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Abstract: Numerous longitudinal studies suggest a strong association between cardiovascular risk
factors and cognitive impairment. Individuals with atrial fibrillation are at higher risk of dementia
and cognitive dysfunction, as atrial fibrillation increases the risk of cerebral hypoperfusion, inflam-
mation, and stroke. The lack of comprehensive understanding of the observed association and the
complex relationship between these two diseases makes it very hard to provide robust guidelines on
therapeutic indications. With this review, we attempt to shed some light on how atrial fibrillation is
related to dementia, what we know regarding preventive interventions, and how we could move
forward in managing those very frequently overlapping conditions.
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1. Introduction

Numerous longitudinal studies suggest a strong association between cardiovascular
risk factors and cognitive impairment. Patients with atrial fibrillation (AF) are at higher risk
of dementia and cognitive dysfunction as AF increases the risk of cerebral hypoperfusion,
inflammation, and stroke [1]. However, the existing literature still lacks a thorough analysis
of the observed association and complex relationship between these two diseases. In
addition, no official guidelines exist to provide clear indications for treatment based on
prospective intervention studies. This review will provide a comprehensive and detailed
overview of the topic.

2. Epidemiology of AF and Dementia

AF is the most prevalent arrhythmia in adults, with around 37.5 million cases; at
the same time, dementia accounts for a massive burden for the healthcare system, with
an estimated prevalence of approximately 55 million cases. With the population ageing
worldwide, epidemiological predictions foresee increased prevalence of both disorders as
well as associated morbidity and mortality [2]. Saglietto et al. reported atrial fibrillation
and dementia epidemiological data as analyzed from 1990 to 2019 [3]. The overall incidence
rate of AF and dementia was 7–9 folds higher in higher sociodemographic index (SDI)
countries compared to lower SDI countries. Remarkably, there is a significant overlap
in the population affected by the two diseases, with Liu et al. reporting that AF was
independently associated with dementia (HR = 1.34, 95% CI: 1.24–1.44) [4]. Unfortunately,
the causal association is still being investigated [5].
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3. Challenges in Associations

There are many potential links between AF and dementia. Firstly, a well-known
risk factor for dementia is stroke, which is one of the most common complications of AF.
Second, a decline in cardiac output secondary to AF leads to chronic cerebral hypoper-
fusion, which in turn causes central nervous system dysfunction. Although associating
the two conditions appears obvious, significant gaps in the mechanistic etiology of AF-
related cognitive consequences exist beyond aging and stroke. The shared etiology due
to overlapping risk factors (including advanced age, hypertension, heart failure, diabetes,
hyperlipidemia, sleep apnea, coronary artery disease, chronic kidney disease, obesity, and
physical inactivity) as well as therapeutic options (DOACS) [2] acts as a significant con-
founder in existing observational studies. Furthermore, causal associations with dementia
may be complicated to prove due to the slowly progressive nature of the disease. Still, it
also has many different sub-categories (vascular, Alzheimer’s, etc.) [6]. Recently, several
longitudinal studies have suggested that AF correlates with all causes of dementia but
also with Alzheimer’s disease [6,7]. However, observational studies might be confounded
by potential biases and reverse causation [8]. On the other hand, solid evidence from
numerous prospective studies has shown AF to be associated with cognitive impairment,
cognitive decline, and all causes of dementia [7,9–14]. However, most studies examined the
relationship with all-cause dementia without separate investigation for vascular demen-
tia and Alzheimer’s disease [10–14]. Although there is evidence that AF correlates with
Alzheimer’s, there is no suggested mechanical relationship between the two, with studies
concluding that it is likely related to confounding bias due to shared comorbidities [6].
Objective quantification of dementia can be challenging but vital when it comes to studies
regarding associations. MRI is the gold standard as it can depict structural changes (lacunar
infarcts, atrophy, and amyloid depositions) [15]. Computed tomography, despite being
more cost effective, does not provide optimal results when it comes to differentiating types
of dementia [16]. Recently, there has been a lot of progress in the field of neuro- imaging,
with advanced metabolic and functional modalities. Identifying pathology before the radio-
graphic evidence in T2 weighted MRI is a challenge, but single-photon emission computed
tomography, fluorodeoxyglucose–positron emission tomography and blood oxygenation
level–dependent MRI are state-of-the art and promising modalities [17].

4. Evidence of Association

Several well-established population-based longitudinal studies have demonstrated
a higher risk of cognitive decline or dementia associated with AF. Nevertheless, most
of the evidence comes from the data on the elderly population. Hence, the association
might be related to underlying systemic vascular disease and the increased prevalence
of both disorders with decreased age. Therefore, it is crucial to investigate whether the
link arises from a common pathophysiological mechanism or whether AF plays a role in
a causal pathway. Interestingly, in the Whitehall study [14], more than 10,000 patients
(aged 45–69 years) who completed cognitive tests four times over 15 years were recruited.
Compared to AF-free participants, patients with longstanding AF (5, 10, or 15 years) expe-
rienced a steeper curve of cognitive decline and a higher risk of dementia after adjusting
confounders (sociodemographic, behavioral, and chronic diseases) [HR: 1.87; 95% CI: 1.37,
2.55]. Hence, in those with early AF onset, a more extended exposure period led to more
significant neuronal injury and loss, possibly due to an enhancing effect of the degenerative
disease on vascular changes. In addition, a study showed that even adults with incident
AF at age 50–55 had accelerated cognitive decline [14]. Atrial fibrillation was associated
with an increased risk of dementia (hazard ratio, 1.23; 95% confidence interval, 1.04–1.45),
even after adjusting for cardiovascular risk factors, including ischemic stroke [18]. This
association was strongest for younger patients who consistently had a longer duration of
AF. A systematic review and meta-analysis by Kwork [19] identified 15 relevant studies,
including 46,637 participants with a mean age of 71.7 years. Fourteen studies showed a
significant increase in the risk of dementia associated with AF (OR 2.0, 95% CI 1.4 to 2.7,
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p < 0.0001), with substantial heterogeneity (I(2) = 75%). After stratification by participants,
the association was significant in studies focusing only on stroke patients (7 studies, OR 2.4,
95% CI 1.7 to 3.5, p < 0.001, I(2) = 10%), and of marginal significance in broader populations
(7 studies, OR 1.6, 95% CI 1.0 to 2.7, p = 0.05, I(2) = 87%). Santangeli et al. comprised
eight prospective studies including more than 77,000 patients, of whom 11,700 (17%) had
AF [20–28]. The authors investigated whether there is an association between AF and
dementia in patients with normal cognitive function at baseline who did not suffer an
acute stroke. After adjusting for confounders, an independent risk of developing dementia
was demonstrated in AF patients with an HR of 1.4 (95% CI 1.2–1.7) [7]. An even more
extensive systematic review published by Kalantarian assessed the association of AF with
cognitive decline, including prospective and non-prospective studies, mainly using MMSE
and DSM-III or IV criteria. What was found was that the risk for cognitive impairment
was more than doubled in AF patients with a history of stroke [RR 2.70 (95% CI 1.82–4.00)].
Additionally, there was a markedly increased risk for cognitive decline regardless of stroke
history [RR 1.40 (95% CI 1.19–1.64)] [29]. There is limited data available regarding the
prevalence of dementia within various treatment option populations for AF. The observed
inconsistencies between studies that establish associations and those that don’t could be
due to the variations in the methodology used across studies, a lack of rigorous adjustment
for potential confounder variables, and having highly selected populations. For instance,
certain studies have small sample sizes or short follow-up periods. In addition, different
approaches and age ranges were used to assess AF and dementia across the studies. In
summary, current evidence from systematic reviews and population-based longitudinal
studies suggests an independent association of dementia and cognitive decline with AF,
especially among the age group of 64–74.

