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Introduction
Aging is the primary risk factor for numerous degenerative 

disorders globally. As people age, they face a heightened risk for 
conditions such as Alzheimer’s disease (AD), cerebrovascular and 
cardiovascular disease, cancer, and type 2 diabetes mellitus (DM2).1 

This relationship underscores the need for continued research into 

the mechanisms of aging to better understand and mitigate these 
widespread health challenges. In the United States alone, over six 
million individuals are affected by dementia, most commonly AD. 
Among cardiovascular conditions, atrial fibrillation (AFib), the 
commonest sustained cardiac arrhythmia in older adults affecting over 
10 million in the US (Figure 1).2
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Abstract

Aging is the predominant risk factor for a wide spectrum of degenerative disorders that 
collectively affect millions worldwide, including Alzheimer’s disease (AD), cerebrovascular 
disease, cardiac arrhythmias, cancer, and type 2 diabetes mellitus (DM2). In the United 
States alone, over six million individuals are affected by dementia—most commonly AD—
while more than ten million live with atrial fibrillation (AFib), the most prevalent form of 
cardiac arrhythmia. Emerging epidemiological and clinical evidence indicates that AFib 
confers an increased risk of cognitive decline and dementia, particularly when diagnosed 
before the age of 65. Reported estimates suggest that AFib increases the risk of dementia 
in particular AD by 13% to over 65%, depending on age and other contributing factors. 
Conversely, individuals with AD exhibit a significantly higher prevalence of AFib (13.0%) 
compared with those without cognitive impairment (2.1%). The mechanistic underpinnings 
of this association remain incompletely understood. While cerebral microinfarcts and 
vascular injury have traditionally been implicated, several studies have demonstrated that 
the relationship persists even among individuals without overt stroke or cerebrovascular 
disease, implicating additional non-vascular pathways. Proposed mechanisms include 
systemic chronic inflammation, oxidative stress, and infectious processes. Notably, less 
attention has been directed toward shared aging-related mechanisms such as disruptions 
in proteostasis, cellular senescence, and common genetic susceptibilities. This review 
examines the converging biological pathways linking AD and AFib, with particular 
emphasis on their potential mechanistic intersections and translational relevance. We 
further discuss the therapeutic implications of these insights in the context of a rapidly 
evolving landscape-characterized by the advent of disease-modifying therapies for AD 
and innovative interventional strategies for AFib, including catheter ablation. Finally, we 
highlight the importance of considering the bidirectional dynamics of the brain–heart axis 
as a fundamental framework for understanding the pathophysiology and management of 
these interrelated disorders.
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Figure 1 Conceptual depiction of the potential interactions aging, exposome, genetics, and the microenvironment in the interplay between AFib and AD. A 
complex set of interactions might regulate the mechanistic link between AFib and AD whereby similarities in genetics risk loci (eg: ApoE4, HSPG2, PLEC), 
exposome (eg: life style factors), aging mechanisms (eg: proteostasis, cell senescence) and microenvironment conditions (eg: amyloid formation, inflammation) 
might have roles in the converging pathogenesis.
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In recent years it has been observed an increased association 
between AFib and cognitive decline and dementia, particularly 
when AFib is diagnosed before the age of 65 years.3 This association 
is observed even among stroke free populations. The nature of this 
relationship is of clinical importance because if AFib contributes to 
AD (or dementia more broadly) via modifiable pathways that could 
open avenues for prevention.  Importantly, since AFib is a well-
known risk factor for ischemic stroke, and stroke is a major risk 
factor for dementia recent studies have adjusted for or exclude overt 
cerebrovascular disease.4 In such studies AFib remained associated 
with dementia.4 Indicating that the association between AFib and 
cognitive impairment was independent of shared risk factors such as 
hypertension and diabetes mellitus and persisted in patients without a 
history of stroke.5

While previous studies have focused on the contribution of vascular 
(eg: hypoperfusion, strokes, microinfarcts) and some non-vascular 
factors (eg: inflammation, genetics, life- style) in the pathogenesis of 
cognitive alterations in patients with AFib,6 less is known about the 
role of shared aging molecular mechanisms such as proteostasis and 
cell senescence.7 In this context the main objectives of this manuscript 
are to review some recent advancements and to discuss the unique role 
of emerging aging mechanisms in the relationship between dementia 
and AFib and it’s therapeutical implications (Figure 1). Highlighting 
the importance of considering the bidirectional dynamics of the 
brain–heart axis as a fundamental framework for understanding the 
pathophysiology and management of these interrelated disorders.

Understanding whether AFib increases the risk of cognitive 
impairment and dementia may inform the management of AFib, 
in patient subgroups in whom treatment with rhythm modulation 
therapies, ablation and anticoagulation remains evolving.

Recent population based studies linking AFib 
and cognitive decline/dementia

Epidemiological and clinical studies indicates that AFib confers 
an increased risk of cognitive decline, mild cognitive impairment 
(MCI) and frank dementia, particularly when diagnosed before the 
age of 65 years.8 Reported estimates suggest that AFib increases the 
risk of dementia and AD by 13% to over 65%, depending on age and 
other contributing factors.9 Conversely, individuals with AD exhibit a 
significantly higher prevalence of AFib (13.0%) compared with those 
without cognitive impairment (2.1%)10,11

The nature and specific characteristics of this relationship are still 
under discussion. Here the influence of selected populations, varied 
lifestyle, environmental, genetics and aging mechanisms might 
contribute to both dementia and AFib heterogeneity such that when 
correlation studies are performed considerable variability might be 
observed (Figures 1).

For instance, in the past decade, several studies have confirmed that 
AFib is associated with cognitive impairment, MCI and dementia11–13 

even in the absence of clinically overt previous stroke.3 However a 
few others have not shown a strong correlation.9,14–17 For this reason, 
more extensive and larger analysis are needed. Recent meta-analysis 
studies have confirmed that AFib increases dementia risk (adjusted 
OR~1.6) and especially Alzheimer’s disease (adjusted HR ~1.4) even 
in those without stroke18. Another recent meta-analysis focusing on 
AFib and risk of AD and vascular dementia (VaD) reported OR/RR of 
~1.23 (95% CI: 1.13-1.34) for AD and ~1.80 (95% CI: 1.57-2.07) for 
VaD. These findings suggest that AFib may increase dementia risk by 
roughly 13-65 %, varying by sub-type and population.

