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BACKGROUND: Anticholinergic medications may in-
crease risk of dementia and stroke, but prospective stud-
ies in healthy older people are lacking.
OBJECTIVE: Compare risk of incident dementia and
stroke by anticholinergic burden among initially healthy
older people.
DESIGN: Prospective cohort study.
SETTING: Primary care (Australia and USA).
PARTICIPANTS: 19,114 community-dwelling partici-
pants recruited for the ASPREE trial, aged 70+ years
(65+ if US minorities) without major cardiovascular dis-
ease, dementia diagnosis, or Modified Mini-Mental State
Examination score below 78/100.
MEASUREMENTS: Baseline anticholinergic exposure
was calculated using the Anticholinergic Cognitive Bur-
den (ACB) score. Dementia was adjudicated using Diag-
nostic and Statistical Manual of Mental Disorders volume
IV criteria, and stroke using the World Health Organiza-
tion definition.
RESULTS: At baseline, 15,000 participants (79%) had an
ACB score of zero, 2930 (15%) a score of 1–2, and 1184
(6%) a score of ≥ 3 (indicating higher burden). After a
median follow-up of 4.7 years and adjusting for baseline
covariates, a baseline ACB score of ≥ 3 was associated
with increased risk of ischemic stroke (adjusted HR 1.58,
95% CI 1.06, 2.35), or dementia (adjusted HR 1.36, 95%
CI 1.01, 1.82), especially of mixed etiology (adjusted HR
1.53, 95% CI 1.06, 2.21). Results were similar for those
exposed to moderate/highly anticholinergic medications.
LIMITATIONS:Residual confounding and reverse causal-
ity are possible. Assessment of dose or duration was not
possible.

CONCLUSIONS: High anticholinergic burden in initially
healthy older people was associated with increased risk of
incident dementia and ischemic stroke. A vascular effect
may underlie this association. These findings highlight
the importance of minimizing anticholinergic exposure
in healthy older people.
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INTRODUCTION

Rates of dementia and stroke are increasing as populations
age.1, 2 Identification and reduction of modifiable risk factors
may prevent cognitive decline or stroke. Medications with
anticholinergic properties (henceforth anticholinergics) block
the neurotransmitter acetylcholine in the central and peripheral
nervous systems and have been associated with cognitive
decline in several studies.3–9 However, these studies have been
limited by reliance on record linkage rather than prospective
cognitive screening and adjudicated outcome ascertainment.
Furthermore, previous studies included older people with his-
tory of serious cardiovascular disease, such as myocardial
infarction, transient ischemic attack, and stroke, which
increases the risk of cognitive decline and dementia.10, 11 It
is currently unknown whether use of anticholinergics by older
people without known major illness is associated with similar
undesirable outcomes and whether cumulative anticholinergic
burden from exposure to multiple drugs with subclinical anti-
cholinergic burden confers the similar adverse risk.
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ASPirin in Reducing Events in the Elderly (ASPREE) was a
randomized, placebo-controlled trial of aspirin in 19,114
community-dwelling older adults in Australia and the USA
who were initially free of dementia, cardiovascular disease,
and significant life-limiting illness.12 ASPREE collected an-
nual prescription medication data, conducted regular cognitive
screening, and clinically adjudicated stroke and dementia out-
comes. Here, we describe the impact of baseline anticholiner-
gic burden on incident dementia and stroke, and specific
subclassifications, using prospective ASPREE data.

METHODS

ASPREE participants at enrolment were aged 70 years or older
(65 or older for USminorities) and required to be free of major
cardiovascular disease, including myocardial infarction,
stroke, transient ischemic attack, or atrial fibrillation. Individ-
uals were also ineligible based on a diagnosis of dementia,
prescription of cholinesterase inhibitor, or a Modified Mini-
Mental State examination (3MS)13 score less than 78.14

ASPREE was approved by multiple Institutional Review
Boards in Australia and the USA prior to data collection, and
participants provided written informed consent. Detailed
methods and results of ASPREE are described elsewhere.12,
15–19 All ASPREE participants were included in this analysis.

