS score, while 
41% of individuals had a higher CALS score than the ACB 
score. The list of drugs included in the ACB scale and CALS 
along with their distribution at hospital admission in the 
study population are reported in Tables 1 and 2 of the Elec-
tronic Supplementary Material (ESM).

During the 3-year follow-up, 152 out of 600 patients died, 
with a mortality rate of 25.3%. Patients who died during 
the follow-up were older, predominantly men, with a very 
high prevalence of physical disability, cognitive impair-
ment, and malnutrition, and a high multimorbidity burden 
(p < 0.001); furthermore, atrial fibrillation, CHF, CAD, 

PAD, stroke, dementia, and anemia were more common in 
deceased individuals compared with survivors. Deceased 
subjects also had a higher anticholinergic burden compared 
with survivors; more specifically, patients who died took 
more commonly two or more anticholinergic medications 
compared with survivors.

Characteristics of the study population stratified by 
anticholinergic groups (0, 1 and 2 or more anticoholinergic 
score), identified by the ACB scale and CALS were reported 
in Table 3 of the ESM. Comparing the three groups, patients 
with higher scores were characterized by older age, a greater 
prevalence of ADL impairment, cognitive impairment, and 
malnutrition, and a higher CIRS-G score compared with 
those with lower scores; furthermore, increasing anticho-
linergic scores were associated with a higher prevalence of 
atrial fibrillation, CHF, PAD, dementia, anemia, and chronic 
kidney disease.

3.2 � Cross‑Sectional Association Between 
Anticholinergic Burden, Physical Disability, 
and Cognitive Impairment

The association of both continuous or categorical CALS and 
ACB scales with ADL and cognitive impairment is shown 
in Table 2. A CALS score of two or more was associated 
with cognitive impairment in both bivariate (OR 2.46, 95% 
CI 1.53–3.99) and multivariate models (OR 2.19, 95% CI 
1.29–3.74 for model B and OR 1.84, 95% CI 1.02–3.34 
for model C). This association was not significant when 
considering ACB categories instead of CALS categories. 
In contrast, an association with ADL impairment was con-
stantly observed with both scales, but a graded increase in 
the strength of association with increased anticholinergic use 
was evident only with CALS (Table 2); the model includ-
ing CALS showed a better goodness of fit than ACB (AIC: 
406.7 vs 408.2; BIC: 477.4 vs 479.0). Analyses on continu-
ous scales confirmed all study findings.

Finally, to evaluate  how the discordance between the 
two scales relates to the prevalence of ADL and cognitive 
impairment, we calculated the difference between the two 
scores and created a categorical variable to represent this 
discordance: interestingly, having a CALS score greater than 
the ACB score was associated with both cognitive impair-
ment and ADL disability compared to patients with concord-
ant scores or with an ACB score less than the CALS score 
(Table 2).

3.3 � Impact of Anticholinergic Burden on Survival

Kaplan–Meier survival functions of nursing home patients 
according to CALS and ACB categories are shown in Fig. 1. 
Patients with ACB scores ≥ 2 exhibited the lowest survival 
probability during the follow-up period (p < 0.0001, panel 
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A). This association was replicated when the anticholiner-
gic burden was assessed by means of the CALS score. Cox 
regression models investigating the association between 
anticholinergic scales and mortality confirmed these prelimi-
nary results (Table 3). Increasing anticholinergic scores were 
associated with long-term mortality in both bivariate and 
multivariate Cox regression models. In particular, a CALS 
or ACB score ≥ 2 was associated with increased mortality 
compared with individuals not receiving any anticholinergic 
medications. Prognostic accuracy in relation to overall mor-
tality was similar for both scales; indeed, a cross-validated 
concordance index was nearly identical (ACB: 0.781, 95% 
CI 0.746–0.817; CALS: 0.783, 0.746–0.820); however, 

