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ABSTRACT: Alzheimer's disease (AD) is a neurodegenerative disorder condition linked to various systemic 

comorbidities. Numerous studies have shown bidirectional crosstalk between the heart and the brain, but the specifics 

of how these interactions occur in AD are poorly understood. This narrative review summarizes the clinical evidence 

for a firm link between AD and cardiovascular health and discusses the bidirectional roles of AD and the 

cardiovascular system. AD pathogenic proteins, AD risk genes, neurohormones, the autonomic nervous system, and 

neurotransmitters may affect cardiovascular health, and cardiac-derived proteins, neurohormones, vascular function, 

inflammation, and other potential specific molecules or neural pathways may also influence AD pathology and 

cognitive function. Additionally, we propose potential AD intervention strategies based on the heart-brain axis to 

provide novel insights into AD prevention and treatment. 
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1. Introduction 

 

Alzheimer's disease (AD) is the most prevalent form of 

dementia among the elderly, clinically characterized by a 

progressive decline in memory and cognitive function [1, 

2]. AD patients suffer from loss of independent living 

ability in the late stages of life, and the cost of care is very 

high, which creates a huge health and economic burden 

on individuals, families, and society [3]. Plaques formed 

by amyloid-beta (Aβ) deposits and neurofibrillary tangles 

(NFTs) created by aggregates of hyperphosphorylated tau 

protein are the primary pathological features of AD [4]. 

AD has traditionally been discussed as a 

neurodegenerative disease of the brain. However, 

numerous studies in recent years have demonstrated that 

abnormalities in peripheral organs and tissues also lead to 

brain AD-type pathological changes and cognitive 

impairment [5-11]. Clinical studies have also shown that 

AD and dementia risk are associated with systemic 

comorbidities [12-15]. Systemic factors from the 

peripheral circulation can enter the brain and mediate 

neurodegeneration and AD pathogenesis [16-18]. Thus, 

AD is not just a single brain disease, but also has complex 

interactions with organs and tissues throughout the body. 

Exploring the mechanisms by which the peripheral 

system affects the onset and progression of AD can 

provide new perspectives for developing new prevention 

and treatment strategies [19]. 

The cardiovascular system is a completely closed 

blood circulation tube consisting of the heart and blood 

vessels. It takes the heart as its center of motion and 

transports blood through the blood vessels to all organs 

and tissues of the body to supply oxygen, nutrients, and 

other important substances to maintain the normal 

physiological activities of the organism [20]. The heart is 

directly regulated primarily by basic nerve centers located 

within the pons and medulla oblongata. A variety of 

central neurotransmitters (e.g., glutamate, acetylcholine, 
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histamine) and neurohormones (e.g., adrenocorticotropic 

hormone, angiotensin, estrogen), as well as their 

intracellular signaling pathways, are also involved in 

regulating cardiovascular activity [21-24].    Weakened 

heart pumping leads to decreased blood flow to the brain 

and neurohormonal activation, subsequently causing a 

lack of nutrient supply and damage to neurons [25]. 

Clinical findings indicate that individuals with AD have a 

higher risk of cardiovascular disease, causing impairment 

of cardiovascular function, particularly diastolic function 

[26-28]. The connection between AD and cardiovascular 

conditions in both mice and humans has now been 

reported, emphasizing the interaction between the heart 

and brain in AD [29-32]. In this review, we summarize the 

clinical evidence linking cardiovascular disease and AD 

and explore the impact of AD on cardiovascular function 

and its underlying mechanisms. Moreover, we also 

discuss potential mechanisms by which the heart affects 

the pathogenesis of AD, including those involving 

cardiac-derived proteins, vascular dysfunction, 

inflammation, and other potential specific molecules or 

neural pathways. Based on the crosstalk between the heart 

and brain, we propose some heart-based intervention 

strategies for AD prevention and treatment. 

 

Table 1. Clinical studies into the links among cardiovascular disease, cognitive impairment, and AD pathology. 

 
Study Type Participants Variables Correlations 

[36] Cohort study 103869 Danes Risk of developing dementia Positive 

[37] Cross-sectional study 1625 Germans Mild cognitive impairment Positive 

[38] Mendelian 

randomization study 

63926 Europeans Risk of developing AD Negative 

[40] Prospective Cohort 

study 

457204 participants from 

UK Biobank 

Dementia diagnosis Positive 

[41] Observational study 53 Turks Altered diastolic function, aortic stiffness Positive 

[42] Observational study 25 Americans Tau proteins Positive 

[43] Cross-sectional study 306 Americans Cerebral Aβ Positive 

[44] Cohort study 635 Dutch Aβ pathologies Positive 
 

Abbreviations: AD, Alzheimer’s disease; Aβ, amyloid beta. 

2. Clinical evidence of associations between 

cardiovascular disease and AD 

 

Recently, a mendelian randomization analysis of large-

scale cardiovascular disease and AD genetic datasets has 

shown a causal relationship between cardiovascular 

disease and AD [33]. Coronary artery disease (CAD) is a 

widespread disorder of the cardiovascular system in 

which atherosclerosis of the coronary arteries causes 

narrowing or occlusion of the lumen of the arteries, 

leading to hypoxia-ischemia or necrosis of the 

myocardium [34, 35]. A cohort study showed that CAD 

patients had a significantly increased risk of AD, vascular 

dementia, and all-cause dementia than controls [36]. 

Cross-sectional studies indicate that elevated levels of 

NT-proBNP, a marker of cardiac stress, are linked to mild 

cognitive impairment [37]. Subsequent studies and meta-

analyses further confirmed a significantly increased risk 

of cognitive decline in patients with heart failure (HF) 

[38-40]. Conversely, AD is also a risk factor for 

cardiovascular disease. A large of clinical evidence 

suggests that AD patients are at increased risk for 

cardiovascular disease, causing impairment of 

cardiovascular function, particularly diastolic function 

[41, 42]. AD patients also show a significant age-

dependent increase in left ventricular wall thickness [43]. 

A study from Turkey investigating 29 AD patients and 24 

age-matched normal controls found that AD patients were 

more likely to have diastolic dysfunction, higher arterial 

stiffness, and impaired blood flow transfer efficiency. 

These findings suggest that changes in the brain of AD 

patients might affect heart functions. A longitudinal study 

showed that hypertensive patients had a 4.8-fold higher 

risk of developing dementia, along with a greater number 

of Aβ plaques in the cortex and hippocampus, as well as 

a significant rise in tau deposition [44].In summary, a 

large amount of clinical evidence has associated 

cardiovascular disease with AD (Table 1). 

 

3. Effects of AD on cardiovascular function 

 

The brain is the command center of systemic tissues and 

organs[45]. The brain has been shown to modulate 

cardiovascular activity through neuromodulation and 

humoral regulation, and to affect cardiovascular function 

through chemical and electronic signals[46]. AD patients 

mainly exhibit brain atrophy, neurotransmitter imbalance, 

and neural circuit damage[47-49]. In clinical cohort 

studies, AD patients had significant decreases in cardiac 

ejection fraction and cerebral blood flow several years 

after diagnosis, along with an increase in plaque buildup 

in the aorta and carotid arteries [50]. Thus, 

neuropathological changes in the AD brain may lead to 

cardiovascular dysfunction. 
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3.1 Effect of AD pathogenic proteins on heart 

 

Aβ peptides are generated through the hydrolysis of 

amyloid precursor protein (APP). Studies have found APP 

and Aβ are present in various tissues and organs other than 

the central nervous system (CNS), such as bone, muscle, 

gut, and heart [51]. Aβ may be associated with pathologies 

beyond AD, such as atherosclerosis. Aβ was found to 

promote endothelial cell activation and upregulate the 

expression of low-density lipoprotein receptor (LDLR) 

and low-density lipoprotein receptor-related protein 1 

(LRP1) on the cell membrane, resulting in significant lipid 

accumulation in the intima of coronary arteries. After lipid 

aggregation damaged endothelial cells, Aβ triggered 

platelet aggregation and degranulation, which further 

advanced the progression of atherosclerotic plaques or 

caused micro-thrombotic events, ultimately leading to 

coronary atherosclerosis [52-54]. Intracellular 

accumulation of Aβ40 in endothelial and cardiomyocytes 

had also recently been found to be a direct cause of 

cytotoxicity, with changes in the transcriptional profiles 

of Aβ40-exposed endothelial and cardiomyocytes, in 

particular the up-regulation of genes associated with the 

ubiquitin-proteasome system, apoptosis, DNA damage, 

and inflammation [55, 56]. In addition, Aβ40 is thought to 

be associated with vascular aging, and accumulation of 

Aβ40 in the blood and heart tissue has been linked to poor 

outcomes in patients with cardiac insufficiency, CAD, 

and HF [57-60]. A subsequent study from Rotterdam of 

4,156 controls and HF patients with plasma Aβ40 samples 

collected between 2002 and 2005, showed that higher 

Aβ40 levels were associated with poorer left ventricular 

ejection fraction (LVEF), a larger left ventricle, and a 

higher risk of HF [61]. A subsequent basic study 

demonstrated that 12-month-old Tg2576 mice had 

reduced LVEF and fraction shortening percentage 

compared with age-matched WT littermates. The hearts 

of Tg2576 mice demonstrated a buildup of amyloid 

aggregates, including Aβ, along with heightened 

interstitial fibrosis and pronounced cardiac neurological 

impairment [62]. In addition to Aβ plaques, NFTs 

consisting of hyperphosphorylated tau proteins are also 

key pathological characteristics of AD. Studies have 

indicated that genetic variation in tau may contribute to 

age-related systemic amyloidosis and increase the risk of 

myocardial infarction (MI), suggesting a link between tau 

and cardiac amyloidosis. The researchers also detected tau 

protein in ultrastructural examinations of heart tissue 

biopsies taken from MI patients [63]. Compared to 

younger mice, tau-deficient mice aged 23 months 

exhibited cardiac hypertrophy, a significant reduction in 

left atrial contractility, elevated blood pressure, and 

heightened sensitivity of isolated mesenteric arteries to 

angiotensin II (Ang II) contraction and isoprenaline 

relaxation [64]. The above suggests that both common 

pathological hallmarks of AD are involved in regulating 

cardiovascular function. 

 

3.2 Effect of AD causative and risk genes on heart 

 

Autosomal dominant disorders caused by APP, presenilin 

1 (PSEN1), and presenilin 2 (PSEN2) are regarded to 

result in early-onset familial AD. Mutations in these genes 

influence the processing and removal of Aβ [65, 66]. The 

Swedish mutation of APP (APPswe) could lead to early-

onset AD [67]. APPswe could cause cardiomyocyte 

contractile dysfunction and HF, indicating that AD and 

HF may have similar pathogenic mechanisms [68]. 

Notably, PSEN1 and PSEN2 not only function in the 

brain, but are also present in the heart, where they are 

essential for cardiac development. A case-control study 

found that subjects with PSEN1 mutations leading to early 

onset of AD had a markedly elevated risk of 

cardiovascular disease [69]. Early studies have indicated 

that polymorphisms in the PSEN1 gene are linked to 

susceptibility to dilated cardiomyopathy (DCM). 

Although a cross-sectional survey in China found no 

association between the PSEN1 gene and genetic variants 

in patients with sporadic DCM [70], other studies noted 

that Aβ aggregation and PSEN1 gene variants were found 

in the heart tissue of patients with idiopathic DCM [71]. 

Furthermore, PSEN1 expression was found to be 

downregulated in ischemia-induced HF, and PSEN1-

deficient mice exhibited significant reductions in ejection 

fraction and fractional shortening percentage, suggesting 

that loss of PSEN1 may cause cardiac disease by 

interfering with calcium homeostasis [72]. RNA-seq 

analysis revealed an association between hypertrophic 

cardiomyopathy and PSEN2 gene variants [73]. In 

summary, AD-causing genes including APP and 

PSEN1/2 are involved in the development of 

cardiovascular diseases, and their mechanisms need to be 

further investigated. 

In addition, AD has multiple genetic risk factors, and 

apolipoprotein E (APOE) is the risk gene that has been 

confirmed to be most strongly associated with the risk of 

late-onset AD [74, 75]. APOE ε4 raised the risk of AD in 

a dose-dependent manner by enhancing toxicity and 

inhibiting protective function [76]. In a prospective 

general population cohort study involving approximately 

91,000 subjects, APOE levels were linked to a higher risk 

of ischemic heart disease [77]. A meta-analysis of several 

studies in Asian populations showed that carriers of the 

APOE ε4 gene had a 42% increased risk of CAD [78]. In 

another study, APOE ε4 was linked to cardiac remodeling 

and a higher risk of HF. APOE ε2 conferred stronger 

contractility to cardiomyocytes and enhanced heart 

function [79]. In addition, the occurrence of the APOE ε4 
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allele was notably higher in DCM patients, suggesting that 

this allele may also serve as a novel risk factor for non-

ischemic cardiomyopathy [80]. In animal models, APOE-

deficient mice have increased microvascular and 

endocardial damage, along with a faster progression of 

atherosclerosis compared with WT mice [81]. One of the 

key roles of APOE is to regulate cholesterol balance and 

facilitate the clearance of lipoproteins from the 

bloodstream. APOE gene deletion leads to elevated 

intracellular cholesterol and excessive accumulation of 

neutral lipids in cardiac lipid droplets, which may cause 

changes in levels of proteins such as adipose triglyceride 

lipase and ferritin, ultimately resulting in myocardial 

dysfunction [82]. APOE-deficient mice developed 

recurrent inflammatory and apoptotic processes that 

reduce antioxidant activity, increase cell proliferation or 

excessive intracellular lipid accumulation, and cause 

alterations in both the structure and function of the heart, 

thereby inducing cardiomyocyte damage and 

atherosclerosis [83]. It has also been shown that APOE 

signaling is associated with myocarditis pathology and 

that inhibition of APOE signaling reduces the 

pathological progression of myocarditis [84]. The 

complex role played by polymorphisms in the APOE gene 

highlights the plausible link between AD and 

cardiovascular from several perspectives.  