Collection of Medication and Calculation of
AC burden

Participants presented their medications (or medication list) at
their baseline data collection visit for staff review. Medication
lists were also reviewed where access to medical records was
available. The majority of participants (96.5%) were
connected with a primary care provider who was enrolled as
an associate investigator (Australia) or clinical trial center
(USA) to facilitate access to medical records. Data for pre-
scribed medications were transcribed into the ASPREE data
system20 and coded according to the World Health Organiza-
tion (WHO) Anatomical and Therapeutic Chemical (ATC)
coding system.21 Detailed methods for the coding process
are published elsewhere.22

Several scales exist for calculating burden from anticholin-
ergic medications. We assigned an anticholinergic burden
score using the Anticholinergic Cognitive Burden (ACB)
scale.23 This scale was selected because it was formulated
specifically for cognitive outcomes relevant to this analysis,
and previous studies have demonstrated its utility for quanti-
fying anticholinergic exposure from medications.24, 25 The
majority of medications included in the ACB scale are also
included in the Anticholinergic Risk Scale26 and the Anticho-
linergic Drug Scale,27 and hence the ACB scale was consid-
ered a robust scale for this analysis. Medications with possible
anticholinergic effects but without linked evidence of clinical-
ly negative cognitive effects were assigned an ACB score of 1,
and medications with established, clinically relevant cognitive

effects were assigned a score of 2 or 3 based on blood-brain
permeability23 (see Table S1 for a complete list). Participants’
total baseline anticholinergic burden scores were calculated by
multiplying the number of anticholinergics prescribed at base-
line, by their respective medication ACB score and summing
the results. Participants were divided into 3 groups according
to their total ACB score at baseline: those with an ACB score
of 0 (no anticholinergic burden), 1–2 (likely subclinical anti-
cholinergic burden), or 3 or more (likely clinical anticholiner-
gic burden).

Outcome Measures

Data were gathered through quarterly telephone contact with
participants and annual in-person assessments. Cognitive
assessments were administered at baseline, year 1, and bien-
nially throughout follow-up. The 3MS was used to measure
global cognition13, 28 and screen for cognitive decline. The
process for confirmation of a suspected dementia diagnosis
and subclassification of Alzheimer’s dementia (AD) has been
previously published.29 In brief, a 3MS score of < 78,14 a drop
of 10.15 points or more from the 5-year predicted score at
baseline,30 a documented clinical diagnosis of dementia, or the
prescription of cholinesterase inhibitors (Australia only) trig-
gered conduct of additional cognitive assessments and collec-
tion of supporting documentation such as laboratory tests,
brain imaging, and clinical notes. This information was
reviewed by an expert adjudication committee who deter-
mined if Diagnostic and Statistical Manual for Mental Disor-
ders, American Psychiatric Association (DSM-IV) criteria for
dementia were reached.31

Subclassification of probable AD was made according to
the National Institute on Aging-Alzheimer’s Association 2011
(NIA-AA) core clinical criteria.32 This includes insidious on-
set worsening over time and either amnestic or non-amnestic
presentation. Possible AD was classified as individuals who
met core AD criteria but with an atypical course or etiologic
mixed presentation including evidence of other pathology
such as cerebrovascular, Lewy body, and frontotemporal
disease.32

The definition of stroke was based on the WHO definition
of rapidly developing clinical signs of focal or global distur-
bance of cerebral function lasting more than 24 h, with no
apparent cause other than ischemic or hemorrhagic cerebro-
vascular disease.33 Stroke reports were presented to a commit-
tee of experts who adjudicated whether the event met the
WHO criteria.34

