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Abstract

preventing AF-associated cognitive decline.

Atrial fibrillation (AF), the most common cardiac arrhythmia in the elderly population, has been associated with an
impairment of cognitive function and an increased risk of dementia. Even though there does not appear to be solid
evidence that any specific treatment prevents or delays AF-associated cognitive decline, evidence is accumulating
regarding the possible treatment strategies for preventing dementia. Oral anticoagulation, especially non-vitamin

K antagonist oral anticoagulants rather than warfarin use, has been suggested to be associated with reduced risk
of dementia. Successfully maintaining sinus rhythm using catheter ablation might be also helpful in preventing
subsequent dementia in patients with AF. In this review, we critically appraise the proposed treatment strategies for
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Introduction

Atrial fibrillation (AF) is the most common sustained car-
diac arrhythmia, especially in elderly population [1-4].
AF increases the risk of mortality and morbidity resulting
from stroke, congestive heart failure, and impaired qual-
ity of life, explaining its enormous socioeconomic and
healthcare implications [3]. The age distribution of AF
among populations of developed countries is predicted to
shift in coming years, with an expected increase in preva-
lence among the elderly. The fact that AF prevalence has
progressively risen 2.10-fold over the past 10 years in
Korea, with an increase to 8.15% in patients > 80 years of
age, supports this predicted progression [4].

There are approximately 50 million people living
with dementia worldwide, and this number is expected
to increase to 152 million by 2050, with a rising aged
population [5, 6]. Although the pathophysiological
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mechanisms of dementia are largely unknown, evidence
is accumulating that AF may contribute to the develop-
ment of cognitive dysfunction and dementia, even with-
out overt stroke [7-11]. In this review, we summarize the
evidence linking AF to dementia and critically appraise
potential treatment strategies for preventing AF-associ-
ated cognitive decline.

AF and dementia
AF linked to increased risk of dementia
The Rotterdam Study demonstrated that cognitive dys-
function was approximately twice as common in sub-
jects with AF as in those without [10]. However, the
cross-sectional design of that study precluded definitive
conclusions regarding a causal relationship. Since then,
several longitudinal studies have investigated the associa-
tion between AF and incident dementia, with inconsist-
ent results: some studies found that AF was associated
with an increased risk of cognitive decline or dementia
[7, 9, 11], whereas others found no association [12, 13].
Data regarding the association of atrial fibrillation with
risk of dementia are summarized in Table 1.

Kim et al. investigated the association of incident
AF with the development of incident dementia was
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Table 1 Association between atrial fibrillation and dementia
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Study (Year of publication) Follow-up Age (years) of Types of dementia Incidence of dementia Increased dementia risk
duration population (mean or for AF (OR or HR [95%
(years) median) AF No AF  ¢yp)
Ottetal [10] Cross-sectional  67.9 All-cause - - 23(1.4-3.7)
(1997) AD - - 18(1.0-33)
VaD - - 1.9 (0.6-5.5)
Bunch et al. [7] (2010) 53 60.6 All-cause 3.3% 1.3% 1.44
AD 1.5% 0.7% 1.06
SD 1.6% 0.6% 1.39
VaD 0.9% 0.3% 1.73
Dublinetal [11] (2011) 6.8 743 All-cause 4.8%/yr 2.5%/yr  1.38(1.10-1.73)
AD 3.8%/yr 2.0%/yr  1.50(1.16-1.94)
Marengoni etal.[12] (2011) 4.0 78 All-cause 7.2%/yr 6.4%/yr 0.9 (0.5-1.7)
AD 5.5%/yr 52%/yr 0.8 (04-15)
Kim et al. [8] (2019) 72 717 All-cause 4.1%/yr 2.7%/yr  1.52(1.43-1.63)
AD 2.2%/yr 1.6%/yr  1.31(1.20-143)
VaD 1.1%/yr 0.5%/yr  2.11(1.85-2.41)

