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A B S T R A C T

Background: The relationship between anticholinergic burden and mortality is controversial, and the impact of
anticholinergic burden on prognosis may vary in presence of other conditions common in old age. We aimed at
investigating the role of depressive symptoms as potential effect modifiers in the association between antic-
holinergic burden and 1-year mortality in older patients discharged from hospital.
Methods: Our series consisted of 576 older patients consecutively admitted to seven geriatric and internal
medicine acute care wards in the context of a prospective multicenter observational study. Overall antic-
holinergic burden was assessed by Anticholinergic Cognitive Burden (ACB) score. Depressive symptoms were
assessed by 15-item Geriatric Depression Scale (GDS). The study outcome was all-cause mortality during 12-
months follow-up. Statistical analysis was carried out by Cox regression analysis.
Results: After adjusting for potential confounders, discharge ACB score= 2 or more was significantly associated
with the outcome among patients with GDS > 5 (HR=3.70; 95%CI= 1.18–11.6), but not among those with
GDS≤5 (HR=2.32; 95%CI=0.90–6.24). The association was confirmed among depressed patients after ad-
justing for ACB score at 3-month follow-up (HR=3.58; 95%CI=1.21–10.7), as well as when considering ACB
score as a continuous variable (HR=1.42; 95%CI= 1.10–1.91). The interaction between ACB score at dis-
charge and BADL dependency was statistically significant (p < .005).
Conclusions: ACB score at discharge may predict mortality among older patients discharged from acute care
hospital carrying high GDS score e. Hospital physician should be aware that prescribing anticholinergic medi-
cations in such a vulnerable population may have negative prognostic implications.

1. Introduction

Anticholinergic medications are known to cause several side effects
and negative outcomes among older patients, including functional de-
cline, falls and delirium [1,2], cognitive impairment [3] and disability
[4]. Despite this, the prevalence of anticholinergic use in older patients
ranges from 8% to 37% [5].

Reason why the impact of anticholinergic medications on mortality
is controversial. A significant increase in risk of death in relation to
anticholinergic burden was observed in the general population [6],

among patients discharged from hospital after hip fracture [7], among
older people living at home and in institutions [8], as well as among
nursing home residents [9] and patients discharged from acute care
hospital [10]. However, other studies failed to find significant asso-
ciations between anticholinergic burden and mortality in hospitalized
patients [11], nursing home [1,12] or long term care residents [13].
Furthermore, the impact of anticholinergic burden on prognosis may
vary in the presence of other conditions common in old age. Indeed, by
using data from the CRiteria to assess Inappropriate Medication use
among Elderly complex patients (CRIME) study we recently

https://doi.org/10.1016/j.ejim.2018.11.004
Received 3 September 2018; Received in revised form 3 November 2018; Accepted 10 November 2018

⁎ Corresponding author at: Unit of Geriatric Pharmacoepidemiology and Biostatistics, IRCCS INRCA, Cosenza I-87100, Italy.
E-mail address: a.corsonello@inrca.it (A. Corsonello).

European Journal of Internal Medicine 61 (2019) 69–74

Available online 16 November 2018
0953-6205/ © 2018 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/09536205
https://www.elsevier.com/locate/ejim
https://doi.org/10.1016/j.ejim.2018.11.004
https://doi.org/10.1016/j.ejim.2018.11.004
mailto:a.corsonello@inrca.it
https://doi.org/10.1016/j.ejim.2018.11.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejim.2018.11.004&domain=pdf


demonstrated that cognitive impairment, history of falls and de-
pendency in BADL are important potential effect modifiers in the as-
sociation between anticholinergic burden and 1-year mortality in a
population of older patients discharged from acute care hospitals
[14,15].

Depressive symptoms are highly prevalent among older hospitalized
patients [16]. Besides having negative functional and prognostic im-
plications [17], they may increase the risk of iatrogenic events among
older in-patients [18]. Additionally, users of anticholinergic medica-
tions were recently found to have poorer psychological well-being than
non-users [19]. The CRIME study was a valuable opportunity to in-
vestigate the potential prognostic interaction between anticholinergic
burden and Geriatric Depression Scale (GDS) score. Therefore, we
aimed at investigating the role of high GDS score as potential effect
modifiers in the association between anticholinergic burden and 1-year
mortality in older patients discharged from hospital.

2. Methods

This study uses data from the CRiteria to assess Inappropriate
Medication use among Elderly complex patients (CRIME) project, a
multicenter prospective observational study carried out in seven ger-
iatric and internal medicine acute care wards throughout Italy [20].
Briefly, all patients consecutively admitted to participating wards be-
tween June 2010 and May 2011, were asked to participate in the study.
Exclusion criteria included age < 65 years and unwillingness to par-
ticipate in the study. After obtaining a written informed consent, all
participants were assessed within the first 24 h from hospital admission
and followed until discharge. Information was collected on demo-
graphic, socioeconomic, and clinical characteristics, with detailed data
collection on pharmacological therapy and comprehensive geriatric
assessment. Medications were coded according to the Anatomical
Therapeutic and Chemical (ATC) classification [21]. The attending
physicians carefully recorded all the drugs taken by the patient before
admission, during hospital stay (including date of start and withdrawn),
and those prescribed at discharge. Drug name, formulation and daily
dosage were recorded for all medications.

