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Abstract
Background and Objectives
Nonvalvular atrial fibrillation (NVAF) is associated with an increased risk of dementia. Oral
anticoagulants (OACs) are essential for stroke prevention in NVAF, and studies have shown a
possible protective effect on dementia. However, findings have been inconsistent and ham-
pered by methodological limitations. Thus, we assessed whether the use of OACs is associated
with a decreased incidence of dementia in patients with NVAF. In addition, we explored the
impact of the cumulative duration of OAC use on the incidence of dementia.

Methods
Using theUKClinical Practice ResearchDatalink, we formed a cohort of all patients aged 50 years
or older with an incident diagnosis of NVAF between 1988 and 2017 and no prior OAC use, with
a follow-up until 2019. Patients were considered unexposed until 6 months after their first OAC
prescription for latency considerations and exposed thereafter until the end of follow-up.We used
time-dependent Cox regression models to estimate hazard ratios (HRs), adjusted for 54 cova-
riates, with 95% CIs for dementia associated with OAC use, compared with nonuse. We also
assessed whether the risk varied with the cumulative duration of OAC use, compared with
nonuse, by comparing prespecified exposure categories defined in a time-varying manner and by
modeling the HR using a restricted cubic spline.

Results
The cohort included 142,227 patients with NVAF, with 8,023 cases of dementia over 662,667
person-years of follow-up (incidence rate 12.1, 95% CI 11.9–12.4 per 1,000 person-years). OAC
use was associated with a decreased risk of dementia (HR 0.88, 95% CI 0.84–0.92) compared
with nonuse. A restricted cubic spline also indicated a decreased risk of dementia, reaching a low
at approximately 1.5 years of cumulative OAC use and stabilizing thereafter. Moreover, OAC use
decreased the risk in patients aged 75 years and older (HR 0.84, 95% CI 0.80–0.89), but not in
younger patients (HR 0.99, 95% CI 0.90–1.10).

Discussion
In patients with incident NVAF, OACs were associated with a decreased risk of dementia,
particularly in elderly individuals. This warrants consideration when weighing the risks and
benefits of anticoagulation in this population.

Classification of Evidence
This study provides Class II evidence that in patients with NVAF, OAC use (vs nonuse) is
associated with a decreased risk of dementia.
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Oral anticoagulation is essential to prevent physical disability
and mortality associated with stroke occurrence in patients
with atrial fibrillation (AF) but may also play a role in pre-
venting cognitive decline in this population. Indeed, these
patients have an increased risk of dementia compared with the
general population,1,2 including not only vascular dementia
but also Alzheimer disease.3 This increase in risk may arise
from different mechanisms such as ischemic stroke, repetitive
microembolisms, silent strokes, and hypoperfusion.3 Patients
with AF experiencing an ischemic stroke have a more than
2-fold increased risk of dementia.4 However, an increased risk
of dementia has also been shown independently of stroke
occurrence.2 Hence, not only are OACs expected to reduce
the risk of dementia through the prevention of overt ischemic
stroke, they may also protect against subclinical brain infarcts
and be warranted even in patients with a lower risk of stroke.

In patients with nonvalvular AF (NVAF), the potential preventive
role of OACs on the risk of cognitive decline has been assessed in
several observational studies. Two early studies did not report
associations between OAC use and cognitive decline in patients
with NVAF.5,6 More recently, some studies identified protective
effects of OACs on the risk of dementia; however, these associ-
ations were of differing strengths and several studies had notable
limitations, including possible selection bias,7-9 exposure and/or
outcome misclassification,7,8 no latency considerations,7,9,10 im-
mortal time bias,9,10 inclusion of patients with prevalent AF and/
or OAC use,9,10 and limited sample size.10 In addition, it was not
clear whether these observed associations were occurring in-
dependent of overt ischemic stroke during follow-up.

The introduction of direct oral anticoagulants (DOACs), which
have at least comparable efficacy and a lower risk of intracranial
hemorrhage compared with warfarin,11 are easier to use with less
drug and food interactions, and potentially improve adherence,
has raised further discussion on whether DOACs may provide
better prevention of dementia than warfarin.12-14

Consequently, recent guidelines,15 reviews,14,16 and reports12

have called for further studies to provide more conclusive ev-
idence and highlighted specific knowledge gaps regarding the
potential dose-response relationship between the duration of
untreated AF16 and the risk of dementia and the prescription of
OACs to patients at low risk of stroke. Hence, we conducted a
population-based cohort study to assess whether the use of
OACs was associated with the risk of dementia among patients
with NVAF, compared with nonuse. Our primary research
question was to investigate the association between OAC use
and the risk of dementia in patients with NVAF.