5. Proposed Mechanistic Associations between AF and Cognitive Dysfunction

Cerebral infarction, AF-related cerebral hypoperfusion, microbleeds, inflammation,
brain atrophy, atherosclerosis, and others (Figure 1).
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Figure 1. Relationship of Atrial Fibrillation with Dementia.

5.1. Silent Cerebral Infarcts

There have been many studies showing that silent cerebral infarcts are associated with
dementia and stroke. In a meta-analysis, AF was associated with a 2.6-fold increased risk of
silent cerebral infarcts [30]. Compared with controls in sinus rhythm, patients with AF had
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much lower cognitive function in an observational study that assessed patients with silent
infarcts (validated by MRI) [31]. In studies using systematic brain imaging, 15% to 50% of
patients with AF have a brain infarct [32]. What is more remarkable is that silent infarcts at
the time of diagnosis of AF are up to five times more common compared to symptomatic
infarcts [33]. As highlighted by Healy et al., frequently silent infarcts are miss-characterized
as “innocent, underestimating their clinical significance and the risk of developing into fatal
strokes [34]. Although this may often be regarded as a benign incidental finding without
significant neurologic deficits at the time, it is associated with both concurrent cognitive
performance and risk for cognitive decline [35,36]. The prospective SWISS-AF showed that
the infarct size is crucial to delayed outcomes. It was described that only the large embolic
silent noncortical or cortical infarcts were associated with lower cognitive scores in patients
with AF, but not the smaller size infarcts [37].

5.2. Cerebral Microbleeds

Microbleeds in key brain locations (lobar locations) have been reported to be associated
with poor cognition. What is remarkable is that even after adjusting for vascular risk factors
and imaging markers of CSVD, this relationship persists [38]. On the other hand, in a large
cohort of patients with AF, there was no association between cerebral microbleeds and
cognitive dysfunction [38]. Whether microbleeds are directly causally related to cognitive
impairment or they are bound to our therapeutic management of AF is still a mystery. There
is a chance that microbleeds attributable to OAC pose an explanation for cognitive decline
in patients with AF. A prospective MRI study found that only warfarin (not direct oral
anticoagulants or antiplatelet agents) was associated with developing new microbleeds at
one year in patients with AF. Still, we need larger cohorts to exclude that pathophysiologic
mechanism from the list [22].

5.3. Cerebral Hypoperfusion

Transient or chronic cerebral hypoperfusion has been implicated in the development of
dementia [39]. AF decreases cardiac output due to atrioventricular desynchrony, resulting
in less stroke volume and lower blood pressure [7]. Another proposed mechanism is an
interbeat volume variation, which may contribute to transient cerebral hypoperfusion [23].
Although cerebral auto-regulation is expected to keep blood flowing to the brain during
a wide blood pressure range, several studies have noted decreased cerebral perfusion in
patients suffering from AF [40]. In 358 patients with cognitive impairment and an age
greater than 65 years, excluding those with a history of transient ischemic attack, stroke,
or dementia, AF was an independent predictor for dementia, increasing the risk fourfold
after a mean follow-up of 10 years [41]. Relevant to the cerebral hypoperfusion hypothesis,
patients with either a low or high heart rate (<50 or >90) on 24-h Holter monitoring had a
7-fold risk for dementia compared to patients with a normal ventricular rate. These results
are supported by computational data highlighting that faster rates relate to a progressive
decrease in cerebral perfusion and hypotensive events in the cerebral circulation [42].
Relevant to the size of silent infarcts predicting cognitive impairment, the duration of AF
was independently associated with worse outcomes. In a cross-sectional study, patients
with sustained AF had reduced brain flow compared to those with paroxysmal AF or sinus
rhythm [24].

5.4. Inflammation

Inflammation enhances hypercoagulability and potentiates the formation of thrombi,
increasing the risk for stroke and malfunction of cerebrovascular regulation, which has
been linked to Alzheimer’s and vascular dementia [28,43]. AF is a pro-inflammatory
condition [26,27]. Validating the above, studies showed that increased markers of inflam-
mation correlate with cognitive impairment in patients with AF. Patients who developed
dementia were shown to have impaired hemostatic ability, resulting in microbleeds, as
discussed above. Continued microbleeds and inflammation form a vicious cycle that
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perpetuates, leading to a cascade of unfavorable physiologic changes. This association
between hemostasis and vascular dementia is also expressed as an abundance of thrombin
generation markers (D-dimer and prothrombin fragment 1 + 2) and endothelial dysfunc-
tion (von Willebrand factor and plasminogen activator inhibitor) [44]. In rodent models
of Alzheimer’s disease, dabigatran (a direct thrombin inhibitor) was shown to improve
pathologic changes, reduce inflammation, and slow down cognitive dysfunction even in
the absence of AF [45]. Thus, inflammatory markers could correlate with the degree of
atherosclerosis associated with cognitive impairment and AF [46].