After discharge, patients were reassessed at 3, 6, and 12months. All
Ethics Committees at participating institutions approved the study.

Overall, 1123 patients were enrolled in the study. Patients with
incomplete baseline data (N=3) and those who died during hospita-
lization (N=39) were excluded from the present analysis. Patients
with incomplete follow-up data (N=274), as well as those for which
15-item Geriatric Depression Scale (GDS) [22] was not applicable be-
cause of severely compromised cognitive status (N= 41) and those
with missing GDS data (N=190) were also excluded, leaving a sample
of 576 patients to be included in the analysis.

Patients excluded because of missing GDS data were older
(84.5 ± 7.1 vs 79.6 ± 7.0, p= .001), and were more frequently
affected by stroke (21.6% vs 9.4%, p= .001), dementia (26.8% vs
12.3%, p= .001) and BADL dependency (58.9% vs 23.3%, p= .001),
while the average ACB score was similar among included patients and
those excluded because of missing data (1.2 ± 1.2 vs 1.3 ± 1.2,
p= .158).

2.1. Outcome

The outcome of the present study was 1-year mortality. Data on
living status during follow-up were obtained by interviewing the pa-
tients and/or their formal and/or informal caregivers. About patients
who died during the follow-up period, date and place of death were
retrieved by relatives or caregivers. The municipal registers were con-
sulted when neither patients or relatives or caregivers could be con-
tacted.

2.2. Exposure variables

The ACB score was used to define the exposure to anticholinergic
medications [23]. Drugs with possible anticholinergic effects are de-
fined as those with serum anticholinergic activity or in vitro affinity for
muscarinic receptors but no known clinically relevant cognitive effects
(ACB score 1). Drugs scoring 2 or 3 at ACB scale are those with es-
tablished, clinically relevant cognitive effects, and definitely considered
anticholinergic. The ACB score was choosen for this study because it
was externally validated [8,24] and it is considered more accurate in
the assessment of central anticholinergic burden [23] compared to
other tools mainly focused on peripheral anticholinergic effects [25] or
aimed at capturing both central and peripheral effects [26]. ACB score
was calculated at discharge.

Depressive symptoms were assessed by 15-item GDS, and patients
with GDS score > 5 at discharge were considered affected by depres-
sive symptoms.

The main exposure variable was calculated as follows: ACB score at
discharge, a. low (ACB=0; no ACB medications), b. medium
(ACB=1), and c. high burden (ACB=2 or more). To investigate the
impact of depressive symptoms on the relationship between ACB and
prognosis, ACB score at discharge was stratified by the presence or
absence of GDS score > 5.

2.3. Covariates

Age, gender, number of diagnoses, history of falls, and number of
medications prescribed at discharge were considered as potential con-
founders in the analysis. Comprehensive geriatric assessment data were
collected at the time of discharge. Cognitive impairment was defined as
age- and education-adjusted Mini Mental State Examination (MMSE)
[27] score < 24. Dependency in at least 1 basic activity of daily living
(BADL) was also included in the analysis. Selected diagnoses known to
affect prognosis in older populations, including hypertension, heart
failure, diabetes, coronary artery disease, atrial fibrillation, peripheral
arterial disease, stroke, dementia, chronic obstructive pulmonary dis-
ease, and cancer were also considered as potential confounders. Finally,
in order to account for continuity of exposure to anticholinergic med-
ications during the first follow-up period after discharge, ACB score at
3-month follow-up was also considered as a potential confounder in the
analysis.

2.4. Analytic approach

First, we analyzed the characteristics of patients according to ACB
score at discharge among patients with or without high GDS score. Chi-
square test was used for categorical variables, and ANOVA one-way for
continuous ones. The association between exposure variables and the
outcome was explored by Kaplan-Meier curves.

The dose-response relationship between ACB score and mortality
was explored in the whole study population by age- and gender-ad-
justed Cox proportional hazard analysis. Therefore, we built three dif-
ferent Cox proportional hazard models: Model A, adjusted for age and
gender; Model B, adjusted for age, gender, cognitive impairment, his-
tory of falls, No. of diagnoses, and No. of medications; and Model C,
adjusted for age, gender, history of falls, No. of medications, above
listed selected diagnoses instead of number of comorbidities and diag-
nosis of dementia instead of cognitive impairment. Model C was also
repeated after further adjusting for ACB score at 3-month follow-up.
The interaction term ACB score at discharge*GDS was formally in-
vestigated in Cox regression analysis. Such analysis was also repeated
by adding variables formerly reported to modify the association be-
tween ACB and mortality (i.e. cognitive impairment, history of falls or
dependency in BADL) [14,15] to the interaction term.

In order to account for potential residual confounding, sensitivity
analyses were carried out by excluding oldest patients (age=90 or
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more), and patients with high comorbidity (no. of diagnoses> 5) or
polypharmacy (no. of medications> 5). Attrition bias was investigated
by age- and gender-adjusted logistic regression analysis of ACB ex-
posure to loss to follow-up.

Statistical analysis was carried out using SPSS for Win V23.0 (SPSS
Inc., Chicago, IL, USA).