Methods
Data Source
We used the UKClinical Practice Research Datalink (CPRD),
a primary care electronic medical records database for more
than 15million patients frommore than 700 general practices,
with data available since 1987.17 Covering approximately 7%
of the UK population, these data are broadly representative of
the entire population in the UK for age, sex, and ethnicity.17

The CPRD contains demographic and lifestyle information,
prescriptions, diagnoses, and referrals to specialists and hos-
pitals. Drug prescriptions written by the general practitioner
are recorded automatically during issue using a coded drug
dictionary based on the British National Formulary.17 In ad-
dition, the Read code classification system is used to record
medical diagnoses during patient consultations.17,18 To en-
sure accuracy and completeness of data, quality control audits
are regularly conducted, and numerous studies have shown
the validity and high quality of the recorded data.17

Study Population
We assembled a cohort of all patients aged 50 years or older
with an incident diagnosis of AF between January 1, 1988, and
December 31, 2017. Cohort entry was defined as the date of
first AF diagnosis within the study period.We excluded patients
with less than 1 year of registration with a practice before
cohort entry and those with a prior AF diagnosis, a history of
valvular surgery, or rheumatic valvular disease at any time be-
fore cohort entry to identify a cohort of patients with incident
NVAF. We also excluded patients with prior hyperthyroidism
because AF rarely requires long-term oral anticoagulation in
this context. To avoid biases related to the inclusion of prev-
alent users, we excluded patients prescribed OACs before co-
hort entry. Finally, we excluded patients with a diagnosis of
dementia, cognitive impairment, and those prescribed a cho-
linesterase inhibitor (donepezil, galantamine, and rivastigmine)
or memantine at any time before cohort entry. Because the
diagnosis of dementia can be delayed by several months due to
the progressive nature of its symptoms, follow-up started 6
months after cohort entry to exclude cases of dementia that
occurred before AF diagnosis but were not yet diagnosed.
Patients were followed up until a diagnosis of dementia, death
from any cause, end of registration with the general practice, or
end of the study period (December 31, 2019), whichever oc-
curred first.

Exposure
Exposure to OACs (apixaban, dabigatran, rivaroxaban, and
warfarin) was defined in a time-varyingmanner whereby patients

Glossary
AF = atrial fibrillation; BMI = body mass index; CPRD = Clinical Practice Research Datalink; DOAC = direct oral
anticoagulant; HRs = hazard ratios; IPCW = inverse probability of censoring weighting; NNT = number needed to treat;
NVAF = nonvalvular atrial fibrillation; OAC = oral anticoagulant; PS = propensity score; VKA = vitamin K antagonist.
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were considered unexposed until 6 months after their first OAC
prescription and exposed thereafter until the end of follow-up,
regardless of switching or treatment discontinuation. The
6-month lag period accounts for a biologically plausible latency
period because OACs initiated shortly before the diagnosis of
dementia are unlikely to have influenced its onset. This approach
also minimizes the potential for reverse causality and detection
bias. Edoxaban was not considered among OACs because it was
approved for use in the UK for patients with NVAF at the end of
2015.19 Thus, it is likely that very few patients were exposed to
edoxaban and those initiating the drug may not have a sufficient
follow-up to assess an outcome such as dementia.

Outcome
The primary outcome was the first diagnosis of dementia
during follow-up, identified using relevant Read codes,
irrespective of the type of dementia (list of Read codes
available in eTable 1, links.lww.com/WNL/C578). Read
codes reflect diagnoses made in routine clinical practice by
general practitioners after referrals to specialists or further
investigation, where necessary. Hence, their validity is
good, with 83%–90% of diagnoses identified through Read
codes confirmed as dementia or Alzheimer disease.20-22 We
evaluated the risk of all types of dementia collectively in the
primary analysis because it has previously been suggested
that OACs may decrease the risk of both vascular and
nonvascular dementia.3

Covariates
We adjusted all models for age (50–59, 60–69, 70–79,
80–89, and 90 years and older), sex, smoking, body mass
index (BMI) (≤25, >25 to ≤30, >30.0 kg/m2), and calendar
year at cohort entry, in addition to the following risk factors
and comorbidities, measured at any time before cohort
entry: alcohol abuse, substance abuse, diabetes, hyperten-
sion, hyperlipidemia, coronary heart disease, heart failure,
stroke, TIA, systemic embolism, peripheral arterial disease,
a history of bleeding, chronic obstructive pulmonary dis-
ease, chronic kidney disease, liver disease, Parkinson dis-
ease, cancer (other than nonmelanoma skin cancer), a
history of falls, depression, and head trauma. Hypertension,
diabetes, and hyperlipidemia were defined using diagnostic
codes or related medications. All models were also adjusted
for use of the following drugs measured in the year before
cohort entry: antiplatelet drugs, beta-blockers, diuretics,
nonsteroidal anti-inflammatory drugs, antidepressants, anti-
psychotics, anxiolytics, antiarrhythmic drugs, and hormone
replacement therapy. We also adjusted for the total number of
distinct drug classes prescribed in the year before cohort entry
and the number of physician visits as a surrogate marker for
overall health. Missing information for BMI and smoking was
classified in a separate category. Scores that are used to esti-
mate the risk of ischemic stroke in AF such as CHADS2

23 or
CHA2DS2-VASc

24 were not adjusted for because the in-
dividual components of these scores were included in all
models.

