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Background: A high anticholinergic burden (AB) is associated with the occurrence of behavioral and
psychological symptoms (BPSDs), which are frequent in dementia.
Objectives: Our aim was to determine the threshold for a reduction in AB that would lead to a clinically
significant improvement in BPSDs (in terms of frequency, severity, and disruptiveness).
Design: A single-center prospective study.
Settings: Dedicated geriatric care unit specializing in the management of patients with dementia.
Participants: The study involved older patients with dementia, hospitalized for management of BPSDs.
Methods: One hundred forty-seven patients were included (mean age ¼ 84.1 � 5.2 years). The AB was
assessed using 3 scales, namely, the Anticholinergic Drug Scale (ADS), the Anticholinergic Cognitive
Burden scale (ACB), and the Anticholinergic Risk Scale (ARS). A clinically significant improvement in
BPSDs was defined as a reduction of 4 points in the frequency � severity (F�S) score of the
Neuropsychiatric InventoryeNursing Home (NPI-NH) questionnaire. The threshold for a reduction in AB
that corresponded to a clinically significant improvement in BPSDs was determined by multiple linear
regression.
Results: One hundred forty-seven patients were included (mean age ¼ 84.1 � 5.2 years). Using the ADS, a
reduction of 2 points in AB in patients with moderate-intensity BPSDs was associated with a clinically
significant improvement in the F�S score of the NPI-NH [6.34, 95% confidence interval (CI) 4.54-8.14],
and a reduction of 3 points was associated with a clinically significant improvement in the occupational
disruptiveness score (4.26, 95% CI 3.11-5.41).
Conclusions/Implications: In older patients with dementia presenting BPSDs, the risk-benefit ratio of
anticholinergic drugs is debatable and, where possible, drugs with a lower AB would be preferable.
Because BPSDs are a frequent cause of hospitalization, a standardized approach to analysis and reduction
of AB is warranted in this population. Depending on the scale used to assess anticholinergic burden (AB),
a small reduction in AB is associated with a decrease in frequency, severity, and disruptiveness of
moderate-intensity BPSDs. Drugs with a high AB should be avoided where possible in older patients with
dementia, and drugs with a lower AB would be preferable. Heterogeneity between the assessment scales
for AB precludes generalization of the impact of a reduction in AB on BPSDs.
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Behavioral and psychological symptoms of dementia (BPSDs) are a
group of neuropsychiatric symptoms arising from dementia, and
include mood disturbances, depression, agitation, psychosis, sleep
disorders, anxiety, apathy, dysphoria, aberrant motor behavior,
hallucinations, and delusions.1 BPSDs affect 90% of patients with
Alzheimer’s disease (AD) and are also common in other types of
dementia.2 They are a frequent cause of hospitalization,3 and are
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associated with increased mortality,4 an increased risk of nursing
home placement,5 caregiver burden,6 and more rapid progression of
dementia.7 A range of assessment tools are available to evaluate
BPSDs, including the Neuropsychiatric InventoryeNursing Home
(NPI-NH) tool.8 To date, there is no consensus regarding the optimal
medical treatment for BPSDs. Nonpharmacologic interventions are
preferred, because they are associated with fewer adverse effects than
drugs, for a similar effect size.9

Certain symptomatic treatments used for BPSDs possess
anticholinergic properties, known as the anticholinergic burden
(AB).10 Anticholinergic drugs encompass several different therapeutic
classes (such as certain psychotropic agents, drugs to treat urinary
incontinence, painkillers, antihistamine drugs, and some heart failure
treatments). Furthermore, although these drugs are known to be
potentially inappropriate for older patients,11 their use is widespread
for the treatment of BPSDs.12

The association between AB and BPSDs in older patients with de-
mentia remains unclear. A recent study in an older population of
outpatients with subjective cognitive decline or neurocognitive
disorders reported that exposure to anticholinergic medications
[assessed using the Anticholinergic Cognitive Burden Scale (ACB)]13

was associated with higher NPI scores.14 However, in this study,
after adjustment for potential confounders, the AB was not
significantly associated with the NPI-NH score. Furthermore, a
relationship has previously been established between the use of drugs
with anticholinergic properties and the occurrence of BPSDs, such as
hallucinations or delusions.15 Among older hospitalized patients, we
recently showed that a reduction of the AB, as evaluated by the ACB,
made it possible to reduce the frequency, severity, and disruptiveness
of BPSDs.16

In this context, the aim of this study was to determine the
threshold of reduction in AB that would lead to a clinically significant
improvement in the frequency � severity (F�S) score of BPSDs as
assessed by the NPI-NH. The secondary objectivewas to determine the
threshold of reduction in AB that would lead to a clinically significant
decrease in the occupational disruptiveness (OD) score, as assessed by
the NPI-NH.