5.5. Systemic Atherosclerosis/CHADVASC

As discussed above, atherosclerosis is strongly associated with dementia. Preclini-
cal markers of cardiovascular disease have been linked to both an increased risk of AF
and cognitive impairment [46–48]. Some are subclinical atherosclerosis, aortic stiffness,
and intima-media thickness of the carotid artery. Similarly, there is a direct correlation
between higher CHADS2 and CHA2DS2VASc scores and the risk of developing cognitive
dysfunction in patients with AF [49]. However, the number of studies on the relationship
between those scores and cognitive impairment is limited [16,17]. Chou et al. investigated
the correlation between vascular dementia/Alzheimer’s disease and CHADS2 score in the
Taiwan cohort, [16] concluding that the CHADS2 score is a valuable predictor. In another
study using the Taiwan AF cohort of 332.665 patients with AF, Liao et al. showed that
CHADS2 and CHA2DS2-VASc were independently associated with developing dementia
during a 14-year follow-up. However, the CHA2DS2-VASc score was better at predicting
dementia [17], with a score of four or greater having 1.5 times more chances of developing
dementia than patients with less than that [11].

5.6. Genetics and Biomarkers

During the last ten years, significant progress has been made toward detecting
biomarkers of diagnostic and prognostic value for dementia [50]. Identifying biomarkers
predicting cognitive decline in AF patients could inform screening and management strate-
gies. Biomarkers will undoubtedly help refine risk stratification [51], but as with most novel
biomarkers (lncRNA BACE1-AS, MALAT1) [52], we must balance predictive ability against
practicality [50]. In a Mendelian randomization study using 93 SNPs as the instruments,
Pan et al. showed an insignificant association of genetically predicted AF with the risk of
Alzheimer’s disease. In detail, both a fixed-effect and a random-effect inverse-variance
weighted Mendelian randomization (IVW-MR) method showed that genetically predicted
AF was not associated with the risk of Alzheimer’s disease (OR = 1.002, 95% CI: 0.996–1.009,
p = 0.47; OR = 1.002, 95% CI: 0.995–1.010, p = 0.52). This study concludes that genetically
predicted AF had no causal effect on the risk of Alzheimer’s disease, with the findings
being significant even when a sensitivity analysis was performed [6].

5.7. Amyloid Aβ42

Atrial fibrillation compromises cerebral blood flow, which results in the development
of senile plaques due to the long-term deposition of Aβ42 [53]. What was known was that
this type of cerebral amyloid deposition is associated with poor cognitive function and
the development of dementia [54,55]. During the last decade, there have been tremendous
advances in linking cerebral amyloid disease with low flow states, as in AF. Niwa et al.
showed that atrial fibrillation leads to vascular dysfunction which aggravates the deposition
of amyloid [56]. Hawkes et al. demonstrated how amyloid Aβ2 hinders the clearance
of cerebral amyloid, creating a vicious cycle [57]. Finally, Yao et al. elaborated on the
role of hypoperfusion and cerebral amyloid disease, attributing it to activation of the tau
phosphorylation enzymes glycogen synthase kinase-3 beta and cyclin-dependent kinase-5,
which eventually induce the accumulation of Aβ42.
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6. Treatment
6.1. Rhythm Control

The potential impact of successful rhythm control on cognitive decline among patients
with atrial fibrillation is an area of ongoing debate. Data originating from a recent study
hint at the beneficial role of electric cardioversion in cerebral flow assessed by MRI [24].
Improved hemodynamics and increased brain perfusion resulting from rhythm control are
hypothesized to delay cognitive decline. On the other hand, most of the existing literature
reports that electric cardioversion increases the risk of cerebral microemboli. In a population
of AF patients, there was no consistent evidence of an association between PVI (pulmonary
vein isolation) and neurocognitive function [58]. In other studies, AF ablation has been
associated with declining cognitive function and acute brain lesions [59–61]. However, a
direct association between silent cerebral microembolism and cognitive decline is yet to
be proven [62]. Findings from the EAST-AFNET 4 trial did not demonstrate a significant
impact of early rhythm control on cognitive function [63]. Despite this, ongoing studies,
such as the Comparison of Brain Perfusion in Rhythm Control and Rate Control of Persistent
Atrial Fibrillation (NCT02633774) and AFCOG (NCT04033510), aim to investigate the role of
rhythm control in preventing cognitive decline in AF. The results of these ongoing trials will
inform treatment strategies to improve the cognitive outcomes of individuals with AF and
potentially impact this patient population’s management [1]. Since this is an issue of vital
importance, the NOR-FIB2 (Fibrosis, Inflammation, and Brain Health in Atrial Fibrillation:
The Norwegian Atrial Fibrillation and Stroke Study; URL: https://www.clinicaltrials.gov;
Unique identifier: NCT03816865) is ongoing and ventures to assess whether programmed
direct-current cardioversion increases the risk of cognitive dysfunction and the incidence
of new-onset silent cerebral infarcts. In summary, the results seem to be either neutral or
negative regarding the effect of cardioversion on dementia. Still, more studies are required
to investigate whether converting to sinus could reduce the risk of developing dementia in
the long run.

6.2. Comparison between Ablation and Oral Antiarrhythmics

Compared to oral antiarrhythmics, ablations reduce paroxysmal AF episodes and
prolong the duration of sinus normorhythmia, thereby improving the quality of life [64,65].
Two recent studies demonstrated that, beyond that, catheter ablation improved cognitive
function [66,67]. Using the Korean NHIS database, Kim et al. [68] compared the risk
of dementia between 9119 patients undergoing ablation and 17,978 patients managed
using medical therapy (antiarrhythmic or rate control drugs). During a median follow-up
of 52 months, ablated patients had a significantly lower incidence and a reduced risk
of dementia overall (8.1 and 5.6 per 1000 person-years, respectively; HR, 0.73; 95% CI,
0.58–0.93). The authors inferred that restoring sinus rhythm, not the ablation procedure,
was the critical mechanism in reducing the risk for dementia since the ablation group had
longer durations of persistent sinus rhythm when compared to the medical management
arm. The ongoing DIAL-F case–control study (Cognitive Impairment in Atrial Fibrillation;
Unique identifier: NCT01816308) is comparing the incidence of cognitive impairment
(assessed by MoCA) in two groups of patients with AF (Patients undergoing catheter
ablation for AF versus those receiving antiarrhythmic drugs) [1].