Statistical Analysis
We used descriptive statistics to summarize the characteristics of
the cohort. We estimated the crude incidence rates and 95% CIs
of dementia for each exposure group based on the Poisson dis-
tribution. In the primary analysis, we fitted time-dependent Cox
proportional hazards models to estimate the hazard ratio (HR)
and 95% CIs of dementia associated with the use of OACs
compared with nonuse, adjusted for the covariates listed earlier.

In secondary analyses, we first estimated whether the incidence
of dementia varies with the cumulative duration of OAC use.
Cumulative duration of use was calculated by summing the
durations of all OAC prescriptions during follow-up, with a 30-
day grace period between 2 nonoverlapping prescriptions. We
estimated HRs using time-dependent Cox proportional haz-
ards models according to 3 prespecified categories (≤2, >2 to
≤5, and >5 years) measured in a time-varying manner. Fur-
thermore, cumulative duration of use was modeled using a
restricted cubic spline with 5 interior knots to produce a
smooth curve of the HR as a function of cumulative duration of
OAC use.25 To assess effect measure modification, we per-
formed stratified analyses by age (aged 75 years or younger vs
older than 75 years), sex, a history of chronic kidney disease, a
history of ischemic stroke (including TIAs), CHADS2, and
CHA2DS2-VASc score measured at cohort entry. To further
minimize potential confounding by indication, we repeated the
primary analyses with users of antiplatelet drugs as the refer-
ence group. In addition, we repeated the primary analyses for
each type of dementia separately (vascular dementia, Alzheimer
disease, other, and not specified). As an exploratory analysis, we
also assessed the risk of dementia associated with DOACs
comparedwith vitaminK antagonists (VKAs). For this analysis,
we identified all patients with a new DOAC or VKA pre-
scription after NVAF diagnosis, with cohort entry defined as
the date of this first prescription. Patients were followed up
until treatment discontinuation or crossover to the other ex-
posure group, a diagnosis of dementia, death, end of registra-
tion with CPRD, or end of the study period, whichever
occurred first. We used standardized mortality ratio weighting,
estimated from propensity scores (PS) including all covariates
described earlier and time between NVAF diagnosis and OAC
initiation, to balance baseline characteristics at cohort entry.We
also used inverse probability of censoring weighting (IPCW) to
account for potential informative censoring. Weighted Cox
proportional hazards models were used to estimate the HR and
95%CI of dementia associated with DOAC use compared with
VKA use. This analysis was restricted to the years 2011–2017
because DOACs were first marketed in 2011 in the United
Kingdom for stroke prevention in NVAF. Finally, to assess
whether OACs may prevent dementia beyond their protective
effect on the risk of ischemic stroke, we accounted for the
potential impact of ischemic stroke on the incidence of de-
mentia by censoring patients who experienced an ischemic
stroke or TIA during follow-up, using IPCW. We repeated this
analysis censoring patients with an ischemic stroke (not TIA)
during follow-up, and next, we restricted the analysis to patients

Neurology.org/N Neurology | Volume 100, Number 12 | March 21, 2023 e1311

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/WNL/C578
http://neurology.org/n


Table 1 Baseline Characteristics of Patients With Nonvalvular Atrial Fibrillation in the Study Cohort

All patients (n = 142,227)

OAC use in the first 3 months of cohort entrya

Use (n = 59,226) No use (n = 83,001)

Age (y), mean (SD) 74.9 (10.0) 74.1 (9.2) 75.4 (10.5)

50–59 11,860 (8.3) 4,433 (7.5) 7,427 (9.0)

60–69 29,350 (20.7) 13,239 (22.4) 16,111 (19.4)

70–79 50,650 (35.6) 23,781 (40.2) 26,869 (32.4)

80–89 42,305 (29.7) 15,963 (27.0) 26,342 (31.7)

≥90 8,062 (5.7) 1,810 (3.1) 6,252 (7.5)

Female sex 67,537 (47.5) 25,859 (43.7) 41,678 (50.2)

Year of cohort entry

<2000 16,741 (11.8) 2,987 (5.0) 13,754 (16.6)

2000–2004 27,624 (19.4) 8,475 (14.3) 19,149 (23.1)

2005–2009 41,519 (29.2) 16,132 (27.2) 25,387 (30.6)

2010–2014 40,568 (28.5) 20,135 (34.0) 20,433 (24.6)

2015–2017 15,775 (11.1) 11,497 (19.4) 4,278 (5.2)

Comorbidities and risk factors

Body mass index

<25 kg/m2 33,410 (23.5) 12,056 (20.4) 21,354 (25.7)

25–30 kg/m2 56,543 (39.8) 25,056 (42.3) 31,487 (37.9)

>30 kg/m2 34,297 (24.1) 17,579 (29.7) 16,718 (20.1)

Missing 17,977 (12.6) 4,535 (7.7) 13,442 (16.2)

Smoking status

Nonsmoker 48,025 (33.8) 18,434 (31.1) 29,591 (35.7)

Smoker 86,323 (60.7) 39,197 (66.2) 47,126 (56.8)