Methods

Study Sample

We included patients aged 65 years or older whowere followed for
dementia, and hospitalized for BPSDs in a dedicated geriatric care unit
specializing in the management of patients with dementia, between
July 15, 2015, and October 31, 2017.

Study Design

This was a single-center, prospective study performed in a
dedicated geriatric unit specializing in the management of patients
with dementia at the Reims University Hospital, France. How this unit
functions has previously been described elsewhere.17 Dementia
diagnosis was established by senior practitioners (neurologist or
geriatrician) according to Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (DSM-IV) criteria.18

An initial evaluation of AB was performed at the patient’s
admission, using the last available prescription detailing the
treatment ongoing at the time of hospitalization. A second evaluation
of AB was performed before discharge, based on the discharge
prescription. Medications with anticholinergic properties were
replaced during the hospital stay, where possible, with other drugs
that had lesser or no anticholinergic activity.

BPSDs were evaluated using the NPI-NH by the caregiving team
(psychologist, nurses, and/or nurses’ aides from the unit; all are
trained in the administration of this instrument) during a
multidisciplinary meeting. The first score was calculated 2 days after
admission, and the second score was calculated 2 days before
discharge. Because the physicians in the unit were the prescribers,
they did not participate in the evaluation of BPSDs in order not to
influence the NPI-NH scores or any potential changes to medication.

Assessment of AB Exposure

The AB was evaluated for each patient using 3 different
instruments, namely, the Anticholinergic Drug Scale (ADS),19 the
ACB,13 and the Anticholinergic Risk Scale (ARS).20 The details of the
score calculation for each of these scales is provided in Appendix 1 of
the Supplementary Data.

BPSD Assessment

BPSDs were assessed using the Neuropsychiatric
InventoryeNursing Home scale (NPI-NH). The F�S and OD
scores were summed for each patient. The NPI-NH covers 12
domains (delusions, hallucinations, agitation/aggression, depression/
dysphoria, anxiety, elation/euphoria, apathy, disinhibition, irritability/
lability, aberrant motor behavior, sleep and nighttime behavior
disorders, and appetite and eating changes). The frequency score of
each domain is rated from 1 (less than once a week) to 4 (at least once
a day or continuously present). The severity score is rated from 1
(present but not distressing to the patient) to 3 (very stressful and
upsetting; typically requires specific management). The OD score
measures how disruptive the caregivers find the patient’s behavior to
their workload, and is rated from 0 (not at all) to 5 (very severely or
extremely).

Covariates

We recorded sociodemographic data (age, sex) and the variables of
the standard comprehensive geriatric assessment. The level of
independence at baseline was assessed using Katz’s Activities of Daily
Living (ADL) scale.21 Cognitive impairment was assessed using the
Mini-Mental State Examination (MMSE).22 Mood was assessed using
the Mini-Geriatric Depression Scale23 if MMSE score was �15, or by
Cornell scale24 if MMSE was <15. A modified version of the Charlson
Comorbidity Index was used to estimate comorbidity burden.25

Nutritional status was assessed using the Mini-Nutritional
Assessment.26

Clinical Outcomes

The primary endpoint was a clinically significant decrease in the
F�S score of the NPI-NH, defined as a decrease of 4 points or more, as
described by Cummings et al.27 The secondary endpoint was a
clinically significant decrease in the OD score of 3.10 to 3.95 points,
reported by Mao et al to be associated with a significant decrease in
OD.28

Statistical Analysis

Quantitative data are described as mean � standard deviation and
categorical variables as number (percentage). The F�S and OD scores
of the NPI-NH (at baseline) were categorized into tertiles. In both
univariate and multivariate analysis, only patients whose AB was
greater than 0 at inclusion were included. Simple linear regression to
model the decrease in F�S score of the NPI-NH was performed for
each candidate variable. Clinical variables of interest (age, sex, level of
ADL, type of dementia, stage of dementia, likelihood of depression,
comorbidity burden, and nutritional status) were included in the



