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Background: Despite the high intake of medications with
anticholinergic properties by community-dwelling el-
derly persons, the effects on cognitive decline and de-
mentia have rarely been evaluated.

Methods: Participants were 4128 women and 2784 men
65 years or older from a population-based cohort re-
cruited from 3 French cities. Cognitive performance, clini-
cal diagnosis of dementia, and anticholinergic use were
evaluated at baseline and 2 and 4 years later.

Results: A total of 7.5% of the participants reported an-
ticholinergic drug use at baseline. Multivariate-adjusted
logistic regression indicated that women reporting use
of anticholinergic drugs at baseline showed greater de-
cline over 4 years in verbal fluency scores (odds ratio [OR],
1.41; 95% confidence interval [CI], 1.11-1.79) and in
global cognitive functioning (OR, 1.22; 95% CI, 0.96-
1.55) than women not using anticholinergic drugs. In
men, an association was found with decline in visual
memory (OR, 1.63; 95% CI, 1.08-2.47) and to a lesser

extent in executive function (OR, 1.47; 95% CI, 0.89-
2.44). Notable interactions were observed in women be-
tween anticholinergic use and age, apolipoprotein E, or
hormone therapy. A 1.4- to 2-fold higher risk of cogni-
tive decline was observed for those who continuously used
anticholinergic drugs but not for those who had discon-
tinued use. The risk of incident dementia over the 4-year
follow-up period was also increased in continuous us-
ers (hazard ratio [HR], 1.65; 95% CI, 1.00-2.73) but not
in those who discontinued the use of anticholinergic drugs
(HR, 1.28; 95% CI, 0.59-2.76).

Conclusions: Elderly people taking anticholinergic drugs
were at increased risk for cognitive decline and demen-
tia. Discontinuing anticholinergic treatment was associ-
ated with a decreased risk. Physicians should carefully
consider prescription of anticholinergic drugs in elderly
people, especially in the very elderly and in persons at
high genetic risk for cognitive disorder.
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I N THE ABSENCE OF AN EFFECTIVE

clinical treatment for age-
related neurodegenerative disor-
der, research has focused on the
identification of potential risk fac-

tors in order to delay cognitive decline and
prolong autonomy. Reversible drug-
induced cognitive impairment has been de-
scribed in clinical studies of patients with
cognitive impairment or neuropsychiat-
ric disorder. They have generally focused
on acute (single-dose) or short-term ad-
ministration of anticholinergic medica-
tion and delirium.1 Few community stud-
ies have, however, been undertaken despite
the relatively high intake of over-the-
counter and prescription drugs con-
sumed by elderly patients.2 Several cross-
sectional studies in elderly persons have
demonstrated a link between anticholin-
ergic medication and global cognitive func-
tioning,3-6 psychomotor speed,7,8 visual and

declarative memory,4 and implicit learn-
ing.7 The causal relationship between long-
term use of anticholinergics and subclini-
cal cognitive decline thus remains unclear
owing to the scarcity of longitudinal popu-
lation studies. In a retrospective study of
592 older adults, Bottiggi et al9 observed
an accelerated decline over a 6-year pe-
riod of psychomotor speed and executive
functioning in anticholinergic users. In a
sample of 372 elderly participants, we pre-
viously reported10 an important associa-
tion between continuous anticholinergic
use for 1 year and poorer performance on
specific cognitive domains. Most impor-
tant, anticholinergic drug use was ob-
served to be a strong predictor of mild cog-
nitive impairment (MCI), although the risk
of subsequent dementia could not be es-
timated owing to small numbers of pa-
tients with dementia. Very recently, in a
cohort of 544 community-dwelling older
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men with hypertension, cumulative anticholinergic ex-
posure was shown to be associated with poor perfor-
mance on verbal memory over 2 years.11

Surprisingly, to our knowledge, previous studies have
not examined genetic vulnerability, although 2 small ran-
domized controlled trials (RCTs)12,13 suggested in-
creased cognitive sensitivity in participants with an al-
lele producing the ε4 type of apolipoprotein E (APOE*E4)
shortly after acute anticholinergic administration. Sex dif-
ferences have also not been considered, although differ-
ent risk profiles for both MCI and progression to demen-
tia have been reported between men and women.14 Finally,
there is some evidence that short-term estrogen pretreat-
ment may attenuate anticholinergic-induced choliner-
gic dysfunction,15,16 suggesting possible protective ef-
fects of hormone therapy (HT). This hypothesis has yet
to be tested.