Missing 7,879 (5.5) 1,595 (2.7) 6,284 (7.6)

Alcohol abuse 7,119 (5.0) 3,270 (5.5) 3,849 (4.6)

Substance abuse 989 (0.7) 406 (0.7) 583 (0.7)

Diabetes 22,724 (16.0) 11,096 (18.7) 11,628 (14.0)

Hypertension 95,353 (67.0) 42,516 (71.8) 52,837 (63.7)

Hyperlipidemia 58,261 (41.0) 29,686 (50.1) 28,575 (34.4)

Coronary heart disease 37,765 (26.6) 16,032 (27.1) 21,733 (26.2)

Heart failure 18,396 (12.9) 7,644 (12.9) 10,752 (13.0)

Stroke/TIA 20,883 (14.7) 10,097 (17.1) 10,786 (13.0)

Systemic embolism 497 (0.4) 229 (0.4) 268 (0.3)

Peripheral arterial disease 9,541 (6.7) 3,943 (6.7) 5,598 (6.7)

A history of bleeding 35,064 (24.7) 14,886 (25.1) 20,178 (24.3)

COPD 13,618 (9.6) 5,876 (9.9) 7,742 (9.3)

Chronic kidney disease 20,369 (14.3) 10,250 (17.3) 10,119 (12.2)

Liver disease 2,513 (1.8) 1,067 (1.8) 1,446 (1.7)

Continued
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without a previous stroke/TIA at anytime before cohort entry
and censored patients who experienced an ischemic stroke or
TIA during follow-up.

We performed 7 sensitivity analyses to examine the robust-
ness of our results. First, given that the optimal latency time
window is unknown, we varied the exposure lag time to 1 and

Table 1 Baseline Characteristics of Patients With Nonvalvular Atrial Fibrillation in the Study Cohort (continued)

All patients (n = 142,227)

OAC use in the first 3 months of cohort entrya

Use (n = 59,226) No use (n = 83,001)

Parkinson disease 1,253 (0.9) 354 (0.6) 899 (1.1)

Cancer 26,143 (18.4) 11,017 (18.6) 15,126 (18.2)

A history of falls 22,410 (15.8) 8,658 (14.6) 13,752 (16.6)

Depression 23,621 (16.6) 9,782 (16.5) 13,839 (16.7)

Head trauma 5,883 (4.1) 2,386 (4.0) 3,497 (4.2)

CHADS2

0–1 62,630 (44.0) 24,129 (40.7) 38,501 (46.4)

2–6 79,597 (56.0) 35,097 (59.3) 44,500 (53.6)

CHA2DS2-VASc

0–1 20,160 (14.2) 7,504 (12.7) 12,656 (15.3)

2–9 122,067 (85.8) 51,722 (87.3) 70,345 (84.8)

Medications

Antidepressants 19,834 (14.0) 8,249 (13.9) 11,585 (14.0)

Antipsychotics 7,767 (5.5) 2,651 (4.5) 5,116 (6.2)

Anxiolytics 17,698 (12.4) 6,416 (10.8) 11,282 (13.6)

NSAIDs 29,269 (20.6) 11,841 (20.0) 17,428 (21.0)

Antiarrhythmics 8,776 (6.2) 2,949 (5.0) 5,827 (7.0)

Beta-blockers 48,401 (34.0) 23,364 (39.4) 25,037 (30.2)

Diuretics 36,914 (26.0) 14,300 (24.1) 22,614 (27.3)

Antiplatelets 71,200 (50.1) 29,518 (49.8) 41,682 (50.2)

HRTb 2,864 (4.2) 1,064 (4.1) 1,800 (4.3)

Classes of medicationsc

0–4 37,253 (26.2) 14,420 (24.4) 22,833 (27.5)

5–7 36,932 (26.0) 15,389 (26.0) 21,543 (26.0)

8–11 39,006 (27.4) 16,916 (28.6) 22,090 (26.6)

12+ 29,036 (20.4) 12,501 (21.1) 16,535 (19.9)

Physician visitsc

0–6 38,267 (26.9) 14,465 (24.4) 23,802 (28.7)

7–11 36,586 (25.7) 14,913 (25.2) 21,673 (26.1)

12–18 33,870 (23.8) 14,774 (25.0) 19,096 (23.0)

19+ 33,504 (23.6) 15,074 (25.5) 18,430 (22.2)