Table 1
Characteristics of the Study Population (N ¼ 147)

Variables

Age, mean � SD 84.1 � 5.2
Age 65-75 years, n (%) 4 (2.7)
Age 75-85 years, n (%) 53 (36.1)
Age 85 years or more, n (%) 90 (61.2)
Female sex, n % 95 (64.6)
ADL �3, n (%) 108 (73.5)
MMSE, mean � SD 13.3 � 5.3
Type of dementia, n (%)
AD 80 (54.4)
Vascular 20 (13.6)
LBD 5 (3.4)
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multivariate model using an ascending stepwise approach, with a
threshold for exit from the model set at 0.05. One model was
constructed for each scale. The relevant AB scale score was forced in
the corresponding model. We tested interactions between the
reduction in AB, initial AB, and initial level of BPSDs. The relationships
between continuous variables and NPI-NH score (F�S or OD) were
analyzed to ensure a linear relationship, and if it was not found to be
linear, a quadratic termwas added. The same tests were performed to
model the OD score of the NPI-NH. The alpha risk was set at 0.05. The
goodness of fit of the multiple linear regression models was estimated
using the adjusted R-squared. All analyses were performed using R
software [R Core Team (2014)].
Mixed 42 (28.6)
At risk of depression (Mini-GDS score � 1 or
Cornell score � 10), n (%)

84 (57.9)

Charlson Comorbidity Index, n (%)
Mild comorbidity (1-2) 45 (30.6)
Moderate to severe comorbidity (�3) 102 (69.4)
At risk of undernutrition or malnourished, n (%) 104 (70.4)
Ethical Considerations

This study was approved by the Institutional Review Board of the
Reims University Hospital, France, under the number 2016-16.
Length of stay, d, mean � SD 11.2 � 3.1
BPSDs prevalence according to NPI-NH, n (%)
Delusions 38 (25.9)
Hallucinations 24 (16.3)
Agitation/aggression 57 (39.2)
Depression/dysphoria 50 (34.0)
Anxiety 69 (34.7)
Elation/euphoria 0
Apathy/indifference 47 (32.0)
Disinhibition 5 (3.4)
Irritability/lability 57 (38.7.4)
Aberrant motor behavior 57 (38.7)
Sleep and nighttime behavior disorders 52 (35.4)

NPI-NH F�S score at baseline, mean � SD 13.5 � 11.6
NPI-NH OD score at baseline, mean � SD 7.3 � 4.7
AB at baseline >0 assessed by ADS scale, n (%) 123 (83.7)
Results

Characteristics of the Study Population

A total of 147 patients were included (average age was 84.1 �
5.2 years). Eighty patients (54.4%) had AD, 42 (28.6%) had mixed
dementia (AD and vascular), 20 (13.6%) had vascular dementia, and 5
had Lewy body dementia. The characteristics of the study population
are displayed in Table 1.

Overall, 80 (54.4%) of the patients had a reduction in AB as assessed
by the ACB, 66 (44.9%) when assessed by the ADS, and 77 (52.4%)
when assessed by the ARS.
ADS score at baseline, mean � SD 2.2 � 1.7
AB at baseline >0 assessed by ACB scale, n (%) 118 (80.3)
ACB score at baseline, mean � SD 2.2 � 1.7
AB at baseline >0 assessed by ARS scale, n (%) 126 (85.7)
ARS score at baseline, mean � SD 2.3 � 1.8

LBD, Lewy body dementia; Mini-GDS, Mini Geriatric Depression Scale; SD, standard
deviation.
Missing data: nutritional status, n ¼ 8; probability of depression, n ¼ 2.
Decrease in F�S Score of the NPI-NH, According to the Change in AB

According to the ADS, there was a significant overall association
between the reduction in AB and the decrease in the F�S score of the
NPI-NH (Figure 1A and Table 2). A reduction of 2 points in AB was
associated with a clinically significant decrease in the F�S score [6.34,
95% confidence interval (CI) 4.54-8.14] in subjects with moderately
intense BPSDs (initial F�S score between 10 and 20) (Figure 1B and
Table 2). No other clinical variable was significantly associated with a
decrease in F�S score.