CALS showed a better goodness of fit (AIC: 1102.9; BIC: 
1151.8) compared with ACB (AIC: 1103.7, BIC: 1152.7). 
When compared to patients with 0–1 anticholinergic scores, 
only CALS ≥ 2 remained significantly associated with the 
outcome (Table 4 of the ESM). Sensitivity analyses were 
conducted in subgroups of patients without some chronic 
diseases: CALS ≥ 2 was significantly associated with mor-
tality in patients with diabetes and dementia, and in those 
without CAD or CHF (p < 0.001). Supplementary analyses 
were conducted to evaluate the association between anticho-
linergic scales and 1- and 2-year mortality (Tables 5 and 6 
of the ESM); in brief, while a continuous CALS score was 
significantly associated with both 1- and 2-year mortality, 

Table 1   Sociodemographic 
and clinical characteristics of 
the study population and of 
survived and deceased patients

ACB anticholinergic cognitive burden, CAD coronary artery disease, CALS CRIDECO Anticholinergic 
Load Scale, CHF congestive heart failure, CIRS-G Cumulative Illness Rating Score for Geriatrics, CKD 
chronic kidney disease, COPD chronic obstructive pulmonary disease, MMSE Mini-Mental State Exami-
nation, MNA-SF Mini Nutritional Assessment, Short Form, PAD peripheral artery disease, SD standard 
deviation

Total (N = 600) Survived (N = 448) Deceased (N = 152) P-value

Age, years, mean (SD) 80.1 (8.0) 78.2 (7.4) 85.5 (7.3) <0.001
Female sex, n (%) 419 (69.8) 311 (69.4) 108 (71.1) 0.782
Dependent ADL, mean (SD) 1.8 (1.9) 1.3 (1.7) 3.2 (1.6) <0.001
Dependency ≥  1 ADL, n (%) 338 (56.3) 200 (44.6) 138 (90.8) <0.001
MMSE (mean, SD) 19.2 (6.4) 20.5 (5.9) 15.2 (6.2) <0.001
Cognitive impairment, n (%) 432 (72.0) 290 (64.7) 142 (93.4) <0.001
MNA-SF, mean (SD) 11.5 (2.8) 12.0 (2.8) 10.0 (2.4) <0.001
Hypertension, n (%) 442 (74.7) 327 (74.3) 115 (75.7) 0.826
Atrial fibrillation, n (%) 67 (11.3) 39 (8.9) 28 (18.4) <0.001
Diabetes mellitus, n (%) 179 (30.2) 127 (28.9) 52 (34.2) 0.256
COPD, n (%) 131 (22.1) 90 (20.5) 41 (27.0) 0.120
CHF, n (%) 39 (6.6) 16 (3.6) 23 (15.1) <0.001
CAD, n (%) 150 (25.3) 100 (22.7) 50 (32.9) 0.017
PAD, n (%) 150 (25.3) 81 (18.4) 69 (45.4) <0.001
Stroke, n (%) 47 (7.9) 24 (5.5) 23 (15.1) <0.001
Dementia, n (%) 150 (25.3) 81 (18.4) 69 (45.4) <0.001
Anemia, n (%) 243 (42.3) 162 (37.9) 81 (54.7) <0.001
CKD, n (%) 42 (7.1) 18 (4.1) 24 (15.8) <0.001
CIRS-G score, mean (SD) 13.2 (11.1) 11.0 (9.4) 19.6 (13.1) <0.001
Number of medications, mean (SD) 6.8 (3.3) 6.4 (3.1) 8.0 (3.3) <0.001
ACB score, mean (SD) 0.9 (1.3) 0.8 (1.2) 1.3 (1.4) <0.001
 ACB = 0, n (%) 316 (52.7) 259 (57.8) 57 (37.5)
 ACB = 1, n (%) 150 (25.0) 112 (25.0) 38 (25.0)
 ACB ≥ 2, n (%) 134 (22.3) 77 (17.2) 57 (37.5)

CALS score, mean (SD) 1.6 (1.7) 1.4 (1.6) 2.2 (1.8)
 CALS = 0, n (%) 202 (33.7) 174 (38.8) 28 (18.4)
 CALS = 1, n (%) 140 (23.3) 110 (24.6) 30 (19.7)
 CALS ≥  2, n (%) 258 (43.0) 164 (36.6) 94 (61.8)