3. Results

Overall, GDS score > 5 at discharge was observed in 209 out of 576
patients (36.3%). The average ACB score was 1.3 ± 1.2 among pa-
tients with GDS > 5 and 1.0 ± 1.1 among patients with GDS≤5
(p= .077). ACB score categories (0, 1 and 2 or more) were observed in
58 (27.8%), 77 (36.8%) and 74 (35.4%) of patients with depressive
symptoms, and in 121 (33.0%), 141 (38.4%) and 105 (28.6%) of pa-
tients without depressive symptoms, respectively.

Among patients without depressive symptoms, those with higher
ACB score at discharge were older and more frequently affected by
heart failure, coronary artery disease, atrial fibrillation and chronic
obstructive pulmonary disease compared to patients with ACB=0.
There were fewer woman among patients with higher ACB score, while
BADL dependency, overall comorbidity and number of prescribed
medications were higher (Table 1). Among patients with high GDS
score, those with higher ACB score had a greater prevalence of heart
failure, coronary artery disease, atrial fibrillation and chronic ob-
structive pulmonary disease, as well as higher overall comorbidity and
number of prescribed medications compared to those with ACB
score= 0 (Table 1). ACB medications prescribed at discharge among
patients with or without high GDS score are reported in Table 2. The
graded reduction of survival observed in relation to ACB score at dis-
charge was more evident among patients with high compared to low
GDS score (Fig. 1).

A clear trend for dose-response relationship between ACB score and
mortality was observed in the whole study population (Table 3).

The association between ACB score at discharge and mortality in
patients with high GDS score was also confirmed after adjusting for
potential confounders (Table 4). Age (HR=1.07, 95%CI=1.02–1.12)
and BADL dependency (HR=2.15, 95%CI=1.09–4.26) also qualified
as predictor of mortality among depressed patients in Model B, while
other predictors of mortality in Model C were age (HR=1.10,

95%CI=1.04–1.17), cancer (HR=5.39, 95%CI=2.48–11.7), and
BADL dependency (HR=2.88, 95%CI=1.48–5.63).

The association between ABC score and mortality among patients
with high GDS score was stronger in women (HR=5.31;
95%CI=1.27–22.1) than in men (HR=3.05; 95%CI=0.90–39.2).

The association between ACB score and mortality was weaker
among patients with GDS≤5 and it was no longer significant in Model
C (HR=2.32, 95%CI=0.90–6.24). Predictors of mortality in this
group were age (HR=1.04, 95%CI=1.01–1.09) and dependency in at
least 1 BADL (HR=2.12, 95%CI=1.10–4.09) in model B, and cancer
(HR=4.76, 95%CI=2.45–9.28) and dependency in at least 1 BADL
(HR=2.47, 95%CI= 1.21–5.06) in model C.

When we included ACB score at discharge as a continuous variable
in the fully adjusted model C, the association with mortality was con-
firmed among patients with GDS > 5 (HR=1.42,
95%CI=1.10–1.91), but not among those with GDS≤5 (HR=1.24,
95%CI=0.95–1.61).

ACB score at 3-month follow-up was similar to that measured at dis-
charge (GDS > 5 1.2 ± 1.3 vs GDS≤5 0.99 ± 1.1, p= .118). The
association between ACB score=2 or more and mortality remained un-
changed after further adjusting Model C for ACB score at 3-month follow-
up (HR=3.58; 95%CI=1.21–10.7) among patients with high GDS score,
but not in the GDS≤5 group (HR=2.44, 95%CI=0.89–6.13).

The interaction term ACB score at discharge*GDS on mortality in
the whole study population was statistically significant (p < .005).
However, it was no longer significant when adding history of falls to the
interaction term (p= .458), whilst adding cognitive impairment
(p= .002) or dependency in at least 1 BADL (p < .001) increased
statistically significance of the interaction.

After excluding patients with age= 90 or more, high comorbidity
(no. of diagnoses> 5), polypharmacy (no. of medications> 5) or de-
mentia the association between ACB score= 2 or more and mortality
among patients with high GDS score was still statistically significant
(HR=3.10, 95%CI= 1.16–11.2, N=182; HR=3.57,
95%CI=1.04–9.02, N= 141; HR=3.99, 95%CI=1.03–17.6,
N= 122; HR=3.98, 95%CI=1.10–15.9, N=172, respectively).

Finally, no significant association was found between ACB score= 2
or more and dropout rate (N=274) either in the GDS > 5
(OR=1.50, 95%CI=0.86–3.02) or GDS≤5 group (OR=1.11,
95%CI=0.61–2.02).

Table 1
Demographic and clinical characteristics of patients stratified by depressive symptoms and ACB score at discharge.

