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Diagnosis and treatment of patients with cardiovascular and neurologic diseases primarily focus on the heart and brain, respectively. An increasing number of preclinical and clinical studies have confirmed a causal relationship between heart and brain diseases. Cardiogenic dementia is a cognitive impairment caused by heart dysfunction and has received increasing research attention. The prevention and treatment of cardiogenic dementia are essential to improve the quality of life, particularly in the elderly and aging population. This study describes the changes in cognitive function associated with coronary artery disease, myocardial infarction, heart failure, atrial fibrillation and heart valve disease. An updated understanding of the two known pathogenic mechanisms of cardiogenic dementia is presented and discussed. One is a cascade of events caused by cerebral hypoperfusion due to long-term reduction of cardiac output after heart disease, and the other is cognitive impairment regardless of the changes in cerebral blood flow after cardiac injury. Furthermore, potential medications for the prevention and treatment of cardiogenic dementia are reviewed, with particular attention to multicomponent herbal medicines.
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1 Introduction

Heart failure (HF) is the fastest-growing cardiovascular disease and a major threat to global public health (1). Dysfunctions of other organ systems due to decreased heart function can reduce the quality of life of patients and increase their treatment costs and mortality (2). In addition, epidemiological and clinicopathological studies have reported a causal relationship between heart disease and dementia, which is expected to significantly increase the risk of developing dementia among patients with heart disease (3). Consequently, these conditions place a significant burden on the public and healthcare systems worldwide.

The term “cardiogenic dementia” was coined as early as 1977 and was defined in 1982 as a cardiocerebral syndrome with cognitive impairment after heart disease (4, 5). After a few decades of intense research, coronary artery disease (CAD), myocardial infarction (MI), HF, atrial fibrillation (AF), and valvular heart disease (VHD) are the primary risk factors for cardiogenic dementia. To date, two potential disease mechanisms have been identified. (1) Heart disease causes chronic cerebral hypoperfusion (CCH) by reducing cardiac output. CCH, in turn, induces oxidative stress, inflammatory response, immune response, blood–brain barrier (BBB) damage, and amyloid-beta protein (Aβ) deposition, resulting in brain tissue damage, cognitive impairment, and even dementia. (2) In patients with heart disease who do not suffer from CCH, myocardial damage directly damages cognitive function through systemic inflammation and neurohumoral activation. These findings demonstrate that heart rate variation can activate the posterior insular cortex to encode fear and anxiety behaviors. Therefore, this study reviews and analyzes the causes, clinical consequences, and prevention and treatment strategies of heart disease-induced dementia. In this study, we revealed the risk factors underlying the incidence of cardiogenic dementia. The summarized pathophysiological mechanisms of cardiogenic dementia provide a new perspective for drug development. A better understanding of heart–brain interactions is expected to facilitate the development of evidence-based treatments for elderly patients.



2 Risk factors of cardiogenic dementia

Because the brain is a high-energy-consuming organ, a long-term decrease in cardiac output leads to CCH, which causes structural changes and partial dysfunction (6). Therefore, heart diseases characterized by low cardiac output, such as CAD, MI, HF, AF, and VHD, are major risk factors for cardiogenic dementia. On the other hand, the complex pathogenesis of these heart diseases makes them risk factors for cardiogenic dementia independent of cerebral hypoperfusion as discussed below.