Based on the above findings, AD-related pathogenic 

genes and risk genes, including APP, PSEN1/2, and 

APOE gene polymorphism, are all involved in the 

occurrence and development of cardiovascular diseases, 

revealing the intricate connection between AD and 

cardiovascular health. 

 

3.3 Neurohormonal effects on the heart 

 

It regulates blood pressure and fluid balance through the 

coordinated actions of the kidneys, cardiovascular, and 

central nervous systems. In HF patients, renal 

hypoperfusion activates the RAS due to reduced cardiac 

output and insufficient arterial filling, as well as direct 

adrenergic stimulation. Ang II levels are also elevated, 

facilitating a variety of pathophysiological processes [85-

87]. Ang II increased the incidence of arrhythmias, 

especially during ischemia/reperfusion, and blockade of 

the Ang II type 1 receptor (AT1R) reduced the incidence 

of arrhythmias as well as mortality after MI [88]. Ang II 

is directly or indirectly associated with cardiac 

remodeling. Studies using cardiomyocytes in vitro and 

animal models in vivo demonstrated Ang II increased 

oxidative stress, leading to myocardial tissue remodeling, 

fibrosis, and left ventricular dysfunction [89, 90]. In 

addition, Ang II-induced hemodynamic changes promote 

systemic vasoconstriction and fluid retention, thereby 

exerting hemodynamic stress on the heart and leading to 

pathological cardiac remodeling [91]. Ang II is also a 

neurohormone with pro-inflammatory effects that 

contribute to vascular dysfunction through a variety of 

mechanisms, including its effects on endothelial cell 

function, as well as vascular inflammation and 

remodeling [92]. Ang II was able to trigger an 

inflammatory response by activating the nuclear factor κB 

(NF-κB) inflammatory pathway as well as resulting in an 

increase in the pro-inflammatory factors such as tumor 

necrosis factor α (TNF-α), interleukin 1 (IL-1), and IL-6 

[93, 94]. Ang II downregulated endothelial nitric oxide 

synthase (eNOS) expression and lowered nitric oxide 

(NO) production, inducing endothelial dysfunction and 

vascular remodeling [95].  

Several studies have shown a higher prevalence of 

CAD in perimenopausal and menopausal women [96-98]. 

Estrogen reduces the risk of atherosclerosis by improving 

endothelial function and inhibiting the recruitment of 

inflammatory cells. Reduced estrogen levels can lead to 

increased levels of certain inflammatory cytokines (e.g., 

TNF-α, IL-1, and IL-6) and altered immune cell profiles 

(e.g., increased T-cells), which ultimately affect 

cardiovascular function [99]. Studies have also 

demonstrated that estrogen-deficient mice exhibited 

oxidative stress, disturbed lipid metabolism, and other 

changes that accelerate atherosclerosis [100]. Estrogen is 

also closely associated with angiogenesis, promoting 

endothelial cell proliferation, migration, and 

differentiation, and maintaining the functional integrity of 

endothelial cells [101, 102]. In addition, other hormones, 

such as cortisol, also participate in the physiological 

regulation of the heart. Neurohormones regulate heart 

function by affecting myocardial contractility, heart rate, 

vascular tone, and fluid balance. Understanding the 

mechanisms of these hormones in the heart is crucial for 

developing treatment strategies for cardiovascular 

diseases. 

 

3.4 Regulatory roles of peripheral nerves and 

neurotransmitters on the heart in AD 

 

CNS regulates cardiac activity primarily through two 

divisions of the autonomic nervous system: the 

sympathetic and parasympathetic nervous systems [103]. 

Clinical evidence suggests that in the early stages of AD, 

patients experience autonomic dysfunction even before 

the onset of overt dementia symptoms, most commonly 

postural hypotension, decreased heart rate variability, 

constipation, urinary incontinence, and syncope [104]. 

Early AD mice show marked abnormalities in autonomic 

function, mainly in the form of enhanced sympathetic 

hyperactivity and inhibition of parasympathetic activity. 

With aging, degenerative changes in autonomic nerves 

also appear in peripheral nerves. In the cardiovascular 
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system, excessive activation of the sympathetic nervous 

system induces over-release of adrenaline and 

noradrenaline from sympathetic nerve fibers, ultimately 

causing elevated levels of catecholamines in circulation, 

activating widespread adrenergic receptor groups on 

cardiac muscle cells, specifically β-adrenergic receptors 

(βARs). Prolonged activation of βAR induced 

cardiomyocyte dysfunction, apoptosis, and arrhythmias 

[105]. Transgenic mice with cardiac-specific 

overexpression of βAR exhibited cardiomyocyte 

hypertrophy, fibrosis, and progressive HF [106]. Another 

study revealed that sympathetic nerves caused 

mitochondrial dysfunction and Ca2+ overload in mouse 

cardiomyocytes via βAR activation [107]. These findings 

indicate that sympathetic nervous system activation in AD 

patients may lead to myocardial damage by stimulating 

βAR. 

The occurrence of AD is associated with the 

degeneration of cholinergic neurons in the brain, 

depletion of cholinergic neurotransmitters, and reduced 

activity of cholinesterase [108, 109]. In peripheral nerves, 

acetylcholine serves as the primary neurotransmitter of 

parasympathetic nerves. Cholinergic receptors include 

muscarinic acetylcholine receptors (mAChRs) and 

nicotinic acetylcholine receptors (nAChRs) [110]. 

Cardiomyocytes primarily express m2AChR [111, 112]. 

Acetylcholine interacts with m2AChR to prevent a range 

of cardiovascular conditions, including myocardial 

infarction and arrhythmias [112]. According to previous 

studies, cholinergic stimulation enhanced cardiac function 

through increased parasympathetic activity and 

suppressing ventricular remodeling caused by stress or 

Ang II in rats [112, 113]. Studies have found that pressure 

overload triggered cardiac hypertrophy, decreased 

parasympathetic function in cardiac tissue and reduced 

expression of m2AChR. Activation of m2AChR inhibited 

protein expression in the NLRP3/caspase-1/IL-1β 

signaling pathway in cardiomyocytes, thereby reducing 

endoplasmic reticulum stress and inflammation, 

maintaining mitochondrial homeostasis and improving 

cardiac hypertrophy [111, 114, 115]. m2AChR has a 

beneficial impact on improving cardiac function. 

Acetylcholine is involved in pathological alterations in 

both the brain and the heart. 

Neurotransmitters are also regarded to be important 

in the brain–heart axis. Glutamate is the primary 

excitatory neurotransmitter in the CNS, playing crucial 

roles in memory, synaptic plasticity, and neuron 

development. However, excessive glutamate stimulation 

is also linked to neuronal cell death. Overactive 

glutamatergic signaling appears during the initial phases 

of AD pathology, thought to be mediated by reduced 

glutamate uptake. Reduced glutamate clearance and 

resulting excitotoxicity are widely recognized as 

pathological mechanisms in AD [116]. Glutamate release 

could predict sustained myocardial ischemia in rats, 

particularly enhanced release from ischemic regions of the 

heart [117, 118]. Preliminary experimental studies also 

indicated that glutamate could induce cardiomyocyte 

apoptosis and arrhythmias by activating N-methyl-D-

aspartate (NMDA) receptors and inducing local Ca2+ 

release [119, 120]. Elevated glutamate levels may be 

associated with cardiac toxicity induced by oxidative 

stress. Additionally, other neurotransmitters such as 

serotonin and histamine are also involved in the 

physiological regulation of the brain and the heart [121, 

122]. The effects of more neurotransmitters on the brain-

heart axis warrant further exploration in the future. 

 

4. Effects of cardiovascular function on AD 

 

We have already discussed the potential effects of AD on 

the heart. Due to the higher incidence of AD in patients 

with cardiovascular diseases such as HF and CAD, we 

further investigated the potential impacts of cardiac 

hormones, vascular dysfunction, neurohormones, 

inflammation, and other potential specific molecules or 

neural pathways on the pathogenesis of AD and cognitive 

function. 

 

4.1 Heart-derived hormones 

 

4.1.1 Cardiac troponin 

 

Cardiac troponin (cTn) consists of three subunits: 

troponin T (cTnT), troponin I (cTnI), and troponin C 

(cTnC). When damage to cardiomyocytes occurs, 

intracellular cTn is released into the bloodstream. cTn 

elevation reflects damage to cardiomyocytes. When 

exploring the link between cardiovascular health and AD, 

cross-sectional studies have revealed that links among 

cardiac markers, cognitive performance, and brain 

structural changes with aging [123]. In particular, 

multiple clinical studies have shown that elevated plasma 

cTn levels are linked to a faster rate of cognitive decline 

and a greater risk of developing dementia [124-126]. This 

is particularly evident in patients with structural damage 

to the brain's microvasculature, with elevated cTn levels 

detected in patients exhibiting the most severe white 

matter lesions [123, 127]. This implies that subclinical 

damage to the cerebrovascular system may lead to the 

release of cTn, which in turn impacts cognitive function 

and may be related to the progression of AD. The 

FINRISK study found that cTnI could serve as a predictor 

for the development of AD [128]. Transcriptomic analysis 

of mice showed that the highest- ranked up-regulated 

gene, cTnC, encoded a calcium-binding protein that 

modulates actin binding in neurons [129]. A recent study 
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found that prolonged increases in cTn release may result 

in the release of intracellular calcium, and that leaking 

calcium ions after prolonged stimulation may cross the 

blood-brain barrier (BBB) and cause calcium overload, 

resulting in hippocampal atrophy and disruption of 

neuronal signaling associated with AD [130]. There are 

relatively few basic studies on the regulatory role of cTn 

in AD, which need to be further explored in the future 

[131-133]. 

 

4.1.2 Brain natriuretic peptide 

 

Brain natriuretic peptide (BNP) belongs to a group of 

diuretic natriuretic peptides released by the heart, and 

consists of a polypeptide of 32 amino acid residues [134]. 

BNP initially exists in the form of pro-BNP, which is 

cleaved by enzymes into inactive NT-proBNP and active 

BNP. BNP promotes natriuresis, diuresis, and 

vasodilation and has beneficial effects in inhibiting the 

RAS axis, the sympathetic nervous system, and cardiac 

hypertrophy and fibrosis [135]. It is worth noting that 

BNP may have a crucial regulatory function in the 

development of AD. Elevated levels of BNP in the blood 

have been linked to cognitive impairment and changes in 

brain microstructure in multiple clinical studies [37, 136, 

137]. In addition, a 14-year prospective study evaluated 

7,158 subjects without memory impairment and found 

that increased BNP levels were independently associated 

with dementia risk, further emphasizing the importance of 

BNP in cognitive decline [138]. A Finnish cohort study 

with an 18-year follow-up period suggests that BNP may 

be a predictor of AD disease development [128]. 

Furthermore, animal experiments also provide insights 

into the potential effects of BNP on AD. For example, 

intracerebroventricular injection of BNP can lead to 

decreased expression of glial cell-derived neurotrophic 

factor (GDNF) by inhibiting the extracellular signal-

regulated kinase (ERK) - cAMP response element-

binding protein (CREB) signaling pathway, which is 

linked to learning and memory dysfunction in rats [139]. 

However, there is also evidence that BNP can improve 

neurological function in brain-injured mice by increasing 

cerebral blood flow and reducing neuroinflammatory 

responses [140]. Several of the above clinical and 

prospective studies have shown high levels of BNP are a 

high-risk factor for the development of cognitive 

impairment and dementia, which increases the credibility 

of the findings. However, observational studies often 

struggle to establish a clear causal relationship. Animal 

experiments support the neuroprotective effects of BNP, 

but the specific mechanisms in clinical studies still need 

further validation. The dual role of BNP in the brain 

reflects its complex mechanisms. This may be related to 

the regulatory pathways of BNP in different pathological 

environments, receptor activation patterns, and 

interactions with other neurotransmitters or signaling 

molecules. Currently, there is limited research on the 

effects of BNP on AD. Future studies should focus more 

on the specific mechanisms of BNP in AD and explore 

how to maintain its neuroprotective effects while 

mitigating its potentially harmful impacts. 

 

4.1.3 Lactate dehydrogenase 

 

Lactate dehydrogenase (LDH) is a tetramer with a 

molecular weight of 140-kDa, which consists of two 

subunits, A and B, to form five isozymes, among which 

LDH1 and LDH2 are widely expressed in 

cardiomyocytes, which is one of the most important 

indicators for observing cardiomyopathies [141]. LDH is 

an enzyme of the glycolysis pathway, which can catalyze 

inter-conversion between pyruvate and lactate, and is 

closely related to myocardial energy metabolism [142]. In 

addition, LDH is crucial for brain energy metabolism and 

memory formation [143]. Increased lactate levels and 

LDH expression in aging and AD patients indicate that 

LDH might be a significant contributor to cognitive 

decline. Overexpression of LDH in neurons and glial cells 

resulted in a significantly shorter lifespan, and 

downregulation of LDH resulted in a longer lifespan. 

Furthermore, LDH overexpression disrupted circadian 

motor activity rhythms and significantly increased 

neurodegenerative brain lesions[144]. Increased lactate 

and LDH promote the release of pro-inflammatory factors 

from microglia, and senescent microglia H3K18 

lactylation enhances brain senescence and AD 

pathological phenotypes through the NF-κB signaling 

pathway. Treatment of senescent microglia with LDH 

inhibitors leads to a significant reduction in lactate levels, 

decreases the release of pro-inflammatory factors, and 

attenuates neurodegeneration and cognitive deficits in AD 

[145]. However, LDH does not play a single role in AD. 

Some studies have shown that LDH and lactate can also 

play a protective role. LDH overexpression in neurons 

reduced mitochondrial respiration and reactive oxygen 

species (ROS) production, ultimately reducing Aβ 

toxicity [146]. The increase of LDH in aging and AD 

patients indicates its potential clinical significance, but a 

causal relationship has not yet been fully established. The 

role of LDH in cells is complex, exhibiting both protective 

and damaging effects, which may lead to inconsistencies 

in research findings. Most studies have focused on short-

term effects, with limited research on the role of LDH in 

the progression of long-term neurodegenerative diseases 

and its potential cumulative effects. Future studies should 

focus on further exploring the role of LDH in different and 

long-term pathological states and investigating its 

potential as a therapeutic target for AD. 
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4.1.4 Creatine kinase 

 

Creatine kinase (CK) consists of two subunits, M and B, 

forming the CK-BB, CK-MB, and CK-MM isoenzymes. 