Finally, a more recent meta-analysis that included 2.8 million 
persons confirmed that AFib was associated with 39% increased risk 
of cognitive impairment in the general population [n=15: 2 822 974 
patients; hazard ratio=1.39; 95% Cl-) 1.25–1.53, I2=90.3%; follow-up 
3.8–25 years].19

This association appears to be observed even after correcting for 
known risk factors12,20,21 and is more prominent in individuals under 
65 compared with older patients with a higher burden of risk factors.3 

The report by the AF-SCREEN International collaboration is the 
most comprehensive and detailed analysis summarizing the evidence 
linking AFib and cognitive impairment and dementia and providing 
recommendations for the next steps3. They concluded that numerous 
observational studies have described an association between AFib and 
cognitive dysfunction ranging from mild impairment to overt dementia 
(including AD). The association is independent of manifest stroke as 
well as of the several risk factors common to both entities. However, 
the evidence for a direct causal relationship remains inconclusive.3 
Moreover they identified gap areas in the research such as: i) the 
need for confirmation in longer and larger prospective cohorts and 
adequately powered randomized controlled trials; ii) additional 
measures obtained by imaging and biomarkers may enhance the value 
of the CHA2DS2VASc score; iii) It is unknown whether there is a 
dose–response relation- ship between AFib burden and dementia: iv) 
Prospective randomized studies are required to confirm the beneficial 
effects of oral anticoagulant agents, rhythm control and atrial ablation 
and v) an integrated care approach to AFib management that includes 
treatment of related risk factors needs to be considered.3 These might 
be required before screening for AF could be considered as a strategy 
to prevent or delay dementia.

More recent large population-based studies have yielded similar 
findings. For example, in a community study of nearly 200,000 adults, 
adjusted models showed that AFib was associated with a significantly 
increased risk of dementia (sub-distribution hazard ratio, 1.13 [95% 
CI, 1.09–1.16]). This association was more pronounced among 
younger adults and individuals with chronic kidney disease but did 
not differ by sex, race, or ethnicity.9 Likewise, a community-based 
study from Spain including 2.5 million individuals found that AFib 
was independently associated with a modest increase in dementia risk, 
even after accounting for stroke (univariate HR, 3.39; P < .001). In 
that cohort, AFib was linked to a 4% overall increase in dementia risk, 
the association was strongest in patients younger than 70 years, who 
had a 21% higher risk of developing dementia. Remarkably, the risk 
of early-onset dementia (before age 65) was 36% higher among those 
diagnosed with AFib before 70 years of age.22

Pathogenesis of AD in the context of AFib and 
aging

Several vascular and non-vascular mechanisms have been recently 
proposed to explain the heightened risk of cognitive impartment and 
dementia in AFib patients (Figure 2).3

The most common vascular events includes: i) silent and overt 
strokes as AFib significantly increases the risk of blood clots forming in 
the heart that can travel to the brain, causing strokes, more commonly, 
it causes multiple “silent” cerebral infarcts (microembolism) that 
accumulate over time and lead to subtle but significant brain damage 
and cognitive decline; ii) cerebral hypoperfusion during AFib can 
lead to reduced cardiac output and irregular blood flow to the brain, 
a condition known as chronic cerebral hypoperfusion, the brain’s 
autoregulation attempts to compensate, but over time, this can impair 
normal brain function, particularly in vulnerable areas like the 
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hippocampus, a region critical for memory; iii) cerebral microbleeds 
resulting from Anticoagulation therapy, while crucial for preventing 
large strokes, can in some cases increase the risk of small cerebral 
microbleeds that might also contribute to cognitive dysfunction and 
iv) vascular dysfunction as AFib can lead to endothelial dysfunction, 
which impairs the function of blood vessels in the brain and the 
integrity of the blood- brain barrier, making brain tissue more 
vulnerable to damage.

Since the association between AFib and cognitive impartment 
and dementia is also, often observed among stroke free patients, 
other mechanisms has been proposed to be at play11,23,24 including: 
i) inflammation as AFib is associated with a chronic systemic pro-
inflammatory state, with elevated markers such as C-reactive 

protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha 
(TNF-α), this systemic inflammation may pass the compromised 
blood-brain barrier, leading to neuroinflammation that can accelerate 
AD pathology and ii) genetic factors and shared risk factors such as 
aging, hypertension, diabetes, and certain genetic predispositions like 
the APOE e4 genotype, which may increase vulnerability to both 
conditions (Figure 4).

Notably, AFib has been associated not only with an elevated risk 
of AD but also with increased susceptibility to other age-related 
neurodegenerative disorders, including vascular cognitive impairment 
and Lewy body–related conditions,25–27 but not Fronto- Temporal 
dementia, supporting a role of selected aging related mechanisms 
(Figure 2).6

Figure 2 Diagrammatic representation of the potential vascular and non-vascular mechanisms involved in AFib that might lead to neurodegenerative disorders. 
In addition to the traditional vascular pathways involving strokes, hypoperfusion and neurovascular dysfunction, other non-vascular mechanisms also contribute 
in an important manner in heightening the risk of AD in patients with AFib. Among them alterations in aging pathways and regulation of lipids, extracellular matrix 
and lysosomal function, figure prominently leading to protein misfolding and aggregation, oxidative stress, inflammation and network dysfunction. This in turn 
could translate into increased risk for developing AD, LBD or Vascular dementia depending on the selective degeneration of vulnerable neuronal populations.

Common aging mechanisms shared by AFib 
and AD

The role of aging-related mechanisms in AFib and neurodegenerative 
disorders remains underexplored. Aging is proposed to involve a 
progressive and cumulative loss of homeostasis, characterized by 
alterations in nine fundamental cellular and molecular processes.7 
These include genomic instability, telomere attrition, epigenetic 
alterations, loss of proteostasis, deregulated nutrient sensing, 
mitochondrial dysfunction, cellular senescence, stem cell exhaustion, 
and altered intercellular communication (Figure 3).

Collectively, these “hallmarks of aging” are considered key 
determinants of the aging process and serve as a framework for 
guiding research and therapeutic strategies.28–30 While all these factors 
might contribute to varying degrees - and are interconnected - for the 
purposes of this review we will specifically examine the potential 
roles of alterations in proteostasis and cellular senescence because 
of the mechanistic parallels between these two in the AFib and AD 
(Figure 2). Moreover, this manuscript focuses on AD, among the 
disorders with cognitive impairment associated with AFib because 
this condition is the most common of the neurodegenerative diseases 
of the aging population.
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Figure 3 Hallmarks of aging in AFib and AD. Aging is proposed to involve a progressive and cumulative loss of homeostasis, characterized by increased genomic 
instability, telomere attrition, epigenetic alterations, loss of proteostasis, deregulated nutrient sensing, mitochondrial dysfunction, cellular senescence, stem cell 
exhaustion, and altered intercellular communication. These alterations most likely act in conjunction as depicted by the lines joining the boxes. Among them, 
disruptions in proteostasis, and the accrual of senescent cellular populations are increasingly recognized as shared pathogenic features of both AD and AFib.

