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Abstract. Sacubitril-valsartan can exert antihypertensive effects by blocking the effect of angiotensin 

Ⅱ  and inhibiting the activity of enkephalinase. As a currently common antihypertensive drug, 

sacubitril-valsartan’s protective effects on target organs have been confirmed in more and more 
studies. Inhibition of enkephalinase can hinder the degradation and metabolism of beta-amyloid, 
deposition of which is a characteristic pathological feature of Alzheimer's disease. And hypertension 
itself is a risk factor for cognitive dysfunction, so long-term medications have the theoretical 
possibility to result in adverse effects on the cognitions of hypertensive patients. A review of various 
perspectives towards the effects of sacubitril-valsartan on cognitive function in patients with 
hypertension will be delivered. 

Keywords: Sacubitril-valsartan, Hypertension, Cognitive function, Enkephalinase, Alzheimer's 
disease. 

1. Introduction 

At present, about 1 billion adults in the world suffer from hypertension, and it is expected that the 

number of patients will increase to 1.5 billion by 2025. According to statistics in 2020, there are 55 

million people with dementia in the world, and it is foreseen to reach 139 million by 2050 [1]. 

Hypertension is an important risk factor for cardiovascular disease and cognitive impairment. A meta-

analysis of middle-aged hypertension and Alzheimer's disease found that compared with 

normotensives, middle-aged patients with stage 1 and stage 2 systolic hypertension had an 18% and 

25% increased risk of Alzheimer's disease, respectively [2]. A clinical trial of people over 50 years 

of age at high risk of hypertension showed that lowering blood pressure to 120 mmHg significantly 

reduced the risk of mild cognitive impairment and dementia in comparison with controlling blood 

pressure to 140 mmHg [3]. Results of another meta-analysis of 6 prospective studies showed that 

among hypertensive people, the ones used blood pressure-lowering drugs had a 16% lower risk of 

developing Alzheimer's disease than those who didn’t, indicating that blood pressure levels regulation 

is of great significance for reducing the risk of cognitive impairment [4]. It can be seen that there is a 

close correlation between the occurrence of cognitive impairment and hypertension. 

Sacubitril-valsartan (LCZ696), a class of dual-acting molecules consisting of the neprilysin 

inhibitor sacubitril and the angiotensin II receptor (AT1) blocker valsartan, has been approved by the 

FDA for the treatment of heart failure [5], many studies have shown that it also has a certain effect in 

the treatment of hypertension. As a novel antihypertensive drug, sacubitril-valsartan provides a 

complementary mechanism of action for other first-line antihypertensive treatments [6]. However, 

sacubitril-valsartan inhibits its enkephalinase activity, resulting in reduced β-amyloid degradation, 

and pathological amyloid deposition is a critical etiology of AD, so whether sacubitril-valsartan 

increased risk of developing AD-related diseases has raised concerns. 

2. The mechanism of cognitive dysfunction in hypertensive patients 

Alzheimer's disease (AD) is a devastating neurodegenerative disease that can lead to deficits in 

behaviors, cognitions and memories [7]. The deposition of Aβ amyloid, hyperphosphorylation of tau 

protein and neuronal dysfunction are the main reasons [8]. Aβ is a physiological polypeptide that is 

continuously synthesized and decomposed in the brain, and stable Aβ levels depend on the metabolic 

balance of synthesis and decomposition activities [9]. Over time, subtle changes in this metabolic 
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balance may lead to the emergence of pathogenic forms of Aβ that affect the pathological progression 

of the disease. In the brains of sporadic AD patients, elevation of Aβ anabolic activity is rarely 

observed, and thus the decrease in Aβ catabolic activity associated with Aβ catabolic enzymes is an 

important cause of amyloid deposition associated with the development of sporadic AD [10]. 