Thus, although there is accumulating evidence to sug-
gest that anticholinergics may increase the risk of cog-
nitive decline and dementia, this hypothesis remains to
be tested within a large prospective study that is able to
take into account multiple independent and interactive
causes of cognitive decline. To our knowledge, the pos-
sible reversible effect on cognitive functioning of stop-
ping anticholinergic treatment has also never been evalu-
ated. Our aim was to examine the relationship over time
between anticholinergic use and cognitive decline and
onset of dementia in community-dwelling elderly per-
sons, taking into account sex and genetic vulnerability.

METHODS

STUDY POPULATION

Participants were recruited as part of a multisite cohort study
of community-dwelling persons 65 years or older from the elec-
toral rolls of 3 French cities from 1999 to 2001.17 The study
protocol was approved by the ethics committee of the University-
Hospital of Bicêtre (France), and written informed consent was
obtained from each participant. The participants were fol-
lowed up after 2 years and 4 years. Of the 9077 dementia-free
participants included in the cohort, 363 died, 631 were lost to
follow-up, and 1171 did not have repeated cognitive testing or
had missing data for at least 1 baseline adjustment variable. The
present analyses were conducted for 6912 participants. Of these,
914 participants (13.2%) had only 1 follow-up examination.
The mean (SD) duration of follow-up was 3.5 (0.6) years. Par-
ticipants not included in the present analysis were more fre-
quently female, were older, had a lower education level, more
frequently used anticholinergics, and had lower baseline cog-
nitive scores (data not shown). There were 59.7% of women
in the sample. The mean (SD) age was 73.6 (5.3) years for men
and 73.8 (5.2) years for women.

COGNITIVE OUTCOME MEASURES

A battery of cognitive tests assessed different areas of cogni-
tive functioning. The Isaacs Set Test18 provided a measure of
verbal fluency or semantic access that is sensitive to changes
in both frontal and temporal areas. Participants were asked to
generate as many words as possible within a given semantic cat-
egory (animals, colors, fruits, and cities) in a limited time. Flu-
ency was assessed as the total score corresponding to the sum
of the number of words generated in each category within 30

seconds (Isaacs total retrieval), as well as the number of words
reported for the first (early retrieval) and the second 15-
second interval (late retrieval). The Benton Visual Retention
Test (BVRT)19 assessed visual memory; psychomotor speed and
executive function were assessed with the Trail Making Tests
A and B, respectively (TMT A and TMT B),20 and the Mini-
Mental State Examination (MMSE) was used as a global mea-
sure of cognitive function.21 All of the cognitive tests were ad-
ministered at baseline, and during 2- and 4-year follow-ups of
the follow-up, except the TMT A and TMT B, which were not
given in the 2-year follow-up. Consequently, the analysis based
on these tasks involves only 5716 participants. Cognitive de-
cline was defined as being in the lowest quintile of the differ-
ence between baseline score and either follow-up visit (after 2
or 4 years), except for TMT for which the highest quintile of
the difference was considered.22

DIAGNOSIS OF DEMENTIA

A preliminary diagnosis and classification of dementia at each
follow-up examination was made by the local clinical investi-
gators for the 3C Study according to the Diagnostic and Statis-
tical Manual of Mental Disorders (Fourth Edition) revised cri-
teria,23 and validated by a national panel of neurologists
independently of the 3C investigators. The date of onset of de-
mentia was the date of the follow-up interview when demen-
tia was diagnosed.

ANTICHOLINERGIC DRUG USE

An inventory of all drugs (prescription and over-the-counter
drugs) used during the preceding month was included in a stan-
dardized interview. Medical prescriptions and, where feasible,
the medications themselves were checked by the interviewer.
Reported medicines were coded according to the World Health
Organization’s Anatomical Therapeutic Chemical Classifica-
tion.24 The list of drugs with anticholinergic properties was es-
tablished from the Thériaque,25 the Banque de Données Au-
tomatisée sur les Médicaments (BIAM),26 and VIDAL
classifications.27

