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Introduction

Functional status is a proxy of the individual health 
status in terms of body structures, functional abilities and 
active participation in life (1). Decline of functional status, 
defined as functional impairment or disability in performing 
activities of daily living (ADL), is a risk factor for worsen 
quality of life, higher degree of dependence, healthcare service 
utilization and mortality (2-5). Among the many risk factors 
for functional decline, i.e. advanced age, low income, poor 
health status and comorbidities,  prescription of drugs with 
intrinsic anticholinergic proprieties should be considered (6). 
In fact, many drugs with intrinsic anticholinergic effects are 
commonly used in geriatric clinical practice with a prevalence 
ranging from 8 to 37% (7), including tricyclic antidepressants, 
antipsychotics or first generation antihistamines.  

While several studies have demonstrated the detrimental 
effect of anticholinergic drugs on cognition (8), fewer have 
been focused on the impact on physical performances and 
functional status. Han and colleagues (10) showed, in a cohort 
of community-living old men, that cumulative anticholinergic 
exposure across multiple medications over two years negatively 

affected executive functions. More recently, a prospective study 
on hospitalized elderly showed that drugs with anticholinergic 
properties are associated with worse performances in basic 
activities of daily living according to the global Barthel 
Index score (11). Indeed, Landi et al. (12) evaluated the 
association between the use of drugs with anticholinergic 
activity and measure of physical performance, muscle strength 
and functional status in frail subjects aged 80 years or older, 
showing a negative association between these drugs and  
impairment in physical performances. Such an association has 
been also confirmed more recently in nursing home residents 
(13). 

To date, scanty data are available on the relationship 
between anticholinergic drug use and functional performance 
in ADL and in instrumental activities of daily living (IADL) 
among older persons with initial cognitive impairment, 
including MCI and mild AD. In light of such evidences, 
we aimed at investigating whether the use of drugs with 
anticholinergic properties is associated with impairment in 
functional status by a deep analysis among older persons with 
different cognitive status, from cognitively health to mild 
Alzheimer’s disease.
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Subjects and methods

ReGAl project
Data were gathered from the ReGAl project (Rete Geriatrica 

Alzheimer-Geriatric Network on Alzheimer’s disease) as 
described elsewhere (14). Briefly, this is a large longitudinal 
Italian multicentric clinical-based study, promoted by the Italian 
Society of Gerontology and Geriatrics (SIGG), and focused 
on cognitive impairment and dementia in old age subjects. 
The project involves 36 Geriatric Memory Clinics (listed in 
the Acknowledgements), collecting data from all over Italy, 
coordinated by the Institute of Gerontology and Geriatrics, 
University of Perugia.  At the beginning of the study, a training 
period was carried out and an instruction manual was delivered 
to each center. In each Memory Clinic collected data -including 
demographic characteristics, medical history, pharmacological 
treatments, clinical, neuropsychological and neurological 
examination, standard laboratory blood tests and neuroimaging- 
were recorded on a personal computer by means of a dedicated 
data entry program. Data were then sent to the coordinating 
center and processed for quality control and statistical analyses. 

Subjects
The study sample consisted of 2359 subjects ≥65 years old, 

691(29.3%) cognitively healthy (CH; CDR 0), 541 (23%) with 
mild cognitive impairment (MCI; CDR 0.5) and 1127 (47.7%) 
with mild Alzheimer’s disease (AD; CDR 1).  Inclusion criteria 
for CH was an age and education-adjusted MMSE score ≥ 
27, obtained by adding coefficients for classes of age and 
education (26). MCI and AD were diagnosed according to 
standard research criteria (27-29). Exclusion criteria were the 
presence of clinically severe psychiatric or systemic diseases, 
mental retardation, severe sensory impairment (blindness, 
deafness), and neurological conditions associated with 
cognitive impairment, a history of alcohol or substance abuse or 
dependence, and head injury with loss of consciousness.

Neuropsychological tests and behavioral assessment
The neuropsychological evaluation included the Mini 

Mental State Examination (MMSE), as test of general cognition 
(15) and a large battery of specific tests evaluating cognitive 
performances (14). The Clinical Dementia Rating scale 
(CDR) (16) was used to score dementia severity while current 
depressive symptoms were assessed by the 15-item version 
of the Geriatric Depression Scale (GDS) (17). Presence and 
severity of neuropsychiatric symptoms was evaluated with 
the Neuropsychiatric Inventory (NPI) (18). We considered 
neuropsychiatric symptoms with an FxG score ≥ 4 as clinically 
relevant. 