CK is a kinase that is vital for ATP regeneration, 

intracellular energy conversion, and muscle contraction 

[147]. Clinically, CK is one of the cardiac enzyme tests 

that are mainly used in the diagnosis of myocardial-

related diseases. When CK levels are high, it is often 

indicative of myocardial damage [148]. CK facilitates the 

conversion of adenosine diphosphate (ADP) and 

phosphocreatine to adenosine triphosphate (ATP) and 

creatine, playing a crucial role in managing the energy 

supply for muscle contraction, especially in the heart, 

through the maintenance of relatively stable ATP 

concentrations. Pathological hypertrophy and myocardial 

remodeling are significantly connected to reduced ATP 

levels and CK-related responses [149]. At the same time, 

published research suggests that CK is transported from 

outside to inside the body across the BBB. Changes in CK 

levels can alter CNS function and impair ATP synthesis, 

which may affect the brain's overall health [150].CK 

contributes to cognitive function, the generation of 

dendrites, and cellular motility by generating substantial 

quantities of ATP during brain activation. A cross-

sectional study found that CK levels were considerably 

lower in individuals with AD than in mildly cognitively 

impaired individuals, indicating that reduced CK levels 

might be related to severe cognitive impairment [151]. 

Another study showed that the brains of AD patients 

exhibited reduced CK activity and mitochondrial 

dysfunction [152]. Further studies have indicated that CK 

activity is diminished in the brains of AD patients, 

accompanied by mitochondrial dysfunction [153]. These 

findings imply that CK could be crucial in the progression 

of cognitive decline and dementia, acting as a protective 

factor, and elevating CK levels may be a protective 

measure against AD.  

 

4.1.5 Growth differentiation factor 15 

 

Growth differentiation factor 15 (GDF15) belongs to the 

transforming growth factor-β (TGF-β) protein 

superfamily. Serum GDF15 levels increase with age as 

well as with cellular stress and mitochondrial dysfunction 

[154]. GDF15 is currently identified as a new cardiac-

derived endocrine hormone that regulates body growth 

and has local cardioprotective effects, possibly due to its 

autocrine/paracrine properties: antioxidant, anti-

inflammatory, and anti-apoptotic[153]. GDF15 was found 

to be highly induced in cardiomyocytes after ischemia-

reperfusion [155]. GDF15 was also induced during 

cardiac hypertrophy in a pressure overload mouse model, 

and its cardiac-specific overexpression protected the heart 

from the hypertrophic response [156]. GDF15 has a 

protective role in enhancing cardiovascular health. 

Moreover, GDF15 is involved in the regulation of AD 

progression. Plasma proteomic profiling showed that 

individuals with elevated GDF15 levels have a 2.32 times 

greater risk of developing dementia [157]. Several studies 

have shown that elevated circulating levels of GDF15 are 

linked to an increased risk of developing AD and other 

neurodegenerative disorders [158], and that exogenous 

recombinant GDF15 enhances the clearance of Aβ in 

cultured microglial cells [159]. Furthermore, studies 

performed on in vitro and in vivo mouse models of AD 

suggested that administration of recombinant GDF15 may 

have positive effects by enhancing the proliferation and 

migration of hippocampal stem cells, while the absence of 

GDF15 resulted in decreased proliferation and migration 

of these cells [160]. GDF15 may offer a potential 

therapeutic avenue for AD. 

 

4.2 Effects of neurohormones on the brain  

 

Cardiovascular diseases often lead to the activation of the 

RAS. Elevated levels of Ang II may be associated with 

pathological features of AD, such as Aβ [161]. In 

spontaneously hypertensive rats, RAS activation may also 

affect the brain's internal environment, subsequently 

influencing cognitive abilities [162]. The RAS was 

causally linked to hippocampal damage, and 

hyperactivation of the RAS in AD patients and mice 

caused tau phosphorylation and enhanced Aβ toxicity, 

ultimately leading to altered AD pathology and cognitive 

impairment [161, 163-165]. Ang II could act on AT1 on 

microglia to promote neuroinflammatory responses and 

reduce acetylcholine release, which was further involved 

in the onset and progression of AD [166]. Ang II 

overexpressing mice had enhanced ischemic brain 

damage, reduced cerebral blood flow, increased oxidative 

stress, and ultimately cognitive deficits [167]. In addition, 

a growing body of evidence established that drugs 

targeting the RAS, particularly AT1 blocker (ARB) and 

angiotensin-converting enzyme inhibitor (ACEI), could 

slow the onset and progression of AD [168-170]. Future 

research focusing on how RAS activation induced by 

cardiovascular diseases affects the brain's internal 

environment, inflammatory responses, and metabolism 

may provide new insights for the treatment of AD. 

Cardiovascular diseases are often accompanied by a 

decrease in estrogen levels, particularly after menopause 

in women [171]. Estrogen supplementation therapy 

improves cardiovascular status in postmenopausal women 

[172]. Low estrogen levels are associated with an 

increased risk of AD, potentially accelerating the 

progression of AD by affecting neuronal survival and 
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function [173]. Estrogen plays a neuroprotective role in 

the brain and is important for maintaining normal brain 

function [174]. Estrogen was involved in regulating beta-

site amyloid precursor protein cleaving enzyme 1 

(BACE1) activity, inducing APP degradation and 

reducing Aβ accumulation [175]. Additionally, estrogen 

enhanced synaptic plasticity by increasing synaptophysin 

levels within hippocampal neurons [176]. Changes in 

estrogen levels due to cardiovascular diseases may play 

an important role in AD. In-depth studies on the role of 

estrogen in neuroprotection, inflammation regulation, and 

AD pathology will provide new insights for future 

prevention and treatment strategies. 

 

4.3 Vascular dysfunction 

 

The brain and heart are linked via neurovascular and 

humoral pathways, and managing vascular risk factors 

can help lessen the impacts of cardiovascular disease and 

AD. Vascular dysfunction is an early sign of Aβ buildup, 

and together with structural changes in the cerebral 

microvascular system, it may play a role in the 

progression of AD [177]. Large artery stiffness, as a sign 

of vascular aging and cardiovascular disease, is a 

significant factor in cognitive decline. In a large study of 

participants without dementia, a correlation was found 

between increased aortic stiffness and mild cognitive 

impairment [178]. Studies have shown that chronic 

hypertension leads to endothelial hyperplasia of arteries, 

resulting in narrowing of the arterial lumen, increased 

resistance to blood flow, and insufficient perfusion to 

important functional areas of the brain. This perfusion 

deficiency is particularly evident in the prefrontal cortex 

and the anterior cingulate region, but is also reflected in 

the cortical motor area and hippocampus, seriously 

affecting the attention, executive function, psychomotor 

speed, and working memory of hypertensive patients 

[179]. Elderly hypertensive patients may suffer from 

hypotension due to improper use of antihypertensive 

drugs, resulting in insufficient cerebral blood perfusion, 

local tissue ischemia, and hypoxia, and decreased 

neuronal function, inducing changes in the white matter 

and grey matter of the brain, and ultimately affecting 

cognitive function. Damage to the white matter and 

cortical interconnections results in the blockage of 

connections between functional areas, affecting the 

transmission of information and leading to cognitive 

impairment [180]. Basic experiments have shown that 

chronic hypertension also accelerates the accumulation of 

Aβ in the brain and promotes the overproduction of ROS 

by endothelial cells, leading to neuronal necrosis [181]. 

Based on these findings, we speculate that vascular factors 

also play an important role in the crosstalk between the 

heart and brain in AD. 

4.4 Inflammation 

 

Inflammation is a typical feature of cardiovascular disease 

and AD. Cardiac inflammation initiates in 

cardiomyocytes as a reaction to both ischemic and non-

ischemic stressors. During ischemic stress, the damage-

associated molecular pattern (DAMP) released by 

cardiomyocytes activates Toll-like receptors (TLRs), 

leading to NF-κB activation and the release of 

proinflammatory factors [182]. In response to 

nonischemic stresses such as Ang II and pressure 

overload, calmodulin-dependent protein kinase-δ 

(CaMKIIδ) is activated in cardiomyocytes, triggering pro-

inflammatory gene expression mediated by NF-κB. 

CaMKIIδ signaling also stimulates the activation of 

NLRP3 inflammasomes in cardiomyocytes by elevating 

mitochondrial ROS, leading to the production of active 

IL- 1β and IL-18 [183, 184]. The cytokines and 

chemokines generated in cardiomyocytes initiate cardiac 

inflammation by attracting macrophages and later T cells, 

resulting in fibrosis, detrimental cardiac remodeling, and 

HF. Similarly, in AD, inflammation-related signaling 

pathways, including the NF-κB pathway, the complement 

system, and pro-inflammatory factors are activated, and 

the concentrations of inflammatory factors in the tissues 

and body fluids of the body of AD patients are 

significantly elevated [4, 185]. Genome-wide association 

studies have identified several risk genes associated with 

AD are also correlated with inflammation [186, 187]. In 

general, inflammation is not only a common pathological 

process of cardiovascular disease and AD, but systemic 

inflammation may also be a common risk factor for both. 

Inflammatory mediators released by the heart not only 

affect the heart itself, but may also affect other organs, 

including the brain [188-190]. HF was able to induce 

increased bone marrow and splenic monocyte production, 

causing skeletal muscle inflammation and adipose tissue 

inflammation [191, 192]. Peripheral inflammation has 

been known to exacerbate AD pathology and lead to 

cognitive deficits, whereas rejuvenated peripheral 

immune cells with increased anti-inflammatory capacity 

help to reduce neuroinflammation in the brain and 

decrease neuronal damage [193]. Therefore, we speculate 

that cardiovascular disease may affect the development of 

AD by aggravating systemic inflammatory response. 

Inflammatory mediators produced during the 

development of HF may promote neuroinflammation and 

neurodegenerative pathology through activation of 

neuroglia, which may contribute to AD. However, there 

are limited relevant studies reported recently, and the 

common role of inflammation in cardiovascular disease 

and AD needs to be further explored. 

 

4.5 Alternative mechanisms 
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Above, we summarized the potential impacts of cardiac 

hormones, vascular dysfunction, and inflammation on the 

pathogenesis of AD and cognitive function. The 

association between cardiovascular disease and AD is 

widely acknowledged, yet its molecular mechanisms 

remain unclear. A study published in 2023 in Nature 

Neuroscience indicated that activation of the adrenergic 

pathway during HF led to Ca2+ leakage regulated by 

ryanodine receptor (RyR) channels within neurons [194]. 

This leakage of endoplasmic reticulum Ca2+ further 

triggered abnormal neurotransmitter release, enhanced 

inflammatory responses, neuronal mitochondrial 

dysfunction, and oxidative stress reactions. Targeted use 

of RyR channel drugs could improve tau protein 

pathology and cognitive impairments in HF mice, 

maintaining normal brain metabolic activities. RyR 

channels may be a crucial molecular mechanism through 

which HF impacts AD pathology and cognitive 

impairment. Although the direct link between AD and the 

sympathetic nervous system has not been fully 

established, recent studies have revealed the regulatory 

influence of the sympathetic nervous system in 

cardiovascular disease and its potential impact on 

cognitive function. A study published in 2023 in Science 

highlighted significant reductions in pineal gland 

sympathetic axons in heart disease patients and mouse 

models, accompanied by inflammatory macrophage 

aggregation in superior cervical ganglia (SCG), fibrosis, 

and selective loss of pineal gland neurons, ultimately 

leading to sleep disorders [195]. Considering the close 

association between sleep disorders and cognitive decline, 

which may indirectly promote AD pathogenesis by 

disrupting neural plasticity and effective clearance of 

metabolic waste, this provides a new perspective on how 

cardiovascular disease contributes to AD development. 

Furthermore, a study published in Nature 

Communications reinforced this connection, confirming 

that superior cervical ganglionectomy (SCGx) improved 

conditions in sleep-deprived mice and alleviated 

myocardial ischemia-reperfusion injury [196]. These 

findings suggest that SCG not only plays a crucial relay 

role in communication between the heart and brain but 

also may have potential significance in preventing and 

treating brain diseases caused by heart disease. Future 

exploration should further focus on more molecular 

mechanisms, seeking potential intervention targets, and 

aiming to provide new strategies for preventing and 

treating AD from the perspective of the brain-heart axis. 

Overall, there is relatively limited research literature 

currently available on the regulatory role of the 

cardiovascular system in AD. According to several 

studies published in authoritative journals, the RyR 

channels and the SCG may be key mechanisms through 

which cardiovascular diseases influence AD pathology 

and cognitive impairment. In the future, further 

exploration of additional molecular mechanisms and 

identification of potential intervention targets should be 

pursued, aiming to provide new strategies for the 

prevention and treatment of AD from the perspective of 

the brain-heart axis. 

 

5. Potential AD prevention and treatment strategies 

based on the heart-brain axis 

 

5.1 Prevention and management of cardiovascular 

diseases 

 

As mentioned earlier, AD often coexists with 

cardiovascular disease, which may promote brain AD 

pathology and heighten the risk of developing AD. 

Therefore, prevention and management of cardiovascular 

diseases such as hypertension and HF are critical. 

Lifestyle interventions are feasible and effective in 

preventing and reducing the incidence of cardiovascular 

disease and AD. The dietary approach to stop 

hypertension (DASH) diet is a diet based on the basic 

principles of eating more whole grain foods and 

vegetables, moderate intake of lean poultry and fish, and 

limiting salt intake. The DASH diet can enhance patients' 

physical and functional abilities by lowering blood 

pressure, body weight, and LDL cholesterol, while also 

improving heart function, arterial flexibility, exercise 

capacity, and overall quality of life [197-199]. DASH diet 

also has a positive impact on patients with HF [200]. 

Studies have found that high-sodium diets are linked to a 

higher risk of cerebrovascular disease and dementia. 