Alterations in proteostasis results in abnormal accumulation of 
intracellular and extracellular proteins that can result in a gain of toxic 
function or a loss of function31,32 cell senescence refers to the process 
where a cell stops the cell cycle but does not die (Figure 4).33–35  It 

is a response to cellular stress, such as DNA damage or shortened 
telomeres. Senescent cells accumulate during aging and display a 
senescent associated secretory phenotype (SASP) with the production 
of pro-inflammatory cytokines and chemokines (Figure 4).36–38

Figure 4 Diagrammatic representation of the potential aging pathways involved in AFib and AD. Chronic environmental stressors acting on a background of 
shared genetic susceptibility loci may converge on core pathways regulating proteostasis and cellular stress responses. Disruption of proteostasis promotes 
the misfolding, accumulation, and aggregation of specific proteins, including atrial natriuretic peptide (ANP) and extracellular matrix (ECM) components in 
AFib, leading to structural and functional remodeling of the atrial myocardium. In AD, analogous proteostatic failure results in the accumulation of amyloid-β 
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and tau, as well as α-synuclein and TDP-43, driving remodeling of neuronal 
networks linking the entorhinal cortex and hippocampus. In parallel, persistent 
DNA damage and dysregulation of cell-cycle checkpoint pathways involving 
p53, p19, and p21 induce stable cell-cycle arrest and promote the transition 
of cellular populations within the cardiac conduction system (CCS) and 
the central nervous system (CNS) into a senescent state. Senescent cells 
acquire a proinflammatory senescence-associated secretory phenotype 
(SASP), characterized by the secretion of cytokines, chemokines, and matrix-
remodeling enzymes that amplify local tissue inflammation and remodeling. 
Together, protein aggregation–driven proteotoxic stress and SASP-mediated 
inflammatory signaling reshape cellular composition and intercellular 
communication, resulting in region-specific vulnerability of the posterior wall 
of the left atrium in AFib and the frontotemporal and parietal cortices in AD, 
thereby contributing to both shared and disease-specific pathological features.

The mechanisms of altered proteostasis in aging involve a decline 
in protein quality control, leading to the accumulation of misfolded 
proteins.39–41 This is driven by: i) reduced protein degradation by 
extracellular enzymes; ii) altered ubiquitin proteosome system (UPS); 
iii) decreased autophagy-lysosomal system (ALS): iv) a decline in heat 
shock protein (HSP) function and v) increased oxidative stress and 
other post- translational modifications that damages proteins (Figure 
4). These factors contribute to the formation of protein aggregates 
that impair cell function and are linked to age- related diseases. 
Remarkably, both in AD42 and AFib43 there is abnormal accumulation 
of proteins in the extracellular matrix of the myocardium and the 
neuropil of the CNS respectively accompanied by an inflammatory 
reaction.

In the following sections we will explore the pathological 
alterations in AD and AFib as well as the role of alterations in 
proteostasis and cell senesce that are common in these two disorders.

Degenerative pathology and proteinopathy in 
AD and AFib

Comparing AD and AFib, it is worth noting that both are 
progressive degenerative disorders of the aging population affecting 
conduction and electric activity in the brain and heart respectively 
(Figure 4) (Table 1). In AD, the degenerative process affects initially 
synaptic networks44 between the entorhinal cortex and hippocampus in 
the temporal lobe and progress to affect executive networks among the 
fronto-parietal, the cholinergic forebrain and subcortical areas (Table 
1).45 This process is characterized by accumulation of aggregated 
proteins (eg: Aβ, Tau, α-synuclein, TDP43) that disseminate from cell 
to cell and trigger misfiring, neuroinflammation and eventually cell 
death of selected neuronal populations accompanied of astrocytosis 
and microgliosis (Table 1).46–48 The extracellular deposits range 
from oligomers to protofibrils and frank amyloid fibers that results 
in the formation of neuritic plaques while the intraneuronal Tau 
aggregates to form neurofibrillary tangles (NFT’s).49–51 Heiko and Eva 
Braak proposed a six-stage hierarchical staging system based on the 
predictable spatiotemporal progression of these tau tangles through the 
brain (Table 1).52 The stages correlate with the severity of the disease 
and follow specific anatomical pathways; with stages I and II to the 
transentorhinal region; stages III and IV with pathology increasing in 
the entorhinal cortex and hippocampus and begins to extend into the 
adjacent inferior temporal cortex and amygdala and stages V and VI 
where the NFT’s are in all isocortical association areas, including the 
neocortex, frontal, and parietal lobes. These stages correlates with the 
clinical stages of the cognitive impairment (Table 1).53

Table 1 Comparison of clinical, anatomical, pathological, and molecular alterations in Atrial fibrillation and Alzheimer’s Disease.

Characteristic Atrial fibrillation Alzheimer’s disease

Clinical stages Paroxysmal >persistent>long 
standing>permanent

Cognitive normal>subjective cognitive decline>mild cog decline>mild, 
moderate and severe dementia

Anatomical 
progression of 
pathology

Left atrium PV ostium>posterior 
wall>lateral>anterior>superior and septal> right 
atrium

Spreads along neural connections to the entorhinal cortex, 
hippocampus and amygdala

> broadly to neocortex, including temporal, parietal, and frontal 
lobes, and finally to primary motor/sensory areas.

Cellular populations 
affected

Myocardial precursor cells?, myocytes, senescent 
myocytes?, myofibroblasts,

sympathetic nervous system adrenergic fibers

Glutaminergic pyramidal neurons layers 2/3 and 5, GABA-anergic 
neurons, cholinergic neurons nucleus basalis, adrenergic neurons 
locus coeruleus

Ion Channels 
affected

Sodium channels (Nav1.5), Hyperpolarization-
activated Cyclic Nucleotide-gated channels (HCN), 
L-type calcium channels (Cav1.1 and 1.3)

Potassium (K+) channels (Kv1.1, Kv2.1, Kv7), Calcium (Ca2+) 
channels (L-type, NMDR high-voltage activated), and Sodium 
(Na+) channels (Nav1.1, Nav1.6)

Gap junction 
proteins affected

Connexin 40

(Cx40) and Connexin 43 (Cx43)
Cx43 and Cx30 in astrocytes

Protein aggregates that 
form amyloids

Natriuretic peptides (ANP/BPN), desmin

transthyretin (ATTR) and light-

chain (AL)

Abeta and tau trough out the neocortex, hippocampus and subcortical 
regions and but also a-synuclein and TDP43 in the temporal

regions and amygdala

Proteins accumulating
Extracellular matrix proteins (ECM) like 
proteoglycans, fibronectin, fibrillin-1, Collagen (Types 
I & III)