Using the ACB and ARS scales, there was no significant relationship
between a reduction in AB and a decrease in F�S score of the NPI-NH
(Table 2 and Appendices 2 and 3).
Decrease in the OD Score of the NPI-NH, According to the Change in
AB

Using the ADS, there was a significant overall association between
the reduction in AB and a clinically significant decrease in the OD score
of the NPI-NH (Figure 1C and Table 2). A reduction of 3 points in AB as
assessed by the ADS led to a clinically significant decrease of more
than 3 points in the OD score (4.26, 95% CI 3.11-5.41) in patients with
moderate-intensity BPSDs (initial OD score between 5 and 10)
(Figure 1D and Table 2). No other clinical variable was related to a
significant decrease in the OD score.

According to the ACB and ARS scores, there was no significant
relation between a reduction in AB and a decrease in the OD score
(Table 2, Appendices 2 and 3).

The decrease in BPSDs at each cut-off point for the reduction in AB
(in 1-point increments) according to the 3 assessment scales is
detailed in Table 2.
Discussion

This study shows that based on ADS scores, a small reduction in AB
is associated with a clinically significant decrease in moderate-
intensity BPSDs in older subjects with dementia, independently of
the other variables investigated. As reported by Lövheim et al,29 our
results may be related to the higher prevalence of BPSDs in older
subjects at the middle stages of dementia, regardless of the type of
dementia considered. The mean MMSE score in our population was
13.3 � 5.3.

According to our findings, regardless of the scale used to assess AB,
there was no significant effect of a reduction in AB among patients
presenting mild BPSDs. Indeed, since the starting score for BPSDs was
low, it is difficult to achieve a clinically significant decrease of 4 points,
due to a sort of “floor” effect. Indeed, in our population, 96.6% of
patients had AD, vascular dementia, or mixed dementia (vascular and
AD). According to Tanaka et al,30 the severity of BPSDs as evaluated by
the NPI progresses with dementia stage in subjects with AD.
Furthermore, a cholinergic deficit may also be involved in vascular
dementia. In this regard, Tohgi et al showed that the level of
acetylcholine in the cerebrospinal fluid of subjects with vascular
disease was 49% lower than that of controls.31 Therefore, in our study
population, with mild BPSDs, it is possible that the cholinergic deficit
was not sufficiently marked for a reduction of AB to lead to a decrease
in BPSDs.



Fig. 1. Modelization of the decrease in BPSDs. NPI F�S and OD scores according to the reduction in anticholinergic burden as assessed by the ADS. Missing data: nutritional status,
n ¼ 8; probability of depression, n ¼ 2. Variables included in the models: age, sex, level of ADL, type of dementia, stage of dementia, probability of depression, level of comorbidities
according to the Charlson Comorbidity Index, nutritional status, and anticholinergic burden as assessed by the ADS. (A) Overall decrease in NPI F�S during the hospital stay.
(B) Decrease in NPI F�S according to initial BPSDs. (C) Overall decrease in NPI OD during the hospital stay. (D) Decrease in NPI OD according to initial BPSDs.
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Conversely, whatever the reduction in AB, we observed a
substantial decrease in BPSDs in patients who had severe BPSDs at
admission, albeit without observing a “dose-response” relationship in
the reduction. Accordingly, the reduction in AB alone could not induce
Table 2
Decrease in BPSDs According to the Reduction (in 1-Point Increments) in AB as Assessed

Decrease in F�S Score, Points (95% CI)

Initial Score < 10 �10 Initial Score < 20 Initial Score � 20

ADS
1 1.17 (�0.28, 2.62) 3.79 (1.76, 5.83) 0.70 (�1.229, 2.63
2 1.09 (�0.86, 3.04) 6.34 (4.54, 8.14)* 0.16 (�1.64, 1.95)
3 �0.24 (�3.20, 2.72) 7.63 (6.08, 9.19)* �1.64 (�3.83, 0.54)

ACB
1 1.37 (�0.04, 2.79) 3.00 (1.32, 4.68) 1.13 (�0.64, 2.91)
2 1.37 (�0.35, 3.09) 4.63 (3.22, 6.05) 0.89 (�0.89, 2.67)
3 �0.01 (�2.39, 2.37) 4.89 (3.53, 6.24) �0.72 (�3.27, 1.81)

