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Atrial fibrillation (AF) is one of the cardiovascular risk factors for dementia. Several
longitudinal studies have reported an association between AF and dementia
independently of stroke history. Although the mechanisms underlying this association
are not fully understood, proposed mechanisms include cerebral hypoperfusion,
inflammation, genetic factors, cerebral microbleeds, and recurrent silent cerebral
ischemia. Oral anticoagulation can be used to minimize risk of cognitive decline and
dementia, given that brain insults can be caused by chronic microemboli or microbleeds.
However, controversy on the effects of warfarin and direct oral anticoagulants on this risk
exists. This article will address these aspects, with data on the studies already published
and a critical view on this subject.
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INTRODUCTION

Epidemiological Data

Dementia can present with typical signs such as memory deficits and executive dysfunction,
interfering with daily life activities or atypical signs including pronounced clinical problems
(language, visual, practic, or executive problems) before memory impairment. The main cause
is Alzheimer’s disease (accounting for up to 75%) and the majority of patients are older more
than 65 years (Moschetti et al., 2012; Qiu and Fratiglioni, 2015; Scheltens et al., 2016). With the
improvement of health care diseases with target organ damage, such as the brain, vascular dementia
occurs in 10-20% of cases. It is estimated an increased prevalence of dementia, especially in
developing countries, where the population is younger than that of developed countries (Scheltens
et al,, 2016). There was a 117% increase in the number of individuals with dementia in the period
between 1990 and 2016, with the aging population and its growth. There is a pre-dominance in
women and dementia is the fifth cause of death in the world, with socioeconomic impact (GBD
2016 Disease Injury Incidence Prevalence Collaborators., 2017).
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The description of dementia dates back to 1906, when
a clinical and neuroanatomist psychiatrist, Alois Alzheimer,
reported “A peculiar process of severe cerebral cortex disease” in
a 50-years-old woman, who had progressive sleep and memory
disorders, aggression and confusion, evolving to death 5 years
later. Distinct plaques and neurofibrillary tangles were observed
in the histology of her brain. In 1910, Kraepelin, the Alzheimer’s
mentor, included “Alzheimer’s Disease” in the eighth edition of
his text Psychiatrie (Hippius and Neundérfer, 2003). There are
many well-recognized risk factors for dementia. Those that are
modifiable include diet, low educational attainment, physical and
mental inactivity, obesity, smoking, air pollution, hypertension,
diabetes, higher total serum cholesterol, cardiovascular diseases,
which altogether may account for 30% of the risk of dementia.
By contrast, non-modifiable risk factors include advancing age,
female, black ethnicity, and genetic factors (Norton et al., 2014;
Dagres et al., 2018; Ganguli et al., 2018).

Of the different cardiovascular diseases, atrial fibrillation (AF)
is a risk factor independently of stroke history (Tse et al,
2017). AF has been demonstrated by the electrocardiogram for
more than a century. It is an arrhythmia with a great public
health burden, constituting a worldwide epidemic. Its prevalence
increases with age, being approximately 3% in those with at least
20 years of age, reaching more than 13% in the elderly over 80
years. It is estimated that its current prevalence will increase from
8.8 million to around 18 million by 2060 (Rahman et al., 2014;
Kirchhof et al., 2016).

However, the first description of the relationship between
AF and dementia was made in a post-mortem case series of 48
patients with dementia, of which 47% presented history of AF
(Ratcliffe and Wilcock, 1985). This was subsequently confirmed
by the Rotterdam Study in 1997 (Ott et al., 1997). Since these
seminal reports, several longitudinal studies have reported a
significant association between AF and dementia (Jacobs et al.,
2015; Dagres et al., 2018). This may partly be due to the common
risk factors underlying both diseases, such as advanced age,
physical inactivity, alcohol consumption, hypertension, diabetes,
heart failure, vascular disease, renal failure, sleep apnea, and
genetic factor (Jacobs et al., 2015; Kirchhof et al., 2016).

MECHANISMS OF ATRIAL FIBRILLATION
LEADING TO DEMENTIA

Advanced age and systemic vascular risks contribute to an atrial
cardiomyopathic process with constant abnormal structural and
electrophysiological remodeling, predisposing to AF (He et al,,
2017; Tse et al, 2018a,b). Late life dementia coexists with
many other neuropathological processes, such as Lewy bodies,
neurofibrillary tangles, and hippocampal sclerosis; an additional
factor such as AF would accelerate these pathological processes,
reducing cognitive reserve (Kamel et al., 2016).

Although the mechanisms between AF and dementia are
not fully understood, the main mechanisms involved have been
reduced and intermittent cerebral perfusion during arrhythmia
or silent cerebral ischemia caused by thromboembolism and
inflammatory biomarkers. The beat-to-beat variations with

reduced cardiac output present in AF rhythm may result in
transient or chronic cerebral hypoperfusion. This hypothesis is
supported by evidence of low and high ventricular rate response
as predictors of dementia and a higher prevalence of cognitive
impairment in patients with heart failure and AF (Jacobs et al.,
2015; Rivard and Khairy, 2017).

Stroke and subclinical infarcts (evidenced by imaging
methods) due to hypercoagulable state, circulatory stasis and
endothelial injury may explain the association of AF and multi-
infarct dementia (Jacobs et al., 2015). The most vulnerable area
for developing cerebral microbleeds is the hippocampus, which
is also the area in which the damage is frequent in patients with
Alzheimer’s disease and AF. However, the relationship between
dementia and AF can occur independently of stroke.

The proinflammatory state is implicated in the genesis
and perpetuation of AF. In turn, inflammation potentiates
hypercoagulability and thrombus formation, predisposing to
stroke. The inflammatory markers identified were C-reactive
protein, interleukin (IL) IL-2, IL-6, and IL-8, tumor necrosis
factor alpha, among others (Dietzel et al., 2018).