All patients N=576 No depressive symptoms (N=367) p-value Depressive symptoms (N=209) p-value

ACB score at discharge ACB score at discharge

0
N=121

1
N=141

2 or more
N=105

0
N=58

1
N=77

2 or more
N=74

Age, years 79.6 ± 7.0 76.7 ± 7.1 79.3 ± 6.8 80.1 ± 6.6 0.001 81.0 ± 6.2 81.5 ± 7.3 80.5 ± 7.0 0.679
Gender, F 301 (52.3) 60 (49.6) 51 (36.2) 40 (38.1) 0.067 48 (82.8) 52 (67.5) 50 (67.6) 0.091
Cognitive impairment 247 (42.9) 34 (28.1) 63 (44.7) 41 (39.0) 0.020 29 (50.0) 43 (55.8) 37 (50.0) 0.717
Dependency in at least 1 BADL 134 (23.3) 17 (14.0) 26 (18.4) 28 (26.7) 0.054 16 (27.6) 22 (28.6) 25 (33.8) 0.692
History of falls 160 (27.8) 27 (22.3) 38 (27.0) 23 (21.9) 0.573 16 (27.6) 31 (40.3) 25 (33.8) 0.305
No. of diagnoses 5.3 ± 2.6 4.3 ± 2.5 5.1 ± 2.3 6.2 ± 2.9 0.001 4.5 ± 2.7 5.6 ± 2.5 6.3 ± 2.7 0.001
Hypertension 458 (79.5) 94 (77.7) 121 (85.8) 87 (82.9) 0.225 41 (70.7) 55 (71.4) 60 (81.1) 0.284
Heart failure 163 (28.3) 7 (5.8) 46 (32.6) 50 (47.6) 0.001 4 (6.9) 25 (32.5) 31 (41.9) 0.001
Diabetes 175 (30.4) 37 (30.6) 36 (25.5) 39 (37.1) 0.148 14 (24.1) 25 (32.5) 24 (32.4) 0.503
Coronary artery disease 183 (31.8) 17 (14.0) 41 (29.1) 47 (44.8) 0.001 12 (20.7) 32 (41.6) 34 (45.9) 0.007
Atrial fibrillation 105 (18.2) 10 (8.3) 26 (18.4) 38 (36.2) 0.001 3 (5.2) 12 (15.6) 16 (21.6) 0.030
Peripheral arterial disease 52 (9.0) 7 (5.8) 18 (12.8) 15 (14.3) 0.082 1 (1.7) 9 (11.7) 2 (2.7) 0.018
Stroke 54 (9.4) 13 (10.7) 7 (5.0) 12 (11.4) 0.129 4 (6.9) 8 (10.4) 10 (13.5) 0.469
Dementia 71 (12.3) 11 (9.1) 15 (10.6) 8 (7.6) 0.719 7 (12.1) 17 (22.1) 13 (17.6) 0.320
Chronic obstructive pulmonary disease 228 (39.6) 38 (31.4) 64 (45.4) 51 (48.6) 0.017 15 (25.9) 26 (33.8) 34 (45.9) 0.051
Cancer 84 (14.6) 18 (14.9) 20 (14.2) 20 (19.0) 0.553 7 (12.1) 8 (10.4) 11 (14.9) 0.703
No. of medications 7.7 ± 2.8 5.8 ± 2.4 8.0 ± 2.3 9.4 ± 2.7 0.001 6.0 ± 2.7 7.9 ± 2.6 8.8 ± 2.3 0.001

Data are mean ± SD or number of cases (percentage). P values are from Chi-square or ANOVA one-way test, as appropriate.
Cognitive impairment was defined as age- and education-adjusted Mini Mental State Exam score < 24.
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4. Discussion

Our study confirms that anticholinergic burden measured by ACB
score may be associated with excessive mortality risk among depressed
older patients discharged from acute care hospital, thus suggesting that
high GDS score may represent a relevant effect modifier in the asso-
ciation between anticholinergic burden and mortality.

Anticholinergic medications are known to be responsible for central
and peripheral adverse effects [28]. Mechanisms potentially involved in
the association between the use of these drugs and prognosis may in-
clude cardiovascular (eg, arrhythmias, syncope, ischemia) and neuro-
logic (eg, hallucinations, confusion, seizure) adverse events [29]. Ad-
ditionally, age-related changes in pharmacokinetics and
pharmacodynamics, as well as increased permeability of blood-brain
barriers may further worsen cholinergic neurotransmission already
impaired by age-related acetylcholine depletion, thus predisposing
older patients to increased risk of adverse effects from anticholinergic
drugs [30,31]. Non-neuronal cholinergic system is present on im-
munocompetent cells at the site of inflammation [32], and the stimu-
lation of nicotinic receptors may inhibit adaptive and innate immune
response [33]. Thus, anticholinergic medications may also counteract
these immune-modulatory effects leading to inflammation and possible
negative impact on survival.

Anticholinergic medications were also found having negative effects
on mood [34], and depressive symptoms themselves have negative
prognostic implications in older populations [35,36]. The finding of an
increased risk of mortality among patients with either high ACB score
and high GDS score suggests that impaired mood may increase vul-
nerability to negative prognostic effects of anticholinergic medications
and/or depressive symptoms may represent a mediator of their negative
prognostic effects.

Potential reasons explaining the impact of high GDS score on the
observed associations may be related to neurobiological mechanisms
involved in the development of depression. Evidence from experimental
studies suggests that an imbalance of multiple neurobiological systems

Table 2
ACB listed medications prescribed at discharge in the study population.