ARS
1 1.38 (0.21, 2.56) 2.33 (1.29, 3.37) 0.69 (�0.56, 1.93)
2 1.51 (0.22, 2.80) 3.41 (2.35, 4.47) 0.12 (�1.00, 1.25)
3 0.39 (�1.325, 2.11) 3.24 (2.09, 4.38) �1.69 (�2.87, �0.51

Variables included in the models are age, sex, level of ADL, type of dementia, stage of d
Comorbidity Index, nutritional status, and anticholinergic burden as assessed by the AD
Linear regression model: decrease in F�S score according to ACB: adjusted R-squared ¼
Linear regression model: decrease in F�S score according to AD: adjusted R-squared ¼
Linear regression model: decrease in F�S score according to ARS: adjusted R-squared ¼
Linear regression model: decrease in OD score according to ACB: adjusted R-squared ¼
Linear regression model: decrease in OD score according to ADS: adjusted R-squared ¼
Linear regression model: decrease in OD score according to ARS: adjusted R-squared ¼

*Clinically significant (>4 for F�S score) and statistically significant (P < .05).
yClinically significant (>3.1 for OD) and statistically significant (P < .05).
a decrease in BPSDs, as there was evidence of a “ceiling” effect. Indeed,
multiple etiologic factors are implicated in the emergence and
persistence of BPSDs, such as the type of dementia,32 the severity of
cognitive impairment,33 and neurotransmitter deficits,34 as well as
by the ADS, ACB, and ARS

Decrease in OD Score, Points (95% CI)

Initial Score < 5 �5 Initial Score < 10 Initial Score � 10

) 1.27 (0.10, 2.44) 2.05 (1.01, 3.09) 0.26 (�0.98, 1.51)
1.91 (0.62, 3.2) 3.47 (2.41, 4.54) e0.10 (�1.23, 1.02)
1.92 (0.20, 3.63) 4.26 (3.11, 5.41)y �1.10 (�2.28, 0.07)

1.29 (0.20, 2.37) 2.14 (1.19, 3.08) 0.56 (�0.48, 1.60)
1.81 (0.64, 2.98) 3.51 (2.19, 4.41) 0.35 (�0.61, 1.32)
1.57 (�0.02, 3.16) 4.12 (3.07, 5.17) �0.62 (�1.76, 0.52)

1.38 (0.21, 2.56) 2.33 (1.29, 3.37) 0.69 (�0.56, 1.93)
1.51 (0.22, 2.80) 3.41 (2.347, 4.47) 0.12 (�1.003, 1.25)

) 0.39 (�1.325, 2.11) 3.24 (2.09, 4.38) �1.69 (�2.87, �0.51)

ementia, probability of depression, level of comorbidities according to the Charlson
S, ACB, and ARS.
0.62; F-statistic ¼ 33.41 on 6; df ¼ 114; P < .01.
0.60; F-statistic ¼ 29.78 on 6; df ¼ 109; P < .01.
0.69; F-statistic ¼ 43.55 on 6; df ¼ 117; P < .01.
0.58; F-statistic ¼ 29.39 on 6; df ¼ 114; P < .01.
0.53; F-statistic ¼ 21.00 on 6; df ¼ 109; P < .01.
0.67; F-statistic ¼ 39.73 on 6; df ¼ 117; P < .01.
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vascular35 and environmental determinants.36 At the severe level of
BPSDs, it is possible that these etiologic factors may be preponderant
and have a greater impact than the cholinergic deficit in the
emergence and persistence of BPSDs.

Furthermore, in our study, beyond a certain threshold, further
reduction in AB failed to lead to further decrease in BPSDs. In our study
population, the decrease in BPSDs could be partially due to the
multidisciplinary management in line with expert recommendations
within our specialized geriatric unit.37

We observed differences in our findings depending on the score
used to assess AB. Accordingly, the reduction in AB as assessed by the
ADS was associated with a significant decrease in BPSDs, whereas no
such significant relation was observed when the ACB or ARS were
used. This is likely to be the consequence of the heterogeneity
between these different tools to evaluate AB, and in their average level
of agreement with each other.38 A recent study showed substantial
disparities between 9 available instruments for evaluating AB, and the
clinical consequences this could have in older patients with
dementia.39 As discussed by Turro-Garigra et al in their study, there
were substantial differences in some outcomes (such as hypertension,
stage of dementia, depression, diabetes mellitus) across the 9
anticholinergic risk scales, including the ADS, ACB, and ARS.39