Statistical Analysis

We compared participants of the ASPREE clinical trial ex-
posed to anticholinergics at baseline with participants not
exposed. All analyses were restricted to events occurring
during the ASPREE clinical trial, between 1 March 2010
and 12 June 2017. Participant characteristics were represented
as means and standard deviations for numeric variables, and
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counts and percentages for categorical variables. Ordinal lo-
gistic regression was used to examine associations of these
characteristics across ACB score groups (i.e., 0, 1–2, and 3+).
Models were adjusted for sex and baseline age (Table 1). Brant
tests35 of the proportional odds assumption were significant in
some models, but further inspection of cut-point-specific ORs
suggested that this statistical significance was due in part to the
large sample size, since the overall ORs provide a reasonable
summary of the cut-point-specific counterparts.
Cox proportional hazards regression models were used to

estimate the association between ACB score and time to
incident dementia, and stroke, adjusting for sex, age, years
of education, ethnicity, smoking status, allocated treatment
group, presence of depression (CESD-10 ≥ 8),36 hypertension,
diabetes, and baseline 3MS. The proportional hazards assump-
tions were inspected visually by plotting Schoenfeld residuals
against time, which suggested that the assumptions were ade-
quate. Subclassification of dementia and stroke outcomes

were also assessed (Table 2). Sensitivity analyses pertaining
to medications with high AC score were conducted by ana-
lyzing only individuals with exposure to an AC medication
with a score or 2 or 3 (Table 3).
Polypharmacy, defined as concurrent use of 5 or more

medications, and high anticholinergic burden are known to
be co-prevalent.37, 38 High anticholinergic burden produced
through the prescription of multiple low anticholinergic prop-
erty medications is likely to occur in the presence of poly-
pharmacy. Previous studies have not explicitly explored the
relationship between polypharmacy, anticholinergic burden,
and clinical outcomes,7–9 and hence it is unknown whether
polypharmacy mediates the effect of anticholinergics. We
divided the cohort into those with and without polypharmacy
in order to explore these relationships (Table 4).
Supplemental analyses were undertaken to assess variabil-

ity in AC score throughout follow-up (Table S2), the role of
specific medication classes (Table S3), and subclassification

Table 1 Baseline Characteristics by Overall Anticholinergic Cognitive Burden (ACB) Score

ACB score 0
n = 15000

ACB score 1–2
n = 2930

ACB score 3+
n = 1184

Adjusted odds ratio*
(95% CI)

N 15000 (78%) 2930 (15%) 1184 (6%) –
Male 6934 (46%) 1096 (37%) 302 (26%) Ref
Female 8066 (54%) 1834 (63%) 882 (74%) 1.70 (1.57, 1.82)

Age
65–74 (n %) 8957 (60%) 1589 (54%) 618 (52%) Ref
75–84 (n %) 5497 (37%) 1206 (41%) 515 (43%) 1.25 (1.17, 1.35)
85+ (n %) 546 (4%) 135 (5%) 51 (4%) 1.34 (1.13, 1.59)
Australia (n %) 13284 (89%) 2417 (82%) 1002 (85%) Ref
USA (n %) 1716 (11%) 513 (18%) 182 (15%) 1.48 (1.34, 1.63)
White (n %) 13788 (92%) 2579 (88%) 1083 (91%) Ref
Minority (n %) 1212 (8%) 351 (12%) 101 (9%) 1.39 (1.24, 1.55)

Years of education (n %)
16+ years 2596 (17%) 395 (13%) 146 (12%) Ref
12–16 years 5778 (39%) 1128 (38%) 434 (37%) 1.21 (1.09, 1.35)
< 12 years 6625 (44%) 1407 (48%) 604 (51%) 1.37 (1.23, 1.52)
Hypertension (n %)
No hypertension 4355 (29%) 308 (11%) 256 (22%) Ref
Controlled hypertension 3247 (22%) 1108 (38%) 358 (30%) 3.21 (2.89, 3.58)
Uncontrolled hypertension 7398 (49%) 1514 (52%) 570 (48%) 2.15 (1.95, 2.38)
Diabetes‡ (n %) 1491 (10%) 407 (14%) 147 (12%) 1.46 (1.31, 1.62)
Chronic kidney disease^ (n %) 2579 (17%) 697 (24%) 197 (17%) 1.48 (1.35, 1.61)
Depression (CESD 8+) (n %) 1308 (9%) 359 (12%) 212 (18%) 1.65 (1.48, 1.83)