2.1 AF

As a prevalent cause of cognitive impairment, AF is also a risk factor for cardiogenic dementia. AF may increase the risk of cognitive impairment or dementia by increasing the risk of stroke (7, 8). However, a community-based longitudinal cohort study revealed that even in the absence of stroke, individuals diagnosed with AF may develop cognitive impairment or dementia at an earlier age compared with those without a history of AF (9, 10). These findings indicate that AF events independently increase the risk of dementia, possibly due to cardiogenic thrombosis caused by AF. Cardiogenic thrombi formed by AF can enter the blood circulation and block cerebral vessels, leading to vascular dementia and ischemic stroke (11). In addition to promoting thrombosis by altering cardiac hemodynamics, AF may also cause platelet activation, which in turn promotes Aβ fibril aggregation, thereby triggering cognitive impairment (11, 12). This may also be an important reason why many retrospective observational and prospective studies suggest that anticoagulants improve cognitive impairment in patients with AF (13). What cannot be ignored is the impact of cerebral hypoperfusion caused by AF on cognitive function. The decreased stroke volume due to beat-to-beat variation in AF is an important cause of CCH. A large cohort from the AGES-Reykjavik study involving 2,291 participants (average age of 79.5 years) found that the average total cerebral blood flow (CBF) of the persistent AF group (systolic blood pressure 141.3 ± 22.8 mm Hg) was significantly reduced compared with that of the paroxysmal AF group (systolic blood pressure 142.7 ± 22.6 mm Hg) and the non-AF group (systolic blood pressure 145.3 ± 20.7 mm Hg) (14). In addition, it was found that AF induced high variability in cerebral hemodynamic variables in lumped-parameter models simulating AF, leading to severe cerebral hemodynamic events such as arteriolar hyperpressure and reduced blood flow (15). Cerebral hypoperfusion caused by AF triggers a series of events that reduce cognitive function, such as vascular inflammation, brain atrophy, and cerebral white matter lesions (16, 17). Therefore, anticoagulation and rhythm/heart rate control against AF may be an effective approach to reduce the risk of cardiogenic dementia.



2.2 CAD

Notably, a positive correlation was observed between CAD and cognitive decline including dementia. However, treating CAD alone does not significantly suppress the rapid increase in the number of individuals at risk of dementia, which may be due to the increased risk of cardiogenic dementia (18). CAD can easily lead to cardiac ischemia and decrease myocardial contractility, which makes it difficult to maintain sufficient cerebral perfusion. This is an important reason for inducing cardiogenic dementia. Magnetic resonance perfusion imaging study found that compared with the healthy control group (age 59 ± 8 years, systolic blood pressure 120.28 ± 15.97 mm Hg, heart rate 58.34 ± 9.54, ejection fraction 67.41 ± 9.82%), CAD patients (age 59 ± 6 years, systolic blood pressure 126.70 ± 21.20 mm Hg, heart rate 59.11 ± 6.85 beat/min) had reduced CBF and cerebrovascular reactivity in multiple brain regions, including the anterior cingulate, insula, postcentral, and superior frontal regions (19). Moreover, a cross-sectional study involving 673 CAD patients found that low Montreal Cognitive Assessment (MoCA) scores in CAD patients (age 66.3 ± 6.5 years, 24% of females, systolic blood pressure 140.5 ± 27 mm Hg) were associated with a lower level of brain-derived neurotrophic factor (BDNF) released by platelets in the serum (20). The level of BDNF, a neuronutrient that prevents cognitive decline, is negatively correlated with the occurrence of Alzheimer's disease (AD) (21, 22). In another cross-sectional study of 129 CAD patients, it was found that CAD patients with mild cognitive impairment had significantly lower serum levels of dihydro-gamma-linolenic acid (DGLA) than those with normal cognitive function, indicating that DGLA may be an important marker for identifying early cognitive decline in CAD patients (23).



2.3 MI

Although the effect of MI on dementia is still somewhat debatable, recent clinical and preclinical studies have confirmed that cognitive impairment caused by MI plays a significant role in the development of cardiogenic dementia. A multicenter registration study revealed that 29.8% of MI patients (age 73.1 ± 6.5 years, 37.8% females, 77.4% with hypertension) developed outbound mild cognitive impairment, whereas 25.8% (age 73.9 ± 6.6 years, 49.7% females, 81.9% with hypertension) had moderate/severe cognitive impairment (24). Elsewhere, a Rotterdam Scan Study found that patients with MI had increased white matter lesion load and the probability of cerebral infarction, especially those with undiagnosed MI (25). These results may be mainly attributed to CCH caused by MI. Patients with MI often have irreversible myocardial fibrosis and systolic dysfunction, resulting in reduced cardiac output (26, 27). Even when systolic blood pressure is maintained relatively well, patients with MI may develop peripheral hypoperfusion, which may be related to vasoconstriction (28). Therefore, these pathways are crucial for the occurrence of CCH after MI. In addition to CCH, the systemic inflammatory response caused by MI is an important factor contributing to cardiogenic dementia. MI-induced release of inflammatory factors may lead to BBB disruption and then trigger neuroinflammation, which is a precursor of neurodegeneration (29–31). Of note, patients with MI have a low risk of AD but a high risk of vascular dementia, which may be attributed to the cerebral small vessel disease caused by MI (32).