Genetic factors have been studied and AF-related gene
(PITX2) was significantly associated with dementia. These
markers may help explain the paradoxical higher relative risk of
dementia in younger patients with AF (Jacobs et al., 2015; Rivard
and Khairy, 2017).

TRIALS ON ATRIAL FIBRILLATION AS A
RISK FACTOR FOR DEMENTIA

There is evidence of the association between dementia and AF
demonstrated by prospective and retrospective observational
studies, as well as by cross-sectional studies and by systematic
reviews and meta-analyzes.

Observational Studies
Previous longitudinal studies have included 377-37,025
participants, mean age between 61 and 88 years, clinical follow-
up of 2.2 years (mean) over 25 years, with hazard ratio of up 2.61
(Jacobs et al., 2015). For diagnosis of dementia, Mini-Mental
State Examination (MMSE) and cognitive test were performed.
For example, a study of 37,025 patients without dementia and
a follow-up of at least 5 years showed that patients younger
than 70 years of age had the highest relative risk of developing
Alzheimer’s dementia among those with AF (Bunch et al., 2010).
This shows that the association between dementia and AF is
more than an epiphenomenon due to pathological conditions
that share old age as a common risk factor. Cognitive decline
was also observed among 10% of 5,150 participants who had no
history of AF at the beginning of follow-up and who had AF over
7 years (Thacker et al., 2013). This demonstrates the interaction
of two hands between the two clinical conditions.

The link between AF and dementia appears to be independent
of cerebral vascular involvement. In a community cohort of 2,837
patients diagnosed with AF without cognitive dysfunction, or
stroke at baseline, with follow-up for a mean period of 4.5 years
showed that there was a relationship between the new dementia
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detection and arrhythmia independent of stroke (Miyasaka et al.,
2007). Another prospective population-based Rotterdam-study
with 6,514 participants free of dementia reported higher risk
of dementia among those <67 years of age and who had long
duration of AF (de Bruijn et al,, 2015). Cohort study of 332,665
AF patients without dementia demonstrated a dementia risk ratio
of 1.42 for a follow-up between 1996 and 2011 after adjusting
for age, gender, use of medication, and baseline differences (Liao
et al., 2015).

The Framingham Heart Study, a prospective cohort, single-
site, community-based study with 2,682 participants, investigated
the association of AF and cognitive decline using domain specific
neuropsychological test performance. Participants were free of
dementia and stroke at baseline and were underwent at least one
additional test after 1 year. There was a significant association
between AF with worse performance in executive function
tests, particularly in men. In addition, patients with AF had
a significant longitudinal decline in executive function, when
compared to those without AF (Nishtala et al., 2018). Moreover,
the Atherosclerosis Risk in Communities (ARIC) study, with
12,515 participants, found that 2,106 participants developed AF
and 1,157 participants developed dementia during a 20-years
follow-up. Participants who developed AF had greater cognitive
decline after adjustment for ischemic stroke. Furthermore, the
incidence of AF was associated with a 23% higher risk of
dementia (Chen et al., 2018).

The major cross-sectional studies on the association
between FA and mild cognitive impairment and/or dementia
are summarized in Table1, and the main prospective and
retrospective studies in Table 2.

Review and Meta-Analysis Studies

There are systematic reviews and meta-analyzes to assess the
association between AF and dementia. A systematic review of
three cross-sectional, two case-control and three prospective
studies, with direct comparison with patients in the control group
in sinus rhythm, reported the association between cognitive
impairment and AF. Patients with AF had a risk of 1.7-3.3 of
cognitive impairment and a 2.3 risk of dementia when compared
to patients without AF (Udompanich et al., 2013).

Three meta-analyses with prospective and cross-sectional
studies, including 46,637; 77,668 and 85,770 patients, also
demonstrated that there is a risk of dementia in those with AE,
with or without a history of stroke (Kwok et al., 2011; Santangeli
et al,, 2012; Kalantarian et al., 2013). The hazard ratios ranged
from 1.4 to 2.3 for the risk of dementia and from 1.7 to 3.3 for
cognitive decline. However, the risk of dementia and cognitive
decline is more modest in those without stroke at baseline
than in patients with AF and previous history of stroke. In
conclusion, several longitudinal and cross-sectional studies have
demonstrated the link between AF and cognitive impairment and
dementia. This positive association also remained significant in
multivariate analysis and there was a strong association between
AF and dementia in patients younger than 70-75 years old.

However, there are limitations on these studies as the
diagnostic criteria for cognitive impairment and the method of
detecting AF. It is necessary to distinguish between dementia and
mild cognitive impairment. In dementia, there is severe acquired

cognitive impairment interfering with social and/or occupational
life. When everyday activities are performed independently, yet
with modest difficulty in one or more cognitive domains, there is
a state of mild cognitive impairment (Hugo and Ganguli, 2014).
Although cross-sectional studies allow to verify the association
between AF and dementia, they fail to provide information on the
temporal sequence of these conditions. In addition, the diagnosis
time and the classification of the AF as well as the adherence to
the treatment are not always clarified.