Non depressed
N=367

Depressed
N=209

ACB score 1 Furosemide 179 (48.8%), Prednisone 33 (9.0%), Digoxin 28 (7.6%),
Methoprolol 25 (6.8%), Isosorbide 21 (5.7%), Atenolol 13 (3.5%), Codeine 11
(3.0%), Warfarin 11 (3.0%), Nifedipine 8 (2.2%), Trazodone 8 (2.2%),
Ranitidine 5 (1.4%), Alprazolam 4 (1.1%), Chlortalidone 2 (0.5%), Theophylline
2 (0.5%), Captopril 1 (0.5%), Fentanyl 1 (0.3%), Diazepam 1 (0.3%), Colchicine
1 (0.3%), Hydrocortisone 1 (0.3%), Risperidone 1 (0.3)

Furosemide 110 (52.6%), Prednisone 17 (8.1%), Methoprolol 16 (7.7%),
Codeine 14 (6.7%), Digoxin 13 (6.2%), Isosorbide 12 (5.7%), Alprazolam 11
(5.3%), Warfarin 8 (3.8%), Ranitidine 7 (3.3%), Nifedipine 5 (2.4%), Atenolol 4
(1.9%), Trazodone 4 (1.9%), Fentanyl 3 (1.4%), Diazepam 2 (1.0%),
Chlortalidone 1 (0.5%), Theophylline 1 (0.5%), Captopril 1 (0.5%)

ACB score 2 Carbamazepine 5 (1.4%), Oxcarbazepine 1 (0.3%), Meperidine 1 (0.3%) Carbamazepine 1 (0.5%)
ACB score 3 Quetiapine 6 (1.6%), Paroxetine 3 (0.8%), Promazine 2 (0.5%), Amitriptiline 1

(0.3%), Scopolamine 1 (0.3%), Oxybutinine 1 (0.3%), Orphenadrine 1 (0.3%)
Quetiapine 6 (2.9%), Paroxetine 3 (1.4%), Promazine 1 (0.5%), Olanzapine 1
(0.5%), Amitriptiline 1 (0.5%), Scopolamine 1 (0.5%)

Data are number (percentage).

Fig. 1. The Kaplan-Maier curves showing survival associated with ACB antic-
holinergic burden and depressive symptoms.

Table 3
Cox regression analysis exploring dose-response relationship between ACB
score and mortality in the whole study population.

ACB score Mortality ratea HR (95%CI)

0 12 (6.7) 1.0
1 29 (13.3) 1.70 (0.86–3.63)
2 27 (25.5) 3.32 (1.67–6.60)
3 11 (23.9) 3.31 (1.45–7.56)
4 5 (26.3) 4.16 (1.46–11.5)
5 2 (25.0) 6.38 (1.41–28.9)

a Data are number of cases (percentage).

Table 4
Cox proportional hazard models of the relationship between ACB score at discharge and 1-year mortality stratified by the depressive symptoms.

Mortality rate (%) Model A Model B Model C

ACB score at discharge
No depressive symptoms (N=367)
0 7 (5.8) 1.0 1.0 1.0
1 17 (12.1) 1.77 (0.73–4.29) 1.58 (0.64–3.91) 1.65 (0.65–4.70)
2 or more 25 (23.8) 3.63 (1.56–8.44) 2.74 (1.10–6.90) 2.32 (0.90–6.24)

Depressive symptoms (N=209)
0 5 (8.6) 1.0 1.0 1.0
1 12 (15.6) 1.62 (0.56–4.70) 1.55 (0.60–4.37) 1.52 (0.50–4.80)
2 or more 20 (27.0) 3.35 (1.20–8.75) 3.19 (1.20–9.06) 3.70 (1.18–11.6)

Model A, adjusted for age and gender; Model B, adjusted for age, gender, cognitive impairment, history of falls, No. of diagnoses, and No. of medications; Model C, as
for model B with Hypertension, Heart failure, Diabetes, Coronary artery disease, Atrial fibrillation, Peripheral arterial disease, Stroke, Chronic obstructive pulmonary
disease, and Cancer instead of No. of diagnoses and diagnosis of Dementia instead of cognitive impairment.
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underlying depression may lead to cholinergic dysfunction of hippo-
campus, amygdala and pre-frontal cortex which, in turn, may predis-
pose and/or precipitate cognitive and depressive disorder [37]. Thus,
increased anticholinergic burden may further disrupt cholinergic neu-
rotransmission already impaired in selected brain areas. Patients car-
rying high GDS score may also have high susceptibility to negative ia-
trogenic events. Indeed, GDS score > 5 was found associated with
increased risk of adverse drug reactions in a large population of older
hospitalized patients [18]. Furthermore, anticholinergic medications
may worsen physical performance, muscle strength, and BADL in-
dependency [38], and depressive symptoms are highly prevalent among
disabled older patients [16]. Additionally, ACB score was found asso-
ciated with impaired gait-balance and consequent recurrent or injurious
falls [39], and falls, in turn, may be associated with depressive symp-
toms [40].

Our findings suggest that hospital physicians should be aware of the
excessive mortality risk associated to the prescription of anticholinergic
medications at discharge of older people with high GDS score.
Hospitalization should always be considered as a clue to identify pre-
existing or new onset depressive symptoms and to verify the possibility
to switch to or start drugs with no or less anticholinergic burden
whenever possible (e.g. avoiding tricyclics, trazodone or paroxetine).
The persistence of clinical indications to prescribe anticholinergic drugs
should also be carefully scrutinized, and eventually a slow and gradual
withdrawn being carefully monitored during post-acute care should be
started when indications are no longer present.