2.4 HF

Cognitive impairment has been frequently described as a consequence of HF in the past decades. A meta-analysis showed that HF is associated with a 60% increase in the risk of dementia (33). Low cardiac output of HF patients is one of the key reasons for cerebral hypoperfusion, which is critical to cognitive function. Another cause of CCH is the impairment of vascular autoregulation after HF (34, 35). Disruption of vascular autoregulation impairs vasodilation function, making it difficult to maintain sufficient CBF in a state of low cardiac output. Additionally, systemic inflammation caused by HF is also an important factor leading to cognitive impairment. A cross-sectional study of 270 HF patients found that baseline smoking (χ2 = 6.33), unmarried (χ2 = 12.0), hypertension (χ2 = 5.72), higher body mass index (d = 0.45), and physical fatigue (d = 0.25) were associated with higher C-reactive protein (CRP) levels. Cross-sectionally, CRP levels were negatively correlated with MoCA scores (36). The presence of these conditions makes HF an important cause of cardiogenic dementia. In addition to HF with reduced ejection fraction (HFrEF), HF with preserved ejection fraction (HFpEF) also exhibits cognitive impairment (37). A population-based Rotterdam study also found that poor diastolic function also increased the risk of dementia (38). Age and gender are also contributing factors to the risk of HF-induced dementia. A cohort study from the Danish Medical Registry discovered a higher risk of dementia among men and HF patients aged below 70 years (39).



2.5 VHD

VHD is an important risk factor that causes cardiogenic dementia, either by inducing HF and AF or by itself causing cerebral hypoperfusion. Several clinical studies have shown that VHD increases the risk of cognitive impairment and even stroke (40). Aortic stenosis is the most common in VHD, and a decrease in valve area increases the left ventricular pressure load. Although the development of myocardial hypertrophy can compensate for this pressure overload to maintain a normal ejection fraction, systolic function begins to decline when the limit is exceeded (41). Normal cardiac systolic function is the key to maintaining cerebral perfusion. In mitral regurgitation caused by venous drainage, CBF is decreased and brain metabolism is imbalanced (42). A prospective study also showed that patients with mitral regurgitation (age 71.1 ± 12.2, 25% women, 55% with hypertension) had a higher risk of developing cognitive impairment than controls (age 71.1 ± 12.2, 25% women, 37.5% with hypertension) (42). Notably, oxyhemoglobin increases during exercise were significantly lower in VHD patients than those in normal individuals, even with normal resting cardiac output (43). This suggests that VHD patients have cerebral hypoperfusion during exercise.




3 Potential mechanisms of cardiogenic dementia

Heart disease may cause cardiogenic dementia through various mechanisms primarily categorized into two types: a series of events caused by CCH caused by the long-term reduction of cardiac output after heart disease and the underlying mechanism of cognitive impairment due to cardiac injury, which is independent of changes in CBF. These two mechanisms are involved in the development of cardiogenic dementia. The mechanisms underlying cognitive impairment after heart disease are summarized in Figure 1.
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FIGURE 1
Possible mechanisms for cardiogenic dementia. Cognitive impairment may occur after pathological cardiovascular events in a chronic cerebral hypoperfusion (CCH)-dependent or -independent way. Long-term decline of cardiac output after heart disease leads to CCH, which triggers a cascade of events including oxidative stress, local inflammatory response, immune response, and blood–brain barrier (BBB) disruption. Cardiogenic dementia may occur independent of cerebral blood flow (CBF) changes after cardiac injury, which involves systemic inflammation, neurohumoral activation, and exosome release. The sympathetic excitation may cause the increase of norepinephrine (NE) and reactive oxygen species (ROS), while the overactivation of the renin–angiotensin system (RAS) also leads to oxidative stress, BBB disruption, and inflammation response. In summary, heart disease promotes amyloid-beta protein (Aβ) deposition, neuronal damage, and neurotoxicity and inhibits synaptic plasticity and neurogenesis through CCH-dependent or CCH-independent ways. The interaction among them further exacerbates the damage to cognitive function.