Discordance, n (%) 0.008
 ACB < CALS 246 (41.0) 169 (37.7) 77 (50.7)
 ACB > CALS 15 (2.5) 14 (3.1) 1 (0.7)
 ACB = CALS 339 (56.5) 265 (59.2) 74 (48.7)
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Table 2   ORs for the 
relationship between 
anticholinergic burden as 
assessed by the ACB and scale 
and CALS and either cognitive 
or physical impairment at the 
baseline visit

ACB anticholinergic cognitive burden, ADL activity of daily living, CALS CRIDECO Anticholinergic Load 
Scale, CI confidence interval, Model A age and sex-adjusted, Model B Model A + Mini Nutritional Assess-
ment, Short Form and Cumulative Illness Rating Score for Geriatrics, Model C model B + chronic diseases 
(hypertension, atrial fibrillation, diabetes mellitus, congestive heart failure, coronary artery disease, periph-
eral artery disease, stroke, dementia, anemia, chronic obstructive pulmonary disease, and chronic kidney 
disease) instead of Cumulative Illness Rating Score for Geriatrics + number of not anticholinergic medica-
tions

MMSE <  24 Model A, OR (95% CI) Model B, OR (95% CI) Model C, OR (95% CI)

Continuous ACB – – –
ACB 0 (reference) – – –
ACB 1 1.28 (0.79–2.10) 1.08 (0.64–1.85) 0.96 (0.54–1.74)
ACB 2 or more 2.03 (1.16–3.67) 1.90 (1.02–3.67) 1.35 (0.67–2.77)
Continuous CALS 1.38 (1.20–1.61) 1.33 (1.14–1.58) 1.23 (1.04–1.50)
CALS 0 (reference) – – –
CALS 1 1.09 (0.66–0.81) 1.06 (0.61–1.85) 1.14 (0.62–2.09)
CALS 2 or more 2.46 (1.53–3.99) 2.19 (1.29–3.74) 1.84 (1.02–3.34)
CALS < ACB – – –
CALS ≥ ACB 1.97 (1.29–3.02) 1.82 (1.15–2.92) 1.78 (1.07–2.99)
At least 1 disabled ADL
 Continuous ACB 1.72 (1.44–2.08) 1.54 (1.27-1.89) 1.38 (1.11–1.74)
 ACB 0 (reference) – – –
 ACB 1 3.45 (2.16–5.60) 3.28 (1.90–5.75) 3.16 (1.71–5.94)
 ACB 2 or more 4.13 (2.48–7.03) 3.01 (1.67–5.53) 2.45 (1.23–4.92)
 Continuous CALS 1.72 (1.49–2.00) 1.58 (1.35–1.87) 1.47 (1.23–1.80)
 CALS 0 (reference) – – –
 CALS 1 2.09 (1.27–3.46) 2.03 (1.14–3.66) 2.45 (1.25–4.86)
 CALS 2 or more 4.92 (3.14–0.82) 3.93 (2.31–6.80) 3.73 (1.98–7.16)
 CALS-ACB <  1 – – –
 CALS-ACB ≥  1 1.99 (1.36–2.95) 1.64 (1.05–2.59) 1.56 (0.92–2.65)

Table 3   Cox proportional 
hazard models investigating 
the relationship between 
anticholinergic burden as 
assessed by the ACB scale and 
CALS and 3-year mortality 
during the follow-up

ACB anticholinergic cognitive burden, CALS CRIDECO Anticholinergic Load Scale, CI confidence inter-
val, HR hazard ratio, Model A age and sex adjusted, Model B Model A + Mini Nutritional Assessment, 
Short Form, Cumulative Illness Rating Score for Geriatrics, dependent activities of daily living, and Mini-
Mental State Examination, Model C: model B + chronic diseases (hypertension, atrial fibrillation, diabe-
tes mellitus, congestive heart failure, coronary artery disease, peripheral artery disease, stroke, dementia, 
anemia, chronic obstructive pulmonary disease, and chronic kidney disease) instead of Cumulative Illness 
Rating Score for Geriatrics + number of not anticholinergic medications

