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Abstract

Background and 
Aims

Use of non-vitamin K oral anticoagulants (NOACs) is associated with reduced dementia risk in patients with at
rial fibrillation (AF), but their impact on cognitive function and clinical outcomes in AF patients with Alzheimer’s 
disease (AD) remains unclear.

Methods Based on the Swedish Registry for Cognitive/Dementia Disorders, individuals with incident AD during May 
2007–December 2020 and pre-existing AF were identified. Anticoagulant use at baseline was categorized as 
non-use, warfarin, or NOACs. Inverse probability of treatment weighting was employed to balance covariates. 
Mixed-effects models were used to assess the association between anticoagulant use and cognitive decline 
measured by the Mini-Mental State Examination (MMSE). Cox proportional hazards models were used to exam
ine risks of all-cause mortality, ischaemic stroke/systemic embolism, major bleeding, and fracture.

Results Among 7308 eligible individuals (3341 non-users, 2277 warfarin users, and 1690 NOAC users), NOAC users 
exhibited significantly slower cognitive decline compared to non-users (difference in MMSE scores β = 0.23 
points/year, 95% confidence interval [CI] 0.11–0.36) and warfarin users (β = 0.21 points/year, 95% CI 0.10– 
0.33). Compared to non-use of anticoagulants, NOAC use was associated with significantly lower rates of mor
tality (hazard ratio [HR] 0.81; 95% CI 0.72–0.91), ischaemic stroke/systemic embolism (HR 0.66; 95% CI 0.53– 
0.82), and fracture (HR 0.79; 95% CI 0.64–0.97), without an increased rate of major bleeding (HR 1.05; 95% CI 
0.84–1.32); in contrast, warfarin use was associated with significantly lower rates of mortality (HR 0.88; 95% CI 
0.80–0.97) and ischaemic stroke/systemic embolism (HR 0.85; 95% CI 0.72–1.00), but a higher rate of major 
bleeding (HR 1.31; 95% CI 1.09–1.56). Compared to warfarin, NOAC use was associated with lower rates of 
ischaemic stroke/systemic embolism (HR 0.78; 95% CI 0.62–0.98) and major bleeding (HR 0.80; 95% CI 
0.64–1.01), and non-significant reductions in mortality and fracture.

Conclusions In patients with AF and AD, NOAC use was associated with modestly slower cognitive decline and more favour
able effectiveness and safety profiles, compared to warfarin or no anticoagulation.
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Structured Graphical Abstract

What is the impact of oral anticoagulants (OAC) on cognitive function and clinical outcomes in patients with atrial fibrillation (AF) and 
Alzheimer’s disease (AD)? How do non-vitamin K OAC (NOAC) compare with warfarin?

In patients with AF and AD, NOAC appear to be a better treatment option than warfarin in slowing cognitive decline.

Key Question

Key Finding
In a Swedish nationwide registry, NOAC were associated with slower cognitive decline than warfarin or no anticoagulation. Both 
NOAC and warfarin use was associated with lower thromboembolic events and mortality rates. NOAC were associated with lower 
thromboembolic and major bleeding rates compared with warfarin.

Take Home Message

Numbers below 9999 do not have spaces or commas.
Numbers above 10 000 have a space (not a comma).
Box corners: 4mm.
Between two numbers, use this sign: – (not -).
We don't use icons with outlines; they should always be fully colored.
Always write all the text within a graph.

Please, remember to add a space when using "/" --> example: A / B, rather than A/B
- Please, avoid adding extra spaces when wrapping the text. This will help with correct alignment.

NOAC vs Non-use

NOAC

SveDem
Svenska registret för kognitiva
sjukdomar/demenssjukdomar

7308 individuals
with AF and AD

Warfarin vs Non-use NOAC vs Warfarin

Cognition

Fracture

Mortality

Ischaemic
stroke / systemic
embolism

Ischaemic
stroke / systemic
embolism

Mortality

Major bleeding

Cognition

Ischaemic
stroke / systemic
embolism

Major bleeding

Non-user n = 3341

Warfarin n = 2277

n = 1690

Impact of oral anticoagulation on cognitive, thromboembolic, and safety outcomes in patients with AF and AD

AD, Alzheimer’s disease; AF, atrial �brillation; NOAC, non-vitamin K oral anticoagulant.