3.1 Potential mechanisms of cognitive impairment through cerebral hypoperfusion after heart disease

CCH after heart disease is one of the main mechanisms underlying the development of cognitive impairment. While ischemia/hypoxia dilates blood vessels to maintain adequate CBF through blood gas regulation, cerebral autoregulation, and neurovascular coupling (NVC), these modulations fail in patients with heart disease, especially at later stages (44, 45). Although elevated levels of CO2 in the blood after CCH relax cerebral arterioles via reducing vascular smooth muscle tension to increase CBF, this compensatory mechanism is limited (46, 47). In a study of 50 patients with different degrees of HF, it was found that their cerebrovascular reactivity is impaired, which leads to the inability of CO2 to further relax the cerebrovasculature (48). Furthermore, in a cerebral hemodynamics study of 23 HFrEF patients, 8 HFrecEF patients, and 13 healthy controls, the transcranial Doppler results indicate that the NVC of HFrEF patients is significantly impaired, and visual stimulation-induced increase in CBF velocity is decreased (49). In addition, neurohumoral activation, one of the hallmarks of HF, also plays a key role in regulating vascular tension. Abnormally elevated vasopressin secretion and activation of the renin–angiotensin system and sympathetic nerve activity have been reported in dog and rat models of HF (50). These increase the tension of peripheral blood vessels (50) and also limit the further relaxation of cerebral vessels. As far as AF patients are concerned, the NVC responses to visual stimulation were also blunted compared to age-matched healthy controls (51). At the same time, a magnetic resonance imaging scan showed a decrease in the total gray matter volume of AF patients (52), and this subclinical neurodegeneration may be one of the reasons for the reduction of NVC in patients with AF. In conclusion, patients with heart disease develop CCH in a state of low cardiac output due to changes in cerebrovascular reactivity to CO2, cerebral autoregulation, and NVC. A series of CCH-induced events that impair cognitive function are discussed below.


3.1.1 Oxidative stress

Due to cerebral hypoperfusion caused by decreased cardiac output, mitochondrial dysfunction produces enormous reactive oxygen species (ROS) and oxidative stress (53, 54). In addition, a study using bilateral common carotid artery occlusion to establish CCH models in rats also found that CCH caused mitochondrial damage and a large amount of ROS production in microglia (55). Excessive activation of oxidative stress causes damage to hippocampal neurons, which leads to cognitive dysfunction (56). Meanwhile, in a rat model of sucrose-induced metabolic syndrome (MetS), activated oxidative stress was found to promote the synthesis of amyloid precursor protein (APP) and Aβ by increasing the activity of β-site APP cleaving enzyme 1 (BACE-1) (57). Notably, abnormal Aβ accumulation and hyperphosphorylated tau promote redox imbalance (58). In a mouse model of Aβ-induced AD, the level of ROS in the brain tissue of mice was significantly increased after intraventricular injection of Aβ1−42, and oxidative stress was aggravated (59). These events create a vicious circle that promotes the occurrence and development of cognitive impairment.



