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Abstract: Background: Drugs with anticholinergic properties have many adverse effects that can affect
nutritional status. Methods: An observational cross-sectional study was conducted on data from the IDEM
study (N=585) to explore the link between nutritional status and anticholinergic burden as well as other
factors among older nursing home residents. Nutritional status was determined using the Mini Nutritional
Assessment. Multivariate logistic mixed regression was used. Results: Half of residents (N=293) had an
impaired nutritional status. After adjusting for potential confounders, there was no significant association
between high anticholinergic burden and impaired nutritional status. However, the impaired nutritional status
was significantly higher for women (OR=1.90, 95CI=[1.15-3.15]), patients with a high Charlson Comorbidity
Index score (OR=2.22, 95CI=[1.12-4.38]), history of fracture (OR=1.62, 95CI = [1.03-2.54]) or abnormal
one-leg standing test (OR=1.99, 95CI=[1.04-3.78]), a low cognitive score (OR=0.95, 95CI=[0.91-1.00]),
with a low autonomy scale (GIR) (OR=0.69, 95CI=[0.57-0.85]) and with a poor Quality of Life-Alzheimer’s
Disease assessment (OR=0.90, 95CI=[0.86-0.94]). Conclusions: We found no significant association between
anticholinergic exposure and nutritional status in older residents living in nursing homes. The use of existing
scales in clinical practice remains a challenge because of the complexity of calculating anticholinergic exposure.
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Introduction

The pharmaceutical treatment of nursing home residents is a
public health issue. Malnutrition is prevalent in nursing home
with multifactorial risk factors (1). Polypharmacy is associated
to the nutritional risk (2). Drugs with anticholinergic properties
are among those commonly implicated in iatrogenic illness
because of their adverse effects (3). Aging physiologically
alters the pharmacodynamics and pharmacokinetic properties
of drugs, making older people more sensitive to adverse effects
(4) including those of anticholinergics. Each anticholinergic
drug can be characterized by its “anti-cholinergic burden.”
The anticholinergic burden can be calculated using different
rating scales. The scales have been developed using in vitro
methods (serum anticholinergic activity (SAA)) and/or
on the basis of empirical evidence of adverse reactions to
determine the anticholinergic properties of drugs and/or on
expert opinion (clinicians, pharmacists, and pharmacologists)
(5). The prevalence of anticholinergic prescriptions is high
(24%) in nursing home patients (6). Exposure of older subjects
to anticholinergics has been associated with cognitive and
functional decline, excess mortality, and recurrent falls (7). We
hypothesized that adverse anticholinergic-related effects such
as loss of appetite, altered sense of taste, dry mouth, dyspepsia,
nausea, vomiting, constipation, or fluid electrolyte imbalances
could change the nutritional status of nursing home residents

(8-10). Other conditions like as dependency in activities of
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daily living, depression, dementia, and iatrogenic illness are
particularly important risk factors of malnutrition in the older
adults, and require regular evaluation of nutritional status, and
more specifically, in nursing homes (11). According to a meta-
analysis by Cereda et al. (12) in 2016 the nutritional status
of nursing home residents is concerning: the prevalence of
malnutrition was 17.5%, and the risk of malnutrition was 48%.

The association between anticholinergic burden and
nutritional status in older patients is controversial with differing
results across studies and countries (13, 14). The aim of this
study was to evaluate whether a high anticholinergic burden
was associated to an impaired nutritional status in French
nursing home residents.

Materials and Methods

Design and population

We used the data from “intervention” group at baseline
of the IDEM (Impact of Systematic Tracking of Dementia
Cases on the Rate of Hospitalization in Emergency Care
Units) study to perform a secondary analysis (15). IDEM is
a French multicenter study cluster randomized by nursing
home (1:1) that compared 2 groups: an intervention group
consisting of nursing homes that set up multidisciplinary team
meetings to identify residents with dementia and to propose
an appropriate care plan, and a control group of nursing homes
that continued their usual practice (ClinicalTrials.gov Identifier:
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NCTO01569997). The study protocol was approved by the
French Ethics Committee for the Protection of Persons (CPP
SOOM 1I) located in Toulouse. Oral informed consent for
study participation was obtained from all residents or their
representatives. Participants’ written informed consent was
not required by French law at the time of the study. This cross-
sectional and observational study is reported in compliance
with the STROBE guidelines (16).