Our study has several limitations. Given the observational design,
confounding by indication is a relevant limitation in our study. Even if
results were confirmed in sensitivity analyses and attrition bias seems to
be not relevant, a greater overall comorbidity and number of medica-
tions, as well as higher prevalence of selected diagnoses, cognitive and
functional impairment were observed among patients with high base-
line anticholinergic burden. Additionally, our results identify variables
that by themselves may influence the outcome, and we could not ac-
count for illness severity, duration and management of individual di-
agnoses, and life expectancy. Furthermore, we only used the ACB score
to assess exposure to anticholinergic burden, so we cannot rule out that
other measures of anticholinergic burden may have yielded different
results. However, ACB scale was formerly validated in regards to its
predictivity of cognitive outcomes, physical functioning and mortality
[41]. Similarly, GDS scale was the only measure used for the assessment
of mood status. The short duration of follow-up does not allow to op-
timally explore the association between ACB and prognosis. Ad-
ditionally, we could only partly account for duration of exposure to
anticholinergic medications because data about medications were not
available over 3-month follow-up.

Furthermore, our results may lack in precision of estimates due to
the small sample size. The wide confidence intervals observed may
reflect the low number of events, and the finding of a not significant
trend for association between ACB score and mortality among patients
with GDS≤5 in the fully adjusted model does not mean that antic-
holinergic medications can be considered safe in these patients. The
small sample size also limits the possibility to draw definitive conclu-
sions about data obtained by gender stratification, and did not allow to
explore dose-response relationship between ACB score and mortality
after stratification by GDS score. Finally, our results apply to a popu-
lation of older patients discharged from acute care hospitals and cannot
be generalized to the general older population. Nevertheless, the
strengths of our study are mainly represented by the inclusion of an
unselected population of older hospitalized patients, the detailed as-
sessment of medications, and the use of comprehensive geriatric as-
sessment which allowed to stratify the analysis by high GDS score and
to explore the independent effect of ACB score after adjusting for a wide
set of potential confounders, including other potential mediators such
as history of falls, cognitive impairment and BADL dependency.

In conclusion, ACB score at discharge may predict mortality among

older patients discharged from acute care hospital carrying a high GDS
sore. Hospital physician should be aware that prescribing antic-
holinergic medications in such a vulnerable population may have ne-
gative prognostic implications. Thus, hospitalization should be con-
sidered a clue to identify patients carrying high GDS score in the
hospital setting and to revise overall pharmacological treatment to re-
duce the anticholinergic burden at discharge whenever possible.

Competing interests

All Authors declare to have no competing interests with this
manuscript.

Funding

The CRIME study was partially supported by an unrestricted grant
of the Italian Ministry of Health (grant no. GR-2007-685638). Funder
had no role in this paper.

Authors' contributions

Andrea Corsonello, Annalisa Cozza, Mirko Di Rosa and Paolo
Fabbietti participated in data analysis, manuscript writing and revising,
and manuscript approval.

Sonia D'Alia contributed in data analysis and revising the manu-
script for important intellectual content and approval.

Graziano Onder, Stefano Volpato, Carmelinda Ruggiero, Antonio
Cherubini and Andrea Corsonello participated in data collection and
writing, revising and approving manuscript.

Fabrizia Lattanzio participated in writing the manuscript, revising it
for important intellectual content, and approval.

Declarations of interest

None.

Acknowledgments

The complete list of CRIME study investigators was previously
published [20].

References

[1] Landi F, Dell'Aquila G, Collamati A, Martone AM, Zuliani G, Gasperini B, et al.
Anticholinergic drug use and negative outcomes among the frail elderly population
living in a nursing home. J Am Med Dir Assoc 2014;15:825–9.

[2] Pasina L, Djade CD, Lucca U, Nobili A, Tettamanti M, Franchi C, et al. Association of
anticholinergic burden with cognitive and functional status in a cohort of hospita-
lized elderly: comparison of the anticholinergic cognitive burden scale and antic-
holinergic risk scale: results from the REPOSI study. Drugs Aging 2013;30:103–12.

[3] Ruxton K, Woodman RJ, Mangoni AA. Drugs with anticholinergic effects and cog-
nitive impairment, falls and all-cause mortality in older adults: a systematic review
and meta-analysis. Br J Clin Pharmacol 2015;80:209–20.

[4] Bostock CV, Soiza RL, Mangoni AA. Associations between different measures of
anticholinergic drug exposure and Barthel Index in older hospitalized patients. Ther
Adv Drug Saf 2013;4:235–45.

[5] Ness J, Hoth A, Barnett MJ, Shorr RI, Kaboli PJ. Anticholinergic medications in
community-dwelling older veterans: prevalence of anticholinergic symptoms,
symptom burden, and adverse drug events. Am J Geriatr Pharmacother
2006;4:42–51.

[6] Myint PK, Fox C, Kwok CS, Luben RN, Wareham NJ, Khaw KT. Total anticholinergic
burden and risk of mortality and cardiovascular disease over 10 years in 21,636
middle-aged and older men and women of EPIC-Norfolk prospective population
study. Age Ageing 2015;44:219–25.