3.1.2 Local inflammatory response

Inflammation caused by cardiac disease may interact with oxidative stress, leading to the worsening of cognitive impairment. Heart disease causes local and systemic inflammation in the brain via CCH. High-mobility group box protein 1 (HMGB1) and pro-inflammatory cytokines such as tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) in the cortex and hippocampus of CCH mice induced by bilateral carotid artery stenosis (BCAS) have been reported to significantly increase (60). A clinical study found that the concentration of IL-1β in the serum of HF patients was higher than that of the non-HF and control groups (61). IL-1β, a pro-inflammatory cytokine, is an important factor driving inflammatory responses in the central nervous system (62, 63). The increase in IL-1β and the resulting inflammatory process disrupt cognitive function (62, 63). Furthermore, abnormal elevation of IL-1β was found to affect the consolidation of hippocampus-dependent memory by administering IL-1β in the dorsal hippocampus of rats (63). Cognitive function impairment attributed to IL-1β may also be linked to reduced glutamate and brain-derived neuronal factor (BDNF) release and increased p38 and ERK phosphorylation in the hippocampus (63). In addition, TNF-α promotes the occurrence of inflammatory response and causes brain damage through neurotoxicity (64). During CCH in BCAS mice, the activated ASK1-p38-TNF-α pathway disrupts the integrity of the BBB, causing IL-6 production (65). A series of protective mechanisms in the brain are also stimulated during CCH. For example, increased CD73 after CCH can downregulate IL-1β, IL-6, and TNF-α expression levels in brain tissues of BCAS mice by releasing adenosine, thereby exerting protective effects (66).



3.1.3 Immune response

Accumulating evidence supports the involvement of CCH-induced immune responses in the synthesis and deposition of Aβ, hence promoting cardiogenic dementia progression (67, 68). A retrospective study involving 196 AF patients and 47 non-AF control patients found that astrocyte-specific glial acidic fibrillary protein (GFAP) and microtubule-associated tau protein were substantially elevated in the serum of AF patients (69). These results indicate that astrocytes significantly proliferate during AF. In addition, a precise 3D morphometric analysis of single microglia and astrocytes in specific brain nuclei of HF rats using a microglia/astrocyte analyzer revealed that microglia and astrocytes in the central amygdala had undergone structural remodeling and transition to the pro-inflammatory phenotype (70). The significant proliferation of activated microglia and astrocytes in the brain was observed not only in animal models of HF but also in animal models of BCAS-induced CCH, suggesting that CCH is one of the important causes of immune responses in the brain (71). Activated microglia show impaired Aβ clearance due to the disrupted phenotype, which further increases Aβ accumulation (72). Overactivated microglia participate in the phagocytosis of synapses to mediate synaptic loss and aggravate the tau pathological process (72). Activated microglia were also found to aggravate tau pathology and memory impairment in the hTau mouse model (73). Neuroinflammation caused by active astrocytes in the brain tissue of MI mice is also an important process that aggravates cognitive impairment (74).



3.1.4 BBB disruption

In the case of CCH induced by reduced cardiac output, the blood flow regulation mechanisms in the brain are unable to sustain normal metabolism of brain tissue in the long term, also disrupting the BBB (75, 76). In the animal model of BCAS, CCH can induce pericytes to separate from their original positions in blood vessels, thereby increasing the permeability of the BBB through endothelial endocytosis (77, 78). This direct damage to the BBB may precede a local inflammatory response (77, 78). In a mouse model of AD with chronic hypoperfusion-transgenic mice (PS1V97l) with right common carotid artery ligation, CCH significantly upregulates the receptor for advanced glycation end-products (RAGE) on the BBB of AD mice, which in turn promotes the accumulation of Aβ (79). Meanwhile, RAGE also enhances oxidative stress and inflammation by activating the NF-κB pathway, further accelerating the deletion of tight junction proteins (79). Additionally, the oxidative stress, local inflammatory, and immune responses mentioned above also exacerbate the breaking of the BBB. The decomposition of the BBB results in the obstruction of Aβ clearance through endocytosis and pathological secondary effects, such as the accumulation of harmful substances, leukocyte infiltration, and white matter damage, which are mostly prevalent in vascular dementia.




3.2 Potential mechanisms of cognitive impairment independent of changes in CBF after heart disease

The cerebral hypoperfusion caused by heart disease is a crucial mechanism in the pathogenesis of cardiogenic dementia. Other studies have shown that patients with heart disease develop cognitive impairment and even dementia even though CBF is not significantly impaired (80). The pathological mechanisms of this condition are discussed below.