All the residents of participating nursing homes who met
the study criteria were included in the study: residents aged
60 years or older, without diagnosed or documented dementia,
not bedridden, living in the nursing home for at least 1 month
at inclusion, with a life expectancy of more than 1 year, and
without any disease likely to jeopardize his or her participation
in the study (15).

Sociodemographic and medical data, including
pharmacological and non-pharmacological treatments,
and level of dependence [Groupe Iso-Ressources (GIR)
questionnaire a French level-of-dependence score from 1 to
6, where 1 indicates completely dependent or bedridden and
6 indicates completely independent] were collected by the
coordinating physician in both groups during the inclusion
visit. The residents in the intervention group also underwent
a comprehensive geriatric assessment: cognitive assessment
[Mini-Mental State Examination (MMSE), clock-drawing test,
Borson’s Mini-Cog, 5-word test, test of categorical verbal
fluency]; functional and physical assessment [Instrumental
Activities of Daily Living (IADL), one-leg standing balance
test]; nutritional assessment [Mini-Nutritional Assessment
(MNA) (17)]; psychological assessment [Confusion
Assessment Method (CAM), Neuropsychiatric Inventory
caregiver version (NPI), Mini Geriatric Depression Scale (mini-
GDS), Quality of Life—Alzheimer’s Disease (QOL-AD)] (15).
We chose to analyze only the data from the «intervention»
group at inclusion because the MNA, the Mini GDS and the
one-leg standing balance test were only collected at that time
and only in that group for the study. The medication data came
from the patients’ prescriptions or from the nursing home
software, we had at least the International Nonproprietary
Names (INN) the trade name and the dosage form of each
medication.

Outcome measures

The outcome was the MNA as evidence of the nutritional
status. Nutritional status was categorized into three
categories: normal nutritional status (MNA = 24 points), risk
of malnutrition (17 < MNA < 23.5 points) or malnutrition
status (MNA < 17 points). Because the number of people with
malnutrition status (MNA<17) was low, we chose to gather the
group “malnutrition” and the group “risk of malnutrition” in a
new group called “impaired nutritional status”.

For each resident, the explanatory variable was the
overall anticholinergic burden at inclusion according to the
Anticholinergic Drug Scale (ADS) (18). ADS scale was

chosen because it is more comprehensive, less restrictive than
other scales and allows calculating a score. For each resident,
the overall anticholinergic burden of drug prescribing was
calculated by summing the anticholinergic scores of each drug.
The scores obtained were then studied in the form of a three-
modality category variable with O for no anticholinergic activity
group, 1 to 2 for moderate anticholinergic activity group and 3
for high anti-cholinergic activity group (19).

Covariables
The adjustment variables available in the IDEM cohort were:

- Sociodemographic characteristics with age and sex

- Medical history with comorbidities evaluated using the
Charlson Comorbidity Index score (20); personal psychiatric
history, depression, bipolar disorder, psychosis, acute
confusional episode, and other psychiatric history; History
of fracture and osteoporosis with a high risk for fractures,
family history of dementia

- Standardized gerontological assessments with cognitive
assessment (MMSE) and noncognitive assessment with
the mini-GDS, the NPI, the GIR questionnaire, the one-
leg standing balance test, and the QOL-AD scale, from
which two items, “relationship with spouse” and “household
maintenance” were excluded because they did not apply to
nursing home residents according to the method of Logsdon
et al. (21). In addition, for the QOL-AD scale, as proposed
by Logdson et al. (21) missing items were replaced by the
mean score of the remaining items if 1 or 2 items were
missing; otherwise the score was considered missing.

- Nursing home characteristics such as the status of the
establishment (Public, Private, Private but nonprofit),
presence of a special care unit, and the time the resident has
been in the nursing home.