EFFECT OF ORAL ANTICOAGULATION

Different interventions may be useful for targeting AF through
rate or rhythm control, or reduce systemic inflammation such
as statins, as well as anticoagulation. Although there is little
evidence on the effect of anticoagulation on silent cerebral
infarctions and the risk of cognitive decline, delayed use of
warfarin or its misuse relative to international normalized ratio
increases the risk of dementia (Dagres et al., 2018). Among
the hypotheses about the association between AF and dementia
there is the brain injury caused by chronic microembolism
or microbleeds. The use of oral anticoagulant demonstrated a
60% reduction in the risk of dementia in a study with 2,685
participants without dementia, mean age 73.1 years, during
which 11.4% had AF and 14.9% presented dementia during the
follow-up period 9 years (Ding et al., 2018). There is also an
influence on the quality of anticoagulation. A study of 2,605
patients, mean age of 73.7 years, median follow-up of 4 years
(maximum 9.9 years) showed that 109 had dementia. Those with
dementia were older and had a higher CHADS; score, in addition
to lower mean percent of time in therapeutic range (TTR). After
adjustment, as a continuous and categorical variable, TTR was
associated with an increased risk of dementia, with a hazard ratio
of up to 5.34, comparing TTR >75% with TTR equal to or <25%
(Jacobs et al., 2014).

However, there is interdependence between cognitive function
and adequate anticoagulation. A low score in the MMSE is an
independent predictor of an international normalized ratio out
of range. In a study of 2,510 patients with a mean age of 71 years
from 27 countries, for each 1-point decline in MMSE baseline
score between 30 and 25, there was a 1-point reduction in TTR.
Moreover, the reduced MMSE scores were associated with an
increased risk of bleeding and vascular events during follow-up
of 1.3 years (Flaker et al., 2010).

By contrast, a recent systematic review of 19 studies
published up to November 2014 including 15,876 participants,
demonstrated a modest protective effect of oral anticoagulation,
however without decreasing the rate of dementia in patients with
AF (Moffitt et al., 2016). The authors of this review commented
on the substantial risks of bias, such as sample size, follow-up
time, cognitive decline by other mechanism, inclusion of patients
using antiplatelet agents, among others.

With a larger population and a more appropriate selection,
a more recent meta-analysis with of 471,057 participants
with AF and under oral anticoagulation demonstrated that
anticoagulation was associated with a significant reduction in
cognitive impairment. Moreover, comparing non-vitamin K oral
anticoagulants (NOAC) and warfarin, NOAC group significantly
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TABLE 1 | Main cross-sectional studies.

Study (year) Number of patients Age (years)

Diagnosis screening of

Results

dementia or Cl

Ott et al. (1997) 6,584 (195 with AF) 69.2
Jozwiak et al. (2006) 2,314 (hospitalized) 76
Elias et al. (2006) 1,011 men (59 with AF) 61

Kawabata-Yoshihara 1,524 (37 with AF) > 65

et al. (2012)

Di Nisio et al. (2015) 784 (103 with AF)

Alonso et al. (2017) 6,432 (611 with AF) 76 (no AF); 79
(with AF)

MMSE score < 26

MMSE score < 24
Neuropsychological testing

DSM-IV criteria

DSM-IvV

Neurocognitive battery

Positive associations of AF with both dementia (odds
ratio 2.3) and ClI (1.7)

Positive association of AF with CI (odds radio 1.56)

Significantly lower mean levels of cognitive performance
in men with AF.

Odds ratio for dementia in participants with AF was 2.8

AF was associated with 2.0-fold increase in vascular
dementia and 1.72-fold increase in AD

AF was associated with increased odds of dementia
(2.25) and CI (1.28).

Age, mean or limit; Cl, cognitive impairment; AF, atrial fibrillation;, MMSE, mini-mental state examination; AD, Alzheimer’s disease; DSM, diagnostic and statistical manual of mental

disorders.

reduced the occurrence of dementia and there was increased risk
of bleeding with warfarin (Cheng et al., 2018). Therefore, brain
microhemorrhages may have implications in the mechanism of
dementia. Anticoagulation in the supratherapeutic range has
been associated with the risk of dementia in patients with AF.
Furthermore, patients taking NOAC had a low combined risk of
dementia and stroke (Madhavan et al., 2018).

Another major meta-analysis, including studies published
through February 2018, including 13,484,202 patients with AF,
demonstrated that vitamin K antagonists reduced the risk of
dementia and cognitive decline by 23% when compared to the
group without oral anticoagulation. Despite the influence of the
highest TTR on that reduction, the strength of evidence was low
(Mongkhon et al., 2018).

As a result of these controversies, blind and randomized
studies are important to verify the role of oral anticoagulation in
the prevention of dementia. One ongoing study is the Blinded
Randomized Trial of Anticoagulation to Prevent Ischemic
Stroke and Neurocognitive Impairment in AF (BRAIN-AF)
(NCT02387229). Participants with non-valvular AF will be
submitted to MMSE and other tests to rule out dementia prior
to randomization. The efficacy and safety of rivaroxaban 15 mg
with matching acetylsalicylic acid—placebo or acetylsalicylic acid
100 mg with matching rivaroxaban-placebo will be compared for
stroke reduction, transient ischemic attack and neurocognitive
decline. There is another study titled “Impact of Anticoagulation
Therapy on the Cognitive Decline and Dementia in Patients With
Non-Valvular Atrial Fibrillation (CAF)” randomized, which will
compare the use of dabigatran and warfarin in 120 patients to
assess the cognitive decline through neurological examination
and cognitive testing. The first 10 patients from each treatment
group will be submitted to cranial magnetic resonance at baseline
and at 24 months post-anticoagulation (US National Library of
Medicine, 2017a).

CURRENT RESEARCH GAPS

In addition to the controversies previously mentioned, there
are other gaps in this field of knowledge, such as the type of

cognitive test used for the diagnosis of dementia, the longitudinal
association and the presentation of AF with specific types of
dementia. The influence of treatment on cognitive impairment
is another knowledge gap. There is a risk of bleeding with
the use of oral anticoagulants. Therefore, there was the advent
of percutaneous exclusion of the left atrial appendage as a
method to reduce stroke in patients who have contraindication to
anticoagulation (Chanda and Reilly, 2017). Due to complications
related to the procedure and the operator’s experience, this
field is still under development. However, there are no studies
demonstrating about these devices and the risk of dementia.