ECM proteins like Heparan Sulfate Proteoglycans (HSPGs), Chondroitin 
Sulfate Proteoglycans (CSPGs), Tenascin-C

Inflammatory components IL6, IL8, Tumor Necrosis Factor- alpha (TNF-α), CRP, T 
cells, macrophages IL-1β, IL6, TNF-α, chemokines, prostaglandins, T cells, microglia

Shared genetic risk 
loci ApoE4, PLEC, HSPG2 ApoE4, PLEC, HSPG2
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Although the most prominent clinical manifestations of AD are 
progressive cognitive decline leading to MCI and dementia, these 
patients also exhibit at various stages of the disease, hyperactive 
network dysfunction affecting the temporal lobe that can be manifested 
as silent or overt seizure activity.54–57

Likewise, AFib is a progressive degenerative disorder that 
clinically spans a continuum—from paroxysmal to persistent, long-
standing persistent, and ultimately permanent forms (Table 1).58–60 The 
cellular and molecular basis of AFib remains under study, but research 
indicates that progressive changes in the atrial cardiac conduction 
system (CCS) can cause ectopic myocardial cells to gain abnormal 
electrical function (Table 1) (Figure 4).61–63

The CCS is a discrete, yet interconnected network of specialized 
cardiomyocytes embedded within the atrial and ventricular 
myocardium, organized to initiate, transmit, and coordinate electrical 
activation.64,65 Although continuous with working myocardium, these 
cells differ in morphology, gap-junction density, and ion-channel 
expression, forming a functional syncytium optimized for rapid 
impulse propagation and hierarchical pacemaking.65–67 The main 
components the sinoatrial (SA) node, which acts as the pacemaker 
that first trigger atrial contraction followed by the activation of the 
atrioventricular (AV) node, which in turn rapidly conduct the impulse 
throughout the ventricular walls via the His bundle, the bundle 
branches, and the Purkinje fibers.68

The SA node is a crescent-shaped structure located subepicardially 
at the junction of the superior vena cava and right atrial appendage, 
extending along the terminal groove. Histologically, it contains small, 
spindle-shaped pacemaker cells with sparse myofibrils and a rich 
autonomic innervation.68 The node transitions into the surrounding 
atrial myocardium through paranodal and perinodal cells, which 
help distribute impulses into the right and left atria via preferential 
conduction pathways, including the crista terminalis, internodal tracts 
(anterior, middle, posterior), and Bachmann’s bundle, the principal 
route to the left atrium.68

In AFib there is remodeling of the myocardial structure that creates 
a substrate where multiple, disorganized electrical impulses can arise 
and persist, often initiated by abnormal electrical activity around 
the left atrium posterior wall.69 It is proposed that this remodeling 
process is progressive accounting for the various stages of severity of 
AFib. Remarkably, these ectopic focal triggers are frequently located 
around the pulmonary veins and the adjacent posterior wall of the 
left atrium.70 From there, the disorganized electrical activity and the 
resulting fibrillatory process disseminate to the other walls of the left 
atrium, including the lateral, anterior, superior and septal (or medial) 
wall (Table 1).71

In severe or persistent cases, the condition becomes less dependent 
on the initial triggers and is maintained by a complex substrate often 
involving fibrosis, which causes slow conduction and allows for 
multiple re-entrant wavelets or stable rotors to persist throughout these 
various left atrial walls and potentially the right atrium as well.72 The 
lateral wall is often the most severely affected by fibrosis as reveled by 
imaging techniques. Interestingly, the severity and distribution of the 
fibrosis correlate with the severity stage of the AFib.72

Histopathological studies have shown fibrosis myocyte 
hypertrophy, vacuolization and degenerative changes.73 Other findings 
include inflammatory infiltrates and alterations to the sympathetic 
nerves. These changes, are known as atrial structural remodeling74 
and has been proposed to disrupt the normal electrical and structural 
integrity of the heart tissue, creating a substrate for the arrhythmia to 
persist.

It is worth noting that the fibrosis characterized by the excessive 
deposition of collagen types I, III, VI, and VIII might represent 
later stage alterations75 and that at earlier phases other more subtle 
types of molecular or subcellular alterations in myocytes might 
occur, triggering the formation of ectopic cellular foci functioning 
as abnormal conduction cells76. Along these lines, it has been shown 
that at early stages of AFib, other specific extracellular matrix (ECM) 
proteins also accumulate in the atrial wall, including fibronectin-1, 
fibrillin-1, and fibromodulin (Table 1) (Figure 4).76,77 In addition, at 
early stages of AFib it has been shown that abnormal deposits of atrial 
natriuretic peptides (ANP) that form oligomers and amyloid fibers 
might also involved (Table 1) (Figure 4).78

It has been proposed that a combination of hemodynamic, 
environmental, and genetic susceptibility factors contributes to the 
dysregulated secretion and accumulation of ANP and ECM proteins79,80 

in AFib (Table 1)(Figure 4). These alterations may facilitate the 
emergence of ectopic cardiac conduction cells around the pulmonary 
veins and other atrial regions. A central question is the identification of 
the molecular mechanisms by which atrial myocardial cells aberrantly 
acquire automaticity or conduction properties.

Current models proposed that the pathological accumulation of 
ANP, ECM proteins perturbs the local microenvironment, leading to 
cellular irritation, altered mechano- electrical signaling, and ultimately 
a shift in cellular functionality (Table 1) (Figure 4).76–78

Interestingly, in individuals with sporadic or hereditary cardiac 
amyloidosis there is also a high predisposition for AFi1.81,82 The 
two most common types of amyloid proteins that misfold and 
accumulate in cardiac amyloidosis are transerethrin (ATTR) and 
light immunoglobulin light chains produced by plasma cells.83 The 
prevalence of AFib with a prevalence ranging from 16% to 80%, 
depending on the cardiac amyloidosis subtype.84 It is more common 
in ATTR, where up to 70% of patients may develop AFib (Table 1) 
(Figure 4).84 AFib is considered a natural consequence of the disease 
due to amyloid fibril deposition in the heart, which leads to atrial 
dysfunction (Figure 4).