Statistical analysis

The number of missing data for the variable to be explained
(MNA) was very low (N=14). Assuming a completely random
mechanism for the missing data, we chose not to impute these
data. Therefore, 585 residents were included in the analysis. To
describe the data, we provided the mean + standard deviation
for quantitative variables and counts (%) for qualitative
variables.

We performed a bivariate analysis to look for all the factors
associated with nutritional status (MNA in 2 classes: <23.5
versus >23.5). For this analysis, we used the Chi-square test
to examine the association between nutritional status and the
qualitative variables. For the quantitative variables, we used the
Student test for Gaussian distributions and the Mann-Whitney
nonparametric test for non-Gaussian distributions.

To determine whether the anticholinergic burden was
independently associated with the MNA, we conducted a
multivariate analysis using a mixed logistic regression model
with a random intercept on the cluster (nursing home) to
consider the intra-cluster correlation. In this model, the MNA
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was the dependent variable in 2 classes (< 23.5 versus > 23.5)
The ADS score was the explanatory variable of interest in 3
classes (0, 1-2, = 3). The significant variables in the bivariate
analysis with a threshold of 25% were included in this model
in order to take into account all potential confounding factors.
The significant variables in the final model were retained with
a threshold of 5% using the backward stepwise procedure. The
ADS score was forced into the multivariate model, as it was the
variable of interest. The interactions between the ADS score
and all the variables of the final model were tested and none
were significant. For each variable in the final model, the odds
ratio (OR) with its 95% confidence interval (CI), as well as the
associated “p value” are given. To assess collinearity, tolerance
from a linear regression was calculated for the final model. In a
sensitivity analysis, another model was performed with variable
of interest (ADS score) and variables already associated with
malnutrition in the literature. The statistical analyses were
performed using SAS 9.4 software (SAS Institute, Cary, North
Carolina, USA).

Results

Sixty-four nursing homes participated in the IDEM study
and enrolled 1428 residents: 599 in the intervention group
(32 nursing homes) and 829 in the control group (32 nursing
homes). (Figure 1). Population characteristics are described in
Table 1.

Figure 1
Flow chart describing the steps for randomizing residents
included in the IDEM cohort

64 randomized nursing homes

N =32;N g =32
|

s
Number of prescreened residents in the 64 nursing homes
N=6174
N o = 2784 ; N ¢, = 3390

Ineligible residents Eligible residents
N =4614 N =1560
N o = 2079 ; N ¢, = 2535 N o =705; N ¢ = 855

Residents not included Residentsincluded
N=132 N=1428
Ny =106 ; N g = 26 N =599 N ¢ = 829

Int = Intervention group
Ctr = Control group

14 missing data for MNA.

Residentsincluded in our study
N o =585

Table 1

Characteristics of the study population (N=585)

Characteristics Total
Age,M (= SD) 85.05 (+7.93)
Women, N (%) 416 (71.11)
Drugs per patient, M (+ SD) 7.85 (£3.36)
Length of stay in the nursing home (in months), * M (+ SD) 45.35 (£53.55)
Charlson score, ** M (+ SD) 2.03 (x1.82)
History, N (%)
Psychiatric* 323 (55.40)
Depression* 254 (43.64)
Bipolar disease* 25 (4.33)
Psychotic disease* 40 (6.91)
Acute confusional episode** 31(542)
Other psychiatric history** 50 (8.73)
Family history of dementia** 28 (7.07)
History, N (%)
Fracture** 241 (42.36)
Osteoporosis at high risk of fractures** 109 (19.85)
MMSE, * (N = 580) M (+ SD) 21.74 (£ 5.34)
Abnormal one-leg standing balance test, ** N (%) 450 (80.07)
GIR questionnaire, * M (+ SD) 3.81 (x1.36)
Mini-GDS = 1, * N (%) 388 (67.13)

QOL-AD, ** M (« SD)
NPL * M (+ SD)

27.80 (x 5.24)
10.96 (+ 13.71)

MNA, N (%)
<235 293 (50.09)
>235 292 (49.91)
ADS, N (%)
0 174 (29.74)
1-2 307 (52.48)
=3 104 (17.78)
Nursing home status, N (%)
Public 399 (68.21)
Private non-profit 106 (18.12)
Private for-profit 80 (13.68)
Special care unit, N (%) 223 (38.12)