6.3. Anticoagulation

The pathophysiological mechanisms linking atrial fibrillation with cognitive impair-
ment may be attributed to both microembolization (silent strokes) and macroembolization
(overt strokes). Anticoagulation therapy is an effective measure to prevent stroke and
systemic emboli in AF patients. However, anticoagulation-associated microbleeds can
worsen cognitive function, concluding that intervention RCTs are needed to assess long-
term outcomes. There are incoming data that suggest that OACs are lowering the risk
of AF-related dementia [69–71]. Kim et al. reported that OACs had a preventive effect
on dementia with an HR of 0.61 among patients with incidental AF. Friberg and Rosen-

https://www.clinicaltrials.gov
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qvist [70] 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 (HR, 0.71; 95% CI,
0.68–0.74) in a large-scale national cohort in Sweden. That study also showed a suggested
dose-dependent effect, with patients lowering their risk the longer they are on an OAC. In
another study by the same authors, it was recommended that AF patients aged >65 years,
irrespective of their stroke risk score, benefit from OAC in regards to lowering the risk for
dementia [71]. Several clinical trials, including GIRAF [72] and CAF [73], have investigated
the role of warfarin and dabigatran in preventing cognitive decline. Both trials evaluated
the participants at baseline and two years after the initiation of the study and revealed
no significant differences between the two medications. Despite some studies reporting a
benefit, others are suggesting that anticoagulation is associated with higher risks of devel-
oping dementia in AF, possibly due to microbleeds. In AF patients receiving warfarin, a
lower time-in-therapeutic range has been associated with a higher risk of dementia [21,74].
Due to frequent suboptimal control in patients receiving warfarin, there is a significant
concern for microbleeds, which can, in line with this, cause chronic cerebral injuries and
inflammation and eventually lead to cognitive decline [75].

6.4. Type of AC

Currently, there are no randomized data on the efficacy of different OACs in preventing
dementia in AF patients. In patients with an indication for AC, it is not ethically acceptable
to randomize patients to OAC versus placebo to assess cognitive outcomes. On the other
hand, small observational studies highlight the protective effect of DOACs compared
to other pharmacological options when it comes to cognitive outcomes [70,76]. A small
meta-analysis of four randomized trials that compared NOACs to warfarin demonstrated
that NOACs were associated with a significant risk reduction in terms of overall stroke
and systemic embolism [77,78]. Two cohort studies performed in the USA also agreed with
the above outcome [76,79]. While the Danish registries showed no difference in dementia
between DOACs and warfarin users [80], Kim et al. [81] enrolled 52,888 new OAC users
with AF (aged ≥60 years, 31,211 NOAC users, and 21,677 warfarin users) from the Korean
NHIS database, suggesting statistically significant differences in outcomes. Relative to
propensity-matched warfarin users, NOAC users, regardless of whether it was apixaban,
dabigatran, or rivaroxaban, tended to have a lower risk of dementia (HR, 0.78; 95% CI,
0.69–0.90). Nationwide Swedish and Danish cohort studies showed neutral results, as they
concluded that the incidences of dementia when comparing warfarin and NOAC were
similar [70,80].

6.5. Anti-Inflammatory Agents

The relationship between inflammation and cognitive decline in individuals with
atrial fibrillation remains an area of active research. While some evidence suggests that
inflammation plays a role in the development of cognitive impairment in patients with AF,
further investigation is necessary to fully understand this relationship’s nature. Specifically,
additional research is required to determine the potential effectiveness of anti-inflammatory
medications, such as statins, aspirin, or etanercept, in mitigating the cognitive decline
associated with inflammation. Statin therapy appears to positively affect cognitive out-
comes in patients with AF [70], but this will require more extensive studies to influence our
current guidelines.

7. Future Directions and Conclusions

Understanding the relationship between atrial fibrillation and structural brain changes
is a crucial area of investigation in cognitive neuroscience. However, the underlying struc-
tural changes that may contribute to this decline still need to be fully understood. In
this review, we summarized the potential etiological link between AF and dementia, ana-
lyzed potential risk stratification or monitoring surrogates, and elaborated on therapeutic
interventions that have shown benefit (Figure 2).
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Hopefully, as more light is shed on the subject, more trials will be designed to solidify
therapeutic guidelines. Ongoing and recently published studies, such as the SWISS-AF
study [82], represent an essential step forward in clarifying the nature of this relationship.
Rhythm control using pharmacological cardioversion, electrical cardioversion, or ablation
to enhance cerebral perfusion and reduce the incidence of cognitive decline in patients
with atrial fibrillation is of significant interest. Additionally, investigations into different
anticoagulants and their effect on cognitive impairment, the potential benefits of anti-
inflammatory medications such as statins in mitigating the impact of systemic inflammation
associated with AF, and the role of genetics in determining susceptibility to cognitive decline
are all promising areas for future research. Finally, as the neurodiagnostic tools continue to
evolve, we hope to identify more and more links between neurophysiology and low blood
flow states, even before atrophy begins to manifest on a macroscopic level. Continued
collaboration between basic science and clinical research is critical in identifying novel
approaches to preventing and managing cognitive decline in AF patients. The anticipated
findings from these studies can impact early intervention strategies and ultimately improve
patient outcomes.

Author Contributions: Conceptualization: D.V. and D.K.; Methodology: T.S., S.P., D.V., G.B., and
P.B.; Software: D.V. and M.S.; Resources: D.V. and P.B.; Writing—Original Draft Preparation: D.V.;
Writing—Review and Editing: D.K., T.S., and S.P.; Visualization: D.V.; Supervision, D.K. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Gratitude to the Hellenic Medical Society of NY for its constant support.