Atrial fibrillation catheter ablation in a population-based
propensity-to-match score reduced stroke and mortality risk
(Saliba et al., 2017). However, the non-ablation group was
older, with a higher proportion of arterial hypertension, vascular
disease and heart failure, while the ablation group had a
higher proportion of patients taking rhythm control medications,
beta-blocker, and anticoagulant medications. The effect on the
cognitive function of catheter ablation is unknown although
ablation is associated with additional silent brain lesions.
Neurocognitive dysfunction may occur, with a prevalence of
13-20% within 90 days after the procedure (Medi et al.,
2013). There are no published studies on the influence of this
treatment on reducing the incidence of cognitive decline or
dementia. There is a randomized trial in progress with the
secondary objective of assessing the effects of ablation and
antiarrhythmic on cognitive function (US National Library of
Medicine, 2017b).

POTENTIAL FUTURE DEVELOPMENTS

Given that there are many factors in common between AF
and dementia, the interrelationships between these conditions
are not yet fully elucidated and more studies are needed.
Large prospective multicenter studies are also required to
examine the impact of warfarin, direct oral anticoagulants,
statins, rhythm and rate control, and left atrial appendage
occlusion on incidence and progression of dementia. These
trials should be randomized controlled with long follow-up,
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TABLE 2 | Main prospective and retrospective studies.

Study (year), design N Age (years) Diagnosis screening Follow-up Results
of dementia or Cl (years)
Tilvis et al. (2004), 650 >75 MMSE and CDR up 10 Five-years decline was predicted by AF (risk of 2.8)
prospective
Forti et al. (2007), 611 75.2 Neurocognitive battery 3.8 AF associated with dementia with a risk of 4.63
prospective and MMSE among those with mild cognitive impairment
Peters et al. (2009), 3,336 >80 longitudinal MMSE 2 No relationship of AF with annual change in MMSE
prospective scores (multivariate analysis)
Bunch et al. (2010), 37,025 60.6 ICD-9 codes 5 AF was independently associated with all forms of
prospective dementia
Dublin et al. (2011), 3,045 74.3 Cognitive abilities 6.8 AF was associated with a 40 to 50% higher risk of
prospective screening instrument both AD and all-cause dementia, independent of
stroke.
Marengoni et al. (2011), 685 >75 MMSE 6 AF was not associated with dementia
prospective
Haring et al. (2013), 6,455 women 65-79 MMSE and 8.4 No significant association between AF and Cl
prospective neurocognitive
examination
Marzona et al. (2012), 31,506 66.5 MMSE 4.66 AF was associated with an increased risk of Cl
prospective (hazard ratio 1.14) and new dementia (1.30)
Thacker et al. (2013), 5,150 73 MMSE 7 AF was associated with Cl in the absence of clinical
prospective stroke
Rusanen et al. (2014), 1,510 65-79 ICD and DSM-IV 7.8 AF in late-life was an independent risk factor for
prospective dementia (risk 2.610
de Bruijn et al. (2015), 6,514 68.3 without AF; 75.7  DSM-III 20 AF was associated with an increased risk of
longitudinal with AF dementia, independent of clinical stroke
community-based
study
Liao et al. (2015), 332,665 70.3 ICD 14 AF was significantly associated with the occurrence
longitudinal of dementia (risk 1.42)
community-based
study
Marzona et al. (2016), 1,600,200 (without AF); 75.2 (without AF); 78.4 ICD 10 AF was associated with a higher risk of dementia
retrospective 27,431 (hospitalized for (with AF) (17%)
AF)
Singh-Manoux et al. 10,538 (for analysis of ~ 45-85 Serial battery of 26.6 AF had 87% excess risk of dementia
(2017), prospective incident dementia) cognitive tests
Nishtala et al. (2018), 2,682 72 Neurocognitive battery 6 AF was significantly associated with Cl
cross-sectionally and
longitudinally
Chen et al. (2018), 12,515 56.9 Cognitive tests 20 AF was associated with an increased risk of
prospective dementia (risk 1.23) independent of ischemic stroke

N, number of patients; Cl, cognitive impairment; MMSE, mini-mental state examination; CDR, clinical dementia rating; AF, atrial fibrillation; RR, relative risk; ICD, International classification
of diseases; AD, Alzheimer’s disease; DSM, diagnostic and statistical manual of mental disorders.

including comprehensive neurocognitive assessment and brain
imaging. Another aspect not yet investigated is the influence
of brain changes associated with cognitive decline in the risk
of AF.

CONCLUSION

AF and dementia are clinical conditions with similar risk factors
with an age-dependent increase in prevalence. Mechanisms
between the two conditions are not fully understood and may be
multifactorial independently of stroke. Anticoagulation may be
effective to reduce risk of developing dementia.

AUTHOR CONTRIBUTIONS

RS, CM, GT, TL, and LR analyzed and interpreted the
data, provided important technical and intellectual contents,
conceived, designed, and oversaw this study, drafted the
manuscript. All the authors revised and approved the final
manuscript.

FUNDING

GT is supported by a Clinical Assistant Professorship from the
Croucher Foundation of Hong Kong.

Frontiers in Neuroscience | www.frontiersin.org

January 2019 | Volume 13 | Article 18


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles

Silva et al.