Smoking status (n %)
Never 8307 (55%) 1584 (54%) 689 (58%) Ref
Former 6123 (41%) 1226 (42%) 450 (38%) 1.13 (1.05, 1.21)
Current 570 (4%) 120 (4%) 45 (4%) 1.20 (1.00, 1.43)

Cognitive tests**
3MS: mean (sd) † 94 (5) 93 (5) 93 (5) 1.03 (1.02, 1.04)
SDMT: mean (sd) † 37 (10) 35 (108) 35 (10) 1.02 (1.02, 1.03)
COWAT: mean (sd) † 12 (5) 12 (41) 12 (5) 1.02 (1.01, 1.03)
HVLT-R delayed recall: mean (sd) † 8 (3) 8 (3) 8 (3) 1.05 (1.03, 1.06)

Other medication data
Number of anticholinergics: mean (sd) 0 1.1 (0.3) 1.5 (0.7) –
Aspirin treatment arm (n %) 7390 (49%) 1526 (52%) 609 (51%) 1.11 (1.03, 1.19)
Polypharmacy# 2740 (18%) 1619 (55%) 729 (62%) 5.56 (5.17, 5.99)

*Age and sex were included in all models
†OR for 3MS, SDMT, COWAT, and HVLT-R is per unit decrease
‡Diabetes was defined as self-report of diabetes or fasting blood glucose of greater than or equal to 126 mg/dL or on pharmaceutical treatment for
diabetes
#Polypharmacy defined as concurrent use of 5 or more medications
**Cognitive tests included, the Modified Mini-Mental State Examination (3MS) for overall cognitive function; Symbol-Digit Modalities Test (SDMT)55

to measure psychomotor speed; Controlled Oral Word Association Test (COWAT)56 for language and executive function; and Hopkins Verbal Learning
Test – Revised (HVLT-R)57 delayed recall task for episodic memory
^Chronic kidney disease defined as an estimated glomerular filtration rate of less than 60 mL per minute per 1.73 m2 or a urine albumin creatinine
ratio of 3 or more
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of ischemic stroke (Table S5). Additional sensitivity analysis
focussed only on individuals exposed to cardiovascular med-
ications, and those with uncontrolled hypertension (SBP of ≥
140mmHg or DBP ≥ 90mmHg) (Table S4).

RESULTS

At baseline, 15,000 (79% of total) had an ACB score of 0,
2930 (15%) had an ACB score of 1–2, and 1184 (6%) had
ACB score of 3 or more at baseline (Figure 1). The proportion
of participants who became lost to follow-up or died was
similar between these groups, as was median follow-up time.
Overall, 75% of participants remained in the same ACB group
as baseline throughout the follow-up period (Table S2).
Participants who were female, older in age, from the USA,

had lower education, current or former smokers, or had dia-
betes, chronic kidney disease, depression, or hypertension,
were more likely to have a higher ACB score (Table 1).
Participants with lower cognitive scores were more likely to
have a higher ACB score. The most frequently prescribed
anticholinergics were primary prevention cardiovascular med-
ications with AC properties (e.g., atenolol, metoprolol, furo-
semide, and nifedipine) (9.6% of the cohort), followed by
antidepressants (4.2%), corticosteroids (2.4%), opioids
(1.9%), benzodiazepines (1.7%), H2-receptor antagonists
(1.5%), and bladder antimuscarinics (1.4%) (Table S1).