[7] Mangoni AA, van Munster BC, Woodman RJ, de Rooij SE. Measures of antic-
holinergic drug exposure, serum anticholinergic activity, and all-cause post-
discharge mortality in older hospitalized patients with hip fractures. Am J Geriatr
Psychiatry 2013;21:785–93.

[8] Fox C, Richardson K, Maidment ID, Savva GM, Matthews FE, Smithard D, et al.
Anticholinergic medication use and cognitive impairment in the older population:
the medical research council cognitive function and ageing study. J Am Geriatr Soc
2011;59:1477–83.

A. Corsonello et al. European Journal of Internal Medicine 61 (2019) 69–74

73

http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0005
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0005
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0005
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0010
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0010
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0010
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0010
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0015
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0015
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0015
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0020
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0020
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0020
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0025
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0025
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0025
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0025
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0030
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0030
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0030
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0030
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0035
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0035
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0035
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0035
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0040
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0040
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0040
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0040


[9] Vetrano DL, La Carpia D, Grande G, Casucci P, Bacelli T, Bernabei R, et al.
Anticholinergic medication burden and 5-year risk of hospitalization and death in
nursing home elderly residents with coronary artery disease. J Am Med Dir Assoc
2016;17:1056–9.

[10] Gutierrez-Valencia M, Martinez-Velilla N, Vetrano DL, Corsonello A, Lattanzio F,
Ladron-Arana S, et al. Anticholinergic burden and health outcomes among older
adults discharged from hospital: results from the CRIME study. Eur J Clin
Pharmacol 2017;73:1467–74.

[11] Dauphinot V, Faure R, Omrani S, Goutelle S, Bourguignon L, Krolak-Salmon P, et al.
Exposure to anticholinergic and sedative drugs, risk of falls, and mortality: an el-
derly inpatient, multicenter cohort. J Clin Psychopharmacol 2014;34:565–70.

[12] Luukkanen MJ, Uusvaara J, Laurila JV, Strandberg TE, Raivio MM, Tilvis RS, et al.
Anticholinergic drugs and their effects on delirium and mortality in the elderly.
Dement Geriatr Cogn Dis Extra 2011;1:43–50.

[13] Kumpula EK, Bell JS, Soini H, Pitkala KH. Anticholinergic drug use and mortality
among residents of long-term care facilities: a prospective cohort study. J Clin
Pharmacol 2011;51:256–63.

[14] Lattanzio F, Corica F, Schepisi R, Amantea D, Bruno F, Cozza A, et al.
Anticholinergic burden and 1-year mortality among older patients discharged from
acute care hospital. Geriatr Gerontol Int 2018;18:705–13.

[15] Lattanzio F, Onder G, La Fauci MM, Volpato S, Cherubini A, Fabbietti P, et al.
Anticholinergic burden is associated with increased mortality in older patients with
dependency discharged from hospital. J AmMed Dir Assoc 2018 Jul 23. https://doi.
org/10.1016/j.jamda.2018.06.012. pii: S1525-8610(18)30332-3 [Epub ahead of
print].

[16] Prina AM, Cosco TD, Dening T, Beekman A, Brayne C, Huisman M. The association
between depressive symptoms in the community, non-psychiatric hospital admis-
sion and hospital outcomes: a systematic review. J Psychosom Res 2015;78:25–33.

[17] Pierluissi E, Mehta KM, Kirby KA, Boscardin WJ, Fortinsky RH, Palmer RM, et al.
Depressive symptoms after hospitalization in older adults: function and mortality
outcomes. J Am Geriatr Soc 2012;60:2254–62.

[18] Onder G, Penninx BW, Landi F, Atkinson H, Cesari M, Bernabei R, et al. Depression
and adverse drug reactions among hospitalized older adults. Arch Intern Med
2003;163:301–5.

[19] Aalto UL, Roitto HM, Finne-Soveri H, Kautiainen H, Pitkala K. Use of antic-
holinergic drugs and its relationship with psychological well-being and mortality in
long-term care facilities in Helsinki. J Am Med Dir Assoc 2018;19:511–5.

[20] Tosato M, Settanni S, Antocicco M, Battaglia M, Corsonello A, Ruggiero C, et al.
Pattern of medication use among older inpatients in seven hospitals in Italy: results
from the CRiteria to assess appropriate medication use among elderly complex
patients (CRIME) project. Curr Drug Saf 2013;8:98–103.

[21] Pahor M, Chrischilles EA, Guralnik JM, Brown SL, Wallace RB, Carbonin P. Drug
data coding and analysis in epidemiologic studies. Eur J Epidemiol
1994;10:405–11.

[22] Lesher EL, Berryhill JS. Validation of the geriatric depression scale–short form
among inpatients. J Clin Psychol 1994;50:256–60.

[23] Boustani MA, Campbell NL, Munger S, Maidment I, Fox GC. Impact of antic-
holinergics on the aging brain: a review and practical application. Aging Health
2008;4(3):311–20.

[24] Campbell NL, Boustani MA, Lane KA, Gao S, Hendrie H, Khan BA, et al. Use of

anticholinergics and the risk of cognitive impairment in an African American po-
pulation. Neurology 2010;75:152–9.

[25] Carnahan RM, Lund BC, Perry PJ, Pollock BG, Culp KR. The Anticholinergic Drug
Scale as a measure of drug-related anticholinergic burden: associations with serum
anticholinergic activity. J Clin Pharmacol 2006;46:1481–6.