Similarly, in AD, the intracellular and extracellular accumulation 
of Aβ and tau oligomers, along with the propagation of protofibrillar 
assemblies, has been mechanistically linked to the selective 
degeneration of hippocampal circuits (Table 1) (Figure 4).85,86  It is 
worth noting that in recent years accumulation of α-synuclein and 
TDP43 in specific brain regions in AD has also been described. Soluble 
Aβ oligomers impair synaptic transmission by disrupting N-methyl-
D-aspartate receptor (NMDA) and α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptor trafficking, altering calcium 
homeostasis, and activating downstream kinases such as calcium/
calmodulin-dependent protein kinase II (CaMKII) and glycogen 
synthase kinase-3 (GSK-3β).45,87,88 Concurrently, tau oligomers 
destabilize axonal function and exacerbate synaptic dysfunction.89 
These combined effects promote network hyperexcitability via 
inhibitory interneuron dysfunction, reduced GABAergic tone, 
and increased excitatory drive. Aβ exposure reduces Kv3.1 and 
Nav1.1 channel expression in parvalbumin cells, impairing their 
high-frequency firing and disrupting network oscillatory precision 
(Table 1) (Figure 4).45,90–92 Collectively, these processes contribute 
to progressive cognitive impairment and heighten susceptibility to 
subclinical epileptiform discharges and overt seizure activity (Figure 
4).

However, considerable debate remains regarding the role of 
amyloid aggregates in AD - specifically, whether they are a primary 
driver of neurodegeneration or a secondary consequence of disrupted 
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neuronal function.89,93 A similar question arises in AFib with respect to 
the deposition of ANP, ECM and ATTR aggregates: to what extent do 
these aggregates initiate abnormal electrical activity in the left atrium 
versus arise as a downstream effect of it? Although a discussion of this 
topic is beyond the scope of this manuscript, suffice to say that both 
in AD and AFib, the biology is more complex than a simple gain- or 
loss-of-function model. Early in the disease process, affected cells by 
the accumulation of aggregated proteins in combination with other 
hemodynamical and metabolic changes may exhibit aberrant gain of 
function before ultimately undergoing degeneration (Figure 4). This 
later accompanied by chronic inflammation and fibrosis (eg: fibroblast 
proliferation and collagen deposition) in the case of the heart and 
gliosis in the CNS (eg: astrocytosis and microglial activation) (Table 
1) (Figure 4).

This suggests that, in addition to proteopathic mechanisms, other 
aging-related processes common to both AD94,95 and AFib contribute 
to disease vulnerability.96 Among these shared mechanisms, cellular 
senescence is of relevance, and its role is examined in detail in the 
following section (Figure 4).

Cellular senescence in AD and AFib
In the case of AD, it has been shown that one of the mechanisms 

involves Aβ and Tau pathology impairing interneuron excitability 
and synaptic GABAergic signaling, weakening both phasic and 
tonic inhibition, and simultaneously potentiating glutamatergic 
transmission and dendritic Ca²⁺ dynamics, leading to circuit 
disinhibition and pathologic hyperexcitability in hippocampal and 
cortical networks.45,90,91 However, other mechanisms have been 
identified, including the potential role of inflammation, synaptic 
remodeling, neurogenesis alterations and cellular senescence in the 
hippocampus.94

In AFib the mechanisms through which ectopic, electrically 
hyperactive myocardial cells might emerge are under investigation63 
Some hypothetical mechanisms include: i) transdifferentiation 
or re-programming,97,98 wherein terminally differentiated atrial 
cardiomyocytes aberrantly re-express ion channel subunits (e.g., 
HCN, Nav1.5) and connexins (Cx40, Cx43) in a pattern reminiscent 
of spindle-shaped specialized conduction cells; ii) alternatively, latent 
mesoderm-derived progenitor populations within the left atrium may 
undergo pathological differentiation into conduction system–like 
phenotypes in response to stressors such as fibrosis, oxidative stress, 
or neurohumoral activation and iii) aging-related cellular senescence 
in atrial myocytes may further contribute by initiating a pro-
inflammatory SASP, which facilitates electrical remodeling and the 
acquisition of ectopic pacemaker-like properties, thereby promoting 
arrhythmogenic substrates (Table 1).96

Cellular senescence is present within CCS and is a significant 
contributor to age-related conduction abnormalities and arrhythmias, 
including sick sinus syndrome and AFib.99 Senescence involves a 
transition to a stable cell-cycle–arrested phenotype accompanied by 
acquisition of a SASP, whereby cells secrete a broad repertoire of pro- 
inflammatory chemokines, cytokines, growth factors, and proteases. 
Key SASP components include IL-6, IL-1 receptor antagonist 
(IL-1RA), GROα, IFN-γ, and matrix metalloproteinases (MMPs), 
which together can disrupt extracellular matrix architecture, impair 
electromechanical coupling, and modulate tissue remodeling (Figure 
4).36,100,101

Although SASP factors can exacerbate local inflammation and 
promote pathological remodeling, senescence also has context-
dependent reparative functions. During tissue injury, transient senescent 

cell populations facilitate fibrosis, recruit immune effector cells, and 
coordinate the clearance of damaged or dysfunctional cells.100–102 The 
net impact of senescence within the CCS therefore depends on the 
balance between its protective, short-lived roles in tissue repair and its 
detrimental effects when chronically sustained, which can destabilize 
conduction pathways and promote arrhythmogenesis.

This process is triggered by chronic injury, including oxidative 
stress and DNA damage, which leads to the upregulation of p53, 
p16^INK4a^ and p21, causing cell-cycle arrest and cessation 
of cell division34 (Figure 4). In the heart, myocardial cells most 
prominently undergo senescence following chronic injury associated 
with myocardial ischemia and cardiomyopathy.103 However, cardiac 
progenitor cells, myofibroblasts, endothelial cells, and fibroblasts 
can also undergo senescence during aging and under pathological 
conditions such as diabetes mellitus, chemotherapy, and arrhythmias.103 
In the cardiovascular system, cellular senescence can have a dual role 
depending on microenvironmental factors, genetic background, and 
cellular resilience—either promoting tissue repair or exacerbating 
inflammation and damage (Figure 4).103

In AFib, senescence of endothelial cells and fibroblasts has been 
linked to increased prevalence and severity of atrial fibrillation 
in the elderly,103 although myocardial cells are also involved.99 
Senescent endothelial cells contribute to endothelial dysfunction, 
impaired nitric oxide signaling, and pro-thromboinflammatory 
activation, while senescent fibroblasts enhance extracellular matrix 
remodeling and fibrosis, creating a substrate that favors atrial 
conduction heterogeneity.103 Moreover, senescent cardiomyocytes 
display reduced contractile reserve, mitochondrial dysfunction, 
impaired excitation– contraction coupling, and dysregulated calcium 
handling (including altered Ca²⁺ cycling and increased diastolic Ca²⁺ 
leak) (Table 1).104  These changes compromise global myocardial 
performance and promote structural and electrical remodeling. 
Collectively, these senescence-associated alterations create a 
maladaptive microenvironment that can indirectly impair the CCS. The 
resultant increase in fibrosis, inflammatory cytokine load, oxidative 
stress, and disruption of intercellular coupling (e.g., via connexin 
downregulation) fosters conduction slowing, re-entry susceptibility, 
and arrhythmogenic instability, thereby further contributing to the 
initiation and maintenance of AFib.105,106