Comorbidity
Comorbidity was assessed using the Cumulative Illness 

Rating Scale (CIRS) (19). This rating scale consists of 13 items 
covering several systemic diseases. Severity of diseases at each 

item is rated according to the following scale: 1 = no, 2 = mild, 
3 = moderate, 4 = severe, 5 = life-threatening. No subjects 
obtained a score of 1 in our sample. After completion of the 
CIRS, two summary measures are calculated: the overall illness 
severity (SI) that represents the mean of the 13 CIRS items 
(CIRS-SI) and the comorbidity index (CIRS-CI) computed 
by counting the number of items with a score of moderate to 
severe degree (score ≥3). As a result, the CIRS-CI can also be 
considered as a surrogate of the number of clinically relevant 
concomitant diseases (19-21).

Functional status
Functional status was evaluated using the Katz Index of 

Independence in Activities of Daily Living (ADL) (22, 23) and 
Lawton-Brody Instrumental Activities of Daily Living (IADL) 
(24) scales. To avoid the underestimation of their own level 
of functional capacity, in subjects with cognitive impairment 
informant based rating of functional status were carried out 
(22). In most of the cases, informants were patients’ spouses or 
relatives, living in the same household. 

ADL includes six activities: bathing, dressing, toileting, 
transferring, continence, and feeding. IADL includes eight 
activities: using telephone, shopping, meal preparation, 
housekeeping, laundry, use of transportation, self-
administration of drugs, and handling finances. Any 
dysfunction in the performances of these activities was recorded 
as dependence in the correspondent item. Because IADL items 
are often gender-specific, we used the version of the scale tested 
for male subjects included only five items, with housekeeping, 
cooking, and doing laundry excluded (25). ADL score ranges 
from 6 (total independence) to 0 (total dependence), and IADL 
from 8 (total independence) to 0 (total dependence) in women 
and from 5 (total independence) to 0 (total dependence) in men.

Anticholinergic Drug Burden
The ARS is a validated tool for estimating the extent to 

which an individual patient may be at risk of anticholinergic 
adverse effects that can lead to cognitive impairment (9). 
This is a ranked categorical list of commonly prescribed 
medications with anticholinergic potential that, compared 
with other scales, is more specific in capturing medication 
associated with a higher degree of functional impairment (9). 
The ARS scale ranks medications for anticholinergic potential 
on a 3-point scale (0: limited or none; 1: moderate; 2: strong; 
and 3 very strong). The ARS score for a patient is the sum of 
points of number of medications with anticholinergic effects. 
Subject using at least one drug with anticholinergic properties 
was indicated as “drug user”.  Neither topical, ophthalmic, 
otologic, or inhalation medications nor the doses of drugs were 
considered in the development of the scale and therefore this 
information was not evaluated.
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Calculations and statistical analyses
The observed data were normally distributed (Shapiro-Wilk 

W-Test) and presented as means ± Standard Deviation (SD). 
To assess differences among groups unpaired t test, ANOVA 
or Pearson’s Chi squared test were used, when appropriated. 
The association between anticholinergic drug use and functional 
impairment in ADL was examined by logistic regression 
analysis, where dependent variables were disability in ADL, 
defining the presence of functional independence as 0 and the 
presence of partial dependence as 1.  The association between 
anticholinergic drug use and functional impairment in IADL 
was assessed by general linear model (GLM) procedures with 
an ordinal logistic regression analysis. The IADL disability 
were defined as functional totally independent as 0, partially 
dependent as 1 and totally dependent as 2. Indeed, binary 
logistic regression analyses were performed to evaluate the 
association between the anticholinergic drug use and un-ability 
to perform each single ADL or IADL task, independently of 
multiple covariates. The theory of directed acyclic graphs [30] 
was applied to select confounders for adjustment and analyzed 
with DAG program (version 0.21: http://epi.dife.de/dag). 
According to our graph the variable gender, number of drugs, 
CIRS (CI), presence of clinically relevant neuropsychiatric 
symptoms and MMSE adjusted belonged to the minimally 
sufficient adjustment set. We used these variables to adjust our 
effect estimation.  