SOCIODEMOGRAPHIC
AND CLINICAL VARIABLES

The standardized interview included questions on demo-
graphic characteristics, education level, marital status (mar-
ried, widowed, single, or divorced), mobility, height, and weight.
Information was obtained on alcohol consumption, tobacco use,
caffeine consumption, and HT for women. History of stroke,
angina pectoris, myocardial infarction, and cardiovascular sur-
gery was established according to standardized questions with
additional information where necessary from general practi-
tioners. Recent asthma crisis, hypertension, hypercholesterol-
emia, and diabetes mellitus were also recorded. Depressive symp-
toms were assessed by the Center for Epidemiological Studies–
Depression Scale (CES-D)28 with a cutoff point of 16 on a scale
of 60. Fasting blood samples were taken for cholesterol levels,
and apolipoprotein E genotyping was performed as described
previously.22

STATISTICAL ANALYSIS

We used univariate and multivariate logistic regression analy-
ses to determine if baseline consumption of anticholinergic
drugs was associated with the odds of cognitive decline. Men
and women were examined in separate analyses because they
differed in both anticholinergic drug use and profiles of cogni-
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tive ability. The �2 test was used to identify sex-related differ-
ences. After sex stratification, univariate odds ratios (ORs)
were adjusted for center, age, educational level, and baseline
cognitive performance (model 0). Multivariate-adjusted logis-
tic regression included covariates that were associated with
cognitive decline (P� .15). Model 1 was adjusted for center;
age; education; baseline cognitive performance; body mass
index (BMI); alcohol, tobacco, and caffeine intake; mobility;
hypercholesterolemia; apolipoprotein E; diabetes mellitus;
asthma; and HT for women. Compared with model 1, model
2 was further adjusted for diseases associated with anticholin-
ergic drug use to take into account a possible prescription bias
(eg, depression, ischemic diseases, Parkinson disease, and
hypertension).

A Cox model with delayed entry was used in the analysis of
dementia incidence taking age as the basic timescale and birth
as the time origin.29 This analysis was undertaken with 7123
participants without missing data for baseline adjustment vari-
ables but with possibly missing repeated cognitive testing. The
analyses were not stratified by sex to allow full adjustment de-
spite relatively small numbers of incident cases. The full model
was adjusted for sex; center; education; BMI; alcohol, tobacco,
and caffeine intake; mobility; hypercholesterolemia; apolipo-
protein E; diabetes mellitus; asthma; depression; ischemic dis-
eases; Parkinson disease; and hypertension. Analyses were per-
formed using SAS statistical software (version 9.1; SAS Inc, Cary,
North Carolina).

RESULTS

POPULATION CHARACTERISTICS

Within this elderly, community-dwelling population, 520
of the 6912 participants (7.5%) were taking anticholin-
ergic drugs at baseline, of whom 36 participants (6.9%)
were taking 2 anticholinergic drugs simultaneously, and
8 (1.5%) were taking 3 drugs. The main classes for these
drugs consisted of antidepressants (1.9%), digestive an-
tispasmodics (1.6%), genital-urinary antispasmodics
(1.3%), H1 antihistaminics (1.0%), anxiolytics (0.9%), car-
diovascular medications (0.5%), antiepileptics (0.5%), an-
tipsychotics (0.3%), antiasthmatics (0.1%), and anti-
Parkinson drugs (0.1%) (eTable, http: / /www
.archinternmed.com). None of the participants reported
use of cholinesterase inhibitors.

Overall, women reported anticholinergic drug use more
often than men (9.6% vs 4.4%, respectively; P� .001).
Men and women were found to differ in all other char-
acteristics at baseline except the presence of APOE*E4.
They also differed in baseline cognitive performance, with
a higher proportion of women showing low scores on the
MMSE, BVRT, and TMT A and TMT B (data not shown).

The cross-sectional associations of baseline covari-
ables with anticholinergic use were evaluated after strati-
fication by sex. For both men and women, anticholin-
ergic use was higher in participants with depression
(P� .001), in those with low alcohol consumption (P=.02
in women and P=.001 in men), and with poor mobility
(P= .03 in women and P� .001 in men) (Table 1).
Women not consuming caffeine (P=.008) or with dia-
betes mellitus (P=.007), ischemic diseases (P=.02), or
Parkinson disease (P� .001) were more frequent anti-
cholinergic drug users.