Dementia

Compared to participants with an ACB score of 0, rates were
higher in participants with an ACB score of ≥ 3 (adjusted HR
1.36, 95% CI 1.01, 1.82), but similar in participants with an
ACB score of 1–2 (adjusted HR 1.03, 95% CI 0.82, 1.29)
(Table 2). With regard to dementia subclassification, partic-
ipants with an ACB score of ≥ 3 were more likely to be

diagnosed with possible AD dementia (e.g., mixed etiology
and vascular dementia) compared to participants with an ACB
score of 0 (adjusted HR 1.53, 95% CI 1.06, 2.21). There were
no significant differences between ACB score groups and
probable dementia (ACB 0 vs ≥ 3 adjusted HR 1.15, 95% CI
0.70, 1.87). Compared to those without exposure to a highly
anticholinergic medication (ACB score of 2 or 3), participants
with exposure had a higher rate of incident dementia (adjusted
HR 1.35, 95% CI 1.01, 1.80) (Table 3). Sensitivity analyses
(Table S3) included limiting the population to only those
participants taking psychoactive medications, but event numb-
ers were too small to draw conclusions.

Table 2 Cognitive and Stroke Outcomes by Baseline ACB Score

ACB score 0
n = 15,000

ACB score 1–2
n = 2930

ACB score 3+
n = 1184

Adjusted hazard ratio
(95% CI)#

Number of participants
with event
(rate per 1000
person-years)

Number of participants
with event
(rate per 1000
person-years)

Number of participants
with event
(rate per 1000
person-years)

ACB 1-2 vs
0

ACB 3+ vs
0

Dementia diagnosis 426 (6.3) 97 (7.4) 52 (9.9) 1.03 (0.82,
1.29)

1.36 (1.01,
1.82)

Probable AD 178 (2.7) 42 (3.2) 18 (3.4) 1.10 (0.78,
1.55)

1.15 (0.70,
1.87)

Possible AD 241 (3.6) 54 (4.1) 34 (6.5) 0.99 (0.74,
1.34)

1.53 (1.06,
2.21)

Stroke 296 (4.4) 68 (5.2) 34 (6.5) 1.08 (0.83,
1.42)

1.39 (0.97,
1.99)

Ischemic stroke 229 (3.4) 56 (4.2) 28 (5.3) 1.19 (0.88,
1.60)

1.58 (1.06,
2.35)

Hemorrhagic stroke 61(0.9) 8 (0.6) 5 (1.0) 0.58 (0.27,
1.22)

0.85 (0.34,
2.13)

Subarachnoid
hemorrhage

9 (0.1) 4 (0.3) 1 (0.2) 1.84 (0.54,
6.31)

0.96 (0.12,
7.76)

#Adjusted for sex, age category, years of education, ethnic minority status, hypertension, diabetes, depression (CESD 8+), smoking status, allocated
treatment group, and 3MS

Table 3 Cognitive and Stroke Outcomes by Presence of
Anticholinergic with ACB Score of 2 or 3

No medication
with a score of
2 or 3
n = 17900

At least one
medication with
a score of 2 or 3
n = 1214

Adjusted
hazard
ratio (95%
CI)#

Number of
participants
with event
(rate per 1000
person-years)

Number of
participants
with event
(rate per 1000
person-years)

Any vs
none

Dementia
diagnosis

522 (6.5) 53 (9.8) 1.35 (1.01,
1.80)

Probable AD 220 (2.7) 18 (3.3) 1.10 (0.68,
1.78)

Possible AD 294 (3.7) 35 (6.5) 1.56 (1.09,
2.23)

Stroke 364 (4.5) 34 (6.3) 1.33 (0.93,
1.90)

Ischemic
stroke

284 (3.5) 29 (5.4) 1.54 (1.04,
2.26)

Hemorrhagic
stroke

70 (0.9) 4 (0.74) 0.71 (0.26,
1.96)

Subarachnoid
hemorrhage

13 (0.2) 1 (0.18) 0.81 (0.10,
6.32)

#Adjusted for sex, age category, years of education, ethnic minority
status, hypertension, diabetes, depression (CESD 8+), smoking status,
allocated treatment group, and 3MS
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Stroke