Atrial Fibrillation and Dementia

REFERENCES

Alonso, A., Knopman, D. S., Gottesman, R. F., Soliman, E. Z, Shah, A. ],
O’Neal, W. T., et al. (2017). Correlates of dementia and mild cognitive
impairment in patients with atrial fibrillation: the atherosclerosis risk
in communities neurocognitive study (ARIC-NCS). J. Am. Heart. Assoc.
6:€006014. doi: 10.1161/JAHA.117.006014

Bunch, T. J,Weiss, J. P.Crandall, B. G.,May, H. T.,Bair, T. L.Osborn,
J. S, et al. (2010). Atrial fibrillation is independently associated with
senile, vascular, and Alzheimer’s dementia. Heart Rhythm 7, 433-437.
doi: 10.1016/j.hrthm.2009.12.004

Chanda, A., and Reilly, J. P. (2017). Left Atrial Appendage Occlusion for Stroke
Prevention. Prog. Cardiovasc. Dis. 59, 626-635. doi: 10.1016/j.pcad.2017.04.003

Chen, L. Y., Norby, F. L, Gottesman, R. F., Mosley, T. H., Soliman, E. Z,,
Agarwal, S. K., et al. (2018). Association of atrial fibrillation with cognitive
decline and dementia over 20 years: the ARIC-NCS (Atherosclerosis Risk
in Communities Neurocognitive Study). J. Am. Heart. Assoc. 7: e007301.
doi: 10.1161/JAHA.117.007301

Cheng, W., Liu, W., Li, B,, and Li, D. (2018). Relations of anticoagulant
therapy with cognitive impairment among patients with atrial fibrillation: a
meta-analysis and systematic review. J. Cardiovasc. Pharmacol. 71, 380-387.
doi: 10.1097/FJC.0000000000000575

Dagres, N., Chao, T. F., Fenelon, G., Aguinaga, L., Benhayon, D., Benjamin, E. J.,
etal. (2018). European heart rhythm association (EHRA)/heart rhythm society
(HRS)/asia pacific heart rhythm society (APHRS)/latin american heart rhythm
society (LAHRS) expert consensus on arrhythmias and cognitive function: what
is the best practice? Europace 20, 1399-1421. doi: 10.1093/europace/euy046

de Bruijn, R. F., Heeringa, J., Wolters, F. J., Franco, O. H., Stricker,
B. H., Hofman, A., et al. (2015). Association between atrial fibrillation
and dementia in the general population. JAMA Neurol. 72, 1288-1294.
doi: 10.1001/jamaneurol.2015.2161

Di Nisio, M., Prisciandaro, M., Rutjes, A. W., Russi, I, Maiorini, L., and
Porreca, E. (2015). Dementia in patients with atrial fibrillation and the
value of the Hachinski ischemic score. Geriatr. Gerontol. Int. 15, 770-777.
doi: 10.1111/ggi.12349

Dietzel, J., Haeusler, K. G., and Endres, M. (2018). Does atrial fibrillation
cause cognitive decline and dementia? Europace 20, 408-419.
doi: 10.1093/europace/eux031

Ding, M., Fratiglioni, L., Johnell, K., Santoni, G., Fastbom, J]., Ljungman,
P., et al. (2018). Atrial fibrillation, antithrombotic treatment, and
cognitive aging: a population-based study. Neurology 91, el1732-e1740.
doi: 10.1212/WNL.0000000000006456

Dublin, S., Anderson, M. L., Haneuse, S. J., Heckbert, S. R., Crane,
P. K., Breitner, J. C.,, et al. (2011). Atrial fibrillation and risk of
dementia: a prospective cohort study. J. Am. Geriatr. Soc. 59, 1369-1375.
doi: 10.1111/j.1532-5415.2011.03508.x

Elias, M. F,, Sullivan, L. M., Elias, P. K., Vasan, R. S., D’Agostino, R. B. Sr., Seshadri,
S., etal. (2006). Atrial fibrillation is associated with lower cognitive performance
in the Framingham offspring men. J. Stroke. Cerebrovasc. Dis. 15, 214-222.
doi: 10.1016/j.jstrokecerebrovasdis.2006.05.009

Flaker, G. C., Pogue, J., Yusuf, S., Pfeffer, M. A., Goldhaber, S. Z., Granger,
C. B, et al. (2010). Cognitive function and anticoagulation control in
patients with atrial fibrillation. Circ. Cardiovasc. Qual. Outcomes. 3, 277-283.
doi: 10.1161/CIRCOUTCOMES.109.884171

Forti, P., Maioli, F., Pisacane, N., Rietti, E., Montesi, F., and Ravaglia, G. (2007).
Atrial fibrillation and risk of dementia in non-demented elderly subjects with
and without mild cognitive impairment. Arch. Gerontol. Geriatr. 44(Suppl. 1),
155-165. doi: 10.1016/j.archger.2007.01.023

Ganguli, M., Albanese, E., Seshadri, S., Bennett, D. A., Lyketsos, C., Kukull, W.
A, et al. (2018). Population neuroscience: dementia epidemiology serving
precision medicine and population health. Alzheimer. Dis. Assoc. Disord. 32,
1-9. doi: 10.1097/WAD.0000000000000237

GBD 2016 Disease and Injury Incidence and Prevalence Collaborators. (2017).
Global, regional, and national incidence, prevalence, and years lived with
disability for 328 diseases and injuries for 195 countries, 1990-2016: a
systematic analysis for the Global Burden of Disease Study 2016. Lancet 390,
1211-1259. doi: 10.1016/S0140-6736(17)32154-2

Haring, B., Leng, X., Robinson, J., Johnson, K. C., Jackson, R. D., Beyth, R,,
et al. (2013). Cardiovascular disease and cognitive decline in postmenopausal
women: results from the Women’s health initiative memory study. J. Am. Heart.
Assoc. 2:¢000369. doi: 10.1161/JAHA.113.000369

He, J., Tse, G., Korantzopoulos, P., Letsas, K. P., Ali-Hasan-Al-Saegh, S., Kamel, H.,
etal. (2017). P-wave indices and risk of ischemic stroke: a systematic review and
meta-analysis. Stroke 48, 2066-2072. doi: 10.1161/STROKEAHA.117.017293

Hippius, H., and Neundorfer, G. (2003). The discovery of Alzheimer’s disease.
Dialogues Clin. Neurosci. 5, 101-108.