3.2.1 Systemic inflammation

Systemic inflammation triggered by heart disease may lead to cognitive impairment, in conjunction or together with CCH. The inflammatory response caused by heart disease is not limited to the myocardial tissue, and a large number of pro-inflammatory factors including IL-6, TNF-α, IL-1β, and monocyte chemoattractant protein-1 (MCP-1) also reach the brain through blood circulation. The concentrations of IL-6, TNF-α, IL-1β, and MCP-1 not only evidently increased in the myocardial tissue of mice with acute MI established by ligation of the left anterior descending artery (LAD) but also significantly elevated in serum (81, 82). These inflammatory factors disrupt the integrity of the BBB, leading to neuroinflammation, which in turn exacerbates cognitive impairment (83). Additionally, IL-6, TNF-α, IL-1β, and other pro-inflammatory factors participate in the alteration of complex cognitive processes, such as synaptic plasticity, neurogenesis, and neuromodulation, and directly suppress the cascade of neurotransmitters related to learning and memory (84).



3.2.2 Neurohumoral activation

Neurohumoral activation is a mechanism of cardiogenic dementia independent of cerebral hypoperfusion, including sympathetic excitation and overactivation of the RAS (RAS). It was found that cardiac norepinephrine (NE) spillover in mild to moderate congestive heart failure (CHF) patients was three times higher than that in healthy subjects, while cardiac NE spillover in the severe CHF group was four times higher by using the radioactive tracer method (85). HF-induced neurohumoral activation has been reported to downregulate synaptic plasticity of hippocampal neurons in HF rats (86). Studies have shown that cognitive dysfunction in HF rats is related to the inhibition of the Wnt/β-catenin signaling pathway in hippocampal neurons (80). This may be due to the internalization of β-adrenergic receptors (β-ARs) by a large amount of NE that reduces the expression of cAMP and protein kinase A (PKA), thereby inhibiting the activity of the canonical Wnt pathway (87–89). In addition, the Wnt/β-catenin signaling pathway is implicated in synaptic assembly, neurotransmission, and regulation of synaptic plasticity, and thus inhibition of this pathway aggravates cognitive impairment (80, 90). In addition to reducing CBF, hyperactivated RAS exacerbates inflammatory responses and oxidative stress in the brain and disrupts the integrity of the BBB (91, 92).



3.2.3 Extracellular vesicles (EVs) and microRNA (miR)

Although the current understanding of the mechanisms of heart–brain interaction is still limited, emerging evidence suggests that EVs and their cargo miRs mediate organ-to-organ or cell-to-cell communication (93). The significantly increased EVs in the plasma of patients with heart disease may carry IL-1β and TNF-α and other pro-inflammatory cytokines transmit “danger or inflammatory signals” to other organs or cells, especially cardiomyocyte-derived EVs (94, 95). The number of EVs passing through the BBB increases by several orders of magnitude after MI, and encapsulated pro-inflammatory factors may be transmitted to brain tissue through endocytosis in the brain (96). However, these may be absorbed by astrocytes and microglia to trigger neuroinflammation, further impairing cognitive function (97). Therefore, EVs are considered important mediators of heart–brain interactions. Furthermore, miR-1, miR-133, mir-208a, and miR-499, which are considered to be cardiac-specific, were also clearly altered in the plasma of MI patients (98). Previous studies indicate that exosomes transport cardiac-derived miR-1 into hippocampal neurons following MI and disrupt the microtubule structure of mouse hippocampal neurons by suppressing the expression of TPPP/p25 protein (99). After miR-1 overexpression caused by MI, exosomes could transport miR-1 into the hippocampus of the brain and attenuate exocytosis of synaptic vesicles in the hippocampus of mice by reducing SNAP-25 protein expression (100). Notably, the reduction of β-catenin in the Wnt/β-catenin pathway associated with cognitive dysfunction of HF rats may be partly attributable to cardiac-derived miRs after HF (80, 101, 102).





4 Potential drugs for the prevention and treatment of cardiogenic dementia

In view of the increasing incidence of cardiogenic dementia, there is an urgent need to identify medications that can treat heart disease while preserving cognitive function. Recent clinical studies showed that commonly used statins, antithrombotic drugs, and some traditional Chinese medicine (TCM) for heart disease are capable of improving cognitive impairment while exerting their cardiovascular effects.