[26] Rudolph JL, Salow MJ, Angelini MC, McGlinchey RE. The anticholinergic risk scale
and anticholinergic adverse effects in older persons. Arch Intern Med
2008;168:508–13.

[27] Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for
grading the cognitive state of patients for the clinician. J Psychiatr Res
1975;12:189–98.

[28] Mintzer J, Burns A. Anticholinergic side-effects of drugs in elderly people. J R Soc
Med 2000;93:457–62.

[29] Collamati A, Martone AM, Poscia A, Brandi V, Celi M, Marzetti E, et al.
Anticholinergic drugs and negative outcomes in the older population: from biolo-
gical plausibility to clinical evidence. Aging Clin Exp Res 2016;28:25–35.

[30] Corsonello A, Pedone C, Incalzi RA. Age-related pharmacokinetic and pharmaco-
dynamic changes and related risk of adverse drug reactions. Curr Med Chem
2010;17:571–84.

[31] Leon C, Gerretsen P, Uchida H, Suzuki T, Rajji T, Mamo DC. Sensitivity to anti-
psychotic drugs in older adults. Curr Psychiatry Rep 2010;12:28–33.

[32] Kurzen H, Wessler I, Kirkpatrick CJ, Kawashima K, Grando SA. The non-neuronal
cholinergic system of human skin. Horm Metab Res 2007;39:125–35.

[33] Razani-Boroujerdi S, Behl M, Hahn FF, Pena-Philippides JC, Hutt J, Sopori ML. Role
of muscarinic receptors in the regulation of immune and inflammatory responses. J
Neuroimmunol 2008;194:83–8.

[34] Lampela P, Lavikainen P, Garcia-Horsman JA, Bell JS, Huupponen R, Hartikainen S.
Anticholinergic drug use, serum anticholinergic activity, and adverse drug events
among older people: a population-based study. Drugs Aging 2013;30:321–30.

[35] Georgakis MK, Papadopoulos FC, Protogerou AD, Pagonari I, Sarigianni F, Biniaris-
Georgallis SI, et al. Comorbidity of cognitive impairment and late-life depression
increase mortality: results from a cohort of community-dwelling elderly individuals
in rural greece. J Geriatr Psychiatry Neurol 2016;29:195–204.

[36] Park SH, Kim D, Cho J, Jin Y, Lee I, Lee K, et al. Depressive symptoms and all-cause
mortality in Korean older adults: a 3-year population-based prospective study.
Geriatr Gerontol Int 2018;18:950–6.

[37] Dagyte G, Den Boer JA, Trentani A. The cholinergic system and depression. Behav
Brain Res 2011;221:574–82.

[38] Landi F, Russo A, Liperoti R, Cesari M, Barillaro C, Pahor M, et al. Anticholinergic
drugs and physical function among frail elderly population. Clin Pharmacol Ther
2007;81:235–41.

[39] Zia A, Kamaruzzaman S, Myint PK, Tan MP. Anticholinergic burden is associated
with recurrent and injurious falls in older individuals. Maturitas 2016;84:32–7.

[40] Hajek A, Brettschneider C, van den Bussche H, Luhmann D, Oey A, Wiese B, et al.
Impact of falls on depressive symptoms among the oldest old: results from the
AgeQualiDe study. Int J Geriatr Psychiatry 2018 Oct;33(10):1383–8.

[41] Salahudeen MS, Duffull SB, Nishtala PS. Anticholinergic burden quantified by an-
ticholinergic risk scales and adverse outcomes in older people: a systematic review.
BMC Geriatr 2015;15:31.

A. Corsonello et al. European Journal of Internal Medicine 61 (2019) 69–74

74

http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0045
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0045
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0045
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0045
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0050
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0050
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0050
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0050
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0055
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0055
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0055
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0060
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0060
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0060
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0065
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0065
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0065
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0070
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0070
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0070
https://doi.org/10.1016/j.jamda.2018.06.012
https://doi.org/10.1016/j.jamda.2018.06.012
https://doi.org/10.1016/j.jamda.2018.06.012
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0080
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0080
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0080
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0085
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0085
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0085
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0090
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0090
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0090
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0095
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0095
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0095
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0100
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0100
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0100
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0100
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0105
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0105
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0105
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0110
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0110
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0115
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0115
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0115
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0120
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0120
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0120
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0125
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0125
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0125
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0130
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0130
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0130
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0135
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0135
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0135
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0140
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0140
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0145
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0145
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0145
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0150
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0150
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0150
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0155
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0155
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0160
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0160
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0165
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0165
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0165
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0170
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0170
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0170
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0175
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0175
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0175
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0175
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0180
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0180
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0180
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0185
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0185
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0190
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0190
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0190
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0195
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0195
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0200
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0200
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0200
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0205
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0205
http://refhub.elsevier.com/S0953-6205(18)30449-7/rf0205

	The excess mortality risk associated with anticholinergic burden among older patients discharged from acute care hospital with depressive symptoms
	Introduction
	Methods
	Outcome
	Exposure variables
	Covariates
	Analytic approach

	Results
	Discussion
	Competing interests
	Funding
	Authors' contributions
	Declarations of interest
	Acknowledgments
	References