Hugo, J., and Ganguli, M. (2014). Dementia and cognitive impairment:
epidemiology, diagnosis, and treatment. Clin. Geriatr. Med. 30, 421-442.
doi: 10.1016/j.cger.2014.04.001

Jacobs, V., Cutler, M. J., Day, J. D., and Bunch, T. J. (2015). Atrial fibrillation and
dementia. Trends Cardiovasc. Med. 25, 44-51. doi: 10.1016/j.tcm.2014.09.002

Jacobs, V., Woller, S. C., Stevens, S., May, H. T., Bair, T. L., Anderson, J. L.,
et al. (2014). Time outside of therapeutic range in atrial fibrillation patients
is associated with long term risk of dementia. Heart Rhythm 11, 2206-2213.
doi: 10.1016/j.hrthm.2014.08.013

Jozwiak, A., Guzik, P., Mathew, A., Wykretowicz, A., and Wysocki, H. (2006).
Association of atrial fibrillation and focal neurologic deficits with impaired
cognitive function in hospitalized patients > 65 years of age. Am. J. Cardiol.
98, 1238-1241. doi: 10.1016/j.amjcard.2006.05.058

Kalantarian, S., Stern, T. A., Mansour, M., and Ruskin, J. N. (2013). Cognitive
impairment associated with atrial fibrillation: a meta-analysis. Ann. Intern.
Med. 158, 338-346. doi: 10.7326/0003-4819-158-5-201303050-00007

Kamel, H., Okin, P. M., Elkind, M. S., and Iadecola, C. (2016). Atrial fibrillation
and mechanisms of stroke: time for a new model. Stroke 47, 895-900.
doi: 10.1161/STROKEAHA.115.012004

Kawabata-Yoshihara, L. A., Scazufca, M., Santos, I. S., Whitaker, A., Kawabata,
V. S., Bensenor, I. M., et al. (2012). Atrial fibrillation and dementia: results
from the Sao Paulo ageing and health study. Arq. Bras. Cardiol. 99, 1108-1114.
doi: 10.1590/S0066-782X2012005000106

Kirchhof, P., Benussi, S., Kotecha, D., Ahlsson, A., Atar, D., Casadei, B.,
et al. (2016). 2016 ESC Guidelines for the management of atrial fibrillation
developed in collaboration with EACTS. Eur. Heart. ]. 37, 2893-2962.
doi: 10.1093/eurheartj/ehw210

Kwok, C. S., Loke, Y. K., Hale, R,, Potter, J. F., and Myint, P. K. (2011). Atrial
fibrillation and incidence of dementia: a systematic review and meta-analysis.
Neurology 76, 914-922. doi: 10.1212/WNL.0b013e31820f2e38

Liao, J. N., Chao, T. F,, Liu, C. J., Wang, K. L., Chen, S. J., Tuan, T. C, et al.
(2015). Risk and prediction of dementia in patients with atrial fibrillation—
a nationwide population-based cohort study. Int. J. Cardiol. 199, 25-30.
doi: 10.1016/j.ijcard.2015.06.170

Madhavan, M., Graff-Radford, J., Piccini, J. P.,, and Gersh, B. J. (2018).
Cognitive dysfunction in atrial fibrillation. Nat Rev Cardiol. 15, 744-756.
doi: 10.1038/541569-018-0075-2

Marengoni, A., Qiu, C., Winblad, B., and Fratiglioni, L. (2011). Atrial fibrillation,
stroke and dementia in the very old: a population-based study. Neurobiol. Aging
32, 1336-1337. doi: 10.1016/j.neurobiolaging.2009.08.002

Marzona, I, Baviera, M., Vannini, T., Tettamanti, M., Cortesi, L., Riva, E., et al.
(2016). Risk of dementia and death in patients with atrial fibrillation: a
competing risk analysis of a population-based cohort. Int. J. Cardiol. 220,
440-444. doi: 10.1016/j.ijcard.2016.06.235

Marzona, 1., O’Donnell, M., Teo, K., Gao, P., Anderson, C., Bosch, J., et al.
(2012). Increased risk of cognitive and functional decline in patients with atrial
fibrillation: results of the ONTARGET and TRANSCEND studies. CMA]J 184,
E329-E336. doi: 10.1503/cmaj.111173

Medi, C., Evered, L., Silbert, B., Teh, A., Halloran, K., Morton, J., et al. (2013).
Subtle post-procedural cognitive dysfunction after atrial fibrillation ablation. J.
Am. Coll. Cardiol. 62, 531-539. doi: 10.1016/j.jacc.2013.03.073

Miyasaka, Y., Barnes, M. E., Petersen, R. C,, Cha, S. S., Bailey, K. R., Gersh, B.
J., et al. (2007). Risk of dementia in stroke-free patients diagnosed with atrial
fibrillation: data from a community-based cohort. Eur. Heart J. 28, 1962-1967.
doi: 10.1093/eurheartj/ehm012

Moffitt, P., Lane, D. A., Park, H.,, O’Connell, J., and Quinn, T. J. (2016).
Thromboprophylaxis in atrial fibrillation and association with cognitive
decline: systematic review. Age Ageing 45,767-775. doi: 10.1093/ageing/afw104