Source: Rolland Y. — SFGG (Société Francaise de Gériatrie et Gérontologie) Congres,
November 2016)

ADS scores of residents are described in Table 2. Of the
residents exposed to at least one anticholinergic drug (N =
411), including 307 with an ADS score = 1-2 and 104 with
an ADS score =3. The mean anticholinergic burden score was
1.97 £1.36. The anticholinergic agents are listed in Table S1
(Supplementary Material). The number of residents according
to their Mini Nutritional Assessment scores are presented in
Figure S1 (Supplementary Material).
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Table 2
Anticholinergic Drug Scale scores (N=585)

ADS score Residents (N (%))
0 174 (29.74)

1 217 (37.09)

2 90 (15.38)
3 45 (7.69)
4 32 (547)
5 18 (3.08)
6
7
8

4(0.68)
3(0.51)
2(0.34)

Abbreviation: ADS: Anticholinergic Drug Scale; Explanations: The overall
anticholinergic burden of the drug prescription (ADS score) was calculated by summing
the anticholinergic scores of each drug.

The results of the bivariate analysis are presented in Table
3. During the backward stepwise procedure, the variables have
been removed from the model in the following order: 1) Family
history of dementia, 2) Age, 3) Special care unit, 4) NPI, 5)
Length of stay in the nursing home, 6) Charlson score. The
results of the multivariate analysis are shown in Table 4 and
suggest there is no statistically significant association between
anticholinergic burden and nutritional status. On the other
hand, the impaired nutritional status is significantly higher
among women, residents with a high Charlson score, a history
of fracture, abnormal one-leg standing test, or a low score on
the MMSE, or with a low GIR or QOL-AD assessments. For
over adjustment assessment, the tolerance for each variable is
presented in Table S2 (Supplementary Material). Even if there
is no formal threshold for deciding if a tolerance is low enough
to affect the predicted values, these values, all >0.40, suggest
that there is no collinearity. Finally, the results of the sensitivity
analysis model are presented in Table S3 (Supplementary
Material). They are similar to the results of the main analysis.

Discussion

Our study found no association between anticholinergic
burden and nutritional status. The association between
anticholinergic burden and nutritional status among older
patients is controversial with differing results across studies
and countries. For example, in the Aalto et al. study performed
in Finland (14), the authors showed no association between
anticholinergic burden assessed with the Anticholinergic Risk
Scale (ARS) (19) and nutritional status assessed with the
MNA (17). In contrast, in the work of Kose et al. carried
out in Japan (13), the authors found an association between
increased anticholinergic burden assessed with the ARS scale
(19), and poor nutritional status assessed with the Geriatric
Nutritional Risk Index (GNRI) (22). Thus, these differences in
outcomes could be related to differences in tools for assessing

nutritional status and anticholinergic burden, but also to
differences between the older populations under consideration
and between countries. It is difficult to transpose these results
to our study because the two scales ADS and ARS differ as
to their sensitivity and their specificity (23). It is also difficult
to compare these results with our study on nutritional status
because GNRI and MNA are different (24).