Conflicts of Interest: The authors declare no conflicts of interest.



Biomolecules 2024, 14, 455 9 of 12

References
1. Rivard, L.; Friberg, L.; Conen, D.; Healey, J.S.; Berge, T.; Boriani, G.; Brandes, A.; Calkins, H.; Camm, A.J.; Chen, L.Y.; et al. Atrial

Fibrillation and Dementia: A Report from the AF-SCREEN International Collaboration. Circulation 2022, 145, 392–409. [CrossRef]
[PubMed]

2. Pistoia, F.; Sacco, S.; Tiseo, C.; Degan, D.; Ornello, R.; Carolei, A. The Epidemiology of Atrial Fibrillation and Stroke. Cardiol. Clin.
2016, 34, 255–268. [CrossRef]

3. Saglietto, A.; Ballatore, A.; Xhakupi, H.; De Ferrari, G.M.; Anselmino, M. Atrial Fibrillation and Dementia: Epidemiological
Insights on an Undervalued Association. Medicina 2022, 58, 361. [CrossRef] [PubMed]

4. Liu, D.S.; Chen, J.; Jian, W.M.; Zhang, G.R.; Liu, Z.R. The association of atrial fibrillation and dementia incidence: A meta-analysis
of prospective cohort studies. J. Geriatr. Cardiol. 2019, 16, 298–306. [PubMed]

5. Bunch, T.J. Atrial Fibrillation and Dementia. Circulation 2020, 142, 618–620. [CrossRef] [PubMed]
6. Pan, Y.; Wang, Y.; Wang, Y. Investigation of Causal Effect of Atrial Fibrillation on Alzheimer Disease: A Mendelian Randomization

Study. J. Am. Heart Assoc. 2020, 9, e014889. [CrossRef] [PubMed]
7. Dietzel, J.; Haeusler, K.G.; Endres, M. Does atrial fibrillation cause cognitive decline and dementia? Europace 2018, 20, 408–419.

[CrossRef] [PubMed]
8. Lawlor, D.A.; Harbord, R.M.; Sterne, J.A.C.; Timpson, N.; Smith, G.D. Mendelian randomization: Using genes as instruments for

making causal inferences in epidemiology. Stat. Med. 2008, 27, 1133–1163. [CrossRef]
9. Diener, H.C.; Hart, R.G.; Koudstaal, P.J.; Lane, D.A.; Lip, G.Y. Atrial Fibrillation and Cognitive Function: JACC Review Topic of

the Week. J. Am. Coll. Cardiol. 2019, 73, 612–619. [CrossRef] [PubMed]
10. Alonso, A.; Knopman, D.S.; Gottesman, R.F.; Soliman, E.Z.; Shah, A.J.; O’Neal, W.T.; Norby, F.L.; Mosley, T.H.; Chen, L.Y. 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. 2017, 6, e006014. [CrossRef] [PubMed]

11. Liao, J.N.; Chao, T.F.; Liu, C.J.; Wang, K.L.; Chen, S.J.; Tuan, T.C.; Lin, Y.J.; Chang, S.L.; Lo, L.W.; Hu, Y.F.; et al. Risk and prediction
of dementia in patients with atrial fibrillation—A nationwide population-based cohort study. Int. J. Cardiol. 2015, 199, 25–30.
[CrossRef]

12. Thacker, E.L.; McKnight, B.; Psaty, B.M.; Longstreth, W.T., Jr.; Sitlani, C.M.; Dublin, S.; Arnold, A.M.; Fitzpatrick, A.L.; Gottesman,
R.F.; Heckbert, S.R. Atrial fibrillation and cognitive decline: A longitudinal cohort study. Neurology 2013, 81, 119–125. [CrossRef]
[PubMed]

13. Nishtala, A.; Piers, R.J.; Himali, J.J.; Beiser, A.S.; Davis-Plourde, K.L.; Saczynski, J.S.; McManus, D.D.; Benjamin, E.J.; Au, R. Atrial
fibrillation and cognitive decline in the Framingham Heart Study. Heart Rhythm. 2018, 15, 166–172. [CrossRef] [PubMed]

14. Singh-Manoux, A.; Fayosse, A.; Sabia, S.; Canonico, M.; Bobak, M.; Elbaz, A.; Kivimäki, M.; Dugravot, A. Atrial fibrillation as a
risk factor for cognitive decline and dementia. Eur. Heart J. 2017, 38, 2612–2618. [CrossRef] [PubMed]

15. Greenberg, S.M.; Charidimou, A. Diagnosis of Cerebral Amyloid Angiopathy: Evolution of the Boston Criteria. Stroke 2018, 49,
491–497. [CrossRef] [PubMed]

16. Whitwell, J.L.; Weigand, S.D.; Shiung, M.M.; Boeve, B.F.; Ferman, T.J.; Smith, G.E.; Knopman, D.S.; Petersen, R.C.; Benarroch, E.E.;
Josephs, K.A.; et al. Focal atrophy in dementia with Lewy bodies on MRI: A distinct pattern from Alzheimer’s disease. Brain 2007,
130 Pt 3, 708–719. [CrossRef]

17. Heiss, W.D.; Rosenberg, G.A.; Thiel, A.; Berlot, R.; de Reuck, J. Neuroimaging in vascular cognitive impairment: A state-of-the-art
review. BMC Med. 2016, 14, 174. [CrossRef] [PubMed]

18. Zhang, M.J.; Norby, F.L.; Lutsey, P.L.; Mosley, T.H.; Cogswell, R.J.; Konety, S.H.; Chao, T.; Shah, A.M.; Solomon, S.D.; Alonso, A.;
et al. Association of Left Atrial Enlargement and Atrial Fibrillation With Cognitive Function and Decline: The ARIC-NCS. J. Am.
Heart Assoc. 2019, 8, e013197. [CrossRef] [PubMed]

19. Kwok, C.S.; Loke, Y.K.; Hale, R.; Potter, J.F.; Myint, P.K. Atrial fibrillation and incidence of dementia: A systematic review and
meta-analysis. Neurology 2011, 76, 914–922. [CrossRef] [PubMed]