Zhu N, et al. European Heart Journal.

Impact of oral anticoagulant use on cognitive, thromboembolic, and safety outcomes among patients with atrial fibrillation and 
Alzheimer’s disease.

Keywords Alzheimer’s disease • Atrial fibrillation • NOAC • Warfarin • Cognition • Clinical outcomes

Introduction
Atrial fibrillation (AF) has been consistently associated with 
Alzheimer’s disease (AD) and related dementias, independent 
of clinically overt stroke.1,2 AF is present in nearly 20% of indi
viduals at the time of dementia diagnosis,3 highlighting the fre
quent coexistence of the two conditions. Proposed mechanisms 
linking AF to cognitive dysfunction include cerebral infarction, 
hypoperfusion, and microbleeds.2,4

This close relationship has prompted substantial interest in 
whether oral anticoagulation, a cornerstone of AF management 
for stroke and thromboembolism prevention,5 can protect 
against cognitive impairment and dementia.6,7 Meta-analyses 
of observational studies suggest that patients with AF receiving 
oral anticoagulants have a lower risk of developing dementia 
compared with untreated individuals,8 with a potential greater 
benefit for non-vitamin K oral anticoagulants (NOACs) than vita
min K antagonists (VKAs; mainly warfarin).9,10 Nevertheless, 

2                                                                                                                                                                                                        Zhu et al.
D

ow
nloaded from

 academ
ic.oup.com

/eurheartj/advance-article/doi/10.1093/eurheartj/ehag584/8758725 by guest on 20 August 2026



recent randomized trials comparing dabigatran with warfarin 
and rivaroxaban with placebo in AF patients without dementia 
have not demonstrated cognitive benefit.11–13

In patients with coexisting AF and AD, a population underre
presented in clinical research, the benefits and risks of anticoa
gulation remain uncertain.5 This uncertainty reflects both the 
influence of impaired cognition on anticoagulation decisions 
and outcomes,14 and emerging biological links between 
Alzheimer’s pathology and hemostasis.15 Notably, amyloid-β 
(Aβ), a core pathological feature of AD, has been shown to inter
act with the haemostatic system through several pathways, in
cluding platelet activation,16 thrombin formation,17 and 
fibrin(ogen) deposition.18,19 Such interactions may exacerbate 
haemostatic dysregulation, impair Aβ clearance, and contribute 
to cognitive decline.20 Conversely, experimental studies suggest 
that normalizing the hypercoagulable state may delay disease 
progression in preclinical AD models.21–23 However, to date, 
no population-based studies have evaluated whether anti
coagulant use influences cognitive trajectories among patients 
with both AF and AD. Together, these evidence gaps and mech
anistic insights underscore the need for further studies evaluat
ing the cognitive, thromboembolic, and safety consequences of 
anticoagulation in this high-risk population.

To address this, we examined the associations of anticoagulant 
use with cognitive decline and clinical outcomes in a Swedish na
tionwide cohort of patients with incident AD and pre-existing 
AF, comparing NOACs, warfarin, and no anticoagulation.

Methods
Data source
This study was based on the linkage of multiple Swedish national 
registers through unique personal identification numbers. The 
Swedish Registry for Cognitive/Dementia Disorders (SveDem) is a 
national quality registry initiated in 2007 that enrols patients diag
nosed with incident dementia from either primary care or specialist 
memory clinics and collects demographic and diagnostic informa
tion, including date of diagnosis, type of dementia, and cognitive 
function assessed by the Mini-Mental State Examination 
(MMSE).24 All memory clinics and 78% of primary care units in 
Sweden currently participate in SveDem.25 The National Patient 
Register provided clinical diagnoses coded according to the 10th re
vision of the International Classification of Diseases (ICD-10) from 
hospital admissions since 1997 and from outpatient specialist con
sultations since 2001;26 the Cause of Death Register provided infor
mation on the dates and underlying causes of all deaths in 
Sweden;27 the Prescribed Drug Register provided complete infor
mation on all prescribed drugs dispensed at Swedish pharmacies 
since July 2005, including details such as date of dispensing, drug’s 
identity categorized by the Anatomical Therapeutic Chemical (ATC) 
classification system, amount, and dosage.28 Healthcare in Sweden 
is primarily tax-funded with nearly equal access, and these national 
registers are generally considered to have near-universal coverage 
and good overall quality for epidemiologic research.29

