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ABSTRACT
Objective: Despite known adverse effects of anticholinergic (AC) medication, little work has been 
devoted to the impact of high anticholinergic burden on the rate of hospital readmission. The purpose 
of this study was to analyze prospectively the link between high AC burden and the rate of all-cause 
thirty-day hospital readmission in older people.
Study design: This was a prospective non-interventional study conducted from January to August 2019 
in one acute-care geriatric ward. All hospital stays of patients aged at least 75 years who were 
discharged to their home were included in the analysis. AC burden was determined from discharge 
prescriptions using the Anticholinergic Drug Scale (ADS) and the Anticholinergic Risk Scale (ARS), and 
defined as high if ≥3.
Results: The analysis concerned 350 hospital stays. Median patient age was 88 years (interquartile 
interval 84–91). In a multivariate analysis, the risk of hospital readmission within 30 days was not 
increased for patients with high AC burden (ADS≥3): odds ratio 1.16 [95% confidence interval 0.56–-
2.37], compared to a patient whose anticholinergic burden was not high.
Conclusion: Unlike retrospective studies on this issue, the findings of our prospective analysis do not 
support a higher risk of hospital admission within 30 days for older people with high AC burden as 
assessed from their discharge prescriptions.
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Introduction

Medications with anticholinergic (AC) effects are commonly 
prescribed in the treatment of various pathologies such as 
overactive bladder, heart failure, depression, psycho- 
behavioral disorders associated with dementia, allergies, and 
obstructive bronchopathies. However, AC medications have 
many adverse effects with peripheral (constipation, acute urin-
ary retention, xerostomia), and central (confusion, aggravation 
of memory disorders) impact [1,2]. These drugs have been 
included in several lists of potentially inappropriate medica-
tions for older patients [3,4].

The AC burden defines the cumulative effect of taking AC 
medications [5,6]. Each drug has specific, more or less potent, AC 
properties. Drugs with higher levels of AC activity lead to greater 
risk of adverse effects [7,8]. Risk scales have been developed to 
score the AC burden from 0 (no AC activity) to 3 (definite/high AC 
activity). Overall, the AC burden is the sum of the scores for AC 
medications taken by a given individual. Various scales have 
been proposed for determining the overall AC burden resulting 
from specific prescriptions [9,10]. Several studies have estab-
lished a link between the AC burden and cognitive decline, 
confusion and falls [11–19], as well as death [20–22].

Although the adverse effects of AC might increase the risk 
of hospital readmission in the older population, investiga-
tions concerning the effect of high AC burden on the risk 
of hospital readmission have been limited to a few, mainly 
retrospective studies [23–25]. The issue remains unresolved 
despite its pertinence since the AC burden is a potentially 
modifiable factor.

The purpose of this study was to analyze, prospectively, the 
link between a high AC burden and the all-cause 30-day read-
mission rate among older patients.

Methods

Study design

This was a single-center, non-interventional, prospective 
study conducted from January until August 2019 in the 23- 
bed acute-care geriatric ward of the Saint-Philibert Hospital 
(part of the Lille Catholic Hospital Group) in Lomme, 
Northern France. All hospital stays of patients discharged 
from the ward and returned to their home were analyzed 
to determine the overall AC burden of their discharge 
prescriptions.
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Ethical issues

The Institutional Review Board of Tours approved the protocol 
in November (2018T3-18). In accordance with the French law 
(Loi Jardé), a written consent was not required as this study 
was observational [26]. The study protocol was explained to 
patients and/or to their next of kin, and the investigators 
verified their non-opposition to participate. Data management 
complied with reference 003 methodology described by the 
National Commission for Data Protection. The study was con-
ducted in compliance with the Helsinki Declaration.

Study population

All the patients admitted to the geriatric ward, aged 75 years 
or older, and giving their consent to participate during the 
study period were included. Participants whose hospitalization 
ended by referral to an intensive care unit, to another medi-
cine or surgical ward, or subacute care service were excluded. 
Patients without a prescription at discharge, patients who did 
not return to their home after discharge, or patients who died 
during hospitalization in the ward were also excluded. The 
final analysis thus involved all hospital stays of patients who 
had a discharge prescription and who returned to their home.

Data collection

Baseline characteristics of participants collected from the hospi-
tal database for each stay were: age, gender, and residence; 
presence of co-morbid conditions according to the Charlson 
Comorbidity Index (CCI) [27]; cognitive impairment according 
to the Mini-Mental State Examination (MMSE) score [28]; Activity 
of Daily Living dependency [29]; history of falls in the past year; 
number of hospital stays in the last six months; polypharmacy 
(>5 drugs on the discharge prescription [30,31]). In addition, the 
corresponding discharge prescriptions were examined in detail.

