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Abstract

The anticholinergic burden (ACB) is
known to be associated with the worsening
of functional and cognitive status. This
study aims at demonstrating a correlation
between the ACB and the malnutrition,
given the widespread effect on the diges-
tive tract of anticholinergic medications.
From 2012 to 2018, 2843 patients were
recruited among the new admissions to our
Geriatric Unit. For each patient the activi-
ties of daily living (ADL), the instrumental
activities of daily living (IADL), the mini
mental state examination (MMSE), the
cumulative illness rating scale (CIRS), the
mini nutritional assessment (MNA) and
the ACB of medications were evaluated.
The correlations between the ACB and the
ADL (P<0.001), the IADL (P<0.001), the
MMSE (P<0.001) scores were confirmed,
and a significant correlation was also
found between the ACB and the MNA
(P<0.001) score. The CIRS and the ACB
scores resulted to be independent predic-
tors of all outcomes considered, in a linear
regression model adjusted for age, sex,
comorbidity and number of prescribed
drugs. Therefore, ACB seems to have by
itself an impact on physical and cognitive
functions and on nutritional status.

Introduction

Polypharmacy (commonly defined as
the assumption of more than 5 medications
daily1) has a great prevalence in the older
population. It is a well-known trigger for
many adverse outcomes, such as falls, hos-
pitalizations, institutionalizations, devel-
opment of delirium and dementia, and,
ultimately, death.2,3 Multimorbidity may
increase both the incidence of detrimental
events and the number of prescribed med-
ications.4 Nevertheless, also adverse drug
reactions and drug-drug interactions may

play an important role in determining these
complications.5 Moreover, older patients
are more susceptible to adverse drug reac-
tions because of physiopatological alter-
ations of metabolic pathways and pharma-
cokinetics.6,7

Anticholinergic burden is a well-stud-
ied example of such detrimental effects of
polypharmacy. Indeed, in association with
the well-known anticholinergic effects,
such as dry mouth, blurred vision,
decreased gastrointestinal motility, urinary
retention, and increased heart rate, many
studies have proved an association between
the long term use of anticholinergic drugs
and other significant clinical outcomes,
such as functional decline, cognitive
impairment, rate of falls and hospitaliza-
tions, incidence of delirium, and mortali-
ty.8-10 Moreover, in addition to the medica-
tions employed to treat many medical con-
ditions, such as Parkinson’s disease, chron-
ic obstructive pulmonary disease, urinary
incontinence because of their anticholiner-
gic activity, there are many drugs that have
an unintended antagonistic effect on
cholinergic receptors.8 Although the anti-
cholinergic potency of many of these med-
ications has been demonstrated only
through in vitro studies and is pharmacody-
namically weak if taken singularly, additive
effects due to prescription of multiple anti-
cholinergic drugs may be clinically rele-
vant particularly in older patients, who
have been demonstrated to be more suscep-
tible to anticholinergic effects.11 For these
reasons many drugs with anticholinergic
activity are considered to be potentially
inappropriate medications and the depre-
scribing is suggested.12

At the present time, there are no stan-
dardized tools to measure the total ACB of
a single patient. Among all the instruments
developed to evaluate it, the ACB scale is
one of the most frequently used to demon-
strate the adverse outcomes of the anti-
cholinergic drugs.8 The multiform clinical
presentation of the ACB is not surprising
given the widespread distribution of the
acetylcholine receptors, which can impair
the functions of the central nervous system
as well as the peripheral ganglia, including
the gastrointestinal autonomic system.13
Although a possible causal relation
between the ACB and the malnutrition may
be hypothesized, the nutritional status has
not been so far an object of research in the
field of the ACB. This study aims to eluci-
date whether a correlation between the
ACB and the malnutrition risk does exist,
and whether it remains meaningful after the
correction for age, sex, comorbidity and the
total number of prescribed drugs.

Materials and Methods

We designed an observational retrospec-
tive study enrolling all subjects admitted to
the Geriatric Unit of ASUITS, Trieste (Italy)
from January 1st 2012 to December 31st 2018
who underwent a Comprehensive Geriatric
Assessment (CGA). If the same patient had
multiple readmissions, only the first one with
complete data was considered.