Likewise, chronic injury and cumulative DNA damage in the 
aging CNS can drive senescence or senescence-like states across 
multiple neural cell types including neurons, astrocytes, microglia, 
oligodendrocytes, and cerebrovascular endothelial cells - via 
conserved pathways involving activation of the p16^INK4a^/Rb and 
p21^CIP1^/p53 signaling axes (Figure 4).107–109  Because neurons are 
terminally differentiated, permanently post-mitotic cells residing in G0, 
they cannot undergo classical replicative arrest. Instead, they acquire 
a “senescence-like phenotype” or neurescence110,111 characterized 
by persistent DNA damage signaling, chromatin remodeling (e.g., 
H3K9me3 accumulation, formation of SAHF-like foci), mitochondrial 
dysfunction, metabolic reprogramming, and induction of a SASP-like 
secretory profile, despite the absence of canonical cell-cycle exit.111 
This neurescent state mirrors key molecular and functional elements 
of senescence in mitotically competent cells and is increasingly 
implicated in age-related neurodegenerative processes (Figure 4).111

In AD, multiple neural cell classes - including projection neurons, 
astroglia, and oligodendroglial lineage cells -exhibit molecular 
signatures consistent with bona fide cellular senescence.94,112,113 
Single-nucleus transcriptomic profiling of post-mortem AD 
cortex has demonstrated that >97% of senescence-enriched nuclei 
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correspond to excitatory glutamatergic neurons, with this population 
showing substantial overlap with tau-positive neuronal subtypes.114 
Within these datasets, cyclin-dependent kinase inhibitor 2D 
(CDKN2D/p19^INK4d^) emerged as the most discriminative marker 
loading onto the primary senescence eigengene, outperforming 
other canonical CDK inhibitors in identifying the senescence-
associated transcriptional program.114 Experimental AD models 
further support a causal relationship between proteopathic stress 
and neuronal senescence115 both Aβ oligomers and pathological 
tau species induce DNA damage responses, chromatin remodeling 
(e.g., increased H3K9me3 and macroH2A deposition), and stable 
activation of the p16^INK4a^/p19^ARF^–Rb axis,115,116 doi.org.117,118 
This is accompanied by the acquisition of a SASP enriched for 
proinflammatory cytokines, chemokines, and matrix-remodeling 
enzymes that propagate neuroinflammation and synaptic dysfunction. 
Importantly, pharmacological senolysis or genetic clearance of 
p16^INK4a^+/p19^INK4d^+ senescent cells in transgenic Aβ118 or tau 
models119 mitigates SASP signaling, reduces Aβ and tau accumulation, 
attenuates microglial activation, and rescues electrophysiological 
and cognitive impairments. These findings collectively implicate 
senescence of vulnerable neuronal subtypes as an active contributor to 
AD pathogenesis rather than a passive byproduct of neurodegeneration.

In summary, aging-related mechanisms, particularly disruptions 
in proteostasis, and the accrual of senescent cellular populations are 
increasingly recognized as shared pathogenic features of both AD 
and AFib (Figure 4). These convergent biological alterations support 
the hypothesis that parallel or mechanistically interlinked processes 
operating along a heart–CNS axis may underlie the elevated incidence 
of AD observed in individuals with AFib. Such processes could 
include systemic inflammatory coupling, impaired metabolic and 
vascular signaling, and cross-organ propagation of proteotoxic stress, 
collectively contributing to vulnerability in both neural and atrial CSS 
tissues.

Therapeutical implications
Given the epidemiological and mechanistic links between 

AFib, cognitive impairment, and AD, several clinically relevant 
questions arise. These include: i) how rhythm-control or rate-control 
interventions for AFib may modify long-term AD risk; ii) whether 
patients with AFib should undergo longitudinal monitoring with 
emerging AD biomarkers (e.g., plasma phosphorylated-tau species, 
Aβ42/40 ratios, neurofilament light); and iii) how current and future 
AFib therapies might interact with, or potentially modulate the efficacy 
of, disease-modifying AD therapeutics.

Over the past few years, AFib management has undergone 
rapid technological advancement. Innovations include high-
resolution electroanatomical and digital mapping systems for CCS 
characterization, improved catheter-ablation strategies (e.g., pulsed-
field ablation), next-generation oral anticoagulants with enhanced 
safety profiles, and procedural approaches such as left atrial 
appendage occlusion (LAAO) (e.g., the Watchman device) to reduce 
thromboembolic risk.120–123 Similarly, AD patient care has advanced 
substantially with the recent FDA approval of anti-amyloid-β 
monoclonal antibodies (e.g., lecanemab, donanemab),124,125 enabling 
disease- modifying treatment in early-stage patients. These therapies 
are complemented by the expansion of diagnostic tools- including 
amyloid and tau PET imaging as well as validated plasma biomarker 
panels—that facilitate earlier and more precise detection of AD 
pathology.126–128

For instance, a nationwide cohort study using the Korean National 
Health Insurance Service database comprising approximately 195,000 

individuals demonstrated that AFib patients undergoing catheter 
ablation exhibited a significantly reduced risk of cognitive impairment 
and dementia.129 Importantly, the association between ablation and 
decreased dementia incidence remained robust after adjustment for 
stroke as a time- dependent covariate (hazard ratio [HR] 0.76; 95% 
CI 0.61–0.95).

The protective effect was largely confined to patients in whom 
ablation successfully achieved durable rhythm control, whereas no 
significant reduction in dementia risk was observed in individuals 
with ablation failure. Catheter ablation was further associated with 
lower incidence rates of major dementia subtypes, including AD and 
vascular dementia.129

Converging evidence from other large population-based studies 
conducted in Europe,130 Taiwan,131 and the United States indicates that 
catheter ablation is associated with an approximate 30% reduction in 
dementia risk relative to standard medical management.9 In a U.S. 
cohort, catheter ablation was linked to significantly lower dementia 
incidence (HR 0.52; 95% CI 0.45–0.61) as well as reduced all-cause 
mortality (HR 0.58; 95% CI 0.55–0.61).132 Additionally, a separate 
comparative-effectiveness study reported that AFib patients treated 
with catheter ablation had a 41% lower dementia risk than those 
managed with antiarrhythmic drugs (AADs), with similar benefit 
observed in both men and women.133 Moreover, several observational 
studies suggest that patients who undergo LAAO may have a lower 
incidence of composite dementia compared to those on long-term 
oral anticoagulation. One study reported a significantly lower risk of 
developing composite dementia (hazard ratio of 0.57) in the LAAO 
group.134

Collectively, these studies indicate that effective rhythm control 
in AFib - particularly via catheter ablation and LAAO may confer 
neuroprotective benefits by mitigating AFib- associated cerebral 
hypoperfusion inflammation and other aged-related alterations 
that contribute to cognitive decline. This emerging evidence raises 
an important translational question: should patients with AFib be 
systematically screened for AD–related circulating biomarkers, 
or conversely, should individuals with mild cognitive impairment 
or early dementia undergo proactive screening for subclinical or 
paroxysmal AFib? The issue is timely, given the rapid advancement 
of ultrasensitive plasma biomarkers for AD pathology (e.g., Aβ42/40 
ratios, p-tau isoforms, NfL, GFAP) and the parallel development 
of more efficient, safer, and higher-resolution catheter ablation and 
LAAO technologies in conjunction with electronic wearable devises 
that can detect AFib early on.