AD Alzheimer’s disease, AF atrial fibrillation, CI confidence interval, HR hazard ratio, OR odds ratio, SD senile dementia, VaD vascular dementia

assessed in 262,611 dementia- and stroke-free par-
ticipants aged > 60 years in the Korea National Health
Insurance Service-Senior cohort [8]. The incidence of
dementia was 4.1 and 2.7 per 100 person-years in the
incident AF and propensity score matched AF-free
groups, respectively. The risk of dementia was signifi-
cantly increased with a hazard ratio (HR) of 1.52 by
incident AF, being analyzed as a time-varying factor to
avoid immortal time bias. The association was consist-
ent with even after additionally censoring participants
at the time of an incidence of stroke with a HR of 1.27.
AT increased the risk of both Alzheimer’s disease (HR
1.31) and vascular dementia (HR 2.11) (Fig. 1). Given
the relationship between AF and stroke, vascular com-
ponents may be an obvious contributor to cognitive
decline, encompassing both multi-infarct dementia and
small vessel disease dementia [10, 14]. It remains possi-
ble that asymptomatic strokes explain the link between
AF and dementia [15]. Also, AF has been identified
as a risk factor for Alzheimer’s disease, the most com-
mon type of dementia in overall and AF population [7,
11, 14]. In the majority of cases, the brains of Alzhei-
mers’ disease have vascular microinfarcts, white mat-
ter lesions, or vessel wall alterations [16]. Increased
beta-amyloid and hyperphosphorylated tau reactivity
in both infarcted and adjacent brain areas were fol-
lowed experimentally induced cerebral microemboli
in aged rats, suggesting a possible association with
Alzheimer’s pathophysiology [17]. Vascular risk fac-
tors have been linked to risk for Alzheimer’s disease in

Association between AF and Dementia
2.5 - x2.11
2 .
o x1.52
% 15 4 § 131
z
£ |ieen
- 11—
2
7]
=
T 0.5 -
<
0 t t } |
No AF All AD VvaD
AF
Fig. 1 Risk of dementia according to AF status. Modified from Kim
et al. [8]. AD Alzheimer's disease, AF atrial fibrillation, C/ confidence
interval, HR hazard ratio, VaD vascular dementia

many epidemiological studies [16, 18]. These evidences
have suggested a role for cerebrovascular disease in
the onset and progression of Alzheimer’s disease, and
the vascular attributes might help explain the associa-
tion between AF and the increased risk of Alzheimer’s
disease.
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Lower risk of dementia with anticoagulation
Lowering the risk of dementia with oral anticoagulation
Evidence is accumulating that the pathogenesis linking
AF to dementia is likely multifactorial and silent cer-
ebral infarction including silent stroke plays a central
role [19]. The prospective, population-based Rotterdam
Scan Study indicated that patients with silent cerebral
infarcts visualized on magnetic resonance imaging was
associated with doubled risk of dementia compared to
those without such lesions [20]. Even though there are
no randomized data examining the efficacy of oral anti-
coagulation preventing dementia in individuals with AF,
growing evidence from recent observational data sug-
gests an effectiveness of oral anticoagulant (OAC) to
lower the risk of AF-related dementia although prevent-
ing dementia is not the primary focus of OAC treatment
(Fig. 2) [8, 21-23]. Kim et al. reported that OACs had a
preventive effect on dementia with an HR of 0.61 among
patients with incidental AF. In the study, OAC treatment
was associated with the decreased risk of both Alzhei-
mer’s disease (HR 0.53) and vascular dementia (HR 0.77)
[8]. A nation-wide Swedish cohort study by Friberg and
Rosenqvist found that patients with AF who received
OAC treatment had a 29% lower risk of dementia than
those with AF who were not prescribed OACs [21]. In
the study, the benefit of OAC treatment appeared to be
more prominent as it had been initiated since the initial
diagnosis of AF, suggesting a dose—response relation-
ship between time without OAC and the development
of dementia. The same authors also reported that AF
patients with low stroke risk without non-gender risk fac-
tors (men with CHA,DS,-VASc score 0 or women with
1) who use OACs appeared to have lower risk of demen-
tia than those who do not use OACs, suggesting the
benefit of OAC even in patients with low risks [22]. An
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observational study using the UK primary care data found
that the use of OAC was associated with a lower risk of
new-onset dementia with a HR of 0.90 [23]. The study
found a significant association with OAC use and lower
risk of vascular dementia compared to non-OAC use
(HR 0.89) whereas there was no statistically significant
association between OAC use and risk of Alzheimer’s
disease. These results support the hypothesis of silent
cerebral infarcts contributing to cognitive decline in AF.