This study was approved by the Swedish Ethical Review Authority 
(Dnr: 2021/03304) and adhered to the Declaration of Helsinki. 
Participants were informed about their registration in SveDem 
and could decline participation or withdraw registration. Informed 
consent for this study was waived, as the register data were pseu
donymized before delivery to the research team. This study fol
lowed the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) guidelines.30

Study design and population
This was a longitudinal cohort study. Among 95 701 patients regis
tered in SveDem between May 2007 and December 2020, we iden
tified 7595 individuals with AD or mixed AD dementia who had a 
prior AF diagnosis recorded in the National Patient Register. The in
dex date was defined as the date of AD diagnosis at the first regis
tration in SveDem, with the 4 months preceding this date serving as 
the exposure assessment period. This span was chosen based on the 
Swedish ‘90-day rule’ limiting medication dispensing to ≤90 days 
per prescription, plus an additional 30 days to accommodate non- 
adherence. A graphical depiction of the study design is shown in 
Supplementary data online, Figure S1. After excluding individuals 
who died on the index date, those with a missing baseline MMSE 
score, and those dispensed both warfarin and NOACs, a total of 
7308 eligible individuals were included in the analysis. A flowchart 
illustrating the sample selection is presented in Figure 1.

Exposure
The baseline exposure was anticoagulant use on the index date, es
timated as non-use, warfarin, or NOACs, based on the most recent 
dispensation of oral anticoagulants within the exposure assessment 
window (see Method S1). Our primary analysis followed the 
intention-to-treat principle, assuming the study exposure to be con
stant throughout follow-up, regardless of changes in medication use 
after baseline.

Outcomes
Cognitive trajectory was modelled using MMSE scores from base
line registration and annual follow-ups over the first 5 years, due 
to sparse data at later time points. Clinical outcomes included is
chaemic stroke/systemic embolism, major bleeding, and fracture, 
identified through ICD-10 coded inpatient visits or death records 
(listed in Supplementary data online, Table S1), as well as all-cause 
mortality. Outcome definitions based on the National Patient 
Register generally demonstrate high diagnostic validity, with sensi
tivity and positive predictive value (PPV) around 90% for stroke,31

PPV 59%–97% across fracture sites,31 and sensitivity and PPV 
>95% for major bleeding in AF patients.32 Follow-up for 
time-to-event analyses started on the index date and ended at the 
earliest occurrence of an event, death, 5 years after baseline, or 
study end (31 December 2020).

Covariates
Covariates used to predict baseline anticoagulant exposure were 
defined using information before the exposure assessment window 
to ensure temporality, including age, sex, duration of AF, MMSE 
score, healthcare utilization, comorbidities, and concurrent use of 
medications. Definitions of comorbidities and medications are pro
vided in Supplementary data online, Table S2.

Statistical analysis
Continuous variables are reported as either mean with standard de
viation (SD) or median with interquartile range (IQR). Categorical 
variables are presented as frequencies with percentages.

To address confounding by indication, we applied inverse prob
ability of treatment weighting (IPTW) for a three-level exposure.33

Conditional probabilities of each exposure group were estimated 
using multinomial logistic regression that included all aforemen
tioned covariates. Each individual was assigned a weight equal to 
the inverse of the probability of their observed exposure. Weights 
were truncated at the 99th percentile to reduce the impact of ex
treme values. Covariate balance was defined as a standardized 
mean difference (SMD) ≤ 0.1 after applying IPTW.
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In the analysis of MMSE score trajectories, dropout was defined 
as the last observed MMSE measurement, in the absence of death 
or study end within the subsequent year. We employed inverse 
probability of censoring weighting (IPCW) to control for informative 
attrition due to dropout or death.34 Variables used to estimate the 
probability of censoring included the exposure group, along with 
baseline and post-baseline characteristics: age, sex, MMSE score 
at diagnosis, type of diagnostic unit (memory clinic or primary 
care), rating of global cognition (stable, improved, or declined), cor
esident status (cohabiting or living alone), nursing home residence 
(yes or no), and home care (yes or no). The definition of dropout 
and selection of covariates were informed by previous research 
using SveDem.34

We used linear mixed-effects models with random intercepts, in 
conjunction with IPTW and IPCW, to examine the association be
tween anticoagulant use and cognitive decline. MMSE scores 
were regressed on exposure group, follow-up time (time since base
line), and their interaction, with further adjustments for baseline 
MMSE score, type of diagnostic unit, coresident status, nursing 
home residence, home care, and anti-dementia drugs × time 

interaction. The β coefficients and 95% confidence intervals (CIs) 
for the exposure × time interaction were of primary interest, which 
quantify differences in the rate of cognitive decline between expos
ure groups. In addition, we estimated the marginal mean MMSE 
scores and 95% CIs at each year of follow-up.