ASSOCIATIONS BETWEEN ANTICHOLINERGICS
AND COGNITIVE DECLINE

OVER A 4-YEAR FOLLOW-UP

In the longitudinal logistic regression analyses, decline
in cognitive performance was defined as a decrease from
baseline of at least 6 points on the Isaacs Set Test total
score or at least 2 points on the BVRT and the MMSE (low-
est quintiles). For the TMT, cognitive decline was de-
fined as an increase from baseline of at least 16 (TMT A)
or 35 seconds (TMT B) (Table 2). In women, univari-
ate logistic regression adjusted for age, educational level,
center, and baseline cognitive score (model 0) indicated
a significant association between anticholinergic use and
decline in Isaacs Set Test total score (OR, 1.47; 95% con-
fidence interval [CI], 1.16-1.86; P=.002) and in the MMSE
(OR, 1.26; 95% CI, 1.00-1.60; P=.05). No significant as-
sociation was observed for the BVRT (P =.33) and the
TMT A (P =.73) or TMT B (P =.88). In men, anticholin-
ergic use was significantly associated with decline in the
BVRT (OR, 1.70; 95% CI, 1.13-2.56; P=.01) but was not
significantly associated in the TMT B (OR, 1.61; 95% CI,
0.98-2.64; P=.06) in the Isaacs Set Test or the TMT A.
In multivariate logistic regression (model 1), the same
associations were observed with significant cognitive de-
cline in the Isaacs Set Test in women (P =.003) and in
the BVRT in men (P =.01). These associations persisted
in the complete model (model 2) further adjusted for other
confounders such as disease associated with anticholin-
ergic prescription (depression, ischemic diseases, Par-
kinson disease, and hypertension). The OR was 1.41 (95%
CI, 1.11-1.79; P=.006) for decline on the Isaacs Set Test
total score in women. This effect seemed related to the
early retrieval phase (OR, 1.27; 95% CI, 0.99-1.62; P=.06),
whereas no notable association was found for the late re-
trieval phase (data not shown). In men, the OR was 1.63
(95% CI, 1.08-2.47; P=.02) for decline in the BVRT test.
However, the association with decline in the TMT B in
men was not significant in model 2 (P=.14), as well as
for the MMSE in women (P=.10). For women specifi-
cally, an interaction was observed on the MMSE be-
tween anticholinergic use and age (risk increasing with
age; P=.002) and apolipoprotein E (the risk being sig-
nificantly increased only for APOE*E4 carriers; OR, 2.05;
95% CI, 1.24-3.40; P=.005 vs OR, 1.07; 95% CI, 0.81-
1.40; P=.65 in non–APOE*E4 carriers). There was also
an interaction between anticholinergic use and HT on
early retrieval on the Isaacs Set Test; the risk of cogni-
tive decline in those using anticholinergics was in-
creased for those who had never used HT (OR, 1.44; 95%
CI, 1.07-1.94; P=.02) in contrast with current HT users
(OR, 0.51; 95% CI, 0.25-1.05; P=.07).

COGNITIVE DECLINE ACCORDING
TO THE PATTERN OF ANTICHOLINERGIC

DRUG USE DURING FOLLOW-UP

A total of 5969 participants (86.4%) did not report anti-
cholinergic drug use at baseline or at the later follow-up
examinations, 175 (2.5%) reported anticholinergic use only
at baseline but not at either the 2- or 4-year follow-up (here-
inafter, discontinuing group), and 319 (4.6%) reported
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anticholinergic drug use both at baseline and at least at the
2-year examination (hereinafter, continuing group), of
whom 204 were also users at the 4-year follow-up. Other

participants who reported the intermittent use of anticho-
linergics during the follow-up (n=449) were not consid-
ered in the following analyses.

Table 1. Characteristics of the Study Population as a Function of Anticholinergic (ACH) Drug Use at Baseline

Characteristic

Women Prescribed ACH Drugs, % Men Prescribed ACH Drugs, %

No
(n=3731)

Yes
(n=397) P Value

No
(n=2661)

Yes
(n=123) P Value

Age, y

.30 .25

65-69 25.5 23.2 26.4 19.5
70-74 33.1 30.5 35.0 34.1
75-80 27.7 30.5 24.6 28.5
�80 13.7 15.8 14.0 17.9

Education, y

.11 .004

5 24.6 27.7 21.4 30.1
9 40.2 41.3 30.0 33.3
12 21.0 20.9 19.5 22.0
�12 14.2 10.1 29.1 14.6

CES-D �16 26.4 42.3 �.001 13.0 27.6 �.001
Ischemic diseasesa 11.5 15.4 .02 22.1 23.6 .70
BMI

.73 .85
Normal 53.9 51.9 38.1 35.8
Overweight 32.8 34.5 49.2 50.4
Obese 13.3 13.6 12.7 13.8