Activation of the renin-angiotensin II-aldosterone (RAAS) system and reinforcing tension of 

vessels walls are the main pathophysiological features of hypertension, both of which may issue in 

brain amyloid deposition and neuronal dysfunction. Activation of the RAAS system in hypertensive 

patients induces oxidative stress on the one hand, and reduces the production of neuroprotective 

factors on the other. Angiotensin II (Ang II) can activate angiotensin receptor 1 (AT1R) on the surface 

of perivascular macrophages to induce oxidative stress [11], resulting in damages of blood-brain 

barrier disruption [12], thereby affecting the clearance of Aβ process [13] and cause 

neuroinflammation and myelin damage [14]. The cleavage of endogenous amyloid precursor protein 

(APP) by α-secretase can generate the neuroprotective factor APPα [15], while Ang II can activate 

AT2R and reduce the activity of α-secretase in human brain microvascular endothelial cells, resulting 

in decreased Appα production [16]. The increase of intravascular pressure in the cerebrovascular 

cavity of hypertensive patients can activate NADPH oxidase and promote the production of reactive 

oxygen species to induce oxidative stress [14], which activates the glycation end product receptor 

pathway on cerebral capillary endothelial cells, and then causes brain Amyloid deposition in cortex 

and hippocampus [17]. Long-term elevated intravascular pressure can damage vascular endothelial 

cells, causing atherosclerosis in cerebral blood vessels [18]. Hypoperfusion secondary to arterial 

stenosis can lead to reduced Aβ clearance, and cumulative Aβ can also promote atherosclerosis by 

inducing inflammation [19]. In addition, impaired neurovascular unit integrity results in insufficient 

oxygen and glucose supply leading to neuronal dysfunction [17]. 

Elevated intravascular pressure also does harm to cerebrospinal fluid drainage by the glial-

lymphatic system, bringing about impaired lymphatic clearance of Aβ [14]. Studies have found that 

nocturnal systolic blood pressure decreases brain Aβ and tau protein clearance through the glial-

lymphatic system, while nocturnal blood pressure increases brain lymphatic transport, which may be 

one of the mechanisms of AD in reverse dipper hypertension [20]. From the above, the 

pathophysiological characteristics of hypertensive patients are important mechanisms leading to the 

increased risk of AD. 

3. Antihypertensive effect of sacubitril-valsartan 

Sacubitril-valsartan (LCZ696) has been approved by the FDA for the treatment of heart failure [5], 

and a growing number of studies have shown that it also has a certain effect in the treatment of 

hypertension. A meta-analysis of five randomized controlled trials involving 1513 elderly 

hypertensive patients showed that sacubitril-valsartan played a essential role in reducing systolic 

hypertension [21]. A multicenter, double-blind, randomized controlled trial of 852 hypertensive 

patients found that sacubitril-valsartan reduced average office systolic blood pressure and day-to-day 

systolic blood pressure in the treatment of mild to moderate hypertension in Europe and the United 

States, the magnitude is significantly greater than that of valsartan [22]. The study carried out by 

Aaqib Malik et al. showed that sacubitril-valsartan is more effective in hypertensive patients than 

ARBs [23]. In the treatment of mild-to-moderate hypertension in Asia, a randomized controlled trial 

study conducted by Kario et al. included 362 hypertensive patients. Comparing with placebo, subjects 

taking different doses of LCZ696 within 24 hours, daytime and and nighttime dynamic systolic, 

diastolic, and pulse pressures were significantly reduced [24]. The results of the phase III clinical trial 

of sacubitril-valsartan in China also showed that its antihypertensive effect was better than that of 

single use of olmesartan, and had outstanding effects on the reduction of systolic blood pressure and 

nighttime blood pressure [25]. 

In addition, sacubitril-valsartan is more effective than ARBs in the treatment towards salt-sensitive 

hypertension [26] and elderly systolic hypertension [27]. Therefore, sacubitril-valsartan can provide 
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supplements for the clinical treatment of other first-line hypotensive drugs with its above-mentioned 

characteristics and advantages in antihypertension. 