20. Santangeli, P.; Di Biase, L.; Bai, R.; Mohanty, S.; Pump, A.; Brantes, M.C.; Horton, R.; Burkhardt, J.D.; Lakkireddy, D.; Reddy, Y.M.;
et al. Atrial fibrillation and the risk of incident dementia: A meta-analysis. Heart Rhythm. 2012, 9, 1761–1768. [CrossRef] [PubMed]

21. Madhavan, M.; Hu, T.Y.; Gersh, B.J.; Roger, V.L.; Killian, J.; Weston, S.A.; Graff-Radford, J.; Asirvatham, S.J.; Chamberlain, A.M.
Efficacy of Warfarin Anticoagulation and Incident Dementia in a Community-Based Cohort of Atrial Fibrillation. Mayo Clin. Proc.
2018, 93, 145–154. [CrossRef] [PubMed]

22. Saito, T.; Kawamura, Y.; Sato, N.; Kano, K.; Takahashi, K.; Asanome, A.; Sawada, J.; Katayama, T.; Hasebe, N. Non-vitamin k
antagonist oral anticoagulants do not increase cerebral microbleeds. J. Stroke Cerebrovasc. Dis. 2015, 24, 1373–1377. [CrossRef]
[PubMed]

23. Kerr, A.J.; Simmonds, M.B.; Stewart, R.A. Influence of heart rate on stroke volume variability in atrial fibrillation in patients with
normal and impaired left ventricular function. Am. J. Cardiol. 1998, 82, 1496–1500. [CrossRef] [PubMed]

24. Gardarsdottir, M.; Sigurdsson, S.; Aspelund, T.; Rokita, H.; Launer, L.J.; Gudnason, V.; Arnar, D.O. Atrial fibrillation is associated
with decreased total cerebral blood flow and brain perfusion. Europace 2018, 20, 1252–1258. [CrossRef] [PubMed]

25. Shi, Y.; Thrippleton, M.J.; Makin, S.D.; Marshall, I.; I Geerlings, M.; de Craen, A.J.; A van Buchem, M.; Wardlaw, J.M. Cerebral
blood flow in small vessel disease: A systematic review and meta-analysis. J. Cereb. Blood Flow Metab. 2016, 36, 1653–1667.
[CrossRef] [PubMed]

https://doi.org/10.1161/CIRCULATIONAHA.121.055018
https://www.ncbi.nlm.nih.gov/pubmed/35100023
https://doi.org/10.1016/j.ccl.2015.12.002
https://doi.org/10.3390/medicina58030361
https://www.ncbi.nlm.nih.gov/pubmed/35334537
https://www.ncbi.nlm.nih.gov/pubmed/31080473
https://doi.org/10.1161/CIRCULATIONAHA.120.045866
https://www.ncbi.nlm.nih.gov/pubmed/32804567
https://doi.org/10.1161/JAHA.119.014889
https://www.ncbi.nlm.nih.gov/pubmed/31914880
https://doi.org/10.1093/europace/eux031
https://www.ncbi.nlm.nih.gov/pubmed/28387847
https://doi.org/10.1002/sim.3034
https://doi.org/10.1016/j.jacc.2018.10.077
https://www.ncbi.nlm.nih.gov/pubmed/30732716
https://doi.org/10.1161/JAHA.117.006014
https://www.ncbi.nlm.nih.gov/pubmed/28739861
https://doi.org/10.1016/j.ijcard.2015.06.170
https://doi.org/10.1212/WNL.0b013e31829a33d1
https://www.ncbi.nlm.nih.gov/pubmed/23739229
https://doi.org/10.1016/j.hrthm.2017.09.036
https://www.ncbi.nlm.nih.gov/pubmed/28943482
https://doi.org/10.1093/eurheartj/ehx208
https://www.ncbi.nlm.nih.gov/pubmed/28460139
https://doi.org/10.1161/STROKEAHA.117.016990
https://www.ncbi.nlm.nih.gov/pubmed/29335334
https://doi.org/10.1093/brain/awl388
https://doi.org/10.1186/s12916-016-0725-0
https://www.ncbi.nlm.nih.gov/pubmed/27806705
https://doi.org/10.1161/JAHA.119.013197
https://www.ncbi.nlm.nih.gov/pubmed/31766970
https://doi.org/10.1212/WNL.0b013e31820f2e38
https://www.ncbi.nlm.nih.gov/pubmed/21383328
https://doi.org/10.1016/j.hrthm.2012.07.026
https://www.ncbi.nlm.nih.gov/pubmed/22863685
https://doi.org/10.1016/j.mayocp.2017.09.021
https://www.ncbi.nlm.nih.gov/pubmed/29329798
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.02.018
https://www.ncbi.nlm.nih.gov/pubmed/25847305
https://doi.org/10.1016/S0002-9149(98)00693-6
https://www.ncbi.nlm.nih.gov/pubmed/9874054
https://doi.org/10.1093/europace/eux220
https://www.ncbi.nlm.nih.gov/pubmed/29016776
https://doi.org/10.1177/0271678X16662891
https://www.ncbi.nlm.nih.gov/pubmed/27496552


Biomolecules 2024, 14, 455 10 of 12

26. Conway, D.S.; Lip, G.Y. Inflammation, arrhythmia burden and the thrombotic consequences of atrial fibrillation. Eur. Heart J.
2004, 25, 1761. [CrossRef] [PubMed]

27. Choudhury, A.; Chung, I.; Panja, N.; Patel, J.; Lip, G.Y. Soluble CD40 ligand, platelet surface CD40 ligand, and total platelet CD40
ligand in atrial fibrillation: Relationship to soluble P-selectin, stroke risk factors, and risk factor intervention. Chest 2008, 134,
574–581. [CrossRef] [PubMed]

28. Khan, A.A.; Lip, G.Y.H. The prothrombotic state in atrial fibrillation: Pathophysiological and management implications. Cardiovasc.
Res. 2019, 115, 31–45. [CrossRef] [PubMed]