Comprehensive geriatric assessment
Patients’ functional status was assessed

through activity of daily living (ADL)14,
which were evaluated by the geriatrician at
hospital admission, and instrumental activi-
ties of daily living (IADL)15, which were
described by the patient himself or his rela-
tives concerning the two weeks before the
admission. The mini-mental state examina-
tion (MMSE) Italian version16 with correc-
tion for age and schooling was performed to
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evaluate the cognitive functions. The mini
nutritional assessment (MNA)17 was calcu-
lated to evaluate the risk of malnutrition.
The cumulative illness rating scale (CIRS)
was calculated according to the standard-
ized algorithm to assess the 13 items comor-
bidity burden (CIRSc13).18 A complete
assessment of medications (including those
prescribed on as-needed basis) was per-
formed at the admission with the help of the
patient and his caregiver (involving eventu-
ally the general practitioner, if both sources
of information were unavailable or unreli-
able). The total number of drugs (including
as-needed and topical medications) was
recorded.

Anticholinergic Burden scale 
The ACB scale assigns to each drug a

score between 0 and 3 according to the esti-
mated anticholinergic effect: 0 points are
given to drugs with no known anticholiner-
gic effect; 1 point is given to drugs with evi-
dence of antagonist activity on muscarinic
receptors from in vitro data; 2 points if there
is clinical evidence of the drug anticholiner-
gic effects in literature, prescriber’s infor-
mation, or experts’ opinion of clinical prac-
tice; 3 points are assigned to those medica-
tions that may cause delirium according to
literature, experts’ opinion, or prescribers
information.19,20 The total ACB score was
obtained summing up the scores of all med-
ications taken by a single subject before the
admission to hospital.

Statistical analyses
Statistical analyses were performed

with the free statistical software R.
Spearman’s rank correlation test was used
to verify the correlations between the total
ACB score and other variables of CGA. A
linear model corrected for age, gender,
comorbidity burden and total number of
medications was used to test whether ACB
score was an independent predictor of each
CGA variable.

Results

During the period of the study 5440 sub-
jects were admitted to our Geriatric Unit.
There were 1028 multiple readmissions and
1569 patients with incomplete CGA. The
final cohort therefore comprised 2843 sub-
jects with median age 85.0 years (first and
fourth quartile 79-90). Among these, 66.9%
were female. Polypharmacy had a preva-
lence of 47.8%. Fully independent patients
in all activities of daily living (IADL: 7-8)
were 30.1% of total cohort. A complete
physical dependency at admission (ADL: 0-

1) had a prevalence of 33.7%. Mild cogni-
tive impairment (MMSE comprised
between 21 and 23.9) had a prevalence of
14.8%; moderate cognitive impairment
(MMSE between 11 and 20.9) had a preva-
lence of 27.6%; severe cognitive impair-
ment (MMSE less than 11) had a prevalence
of 10.0%. In the studied cohort 21.7% of
subjects resulted malnourished (MNA<17),
while 42.9% resulted at risk of malnutrition
(MNA between 17 and 23.5). A statistical
summary of CGA variables are reported in
the Table 1. Mean ACB score was 0.93; an
ACB score of 1 or more was achieved by
57.3% of the subjects of the cohort. The 20
most commonly prescribed drugs with anti-
cholinergic properties are reported in the
Table 2 along with their anticholinergic
score, according to the ACB scale.

There was a significant correlation
between the ACB score and the ADL
(P<0.001, rho= –0.11), the IADL (P<0.001,
rho= –0.18), the MMSE (P<0.001, rho=
–0.07), and the MNA (P<0.001, rho= –0.11)
(Figure 1). In the age and sex adjusted lin-
ear regression model, CIRSc13 and ACB
score resulted to be independent predictors
of all outcomes considered, while the total
number of prescribed drugs was an inde-
pendent predictor of MMSE and ADL only.
The complete results are displayed in the
Table 3.

Discussion

In this study the existence of a direct cor-
relation between the ACB of pharmacothera-
py and the decline of functional and cogni-
tive performances was confirmed in a cohort
of hospitalized older patients. A significant
correlation between the ACB and the risk of
malnutrition has been found. Furthermore, it
has been demonstrated that these correlations
are not spurious, since they were driven not
only by a higher number of drugs or by a
higher comorbidity burden.

The ACB in the studied cohort was
mainly driven by drugs with an ACB score
equal to 1 (while drugs with ACB score
equal to 2 or 3 were much rarely pre-
scribed). Although these drugs have an anti-
cholinergic effect demonstrated only in
vitro, they seem to have an additive impact
with significant clinical consequences.

It has also been highlighted that the
number of prescribed drugs is not an inde-
pendent predictor of IADL and MNA. On
the contrary, the comorbidity assessment
and the total ACB score resulted to be inde-
pendent predictors of functional, cognitive
and nutritional decline. These results sug-
gest that clinicians should pay more atten-

tion to these aspects of CGA than on the
rough number of prescribed drugs.