Epidemiological data reveals that long-term high-sodium 

diets are associated with stroke, dementia, and cerebral 

white matter damage. Studies on memory, health, and 

aging have shown a positive link between the DASH diet 

and cognitive function, with both the DASH diet and the 

Mediterranean diet positively associated with enhanced 

cognitive abilities [201]. A prospective study found that 

the Mediterranean diet and the DASH diet reduced the 

risk of AD [202]. A good diet has positive effects on both 

cardiovascular disease and AD. However, patient 

adherence to dietary plans is often low and requires the 

cooperation of both patients and their families. In clinical 

settings, healthcare professionals should create adaptive 

dietary plans tailored to individual patients, taking into 

account their nutritional needs and health status. By 

conducting comprehensive assessments and providing 

personalized dietary prescriptions, patients can be 

encouraged to improve their eating habits, thereby 

enhancing their overall health and reducing the risk of 

cardiovascular disease and AD. Additionally, regular 



 Wang Z., et al.                                                                          Bidirectional crosstalk between the heart and AD 

   

Aging and Disease • Volume 16, Number 5, October 2025                                                                              2988 

 

monitoring and adjustment of dietary plans are crucial to 

ensure safety and effectiveness. 

Additionally, there is evidence that sedentary 

behavior is negatively correlated with myocardial 

contractility [203, 204]. Moderate exercise improves 

cardiovascular function, enhances myocardial 

contractility, reduces myocardial oxygen consumption, 

improves coronary blood flow, and reduces the incidence 

of CAD [205, 206]. The increase in the duration of 

sedentary behavior in the elderly is also significantly 

correlated with the incidence of AD. Sedentary behavior 

affects protein homeostasis, mitochondrial function, 

intercellular communication, and other aspects that 

accelerate biological aging [207]. The link between 

cardiovascular disease and AD has underlined the 

importance of avoiding sedentary behavior and increasing 

physical activity in AD. Studies have shown that exercise 

training increases cardiac ejection fraction in AD mice 

and prevents an increase in mitral valve deceleration time, 

restores elastin and aortic wall integrity, and has 

beneficial effects on cardiac and aortic function and 

structure [208]. In addition, a meta-analysis also 

confirmed that aerobic exercise can increase hippocampus 

and grey matter volume, induce brain-derived 

neurotrophic factor production, and improve cognitive 

brain network connectivity, which improves overall 

cognitive function in AD patients [209]. Exercise offers 

significant benefits for cardiovascular health and the 

prevention of AD and is highly feasible. Healthcare 

professionals should develop adaptive exercise plans 

based on individual patient conditions, taking into account 

physical load and potential risks, conducting 

comprehensive assessments, and providing personalized 

exercise prescriptions. Additionally, combining education 

and support can effectively encourage patient 

participation in physical activity. Regular monitoring and 

adjustment of exercise plans are also essential to prevent 

exercise from placing excessive strain on the heart. 

Furthermore, several anti-cardiovascular drugs have 

demonstrated significant potential in preventing and 

treating AD. ACEIs and ARBs control blood pressure and 

improve HF, but also seem to have great potential in AD 

treatment. A multicenter cohort study indicated that older 

adults using ACEIs experienced slower cognitive decline 

[210, 211]. ARBs and ACEIs lower the risk and 

progression of AD [165]. A meta-analysis showed that 

ACEI use was significantly linked to a lower risk of AD 

and cognitive impairment in older adults. Candesartan 

enhances cerebral blood flow, decreases infarct size, and 

improves stroke outcomes [212]. Similarly, losartan 

prevented BBB disruption and restored blood flow after 

inducing stroke [213]. Olmesartan was also linked to 

enhanced cognitive function and hippocampal synaptic 

plasticity [214]. Telmisartan reduced cognitive 

impairment, reduced Aβ deposition, and attenuated 

oxidative stress and neuroinflammation in hypertensive 

patients [215]. In vitro studies have also shown that 

ACEIs are involved in the degradation of Aβ peptides, 

leading to reduced Aβ deposition and accumulation [216]. 

Animal models revealed that Ang II increased Aβ peptide 

accumulation and deposition in AD mice, and ACEI use 

also ameliorated tau hyperphosphorylation and neuronal 

degeneration in older mice [217, 218]. Other drugs may 

also play a role in AD treatment and need to be further 

explored in the future. However, the high cost of 

medication, as well as potential adverse reactions and 

drug dependence, may increase both the economic and 

psychological burdens on patients. Healthcare 

professionals should develop adaptive medication 

treatment plans based on individual patient 

circumstances, considering their health status and 

potential risks. Additionally, regular monitoring and 

adjustment of the medication regimen are essential 

measures to ensure safety and effectiveness. 

 

5.2 Other potential intervention strategies 

 

This study proposes that the regulation of cardiac-derived 

protein levels may offer new directions for the treatment 

of AD. CK has potential neuroprotective effects, and 

increasing its levels may contribute to the prevention and 

treatment of AD. GDF15 has also shown potential in 

promoting cognitive function and warrants further 

investigation. Considering the antagonistic role of 

cardiac-derived proteins in the progression of AD, 

exploring methods to enhance protective cardiac-derived 

proteins and inhibit their detrimental effects may provide 

a new perspective for AD treatment. Additionally, 

vascular reconstruction techniques such as percutaneous 

coronary intervention (PCI) may positively impact AD by 

improving cerebral blood flow [219]. Systemic anti-

inflammatory therapy may mitigate the promoting effects 

of inflammation on AD progression. Furthermore, the 

development of drugs targeting RyR channels and 

exploration of SCGx provide new avenues for applying 

the brain-heart axis in AD treatment. In summary, the 

regulation of cardiac-derived proteins, improvement of 

vascular factors, inflammation control, drug development 

targeting specific mechanisms, and SCGx all offer new 

strategies for intervening in AD, which urgently need to 

be explored for their potential applications in the future. 

 

6. Conclusions and perspectives 

This review not only provides an overview of the clinical 

evidence supporting a strong connection between AD and 

cardiovascular health, but also discusses the bidirectional 

roles of AD and cardiovascularity. AD-causing proteins, 

AD risk genes, neurohormones, the autonomic nervous 
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system, and neurotransmitters may affect cardiovascular 

health, and cardiogenic proteins, neurohormones, 

vascular function, inflammation, RyR channels, and SCG 

may also influence AD pathology and cognitive function. 

In addition, age, gender, sedentariness, and dietary 

patterns may be common risk factors that link and 

promote the two diseases, cardiovascular disease and AD. 

The heart-brain axis plays a crucial role in the 

pathogenesis of AD, and its clinical significance cannot 

be overlooked. Understanding the interactions within the 

heart-brain axis can not only help identify high-risk 

patients but also provide healthcare professionals with 

opportunities for early intervention. In clinical practice, 

multidisciplinary teams should collaborate to develop 

comprehensive assessment plans that incorporate 

cardiovascular, endocrine, and immune considerations in 

patient management. Additionally, implementing lifestyle 

interventions and personalized treatment plans can further 

improve the overall health status of patients and slow the 

progression of AD. Overall, the mutual crosstalk between 

the heart and brain provides new perspectives on the 

treatment of AD and cardiovascular disease, which may 

interact and promote each other. Proactively preventing 

and treating cardiovascular disease in older adults may 

benefit the prevention and treatment of AD. We 

summarize in Figure 1 the potential mechanisms of 

interactions between the heart and the brain in AD and the 

associated intervention strategies.  

 
Figure 1. Crosstalk between heart and brain in Alzheimer’s disease (AD). AD pathogenic proteins, AD risk genes, 

neurohormones, the autonomic nervous system and neurotransmitters may affect cardiovascular health, and cardiac-derived 

proteins, vascular function and inflammation may also influence AD pathology and cognitive function. Additionally, we propose 

potential AD intervention strategies based on the heart-brain axis with the aim of providing novel insights on AD prevention and 

treatment. Aβ, amyloid beta; APOE, apolipoprotein E; APP, amyloid precursor protein; AD, Alzheimer’s disease; Ang II, 

angiotensin II; BBB, blood–brain barrier; PSEN1, presenilin 1; cTn, cardiac troponin; BNP, brain natriuretic peptide; LDH, lactate 

dehydrogenase; CK, creatine kinase; GDF-15, growth differentiation factor 15; RyR, ryanodine receptor; SCG, superior cervical 

ganglia; SCGx, superior cervical ganglionectomy; PCI, percutaneous coronary intervention 

Heart-brain interactions in AD are important for its 

prevention and treatment, and therefore we propose 

possible future research directions in this field. Further 

animal and clinical studies are needed to investigate the 
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role of cardiac homeostasis and cardiovascular disease in 

the pathogenesis of AD. First, as most of the current 

studies on AD and cardiovascular health have been 

conducted in humans and fewer in animals, more work on 

animal models is also needed in the future, and given the 

significant differences between animals and humans, 

rhesus macaque and organoid models may be able to 

better explain the role of cardiac-derived substances in 

AD. Additionally, multiple animal models can be 

employed in research to gain a more comprehensive 

understanding, and comparisons should be made between 

animal experiments and clinical data to ensure the validity 

of the animal models to human diseases. Future research 

should focus on developing standardized models and 

combine these findings with clinical studies to ensure the 

translatability of experimental results. Second, this may 

lead to the generality of findings due to the heterogeneity 

of the study population, including different ethnicities 

between studies and some studies based on clinical 

populations. The methods of key studies may also have 

several limitations that affect the interpretation of results. 

Sample selection may introduce bias, potentially reducing 

the applicability of the results to a broader population. The 

design of the control group may not adequately reflect the 

conditions of the experimental group, which could impact 

the validity of the comparisons. Additionally, 

experimental conditions may not have strictly controlled 

potential confounding variables, raising questions about 

the reliability of the results. Caution is also needed when 

inferring causality in experimental studies, as correlation 

does not imply causation. Larger cohort studies are 

needed in the future to elucidate the causal relationship 

between cardiovascular disease and AD pathology as well 

as AD progression. Future research should also place 

greater emphasis on methodological rigor to ensure the 

validity and reliability of results. Third, current research 

primarily faces issues such as the lack of biological 

markers and limitations in treatment targets. Future 

studies can conduct large-scale prospective research 

utilizing genomics and proteomics to screen and validate 

new candidate biomarkers. Additionally, the exploration 

of new treatment targets should focus on mechanisms that 

have not yet been clearly defined. Fourth, the potential 

exploitation of heart-derived proteins as therapeutic 

targets for AD also needs to be validated in AD patients 

to translate findings from animal experiments into clinical 

studies. In addition, considering the complex crosstalk 

between the heart and brain, the identification of key 

molecules promoting AD in different cardiovascular 

diseases will be important for future therapies. Fifth, with 

advances in computer science, emerging technologies 

such as artificial intelligence and digital therapies are also 

highly likely to become new tools for combating AD due 

to heart-brain crosstalk. Furthermore, it advocates for an 

interdisciplinary research approach that combines 

cardiology, neurology, and geriatrics to address the 

complex interactions between cardiovascular health and 

AD. We hope that the present review will provide a 

springboard for further research on heart-brain crosstalk 

in AD. Thorough research in this area may help to 

improve patient's quality of life, reduce healthcare costs, 

and provide appropriate treatments for AD patients with 

comorbid cardiovascular disease.  

 

Declaration of Competing interests 

 

The authors declare that there are no competing financial 

interests. 

 

Acknowledgements 

 

We thank Prof. Zhijun Zhang and Qing-Guo Ren and the 

Department of Neurology, ZhongDa Hospital Affiliated 

to Southeast University for providing support. This work 

was supported by grants from the National Natural 

Science Foundation of China (NO. 81870850) and the 

Research Personnel Cultivation Programme of Zhongda 

Hospital Southeast University (CZXM-GSP-RC121). 

 

Authors' contributions 

 

Zhitian Wang, Lv Zhou, and Na Zhao wrote the 

manuscript, with guidance and assistance provided by 

Junjian Zhang and Qing-Guo Ren. 

 

References 

 
[1] Scheltens P, De Strooper B, Kivipelto M, Holstege H, 

Chételat G, Teunissen CE, et al. (2021). Alzheimer's 

disease. Lancet, 397:1577-1590. 

[2] Rostagno AA (2022). Pathogenesis of Alzheimer's 

Disease. Int J Mol Sci, 24. 

[3] Lane CA, Hardy J, Schott JM (2018). Alzheimer's 

disease. Eur J Neurol, 25:59-70. 

[4] Twarowski B, Herbet M (2023). Inflammatory Processes 

in Alzheimer's Disease-Pathomechanism, Diagnosis and 

Treatment: A Review. Int J Mol Sci, 24. 

[5] Nguyen TT, Hulme J, Vo TK, Van Vo G (2022). The 

Potential Crosstalk Between the Brain and Visceral 

Adipose Tissue in Alzheimer's Development. 

Neurochem Res, 47:1503-1512. 

[6] Wu Y, Dong JH, Dai YF, Zhu MZ, Wang MY, Zhang Y, 

et al. (2023). Hepatic soluble epoxide hydrolase activity 

regulates cerebral Aβ metabolism and the pathogenesis 

of Alzheimer's disease in mice. Neuron, 111:2847-

2862.e2810. 

[7] Chen YH, Lo RY (2017). Alzheimer's disease and 

osteoporosis. Ci Ji Yi Xue Za Zhi, 29:138-142. 

[8] Tayanloo-Beik A, Nikkhah A, Alaei S, Goodarzi P, 

Rezaei-Tavirani M, Mafi AR, et al. (2023). Brown 



 Wang Z., et al.                                                                          Bidirectional crosstalk between the heart and AD 

   

Aging and Disease • Volume 16, Number 5, October 2025                                                                              2991 

 

adipose tissue and alzheimer's disease. Metab Brain Dis, 

38:91-107. 

[9] Greve HJ, Dunbar AL, Lombo CG, Ahmed C, Thang M, 

Messenger EJ, et al. (2023). The bidirectional lung brain-

axis of amyloid-β pathology: ozone dysregulates the 

peri-plaque microenvironment. Brain, 146:991-1005. 

[10] El-Hakim Y, Bake S, Mani KK, Sohrabji F (2022). 