In this context, the AF-SCREEN International Collaboration 
conducted an extensive evaluation of epidemiological, mechanistic, 
and clinical evidence linking AFib with cognitive impairment 
and dementia and subsequently issued a set of recommendations 
regarding diagnostic and therapeutic strategies.3 Their consensus 
statement emphasized the need for rigorously designed, longitudinal 
clinical trials to delineate the causal pathways between AFib and 
neurodegeneration and to determine which interventional approaches 
- rhythm control, stroke-prevention strategies, or combined therapies 
- are most effective in preserving cognitive function and delaying the 
onset of dementia.

Additional therapeutic avenues relevant to the mechanistic overlap 
between AFib and AD relevant to aging mechanisms discussed in this 
review include emerging strategies aimed at enhancing proteostasis 
and mitigating cellular senescence. Interventions that improve protein 
quality control pathways - such as augmentation of chaperone activity, 
proteasomal or autophagic flux, protein folding stabilizers and 
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removal of protein aggregates and senescent cell populations - may 
theoretically attenuate both CCS and CNS degenerative pathology by 
reducing proteotoxic stress, chronic inflammation, and maladaptive 
remodeling.

A salient example is the treatment of transthyretin amyloid 
cardiomyopathy (ATTR-CM) with TTR tetramer stabilizers such 
as tafamidis, which have demonstrated significant improvements in 
cardiac structure and function135 and favorable outcomes in patients 
with coexisting AFib.136 Tafamidis acts by kinetically stabilizing 
the native TTR tetramer, thereby preventing its dissociation into 
misfolding-prone monomers that aggregate into amyloid fibrils. By 
slowing amyloid deposition, TTR stabilization mitigates diastolic 
dysfunction, atrial remodeling, and conduction abnormalities that 
predispose to AFib.137

Another pharmacologic class with putative geroprotective activity 
that may be relevant to the mechanistic intersection between AFib 
and AD comprises senolytic and senomorphic agents. Senolytics 
(e.g., the Dasatinib-plus-Quercetin combination) are compounds 
engineered to selectively eliminate senescent cells by exploiting 
their reliance on senescence-associated anti-apoptotic pathways 
(SCAPs).138 These drugs target pro-survival nodes such as members of 
the BCL-2 family, or inhibit parallel pathways involving HSP90, p53, 
and other chaperone- or stress-response regulators.139 By triggering 
apoptosis specifically in senescent cells, senolytics attenuate sterile, 
age- associated inflammation, remodel the inflammatory tissue 
microenvironment, and mitigate pathology across multiple chronic 
diseases.140

In contrast, senomorphic agents modulate - rather than eliminate 
- senescent cells by suppressing their SASP while maintaining cell 
viability. These compounds inhibit key SASP-generating signaling 
hubs, including NF-κB, mTOR, and related transcriptional programs.141 
By blocking the secretion of pro-inflammatory cytokines, chemokines, 
matrix-remodeling enzymes, and growth factors, senomorphics allow 
senescent cells to persist where they perform beneficial roles (e.g., 
in wound healing and tissue remodeling), while minimizing their 
detrimental paracrine effects.

Preclinical evidence in both AFib and AD models indicates that 
senolytic strategies may offer therapeutic benefit. In CCS and atrial 
remodeling models, senolytic treatment reduces AFib inducibility, 
atrial inflammation, and fibrosis.142 In multiple AD mouse models, 
senolytics decrease Aβ and Tau burden, suppress neuroinflammation, 
and improve cognitive and behavioral phenotypes.118,141–144

Despite these encouraging findings, senolytic and senomorphic 
therapies remain early- stage investigational approaches for AFib 
and AD. Rigorous preclinical validation and controlled clinical trials 
are required to establish optimal dosing, long-term safety, tissue 
specificity, and therapeutic efficacy in humans.

Finally, an important emerging clinical intersection between AFib 
and dementia involves the management of AD patients receiving 
anti-amyloid monoclonal antibodies (e.g., lecanemab, donanemab). 
These immunotherapeutic agents have demonstrated efficacy in 
reducing fibrillar and soluble Aβ species within the brain and have 
been associated with modest but measurable slowing of cognitive 
decline.124,125 However, amyloid clearance - particularly from 
cerebral vasculature—substantially increases the risk of amyloid-
related imaging abnormalities (ARIA), including both vasogenic 
edema (ARIA- E) and microhemorrhages or macrohemorrhages 
(ARIA-H).145 Because the risk and severity of ARIA-associated 
intracerebral bleeding are significantly amplified in individuals 

receiving oral anticoagulation (OAC), therapeutic anticoagulation 
is currently considered a major contraindication for anti-amyloid 
monoclonal antibody therapy.146–148 A promising development to 
overcome this barrier is the increasing use of LAAO devices in AFib 
patients who are unsuitable for long-term anticoagulation.149,150 By 
mechanically isolating the left atrial appendage and thereby reducing 
cardioembolic stroke risk without the need for chronic OAC, LAAO 
may enable a subset of AD patients with AFib to safely qualify for 
anti-amyloid antibody treatment. This emerging therapeutic pathway 
highlights a potentially important cardiology–neurology interface in 
the management of dual AFib–AD pathology.

Discussion and conclusions
Accumulating evidence from observational cohorts3 and 

contemporary meta-analyses18 indicates that AFib is mechanistically 
linked to cognitive impairment and dementia, even after adjustment 
for confounding variables, including clinical stroke and subclinical 
thromboembolism. Notably, the strength of this association is 
higher in adults younger than 65 years, suggesting contributory 
pathophysiological processes beyond conventional vascular risk.8 
Among late-life neurodegenerative disorders, AD exhibits the most 
consistent epidemiological association with AFib, although elevated 
risks have also been documented for vascular dementia and dementia 
with Lewy bodies.25 Importantly, both AD and AFib represent 
progressive, degenerative conditions that propagate across distinct 
anatomical domains of the CNS and the CCS, respectively. While 
environmental, genetic, and vascular determinants exert substantial 
influence, the persistence of the AFib–cognitive impairment/
dementia association in patients without overt cerebrovascular events 
underscores the potential involvement of shared, aging- related 
biological mechanisms (Table 1) (Figure 4). Accordingly, this review 
focused on convergent pathways of cellular senescence, impaired 
proteostasis, and other hallmarks of aging that may jointly contribute 
to the pathogenesis of AFib and AD (Figure 4).