 All p values presented are 2-tailed  and a p <0.05 was 
chosen for levels of significance.  Statistical analyses were 
performed using SPSS 20 software package (SPSS, Inc., 
Chicago, IL). 

Results

Clinical characteristics of all sample are displayed in 
Table 1. Subjects with cognitive impairment were older, with 
significantly lower scores on MMSE, GDS, and CIRS and 
used a lower number of drugs. The three groups significantly 
differ  on ADL score and IADL score. The percentage of 
clinically relevant neuropsychiatric symptoms was higher in 

CH (46.9%) and MCI (57.5%), with the prevalence of anxiety 
and depression in CH and MCI, and irritability and agitation in 
mild AD.

About 16% (n=375) of participants used at least one 
drug with anticholinergic properties. Among drug users 93 
(13.5%) were CH, 74 (13.7%) MCI and 208 (18.5%) mild 

most used drugs with anticholinergic burden were paroxetine 
(3.7% and 4.6%, respectively) and trazodone (2.7% and 2.4%, 
respectively) in CH and MCI subjects and paroxetine (5.1%), 
trazodone (2.1%) and risperidone (2.3%) in mild AD. 

The main characteristics of participants stratified 
according to anticholinergic drug use are shown in Table 2. 
Anticholinergic drug users were more likely to take a greater 
number of drugs, to be more functionally impaired in ADL and 
IADL, and to have lower cognitive performances and higher 
probability to suffer from neuropsychiatric symptoms.

Anticholinergic drug use and functional status 
Functional status was assessed based on six activities of 

daily living (ADL). Grouping ADL according to the functional 
status in totally independent (ADL score =6), partially 
dependent (ADL score=1-5) and totally dependent (ADL score 

Table 1 
Clinical characteristics of total sample (n=2359)

Cognitively Healthy  
(CH) (n=691)

Mild Cognitive Impairment 
(MCI) (n=541)

Mild Alzheimer’s Disease (AD) 
(n=1127)

p

Age (years) 75.6 ± 5.9 77.4 ± 5.5° 78.1 ± 5.6§ <0.0001
Gender (M/F) 288/403 242/299 337/790* <0.0001
GDS 4.9 ± 3.8 4.4 ± 3.2° 5.2 ± 3.4^ <0.0001
MMSE 28.5 ± 1.3 25.2 ± 2.8° 20.4 ± 3.9§ <0.0001
MMSE adjusted 28.1 ± 1.1 25.0 ± 2.6° 20.6 ± 3.6§ <0.0001
ADL 5.5 ± 0.8 5.4 ± 1.0 5.3 ± 1.0§^ <0.0001
IADL 6.0 ± 2.1 5.3 ± 2.4° 4.1 ± 2.2§^ <0.0001
CIRS (CI) 2.22 ± 1.44 1.94 ± 1.53° 1.59 ± 1.44§^ <0.0001
CIRS (SI) 1.46 ± 0.26 1.42 ± 0.27° 1.36 ± 0.25§^ <0.0001
Number of drugs 4.3 ± 2.9 4.0 ± 2.7° 3.8 ± 2.5 <0.0001
Neuropsychiatric symptoms 324 (46.9) 311 (57.5%) 879 (78%)** <0.0001

Living; IADL= Instrumental Activities of Daily Living;  CIRS= Cumulative Illness Rating Scale: CI (comorbidity index), SI (severity index). 
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=0), none of subjects resulted totally dependent. Thus, we tested 
the association between anticholinergic drug use and disability 
in ADL using a binary logistic regression analysis with the 
dependent variable calculated as totally independent or partially 
dependent. The analysis conducted in all population revealed 
that participants taking drugs with anticholinergic properties 
had a higher probability to be  partially dependent in ADL 
(OR:1.42, CI95%: 1.10-1.83; p=0.006), even after adjustment 
for gender, number of drugs, CIRS (CI), presence of clinically 
relevant neuropsychiatric symptoms, MMSE score. Distribution 
of ADL disability was examined item by item according to 
cognitive status (CH, MCI and mild AD) and in each subgroup 
by ARS exposure (Table 3). The prevalence of dependence on 
each ADL item was significantly higher among anticholinergic 
drug users independently of cognitive status (Table 3). 
Independent of gender, number of drugs, CIRS(CI), presence 
of clinically relevant neuropsychiatric disorders, MMSE score, 
participants affected by MCI using drugs with anticholinergic 
properties had higher probability to be dependent in dressing 
(OR: 2.81, CI95%: 1.13-6.95; p=0.025), while those with mild 
AD in toileting (OR: 2.01, CI95%: 1.21-3.35; p=0.007). 