We used IPTW-weighted Cox regression to examine the associa
tions between anticoagulant use and 3-year clinical outcomes, re
porting weighted cause-specific hazard ratios (csHRs) with 95% 
CIs. For outcomes subject to the competing risk of death (i.e. ischae
mic stroke/systemic embolism, major bleeding, and fracture), we 
additionally applied IPTW-weighted Fine-Gray models to estimate 
sub-distribution hazard ratios (HRs). To enhance clinical interpret
ability, we further calculated cumulative incidence, risk differences, 
and restricted mean time lost (RMTL) differences over 5 years using 
the weighted Aalen-Johansen estimator, which does not assume 
proportional hazards, with 95% CIs obtained via 500 bootstrap re
samples. The RMTL difference quantifies the absolute difference 
in cumulative time lost up to a specified follow-up time between 
groups.35 Multiple testing was not performed because outcomes 
were prespecified based on clinical relevance.

Figure 1 Flowchart of sample selection. AD, Alzheimer’s disease; MMSE, Mini-Mental State Examination; NOAC, non-vitamin K oral 
anticoagulant; SveDem, Swedish registry for cognitive/dementia disorders. The index date was the date of AD diagnosis at the first 
registration in SveDem
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Sensitivity analysis
Several sensitivity analyses were conducted to test the robustness of 
the results. For both cognitive decline and time-to-event outcomes: 
(i) 54% of anticoagulant non-users who received antiplatelets during 
the exposure assessment period were analysed as the comparison 
group; (ii) 23% of anticoagulant non-users who had been dispensed 
anticoagulants within 1 year before the index date (considered as re
cent discontinuers) were excluded from the comparison group; (iii) 
since NOACs were first marketed in Sweden in 2011 and rarely pre
scribed before 2013, we restricted the analysis to individuals diag
nosed with AD during 2013–20, when clinical equipoise was more 
plausible between NOACs and warfarin.

For cognitive decline specifically, we modelled follow-up time 
using cubic splines to capture potential non-linear trajectories, and 
applied multiple transformations to MMSE scores to address the in
strument’s non-linear scaling properties36 or to provide additional 
clinical insights (see Method S2).37 For time-to-event outcomes, 
we conducted per-protocol analyses accounting for changes in anti
coagulant exposure during follow-up (see Method S3).

Data management was performed with SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA), and statistical analyses were con
ducted using R version 4.3.1 (R Foundation for Statistical 
Computing, Vienna, Austria). A two-tailed P < .05 was considered 
statistically significant.

Results
The analysis included 7308 individuals, comprising 3341 non-users 
of anticoagulants, 2277 warfarin users, and 1690 NOAC users 
(Figure 1). The mean age at AD diagnosis was 82.6 ± 6.2 years, 
and 52.7% were female (Table 1). Compared with either warfarin 
or NOAC users, non-users were slightly older, had a lower MMSE 
score, had a lower prevalence of hypertension, dyslipidaemia, and 
pacemaker implantation; lower use of renin-angiotensin system in
hibitors, beta-blockers, and statins; and higher use of antiplatelets 
and non-steroidal anti-inflammatory drugs. Covariates were more 
similar between warfarin and NOAC users.

There was a good overlap in the distribution of propensity 
scores across exposure groups (see Supplementary data 
online, Figure S2). After applying IPTW, all included covariates 
were well balanced in each pairwise comparison (Table 1 and 
Supplementary data online, Figure S3).