Furthermore, the same drug may be evaluated differently by
different scales. For example, the AB of risperidone is scored 1 by the
ACB and ARS, and 0 on the ADS. In this context, it is difficult to
ascertain the true magnitude of the effect of a reduction in AB on
BPSDs. The use of these instruments in clinical practice or for research
purposes requires the user to be aware of their respective limitations.
Among the 3 scales used here, the ADS includes the largest number of
cholinergic antagonists (117 for the ADS, 94 in the ACB and 50 for the
ARS). The ADS is the only tool among the 3 to take into account an
estimation of AB based on both biological parameters (namely the
association with serum anticholinergic activity)40 and clinical
parameters, that is, the adverse effects of cholinergic antagonists.
Conversely, the design of the ACB is based solely on expert opinion
formulated from a review of the literature.13 A limitation to the use of
the ARS in older adults with dementia is that the cognitive status of
the population used to develop the ARS was not specified.20 Finally,
the drugs on all 3 scales include some medications that are not
commercially available in France, such as molindone (ADS and ACB),
asenapine (ACB), and darifenacin andmeclizine (all 3 scales). In fact, as
of this writing, there is no single, standardized tool that can un-
equivocally assess AB.41 To meet this need, Duran et al listed 100
medications frequently prescribed in older polymedicated patients,
namely, drugs with clinically relevant anticholinergic properties (47
high potency and 53 low potency), and for which therewas agreement
across the different scales.42 However, despite their differences, scales
to evaluate AB remain a simple and noninvasive way to estimate the
exposure of older patients with dementia to anticholinergic load.

In this context, cholinergic antagonists could represent an
avoidable iatrogenic contributing factor to BPSDs, facilitating the
onset and persistence of BPSDs, perhaps by compounding a
pre-existing cholinergic deficit. Given that there is currently no
standardized symptomatic treatment strategy for BPSDs, it is clearly
preferable to avoid the prescription of medications that may promote
this condition. Our results show one interesting concrete finding:
discontinuation of certain medications with a low AB (eg, codeine,
colchicine, cetirizine) contributes to a decrease of moderate-intensity
BPSDs in older patients. Indeed, discontinuation or substitution of
these medications (whose AB is assessed differently depending on the
instrument used) could be easier in routine practice than the
interruption of certain other drugs with a higher AB (eg, amitriptyline,
clomipramine, paroxetine, or hydroxyzine). A recent randomized trial
tested an intervention aimed at reducing AB in older patients,
especially those with cognitive impairment.43
A certain number of covariables were taken into account in our
statistical analysis, as we considered them to be of relevance to this
study. Advanced age has previously been shown to be associated with
the severity of BPSDs,44 although sex was also taken into account as
there is evidence of differences in BPSD prevalence between men and
women.45 The level of ADLwas also taken into consideration, because in
late-stage dementia mobility may be more severely impaired, which
can in turn reduce the prevalence of certain BPSDs, such as agitation or
wandering. The risk of depressionwas also considered relevant because
psychological signs of depression in older adults can present as agita-
tion or psychosis.46 Furthermore, comorbidities were also controlled
for, because the presence of multiple comorbidities is reportedly related
to the risk of adverse drug reactions,47 which, in populations similar to
ours, most frequently present in the form of neuropsychiatric
disorders.48 Finally, risk of malnutritionwas also considered relevant to
our analysis, because it has been shown that there is an increased risk of
malnutrition, as evaluated by the Mini-Nutritional Assessment, in older
patients with BPSDs49; moreover, BPSDs may lead to weight loss, which
in turn promotes malnutrition.50

Certain limitations of our study deserve to be underlined. First, this
was a single-center study and included a limited number of patients.
Second, the estimation of AB was based on available assessment scales
and not on the biological measurement of serum anticholinergic
activity or in the spinal fluid, which yields more accurate measures.
Third, our findings cannot be generalized to all older patients with
dementia, since the participants in this study were recruited in a
dedicated geriatric care unit specializing in the management of
patients with dementia. Finally, the scales used to measure AB do not
take into account the dose effect or the duration of exposure to
treatment. Strong points of our study include the fact that, to our
knowledge, this is the first study to investigate thresholds for a
reduction in AB that would have a clinically significant impact on
BPSDs. In addition, most participants in the study presented BPSDs that
were disruptive and had a negative effect on the patients themselves as
well as on their caregivers. This population therefore has the potential
to gain substantial benefit from any reduction in AB.