Abbreviations: COPD = chronic obstructive pulmonary disease; HRT = hormone replacement therapy; NSAIDs = nonsteroidal anti-inflammatory drugs; OAC =
oral anticoagulant; TIA = transient ischemic attack.
All values are presented as n (%), unless otherwise stated.
a Exposure toOACwasassessed ina time-varyingmanner,OACusers in the first 3months represent68%ofall patientseventually exposedduring theentire follow-up.
b Assessed for women only.
c Measured in the year before cohort entry.
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2 years. Second, to evaluate the impact of potential outcome
misclassification, we used a stricter outcome definition re-
quiring either 2 diagnostic codes for dementia or a diagnostic
code in combination with a consultation with a neurologist or
geriatrician, all within 1 year. For this analysis, the date of the
second qualifying event was considered as the outcome date.
Third, we repeated the primary analysis with age modeled
flexibly using cubic splines. Fourth, we censored patients on
prescription of treatments to restore sinus rhythm (e.g.,
pharmacologic or electrical cardioversion). Fifth, we also ex-
plored the potential impact of the competing risk of death
during follow-up using IPCW.26 Sixth, we used multiple im-
putation to address missing values for BMI and smoking. In
brief, we used the multiple imputation by chained equations
method27 and combined results from 5 imputed datasets.
Seventh, in a post hoc sensitivity analysis, we additionally ad-
justed for deprivation level using the UK Index of Multiple

Deprivation, a measure of socioeconomic status that en-
compasses domains such as education, skills, and training.

Last, we conducted a supplementary time-conditional PS-
matched analysis28 to further explore potential for residual
confounding. In brief, among the base cohort of patients with
NVAF and starting chronologically, each patient initiating an
OAC was matched 1:1 without replacement on age (±2 years),
sex, year of AF diagnosis, and time-conditional PS to a patient
not exposed up to the same point in time. Thus, in exposure
sets defined at the point of OAC prescription, potential com-
parators included all patients with the same AF duration as the
corresponding exposed patient and a consultation within 60
days of the date of OAC prescription. Time-conditional PS
included time-varying patient characteristics measured at the
point of the time-based exposure sets and were used to identify
the comparator patientmost similar to the patient who initiated

Table 2 Crude and Adjusted Hazard Ratios of Dementia Associated With the Use of Oral Anticoagulants

Exposure Events Person- years Incidence ratea (95% CI) Crude HR Adjusted HRb (95% CI)

Nonuse 3,669 281,719 13.0 (12.6–13.5) 1.00 1.00 (Reference)

OAC use 4,354 380,947 11.4 (11.1–11.8) 0.84 0.88 (0.84–0.92)

Cumulative duration of OAC use

≤2 y 1,681 164,671 10.2 (9.7–10.7) 0.81 0.90 (0.84–0.95)

2–5 y 1,504 131,878 11.4 (10.9–11.9) 0.86 0.87 (0.81–0.93)

>5 y 1,169 84,399 13.9 (12.8–14.9) 0.89 0.88 (0.81–0.95)

Abbreviations: HR = hazard ratio; OAC = oral anticoagulants.
a Incidence rates are expressed per 1,000 persons per year.
b Adjusted for all variables listed in Table 1, except CHADS2 and CHA2DS2-VASc scores.

Figure 1 Restricted Cubic Spline of Hazard Ratio for Risk of Dementia as a Function of Cumulative Duration of OAC Usea

a. Cumulative duration of oral anticoagulant use begins at
0.5 years because patients were considered unexposed for
the first 180 days of use. OACs = oral anticoagulants.
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Table 3 Crude andAdjustedHazard Ratios of Dementia AssociatedWith theUse ofOral Anticoagulants, Stratified by Age,
Sex, Chronic Kidney Disease, Ischemic Stroke/TIA, CHADS2 Score, and CHA2DS2-VASc Score

Patient subgroup Events Person-years Incidence ratea (95% CI) Crude HR Adjusted HRb (95% CI)

Age

Younger than 75 y

Nonuse 623 143,094 4.4 (4.0–4.7) 1.00 1.00 (Reference)

OAC use 1,339 231,534 5.8 (5.5–6.1) 1.13 0.99 (0.90–1.10)

Aged 75 y or older

Nonuse 3,046 138,625 22.0 (21.2–22.8) 1.00 1.00 (Reference)

OAC use 3,015 149,413 20.2 (19.5–20.9) 0.88 0.84 (0.80–0.89)

Sex

Female

Nonuse 2,284 144,799 15.8 (15.1–16.4) 1.00 1.00 (Reference)

OAC use 2,288 163,016 14.0 (13.5–14.6) 0.86 0.87 (0.81–0.93)

Male

Nonuse 1,385 136,920 10.1 (9.6–10.7) 1.00 1.00 (Reference)

OAC use 2,066 217,931 9.5 (9.1–9.9) 0.90 0.90 (0.84–0.97)

Chronic kidney disease

No

Nonuse 3,193 258,952 12.3 (11.9–12.8) 1.00 1.00 (Reference)

OAC use 3,595 341,518 10.5 (10.2–10.9) 0.80 0.87 (0.83–0.92)

Yes

Nonuse 476 22,767 20.9 (19.1–22.9) 1.00 1.00 (Reference)

OAC use 759 39,430 19.3 (17.9–20.7) 0.90 0.95 (0.84–1.08)

Ischemic stroke/TIA

No

Nonuse 2,997 251,821 11.9 (11.5–12.3) 1.00 1.00 (Reference)

OAC use 3,469 328,963 10.6 (10.2–10.9) 0.84 0.90 (0.85–0.95)

Yes

Nonuse 672 29,899 22.5 (20.8–24.2) 1.00 1.00 (Reference)