Diabetes mellitusb 6.3 9.8 .01 12.7 17.1 .15
Asthmac 2.2 2.5 .65 1.3 2.4 .29
Hypertensiond 53.5 50.9 .32 59.9 64.2 .34
Parkinson disease 0.6 2.3 �.001 1.3 3.3 .07
Hypercholesterolemiae 67.9 70.0 .39 83.5 82.9 .88
Alcohol intake, g/d

.02 �.001
0 26.4 32.8 7.8 13.0
1-36 72.0 66.2 72.6 79.7
�36 1.6 1.0 19.6 7.3

Smoking

.51 .72
Never 81.1 83.4 30.2 26.8
Former 15.2 13.1 61.7 64.2
Current 3.7 3.5 8.1 9.0

Caffeine intake per day, unitsf

.01 .98
0-1 23.9 31.0 27.4 26.8
�1-3 59.4 54.2 59.3 60.2
�3 16.7 14.8 13.3 13.0

Mobility

.03 �.001
Confined to home 1.7 2.5 1.0 3.3
Confined to neighborhood 4.1 6.6 1.8 6.5
Not confined 94.2 90.9 97.2 90.2

HT

.57
Current 14.9 16.9
Former 16.8 16.1
Never 68.3 67.0

APOE*E4 19.0 19.7 .77 20.7 17.1 .32
MMSE score � 26 15.2 17.9 .15 11.5 15.5 .18
IST total scoreg�40 19.7 24.2 .03 20.1 22.8 .47
BVRTg�11 29.6 40.1 �.001 22.8 40.7 �.001
TMT Af�69h 18.0 25.8 �.001 13.9 21.7 .04
TMT Bf�139h 18.7 27.0 �.001 15.9 25.0 .02

Abbreviations: APOE*E4, allele producing the ε4 type of apolipoprotein E; BMI, body mass index (calculated as weight in kilograms divided by height in meters
squared); BVRT, Benton Visual Retention Test; CES-D, Center for Epidemiological Studies–Depression Scale; HT, hormone therapy; IST, Isaac Set Test;
MMSE, Mini-Mental State Examination; TMT, Trail Making Test.

aHistory of stroke, myocardial infarction, angina pectoris, or arteritis.
bDiabetes mellitus defined as glucose level of at least 126 mg/dL (to convert to millimoles per liter, multiply by 0.0555) or treated.
cAsthma crisis over the past year.
dSystolic blood pressure (BP) of 160 mm Hg or higher or diastolic BP of 95 mm Hg or higher or intake of antihypertensive drugs.
eTotal cholesterol level of at least 239.4 mg/dL (to convert to nanomoles per liter, multiply by 0.0259) or treated by lipid-lowering agents.
fOne unit equals 100 mg of caffeine.
gPercentage of participants with lowest cognitive performances at baseline (lowest quintile)
hThe numbers of female participants who had the TMT tests were 3125 non–ACH users and 322 users, and the numbers of male patients were 2177 non–ACH

users and 92 users (see the “Methods” section for details).
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Compared with women who had never reported the use
of anticholinergic drugs, women in the continuous group
were at higher risk of cognitive decline on the Isaacs Set
Test in fully adjusted models (OR, 1.46; 95% CI, 1.08-
1.98; P=.02) and on the MMSE (OR, 1.42; 95% CI, 1.06-
1.90; P=.02) (Table 3). The same pattern was observed
for men in the continuous group in relation to decline in
the BVRT test (OR, 1.94; 95% CI, 1.15-3.27; P=.01) and
the TMT B (OR, 1.94; 95% CI, 1.06-3.58; P=.03). How-
ever, the risk was not modified for participants who had
discontinued the use of anticholinergic drugs.

ASSOCIATIONS BETWEEN BASELINE
ANTICHOLINERGIC DRUG USE AND 4-YEAR

INCIDENCE OF DEMENTIA

Among the 7123 participants included in the analysis con-
cerning dementia outcome, there were 221 newly diag-
nosed cases during follow-up, of whom 143 patients had
Alzheimer disease. In the subsample from which intermit-
tent users were excluded, a multiadjusted delayed-entry Cox
model showed an increased risk for incident dementia or
Alzheimer disease for persons who had used anticholin-
ergic drugs continuously (hazard ratio [HR], 1.65; 95% CI,
1.00-2.73; P=.05; and HR, 1.94; 95% CI, 1.01-3.72; P=.05,
respectively) but not for those who had discontinued an-
ticholinergic treatment after the inclusion (Table 4).