4.1 Statins

Statins are known to be effective in reducing the morbidity and mortality of cardiovascular and cerebrovascular diseases. At the same time, the efficacy of statins on the cognitive function of patients with heart disease has received extensive research attention. A nationwide retrospective cohort study discovered that the application of statin is beneficial in reducing the risk of dementia in patients with ischemic heart disease, with rosuvastatin having the most predominant preventive effect of dementia (103). Rosuvastatin may exert anti-inflammatory effects by inhibiting the nuclear factor kappa-B (NF- κB) signaling pathway, thereby reducing the risk of cognitive impairment (104). Interestingly, analysis of high-quality randomized controlled trials and prospective cohort studies indicated that statins do not affect cognition in the short term but have a positive role in dementia prevention in the long term (105). However, large-scale longitudinal cohort studies are still needed to further establish the role of statins in cardiogenic dementia.



4.2 Anticoagulants

Among the antithrombotic drugs, findings on oral anticoagulants and the risk of dementia in patients with heart disease are largely established. Evidence from clinical studies suggests that direct oral anticoagulants (DOACs) reduce the risk of dementia in AF patients, and edoxaban, a member of DOACs, is associated with a lower risk of developing dementia in AF patients compared to warfarin (106). In contrast to vitamin K antagonists, patients receiving DOACs have a lower risk of dementia or mild cognitive impairment (107). Studies have shown that Aβ released into the blood promotes platelet aggregation and catalyzes the conversion of fibrinogen to fibrin by activation of thrombin, resulting in degradation-resistant, Aβ-containing fibrin clots. These clots, together with oligomeric Aβ, trigger vasoconstriction and cerebral amyloid angiopathy, whereas DOAC exerts an antithrombotic effect by targeting pathological thrombin to reduce the risk of cognitive impairment (108). Moreover, the treatment effect of DOACs is associated with patient age and stroke history (106). For example, cilostazol reduces the risk of dementia in patients with ischemic heart disease and is more effective for the prevention of dementia in female patients (109).



4.3 Traditional Chinese medicine

Clinical studies have shown that single-molecule drugs with a specific target are less effective in the prevention and treatment of complex diseases such as stroke and heart-related brain diseases. Herbal medicine, such as TCM, offers an attractive alternative because of its multiple-component nature. Many TCM formulas have demonstrated the capability of regulating the crosstalk between different pathways through multiple targets, thereby simultaneously reducing inflammation, inhibiting oxidative stress damage, regulating autophagy, and ultimately preventing and treating dementia (110).

Garlic is often used as an important adjuvant in TCM. According to the TCM theory, it has the effect of “fortifying the spleen and harmonizing the stomach” (111). Modern pharmacological studies have shown that aged garlic extract (AGE) reduces the risk of heart disease and dementia because of its multiple pharmacological effects including antioxidative stress, anti-inflammation, and lipid metabolism regulation (111). A clinical study of 93 arteriosclerosis patients aged 40–75 years found that AGE may effectively increase peripheral tissue perfusion and microcirculation by increasing NO release and improving endothelial function after 12 months of treatment (112). Moreover, after administration to mice, AGE increased NO production by 30%–40% via activation of constitutive NO synthase (cNOS), which was conducive to further vasodilation (113). Therefore, AGE may improve cardiac function while maintaining the CBF required for brain activity by further dilating the cerebral arterioles. In addition, a preclinical study found that 2-month treatment with AGE mitigated the loss of cholinergic neurons and increased vesicular glutamate transporter 1 protein (VGLUT1) and glutamate decarboxylase (GAD) levels in the hippocampal tissue of rats with Aβ-induced AD (114). Therefore, Age may have great potential for the prevention and treatment of cardiogenic dementia.