Conclusions/Relevance

In older patients with dementia hospitalized in a dedicated geri-
atric care unit, a small reduction in AB as assessed by the ADS is
associated with a clinically significant decrease in the F�S and OD
scores of moderate-intensity BPSDs as evaluated by the NPI-NH.
Because BPSDs are a frequent cause of hospitalization, a standard-
ized approach to analysis and reduction of AB is warranted in this
population. Furthermore, it would be useful to attempt, whenever
possible, to prevent BPSDs by substituting cholinergic antagonists
with other drugs, or by discontinuing them when already prescribed.
Larger-scale studies in other populations of older patients with BPSDs
(eg, outpatients, nursing home residents) are warranted to confirm
these findings.
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Appendix 1

The Anticholinergic Drug Scale (ADS)E1 was developed based on
measures of serum anticholinergic activity and validated in a
population of elderly long-term care facility residents. It covers a total
of 117 drugs, which are rated from 0 to 3 (with 0 ¼ no known
anticholinergic activity; 1 ¼ potentially anticholinergic as evidenced
by receptor-binding studies; 2 ¼ anticholinergic adverse events
sometimes noted, usually at excessive doses; and 3 ¼ marked
anticholinergic activity).

The Anticholinergic Cognitive Burden scale (ACB)E2 was
designed to identify the severity of adverse impact of anticholin-
ergic drugs on cognitive function. The ACB lists a total of 88 drugs,
rated from 0 to 3 (0 corresponding to no anticholinergic effects,
1 ¼ drugs with possible but not clinically relevant anticholinergic
effects; 2 ¼ drugs with established and clinically relevant moderate
to severe cognitive effects not associated with development of
delirium; 3 ¼ drugs with established and clinically relevant
moderate to severe cognitive effects and associated with develop-
ment of delirium).

The Anticholinergic Risk Scale (ARS)E3 was developed based on a
review of the literature and expert opinion concerning the 500 most
prescribed medications within the Veterans Affairs Boston Healthcare
System (excluding topical ophthalmic, otologic, and inhaled
medication preparations). It lists a total of 49 drugs, whose
anticholinergic potential is ranked on a scale from 0 to 3 (0 ¼ limited
or non, 1 ¼ moderate, 2 ¼ strong, and 3 ¼ very strong).
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Appendix 2. Modelization of the decrease in Behavioral and Psychological Symptoms of Dementia (BPSDs): NPI Frequency x Severity (FxS) and Occupational Disruptiveness scores
(OD) according to the reduction in anticholinergic burden as assessed by the Anticholinergic Cognitive Burden scale (ACB).
Missing data: Nutritional status, n ¼ 8; probability of depression, n ¼ 2. Variables included in the models: age, sex, level of ADL, type of dementia, stage of dementia, probability of
depression, level of comorbidities according to Charlson Comorbidity Index, nutritional status, and anticholinergic burden as assessed by the ACB.
(A) Overall reduction in NPI FxS during the hospital stay; (B) reduction in NPI FxS according to initial BPSDs; (C) overall reduction in NPI OD during the hospital stay; (D) reduction in
NPI OD according to initial BPSDs.
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Appendix 3. Modelization of the decrease in BPSDs: NPI FxS and OD scores according to the reduction in anticholinergic burden as assessed by the Anticholinergic Risk Scale (ARS).
Missing data: Nutritional status, n ¼ 8; probability of depression, n ¼ 2. Variables included in the models: age, sex, level of ADL, type of dementia, stage of dementia, probability of
depression, level of comorbidities according to Charlson Comorbidity Index, nutritional status, and anticholinergic burden as assessed by the ARS.
(A) Overall reduction in NPI FxS during the hospital stay; (B) reduction in NPI FxS according to initial BPSDs; (C) overall reduction in NPI OD during the hospital stay; (D) reduction in
NPI OD according to initial BPSDs.
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