COMMENT

In this large prospective study, 7.5% of these community-
dwelling elderly persons reported taking anticholinergics.
Our results indicate an increased risk in cognitive decline
and dementia, which remained significant after adjust-
ment for the other multiple possible codeterminants of cog-
nitive decline (see Table 2 and Table 4 for P values). It is
worth noting that similar results were obtained in the un-
adjusted model (model 1) and in the model that adjusted

for the diseases associated with anticholinergic treatment
(model 2). This suggests that the anticholinergic drugs
themselves rather than the underlying burden of illness is
the likely cause of the cognitive decline. Further support-
ing a causative effect of the anticholinergic medications,
we found that the cognitive decline seemed reversible af-
ter anticholinergic treatment was discontinued. This could
at least partly account for the reversible dementia ob-
served in some patients with MCI.30,31

ASSOCIATION BETWEEN ANTICHOLINERGICS
AND COGNITIVE DECLINE

AND SEX SPECIFICITY

Chronic anticholinergic use was specifically associated
with a significant decline in visual memory or executive
function in men and in verbal retrieval in women (see
Table 3 for P values). Our data indicate a specific effect
on early retrieval but not on late retrieval, which could
suggest an effect on the speed of information processing
rather than on search processes.32 For women, an effect
on a global cognitive measure targeting more severe de-
cline was also observed. Some of these alterations in cog-
nitive performances have already been observed in pre-
vious cross-sectional studies3-8 as well as in retrospective9

and prospective10,11 longitudinal studies, although pos-
sible sex differences were not previously considered.

In women, we observed an age-by-anticholinergic in-
take interaction effect, the oldest women being at higher
risk of global cognitive decline (P=.002). Elderly persons
are known to be more sensitive than the young to the cog-
nitive toxic effects associated with acute anticholinergic drug
administration, which has been ascribed to decreased cen-
tral cholinergic function.33-36 Our data suggest a signifi-
cant (P=.002) age-related vulnerability to anticholiner-
gics in elderly women, whereas no notable interaction was
found in men, but the results could have been limited ow-
ing to the lower number of men in our sample.

Table 2. Baseline Anticholinergic Use and Cognitive Decline Over the 4-Year Follow-up Perioda

Cognitive Decline Score

Model 0 Model 1 Model 2

OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

Women (n=4128)b

�IST total � −6 1.47 (1.16-1.86) .002 1.44 (1.13-1.83) .003 1.41 (1.11-1.79) .006
�BVRT � −2 1.13 (0.89-1.43) .33 NA NA NA NA
�TMT A � 16 1.05 (0.78-1.42) .73 NA NA NA NA
�TMT B � 35 0.98 (0.73-1.31) .88 NA NA NA NA
�MMSE � −2 1.26 (1.00-1.60) .05 1.25 (0.99-1.58) .07 1.22 (0.96-1.55) .10

Men (n=2784)b

�IST total � −6 1.03 (0.67-1.59) .89 NA NA NA
�BVRT � −2 1.70 (1.13-2.56) .01 1.68 (1.11-2.53) .01 1.63 (1.08-2.47) .02
�TMT A � 16 0.84 (0.48-1.46) .53 NA NA NA NA
�TMT B � 35 1.61 (0.98-2.64) .06 1.58 (0.96-2.62) .07 1.47 (0.89-2.44) .14
�MMSE � −2 1.39 (0.92-2.09) .12 NA NA NA NA

Abbreviations: BVRT, Benton Visual Retention Test; CI, confidence interval; IST, Isaac Set Test; MMSE, Mini-Mental State Examination; NA, not applicable;
OR, odds ratio; TMT, Trail Making Test.

aModel 0 was adjusted for center, age, education, and baseline cognitive performance. Model 1 was adjusted for center; age; education; baseline cognitive
performance; body mass index; alcohol, tobacco, and caffeine intake; mobility; hypercholesterolemia; APOE*E4 (allele producing the ε4 type of apolipoprotein E);
diabetes mellitus; and asthma (for men and women) as well as hormone therapy for women. Model 2 was adjusted for all the covariates in model 1, plus
depression, ischemic diseases, Parkinson disease, and hypertension (for men and women).

bExcept for TMT, which concerned 3447 women and 2269 men.
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Endocrinological factors can modulate cognitive func-
tion in elderly women.37 Dumas et al15,16 reported that short-
term estrogen pretreatment could attenuate anticholinergic-
induced cognitive impairments in 2 small RCTs with 15
and 22 postmenopausal women. In the present study we
found an interactive effect on cognitive decline in early re-
trieval between anticholinergic intake and HT use, which
suggests that estrogenstatus inpostmenopausalwomenmay
be important for cholinergic system integrity.