In addition to cellular senescence and proteostasis decline, 
several other hallmarks of aging -including genomic instability 
(DNA damage), telomere attrition, epigenetic drift, deregulated 
nutrient-sensing pathways, mitochondrial dysfunction, stem-cell 
exhaustion, and altered intercellular communication-likely contribute 
to the shared pathobiology of AFib and neurodegenerative diseases 
(Figure 3). Perturbations in both senescence programs and protein-
quality-control systems promote the accumulation of misfolded 
or aggregation-prone proteins,151 leading to formation of amyloid 
deposits that trigger inflammation and tissue remodeling in AFib and 
AD. In the CNS, the dominant aggregation-prone proteins include Aβ 
and tau, although in recent years accumulation of α-synuclein, and 
TDP-43 have also been reported.152,153 By contrast, in the heart, ANP 
accumulates,78 and in selected cases TTR is the principal amyloid 
species that aggregates in AFib with ATTR154 accompanied by fibrotic 
remodeling of the atrial tissue.155 During early stages of aging related 
AFib there is accumulation of ANP, extracellular matrix proteins, these 
pathological processes promote structural and electrical remodeling, 
resulting in gain-of-function phenotypes in atrial cardiomyocytes that 
support ectopic firing, particularly near the pulmonary vein ostia, with 
subsequent propagation to additional atrial regions (Table 1) (Figure 
4).155,156  Analogously, in the prodromal and early stages of AD - driven 
by aging-related mechanisms and progressive buildup of amyloid 
and non-amyloid protein aggregates - neuronal networks exhibit 
functional dysregulation, including hyperexcitability arising from 
increased glutamatergic drive and impaired GABAergic inhibition 
(Table 1) (Figure 4).157 At more advanced stages, both systems 
converge on degenerative outcomes: in the heart, progressive fibrosis, 
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collagen deposition, and deterioration of CCS architecture; and in the 
CNS, chronic reactive gliosis marked by astrocytic hypertrophy and 
elevated GFAP expression, along with microglial activation, synaptic 
degeneration, and neuronal loss (Table 1) (Figure 2).

Remarkably, observational evidence indicates that early 
identification and management of AFib, whether through catheter 
ablation, LAAO, or guideline-directed anticoagulation, reduces the 
risk of subsequent cognitive decline, including AD.158,159 Nevertheless, 
adequately powered randomized controlled trials are still required to 
determine the optimal therapeutic strategy for specific AFib patient 
subgroups at elevated risk for AD. Emerging interventions relevant 
to both AFib and AD include senolytic and senomorphic agents aimed 
at selectively clearing senescent cells or SASP thereby reducing 
chronic inflammation; however, these modalities remain in early 
stages of clinical development.138 In terms of protein accumulation, 
in ATTR, pharmacologic TTR tetramer stabilizers have demonstrated 
efficacy in preventing amyloid fibril formation and improving 
cardiac function, including reductions in AFib burden.160,161 Similarly, 
two recently approved monoclonal antibodies for AD that enhance 
cerebral amyloid-β clearance have shown modest cognitive benefits 
in early-stage disease, their long-term effects and risk–benefit profiles 
continue to be evaluated.124,125

Another important dimension in the development of increasingly 
personalized therapies for patients with both AFib and AD is the 
integration of lifestyle factors and genetic background into clinical 
decision-making. Notably, AFib and AD share several genetic 
susceptibility loci. For example, variants in PLEC and HSPG2 
have been implicated in both disorders, although their mechanistic 
contributions remain under investigation doi.162,163 An intronic PLEC 
variant has been associated with elevated risk for both AD and 
AFib, potentially through its effects on cytoskeletal integrity and 
the organization of signaling complexes.162–164 HSPG2 (perlecan), an 
extracellular matrix proteoglycan present within AD amyloid plaques, 
has also been linked to AFib, suggesting convergence at the level of 
extracellular matrix remodeling and vascular or neuroinflammatory 
pathways (Table 1) (Figure 1).165

Additional shared genetic risk factors, including genes involved in 
inflammatory regulation, lipid metabolism, and vascular homeostasis, 
further support the possibility of overlapping pathobiological 
mechanisms. Among these, the APOE ε4 allele confers increased 
susceptibility to both AD166 and AFib.167 Importantly, recent studies 
indicate that APOE ε4 may increase the risk of intracerebral hemorrhage 
in AFib patients treated with apixaban,167 which is particularly relevant 
in AD, where anti-amyloid monoclonal antibodies also elevate the risk 
of ARIA and hemorrhagic complications.124 These interactions raise 
potential contraindications or the need for heightened monitoring 
in APOE ε4 carriers. Consequently, alternative strategies for stroke 
prevention in AFib such as LAAO may require consideration in 
genetically high-risk individuals. Ultimately, case-by-case evaluation 
will be essential to balance therapeutic efficacy against bleeding risk 
as treatment approaches for AFib and AD continue to evolve.

Finally, it has long been recognized that the heart and CNS 
are closely interconnected through multiple genetic, vascular, 
hemodynamic, autonomic, and circadian rhythm pathways. These 
bidirectional brain–heart interactions involve continuous collection, 
integration, and interpretation of physiological signals, enabling 
coordinated regulation of homeostatic processes as well as cognitive 
functions. Recent studies indicate that cardiovascular aging is 
selectively associated with the aging of specific large-scale brain 
networks, including the salience, default mode, and somatomotor 
networks.168 Lifestyle, genetic background, and environmental 

exposures contribute to the biological aging trajectories of both organs 
(Figure 1),169,170  providing a mechanistic basis for the clinical adage 
that “what is good for the heart is good for the brain.”

Although the heart and brain do not age at identical rates, their 
biological aging processes are tightly coupled.168 Research shows 
that cardiac and neural biological age are correlated. That is when 
one organ exhibits accelerated aging relative to chronological age, 
the other is likely to do so as well networks.168 Consistent with this, 
impaired cardiovascular health is associated with an older “brain 
age” phenotype and an increased rate of cognitive decline, whereas 
maintaining cardiovascular fitness supports healthier brain structure 
and function. In summary, understanding the links between genetics, 
lifestyle, vascular factors, and aging in AFib and AD will support 
improved treatments and prevention strategies.
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