Frontiers in Neuroscience | www.frontiersin.org

January 2019 | Volume 13 | Article 18


https://doi.org/10.1161/JAHA.117.006014
https://doi.org/10.1016/j.hrthm.2009.12.004
https://doi.org/10.1016/j.pcad.2017.04.003
https://doi.org/10.1161/JAHA.117.007301
https://doi.org/10.1097/FJC.0000000000000575
https://doi.org/10.1093/europace/euy046
https://doi.org/10.1001/jamaneurol.2015.2161
https://doi.org/10.1111/ggi.12349
https://doi.org/10.1093/europace/eux031
https://doi.org/10.1212/WNL.0000000000006456
https://doi.org/10.1111/j.1532-5415.2011.03508.x
https://doi.org/10.1016/j.jstrokecerebrovasdis.2006.05.009
https://doi.org/10.1161/CIRCOUTCOMES.109.884171
https://doi.org/10.1016/j.archger.2007.01.023
https://doi.org/10.1097/WAD.0000000000000237
https://doi.org/10.1016/S0140-6736(17)32154-2
https://doi.org/10.1161/JAHA.113.000369
https://doi.org/10.1161/STROKEAHA.117.017293
https://doi.org/10.1016/j.cger.2014.04.001
https://doi.org/10.1016/j.tcm.2014.09.002
https://doi.org/10.1016/j.hrthm.2014.08.013
https://doi.org/10.1016/j.amjcard.2006.05.058
https://doi.org/10.7326/0003-4819-158-5-201303050-00007
https://doi.org/10.1161/STROKEAHA.115.012004
https://doi.org/10.1590/S0066-782X2012005000106
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1212/WNL.0b013e31820f2e38
https://doi.org/10.1016/j.ijcard.2015.06.170
https://doi.org/10.1038/s41569-018-0075-z
https://doi.org/10.1016/j.neurobiolaging.2009.08.002
https://doi.org/10.1016/j.ijcard.2016.06.235
https://doi.org/10.1503/cmaj.111173
https://doi.org/10.1016/j.jacc.2013.03.073
https://doi.org/10.1093/eurheartj/ehm012
https://doi.org/10.1093/ageing/afw104
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles

Silva et al.

Atrial Fibrillation and Dementia

Mongkhon, P., Naser, A. Y., Fanning, L., Tse, G., Lau, W. C. Y., Wong, I. C. K,,
et al. (2018). Oral anticoagulants and risk of dementia: a systematic review
and meta-analysis of observational studies and randomized controlled trials.
Neurosci. Biobehav. Rev. 96, 1-9. doi: 10.1016/j.neubiorev.2018.10.025

Moschetti, K., Cummings, P. L., Sorvillo, F., and Kuo, T. (2012). Burden of
Alzheimer’s disease-related mortality in the United States, 1999-2008. J. Am.
Geriatr. Soc. 60, 1509-1514. doi: 10.1111/j.1532-5415.2012.04056.x

Nishtala, A., Piers, R. J., Himali, J. J., Beiser, A. S., Davis-Plourde, K. L., Saczynski,
J. S., et al. (2018). Atrial fibrillation and cognitive decline in the Framingham
heart study. Heart Rhythm 5, 166-172. doi: 10.1016/j.hrthm.2017.09.036

Norton, S., Matthews, F. E., Barnes, D. E., Yaffe, K., and Brayne, C. (2014). Potential
for primary prevention of Alzheimer’s disease: an analysis of population-based
data. Lancet Neurol. 13, 788-794. doi: 10.1016/S1474-4422(14)70136-X

Ott, A, Breteler, M. M., de Bruyne, M. C., van Harskamp, F., Grobbee, D. E.,
and Hofman, A. (1997). Atrial fibrillation and dementia in a population-based
study. The Rotterdam Study. Stroke 28, 316-321. doi: 10.1161/01.STR.28.2.316

Peters, R, Poulter, R, Beckett, N., Forette, F., Fagard, R, Potter, J., et al.
(2009). Cardiovascular and biochemical risk factors for incident dementia
in the Hypertension in the very elderly trial. J. Hypertens. 27, 2055-2062.
doi: 10.1097/HJH.0b013e32832{4{02

Qiu, C., and Fratiglioni, L. (2015). A major role for cardiovascular
burden in age related cognitive decline. Nat. Rev. Cardiol. 12, 267-277.
doi: 10.1038/nrcardio.2014.223

Rahman, F., Kwan, G. F., and Benjamin, E. J. (2014). Global epidemiology of atrial
fibrillation. Nat. Rev. Cardiol. 11, 639-654. doi: 10.1038/nrcardio.2014.118

Ratcliffe, P. J., and Wilcock, G. K. (1985). Cerebrovascular disease in
dementia: the importance of atrial fibrillation. Postgrad. Med. ]. 61, 201-204.
doi: 10.1136/pgm;.61.713.201

Rivard, L., and Khairy, P. (2017). Mechanisms, clinical significance, and prevention
of cognitive impairment in patients with atrial fibrillation. Can. J. Cardiol. 33,
1556-1564. doi: 10.1016/j.cjca.2017.09.024

Rusanen, M., Kivipelto, M., Levilahti, E., Laatikainen, T., Tuomilehto, J., Soininen,
H., etal. (2014). Heart diseases and long-term risk of dementia and Alzheimer’s
disease: a population-based CAIDE study. J. Alzheimers Dis. 42, 183-191.
doi: 10.3233/JAD-132363

Saliba, W., Schliamser, J. E., Lavi, L., Barnett-Griness, O., Gronich, N., and Rennert,
G. (2017). Catheter ablation of atrial fibrillation is associated with reduced risk
of stroke and mortality: a propensity score-matched analysis. Heart Rhythm 14,
635-642. doi: 10.1016/j.hrthm.2017.02.001