We also observed a significant interaction between an-
ticholinergic intake and apolipoprotein E; women who
were taking anticholinergics and were APOE*E4 posi-
tive were at a 2-fold higher risk of global cognitive de-
cline (P =.005) than noncarriers (P =.65). In 2 RCTs12,13

in which 24 cognitively intact elderly participants were
administered a single dose of the muscarinic antagonist
trihexyphenidyl, the participants who were APOE*E4
positive but not those who were APOE*E4 negative dem-
onstrated notable impairment in total and delayed re-
call 5 hours after treatment. Sex differences were not con-

sidered in these small RCTs, although a greater deleterious
effect of APOE*E4 on gross hippocampal pathologic char-
acteristics and memory performance has been reported
in women than in men with MCI.38 Our data suggest that
the APOE*E4 could play an important role in increasing
long-term cognitive vulnerability to chronic anticholin-
ergic burden in the elderly population and that this effect
could be particularly evident in postmenopausal women.
Estrogen has been reported to be associated with less cog-
nitive decline among APOE*E4-negative women but not
APOE*E4-positive women.39 Both characteristics
(APOE*E4-negative women taking HT) may thus con-
tribute to a higher protective effect against anticholin-
ergic neurotoxic effects.

DEMENTIA

We observed an important association between anticho-
linergic use at baseline and the risk of developing de-
mentia at 4-year follow-up. In a previous study10 con-

Table 3. Cognitive Decline According to Pattern of Anticholinergic Drug Use (Continuing or Discontinuing)
During the Follow-up Perioda

Group

Model 0 Model 2

OR (95% CI) P Value OR (95% CI) P Value

Women (n=3819)b

�IST total � −6
Discontinuing 1.49 (1.00-2.22) .05 1.45 (0.98-2.17) .07
Continuing 1.53 (1.13-2.06) .006 1.46 (1.08-1.98) .02

�BVRT � −2
Discontinuing 0.90 (0.60-1.35) .61 0.84 (0.55-1.27) .40
Continuing 1.27 (0.95-1.71) .11 1.20 (0.89-1.62) .24

�TMT A � 16
Discontinuing 0.81 (0.47-1.41) .46 NA NA
Continuing 1.14 (0.79-1.64) .48 NA NA

�TMT B � 35
Discontinuing 1.06 (0.65-1.73) .81 NA NA
Continuing 0.92 (0.64-1.34) .68 NA NA

�MMSE � −2
Discontinuing 1.07 (0.71-1.62) .74 1.03 (0.68-1.56) .88
Continuing 1.48 (1.10-1.97) .009 1.42 (1.06-1.90) .02

Men (n=2644)b

�IST total � −6
Discontinuing 0.63 (0.30-1.34) .23 NA NA
Continuing 1.48 (0.87-2.51) .14 NA NA

�BVRT � −2
Discontinuing 1.18 (0.59-2.37) .63 1.17 (0.58-2.37) .65
Continuing 2.07 (1.24-3.45) .005 1.94 (1.15-3.27) .01

�TMT A �16
Discontinuing 0.49 (0.17-1.44) .20 NA NA
Continuing 1.12 (0.58-2.17) .74 NA NA

�TMT B � 35
Discontinuing 0.97 (0.39-2.44) .95 0.90 (0.36-2.26) .82
Continuing 2.23 (1.23-4.03) .008 1.94 (1.06-3.58) .03

�MMSE � −2
Discontinuing 1.34 (0.67-2.66) .41 NA NA
Continuing 1.41 (0.84-2.36) .19 NA NA

Abbreviations: BVRT, Benton Visual Retention Test; CI, confidence interval; IST, Isaac Set Test; MMSE, Mini-Mental State Examination; NA, not applicable;
OR, odds ratio; TMT, Trail Making Test.