Higher benefit of NOAC than warfarin in dementia
prevention

A substudy of the Atrial Fibrillation Clopidogrel Trial
With Irbesartan for Prevention of Vascular Events
(ACTIVE) trial found that ineffective anticoagulation
(a lower time in therapeutic range [TTR]) among war-
farin users with AF was related to a higher risk of cog-
nitive dysfunction [24] and dementia [25, 26]. There is
a concern about a higher risk of microbleed in patients
receiving warfarin treatment, especially in those with
labile international normalized ratios. [27] Microbleed
may cause chronic cerebral injury and eventually lead to
dementia [28]. The non-vitamin K antagonist oral anti-
coagulants (NOACs) may mitigate the difficulty of main-
taining TTR with a more predictable pharmacokinetic
profile, and improved effectiveness, safety, and conveni-
ence compared to warfarin. A meta-analysis of the four
pivotal phase 3 trials comparing NOACs to warfarin
demonstrated that the NOACs were associated with a
significant risk reduction in terms of overall stroke and
systemic emboli [29], with a greater effect observed in
Asians compared to non-Asians [30]. Also with the more
predictable pharmacokinetics providing steady therapeu-
tic levels, it has been hypothesized that NOAC could fur-
ther reduce the risk of dementia relative to warfarin.

) OAC No OAC Dementia Risk
Database Patient Type of HR (95% Cl)
(Year of publication) Group  Dementia N of N of R N of N of °
Patients Dementia Patients Dementia Favors OAC Favors No OAC
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8
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Fig. 2 Risk of dementia in patients with AF using oral anticoagulants or not in data from Asian and European populations. AD Alzheimer's
disease, IR incidence rate, OAC oral anticoagulant, THIN The Health Improvement Network, VaD vascular dementia. *Not presented in the article.
tCHA,DS,-VASc 0 (male) or 1 (female). fIncidence rates and hazard ratios were inverse probability of treatment weighted




Kim et al. Int J Arrhythm (2021) 22:17

Data from Asian, European, and North American
population-based cohorts regarding the risk of dementia
according to oral anticoagulant regimens are summarized
in Fig. 3. Two US cohort studies supported the hypoth-
esis with a lower incidence of dementia of NOAC users
compared with warfarin users [31, 32]. In contrast, stud-
ies from Swedish and Danish nation-wide cohorts and
UK primary care database found comparable incidences
of dementia when comparing warfarin and NOAC users
[21-23, 33]. A meta-analysis including six randomized
controlled trials and two observational studies reported
that the use of NOACs was associated with a lower risk
of cognitive impairment in comparison to warfarin/ace-
tylsalicylic acid with a pooled HR of 0.80 [34]. Recently,
Kim et al. reported that NOAC use was associated with
reduced risk of dementia compared with warfarin using
Korean nation-wide cohort. [35] This study enrolled new
OAC users with non-valvular AF aged > 60 years in the
Korean national health insurance service database and
used inverse probability of treatment propensity score-
weighting to compare the rates of dementia between
NOAC and warfarin users and to perform pairwise com-
parisons of three individual NOACs and warfarin. In
the Korean nation-wide cohort study, the incidence of
dementia was defined as dementia diagnosis (using fol-
lowing International Classification of Disease 10th Revi-
sion codes codes: FOO or G30 for Alzheimer’s dementia,
FO1 for vascular dementia, FO2 for dementia with other