Salvia miltiorrhiza (Danshen), as a classic traditional herbal medicine, has been widely used to treat heart disease because of its well-established pharmacological efficacies of the herb and its active components, including anti-atherosclerosis, anticardiac hypertrophy, anti-myocardial ischemia, anti-arrhythmia, endothelial cell damage repair, and improvement of coronary artery blood circulation (115). Importantly, Salvia miltiorrhiza and its active components have recently been shown to play a role in improving AD. Preclinical studies have indicated that the active ingredient tanshinone IIA in Salvia miltiorrhiza has excellent anti-inflammatory, antioxidant stress, and anti-apoptotic effects, which can significantly improve the learning and memory deficits of APP/PS1 transgenic AD mouse models (116). In addition, Tanshinone IIA can improve AD by upregulating the expression of Aβ-degrading enzymes such as insulin-degrading enzyme (IDE) and neplysine (NEP) (117). These results suggest that Salvia miltiorrhiza may be a potential therapeutic drug for cardiogenic dementia.

Ginseng is another traditional herbal medicine that has been used for thousands of years. Ginseng and its main active ingredient, ginsenosides, have been used to treat cardiac hypertrophy and HF because of their vasodilatory, antioxidant, anti-inflammatory, and anti-fibrotic properties (118, 119). Preclinical studies have shown that ginseng and ginsenosides improve cardiac function and reduce infarct size in rats with myocardial ischemia/reperfusion injury (MIRI), which is mainly facilitated by their inhibition of oxidative stress, inflammation, and fibrosis (120, 121). These are the prerequisites for ensuring the cardiac output of patients with cardiogenic dementia. In addition to their ability to improve the cognitive function of AD mice via reduction of Aβ deposition and tau hyperphosphorylation in the brain tissue, ginseng and ginsenosides also have excellent ability in improving CBF (122). It has been reported that ginsenosides significantly increase CBF in mice with bilateral common carotid artery ligation, which may be related to its vasodilatory effect (123). These findings indicate that ginseng and ginsenosides may serve as candidate drugs for cardiogenic dementia.

Our previous studies showed that Shuxuening injection, a Ginkgo biloba extract preparation, protects the cardiac function of MIRI mice via modulation of the TWEAK-Fn14 axis and improves cognition and motor deficits induced by cerebral ischemia/reperfusion injury (CIRI) by regulating hippocampal BDNF-mediated neurotrophin/Trk signaling (124–126). Ginkgo biloba extract (EGb 761®) is currently recommended by multiple guidelines for the treatment of mild cognitive impairment with or without cerebrovascular disease because of its known neuroprotective effects and cerebrovascular benefits (127). This indicates the therapeutic potential of Ginkgo biloba extract for cardiogenic dementia.

Qishen Yiqi pill (QSYQ), a Chinese compound medicine, has been reported to enhance cardiac output and CBF in patients with heart disease. A meta-analysis of 895 patients with HFpEF revealed that QSYQ improved diastolic function and successfully increased the rate of cardiac function recovery in patients with HFpEF (128). In addition, preclinical studies have reported that QSYQ increased CBF in mice with stroke (129). In our study, we found that QSYQ promoted the recovery of motor memory loss in CIRI rats by modulating ICAM-1-mediated neuroinflammation (130). This implies that QSYQ could be an effective medication for the treatment of cardiogenic dementia. However, additional validations are warranted.




5 Perspectives and conclusion

Cardiogenic dementia is becoming a prevalent condition that severely affects the diet, exercise, and mental status of patients and even polypharmacy, resulting in a poor quality of life and also imposing a huge economic burden on families and society. Early detection of cardiogenic dementia is necessary and should be conducted via enhanced neuropsychological tests, biomarker detection, and neuroimaging. Future research should further explore the complex relationship between the brain and heart, both at organ and systemic levels, to reveal the underlying mechanisms regulating the heart–brain interaction. Concerted efforts by a multidisciplinary team, which comprises cardiologists, neurologists, and basic and bioinformatic scientists, are essential to accomplish this goal. This will promote the development of effective management approaches for complications resulting from heart disease. More research is needed to determine the role of exosomes released by damaged cardiomyocytes in the occurrence of cognitive impairment. There is an urgent need to develop novel treatments for the cognitive dysfunction of patients with heart disease to reduce the incidence of cardiogenic dementia and improve the quality of life of patients. To this end, TCM-inspired or TCM-derived component-based and multitarget medicine may offer a fresh starting point. This study provides a reference for designing drugs for the clinical prevention and treatment of cardiogenic dementia.
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