In the overall cohort, absolute rate of incident stroke was
higher among participants with ACB scores of ≥ 3 (6.5 events
per 1000 person-years) compared with participants with scores
of 0 (4.4 events per 1000 person-years), but this difference was
explained by adjustment for baseline covariates. However,
compared to participants with an ACB score of 0, ischemic
stroke rates were higher in participants with an ACB score of ≥
3 (rate 3.4 vs 5.3, adjusted HR 1.58, 95% CI 1.06, 2.35)
(Table 2). Similar results for ischemic stroke were observed
in sensitivity analyses, which included limiting the population
to only those participants taking cardiovascular medications,
and those with uncontrolled hypertension (Table S4). While
subclassification of ischemic strokes produced groups with
small numbers, some increased risks were observed for car-
dioembolic stroke and strokes with undetermined etiology in
sensitivity analysis (Table S5). Of the 939 participants who
experienced either stroke or dementia, only 34 participants
experienced both events (4%). Compared to participants with-
out exposure to moderate or highly anticholinergic medica-
tions, those with exposure had a higher rate of incident ische-
mic stroke (rate of 3.5 vs 5.4; adjusted HR 1.54, 95% CI 1.04,
2.26) (Table 3).

Polypharmacy

In those with polypharmacy, the rate of dementia was 9.9
events per 1000 person-years in those with an ACB score of
≥ 3, compared with 7.0 events per 1000 person-years in those

without exposure to anticholinergics (adjusted HR 1.18, 95%
CI 0.78, 1.78). In those without polypharmacy, the rate of
dementia was 9.8 events per 1000 person-years in participants
with an ACB score of ≥ 3 compared with 6.2 events per 1000
person-years in those with a score of 0 (adjusted HR 1.51, 95%
CI 0.96, 2.38). In those with polypharmacy, the rate of stroke
was 5.3 events per 1000 person-years in those with an ACB
score of > 3, compared with 4.6 events in those without
exposure (adjusted HR 1.10, 95% CI 0.63, 1.90). In those
without polypharmacy, the rate of stroke was 8.3 events per
1000 person-years in participants with an ACB score of ≥ 3
compared with 4.4 events per 1000 person-years in those with
a score of 0 (adjusted HR 1.91, 95% CI 1.16, 3.13). The test of
interaction did not suggest that the presence of polypharmacy
mediated the association between high anticholinergic burden
and dementia (p for interaction 0.71) or stroke (p for interac-
tion 0.11) (Table 4).

DISCUSSION

In healthy older people without evidence of major cardiovas-
cular disease or physical or cognitive disability, we found
higher baseline anticholinergic use (ACB score of ≥3) was
associated with increased risk of dementia and, separately,
ischemic stroke during 4.7 years of follow-up.
Use of anticholinergics (21% of cohort) was higher in

ASPREE than in the French, community-based PAQUID,
and 3C studies (13.7% and 7.5% respectively),3, 4 but similar

Table 4 Cognitive and Stroke Outcomes by Baseline ACB Score and Polypharmacy Status

ACB score
0

ACB score
1–2

ACB score 3+ Adjusted hazard
ratio (95% CI)#

p for
interaction^

Number of
participants with event
(rate per 1000
person-years)

Number of
participants with event
(rate per 1000
person-years)

Number of
participants with event
(rate per 1000
person-years)

ACB 1-2
vs 0

ACB 3+
vs 0

No
polypharmacy
(n = 14,026)

12,260 1311 455 – – (Dementia)
0.71

(Possible AD)
0.51

(Stroke)
0.11

(Ischemic
stroke)
0.14

Dementia
diagnosis

343 (6.2) 43 (7.1) 20 (9.8) 1.07 (0.77,
1.47)

1.51 (0.96,
2.38)

Possible AD 191 (3.5) 18 (3.0) 13 (6.4) 0.79 (0.48,
1.28)

1.69 (0.96,
3.00)

Stroke 241 (4.4) 25 (4.15) 17 (8.3) 0.88 (0.58,
1.33)

1.91 (1.16,
3.13)

Ischemic stroke 191 (3.5) 21 (3.48) 14 (6.9) 0.95 (0.61,
1.5)