29. Kalantarian, S.; Stern, T.A.; Mansour, M.; Ruskin, J.N. Cognitive impairment associated with atrial fibrillation: A meta-analysis.
Ann. Intern. Med. 2013, 158 Pt 1, 338–346. [CrossRef]

30. Kalantarian, S.; Ay, H.; Gollub, R.L.; Lee, H.; Retzepi, K.; Mansour, M.; Ruskin, J.N. Association between atrial fibrillation and
silent cerebral infarctions: A systematic review and meta-analysis. Ann. Intern. Med. 2014, 161, 650–658. [CrossRef] [PubMed]

31. Gaita, F.; Corsinovi, L.; Anselmino, M.; Raimondo, C.; Pianelli, M.; Toso, E.; Bergamasco, L.; Boffano, C.; Valentini, M.C.; Cesarani,
F.; et al. Prevalence of silent cerebral ischemia in paroxysmal and persistent atrial fibrillation and correlation with cognitive
function. J. Am. Coll. Cardiol. 2013, 62, 1990–1997. [CrossRef] [PubMed]

32. Hahne, K.; Monnig, G.; Samol, A. Atrial fibrillation and silent stroke: Links, risks, and challenges. Vasc. Health Risk Manag. 2016,
12, 65–74. [PubMed]

33. Gupta, A.; Giambrone, A.; Gialdini, G.; Finn, C.B.; Delgado, D.; Gutierrez, J.; Wright, C.; Beiser, A.B.; Seshadri, S.; Pandya, A.; et al.
Silent Brain Infarction and Risk of Future Stroke: A Systematic Review and Meta-Analysis. Stroke 2016, 47, 719–725. [CrossRef]
[PubMed]

34. Healey, J.S.; Connolly, S.J.; Gold, M.R.; Israel, C.W.; Van Gelder, I.C.; Capucci, A.; Lau, C.; Fain, E.; Yang, S.; Bailleul, C.; et al.
Subclinical atrial fibrillation and the risk of stroke. N. Engl. J. Med. 2012, 366, 120–129. [CrossRef] [PubMed]

35. Sigurdsson, S.; Aspelund, T.; Kjartansson, O.; Gudmundsson, E.F.; Jonsdottir, M.K.; Eiriksdottir, G.; Jonsson, P.V.; van Buchem,
M.A.; Gudnason, V.; Launer, L.J. Incidence of Brain Infarcts, Cognitive Change, and Risk of Dementia in the General Population:
The AGES-Reykjavik Study (Age Gene/Environment Susceptibility-Reykjavik Study). Stroke 2017, 48, 2353–2360. [CrossRef]
[PubMed]

36. Azeem, F.; Durrani, R.; Zerna, C.; Smith, E.E. Silent brain infarctions and cognition decline: Systematic review and meta-analysis.
J. Neurol. 2020, 267, 502–512. [CrossRef] [PubMed]

37. Blum, S.; Aeschbacher, S.; Coslovsky, M.; Meyre, P.B.; Reddiess, P.; Ammann, P.; Erne, P.; Moschovitis, G.; Di Valentino, M.; Shah,
D.; et al. Long-term risk of adverse outcomes according to atrial fibrillation type. Sci. Rep. 2022, 12, 2208. [CrossRef] [PubMed]

38. Conen, D.; Rodondi, N.; Müller, A.; Beer, J.H.; Ammann, P.; Moschovitis, G.; Auricchio, A.; Hayoz, D.; Kobza, R.; Shah, D.; et al.
Relationships of Overt and Silent Brain Lesions with Cognitive Function in Patients with Atrial Fibrillation. J. Am. Coll. Cardiol.
2019, 73, 989–999. [CrossRef] [PubMed]

39. Duncombe, J.; Kitamura, A.; Hase, Y.; Ihara, M.; Kalaria, R.N.; Horsburgh, K. Chronic cerebral hypoperfusion: A key mechanism
leading to vascular cognitive impairment and dementia. Closing the translational gap between rodent models and human
vascular cognitive impairment and dementia. Clin. Sci. 2017, 131, 2451–2468. [CrossRef] [PubMed]

40. Lavy, S.; Stern, S.; Melamed, E.; Cooper, G.; Keren, A.; Levy, P. Effect of chronic atrial fibrillation on regional cerebral blood flow.
Stroke 1980, 11, 35–38. [CrossRef]

41. Cacciatore, F.; Testa, G.; Langellotto, A.; Galizia, G.; Della-Morte, D.; Gargiulo, G.; Bevilacqua, A.; Del Genio, M.T.; Canonico, V.;
Rengo, F.; et al. Role of ventricular rate response on dementia in cognitively impaired elderly subjects with atrial fibrillation: A
10-year study. Dement. Geriatr. Cogn. Disord. 2012, 34, 143–148. [CrossRef] [PubMed]

42. Saglietto, A.; Scarsoglio, S.; Ridolfi, L.; Gaita, F.; Anselmino, M. Higher ventricular rate during atrial fibrillation relates to increased
cerebral hypoperfusions and hypertensive events. Sci. Rep. 2019, 9, 3779. [CrossRef] [PubMed]

43. Wersching, H.; Duning, T.; Lohmann, H.; Mohammadi, S.; Stehling, C.; Fobker, M.; Conty, M.; Minnerup, J.; Ringelstein, E.;
Berger, K.; et al. Serum C-reactive protein is linked to cerebral microstructural integrity and cognitive function. Neurology 2010,
74, 1022–1029. [CrossRef] [PubMed]

44. Quinn, T.J.; Gallacher, J.; Deary, I.J.; Lowe, G.D.O.; Fenton, C.; Stott, D.J. Association between circulating hemostatic measures
and dementia or cognitive impairment: Systematic review and meta-analyzes. J. Thromb. Haemost. 2011, 9, 1475–1482. [CrossRef]
[PubMed]

45. Cortes-Canteli, M.; Kruyer, A.; Fernandez-Nueda, I.; Marcos-Diaz, A.; Ceron, C.; Richards, A.T.; Jno-Charles, O.C.; Rodriguez, I.;
Callejas, S.; Norris, E.H.; et al. Long-Term Dabigatran Treatment Delays Alzheimer’s Disease Pathogenesis in the TgCRND8
Mouse Model. J. Am. Coll. Cardiol. 2019, 74, 1910–1923. [CrossRef] [PubMed]