OAC use 885 51,984 17.0 (15.9–18.2) 0.74 0.82 (0.73–0.91)

CHADS2 score

0–1

Nonuse 1,206 152,434 7.9 (7.5–8.4) 1.00 1.00 (Reference)

OAC use 1,378 201,487 6.8 (6.5–7.2) 0.77 0.88 (0.81–0.95)

2–6

Nonuse 2,463 129,285 19.1 (18.3–19.8) 1.00 1.00 (Reference)

OAC use 2,976 179,461 16.6 (16.0–17.2) 0.83 0.87 (0.82–0.93)

CHA2DS2-VASc score

0–1

Continued
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an OAC. Trimming was performed within each exposure set
for the positivity assumption. Covariates with imbalances
after matching were additionally adjusted for in the analysis.
For the matched pairs formed, cohort entry was defined as
the date of OAC initiation and the corresponding date of
consultation for the matched comparator patient. The
matched sets were followed up until an incident diagnosis of
dementia, switching from no use to use of an OAC, death
from any cause, end of registration with the practice, or end
of the study period, whichever occurred first. We fitted a Cox
proportional hazards model with robust standard errors to
estimate the HR and 95% CI of dementia associated with
OAC use—an estimate of the average treatment effect in the
treated group (i.e., patients who initiated OACs). We also
determined the 2- and 5-year risk differences and the cor-
responding number needed to treat (NNT). The HRs and
95% CIs were then computed for each type of dementia
separately. All analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, NC).

Standard Protocol Approvals, Registrations,
and Patient Consents
The study protocol was approved by the Independent Sci-
entific Advisory Committee of the CPRD (No.19_277) and
the research ethics board of the Jewish General Hospital in
Montreal, Canada, who waived the requirement for informed
consent.

Data Availability
This study is based partly on data from the CPRD obtained
under license from the UK Medicines and Healthcare prod-
ucts Regulatory Agency. Data are provided by patients and
collected by the UK National Health Service as part of their
care and support. The interpretation and conclusions con-
tained in this study are those of the author/s alone. Because
electronic health records are classified as “sensitive data” by
the UK Data Protection Act, information governance re-
strictions (to protect patient confidentiality) prevent data
sharing through public deposition. Data are available with
approval through the individual constituent entities control-
ling access to the data. Specifically, the primary care data can
be requested through application to the CPRD (cprd.com).

Results
We initially identified 327,452 patients with AF during the
study period. After applying exclusion criteria, the final study
cohort consisted of 142,227 patients with NVAF (eFigure 1,
links.lww.com/WNL/C579). The mean age was 74.9 years
(SD 10.0 years), and 74,690 (52.5%) were men (Table 1).

There were 8,023 incident cases of dementia over 662,667
person-years of follow-up, yielding an incidence rate of 12.1
(95% CI 11.9–12.4) per 1,000 person-years. OAC use was

Table 3 Crude and Adjusted Hazard Ratios of Dementia Associated With the Use of Oral Anticoagulants, Stratified by Age,
Sex, Chronic Kidney Disease, Ischemic Stroke/TIA, CHADS2 Score, and CHA2DS2-VASc Score (continued)

Patient subgroup Events Person-years Incidence ratea (95% CI) Crude HR Adjusted HRb (95% CI)

Nonuse 108 54,528 2.0 (1.6–2.4) 1.00 1.00 (Reference)

OAC use 206 73,408 2.8 (2.4–3.2) 1.12 1.01 (0.79–1.29)

2–9

Nonuse 3,561 227,192 15.7 (15.2–16.2) 1.00 1.00 (Reference)

OAC use 4,148 307,539 13.5 (13.1–13.9) 0.82 0.87 (0.83–0.92)

Abbreviations: HR = hazard ratio; OAC = oral anticoagulants.
a Incidence rates are expressed per 1,000 persons per year.
b Adjusted for all variables listed in Table 1, except CHADS2 and CHA2DS2-VASc scores.

Table 4 Crude and Adjusted Hazard Ratios of Dementia Associated With the Use of Oral Anticoagulants, With
Antiplatelets as the Reference Category

Exposure Events Person-years Incidence ratea (95% CI) Crude HR Adjusted HRb (95% CI)

Antiplatelet use 3,080 216,157 14.3 (13.8–14.8) 1.00 (Reference) 1.00 (Reference)

OAC usec 4,354 380,947 11.4 (11.1–11.8) 0.78 0.87 (0.83–0.92)

Nonuse 589 65,563 9.0 (8.3–9.7) 0.65 0.94 (0.86–1.03)