Page 4 of 7

diseases classified elsewhere, and FO3 or G31 for unspeci-
fied dementia) combined with use of one or more of the
following dementia drugs: rivastigmine, galantamine,
memantine, or donepezil. The definition of dementia
outcome was previously validated with a positive pre-
dictive value of 94.7% [36]. Use of NOACs was associ-
ated with a 22% lesser risk of dementia compared with
warfarin. When comparing each individual NOAC with
warfarin, the risks of dementia were consistently lower in
all individual NOAC groups than in the warfarin group;
dabigatran (HR 0.81), rivaroxaban (HR 0.73), and apixa-
ban (HR 0.70). The associations were more prominent
among NOAC users on standard dosages. In pairwise
comparisons among NOACSs, rivaroxaban was associated
with decreased dementia risk, compared with dabigatran
(HR 0.83). However, considering the induction period
for dementia development, the durations of follow-up in
those observational studies were relatively short (mean:
1.7 to 5.9 years), which may not be long enough to detect
a differential effect of treatment regimen on dementia
development. Large longitudinal studies with longer fol-
low-up time are needed to clarify the effect of NOACs
on cognitive function, and currently several randomized-
controlled clinical trials focusing on the impact of
NOACs and warfarin on cognitive outcomes in patients
with AF have been initiated (ClinicalTrials.gov identifiers
NCT01994265 and NCT03061006).

Database . NOAC Warfarin Dementia Risk
(Years of Publication) Patient Group Method Total Incidence Total Incidence HR (85% Ch Favors NOAC Favors Warfarin
S PSM 10193 3.49 10193 5.01 0.78 (0.68-0.90) HEH i
IPW+ 28693 3.70 24553 3.75 0.85 (0.77-0.93) (=
é‘ggf)" NHIS? Dabigatran PSM 6371 413 6371 501  0.81(0.68-0.97) ._EH
Rivaroxaban PSM 7643 3.33 7643 5.14 0.73 (0.61-0.88) HEH i
Apixaban PSM 4948 3.94 4948 6.49 0.70 (0.56-0.88) e é
Age 60-69 years* 6846 0.11 4332 0.12 0.92 (0.48-1.76) l—9§—|
(E;%T;;‘ national registers™ 00 70 79years*  IPW 8126 0.64 5387 078  0.86 (0.68-1.09) .—e~4
Age > 80 years* 6339 2.16 3653 170 1.31(1.07-1.59) e
Swedish national registers'.22 Overalif PSM 7349 - 7349 - 0.97 (0.67-1.40) |—4—4
(2018, 2019) Low risk§ PSM 2528 0.42 2528 0.74  0.47(0.18-1.22) l—e—.—4
US MarketScan Dabigatran 45439 1.96 45439 2.45 0.79 (0.71-0.88) e+ :
+ Optum Clinformatics®! Rivaroxaban PSM 60178 222 60178 2.73 0.79 (0.63-0.99) —e—
(Ot Apixaban 30218 2.75 30218 3.26 0.73 (0.52-1.02) —e—i
UK THIN database? (2020)  Overall{] IPW+ 4657 1.28 12880 129  0.89(0.70-1.14) —AH
025 05 1 2 4
Fig. 3 Risk of dementia according to oral anticoagulant regimens in data from Asian, European, and North American populations. C/ confidence
interval, HR hazard ratio, IPW inverse probability of treatment weighting, NHIS National Health Insurance Service, PSM propensity score matching,
THIN The Health Improvement Network. Incidences were presented as rates per 100 person-years. *Includes dabigatran, rivaroxaban, and apixaban
users. tincidences and hazard ratios were propensity weighted. $Types of NOAC and incidences of dementia were not presented in the article.
§CHA,DS,-VASc 0 (male) or 1 (female). fincludes dabigatran, rivaroxaban, apixaban, and edoxaban users
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Fig.4 A Cumulative incidence curves of overall dementia in propensity-matched patients undergoing ablation or medical therapy and B risk of
dementia in propensity score-matched patients undergoing ablation or medical therapy. Modified from Kim et al. [47]. Alzheimer’s disease, AF atrial
fibrillation, C/ confidence interval, HR hazard ratio, Tx treatment, VaD vascular dementia