Anticoagulant use and cognitive decline
Supplementary data online, Figure S4 shows the number of indi
viduals and crude mean MMSE scores at baseline and during 
follow-up visits. After applying IPTW and IPCW, there were dif
ferences in baseline MMSE scores (i.e. intercept) among the 
three groups, with warfarin and NOAC users showing slightly 
higher baseline MMSE scores (Table 2). No significant difference 
in the annual change of MMSE scores (i.e. slope) was found be
tween warfarin users and non-users, while NOAC users exhib
ited a slower decline in MMSE scores compared to both 
non-users and warfarin users. Further adjustment for baseline 
covariates reduced the differences in the intercepts but had 
minimal impact on the slopes. In the final model, warfarin use 
was associated with a similar rate of cognitive decline compared 
to non-users (β = 0.02, 95% CI −0.08, 0.12), whereas NOAC 
users exhibited significantly slower cognitive decline than both 
non-users (β = 0.23, 95% CI 0.11, 0.36) and warfarin users (β =  
0.21, 95% CI 0.10, 0.33).

The linear trajectories and marginal means of MMSE scores 
based on the final model are shown in Figure 2. The predicted 
mean baseline MMSE scores were approximately 21.5 across 
all three groups. At 5 years of follow-up, the estimated MMSE 
scores were 14.3 (95% CI 13.9, 14.6) in non-users, 14.5 (95% 
CI 14.2, 14.8) in warfarin users, and 15.3 (95% CI 14.9, 15.8) 
in NOAC users.

Anticoagulant use and clinical outcomes
For the 3-year outcomes, over a median follow-up of 2.7 years 
(IQR 1.3–3.0), a total of 2588 deaths were recorded in the study 
population, along with 833 ischaemic stroke/systemic embolism 
events, 683 major bleeding events, and 824 fracture events 
(Table 3). Compared to non-use of anticoagulants, warfarin use 
was associated with significantly lower rates of mortality 
(csHR 0.88; 95% CI 0.80, 0.97) and ischaemic stroke/systemic 
embolism (csHR 0.85; 95% CI 0.72, 1.00), but a higher rate of 
major bleeding (csHR 1.31; 95% CI 1.09, 1.56), with no signifi
cant association observed for fracture (csHR 0.89; 95% CI 
0.76, 1.06) (Table 3). In contrast, NOAC use was associated 
with significantly lower rates of mortality (csHR 0.81; 95% CI 
0.72, 0.91), ischaemic stroke/systemic embolism (csHR 0.66; 
95% CI 0.53, 0.82), and fracture (csHR 0.79; 95% CI 0.64, 
0.97), without a significant increase in major bleeding (csHR 
1.05; 95% CI 0.84, 1.32). Compared directly to warfarin, 
NOAC use was associated with a significantly lower rate of is
chaemic stroke/systemic embolism (csHR 0.78; 95% CI 0.62, 
0.98), as well as non-significant reductions in mortality (csHR 
0.92; 95% CI 0.81, 1.05), major bleeding (csHR 0.80; 95% CI 
0.64, 1.01), and fracture (csHR 0.88; 95% CI 0.70, 1.11). For 
non-death outcomes, subdistribution HRs from Fine–Gray mod
els were largely similar.

Weighted cumulative incidence and risk differences are pre
sented in Figure 3 and Supplementary data online, Figure S5, re
spectively. At 3 years, compared with non-use of anticoagulants, 
warfarin use was associated with a 3.7% lower mortality risk 
(95% CI −6.6, −0.8) but a 3.1% higher risk of major bleeding 
(95% CI 1.2, 4.9); NOAC use was associated with a 5.9% lower 
mortality risk (95% CI −9.6, −2.1) and a 4.7% lower risk of is
chaemic stroke/systemic embolism (95% CI −6.8, −2.7). 
Compared with warfarin, NOAC use was associated with a 
3.0% lower risk of ischaemic stroke/systemic embolism (95% 
CI −5.4, −1.0) and a 2.7% lower risk of major bleeding (95% CI 
−5.0, −0.3). Weighted RMTL differences (see Supplementary 
data online, Figure S6), a measure of time lost, were generally 
consistent with the risk differences.

Sensitivity analysis
Comparison between NOAC and warfarin users remained ro
bust in sensitivity analyses, yet some variability was observed 
when compared to non-users of anticoagulants. When using 
antiplatelet use as reference, both warfarin and NOAC use 
were associated with slower cognitive decline (see 
Supplementary data online, Table S3 and Supplementary data 
online, Figure S7). Antiplatelet users experienced a higher rate 
of ischaemic stroke/systemic embolism, in turn resulting in a 
stronger protective association for this condition among war
farin and NOAC users (see Supplementary data online, 
Table S4). Associations with other clinical outcomes were similar 
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to the main analysis. When excluding individuals who recently 
discontinued anticoagulants or restricting to individuals diag
nosed with AD during 2013–20, both cognitive and clinical out
comes aligned with those observed in the main analysis (see 
Supplementary data online, Figures S8–S9 and Supplementary 
data online, Tables S5–S6).