Table 2
Clinical characteristics of total sample according to 

anticholinergic drug use (n=2359)

Non users
(n=1984)

Users
(n=375)

p

Age (years) 77.2 ± 5.8 77.3 ± 5.5 0.736

Gender (M/F) 750/1234 117/258 0.008

GDS 4.7 ± 3.5 6.2 ± 3.4 <0.0001

MMSE 24.0 ± 4.6 23.0 ± 4.7 <0.0001

MMSE adjusted 23.9 4.3 23.1

ADL 5.4 ± 0.9 5.1 ± 1.1 <0.0001

IADL 5.0 ± 2.4 4.3 ± 2.4 <0.0001

CIRS (CI) 1.84 ± 1.46 1.91 ± 1.60 0.115

CIRS (SI) 1.40 ± 0.26 1.42 ± 0.28 0.423

N of drugs 3.7 ± 2.7 5.4 ± 2.5 <0.0001

Neuropsychiatric symptoms 1223 (61.6) 291 (77.6) <0.0001**

GDS= Geriatric Depression Scale; MMSE= Mini Mental State Examination; MMSE 
adjusted: Adjusted MMSE score by adding coefficients for classes of age and education; 
ADL= Activities of Daily Living; IADL= Instrumental Activities of Daily Living; CIRS= 
Cumulative Illness Rating Scale: CI (comorbidity index), SI (severity index).

IADL were assessed separately for gender. In women 
grouping IADL according to the functional status in totally 
independent (IADL score = 8), partially dependent (IADL 
score =1-7) and totally dependent (IADL score= 0), 48 (3.2%) 
were totally dependent, 1049 (70.3%) were partially dependent 
and 395 (26.5%) were totally independent.  The distribution of 
participants dependent in each IADL item by cognitive status 
are presented in table 4 and 5, for women and men respectively.   

Compared with women without drug-related anticholinergic 
burden, those taking such drugs tended to be more dependent in 
each IADL item. Independent of several confounders -including 
number of drugs,  CIRS (CI), presence of clinically relevant 
neuropsychiatric disorders  MMSE score- only women affected 
by mild AD confirmed a higher probability to be dependent  
in preparing meals (OR: 1.66, CI95%: 1.13-2.49 p=0.013), 
washing (OR:1.57, CI95%: 1.03-2.38; p=0.033) and money 
management (OR: 1.61, CI95%: 1.10-2.37; p=0.015), while 
taking drugs with anticholinergic properties 

In men grouping IADL according to the functional status 
in totally independent (IADL score = 5), partially dependent 
(IADL score =1-4) and totally dependent (IADL score= 0), 
21 (2.4%) were totally dependent, 505 (58.2%) were partially 
dependent and 340 (39.2%) were totally independent. In men, 
the use of anticholinergic drug was associated with the presence 
of dependence in instrumental activity of daily living (OR: 2.00, 
IC95%: 1.23-3.27; p=0.005) after controlling for  number of 
drugs, CIRS (CI), presence of almost one clinically relevant 
neuropsychiatric symptoms, MMSE score. The prevalence of 
men functionally dependent in each IADL was higher in the 
subgroup using anticholinergic drugs (Table 5). In particular, 
men with MCI taking anticholinergic drugs had a significantly 
higher likelihood of being impaired in shopping (OR: 3.41, 
CI95%: 1.33-8.73; p=0.011), and drug management (OR: 2.31, 
CI95%: 0.99-5.45; p=0.05).

 
Discussion

With this study, we explored the relationship between the use 
of drugs with anticholinergic properties and functional status 
in a large population of old age persons with intact cognitive 
performance, mild cognitive impairment and mild AD. The 
main findings are: i) 16 % of  elderly subjects referring to 
a memory clinic take drugs with anticholinergic properties, 
particularly those with mild AD; ii) the use of such drugs 
is associated with a higher probability to be dependent on 
ADL, even after correction for multiple confounding factors 
including gender and cognitive status; iii) the use of such drugs 
is associated with a higher probability of IADL dependence in 
women affected by mild AD, and in men affected by MCI.