Impact of intestinal disorders on central and peripheral 

nervous system diseases. Neurobiol Dis, 165:105627. 

[11] Waigi EW, Webb RC, Moss MA, Uline MJ, McCarthy 

CG, Wenceslau CF (2023). Soluble and insoluble protein 

aggregates, endoplasmic reticulum stress, and vascular 

dysfunction in Alzheimer's disease and cardiovascular 

diseases. Geroscience, 45:1411-1438. 

[12] Pugazhenthi S, Qin L, Reddy PH (2017). Common 

neurodegenerative pathways in obesity, diabetes, and 

Alzheimer's disease. Biochim Biophys Acta Mol Basis 

Dis, 1863:1037-1045. 

[13] Carranza-Naval MJ, Vargas-Soria M, Hierro-Bujalance 

C, Baena-Nieto G, Garcia-Alloza M, Infante-Garcia C, 

et al. (2021). Alzheimer's Disease and Diabetes: Role of 

Diet, Microbiota and Inflammation in Preclinical 

Models. Biomolecules, 11. 

[14] Lu Y, Pike JR, Hoogeveen RC, Walker KA, Raffield 

LM, Selvin E, et al. (2024). Liver integrity and the risk 

of Alzheimer's disease and related dementias. 

Alzheimers Dement, 20:1913-1922. 

[15] Pellegrini C, Daniele S, Antonioli L, Benvenuti L, 

D'Antongiovanni V, Piccarducci R, et al. (2020). 

Prodromal Intestinal Events in Alzheimer's Disease 

(AD): Colonic Dysmotility and Inflammation Are 

Associated with Enteric AD-Related Protein Deposition. 

Int J Mol Sci, 21. 

[16] Schroer AB, Ventura PB, Sucharov J, Misra R, Chui 

MKK, Bieri G, et al. (2023). Platelet factors attenuate 

inflammation and rescue cognition in ageing. Nature, 

620:1071-1079. 

[17] Urayama A, Moreno-Gonzalez I, Morales-Scheihing D, 

Kharat V, Pritzkow S, Soto C (2022). Preventive and 

therapeutic reduction of amyloid deposition and 

behavioral impairments in a model of Alzheimer's 

disease by whole blood exchange. Mol Psychiatry, 

27:4285-4296. 

[18] Liu CC, Zhao J, Fu Y, Inoue Y, Ren Y, Chen Y, et al. 

(2022). Peripheral apoE4 enhances Alzheimer's 

pathology and impairs cognition by compromising 

cerebrovascular function. Nat Neurosci, 25:1020-1033. 

[19] Liu ZH, Wang YJ, Bu XL (2023). Alzheimer's disease: 

targeting the peripheral circulation. Mol Neurodegener, 

18:3. 

[20] Wuche C (2022). The cardiovascular system and 

associated disorders. Br J Nurs, 31:886-892. 

[21] Karim S, Chahal A, Khanji MY, Petersen SE, Somers 

VK (2023). Autonomic Cardiovascular Control in Health 

and Disease. Compr Physiol, 13:4493-4511. 

[22] Mohanta SK, Sun T, Lu S, Wang Z, Zhang X, Yin C, et 

al. (2023). The Impact of the Nervous System on Arteries 

and the Heart: The Neuroimmune Cardiovascular Circuit 

Hypothesis. Cells, 12. 

[23] Mohanta SK, Yin C, Weber C, Godinho-Silva C, Veiga-

Fernandes H, Xu QJ, et al. (2023). Cardiovascular Brain 

Circuits. Circ Res, 132:1546-1565. 

[24] Grandi E (2023). Cell diversity and signalling in the 

cardiovascular system. J Physiol, 601:2537-2539. 

[25] Yang M, Li C, Zhang Y, Ren J (2020). Interrelationship 

between Alzheimer's disease and cardiac dysfunction: 

the brain-heart continuum? Acta Biochim Biophys Sin 

(Shanghai), 52:1-8. 

[26] Manemann SM, Knopman DS, St Sauver J, Bielinski SJ, 

Chamberlain AM, Weston SA, et al. (2022). Alzheimer's 

disease and related dementias and heart failure: A 

community study. J Am Geriatr Soc, 70:1664-1672. 

[27] Manemann SM, Chamberlain AM, Bielinski SJ, Jiang R, 

Weston SA, Roger VL (2023). Predicting Alzheimer's 

Disease and Related Dementias in Heart Failure and 

Atrial Fibrillation. Am J Med, 136:302-307. 

[28] Yuan J, Maserejian N, Liu Y, Devine S, Gillis C, 

Massaro J, et al. (2021). Severity Distribution of 

Alzheimer's Disease Dementia and Mild Cognitive 

Impairment in the Framingham Heart Study. J 

Alzheimers Dis, 79:807-817. 

[29] Ju DT, Huang RS, Tsai BC, Su YC, Chiu PL, Chang YM, 

et al. (2023). Folic Acid and Folinic Acid Protect Hearts 

of Aging Triple-transgenic Alzheimer's Disease mice via 

IGF1R/PI3K/AKT and SIRT1/AMPK Pathways. 

Neurotox Res, 41:648-659. 

[30] Paik H, Lee J, Jeong CS, Park JS, Lee JH, Rappoport N, 

et al. (2022). Identification of a pleiotropic effect of 

ADIPOQ on cardiac dysfunction and Alzheimer's 

disease based on genetic evidence and health care 

records. Transl Psychiatry, 12:389. 

[31] Taylor JL, Pritchard HAT, Walsh KR, Strangward P, 

White C, Hill-Eubanks D, et al. (2022). Functionally 

linked potassium channel activity in cerebral endothelial 

and smooth muscle cells is compromised in Alzheimer's 

disease. Proc Natl Acad Sci U S A, 119:e2204581119. 

[32] Huang CY, Su YC, Lu CY, Chiu PL, Chang YM, Ju DT, 

et al. (2022). Edible folic acid and medicinal folinic acid 

produce cardioprotective effects in late-stage triple-

transgenic Alzheimer's disease model mice by 

suppressing cardiac hypertrophy and fibrosis. Environ 

Toxicol, 37:1740-1749. 

[33] Zhang F, Xian D, Feng J, Ning L, Jiang T, Xu W, et al. 

(2023). Causal relationship between Alzheimer's disease 

and cardiovascular disease: a bidirectional Mendelian 

randomization analysis. Aging (Albany NY), 15:9022-

9040. 

[34] Malakar AK, Choudhury D, Halder B, Paul P, Uddin A, 

Chakraborty S (2019). A review on coronary artery 

disease, its risk factors, and therapeutics. J Cell Physiol, 

234:16812-16823. 

[35] Parvand M, Rayner-Hartley E, Sedlak T (2018). Recent 

Developments in Sex-Related Differences in 

Presentation, Prognosis, and Management of Coronary 

Artery Disease. Can J Cardiol, 34:390-399. 

[36] Olesen KKW, Thrane PG, Gyldenkerne C, Thomsen 

RW, Mortensen JK, Kristensen SD, et al. (2024). 

Diabetes and Coronary Artery Disease as Risk Factors 

for Dementia. Eur J Prev Cardiol. 



 Wang Z., et al.                                                                          Bidirectional crosstalk between the heart and AD 

   

Aging and Disease • Volume 16, Number 5, October 2025                                                                              2992 

 

[37] Kara K, Mahabadi AA, Weimar C, Winkler A, Neumann 

T, Kälsch H, et al. (2017). N-Terminal Pro-B Type 

Natriuretic Peptide is Associated with Mild Cognitive 

Impairment in the General Population. J Alzheimers Dis, 

55:359-369. 

[38] Duan C, Shi J, Yuan G, Shou X, Chen T, Zhu X, et al. 

(2021). Causal Association Between Heart Failure and 

Alzheimer's Disease: A Two-Sample Bidirectional 

Mendelian Randomization Study. Front Genet, 

12:772343. 

[39] Wolters FJ, Segufa RA, Darweesh SKL, Bos D, Ikram 

MA, Sabayan B, et al. (2018). Coronary heart disease, 

heart failure, and the risk of dementia: A systematic 

review and meta-analysis. Alzheimers Dement, 14:1493-

1504. 

[40] Zheng F, Liang J, Li C, Ma Q, Pan Y, Zhang W, et al. 

(2024). Age at Onset of Heart Failure and Subsequent 

Risk of Dementia: A Longitudinal Cohort Study. JACC 

Heart Fail, 12:826-835. 

[41] Çalık AN, Özcan KS, Yüksel G, Güngör B, Aruğarslan 

E, Varlibas F, et al. (2014). Altered diastolic function and 

aortic stiffness in Alzheimer's disease. Clin Interv Aging, 

9:1115-1121. 

[42] Luciani M, Montalbano M, Troncone L, Bacchin C, 

Uchida K, Daniele G, et al. (2023). Big tau aggregation 

disrupts microtubule tyrosination and causes myocardial 

diastolic dysfunction: from discovery to therapy. Eur 

Heart J, 44:1560-1570. 

[43] Johansen MC, Mosley TH, Knopman DS, Wong DF, 

Wagenknecht LE, Shah AM, et al. (2019). Associations 

Between Left Ventricular Structure, Function, and 

Cerebral Amyloid: The ARIC-PET Study. Stroke, 

50:3622-3624. 

[44] van Arendonk J, Neitzel J, Steketee RME, van Assema 

DME, Vrooman HA, Segbers M, et al. (2023). Diabetes 

and hypertension are related to amyloid-beta burden in 

the population-based Rotterdam Study. Brain, 146:337-

348. 

[45] Zeng W, Yang F, Shen WL, Zhan C, Zheng P, Hu J 

(2022). Interactions between central nervous system and 

peripheral metabolic organs. Sci China Life Sci, 

65:1929-1958. 

[46] Rim D, Henderson LA, Macefield VG (2022). Brain and 

cardiovascular-related changes are associated with 

aging, hypertension, and atrial fibrillation. Clin Auton 

Res, 32:409-422. 

[47] Harris SS, Wolf F, De Strooper B, Busche MA (2020). 

Tipping the Scales: Peptide-Dependent Dysregulation of 

Neural Circuit Dynamics in Alzheimer's Disease. 

Neuron, 107:417-435. 

[48] Xu Y, Yan J, Zhou P, Li J, Gao H, Xia Y, et al. (2012). 

Neurotransmitter receptors and cognitive dysfunction in 

Alzheimer's disease and Parkinson's disease. Prog 

Neurobiol, 97:1-13. 

[49] Pini L, Pievani M, Bocchetta M, Altomare D, Bosco P, 

Cavedo E, et al. (2016). Brain atrophy in Alzheimer's 

Disease and aging. Ageing Res Rev, 30:25-48. 

[50] Jin WS, Bu XL, Wang YR, Li L, Li WW, Liu YH, et al. 

(2017). Reduced Cardiovascular Functions in Patients 

with Alzheimer's Disease. J Alzheimers Dis, 58:919-

925. 

[51] Puig KL, Combs CK (2013). Expression and function of 

APP and its metabolites outside the central nervous 

system. Exp Gerontol, 48:608-611. 

[52] Feng S, Bowden N, Fragiadaki M, Souilhol C, Hsiao S, 

Mahmoud M, et al. (2017). Mechanical Activation of 

Hypoxia-Inducible Factor 1α Drives Endothelial 

Dysfunction at Atheroprone Sites. Arterioscler Thromb 

Vasc Biol, 37:2087-2101. 

[53] Shinohara M, Tachibana M, Kanekiyo T, Bu G (2017). 

Role of LRP1 in the pathogenesis of Alzheimer's disease: 

evidence from clinical and preclinical studies. J Lipid 

Res, 58:1267-1281. 

[54] Kucheryavykh LY, Dávila-Rodríguez J, Rivera-Aponte 

DE, Zueva LV, Washington AV, Sanabria P, et al. 

(2017). Platelets are responsible for the accumulation of 

β-amyloid in blood clots inside and around blood vessels 

in mouse brain after thrombosis. Brain Res Bull, 128:98-

105. 

[55] Greco S, Zaccagnini G, Fuschi P, Voellenkle C, Carrara 

M, Sadeghi I, et al. (2017). Increased BACE1-AS long 

noncoding RNA and β-amyloid levels in heart failure. 

Cardiovascular Research, 113:453-463. 

[56] Salminen A, Kauppinen A, Kaarniranta K (2017). 

Hypoxia/ischemia activate processing of Amyloid 

Precursor Protein: impact of vascular dysfunction in the 

pathogenesis of Alzheimer's disease. J Neurochem, 

140:536-549. 

[57] Bayes-Genis A, Barallat J, de Antonio M, Domingo M, 

Zamora E, Vila J, et al. (2017). Bloodstream Amyloid-

beta (1-40) Peptide, Cognition, and Outcomes in Heart 

Failure. Rev Esp Cardiol (Engl Ed), 70:924-932. 

[58] Roeben B, Maetzler W, Vanmechelen E, Schulte C, 

Heinzel S, Stellos K, et al. (2016). Association of Plasma 

Aβ40 Peptides, But Not Aβ42, with Coronary Artery 

Disease and Diabetes Mellitus. J Alzheimers Dis, 

52:161-169. 

[59] Baranowski BJ, Allen MD, Nyarko JN, Rector RS, 

Padilla J, Mousseau DD, et al. (2021). Cerebrovascular 

insufficiency and amyloidogenic signaling in Ossabaw 

swine with cardiometabolic heart failure. JCI Insight, 6. 

[60] Zhu F, Wolters FJ, Yaqub A, Leening MJG, Ghanbari 

M, Boersma E, et al. (2023). Plasma Amyloid-β in 

Relation to Cardiac Function and Risk of 

Heart Failure in General Population. JACC Heart Fail, 

11:93-102. 

[61] Wolters FJ, Hilal S, Leening MJG, Kavousi M, Ghanbari 

M, Franco OH, et al. (2022). Plasma amyloid-β40 in 

relation to subclinical atherosclerosis and cardiovascular 

disease: A population-based study. Atherosclerosis, 

348:44-50. 

[62] Elia A, Parodi-Rullan R, Vazquez-Torres R, Carey A, 

Javadov S, Fossati S (2023). Amyloid β induces cardiac 

dysfunction and neuro-signaling impairment in the heart 

of an Alzheimer's disease model. bioRxiv. 