Moreover, we observed a significant increase in the impaired
nutritional status in dependent subjects. This result is consistent
with the work of Lang et al. (25). However, autonomy was
not assessed by the GIR questionnaire but by the Katz’s
ADL (Activities of Daily Living) index and the population
were not nursing home residents but community dwelling
seniors. Another study showed similar results with the Barthel
Index (26). However, the Katz’s ADL as well as the Barthel
Index do not take into account the loss of cognitive autonomy
unlike the GIR questionnaire. Then, the loss of cognitive
autonomy can have an impact on the nutritional status (27).
In our study, residents with cognitive impairment or a large
number of comorbidities had a significantly higher rate of
impaired nutritional status, like in the Peng et al. study (28).
In addition, the dementia was diagnosed for 574 residents
in the IDEM study (97.6%): high probability of dementia
for 129 residents (22.5%) and suspicion of dementia for 107
residents (18.6%) (15). The relationship between high levels
of anticholinergic burden and the occurrence of dementia is
not always demonstrated both with the same scales as our
study (ADS and MMSE) (29, 30) and others (Anticholinergic
Cognitive Burden Scale (ACB), Drug Burden Index (DBI)
and Clinical Practice Research Datalink (CPRD)) (31, 32).
Differences in the diagnosis of cognitive disorders and data
on medications (doses, duration of intake, etc.) could limit
the comparability of results between studies. Indeed, it is also
important to highlight that the anticholinergic burden may
worsen pre-existing cognitive disorders (33). We also found
a significantly higher impaired nutritional status in residents
with an abnormal one-leg standing test. The work of Neyens
et al. (34) showed that patients who fall had a significantly
higher risk of malnutrition. However, very few studies have
shown an association between fall risk and nutritional status. In
residents with a history of fracture, we observed a significantly
higher risk of being malnourished compared with residents who
did not have a history of fracture. These results are similar to
those of the Mastronuzzi et al. study (35). The anticholinergic
exposure could be also connected with an increased mortality
risk (36). Our work showed residents with a low QOL-AD
score have a significantly higher risk. Another study reported
similar results, however, it is difficult to compare our results to
this study because they were not the same population (patients
with non-small cell bronchial cancer), nor the same scale
(Quality of Life Questionnaire scale-Lung Cancer 13 or QLQ-
LC 13 specific to oncology). In our study, several limitations
need to be taken into account. First, it is a cross-sectional
and observational study in which the length of exposure to
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Table 3
Bivariate analysis — Factors associated with nutritional status (N=585)

Patients characteristics Impaired nutritional status Normal nutritional status p-value Total

(MNA =23.5) (N=293) (MNA > 24) (N=292)

Age, Mean (+ SD) 85.92 (+7.58) 84.18 (= 8.18) 0.008 2* 85.05 (£7.93)
Women, N (%) 229 (78.16) 187 (64.04) <0.001 1* 416 (71.11)
Drugs per patient, M (+ SD) 8.09 (3.21) 7.61(3.49) 0.0866 2 7.85 (+3.36)
Length of stay in the nursing home (in months), M (+ SD) 42.02 (£ 48.57) 48.69 (£ 57.99) 02123 45.35 (+53.55)
Charlson score, N (%)
0 43 (14.68) 73 (25.00) 0.009 * 116 (19.83)
1-2 103 (35.15) 102 (34.93) 205 (35.04)
=3 101 (34.47) 76 (26.03) 177 (30.26)
Undefined 46 (15.70) 41 (14.04) 87 (14.87)
Comorbidities, N (%)
Psychiatric 177 (60.62) 146 (50.17) 0.011 1" 323 (55.40)
Depression 151 (51.71) 103 (35.52) <0.001 * 254 (43.64)
Bipolar disorder 12 42.12) 13 (4.53) 08101 25(4.33)
Psychosis 17 (5.84) 23 (7.99) 0.309 ! 40 (6.91)
Acute confusional episode 13 (4.53) 18 (6.32) 0.346 1 31(542)
Other psychiatric comorbidities 20 (6.94) 30 (10.53) 0.1291 50 (8.73)
Family history of dementia, N (%)
Yes 14 (4.78) 14 (4.79) 0.088 ! 28 (4.79)
No 172 (58.70) 196 (67.12) 368 (62.91)
Undefined 107 (36.52) 82 (28.08) 189 (32.31)
History, N (%)
Fracture 143 (50.53) 98 (34.27) <0.001 1* 241 (42.36)
Osteoporosis at high risk for fractures 63 (23.16) 46 (16.61) 0.054 1 109 (19.85)
MMSE, M (+ SD) 20.23 (+5.59) 2324 (+4.62) <0.001 2 21.74 (+5.34)
Abnormal one-leg standing balance test, N (%) 247 (90.48) 203 (70.24) <0.001 1* 450 (80.07)
GIR questionnaire, M (+ SD) 331 (x1.29) 430 (= 1.24) <0.001 3* 3.81 (£ 1.36)
Mini-GDS = 1, N (%) 228 (79.44) 160 (54.98) <0.001 * 388 (67.13)
QOL-AD, M (+ SD) 26.14 (£ 5.35) 29.37 (+4.62) <0.001 2* 27.80 (= 5.24)
NPI, M (= SD) 14.12 (+ 15.35) 7.76 (= 10.94) <0.001 3* 10.96 (= 13.71)
ADS, N (%)
0 83 (28.33) 91 (31.16) 0.740 1 174 (29.74)
1-2 156 (53.24) 151 (51.71) 307 (52.48)
=3 54 (18.43) 50 (17.12) 104 (17.78)
Nursing home status, N (%)
Public 196 (66.89) 203 (69.52) 0.775 1 399 (68.21)
Private non-profit 56 (19.11) 50 (17.12) 106 (18.12)
Private for-profit 41 (13.99) 39 (13.36) 80 (13.68)
Special care unit, N (%) 127 (43.34) 96 (32.88) 0.009 1* 223 (38.12)