Model A, HR (95% CI) Model B, HR (95% CI) Model C, HR (95% CI)

Continuous ACB 1.16 (1.05–1.29) 1.16 (1.02–1.31) 1.10 (0.96–1.26)
ACB 0 (reference) – – –
ACB 1 1.41 (0.93–2.14) 1.62 (0.99–2.61) 1.45 (0.89–2.83)
ACB 2 or more 2.11 (1.45–3.08) 1.94 (1.23–3.06) 1.69 (1.02–2.83)
Continuous CALS 1.16 (1.08–1.25) 1.11 (1.02–1.21) 1.09 (1.01–1.21)
CALS 0 (reference) – – –
CALS 1 1.77 (1.05–2.98) 2.05 (1.12–3.76) 1.58 (0.82–3.02)
CALS 2 or more 2.56 (1.66–3.94) 2.37 (1.39–4.03) 1.93 (1.07–3.46)
CALS-ACB <  1 – – –
CALS-ACB ≥  1 1.11 (1.09–1.14) 1.27 (0.87–1.85) 1.20 (0.80–1.80)
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the association between CALS classes and both continuous 
and categorical ACB became significant only after 2 years.

4 � Discussion

In this prospective cohort study, we found that anticholin-
ergic burden, as measured through CALS and ACB, was 
associated with ADL impairment and 3-year mortality, 
while CALS only was associated with cognitive impair-
ment, thus corroborating previous evidence that showed the 
higher number of medications impacting cognitive function 
included in this scale compared with ACB [9, 12]; further-
more, a difference of ≥1 between CALS and ACB was also 
associated with cognitive impairment, even after adjusting 
for ADL impairment and multimorbidity.

To our knowledge, this is the first real-world study to 
assess the validity of CALS as a tool to measure anticho-
linergic burden among NHRs, evaluate its association with 
cognitive impairment, and its ability to predict long-term 
survival. This is particularly relevant in the population of 
NHRs, who are characterized by high levels of clinical com-
plexity and cognitive dysfunction [15, 16]. Previous studies 
have linked anticholinergic burden with the risk of cognitive 
decline, dementia [31, 32], and mortality [33] among older 
individuals. Many commonly used medications in geriatric 
settings have anticholinergic properties, despite awareness 
of their harm being not always found among physicians and 
pharmacists [34, 35]. Nursing home residents represent a 
segment of the geriatric population at an increased risk of 
anticholinergic drug use, most commonly antipsychotics, 
antidepressants, and opioids [36]. The cumulative mus-
carinic inhibition due to anticholinergic load may trigger 
the onset of multiple cardiovascular and neurological side 
effects that may also lead to death. However, the definition 

of anticholinergic burden is challenging because of the 
heterogeneity and poor agreement among existing scales 
designated to measure the burden [37]; among the most 
recent tools to evaluate anticholinergic burden, CALS has 
been developed and validated after an extensive systematic 
literature review and was shown to be particularly sensi-
tive to identify the impact of anticholinergic medications 
on cognitive function [9]; this finding has been confirmed 
in our population where both scales were associated with 
ADL impairment, but only CALS was significantly associ-
ated with cognitive impairment; it is likely that the greater 
anticholinergic inclusivity of CALS compared with the ACB 
scale may contribute to this finding.

With regard to the relationship with mortality, a few stud-
ies have shown that high anticholinergic use can increase the 
risk of poor outcomes in older institutionalized individuals; 
indeed, a previous cohort study on 1490 Italian NHRs has 
shown that anticholinergic burden measured by the Anticho-
linergic Risk Scale may be associated with an increased risk 
of falls, functional decline, and cognitive impairment [38]; 
in another study on 3761 NHRs, high ACB scores were 
associated with an increased risk of 5-year mortality [39]. 
In our cohort, increasing CALS and ACB scores predicted 
mortality at 3 years with comparable and good prognostic 
accuracy. The association with mortality remained statis-
tically significant also after correcting for functional and 
cognitive impairment, which are known to be the strong-
est predictors of poor survival in this population. Stratified 
analyses showed that such associations were particularly 
strong among patients with dementia and in those with dia-
betes; indeed, anticholinergic burden may exacerbate some 
diabetic complications, such as cardiovascular issues (e.g., 
accelerated heart rate, arrhythmias) and glycemic dysregu-
lation [40, 41], thus increasing the risk of death; further-
more, both patients with dementia and diabetes have poorer 