aThe 449 participants having taken anticholinergics intermittently during the follow-up were not considered in this analysis. Model 0 was adjusted for age;
education; center; and baseline cognitive performance; and model 2 was adjusted for center; age; education; baseline cognitive performance; BMI; alcohol,
tobacco, and caffeine intake; mobility; hypercholesterolemia; APOE*E4 (allele producing the ε4 type of apolipoprotein E); diabetes mellitus; asthma; depression;
ischemic diseases; Parkinson disease; and hypertension (for men and women) as well as hormone therapy for women.

bExcept for TMT, which concerned 3175 women and 2159 men.
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ducted with an independent cohort, we found
anticholinergic use to be a risk factor for MCI, but the
numbers of patients with dementia were insufficient to
determine the risk of dementia incidence. In the present
study, we observed that chronic anticholinergic users were
at higher risk of incident dementia compared with non-
users or persons having discontinued intake at the be-
ginning of the follow-up. Although this finding has not
been previously reported to our knowledge, it agrees with
the study by Perry et al40 on autopsied patients with Par-
kinson disease treated with anticholinergics; Alzheimer-
type disease was observed in patients who had been treated
for more than 2 years compared with those treated with
short-term anticholinergics or untreated patients.

Several mechanisms may be postulated to explain how
anticholinergic drug use may increase dementia risk. One
possibility is neurotransmitter downregulation.41 There
is also the possibility of misdiagnosis of early dementia
when in fact the patients are experiencing cognitive de-
cline secondary to anticholinergic drug use.

STUDY LIMITATIONS

The data concerning some of the covariates were self-
reported, with eventual subsequent recall bias. Bias could
also have been introduced through the exclusion of par-
ticipants, those lost to follow-up being more likely to have
dementia and to be female, older, and with lower educa-
tion level and baseline cognitive scores and more frequent
useof anticholinergics.Thehigherdropout rate in thisgroup
may also limit the generalizability of our results. Further-
more, there are several methods for estimating anticholin-
ergic burden. All of them have merits and limitations, with
no ideal evidence-based approach.42 We did not use in vitro
or ex vivo measurement of anticholinergic activity (using
radio-labeled muscarinic agonist) but rather a method based
on anticholinergic drug lists, which is the only clinically
useful method for routine clinical practice. We did not con-
sider treatment compliance, which may have caused clas-
sification bias. Because we did not have data on precise du-
ration of medication use, we could not definitively address
the question of whether the effects are essentially tran-
sient or whether prolonged use could precipitate nonre-
versible dementia. Besides, we cannot exclude the possi-
bility that there are other unknown factors, including
subclinical disease (in addition to that detectable through
the analysis of lipids, glycemia, and hypertension), which
may confound the association between anticholinergic re-
port and cognitive decline or dementia. Finally, because
multiple analyses have been performed, we cannot ex-
clude the possibility that some observed associations were
the result of a chance finding.

STUDY STRENGTHS

Thedatausedintheanalysiscomefromalarge,multicenter,
population-based prospective study of people 65 years or
older.Anticholinergicusewasverifiedbyexaminingthepre-
scriptionsandmedicationsthemselves, thusminimizingex-
posure misclassification. We have already reported within
thesamecohortthatinterviewsandreimbursementdatacould
estimatecurrentexposuretochronicallyuseddrugs(includ-

ing anticholinergic medication) similarly, with the advan-
tage of self-medication being better described with inter-
views.43 Finally, we have taken into account a wide range
of competing causes of cognitive dysfunction in elderly in-
dividualsbycontrollingforsociodemographic,genetic,health,
and lifestyle covariates and thus limitinganypotential con-
founding. Despite this, there were only minor changes be-
tween the unadjusted and adjusted analysis, notably after
adjusting for diseases associated with anticholinergic indi-
cation, suggesting independence of associations.

In conclusion, findings from this study suggest that
the use of medication with anticholinergic effects was as-
sociated with an increased risk of cognitive dysfunction
and dementia in elderly persons. Discontinuing anticho-
linergic treatment was associated with a decreased risk.
Physicians should monitor current anticholinergic drug
use in elderly patients and seek pharmacological alter-
natives before considering administration of neuropro-
tective medications to persons with MCI, thus escalat-
ing a prescription cascade involving cholinesterase
inhibitors and anticholinergic drugs.10,44,45 This is espe-
cially important considering that long-term concomi-
tant therapy with anticholinergics may be associated with
clinically significant deleterious effects on acetylcholin-
esterase therapy and may have adverse effects on the clini-
cal course of Alzheimer disease.46,47
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P
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