46. Xia, C.; Vonder, M.; Sidorenkov, G.; Oudkerk, M.; de Groot, J.C.; van der Harst, P.; de Bock, G.H.; De Deyn, P.P.; Vliegenthart,
R. The Relationship of Coronary Artery Calcium and Clinical Coronary Artery Disease with Cognitive Function: A Systematic
Review and Meta-Analysis. J. Atheroscler. Thromb. 2020, 27, 934–958. [CrossRef] [PubMed]

47. Cortes-Canteli, M.; Gispert, J.D.; Salvadó, G.; Toribio-Fernandez, R.; Tristão-Pereira, C.; Falcon, C.; Oliva, B.; Mendiguren, J.;
Fernandez-Friera, L.; Sanz, J.; et al. Subclinical Atherosclerosis and Brain Metabolism in Middle-Aged Individuals: The PESA
Study. J. Am. Coll. Cardiol. 2021, 77, 888–898. [CrossRef] [PubMed]

48. O’Neal, W.T.; Efird, J.T.; Dawood, F.Z.; Yeboah, J.; Alonso, A.; Heckbert, S.R.; Soliman, E.Z. Coronary artery calcium and risk of
atrial fibrillation (from the multi-ethnic study of atherosclerosis). Am. J. Cardiol. 2014, 114, 1707–1712. [CrossRef] [PubMed]

https://doi.org/10.1016/j.ehj.2004.08.001
https://www.ncbi.nlm.nih.gov/pubmed/15451156
https://doi.org/10.1378/chest.07-2745
https://www.ncbi.nlm.nih.gov/pubmed/18641098
https://doi.org/10.1093/cvr/cvy272
https://www.ncbi.nlm.nih.gov/pubmed/30388199
https://doi.org/10.7326/0003-4819-158-5-201303050-00007
https://doi.org/10.7326/M14-0538
https://www.ncbi.nlm.nih.gov/pubmed/25364886
https://doi.org/10.1016/j.jacc.2013.05.074
https://www.ncbi.nlm.nih.gov/pubmed/23850917
https://www.ncbi.nlm.nih.gov/pubmed/27022272
https://doi.org/10.1161/STROKEAHA.115.011889
https://www.ncbi.nlm.nih.gov/pubmed/26888534
https://doi.org/10.1056/NEJMoa1105575
https://www.ncbi.nlm.nih.gov/pubmed/22236222
https://doi.org/10.1161/STROKEAHA.117.017357
https://www.ncbi.nlm.nih.gov/pubmed/28765285
https://doi.org/10.1007/s00415-019-09534-3
https://www.ncbi.nlm.nih.gov/pubmed/31691021
https://doi.org/10.1038/s41598-022-05688-9
https://www.ncbi.nlm.nih.gov/pubmed/35140237
https://doi.org/10.1016/j.jacc.2018.12.039
https://www.ncbi.nlm.nih.gov/pubmed/30846109
https://doi.org/10.1042/CS20160727
https://www.ncbi.nlm.nih.gov/pubmed/28963120
https://doi.org/10.1161/01.STR.11.1.35
https://doi.org/10.1159/000342195
https://www.ncbi.nlm.nih.gov/pubmed/22986752
https://doi.org/10.1038/s41598-019-40445-5
https://www.ncbi.nlm.nih.gov/pubmed/30846776
https://doi.org/10.1212/WNL.0b013e3181d7b45b
https://www.ncbi.nlm.nih.gov/pubmed/20350977
https://doi.org/10.1111/j.1538-7836.2011.04403.x
https://www.ncbi.nlm.nih.gov/pubmed/21676170
https://doi.org/10.1016/j.jacc.2019.07.081
https://www.ncbi.nlm.nih.gov/pubmed/31601371
https://doi.org/10.5551/jat.52928
https://www.ncbi.nlm.nih.gov/pubmed/32062643
https://doi.org/10.1016/j.jacc.2020.12.027
https://www.ncbi.nlm.nih.gov/pubmed/33602472
https://doi.org/10.1016/j.amjcard.2014.09.005
https://www.ncbi.nlm.nih.gov/pubmed/25282316


Biomolecules 2024, 14, 455 11 of 12

49. Graves, K.G.; May, H.T.; Knowlton, K.U.; Muhlestein, J.B.; Jacobs, V.; Lappé, D.L.; Anderson, J.L.; Horne, B.D.; Bunch, T.J.
Improving CHA2DS2-VASc stratification of non-fatal stroke and mortality risk using the Intermountain Mortality Risk Score
among patients with atrial fibrillation. Open Heart 2018, 5, e000907. [CrossRef] [PubMed]

50. Esteve-Pastor, M.A.; Roldán, V.; Rivera-Caravaca, J.M.; Ramírez-Macías, I.; Lip, G.Y.H.; Marín, F. The Use of Biomarkers in
Clinical Management Guidelines: A Critical Appraisal. Thromb. Haemost. 2019, 119, 1901–1919. [CrossRef] [PubMed]

51. Shin, S.Y.; Han, S.J.; Kim, J.S.; Im, S.I.; Shim, J.; Ahn, J.; Lee, E.M.; Park, Y.M.; Kim, J.H.; Lip, G.Y.; et al. Identification of Markers
Associated With Development of Stroke in “Clinically Low-Risk” Atrial Fibrillation Patients. J. Am. Heart Assoc. 2019, 8, e012697.
[CrossRef] [PubMed]

52. Spanos, M.; Gokulnath, P.; Chatterjee, E.; Li, G.; Varrias, D.; Das, S. Expanding the horizon of EV-RNAs: LncRNAs in EVs as
biomarkers for disease pathways. Extracell. Vesicle 2023, 2, 100025. [CrossRef] [PubMed]

53. Islam, M.; Poly, T.N.; Walther, B.A.; Yang, H.-C.; Wu, C.C.; Lin, M.-C.; Chien, S.-C.; Li, Y.-C. Association between Atrial Fibrillation
and Dementia: A Meta-Analysis. Front. Aging Neurosci. 2019, 11, 305. [CrossRef] [PubMed]
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