Anticholinergic burden

The AC burden was quantified using two scales: the 
Anticholinergic Drug Scale (ADS) and the Anticholinergic Risk 
Scale (ARS) [32,33]. These two scales previously used in retro-
spective studies have been found useful to assess the associa-
tion between the AC burden and hospital readmissions [24]. 
The details of the score calculation for each of these scales are 
provided in Supplementary Data 1. One investigator (SC) ana-
lyzed the discharge prescriptions corresponding to the 
included hospital stays to determine the AC burden as follows:

(i) Firstly, AC activity for each drug on the discharge pre-
scription was ranked according to the ADS and ARS: 
0 = no AC property in vitro; 1 = AC property in vitro; 
2 = AC property observed at high dose; 3 = high- 
activity AC property.

(ii) Then, prescription’s overall AC burden was calculated 
and corresponded to the sum of the AC activity scores 
determined in i).

Assessment of thirty-day hospital readmission

The patient, or the patient’s primary care physician in the 
event of no response, were contacted by phone to ascertain 
whether the patient had been readmitted to hospital within 
30 days after discharge.

Statistical analysis

For the univariate analysis describing the study population, 
the overall AC burden, and hospital readmission, median and 
interquartile interval were determined for continuous vari-
ables, and number and percentage for discrete variables.

The risk of hospital readmission within 30 days was deter-
mined by the level of AC burden according to the ADS and 
ARS scores: high (≥3) versus not high (<3). Bivariate and multi-
variate analyses were then performed. Since a given patient 
could have one or more than one readmission, mixed effect 
models were fitted to determine the significance of other 
variables on the rate of hospital readmission.

The statistical unit chosen is the hospital stays to reliably 
consider multiple hospitalizations from the same patient. Thus, 
a logistic model of the relation between hospital readmission 
and overall AC burden was estimated using the significant 
variables found in the bivariate analysis: age, gender, and 
polypharmacy as explanatory variables (fixed effects) and the 
patient id as random effect.

A similar analysis was performed considering three sub-
groups defined by overall AC burden (0, 1–2, ≥3). For this 
analysis, the sub-group effect on hospital readmission rate 
was tested globally. The corresponding odds ratio (OR) values 
for subgroup ‘0’ and subgroup ‘1–2’ were determined in rela-
tion to subgroup ‘≥3’.

The level of significance was set at 5% for all comparisons. 
The statistical analysis was performed with the R statistical 
computing program [34] by the biostatistics department 
Clinical Research and Innovation Delegation of the Lille 
Catholic Hospital Group.

Results

Study population

From January 8 to 9 August 2019, 540 patients were admitted 
to the acute-care geriatrics ward. Among these patients, 57 
were referred to another acute-care ward, 132 were referred to 
intensive care, and 27 died (Figure 1). A non-opposition state-
ment was not available for nine patients (opposition; demen-
tia without a tutor or proxy). The study population thus 
involved 315 patients admitted to the ward for 350 hospital 
stays. Thirty patients had more than one stay during the study 
period. Among the 315 patients included in this study, one 
was lost to follow-up and four died within 30 days of dis-
charge. Considering the 350 hospital stays, 131 (37.4%) were 
followed by readmission within 30 days.

Median patient age for the 350 hospital stays was 88 years 
(range 4–91); female gender predominated (n = 238, 68%). 
Nearly three-quarters of the patients (n = 247, 70.5%) resided 
at home prior to admission and the majority (n = 299, 85.4%) 
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presented co-morbid conditions. The characteristic features of 
the patients (n = 350, hospital stay taken as the statistical unit) 
are presented in Table 1.

Anticholinergic burden

AC burden of discharge prescription, ranked by the ADS and 
the ARS, are presented in Table 2. According to the ADS, 218 
of the 350 discharge prescriptions (62.2%) included at least 
one medication with AC properties; AC burden was <3 for 314 
(89.7%) and ≥3 for 36 (10.3%). According to the ARS, 58 of the 
350 discharge prescriptions (16.5%) included at least one 
medication with AC properties; AC burden was <3 for 341 
(97.4%) and ≥3 for 9 (2.6%). Supplementary data 2 and 3 list 
the prescribed medications with AC properties.