[63] Tanskanen M, Peuralinna T, Polvikoski T, Notkola IL, 

Sulkava R, Hardy J, et al. (2008). Senile systemic 

amyloidosis affects 25% of the very aged and associates 

with genetic variation in alpha2-macroglobulin and tau: 



 Wang Z., et al.                                                                          Bidirectional crosstalk between the heart and AD 

   

Aging and Disease • Volume 16, Number 5, October 2025                                                                              2993 

 

a population-based autopsy study. Ann Med, 40:232-

239. 

[64] Betrie AH, Ayton S, Bush AI, Angus JA, Lei P, Wright 

CE (2017). Evidence of a Cardiovascular Function for 

Microtubule-Associated Protein Tau. J Alzheimers Dis, 

56:849-860. 

[65] Arber C, Lovejoy C, Harris L, Willumsen N, Alatza A, 

Casey JM, et al. (2021). Familial Alzheimer's Disease 

Mutations in PSEN1 Lead to Premature Human Stem 

Cell Neurogenesis. Cell Rep, 34:108615. 

[66] Lanoiselée HM, Nicolas G, Wallon D, Rovelet-Lecrux 

A, Lacour M, Rousseau S, et al. (2017). APP, PSEN1, 

and PSEN2 mutations in early-onset Alzheimer disease: 

A genetic screening study of familial and sporadic cases. 

PLoS Med, 14:e1002270. 

[67] Haass C, Lemere CA, Capell A, Citron M, Seubert P, 

Schenk D, et al. (1995). The Swedish mutation causes 

early-onset Alzheimer's disease by beta-secretase 

cleavage within the secretory pathway. Nat Med, 1:1291-

1296. 

[68] Turdi S, Guo R, Huff AF, Wolf EM, Culver B, Ren J 

(2009). Cardiomyocyte contractile dysfunction in the 

APPswe/PS1dE9 mouse model of Alzheimer's disease. 

PLoS One, 4:e6033. 

[69] Sanna GD, Nusdeo G, Piras MR, Forteleoni A, Murru 

MR, Saba PS, et al. (2019). Cardiac Abnormalities in 

Alzheimer Disease: Clinical Relevance Beyond 

Pathophysiological Rationale and Instrumental 

Findings? JACC Heart Fail, 7:121-128. 

[70] Shen C, Xu L, Sun X, Sun A, Ge J (2022). Genetic 

variants in Chinese patients with sporadic dilated 

cardiomyopathy: a cross-sectional study. Ann Transl 

Med, 10:129. 

[71] Li H, Chen Y, Zhou B, Peng Y, Sheng Y, Rao L (2011). 

Polymorphisms of presenilin-1 gene associate with 

dilated cardiomyopathy susceptibility. Mol Cell 

Biochem, 358:31-36. 

[72] Song XW, Zhao F, Yang J, Yuan QN, Zeng ZY, Shen M, 

et al. (2022). Cardiovascular-specific PSEN1 deletion 

leads to abnormalities in calcium homeostasis. Cell Biol 

Int, 46:475-487. 

[73] Gao J, Collyer J, Wang M, Sun F, Xu F (2020). Genetic 

Dissection of Hypertrophic Cardiomyopathy with 

Myocardial RNA-Seq. Int J Mol Sci, 21. 

[74] Serrano-Pozo A, Das S, Hyman BT (2021). APOE and 

Alzheimer's disease: advances in genetics, 

pathophysiology, and therapeutic approaches. Lancet 

Neurol, 20:68-80. 

[75] Koutsodendris N, Nelson MR, Rao A, Huang Y (2022). 

Apolipoprotein E and Alzheimer's Disease: Findings, 

Hypotheses, and Potential Mechanisms. Annu Rev 

Pathol, 17:73-99. 

[76] Martens YA, Zhao N, Liu CC, Kanekiyo T, Yang AJ, 

Goate AM, et al. (2022). ApoE Cascade Hypothesis in 

the pathogenesis of Alzheimer's disease and related 

dementias. Neuron, 110:1304-1317. 

[77] Rasmussen KL, Luo J, Nordestgaard BG, Tybjærg-

Hansen A, Frikke-Schmidt R (2023). APOE and vascular 

disease: Sequencing and genotyping in general 

population cohorts. Atherosclerosis, 385:117218. 

[78] Yousuf FA, Iqbal MP (2015). Review: Apolipoprotein E 

(Apo E) gene polymorphism and coronary heart disease 

in Asian populations. Pak J Pharm Sci, 28:1439-1444. 

[79] Jung M, Apostolova LG, Gao S, Burney HN, Lai D, 

Foroud T, et al. (2021). Testing influences of APOE and 

BDNF genes and heart failure on cognitive function. 

Heart Lung, 50:51-58. 

[80] Diaconu R, Schaaps N, Afify M, Boor P, Cornelissen A, 

Florescu RA, et al. (2021). Apolipoprotein E4 Is 

Associated with Right Ventricular Dysfunction in 

Dilated Cardiomyopathy-An Animal and In-Human 

Comparative Study. Int J Mol Sci, 22. 

[81] Gabriels K, Hoving S, Seemann I, Visser NL, Gijbels 

MJ, Pol JF, et al. (2012). Local heart irradiation of 

ApoE(-/-) mice induces microvascular and endocardial 

damage and accelerates coronary atherosclerosis. 

Radiother Oncol, 105:358-364. 

[82] Wang JK, Li Y, Zhao XL, Liu YB, Tan J, Xing YY, et 

al. (2022). Ablation of Plasma Prekallikrein Decreases 

Low-Density Lipoprotein Cholesterol by Stabilizing 

Low-Density Lipoprotein Receptor and Protects Against 

Atherosclerosis. Circulation, 145:675-687. 

[83] Sun K, Li Z, Li W, Chi C, Wang M, Xu R, et al. (2024). 

Investigating the anti-atherosclerotic effects and 

potential mechanism of Dalbergia odorifera in ApoE-

deficient mice using network pharmacology combined 

with metabolomics. J Pharm Biomed Anal, 242:116017. 

[84] Zhang QZ, Xue AY, Wei W, Pang AM, Cao LN, Liu F 

(2020). Deletion of P110δ promotes the development of 

myocarditis in ApoE‑deficient mice by increasing 

mononuclear cell peritoneal infiltration. Mol Med Rep, 

22:3629-3634. 

[85] Tain YL, Hsu CN (2024). The Renin-Angiotensin 

System and Cardiovascular-Kidney-Metabolic 

Syndrome: Focus on Early-Life Programming. Int J Mol 

Sci, 25. 

[86] Kumar R, Singh VP, Baker KM (2009). The intracellular 

renin-angiotensin system in the heart. Curr Hypertens 

Rep, 11:104-110. 

[87] Iwanami J, Mogi M, Iwai M, Horiuchi M (2009). 

Inhibition of the renin-angiotensin system and target 

organ protection. Hypertens Res, 32:229-237. 

[88] Iravanian S, Dudley SC, Jr. (2008). The renin-

angiotensin-aldosterone system (RAAS) and cardiac 

arrhythmias. Heart Rhythm, 5:S12-17. 

[89] Ye S, Luo W, Khan ZA, Wu G, Xuan L, Shan P, et al. 

(2020). Celastrol Attenuates Angiotensin II-Induced 

Cardiac Remodeling by Targeting STAT3. Circ Res, 

126:1007-1023. 

[90] Gu Y, Ding Y, Zhang X, Li Y, Shang Z (2022). Secreted 

frizzled-related protein 3 alleviated cardiac remodeling 

induced by angiotensin II via inhibiting oxidative stress 

and apoptosis in mice. Eur J Pharmacol, 934:175303. 

[91] Rush JW, Aultman CD (2008). Vascular biology of 

angiotensin and the impact of physical activity. Appl 

Physiol Nutr Metab, 33:162-172. 

[92] Cheng ZJ, Vapaatalo H, Mervaala E (2005). Angiotensin 

II and vascular inflammation. Med Sci Monit, 11:Ra194-

205. 



 Wang Z., et al.                                                                          Bidirectional crosstalk between the heart and AD 

   

Aging and Disease • Volume 16, Number 5, October 2025                                                                              2994 

 

[93] Shen S, Wu G, Luo W, Li W, Li X, Dai C, et al. (2023). 

Leonurine attenuates angiotensin II-induced cardiac 

injury and dysfunction via inhibiting MAPK and NF-κB 

pathway. Phytomedicine, 108:154519. 

[94] Ferder L, Inserra F, Martínez-Maldonado M (2006). 

Inflammation and the metabolic syndrome: role of 

angiotensin II and oxidative stress. Curr Hypertens Rep, 

8:191-198. 

[95] Kondapalli NB, Katari V, Dalal K, Paruchuri S, Thodeti 

CK (2023). Angiotensin II induces endothelial 

dysfunction and vascular remodeling by downregulating 

TRPV4 channels. J Mol Cell Cardiol Plus, 6. 

[96] Sochocka M, Karska J, Pszczołowska M, Ochnik M, 

Fułek M, Fułek K, et al. (2023). Cognitive Decline in 

Early and Premature Menopause. Int J Mol Sci, 24. 

[97] Li R, Cui J, Shen Y (2014). Brain sex matters: estrogen 

in cognition and Alzheimer's disease. Mol Cell 

Endocrinol, 389:13-21. 

[98] Feldman RD (2020). Sex-Specific Determinants of 

Coronary Artery Disease and Atherosclerotic Risk 

Factors: Estrogen and Beyond. Can J Cardiol, 36:706-

711. 

[99] Kassi E, Spilioti E, Nasiri-Ansari N, Adamopoulos C, 

Moutsatsou P, Papapanagiotou A, et al. (2015). Vascular 

Inflammation and Atherosclerosis: The Role of Estrogen 

Receptors. Curr Med Chem, 22:2651-2665. 

[100] Lv Y, Zhang S, Weng X, Huang J, Zhao H, Dai X, et al. 

(2023). Estrogen deficiency accelerates postmenopausal 

atherosclerosis by inducing endothelial cell ferroptosis 

through inhibiting NRF2/GPX4 pathway. Faseb j, 

37:e22992. 

[101] Robert J (2023). Sex differences in vascular endothelial 

cells. Atherosclerosis, 384:117278. 

[102] Trenti A, Tedesco S, Boscaro C, Trevisi L, Bolego C, 

Cignarella A (2018). Estrogen, Angiogenesis, Immunity 

and Cell Metabolism: Solving the Puzzle. Int J Mol Sci, 

19. 

[103] Chadda KR, Ajijola OA, Vaseghi M, Shivkumar K, 

Huang CL, Jeevaratnam K (2018). Ageing, the 

autonomic nervous system and arrhythmia: From brain 

to heart. Ageing Res Rev, 48:40-50. 

[104] Affoo RH, Foley N, Rosenbek J, Kevin Shoemaker J, 

Martin RE (2013). Swallowing dysfunction and 

autonomic nervous system dysfunction in Alzheimer's 

disease: a scoping review of the evidence. J Am Geriatr 

Soc, 61:2203-2213. 

[105] Fujita T, Ishikawa Y (2011). Apoptosis in heart failure. -

The role of the β-adrenergic receptor-mediated signaling 

pathway and p53-mediated signaling pathway in the 

apoptosis of cardiomyocytes. Circ J, 75:1811-1818. 

[106] Engelhardt S, Hein L, Wiesmann F, Lohse MJ (1999). 

Progressive hypertrophy and heart failure in beta1-

adrenergic receptor transgenic mice. Proc Natl Acad Sci 

U S A, 96:7059-7064. 

[107] Düngen HD, Dordevic A, Felix SB, Pieske B, Voors AA, 

McMurray JJV, et al. (2020). β(1)-Adrenoreceptor 

Autoantibodies in Heart Failure: Physiology and 

Therapeutic Implications. Circ Heart Fail, 13:e006155. 

[108] Hampel H, Mesulam MM, Cuello AC, Farlow MR, 

Giacobini E, Grossberg GT, et al. (2018). The 

cholinergic system in the pathophysiology and treatment 

of Alzheimer's disease. Brain, 141:1917-1933. 

[109] Bartus RT, Dean RL, 3rd, Beer B, Lippa AS (1982). The 

cholinergic hypothesis of geriatric memory dysfunction. 

Science, 217:408-414. 

[110] de Diego AM, Gandía L, García AG (2008). A 

physiological view of the central and peripheral 

mechanisms that regulate the release of catecholamines 

at the adrenal medulla. Acta Physiol (Oxf), 192:287-301. 

[111] Chen W, Ma M, Song Y, Hua Y, Jia H, Liu J, et al. 

(2024). Exercise Attenuates Myocardial Ischemia-

Reperfusion Injury by Regulating Endoplasmic 

Reticulum Stress and Mitophagy Through M(2) 

Acetylcholine Receptor. Antioxid Redox Signal, 40:209-

221. 

[112] Feron O, Han X, Kelly RA (1999). Muscarinic 

cholinergic signaling in cardiac myocytes: dynamic 

targeting of M2AChR to sarcolemmal caveolae and 

eNOS activation. Life Sci, 64:471-477. 

[113] Lewartowski B, Mackiewicz U (2015). The non-

neuronal heart's acetylcholine in health and disease. J 

Physiol Pharmacol, 66:773-778. 

[114] Rocha-Resende C, da Silva AM, Prado MAM, 

Guatimosim S (2021). Protective and anti-inflammatory 

effects of acetylcholine in the heart. Am J Physiol Cell 

Physiol, 320:C155-c161. 

[115] Wu Q, Zhao M, He X, Xue R, Li D, Yu X, et al. (2021). 

Acetylcholine reduces palmitate-induced cardiomyocyte 

apoptosis by promoting lipid droplet lipolysis and 

perilipin 5-mediated lipid droplet-mitochondria 

interaction. Cell Cycle, 20:1890-1906. 

[116] Czapski GA, Strosznajder JB (2021). Glutamate and 

GABA in Microglia-Neuron Cross-Talk in Alzheimer's 

Disease. Int J Mol Sci, 22. 