Santangeli, P., Di Biase, L., Bai, R., Mohanty, S., Pump, A., Cereceda Brantes,
M., et al. (2012). Atrial fibrillation and the risk of incident dementia: a meta-
analysis. Heart Rhythm 9, 1761-1768. doi: 10.1016/j.hrthm.2012.07.026

Scheltens, P., Blennow, K., Breteler, M. M., de Strooper, B., Frisoni, G.
B., Salloway, S., et al. (2016). Alzheimer’s disease. Lancet 388, 505-517.
doi: 10.1016/S0140-6736(15)01124-1

Singh-Manoux, A., Fayosse, A., Sabia, S., Canonico, M., Bobak, M., Elbaz, A., et al.
(2017). Atrial fibrillation as a risk factor for cognitive decline and dementia.
Eur. Heart J. 38, 2612-2618. doi: 10.1093/eurheartj/ehx208

Thacker, E. L., McKnight, B., Psaty, B. M., Longstreth, W. T. Jr., Sitlani, C. M.,
Dublin, S., et al. (2013). Atrial fibrillation and cognitive decline: a longitudinal
cohort study. Neurology 81, 119-125. doi: 10.1212/WNL.0b013e318
29a33d1

Tilvis, R. S., Kihdnen-Vire, M. H., Jolkkonen, J., Valvanne, J., Pitkala, K. H., and
Strandberg, T. E. (2004). Predictors of cognitive decline and mortality of aged
people over a 10-year period. J. Gerontol. A. Biol. Sci. Med. Sci. 59, 268-274.
doi: 10.1093/gerona/59.3.M268

Tse, G., Lip, G. Y. H, and Liu, T. (2017). The
CHA2DS2-VASc predicting  healthcare
outcomes: observations on the appropriate use and misuse of risk
scores. Int. J. Cardiol. 245, 181-182. doi: 10.1016/j.ijcard.2017.
07.109

Tse, G., Liu, T., and Baranchuk, A. (2018a). Authors’ reply: low prevalence of inter-
atrial block in the general population from China: a possible reason for its
low rates of atrial fibrillation. Int. J. Cardiol. 260:112. doi: 10.1016/j.ijcard.2018.
03.004

Tse, G., Wong, C. W., Gong, M., Wong, W. T., Bazoukis, G., Wong, S. H., et al.
(2018b). Predictive value of inter-atrial block for new onset or recurrent atrial
fibrillation: a systematic review and meta-analysis. Int. J. Cardiol. 250, 152-156.
doi: 10.1016/j.ijcard.2017.09.176

Udompanich, S., Lip, G. Y., Apostolakis, S., and Lane, D. A. (2013). Atrial
fibrillation as a risk factor for cognitive impairment: a semi-systematic review.
QJM 106, 795-802. doi: 10.1093/gjmed/hct129

US National Library of Medicine (2017a). Early Treatment of Atrial Fibrillation for
Stroke Prevention Trial (EAST). ClinicalTrials.gov. Available online at: https://
clinicaltrials.gov/ct2/show/NCT03061006

US National Library of Medicine (2017b). Early Treatment of Atrial Fibrillation for
Stroke Prevention Trial (EAST). ClinicalTrials.gov. Available online at: https://
clinicaltrials.gov/ct2/show/NCT01288352

CHADS2 and

scores  for utilization and

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Silva, Miranda, Liu, Tse and Roever. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Neuroscience | www.frontiersin.org

January 2019 | Volume 13 | Article 18


https://doi.org/10.1016/j.neubiorev.2018.10.025
https://doi.org/10.1111/j.1532-5415.2012.04056.x
https://doi.org/10.1016/j.hrthm.2017.09.036
https://doi.org/10.1016/S1474-4422(14)70136-X
https://doi.org/10.1161/01.STR.28.2.316
https://doi.org/10.1097/HJH.0b013e32832f4f02
https://doi.org/10.1038/nrcardio.2014.223
https://doi.org/10.1038/nrcardio.2014.118
https://doi.org/10.1136/pgmj.61.713.201
https://doi.org/10.1016/j.cjca.2017.09.024
https://doi.org/10.3233/JAD-132363
https://doi.org/10.1016/j.hrthm.2017.02.001
https://doi.org/10.1016/j.hrthm.2012.07.026
https://doi.org/10.1016/S0140-6736(15)01124-1
https://doi.org/10.1093/eurheartj/ehx208
https://doi.org/10.1212/WNL.0b013e31829a33d1
https://doi.org/10.1093/gerona/59.3.M268
https://doi.org/10.1016/j.ijcard.2017.07.109
https://doi.org/10.1016/j.ijcard.2018.03.004
https://doi.org/10.1016/j.ijcard.2017.09.176
https://doi.org/10.1093/qjmed/hct129
https://clinicaltrials.gov/ct2/show/NCT03061006
https://clinicaltrials.gov/ct2/show/NCT03061006
https://clinicaltrials.gov/ct2/show/NCT01288352
https://clinicaltrials.gov/ct2/show/NCT01288352
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles

	Atrial Fibrillation and Risk of Dementia: Epidemiology, Mechanisms, and Effect of Anticoagulation
	Introduction
	Epidemiological Data

	Mechanisms of Atrial Fibrillation Leading to Dementia
	Trials on Atrial Fibrillation as a Risk Factor For Dementia
	Observational Studies
	Review and Meta-Analysis Studies

	Effect of Oral Anticoagulation
	Current Research Gaps
	Potential Future Developments
	Conclusion
	Author Contributions
	Funding
	References