Hospital readmissions

Figure 2 illustrates the number of hospital readmissions within 30 
of discharge by AC burden according to the ADS. For the 350 
hospital stays, information on readmission was available for 349. 
There were 131 stays followed by readmission within 30 days, 
116 (88.5%) for patients with AC burden <3 and 15 (11.5%) for 
patients with AC burden ≥3. There were 218 stays not followed 
by readmission within 30 days, 197 (90.4%) for patients with AC 
burden ≥3, and 21 (9.6%) for patients with AC burden <3.

According to the ARS, AC burden was ≥3 for nine patients; 
four (6.1%) were readmitted. The data set was too small for 
comparisons.

Risk of hospital readmission

As part of the bivariate analysis, the risk of hospital read-
mission was not significantly higher for men: OR = 1.55 [95% 

Figure 1. Flow chart: patient inclusion.

Table 1. Characteristic features of the study population.

Variable n = 350 hospital stays

Female gender, n (%) 238 (68)
Age, median (Q1–Q3) 88 (84–91)
Residence 
Home, n (%) 
Institution, n (%)

247 (70.5) 
101 (28.8)

Presence of comorbid conditions, n (%) 299 (85.4)
At least one fall in past year, n (%) 150(43)
Polypharmacy, n (%) 244 (70)
MMSE score, median (Q1–Q3) 21 (16–26)
Hospital stay in the past six months, median (Q1–Q3) 0 (0–1)
ADL score, median (Q1–Q3) 4 (2–5.5)

MMSE: Mini-Mental State Examination 
ADL: Activity of Daily Living 
ARS: Anticholinergic Risk Scale 
ADS: Anticholinergic Drug Scale 

Table 2. Anticholinergic burden on discharge prescriptions following 350 hos-
pital stays.

Anticholinergic burden n (%)

ARS 
0 
1 
2 
≥3

292 (83.5) 
39 (11.1) 
10 (2.8) 
9 (2.6)

ADS 
0 
1 
2 
≥3

132 (37.7) 
27 (36.3) 
55 (15.7) 
36 (10.3)

ARS: Anticholinergic Risk Scale 
ADS: Anticholinergic Drug Scale 
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CI 0.98–2.52]. The risk of readmission did not significantly 
decrease according to age: OR = 0.97 [95%CI 0.93–1.01], 
and was not significantly higher when there were 5 or 
more drugs on the discharge prescription: OR = 1.55 [95% 
CI 0.99–2.62].

The results of the multivariate analysis of readmission 
according to AC burden are presented in Table 3. For AC 
ranked with the ADS, the risk of readmission was not signifi-
cantly higher in patients with AC burden ≥3 than for those 
with AC burden <3: OR = 1.08 [95%CI 0.49–2.29], despite 
a trend to an increased risk. The analysis by sub-group showed 
that the group effect was not significant (likelihood test: 
P = 0.73). As there were only nine patients with AC burden 
≥3 according to the ARS, AC burden was compared as 
a numerical variable: the difference was not significant 
(P = 0.54).

Discussion

The main finding of our study among older patients admitted 
to the acute-care geriatrics ward, and selected according to 
inclusion criteria, is that a high AC burden determined from 
the discharge prescription was not significantly associated 
with increased risk of thirty-day hospital readmission.

The rate of AC prescriptions was similar to that reported by 
others. We found that 60.1% of patients were taking at least 
one AC drug as defined by the ADS. In 2013, Narayan et al. 
reported that 53% of their cohort of 537,387 patients over 
65 years old were taking drugs with AC properties as defined 
by the ADS [35]. According to the ARS, the prevalence of AC 
drug prescription was 16.5% for our patients. This prevalence 
is lower compared to other reports in the literature. In one 
American study reported by Naples et al., 23% of patients 
were taking AC drugs [10]. These differences in prevalence 
may be due to variations in the composition of the study 
populations and to the fact that certain analyzed drugs are 
not available in France. We found that 8.2% of discharge 
prescriptions resulted in high AC burden as defined by the 
ADS, a proportion similar to the one found in a large-scale 
study among 207,979 participants aged ≥75 years in Northern 
France [36].

Risk of hospital readmission within 30 days of discharge has 
been investigated in numerous studies. However, few have 
focused on the link between AC burden and hospital readmis-
sion in the older population. In addition, provided results seem 

Figure 2. Number of hospital readmissions within 30 days of discharge by AC burden according to the ADS: n = 350 hospital stays.

Table 3. Multivariate analysis: risk of hospital readmission by anticholinergic 
burden according to the ADS (Anticholinergic Drug Scale).