Analyses of non-linear MMSE trajectories (see Supplementary 
data online, Figure S10) and transformed MMSE scores (see 
Supplementary data online, Figure S11) similarly indicated a slower 
cognitive decline associated with NOAC use. Supplementary data 
online, Figure S12 presents the cumulative incidence of first deviation 
from baseline exposure during follow-up, with warfarin users exhibit
ing a notably higher occurrence of exposure change than the other 
two groups. Nevertheless, per-protocol analyses for clinical out
comes yielded results consistent with the main analysis, with a larger 
effect size for mortality (see Supplementary data online, Table S7).

Discussion
In this nationwide cohort of patients with incident AD and pre- 
existing AF, compared with non-use of anticoagulants, use of 

NOACs, but not warfarin, was significantly associated with 
slower cognitive decline. Both NOAC and warfarin use were as
sociated with lower rates of ischaemic stroke/systemic embol
ism and all-cause mortality. Additionally, NOAC use was 
associated with a lower rate of fracture, while warfarin use 
was associated with a higher rate of major bleeding. In direct 
comparison with warfarin, NOAC use was associated with 
slower cognitive decline, as well as lower rates of ischaemic 
stroke/systemic embolism and major bleeding (Structured 
Graphical Abstract).

Despite the high prevalence of AF among patients with AD,3

to the best of our knowledge, no prior research has investigated 
the impact of anticoagulation on cognition in this population. In 
our study, NOAC use was associated with a modest but statistic
ally significant attenuation in MMSE score decline (about 0.2 
points/year), compared with either non-use of anticoagulants 
or use of warfarin, with no significant difference observed be
tween the latter two. This difference is comparable to previously 
reported estimates for cholinesterase inhibitors,38 a symptom
atic treatment for AD, and may have meaningful implications 
at the population level. Most existing observational studies 

Figure 2 Estimated MMSE score trajectories by oral anticoagulant use. MMSE, Mini-Mental State Examination; NOAC, non-vitamin K 
oral anticoagulant. Marginal mean values of MMSE score were estimated based on the final model in Table 2
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relied on clinically diagnosed dementia as the outcome and indi
cated a protective role of anticoagulants against dementia risk,8

with NOACs potentially favoured over warfarin.9,10 However, 
the overall certainty of the evidence remains low.8,9 Few studies 
have utilized longitudinal data to assess cognitive trajectories. 
Notably, a 7-year follow-up study by Armentaro et al. in older 
patients with AF reported less cognitive decline among NOAC 
users compared with those initiating VKAs,39 which aligns 
with our findings in patients with coexisting AF and AD.

A meta-analysis of over 90 000 patients with AF, including 
four pivotal phase 3 trials where cognition-related adverse 
events were collected as safety outcomes, suggested that 
NOAC use may reduce the risk of cognitive impairment 
compared to warfarin or aspirin, particularly in studies with 
follow-up exceeding 1 year.40 Nevertheless, two randomized 
controlled trials specifically designed to evaluate the cognitive 
benefits of dabigatran vs warfarin in patients with AF without 
dementia found no significant difference over a 2-year peri
od.11,12 Both trials featured well-managed warfarin therapy 
but were limited by small sample sizes (≤200 participants) and 
relatively short follow-up durations, potentially restricting their 
statistical power. The BRAIN-AF trial comparing rivaroxaban 

with standard care for preventing stroke and cognitive decline 
was terminated early due to futility;13 however, it enrolled 
younger patients (30–60 years) with AF who had low stroke 
risk and preserved cognitive function, which limits its generaliz
ability to higher-risk populations. A definitive causal link be
tween NOAC use and cognitive outcomes requires further 
investigation, particularly in high stroke risk and/or cognitively 
vulnerable patients.