Fig. 1   Kaplan–Meier survival functions of nursing home residents according to the anticholinergic cognitive burden (ACB) and CRIDECO 
Anticholinergic Load Scale (CALS)
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cognitive reserve [42], which may contribute to increased 
vulnerability to anticholinergic central side effects, with 
worsening of cognitive decline [43] and increased risk of 
falls and mortality. For this reason, periodical monitoring 
and revision of drug regimens in older NHRs may be use-
ful to detect patients at risk of anticholinergic side effects; 
clinical practice guidelines and the 2023 Beers Criteria now 
recommend deprescribing or tapering potentially harmful 
medications, such as benzodiazepines and first-generation 
antipsychotics. Similarly, when treating depressive disor-
ders, clinicians should prioritize prescribing antidepressants 
with minimal anticholinergic effects, such as sertraline, over 
those with higher anticholinergic potential, such as parox-
etine. However, it is worthy of note that, in this study, a 
moderate-to-high anticholinergic burden has been associated 
with increased mortality even in patients without chronic 
diseases such as CHF and CAD; this finding underlines the 
importance of revising drug regimens and addresses anticho-
linergic burden in NHRs independent of the presence of spe-
cific diseases.

Our study has many strengths. First, it enrolled a real-
world population of older NHRs, which were followed 
up for more than 3 years; second, patients underwent a 
thorough comprehensive geriatric assessment that allowed 
us to reliably detect functional and cognitive impairment, 
as well as a thorough pharmacological assessment; third, 
anticholinergic burden was measured using two scales 
that were developed after an extensive literature review; 
however, we acknowledge some limitations. First, the pos-
sibility of prevalent user bias cannot be excluded. As med-
ication exposure was assessed at a single timepoint, indi-
viduals who tolerated anticholinergic medications without 
apparent adverse effects may have been more likely to 
remain on them, potentially underestimating associations 
with negative outcomes; second, we cannot measure the 
Drug Burden Index [44], a pharmacokinetically informed 
tool that has shown high predictive validity in many geri-
atric cohorts, as its calculation requires detailed data on 
individual drug dosages and administration regimens. 
However, this level of precision is often unavailable in 
retrospective or registry-based studies and is particularly 
challenging in real-world nursing home datasets, where 
medication dosing and adherence can vary widely. Addi-
tionally, the Drug Burden Index primarily emphasizes 
sedative and anticholinergic effects combined, which may 
limit its specificity when isolating the impact of anticho-
linergic medications alone [44]. In contrast, CALS offers 
broader drug inclusivity, easier implementation with pre-
scription-level data, and a specific focus on anticholinergic 
exposure. Third, although we adjusted for multimorbidity 
using the CIRS-G and included key chronic conditions 
in our models, we were unable to fully account for the 
severity of individual comorbidities. While adjustments 

for major clinical indications and stratified analyses were 
conducted, residual confounding cannot be excluded, as 
patients with more severe illnesses are both more likely 
to receive anticholinergic medications and more likely to 
experience poor outcomes regardless of drug exposure. 
Future longitudinal studies with repeated assessments 
and mediation analyses are needed to address these issues 
comprehensively.

5 � Conclusions and Implications

Increasing anticholinergic burden was associated with cog-
nitive and physical impairment, as well as 3-year mortality 
among older NHRs. CALS outperformed the ACB scale 
in the observed associations. These findings support the 
use of CALS as a clinically relevant tool for assessing 
anticholinergic-related cognitive risk in institutionalized 
older adults, while also reinforcing the broader need for 
cautious prescribing in this vulnerable population.
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