2.13 (1.23,
3.7)

Polypharmacy
(n = 5088)

2740 1619 729 – –

Dementia
diagnosis

83 (7.0) 54 (7.6) 32 (9.9) 0.96 (0.67,
1.36)

1.18 (0.78,
1.78)

Possible AD 50 (4.2) 36 (5.0) 21 (6.5) 1.12 (0.72,
1.73)

1.39 (0.83,
2.33)

Stroke 55 (4.6) 43 (6.01) 17 (5.3) 1.29 (0.86,
1.94)

1.10 (0.63,
1.90)

Ischemic stroke 38 (3.2) 35 (4.89) 14 (4.4) 1.54 (0.97,
2.45)

1.35 (0.73,
2.51)

#HRs compare use of medication group at baseline versus non-use in the whole cohort. HRs adjusted for sex, age category, years of education, ethnic
minority status, hypertension, diabetes, depression (CESD 8+), smoking status, treatment group, and 3MS
^Ref. no polypharmacy
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prevalence to the younger EPIC-Norfolk cohort (19.6% of
cohort with median age 58.9 years).5 This can be attributed
to differences in medication classification, as both the
PAQUID and 3C studies excluded certain cardiovascular
medications, opioids, or benzodiazepines, which have an
ACB score of 1.23 The overall burden of anticholinergics in
our cohort was much lower than previously reported for
nursing home cohorts (48–82% prevalence),25, 39, 40 as
expected given the lower comorbidity burden and
community-dwelling status.
The correlation between ACB score and dementia risk is

consistent with studies in older cohorts that included people
with serious cardiovascular comorbidity and in nursing home
care.4, 7–9, 41 However, in contrast to a previous report,9 no
association between anticholinergics and probable Alz-
heimer’s dementia (AD) was observed. This novel finding
may be explained both by active baseline cognitive screening
of the cohort and the rigorous clinical validation of dementia
diagnosis and subclassification. Anticholinergics are often
prescribed in response to prodromal symptoms of dementia,42,

43 and hence it is difficult to completely avoid indication bias
in case-controlled and cohort studies that do not screen cog-
nitive performance at baseline. Furthermore, given that de-
mentia is known to be under-diagnosed in the community,44

analyses based on record linkage are likely to misclassify
some participants as controls. Participation in ASPREE re-
quired not only the absence of a dementia diagnosis but also
achieving a minimum of 78/100 on the 3MS. Thus, although
indication bias cannot be excluded, ASPREE is likely to be
cleaner than previous case-controlled and cohort studies with
relatively limited protopathic bias.
Use of anticholinergics at baseline is associated with an

increased risk of dementia subclassified as “Possible AD,”
which is applied to cases of mixed or atypical etiology, in-
cluding cerebrovascular disease.32 Our findings lend strength
to Coupland et al.8’s conclusion that anticholinergics are
associated with increased risk of mixed dementia with a vas-
cular component. To our knowledge, this is the first analysis to
explore polypharmacy as a mediator of the association be-
tween anticholinergics and dementia. ASPREE participants

Figure 1 Participant follow-up by baseline ACB group. For participants who withdrew from the trial or died, all information up to the point of
withdrawal/death was included in the analysis.
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with polypharmacy were five times more likely to be concur-
rently prescribed anticholinergics compared to those without
polypharmacy. However, polypharmacy did not mediate the
associations observed, suggesting that anticholinergic burden
may be an independent risk factor for dementia.