Several interrelated pathways highlight a vital role of coagula
tion processes in cognitive function. First, anticoagulants pre
vent clot formation and reduce the incidence of both overt 
strokes and subclinical brain infarcts, which are well-recognized 
contributors to cognitive decline.8 Second, anticoagulant use 
may improve cerebral perfusion and maintain blood-brain bar
rier integrity, thereby supporting neurovascular health.41

Third, there is extensive cross-talk between coagulation and in
flammation,42 and inhibition of thrombin generation and fibrin 
deposition ameliorates neuroinflammation.23 Fourth, growing 
evidence implicates the coagulation cascade as a molecular 
link between vascular and Aβ-related pathology in AD.43 The 
co-deposition of fibrin and Aβ impairs fibrinolysis and Aβ clear
ance.44,45 Importantly, pharmacological strategies such as 

A B

C D

Figure 3 Weighted cumulative incidence of clinical outcomes by oral anticoagulant use. NOAC, non-vitamin K oral anticoagulant

Oral anticoagulants in AF and Alzheimer’s disease                                                                                                                                     13
D

ow
nloaded from

 academ
ic.oup.com

/eurheartj/advance-article/doi/10.1093/eurheartj/ehag584/8758725 by guest on 20 August 2026



fibrinogen reduction,18 blockade of Aβ-fibrin interaction,21 and 
particularly thrombin inhibition with dabigatran,23 have been 
shown to attenuate amyloid burden and improve cognition in 
AD mice. Of note, the differences observed between NOACs 
and warfarin may be attributed to both pharmacological me
chanisms and medication adherence. In this study, warfarin 
users had a substantially higher occurrence of treatment devia
tions than NOAC users, possibly reflecting the greater manage
ment burden of warfarin therapy. Such adherence differences 
affect anticoagulation control and may partly explain the more 
favourable real-world outcomes with NOACs, while also high
lighting the practical advantages of NOAC therapy.

In addition to cognitive outcomes, this study assessed the 
comparative effectiveness and safety of anticoagulants in pa
tients with AF and AD. Compared with non-use of anticoagu
lants, both NOAC and warfarin use were associated with 
lower rates of ischaemic stroke/systemic embolism and all- 
cause mortality, with more pronounced associations for 
NOACs. A meta-analysis similarly suggested benefits of oral an
ticoagulation vs non-use in patients with AF and dementia.46

The finding that use of warfarin, but not NOACs, was associated 
with a higher rate of major bleeding compared with no anticoa
gulation warrants consideration. About half of the patients in 
the non-user group received antiplatelet agents, which are 
known to increase bleeding risk and may obscure differences 
in major bleeding that would otherwise be observed when com
pared with non-use of antithrombotic drugs. This interpretation 
is supported by the AVERROES trial, in which apixaban reduced 
stroke risk compared with aspirin without a significant increase 
in major bleeding among patients with AF unsuitable for VKA 
therapy.47 Residual and unmeasured confounding can also influ
ence the comparisons, as non-use of anticoagulants in our co
hort may reflect clinical concerns such as bleeding risk, fall 
risk, comorbidity burden, and frailty, which are difficult to fully 
capture in register data. Consequently, comparisons with 
non-users should be interpreted with caution but remain im
portant in studies reflecting routine clinical practice.

Comparison between two active regimens with similar clinical 
purposes is less prone to confounding by indication. We found 
that NOAC use was associated with lower risks of ischaemic 
stroke/systemic embolism and major bleeding than warfarin. 
These findings align with existing evidence supporting the super
ior effectiveness and non-inferior safety of NOACs in older 
adults with AF,48 though the associations are less certain in AF 
patients with dementia.46 The effect size for ischaemic stroke/ 
systemic embolism appeared larger in our study (HR 0.78; 95% 
CI 0.62–0.98) than in a meta-analysis of four pivotal NOAC trials 
(HR 0.92; 95% CI 0.83–1.03),49 which could be due to differ
ences in patient characteristics, treatment regimens, and adher
ence patterns, in addition to residual confounding. Specifically, 
unlike those pivotal trials conducted in the general AF popula
tion, our study focused on patients with coexisting AF and AD. 
Prior research found that before the widespread use of 
NOACs in Sweden, only 27% of dementia patients with AF 
were treated with warfarin, while most received antiplatelet or 
no antithrombotic treatment.3 In the present cohort, 54% re
ceived anticoagulants (31% warfarin, 23% NOACs), indicating 
that, although undertreatment persists, anticoagulant use has 
improved in this population. Given the challenges of managing 
warfarin in individuals with cognitive impairment, our findings 

support the preferential use of NOACs in patients with AF and 
AD, in line with recommendations for the general population.50