Abbreviations: HR = hazard ratio; OAC = oral anticoagulants.
a Incidence rates are expressed per 1,000 persons per year.
b Adjusted for all variables listed in Table 1, except CHADS2 and CHA2DS2-VASc scores.
c Includes OAC use with and without concomitant use of antiplatelets.
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associated with a 12% reduction in the risk of dementia
(HR 0.88, 95% CI 0.84–0.92), compared with nonuse, which did
not vary with cumulative duration of use (Table 2). The spline,
which modeled the HR as a function of cumulative duration
of OAC use, also indicated a decreased risk of dementia,
which reached a low at approximately 1.5 years and stabilized
thereafter (Figure 1). OAC use was associated with a decreased
risk of dementia in patients aged 75 years and older (HR 0.84,
95% CI 0.80–0.89), but not in younger patients (HR 0.99, 95%
CI 0.90–1.10) (Table 3). The risk did not vary by sex, previous
chronic kidney disease, previous ischemic stroke/TIA, or
CHADS2 score. However, only patients with CHA2DS2-VASc
score above 1 had a decreased risk of dementia associated with
OAC use (HR 0.87, 95% CI 0.83–0.92). After considering anti-
platelet use as an active comparator, OAC use was still associated
with a decreased risk of dementia (HR 0.87, 95% CI 0.83–0.92)
(Table 4). In addition, when assessing the risk of each dementia
type separately, there was an association between OAC use and
Alzheimer disease (HR 0.90, 95% CI 0.82–0.99) and unspecified
dementia (HR 0.77, 95% CI 0.71–0.83), but not with other types
of dementia (eTable 2, links.lww.com/WNL/C578). The risk of
dementia was similar when comparing DOAC with VKA use
(eTable 4). Finally,OACusewas associatedwith a reduced risk of
dementia on censoring patients with stroke/TIA (HR 0.85, 95%
CI 0.81–0.89), patients with stroke only (HR 0.86, 95% CI
0.82–0.90), or patients with stroke/TIA, excluding those without
previous stroke/TIA at anytime before cohort entry (HR 0.86,
95% CI 0.81–0.91) (eTable 5). In the supplementary time-
conditional PS-matched analysis, there was a similar association

between OAC use and the risk of dementia (HR 0.85, 95% CI
0.81–0.89) as in the primary analysis (Table 5). The 2- and 5-year
risk differences were 0.3% and 0.9%, respectively. Consequently,
this generated corresponding NNT estimates of 298 and 114,
respectively. In this supplementary analysis, OAC use was also
associated with a decrease in the risk of unspecified dementia
(eTable 3). Last, in all sensitivity analyses, results were consistent
with those of the primary analysis (Figure 2 and eTables 6–12).

Classification of Evidence
This study provides Class II evidence that in patients with
NVAF, OAC use (vs nonuse) is associated with a decreased
risk of dementia.

Discussion
In this large population-based cohort of patients with NVAF,
OAC use was associated with a 12% decreased risk of de-
mentia compared with non-use, which was evident within 1–2
years of use. This association was also present in patients aged
75 years and older and in those with a CHA2DS2-VASc score
≥2. The main findings were robust in numerous sensitivity
analyses and remained consistent in the time-conditional PS-
matched analysis.

The potential association between OAC use and the risk of
dementia in patients with NVAF has been assessed in several

Table 5 Crude and Adjusted Hazard Ratios of Dementia AssociatedWith the Use of Oral Anticoagulants, by Conducting a
Time-Conditional Propensity Score–Matched Analysisa

Exposure Events Person-years Incidence rateb (95% CI) Adjusted HRc (95% CI)

Nonuse 2320 186,913 12.4 (11.9–12.9) 1.00 (Reference)

OAC use 3950 347,724 11.4 (11.0–11.7) 0.85 (0.81–0.89)

Abbreviations: AF = atrial fibrillation; HR = hazard ratio; OAC = oral anticoagulants.
a Propensity score computed from logistic regression model conditioned on all variables listed in Table 1, except CHADS2 and CHA2DS2-VASc scores.
b Incidence rates are expressed per 1,000 persons per year.
c Matched on age, sex, year of AF diagnosis, and time-conditional propensity score and additionally adjusted for hypertension and stroke before cohort entry.

Figure 2 Forest Plot Summarizing the Results of Sensitivity Analyses for the Association Between the Use of OAC and
Risk of Dementia

OACs = oral anticoagulants.
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observational studies, yet inconsistent results and methodo-
logical limitations have hampered definitive conclusions.7-10

Two studies reported 10% and 29% decreases, respectively, in
the risk of dementia associated with OAC use.7,8 Both assessed
exposure to OACs during a brief time window after NVAF
diagnosis. However, patients may initiate OACs after this
window, leading to considerable exposure misclassification, as
acknowledged in one of these studies.7 Immortal time bias
was present in 2 other studies reporting strong protective as-
sociations with 39% and 60% decreased risk of dementia,
respectively.9,10 In addition, none of these studies considered
an exposure latency timewindow, andmost did not account for
potential delays in dementia diagnosis. Our study comprised a
well-defined cohort of patients with incident NVAF, without
prior use of OACs. Some previous studies included patients
with valvular AF7,10 or only those hospitalizedwith AF.7Hence,
our cohort may have a different baseline risk for dementia.
Regarding the cumulative duration of exposure to OACs, our
findings suggest that an association with a decreased risk of
dementia is present relatively early after initiation of therapy.