Lower risk of dementia with catheter ablation
Relationship between cognitive function and AF ablation
There is a peri-procedural stroke risk as well as a risk
of silent ischemic brain lesions without correspond-
ing neurological symptoms among patients undergoing
ablation for AF [37, 38]. However, a direct association
of silent cerebral embolism with a decline in neurocog-
nitive function is unproven [39], and many will resolve
to the point of being undetectable after weeks or months.
The AXAFA-AFNET 5 study comparing apixaban and
warfarin in patients undergoing AF ablation reported
that acute small brain lesion were found using a high-
resolution brain magnetic resonance imaging in 20-30%
of patients undergoing a first ablation. Interestingly, the
same study found an improved cognitive function as
measured by Montreal Cognitive Assessment (MoCA)
at 3 months after ablation compared to baseline [40].
In line with this result, a recent prospective study by Jin
et al. demonstrated an improvement of MoCA scores
assessed 1 year after ablation [41].

AF ablation might reduce the risk of dementia

A previous study by Friberg et al. showed AF ablation
might be associated with lower incidence of ischemic
stroke, especially in patients with higher thrombo-
embolic risk [42]. By reducing AF burden and subse-
quent atrial reverse remodeling [43], AF ablation may
reduce silent cerebral infarcts and potentially improve
perfusion of the brain. However, neither CABANA nor

CASTLE-AF reported cognitive outcomes [44, 45].
Bunch et al. reported patients ablated for AF have a sig-
nificantly lower risk of dementia in comparison with
age-/gender-matched AF patients without ablation [46].
Using a Korean nation-wide cohort, Kim et al. com-
pared the risk of dementia between 9119 patients under-
going ablation and 17,978 patients managed with medical
therapy therapy (antiarrhythmic or rate control drugs)
[47]. During a median follow-up of 52 months, compared
to patients with medical therapy, ablated patients showed
a 27% reduced risk of overall dementia (Fig. 4). Ablation
was associated with lower risk of both Alzheimer’s dis-
ease and vascular dementia. Interestingly, the protective
effect of ablation against dementia was strongly observed
for the ablation success group, in whom the sinus rhythm
was likely maintained. The authors inferred that the res-
toration of sinus rhythm, not the ablation procedure
itself, was the important mechanism. However, in the
claim-based database the study used, repeated ablation,
cardioversion, and antiarrhythmic drug use were the only
indices of post-ablation AF recurrences; thus, the actual
burden of AF and its impact on cognitive dysfunction was
unknown. The findings from an observational study can-
not be used to establish causal relationships and residual
confounding is likely to persist even after propensity
score matching and weighting used in the study. It was
impossible to determine the exact reasons for undergo-
ing catheter ablation instead of medical treatment, which
may introduce potential bias, and the potential remains
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for unmeasured confounders to have influenced the find-
ings. Catheter ablation to reduce or eliminate AF should
be further evaluated with a randomized-controlled trial
with accurate determination of the residual burden of AF
and specific measures of cognitive function [48].

Conclusions

Incident AF has been linked to an increased risk of cog-
nitive dysfunction and dementia, independent of clini-
cally overt stroke, suggesting that silent cerebral infarcts
may contribute to the AF-related cognitive decline.
Unfortunately, there are no randomized data examin-
ing the efficacy of various therapies or of individualized
management in preventing dementia in individuals with
AF. Accumulating evidence suggests that OAC use was
related to a decreased incidence of dementia. In par-
ticular, NOAC use was associated with a reduced risk of
dementia compared with warfarin. Successful catheter
ablation well maintaining sinus rhythm might be helpful
in preventing dementia in patients with AF.
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