According to previous studies we found that a high 
percentage of old age persons are under treatment with drugs 
with anticholinergic properties. Moreover, the most users 
are subjects with initial cognitive impairment, such as MCI 
and mild AD. Among drugs with anticholinergic properties, 
antidepressants and antipsychotics have been linked more often 
with disorders due to anticholinergic activity (31). Accordingly, 
in our study, the most used drugs were antidepressants 
(mainly paroxetine and trazodone) and antipsychotics (mainly 
risperidone), supporting the observation that psychotropic 
drugs represent the major anticholinergic burden in old 
age population, especially among those with compromised 
cognitive function. Thus, the choice of a drug with higher 
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anticholinergic effects may worsening functional impairment 
in old-age subjects. The preferential use of antidepressants 
with different mechanism of action, such as venlafaxine (a 
selective norepinephrine reuptake inhibitor), is likely to avoid 
anticholinergic side effects. 

Recently Lowry and colleagues (32) demonstrated, in 
older hospitalized patients, that high ARS score is negatively 
associated with various components of Barthel Index, in 
particular bathing, dressing, transfers, mobility and climbing 
stairs. Here, analyzing in deep each ADL item, we found that 
the use of drugs with anticholinergic properties is associated 
with a statistically significant impairment in dressing in subjects 
with MCI and toileting in mild AD. Personal appearance is 
important for self-esteem and can significantly affect elderly’s 
desire to participate in social activities. Moreover, self-toileting 
is also important for maintaining self-esteem, continence and 
hygiene. Declines in functional abilities can lead to declines in 
mobility and self-care activities, leading to malnutrition (33) 
thus creating a vicious circle for a worse cognition and, in turn, 
functional status. 

Since it is more likely to lose first the ability to perform 
complex and then the ability to perform simple activities of 
daily living, the IADL scale is more sensitive in detecting 
early functional decline. Considering that IADL scale can 

overemphasize tasks usually performed by women and so 
overestimate dependency in men, they were tested only in 
five items, with the exclusion of housekeeping, cooking, 
and doing laundry. In women, we found that the prevalence 
of IADL disabilities increased in users with mild AD, with 
meal preparation, washing and money management being the 
most affected items. In men, we found that the prevalence of 
IADL disabilities was significantly higher in subjects using 
anticholinergic drugs, with the higher likelihood of dependence 
in shopping and drug management in subjects with MCI. The 
reason why the use of drugs with anticholinergic properties 
on IADL resulted gender specific is unclear. Anticholinergic 
drugs act on the muscarinic receptors in central and peripheral 
nervous systems and inhibit acetylcholine-mediated responses 
by competitively binding to these receptors. Studies conducted 
in rats suggest that, from a diergic standpoint, the cholinergic 
nervous system appears to be more responsive in female 
than in male mammals; but, from a dimorphic standpoint, it 
appears to be less affected by aging in males than in females 
(34, 35). However, in old female rats, high-affinity binding 
sites were preserved in all brain regions, suggesting that the 
observed receptor decrease represents a loss of the low-affinity 
binding sites (36). In contrast, in old male rats, high-affinity 
binding sites were decreased and low affinity preserved. Thus, 

Table 3

Outcome ADL items Cognitively Healthy (CH) 
(n=691)

Mild Cognitive Impairment 
(n=541) (MCI)

Mild Alzheimer’s Disease (AD) 
(n=1127)

No. (%) Unable to Do Each Task No. (%) Unable to Do Each Task No. (%) Unable to Do Each Task