Clinical guidelines for the management of NVAF recommend
the use of OACs for stroke prevention, including in elderly and
frail patients.13,15,29 However, elderly patients may have an in-
creased risk of bleeding, given their multiple comorbidities
or comedications.30 Thus, the decision to prescribe OACs is
typically based on careful balancing of the perceived benefits
and harms of treatment. Nevertheless, OACs remain under-
prescribed in the elderly individuals, even in those without any
specific contraindications.31 Two previous studies have assessed
the risk of dementia according to age, though with mixed
results.7,8 Our findings suggest additional benefit of OACs in
elderly patients with NVAF owing to their protective effect on
dementia. In older adults, dementia is one of the leading causes
of disability32 and projected to be a major public health crisis of
the next decade,32 with 7.7million new cases arising globally each
year.3 NVAF is a notable risk factor for dementia,3 and the
potential decreased risk associated with OACs in the elderly
individuals warrants consideration during clinical decision-
making. These findings may also explain the similar decreased
risk of dementia associated with OAC use in patients with a
CHA2DS2-VASc score ≥2 (i.e., high risk) but not with lower
scores because all patients aged 75 years and older are classified
as high risk by this score.

We also reported significantly lower risks of unspecified dementia
and Alzheimer disease associated with OAC use. Although our
analysis did not suggest an association with vascular dementia,
the estimate may have been affected by residual confounding
because patients with a high risk of stroke may be more likely to
be prescribed OACs and to either develop vascular dementia or
be labeled with vascular dementia rather than with unspecified
dementia or Alzheimer disease. Alzheimer disease also has a
strong vascular component,33 which may explain the observed
protective association with OAC use. The decreased risk of un-
specified dementia is also consistent with these findings, given
that Alzheimer disease and vascular dementia are the most

common types. OACs were also associated with a decreased risk
of dementia after censoring patients who experienced a stroke or
TIA during follow-up, which suggest that oral anticoagulation
may be protective against dementia in patients with NVAF be-
yond overt ischemic stroke prevention. Finally, as an exploratory
objective, we compared the risk of dementia between DOAC
users and VKA users, and we did not observe any difference.
However, due to their recent introduction into the market, the
duration of follow-up among DOAC users was relatively short
and prevented ideal comparison with VKA users. In a previous
study of Korean patients with AF with a mean follow-up of less
than 1.3 years, no association was found between the use of
DOACs overall and the risk of dementia, comparedwith warfarin
use.34 Hence, further studies with longer follow-up are still re-
quired to address this research question.

Our large population-based study has several notable strengths.
First, the CPRD is one of the world’s largest medical records
databases of community-dwelling patients, enabling the selection
of a cohort that is representative of the general population.
Second, we selected a well-defined cohort of patients with in-
cident NVAF without previous use of OACs to avoid potential
biases associated with the inclusion of prevalent users. Third, we
used exposure lags to account for a biologically plausible latency
time window. Fourth, we used a time-varying exposure, which
prevented time-related biases present in some prior studies.
Fifth, we conducted a supplementary time-conditional PS-
matched analysis that resulted in a similar protective association
between OAC use and the risk of dementia, suggesting that the
conclusions of this study remain robust to potential residual
confounding. Some potential limitations must also be consid-
ered. Prescriptions recorded in the CPRD include those issued
by general practitioners—misclassification may occur if patients
do not follow the treatment regimen provided. In addition,
prescriptions issued by specialists are not available in the CPRD.
However, in the UK, NVAF is managed extensively by general
practitioners,35 who are likely to issue most prescriptions, sug-
gesting that the data sufficiently capture exposure to OACs.
Outcome misclassification is also possible. In particular, de-
mentia diagnosesmay be under-recorded in theCPRD, resulting
in low sensitivity. However, given that the specificity is high,
there should be limited impact on our results.36 Furthermore, to
address any potential limitations in specificity, we used a stricter
outcome definition in sensitivity analyses, with results consistent
with the primary analysis. However, the validity of dementia
subtypes is less well-defined, and many recorded dementia cases
are coded as dementia not otherwise specified. Finally, given the
observational nature of the study, residual confounding is pos-
sible, with educational level and frailty being possible sources. In
a post hoc analysis, we additionally adjusted for the UK Index of
Multiple Deprivation, which can partially account for con-
founding due to education level, and obtained findings similar to
those of our primary analysis. On the contrary, we were not
able to specifically adjust for frailty. We attempted to indirectly
account for it through adjustment for 54 variables in the pri-
mary analysis and an additional age, sex, and time-conditional
PS-matched analysis that gave consistent results.
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Overall, the use of OACs was associated with a decreased risk
of dementia in patients with NVAF, specifically those aged 75
years and older. The proportion of older adults is projected to
increase drastically in many high-income countries,32 leading
to the recognition of dementia as an upcoming public health
crisis.32 Regarding this, OAC therapy may be an effective
strategy to reduce its burden in patients with NVAF. Thus,
when balancing the risks and benefits of OAC use in these
patients, the potential benefit of OACs in preventing de-
mentia is an important consideration for the management
of NVAF.
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