Stroke

Higher baseline anticholinergic burden was associated with
increased risk of ischemic stroke in our study of initially
healthy older people without major cardiovascular disease.
EPIC-Norfolk5 examined the association betweenmedications
with AC properties and stroke, reporting an association be-
tween overall stroke, ischemic stroke, and stroke death, but no
association for hemorrhagic stroke. The EPIC-Norfolk cohort
was slightly younger (mean age 58.9) than ASPREE, and
included those with significant cardiovascular disease, includ-
ing previous myocardial infarction (11% prevalence in
patients with an ACB of > 3). The differential risk profile of
the two cohorts may explain why an association with stroke
death was not observed in our older but healthier cohort.
Few participants in our study experienced both stroke and

dementia (n = 34), suggesting the events observed and ana-
lyzed in this study were unlikely to be part of the same disease
continuum (i.e., stroke leading to dementia or vice versa) but
may share an underlying pathway affected by exposure to
anticholinergics. Our finding of increased risk of ischemic
stroke, together with the results for possible AD, suggests that,
if these associations do share a common pathway, vascular
mechanisms may be involved. Hypothetical explanatory
mechanisms for this observation include loss of
acetylcholine-mediated vasodilation contributing to loss of
cerebral autoregulation,45 suppression of parasympathetic
heart rate control contributing to tachyarrhythmias that may
increase the risk of ischemic stroke,46, 47 adrenergic stimula-
tion leading to drug-induced atrial fibrillation,48 and reduced
glucose metabolism and cerebral atrophy.49 Risacher et al.49

demonstrated an association with anticholinergics and
changes in brain structure, with those with highest total anti-
cholinergic burden scores demonstrating the most atrophy.
With regard to stroke and vascular dementia, others have
suggested that inhaled anticholinergics could have pro-
arrhythmic and pro-ischemic properties potentially contribut-
ing to cerebral ischemia.50, 51 Muscarinic receptors have also
been shown to increase immune/inflammatory responses in rat
models,52 and although this process has not been demonstrat-
ed in humans, it is possible that anticholinergics may contrib-
ute to inflammatory responses that increase the risk of stroke
and dementia.6, 53, 54 Nonetheless, the mechanisms discussed
above are largely speculative and additional studies are needed
to understand the underlying mechanism.
Finally, we find that those with high cumulative anticholin-

ergic exposure (i.e., cumulative ACB score of ≥ 3—Table 2)
demonstrated similar associations to those exposed to a mod-
erate or highly anticholinergic medication for both dementia

and ischemic stroke (Table 3). This suggests that reduction of
overall anticholinergic burden is an important clinical target
for risk reduction in addition to minimizing specific highly
anticholinergic medications.

Strengths and Limitations

A key strength of our study is the prospective design with
regular cognitive screening and robust event adjudication,
whichminimized ascertainment bias.We used a well validated
ACB score. We used a large sample of healthy older adults
and were able to control for a wide range of demographic,
lifestyle, and known risk factors. Reverse causality is a major
factor in measuring the association between medications and
health outcomes. However, our participants were clinically
free of dementia, myocardial infarction, and stroke or TIA at
baseline. Furthermore, we screened and excluded participants
with a baseline 3MS score that indicated possible early mild
cognitive impairment. Overall data quality was high with
limited missing data.20

Given the observational design, it is not possible to evaluate
causality. This analysis accounted for a wide range of potential
confounding variables, but potential for residual confounding
remains. Although this populationwas certified to be free from
dementia and major cardiovascular disease at baseline, indi-
cation bias cannot be excluded. We did not collect medication
dose or length of exposure, nor did we collect non-prescription
medications. In our cohort, the total number of participants
with polypharmacy was limited. Thus, it is possible that the
true associations between anticholinergic exposure and de-
mentia do differ between those with polypharmacy and those
without, but we were unable to detect that difference. Finally,
although anticholinergic burden remained stable throughout
the study for the majority of participants, 25% of participants
changed categories and further investigation is required to
understand the impact of these transitions on risk of outcomes.

CONCLUSION

We provide evidence that high anticholinergic burden in older
adults without pre-existing major cardiovascular disease or
cognitive impairment is associated with an increased risk of
dementia and ischemic stroke, which may share an underlying
vascular pathway. Our findings emphasize the importance of
minimizing cumulative anticholinergic burden in health older
adults.

Supplementary Information The online version contains supple-
mentary material available at https://doi.org/10.1007/s11606-020-
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