Bathing 71(10.3) 60 (11.1) 226 (20.1)
Non Users 56 (9.4) 47 (10.1) 172 (18.7)
Users 15 (16.1)* 13 (17.6)° 54 (26.0)°
Dressing 31 (4.5) 31 (5.7) 110 (9.8)
Non Users 23 (3.8) 21 (4.5) 83 (9.0)
Users 8 (8.6)* 10 (13.5)° 27 (13.0)
Toileting 32 (4.6) 38 (7) 94 (8.3)
Non Users 24  (4.0) 32 (6.9) 66 (7.2)
Users 8 (8.6)*  6 (8.1) 28 (13.5)°
Transferring 12 (1.7) 22(4.1) 54 (4.8)
Non Users 9 (1.5) 19 (4.1) 42 (4.6)
Users 3 (3.2) 3 (4.1) 12 (5.8)
Feeding - 1 (0.2) -
Non Users - 1(0.2) -
Users - 0 -
Continence 188(27.2) 162 (29.9) 316 (28.0)
Non Users 155 (25.9) 131 (28.1) 241 (26.2)
Users 33 (33.5)   31 (45.9)° 75 (36.1)°
Users vs Non users: *p<0.05;   °p<0.01;    §p<0.0001
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it is possible to hypothesize that drugs with anticholinergic 
properties are more selective for low-affinity binding sites 
which might explain the gender difference. 

Our study has several strengths, including the relatively large 
number of subjects, the complete diagnostic approach and the 
adjustment for multiple potential confounders. Nevertheless, 
some limitations must be pointed out. The ReGAl project 
includes data from geriatric memory clinics and therefore 
our findings may not totally apply to the general population 
and to younger age groups. Moreover, due to the cross-
sectional design of our study, a causal relationship between 
anticholinergic drugs use and functional disability in subjects 
with MCI or mild AD can be only hypothesized. Population 
based longitudinal studies on BADL, IADL function and its 
correlates are needed to verify and extend our findings.

Implications of these findings for medical care are relevant. 

IADL independence is one of the defining features that 
distinguishes normal brain aging from MCI and dementia. 
Considering that impairment in IADL is a marker of increased 
risk of decline in cognitive performances, prescription of drugs 
with anticholinergic properties may significantly increase the 
risk of functional impairment due to deleterious effects on 
cognitive and physical individual domains. Thus, minimizing 
anticholinergic burden, choosing drugs with the same 
therapeutic properties but with no anticholinergic side effects, 
should result in improved daily functioning and quality of life, 
especially in a vulnerable population like MCI or mild AD. 
Moreover, a poorer functional performance in elderly subjects 
associated with the use of drugs with anticholinergic side 
effects might predict cognitive decline, frailty and disability, 
which are of major importance in geriatric assessment.  

Table 4

Outcome  IADL items Cognitively Healthy (CH) 
(n=403)

Mild Cognitive Impairment 
(MCI) (n=299)

Mild Alzheimer’s Disease (AD) 
(n=790)

No. (%) Unable to Do Each Task No. (%) Unable to Do Each Task No. (%) Unable to Do Each Task

Using telephone 11 (2.7) 13 (4.3) 56 (7.1)
Non Users - 11 (4.3) 41 (6.5)
Users 11(3.2) 2 (4.8) 15 (9.6)
Shopping 142 (35.2) 146(48.8) 620 (78.5)
Non Users 116 (33.8) 126 (49.0) 485 (76.5)
Users 26 (43.3) 20 (47.6) 135 (86.5)°
Preparing meals 92 (22.8) 100(33.4) 454(57.5)
Non Users 73 (21.3) 83 (32.3) 346 (54.6)
Users 19 (31.7) 17 (40.5) 108( 69.2)§
Cleaning room 68 (16.9) 63(21.1) 205(25.9)
Non Users 61 (17.8) 53 (20.6) 154 (24.3)
Users 7 (11.7) 10 (23.8) 51  (32.7)*
Washing 70 (17.4) 70(23.4) 217(27.5)
Non Users 59 (17.2) 57 (22.2) 161 (25.4)
Users 11(18.3) 13 (31) 56  (35.9)°
Transportation 146(36.2) 113(37.8) 394(49.9)
Non Users 126 (36.7) 93 (36.2) 301(47.5)
Users 20 (33.3) 20 (47.6) 93 (59.6)°
Drugs 75 (18.6) 108(36.1) 554(70.0)
Non Users 61 (17.8) 90 (35.0) 436 (68.8)
Users 14 (23.3) 18 (42.9) 118 (75.6)
Economy 51(12.1) 62(20.7) 366(46.3)
Non Users 46 (13.4) 54(21.0) 278 (43.8)
Users 5 (8.3) 8(19.0) 88( 56.4)°
Users vs Non users: *p<0.05;   °p<0.01;    §p<0.0001
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