Anticholinergic burden (ADS) OR 95% confidence interval

<3a 

≥3
-1.08 -0.49–2.29

0b 

1–2 
3-4

-0.83 
0.97

-0.49–1.38 
0.41–2.18

aOverall analysis: AC burden <3 vs ≥3 adjusted for age, gender and 
polypharmacy 

bSub-group analysis: AC burden = 0 vs. other scores 
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controversial. In a retrospective single-center study, Dispennette 
et al. found an association between AC burden (defined by the 
ARS) and hospital readmissions within 30 days in a cohort of 229 
patients aged 65 and older [23]. Two large multicenter retro-
spective studies also identified an association between the AC 
burden (defined by ARS and/or ADS) and a higher risk of hospi-
tal readmission or emergency department visit in cohorts of 
55,000 and 30,000 older patients, respectively [20,24]. On the 
other hand, Gutiérrez-Valencia et al. conducted a prospective 
multicenter study among 921 patients [25]. These authors found 
no significant association between AC burden and rate of hos-
pital readmission. Their findings are thus in agreement with ours 
despite several differences in the study design: these authors 
studied the AC burden irrespective of its score while we mainly 
focused on high AC burden, they followed participants for a 12- 
month period while we followed patients until 30 days post- 
discharge; finally, our patients were older.

In fact, the characteristics of the population included in pre-
vious studies were different from ours in terms of age, presence 
of co-morbid conditions, polypharmacy, and dependency. The 
patients in our study were older with a median age of 88 years, 
had some level of dependence with an ADL score median to 4, 
and the majority of them presented a co-morbid condition (85%) 
and polypharmacy (70%). Our study thus suggests that the AC 
burden is not associated with increased risk of hospital read-
mission in dependent older geriatric patients with comorbidity 
and polypharmacy, in particular, when the AC burden is high.

Several strengths of this study are as follows: This was 
a prospective study with a long post-discharge follow-up 
and with only one patient lost to follow-up. Then, any loss of 
information and collection bias were avoided. Data were col-
lected at admission from an unselected series of consecutive 
patients. Two AC burden scales were used, providing informa-
tion concerning their clinical pertinence in routine practice 
and confirming disparities pointed out by others [10,37].

However, there were also some limitations that must be 
discussed. This was a single-center study limited to hospitalized 
patients, so local prescription practices may have had an impact 
in the analysis. In addition, the significance of our findings may 
be limited by the strict inclusion criteria. We report a selection 
bias since patients transferred to another ward or who died in 
the department were excluded. Therefore, it is likely that 
excluded patients had baseline characteristics different from 
those of included ones and were less clinically stable. Their 
anticholinergic burden score would certainly have been affected 
impacting overall results. To compare our results, a larger-scale 
study, considering the patients excluded from our study seems 
in this sense interesting. Moreover, excluded patients probably 
had to be hospitalized more times the six months preceding the 
baseline. Taking this variable into account would also have 
modified the results. The comparison of the characteristics of 
the patients included and excluded, the six months preceding 
the study should be further explored. It should also be pointed 
out that there is no gold standard for the AC burden assessment. 
The main results in our study were generated using the ADS 
while earlier work highlighted tool-related discrepancies [37,38]. 
For example, Villalba-Moreno et al. (2016) studied the link 
between AC burden and cognitive impairment, loss of auton-
omy, and mortality. Authors were unable to demonstrate any 

relationship between cognitive decline and AC burden as 
defined by the ADS. This finding is inconsistent with the link 
demonstrated between cognitive decline and AC burden 
defined by two other scales, the ARS and the Anticholinergic 
Cognitive Burden (ACB) scale [9]. The ACB scale was designed to 
identify severe adverse AC drug effects specifically involving 
cognition [39], and for precisely this reason we did not use it 
in our study. Moreover, to our knowledge, no link has been 
found between ACB and hospital readmission. Another scale, 
the Drug Burden Index (DBI) has also proven its efficacy [40]. The 
DBI takes into account the drug’s dose-effect relationship. One 
retrospective study found a link between DBI and hospital read-
mission [41]. Nevertheless, we did not use this scale because it 
includes non-AC sedatives.

Conclusion

Unlike earlier retrospective studies on this topic, our prospective 
single-center study revealed that high AC burden did not sig-
nificantly increase the risk of hospital readmission within 30 days 
of discharge in older patients. Our findings also point out dis-
crepancies between scales used to assess AC burden, potentially 
reflecting a measurement effect influencing the analysis.
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