Legend: *: significant at 5% threshold; 1: Chi-2; 2: Student’s t test; 3: Kruskal-Wallis test; Abbreviations: M: Mean; SD: standard deviation; N: Number of cases; MMSE: Mini Mental State
Examination; GIR (Groupe Iso-Ressources); GDS: Geriatric Depression scale; QOL-AD: Quality of Life in Alzheimer’s Disease; NPI: NeuroPsychiatric Inventory; MNA: Mini Nutritional
Assessment; ADS: Anticholinergic Drug Scale
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Table 4
Multivariate analysis — Association between anticholinergic burden and impaired nutritional status (MNA=<23.5, N=235) —
Final model (N=499)

Patients characteristics OR 95% CI p-value
ADS (ref=0)
1-2 0.76 [0.45-1.27] 0.282
=3 1.03 [0.52-2.03] 0.925
Women vs men 1.90 [1.15-3.15] 0.014*
Charlson score (ref=0)
1-2 1.76 [0.93 -3.31] 0.079
=3 222 [1.12-4.38] 0.023*
unavailable 1.44 [0.65 -3.21] 0.358
History of fracture (yes vs no) 1.62 [1.03 —2.54] 0.039*
MMSE score (1 point of increase) 0.95 [0.91 — 1.00] 0.042*
Abnormal one-leg standing balance test vs normal 1.99 [1.04 -3.78] 0.038*
QOL-AD score (1 point of increase) 0.90 [0.86 —0.94] <0.001*
GIR score (1 point of increase) 0.69 [0.57 - 0.85] 0.001*

Additional information: Coefficient of Determination R2=0.2887 (formula from Nagelkerke, N.J. D.(1991). A Note on a General Definition of the Coefficient of Determination. Biometrika
78:691-692.); *: significant at 5% threshold; Abbreviations: ADS: anticholinergic drug scale; OR: Odds Ratio; CI: Confidence Interval; MMSE: Mini Mental State Examination; QOL-

AD: Quality of Life in Alzheimer’s Disease; GIR (Groupe Iso-Ressources)

anticholinergics was not evaluated. Other studies were also
cross-sectional or longitudinal but with a short follow-up period
(less than 3 months). Longitudinal studies with an extended
follow-up period will be needed in the future to determine
whether long-term exposure to anticholinergic drugs leads to a
deterioration in nutritional status.

Nonetheless, some strengths of our study should be
emphasized. It is the first study to address the association
between anticholinergic burden and nutritional status in French
nursing home residents. Finally, there are very few missing data
and the analyses were adjusted to take the main confounding
factors linked to nutritional status into account.

Conclusions

Our study evaluated the anticholinergic burden in a
cohort of older people living in nursing home and found no
significant association between a high anticholinergic burden
and the risk of being malnourished, while taking several
confounding factors into account. Large-scale longitudinal
studies should be considered to monitor the exposure to
anticholinergics and compare the anticholinergic burden with
several existing scales. The use of existing scales in clinical
practice remains a challenge because of the complexity of
calculating anticholinergic exposure, the updating of scales, and
the differences observed between anticholinergic burden and
clinically proven adverse events.
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