[117] Delbarre B, Floyd RA, Delbarre G, Calinon F (1992). 

Glutamate accumulation and increased hydroxyl free 

radical formation in the abdominal aorta and heart of 

gerbil after ischemia/reperfusion insult. Free Radic Biol 

Med, 13:31-34. 

[118] Støttrup NB, Kristiansen SB, Løfgren B, Hansen BF, 

Kimose HH, Bøtker HE, et al. (2006). L-glutamate and 

glutamine improve haemodynamic function and restore 

myocardial glycogen content during postischaemic 

reperfusion: A radioactive tracer study in the rat isolated 

heart. Clin Exp Pharmacol Physiol, 33:1099-1103. 

[119] Sears SM, Hewett SJ (2021). Influence of glutamate and 

GABA transport on brain excitatory/inhibitory balance. 

Exp Biol Med (Maywood), 246:1069-1083. 

[120] Soda T, Brunetti V, Berra-Romani R, Moccia F (2023). 

The Emerging Role of N-Methyl-D-Aspartate (NMDA) 

Receptors in the Cardiovascular System: Physiological 

Implications, Pathological Consequences, and 

Therapeutic Perspectives. Int J Mol Sci, 24. 

[121] Li L, Morimoto S, Take S, Zhan DY, Du CK, Wang YY, 

et al. (2012). Role of brain serotonin dysfunction in the 

pathophysiology of congestive heart failure. J Mol Cell 

Cardiol, 53:760-767. 

[122] Altinbas B, Topuz BB, İlhan T, Yilmaz MS, Erdost H, 

Yalcin M (2014). Activation of the central histaminergic 

system mediates arachidonic-acid-induced 



 Wang Z., et al.                                                                          Bidirectional crosstalk between the heart and AD 

   

Aging and Disease • Volume 16, Number 5, October 2025                                                                              2995 

 

cardiovascular effects. Can J Physiol Pharmacol, 92:645-

654. 

[123] Veugen MGJ, Henry RMA, Brunner-La Rocca HP, 

Dagnelie PC, Schram MT, van Agtmaal MJM, et al. 

(2018). Cross-Sectional Associations Between Cardiac 

Biomarkers, Cognitive Performance, and Structural 

Brain Changes Are Modified by Age. Arterioscler 

Thromb Vasc Biol, 38:1948-1958. 

[124] Wijsman LW, de Craen AJ, Trompet S, Sabayan B, 

Muller M, Stott DJ, et al. (2016). High-sensitivity 

cardiac troponin T is associated with cognitive decline in 

older adults at high cardiovascular risk. Eur J Prev 

Cardiol, 23:1383-1392. 

[125] Bertens AS, Sabayan B, de Craen AJM, Van der Mast 

RC, Gussekloo J (2017). High Sensitivity Cardiac 

Troponin T and Cognitive Function in the Oldest Old: 

The Leiden 85-Plus Study. J Alzheimers Dis, 60:235-

242. 

[126] von Rennenberg R, Liman T, Nolte CH, Nave AH, 

Scheitz JF, Düzel S, et al. (2023). High-Sensitivity 

Cardiac Troponin T and Cognitive Decline in Older 

Adults: Results of the Berlin Aging Study II. 

Gerontology, 69:140-148. 

[127] Broersen LHA, Siegerink B, Sperber PS, von 

Rennenberg R, Piper SK, Nolte CH, et al. (2020). High-

Sensitivity Cardiac Troponin T and Cognitive Function 

in Patients With Ischemic Stroke. Stroke, 51:1604-1607. 

[128] Tynkkynen J, Hernesniemi JA, Laatikainen T, Havulinna 

AS, Salo P, Blankenberg S, et al. (2017). High-

sensitivity cardiac troponin I and NT-proBNP as 

predictors of incident dementia and Alzheimer's disease: 

the FINRISK Study. J Neurol, 264:503-511. 

[129] Lyckman AW, Horng S, Leamey CA, Tropea D, 

Watakabe A, Van Wart A, et al. (2008). Gene expression 

patterns in visual cortex during the critical period: 

synaptic stabilization and reversal by visual deprivation. 

Proc Natl Acad Sci U S A, 105:9409-9414. 

[130] Jensen M, Zeller T, Twerenbold R, Thomalla G (2023). 

Circulating cardiac biomarkers, structural brain changes, 

and dementia: Emerging insights and perspectives. 

Alzheimers Dement, 19:1529-1548. 

[131] Khan S, Kamal MA (2021). Cardiac Biomarkers in 

Stroke, Alzheimer's Disease, and Other Dementia. Are 

They of Use? A Brief Overview of Data from Recent 

Investigations. CNS Neurol Disord Drug Targets, 

20:687-693. 

[132] Kondziella D, Göthlin M, Fu M, Zetterberg H, Wallin A 

(2009). B-type natriuretic peptide plasma levels are 

elevated in subcortical vascular dementia. Neuroreport, 

20:825-827. 

[133] Marksteiner J, Imarhiagbe D, Defrancesco M, 

Deisenhammer EA, Kemmler G, Humpel C (2014). 

Analysis of 27 vascular-related proteins reveals that NT-

proBNP is a potential biomarker for Alzheimer's disease 

and mild cognitive impairment: a pilot-study. Exp 

Gerontol, 50:114-121. 

[134] Xu-Cai YO, Wu Q (2010). Molecular forms of 

natriuretic peptides in heart failure and their 

implications. Heart, 96:419-424. 

[135] Carella DM (2015). Brain Natriuretic Peptide: It's Not 

About the Brain or Just Another Smart Polypeptide--It's 

About the Heart. Neonatal Netw, 34:355-359. 

[136] Cushman M, Callas PW, McClure LA, Unverzagt FW, 

Howard VJ, Gillett SR, et al. (2016). N-Terminal Pro-B-

Type Natriuretic Peptide and Risk of Future Cognitive 

Impairment in the REGARDS Cohort. J Alzheimers Dis, 

54:497-503. 

[137] Ji F, Chai YL, Liu S, Kan CN, Ong M, Richards AM, et 

al. (2023). Associations of Blood Cardiovascular 

Biomarkers With Brain Free Water and Its Relationship 

to Cognitive Decline: A Diffusion-MRI Study. 

Neurology, 101:e151-e163. 

[138] Tynkkynen J, Laatikainen T, Salomaa V, Havulinna AS, 

Blankenberg S, Zeller T, et al. (2015). NT-proBNP and 

the risk of dementia: a prospective cohort study with 14 

years of follow-up. J Alzheimers Dis, 44:1007-1013. 

[139] Wang H, Ma G, Min J, Li J, Shan W, Zuo Z (2023). 

Inhibition of ERK/CREB signaling contributes to 

postoperative learning and memory dysfunction in 

neonatal rats. J Mol Med (Berl), 101:265-278. 

[140] James ML, Wang H, Venkatraman T, Song P, Lascola 

CD, Laskowitz DT (2010). Brain natriuretic peptide 

improves long-term functional recovery after acute CNS 

injury in mice. J Neurotrauma, 27:217-228. 

[141] Lin L, Sylvén C, Sotonyi P, Somogyi E, Kaijser L, 

Jansson E (1989). Lactate dehydrogenase and its 

isoenzyme activities in different parts of the normal 

human heart. Cardiovasc Res, 23:601-606. 

[142] Khan AA, Allemailem KS, Alhumaydhi FA, Gowder 

SJT, Rahmani AH (2020). The Biochemical and Clinical 

Perspectives of Lactate Dehydrogenase: An Enzyme of 

Active Metabolism. Endocr Metab Immune Disord Drug 

Targets, 20:855-868. 

[143] Bittar PG, Charnay Y, Pellerin L, Bouras C, Magistretti 

PJ (1996). Selective distribution of lactate 

dehydrogenase isoenzymes in neurons and astrocytes of 

human brain. J Cereb Blood Flow Metab, 16:1079-1089. 

[144] Long DM, Frame AK, Reardon PN, Cumming RC, 

Hendrix DA, Kretzschmar D, et al. (2020). Lactate 

dehydrogenase expression modulates longevity and 

neurodegeneration in Drosophila melanogaster. Aging 

(Albany NY), 12:10041-10058. 

[145] Wei L, Yang X, Wang J, Wang Z, Wang Q, Ding Y, et 

al. (2023). H3K18 lactylation of senescent microglia 

potentiates brain aging and Alzheimer's disease through 

the NFκB signaling pathway. J Neuroinflammation, 

20:208. 

[146] Newington JT, Rappon T, Albers S, Wong DY, Rylett 

RJ, Cumming RC (2012). Overexpression of pyruvate 

dehydrogenase kinase 1 and lactate dehydrogenase A in 

nerve cells confers resistance to amyloid β and other 

toxins by decreasing mitochondrial respiration and 

reactive oxygen species production. J Biol Chem, 

287:37245-37258. 

[147] McLeish MJ, Kenyon GL (2005). Relating structure to 

mechanism in creatine kinase. Crit Rev Biochem Mol 

Biol, 40:1-20. 

[148] Guzun R, Timohhina N, Tepp K, Gonzalez-Granillo M, 

Shevchuk I, Chekulayev V, et al. (2011). Systems 



 Wang Z., et al.                                                                          Bidirectional crosstalk between the heart and AD 

   

Aging and Disease • Volume 16, Number 5, October 2025                                                                              2996 

 

bioenergetics of creatine kinase networks: physiological 

roles of creatine and phosphocreatine in regulation of 

cardiac cell function. Amino Acids, 40:1333-1348. 

[149] Lygate CA, Fischer A, Sebag-Montefiore L, Wallis J, ten 

Hove M, Neubauer S (2007). The creatine kinase energy 

transport system in the failing mouse heart. J Mol Cell 

Cardiol, 42:1129-1136. 

[150] Sato K, Tachikawa M, Watanabe M, Miyauchi E, Uchida 

Y, Terasaki T (2019). Identification of Blood-Brain 

Barrier-Permeable Proteins Derived from a Peripheral 

Organ: In Vivo and in Vitro Evidence of Blood-to-Brain 

Transport of Creatine Kinase. Mol Pharm, 16:247-257. 

[151] Wang Y, Gao P, Liu H, Wang T, Fan J, Jiang T (2024). 

Association of creatine kinase with Alzheimer's disease 

pathology: A cross-sectional study. Chin Med J (Engl), 

137:117-119. 

[152] Aksenov M, Aksenova M, Butterfield DA, Markesbery 

WR (2000). Oxidative modification of creatine kinase 

BB in Alzheimer's disease brain. J Neurochem, 74:2520-

2527. 

[153] Netto MB, de Oliveira Junior AN, Goldim M, Mathias 

K, Fileti ME, da Rosa N, et al. (2018). Oxidative stress 

and mitochondrial dysfunction contributes to 

postoperative cognitive dysfunction in elderly rats. Brain 

Behav Immun, 73:661-669. 

[154] Emmerson PJ, Wang F, Du Y, Liu Q, Pickard RT, 

Gonciarz MD, et al. (2017). The metabolic effects of 

GDF15 are mediated by the orphan receptor GFRAL. 

Nat Med, 23:1215-1219. 

[155] Rochette L, Dogon G, Zeller M, Cottin Y, Vergely C 

(2021). GDF15 and Cardiac Cells: Current Concepts and 

New Insights. Int J Mol Sci, 22. 

[156] Nayak N, Mukherjee T, Pattnaik A (2024). 

Comprehensive Role of GDF15 in Inhibiting 

Adipogenesis and Hyperlipidemia, Enhancing 

Cardiovascular Health and Alleviating Inflammation in 

Metabolic Disorders. Curr Pharm Des. 

[157] Guo Y, You J, Zhang Y, Liu WS, Huang YY, Zhang YR, 

et al. (2024). Plasma proteomic profiles predict future 

dementia in healthy adults. Nat Aging, 4:247-260. 

[158] Wu PF, Zhang XH, Zhou P, Yin R, Zhou XT, Zhang W 

(2021). Growth Differentiation Factor 15 Is Associated 

With Alzheimer's Disease Risk. Front Genet, 12:700371. 

[159] Kim DH, Lee D, Lim H, Choi SJ, Oh W, Yang YS, et al. 

(2018). Effect of growth differentiation factor-15 

secreted by human umbilical cord blood-derived 

mesenchymal stem cells on amyloid beta levels in 

in vitro and in vivo models of Alzheimer's disease. 

Biochem Biophys Res Commun, 504:933-940. 

[160] Kim DH, Lee D, Chang EH, Kim JH, Hwang JW, Kim 

JY, et al. (2015). GDF-15 secreted from human umbilical 

cord blood mesenchymal stem cells delivered through 

the cerebrospinal fluid promotes hippocampal 

neurogenesis and synaptic activity in an Alzheimer's 

disease model. Stem Cells Dev, 24:2378-2390. 

[161] Gouveia F, Camins A, Ettcheto M, Bicker J, Falcão A, 

Cruz MT, et al. (2022). Targeting brain Renin-

Angiotensin System for the prevention and treatment of 

Alzheimer's disease: Past, present and future. Ageing 

Res Rev, 77:101612. 

[162] Stoyell-Conti FF, Chabbra A, Puthentharayil J, Rigatto 

K, Speth RC (2021). Chronic administration of 

pharmacological doses of angiotensin 1-7 and 

iodoangiotensin 1-7 has minimal effects on blood 

pressure, heart rate, and cognitive function of 

spontaneously hypertensive rats. Physiol Rep, 9:e14812. 

[163] Loera-Valencia R, Eroli F, Garcia-Ptacek S, Maioli S 

(2021). Brain Renin-Angiotensin System as Novel and 

Potential Therapeutic Target for Alzheimer's Disease. Int 

J Mol Sci, 22. 

[164] Wright JW, Harding JW (2019). Contributions by the 

Brain Renin-Angiotensin System to Memory, Cognition, 

and Alzheimer's Disease. J Alzheimers Dis, 67:469-480. 

[165] Gebre AK, Altaye BM, Atey TM, Tuem KB, Berhe DF 

(2018). Targeting Renin-Angiotensin System Against 

Alzheimer's Disease. Front Pharmacol, 9:440. 