Although not statistically significant, our findings are direc
tionally consistent with previous research suggesting a lower 
fracture risk among NOAC users compared with warfarin.51,52

Individuals with AD are particularly vulnerable to fractures, 
which relates to adverse clinical outcomes.53 The impact of an
ticoagulation on bone health remains uncertain. Concerns about 
warfarin arise from its antagonism of vitamin K-dependent pro
cesses involved in bone formation, though population-based 
studies have yielded mixed results.54 In contrast, NOACs do 
not interfere with these pathways and have shown a favourable 
bone-safety profile.54 Furthermore, our study found NOAC use 
to be associated with slower cognitive decline, a known risk fac
tor for falls and fractures. Taken together, NOACs may be a 
safer option regarding fracture risk, which could be an important 
consideration in the management of older adults with both AF 
and AD.

NOACs are now the first-line therapy for stroke prevention in 
AF and have largely replaced warfarin. Our study in patients 
with AF and AD suggests more favourable thromboembolic 
and bleeding outcomes with NOACs than with warfarin, consist
ent with findings in populations without dementia.48,49 We also 
found a slower rate of cognitive decline associated with NOAC 
use, but further studies are warranted. While awaiting more evi
dence on cognitive outcomes, anticoagulation decisions should 
remain primarily guided by stroke prevention rather than antici
pated cognitive benefit. Overall, these findings support NOACs 
as preferred over warfarin in patients with AF and AD in con
temporary clinical practice.

Strengths and limitations
Strengths of this study include a large cohort of individuals with 
both AF and AD, comprehensive data on diagnoses and pre
scriptions, and, notably, longitudinal assessments of cognitive 
function. Several limitations should be acknowledged. First, be
cause anticoagulation treatment is typically initiated before an 
AD diagnosis in patients with AF, our analyses were based on 
ongoing anticoagulant use at the index date rather than a 
new-user design. An alternative approach would be to evaluate 
the effects of anticoagulant continuation/discontinuation 
among treated patients, which would require a larger accrued 
population of patients with AF and AD. Second, although we 
used IPTW to balance observed covariates, unmeasured or re
sidual confounding cannot be ruled out. In routine care, anti
coagulant use is influenced by not only clinical judgment (e.g. 
stroke risk, bleeding risk, functional status, and frailty) but also 
patient preference and medication uptake, factors not fully cap
tured in health registers. Some differences between our 
population-based study of patients with AF and AD and existing 
clinical trials in AF may partly reflect residual confounding, but 
should also be interpreted in the context of both methodological 
and clinical differences. Third, anticoagulant exposure was esti
mated with assumptions, and constant exposure was assumed 
throughout follow-up; while exposure changes were common, 
results from per-protocol sensitivity analyses were largely con
sistent. Fourth, cognitive assessments were obtained from rou
tine clinical practice, leading to variability in the number and 
timing of MMSE tests. Given that attrition was likely not 
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random, we applied IPCW to mitigate potential bias. Fifth, some 
degree of misclassification of diagnosis-based outcomes is inev
itable in register-based studies. However, there is no strong rea
son to expect systematic differences by anticoagulant group in 
this study; thus, any largely non-differential misclassification 
would be expected to attenuate associations towards the null. 
Finally, we were unable to evaluate the effects of individual 
NOAC agents due to insufficient statistical power. Our analyses 
focused on AD and mixed AD dementia, while other dementia 
subtypes with distinct pathophysiological mechanisms were 
not examined. Further studies are needed to confirm and extend 
our findings.

Conclusions
Among patients with incident AD and pre-existing AF, NOAC 
use was associated with modestly slower cognitive decline com
pared to non-use of anticoagulants or use of warfarin, with no 
significant difference between the latter two groups. Both 
NOAC and warfarin use were associated with lower rates of is
chaemic stroke/systemic embolism and mortality relative to 
non-use, with stronger associations for NOACs. Moreover, 
NOAC users experienced a lower rate of fracture, whereas war
farin users experienced a higher rate of major bleeding.

Supplementary data
Supplementary data are available at European Heart Journal online.
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