This study has some limitations. First,
although the ACB scale has been used in
many European studies,21 it has been devel-
oped taking into account only drugs that are
licensed in USA. Therefore, there may be
some drugs with anticholinergic effects that
are currently available in Italy, which have
not been considered. Second, the ACB
score gives only a rough estimation of the
ACB of an individual patient because it
does not make any distinction between
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Table 1. Summary of the variables evaluat-
ed in the comprehensive geriatric assess-
ment.

Variables               Mean             Median
                           (standard      (quartiles)
                          deviation)               

ACB score                  1.06 (1.3)                1 (0-2)
ADL                               3.4 (2.3)                 3 (1-6)
IADL                             4.0 (3.0)                 4 (1-7)
MMSE                         21.3 (7.5)        23.4 (17.4-27.2)
MNA                            20.8 (5.5)           22 (17.5-25)
CIRS c13                      4.7 (2.1)                 5 (3-6)
N of drugs                   5.6 (3.1)                 5 (3-8)

Table 2. The 20 most frequently pre-
scribed medications with anticholinergic
effect.

Medications      ACB score         Number
                                                  of patients

Furosemide                      1                           913
Warfarin                             1                           323
Digoxin                               1                           230
Isosorbide                         1                           210
Prednisone                        1                           102
Haloperidol                       1                            83
Quetiapine                        3                            76
Atenolol                              1                            69
Codeine                             1                            66
Paroxetine                         3                            65
Alprazolam                        1                            64
Trazodone                          1                            64
Metoprolol                        1                            44
Ranitidine                          1                            34
Fentanyl                             1                            32
Cetirizine                           1                            23
Diazepam                           1                            22
Risperidone                      1                            21
Venlafaxine                       1                            19
Amitriptyline                     3                            15
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drugs that are regularly taken and those
taken as needed; furthermore, the scale does
not account neither for the drug doses nor
for the duration of the treatment (which can
significantly affect the total anticholinergic
burden). Moreover, this study did not assess
patients’ compliance to therapy. In spite of
this, the results suggest that the ACB score
is an instrument that is sensible enough to
point out significant correlations with many

relevant outcomes. Third, the generalizabil-
ity of study findings to the whole older pop-
ulation is hindered by the recruitment of
inpatients only, which are known to be char-
acterized by a high prevalence of frailty if
compared to older subjects living in the
community.22 Finally, although the ACB
score has resulted to be an independent pre-
dictor of development of cognitive, nutri-
tional and functional impairment, more

studies are needed to demonstrate that mod-
ifying the ACB can actually change the
declining trajectories of these patients.

Conclusions

In conclusion, we demonstrated that the
ACB negatively affects the functional, cog-

                             Article

Figure 1. Correlation between ACB score and: A) activities of daily living (ADL); B) instrumental activities of daily living (IADL); C)
mini mental state examination (MMSE); D) mini nutritional assessment (MNA).
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nitive and nutritional status, independently
of polypharmacy and comorbidities. The
prescription of the drugs with anticholiner-
gic properties should be made with caution
and the risk/benefits balance should be
always checked. Physicians, in particular
those who care for older people, should
avoid prescribing those drugs with high
ACB score and look for better pharmaco-
logic or non-pharmacologic therapies to
reduce anticholinergic side effects.
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Table 3. Results of the age and sex adjusted linear models.

                                                                                                     Coefficient                        Standard error                           P-value

Model 1 (for ADL)                                Age                                                                –0.08                                                   0.01                                                 <0.001
                                                                  Sex                                                                  0.42                                                    0.09                                                 <0.001
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                                                                  Sex                                                                –0.02                                                   0.11                                                    0.88
                                                                  CIRSc13                                                        –0.28                                                   0.03                                                 <0.001
                                                                  N of drugs                                                     0.01                                                    0.02                                                    0.51
                                                                  ACB score                                                    –0.34                                                   0.05                                                 <0.001
Model 1 (for MNA)                               Age                                                                –0.10                                                   0.01                                                 <0.001
                                                                  Sex                                                                  0.94                                                    0.22                                                 <0.001
                                                                  CIRSc13                                                        –0.50                                                   0.05                                                 <0.001
                                                                  N of drugs                                                     0.04                                                    0.04                                                    0.26
                                                                  ACB score                                                    –0.34                                                   0.09                                                 <0.001
Model 1 (for MMSE)                            Age                                                                –0.20                                                   0.02                                                 <0.001
                                                                  Sex                                                                  0.96                                                    0.29                                                   0.001
                                                                  CIRSc13                                                        –0.36                                                   0.07                                                 <0.001
                                                                  N of drugs                                                     0.39                                                    0.05                                                 <0.001
                                                                  ACB score                                                    –0.95                                                   0.12                                                 <0.001
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