[166] Althammer F, Roy RK, Kirchner MK, Campos-Lira E, 

Whitley KE, Davis S, et al. (2023). Angiotensin II-

Mediated Neuroinflammation in the Hippocampus 

Contributes to Neuronal Deficits and Cognitive 

Impairment in Heart Failure Rats. Hypertension, 

80:1258-1273. 

[167] Chen S, Li G, Zhang W, Wang J, Sigmund CD, Olson 

JE, et al. (2009). Ischemia-induced brain damage is 

enhanced in human renin and angiotensinogen double-

transgenic mice. Am J Physiol Regul Integr Comp 

Physiol, 297:R1526-1531. 

[168] Kurinami H, Shimamura M, Sato N, Nakagami H, 

Morishita R (2013). Do angiotensin receptor blockers 

protect against Alzheimer's disease? Drugs Aging, 

30:367-372. 

[169] Thomas J, Smith H, Smith CA, Coward L, Gorman G, 

De Luca M, et al. (2021). The Angiotensin-Converting 

Enzyme Inhibitor Lisinopril Mitigates Memory and 

Motor Deficits in a Drosophila Model of Alzheimer's 

Disease. Pathophysiology, 28:307-319. 

[170] Ribeiro VT, de Souza LC, Simões ESAC (2020). Renin-

Angiotensin System and Alzheimer's Disease 

Pathophysiology: From the Potential Interactions to 

Therapeutic Perspectives. Protein Pept Lett, 27:484-511. 

[171] Speth RC, D'Ambra M, Ji H, Sandberg K (2018). A 

heartfelt message, estrogen replacement therapy: use it 

or lose it. Am J Physiol Heart Circ Physiol, 315:H1765-

h1778. 

[172] Brann DW, Mahesh VB (2014). Beneficial effects of 

estrogens in the brain and cardiovascular system. Mol 

Cell Endocrinol, 389:1. 

[173] Li XT (2022). The modulation of potassium channels by 

estrogens facilitates neuroprotection. Front Cell Dev 

Biol, 10:998009. 

[174] Uddin MS, Rahman MM, Jakaria M, Rahman MS, 

Hossain MS, Islam A, et al. (2020). Estrogen Signaling 

in Alzheimer's Disease: Molecular Insights and 

Therapeutic Targets for Alzheimer's Dementia. Mol 

Neurobiol, 57:2654-2670. 

[175] Mishra P, Davies DA, Albensi BC (2023). The 

Interaction Between NF-κB and Estrogen in Alzheimer's 

Disease. Mol Neurobiol, 60:1515-1526. 

[176] Bagit A, Hayward GC, MacPherson REK (2021). 

Exercise and estrogen: common pathways in Alzheimer's 



 Wang Z., et al.                                                                          Bidirectional crosstalk between the heart and AD 

   

Aging and Disease • Volume 16, Number 5, October 2025                                                                              2997 

 

disease pathology. Am J Physiol Endocrinol Metab, 

321:E164-e168. 

[177] Apátiga-Pérez R, Soto-Rojas LO, Campa-Córdoba BB, 

Luna-Viramontes NI, Cuevas E, Villanueva-Fierro I, et 

al. (2022). Neurovascular dysfunction and vascular 

amyloid accumulation as early events in Alzheimer's 

disease. Metab Brain Dis, 37:39-50. 

[178] Menezes ST, Giatti L, Colosimo EA, Ribeiro ALP, Brant 

LCC, Viana MC, et al. (2019). Aortic Stiffness and Age 

With Cognitive Performance Decline in the ELSA-Brasil 

Cohort. J Am Heart Assoc, 8:e013248. 

[179] Fujishima M, Ibayashi S, Fujii K, Mori S (1995). 

Cerebral blood flow and brain function in hypertension. 

Hypertens Res, 18:111-117. 

[180] Cipolla MJ, Liebeskind DS, Chan SL (2018). The 

importance of comorbidities in ischemic stroke: Impact 

of hypertension on the cerebral circulation. J Cereb 

Blood Flow Metab, 38:2129-2149. 

[181] Shih YH, Wu SY, Yu M, Huang SH, Lee CW, Jiang MJ, 

et al. (2018). Hypertension Accelerates Alzheimer's 

Disease-Related Pathologies in Pigs and 3xTg Mice. 

Front Aging Neurosci, 10:73. 

[182] Carrillo-Salinas FJ, Ngwenyama N, Anastasiou M, Kaur 

K, Alcaide P (2019). Heart Inflammation: Immune Cell 

Roles and Roads to the Heart. Am J Pathol, 189:1482-

1494. 

[183] Suetomi T, Miyamoto S, Brown JH (2019). 

Inflammation in nonischemic heart disease: initiation by 

cardiomyocyte CaMKII and NLRP3 inflammasome 

signaling. Am J Physiol Heart Circ Physiol, 317:H877-

h890. 

[184] Nishida K, Otsu K (2017). Inflammation and metabolic 

cardiomyopathy. Cardiovasc Res, 113:389-398. 

[185] Ozben T, Ozben S (2019). Neuro-inflammation and anti-

inflammatory treatment options for Alzheimer's disease. 

Clin Biochem, 72:87-89. 

[186] Newcombe EA, Camats-Perna J, Silva ML, Valmas N, 

Huat TJ, Medeiros R (2018). Inflammation: the link 

between comorbidities, genetics, and Alzheimer's 

disease. J Neuroinflammation, 15:276. 

[187] Karch CM, Goate AM (2015). Alzheimer's disease risk 

genes and mechanisms of disease pathogenesis. Biol 

Psychiatry, 77:43-51. 

[188] Halade GV, Lee DH (2022). Inflammation and 

resolution signaling in cardiac repair and heart failure. 

EBioMedicine, 79:103992. 

[189] Adamo L, Rocha-Resende C, Prabhu SD, Mann DL 

(2020). Reappraising the role of inflammation in heart 

failure. Nat Rev Cardiol, 17:269-285. 

[190] Algoet M, Janssens S, Himmelreich U, Gsell W, 

Pusovnik M, Van den Eynde J, et al. (2023). Myocardial 

ischemia-reperfusion injury and the influence of 

inflammation. Trends Cardiovasc Med, 33:357-366. 

[191] Lavine KJ, Sierra OL (2017). Skeletal muscle 

inflammation and atrophy in heart failure. Heart Fail 

Rev, 22:179-189. 

[192] Shimizu I, Yoshida Y, Katsuno T, Minamino T (2013). 

Adipose tissue inflammation in diabetes and heart 

failure. Microbes Infect, 15:11-17. 

[193] Walker KA, Le Page LM, Terrando N, Duggan MR, 

Heneka MT, Bettcher BM (2023). The role of peripheral 

inflammatory insults in Alzheimer's disease: a review 

and research roadmap. Mol Neurodegener, 18:37. 

[194] Dridi H, Liu Y, Reiken S, Liu X, Argyrousi EK, Yuan Q, 

et al. (2023). Heart failure-induced cognitive dysfunction 

is mediated by intracellular Ca(2+) leak through 

ryanodine receptor type 2. Nat Neurosci, 26:1365-1378. 

[195] Ziegler KA, Ahles A, Dueck A, Esfandyari D, Pichler P, 

Weber K, et al. (2023). Immune-mediated denervation of 

the pineal gland underlies sleep disturbance in cardiac 

disease. Science, 381:285-290. 

[196] Chen N, Guo L, Wang L, Dai S, Zhu X, Wang E (2024). 

Sleep fragmentation exacerbates myocardial ischemia‒

reperfusion injury by promoting copper overload in 

cardiomyocytes. Nat Commun, 15:3834. 

[197] Jeong SY, Wee CC, Kovell LC, Plante TB, Miller ER, 

3rd, Appel LJ, et al. (2023). Effects of Diet on 10-Year 

Atherosclerotic Cardiovascular Disease Risk (from the 

DASH Trial). Am J Cardiol, 187:10-17. 

[198] Sikand G, Severson T (2020). Top 10 dietary strategies 

for atherosclerotic cardiovascular risk reduction. Am J 

Prev Cardiol, 4:100106. 

[199] Ozemek C, Tiwari S, Sabbahi A, Carbone S, Lavie CJ 

(2020). Impact of therapeutic lifestyle changes in 

resistant hypertension. Prog Cardiovasc Dis, 63:4-9. 

[200] Wickman BE, Enkhmaa B, Ridberg R, Romero E, 

Cadeiras M, Meyers F, et al. (2021). Dietary 

Management of Heart Failure: DASH Diet and Precision 

Nutrition Perspectives. Nutrients, 13. 

[201] Key MN, Szabo-Reed AN (2023). Impact of Diet and 

Exercise Interventions on Cognition and Brain Health in 

Older Adults: A Narrative Review. Nutrients, 15. 

[202] Liu X, Morris MC, Dhana K, Ventrelle J, Johnson K, 

Bishop L, et al. (2021). Mediterranean-DASH 

Intervention for Neurodegenerative Delay (MIND) 

study: Rationale, design and baseline characteristics of a 

randomized control trial of the MIND diet on cognitive 

decline. Contemp Clin Trials, 102:106270. 

[203] Howden EJ, Sarma S, Lawley JS, Opondo M, Cornwell 

W, Stoller D, et al. (2018). Reversing the Cardiac Effects 

of Sedentary Aging in Middle Age-A Randomized 

Controlled Trial: Implications For Heart Failure 

Prevention. Circulation, 137:1549-1560. 

[204] Donal E, Rozoy T, Kervio G, Schnell F, Mabo P, Carré 

F (2011). Comparison of the heart function adaptation in 

trained and sedentary men after 50 and before 35 years 

of age. Am J Cardiol, 108:1029-1037. 

[205] Akyuz A (2020). Exercise and Coronary Heart Disease. 

Adv Exp Med Biol, 1228:169-179. 

[206] Gielen S, Laughlin MH, O'Conner C, Duncker DJ 

(2015). Exercise training in patients with heart disease: 

review of beneficial effects and clinical 

recommendations. Prog Cardiovasc Dis, 57:347-355. 

[207] Raffin J, de Souto Barreto P, Le Traon AP, Vellas B, 

Aubertin-Leheudre M, Rolland Y (2023). Sedentary 

behavior and the biological hallmarks of aging. Ageing 

Res Rev, 83:101807. 

[208] Esfandiarei M, Hoxha B, Talley NA, Anderson MR, 

Alkhouli MF, Squire MA, et al. (2019). Beneficial 



 Wang Z., et al.                                                                          Bidirectional crosstalk between the heart and AD 

   

Aging and Disease • Volume 16, Number 5, October 2025                                                                              2998 

 

effects of resveratrol and exercise training on cardiac and 

aortic function and structure in the 3xTg mouse model of 

Alzheimer's disease. Drug Des Devel Ther, 13:1197-

1211. 

[209] Huang X, Zhao X, Li B, Cai Y, Zhang S, Wan Q, et al. 

(2022). Comparative efficacy of various exercise 

interventions on cognitive function in patients with mild 

cognitive impairment or dementia: A systematic review 

and network meta-analysis. J Sport Health Sci, 11:212-

223. 

[210] Li M, Reisman J, Morris-Eppolito B, Qian SX, Kazis LE, 

Wolozin B, et al. (2020). Beneficial association of 

angiotensin-converting enzyme inhibitors and statins on 

the occurrence of possible Alzheimer's disease after 

traumatic brain injury. Alzheimers Res Ther, 12:33. 

[211] Cohen JB, Marcum ZA, Zhang C, Derington CG, Greene 

TH, Ghazi L, et al. (2022). Risk of Mild Cognitive 

Impairment or Probable Dementia in New Users of 

Angiotensin II Receptor Blockers and Angiotensin-

Converting Enzyme Inhibitors: A Secondary Analysis of 

Data From the Systolic Blood Pressure Intervention Trial 

(SPRINT). JAMA Netw Open, 5:e2220680. 

[212] Kato T, Manabe RI, Igarashi H, Kametani F, Hirokawa 

S, Sekine Y, et al. (2021). Candesartan prevents 

arteriopathy progression in cerebral autosomal recessive 

arteriopathy with subcortical infarcts and 

leukoencephalopathy model. J Clin Invest, 131. 

[213] Smeda JS, Daneshtalab N (2011). The effects of 

poststroke captopril and losartan treatment on cerebral 

blood flow autoregulation in SHRsp with hemorrhagic 

stroke. J Cereb Blood Flow Metab, 31:476-485. 

[214] Takeda S, Sato N, Takeuchi D, Kurinami H, Shinohara 

M, Niisato K, et al. (2009). Angiotensin receptor blocker 

prevented beta-amyloid-induced cognitive impairment 

associated with recovery of neurovascular coupling. 

Hypertension, 54:1345-1352. 

[215] Fu XX, Wei B, Cao HM, Duan R, Deng Y, Lian HW, et 

al. (2023). Telmisartan Alleviates Alzheimer's Disease-

Related Neuropathologies and Cognitive Impairments. J 

Alzheimers Dis, 94:919-933. 

[216] Torika N, Asraf K, Roasso E, Danon A, Fleisher-

Berkovich S (2016). Angiotensin Converting Enzyme 

Inhibitors Ameliorate Brain Inflammation Associated 

with Microglial Activation: Possible Implications for 

Alzheimer's Disease. J Neuroimmune Pharmacol, 

11:774-785. 

[217] Ferrington L, Palmer LE, Love S, Horsburgh KJ, Kelly 

PA, Kehoe PG (2012). Angiotensin II-inhibition: effect 

on Alzheimer's pathology in the aged triple transgenic 

mouse. Am J Transl Res, 4:151-164. 

[218] Collu R, Giunti E, Daley S, Chen M, Xia W (2023). 

Angiotensin-converting enzyme inhibitors and statins 

therapies-induced changes in omics profiles in humans 

and transgenic tau mice. Biomed Pharmacother, 

168:115756. 

[219] Cao F, Zhang B, Li X, Duan S (2018). Effect of 

percutaneous coronary intervention and medical therapy 

on quality of life and cognitive function in patients with 

coronary heart disease. Zhong Nan Da Xue Xue Bao Yi 

Xue Ban, 43:544-551. 

 