4. The antihypertensive mechanism of sacubitril-valsartan 

Sacubitril-valsartan (LCZ696) is the first angiotensin receptor neprilysin inhibitor (ARNI) [7], 

which is composed of valsartan (ARB) and sacubitril (AHU377) according to 1: 1 molar ratio. After 

entering the body, LCZ696 will be decomposed into valsartan and the prodrug AHU377. Valsartan 

can directly exert its blocking effect on the angiotensin II type 1 receptor (AT1). AHU377 is 

hydrolyzed to generate its active component LBQ657, which contributes in inhibiting enkephalinase 

(NEP) [28]. 

Valsartan can antagonize the activation of the RASS system by retarding the effect of Ang II and 

AT1, and resist the AngIl-induced vasoconstriction, increased aldosterone release and sympathetic 

nervous system excitation. In addition, inhibiting the binding of Ang II to AT1 will lead to enhanced 

binding of Ang II to AT2 [29], thereby exerting protective effects such as vasodilation and 

inflammation suppression [30]. LBQ657 can reduce the degradation of natriuretic peptides by 

inhibiting the activity of enkephalinase, thus increasing the level of endogenous natriuretic peptides, 

and facilitating natriuretic excretion and vasodilation [31]. The two synergistically play a beneficial 

role in lowering blood pressure and preventing cardiovascular. 

NEP is widely expressed in a variety of tissues throughout the body, including the central and 

peripheral nervous system, kidney, heart, lung, adrenal gland, intestinal mucosal epithelial cells, 

thyroid, placenta, and the cell surface of fibroblasts and neutrophils. Soluble NEP has also been 

detected in blood, cerebrospinal fluid (CSF), urine, and synovial fluid [32]. NEP is responsible for 

the degradation of various polypeptide substances in the body, such as enkephalin, B-type natriuretic 

peptide, atrial natriuretic peptide, bradykinin, adrenomedullin, endothelin, angiotensin and beta-

amyloid [33]. Vitro experiments have shown that NEP has an important effect on the degradation of 

amyloid Aβ, with the most rapid and effective degradation of Aβ1-42 and Aβ1-40 [34], and the NEP 

gene dosage is significantly negatively correlated with Aβ levels [35]. Therefore, inhibition of NEP 

may lead to impairment of cognitive function [36, 37], and whether NEP inhibitor drugs increase the 

risk of AD-related diseases remains to be elucidated [38]. 

5. Effects of sacubitril-valsartan on cognitive function in patients with 

hypertension 

5.1. The impairment of cognitive function by sacubitril-valsartan 

The US FDA Adverse Event Reporting System (FAERS) included 9004 unique adverse reaction 

cases involving sacubitril-valsartan, 459 (5.1%) reports described cognitive and/or dementia-related 

adverse reactions, of which 96% directly attributable to the patient's use of sacubitril-valsartan. In 

cases where sacubitril-valsartan was discontinued, 85 percent reported a reduction in cognitive and 

dementia-related adverse effects [39]. 

Elevated levels of Aβ1-42 and Aβ1-40 have toxic effects on neurons and cerebral vascular 

endothelial cells [40]. LBQ657 inhibits the degradation of β-amyloid by enkephalinase, which may 

lead to increased Aβ levels. It has also been demonstrated that mice lacking enkephalinase can show 

symptoms similar to Alzheimer's disease [41]. Therefore, long-term administration of sacubitril-

valsartan may theoretically increase the risk of AD. 

Cerebrovascular amyloidosis, a chronic potential side effect of sacubitril-valsartan (ARNI), is 

associated with deposition of Aβ in the media and adventitia of meningeal arterioles, capillaries, and 

cerebral cortex, and is a major cause of cerebral microbleeds and cognitive impairment in elderly 

patients [42]. Cerebral amyloidosis (CAA) leads to dysfunction of the blood-brain barrier [7], which 

is a key factor in the accumulation of Aβ in brain tissue or cerebrospinal fluid [43]. Therefore, 
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sacubitril-valsartan accelerates the pathological progression of AD by causing cerebral vascular 

amyloidosis to exacerbate the deposition of β-amyloid after damaging the blood-brain barrier. 

5.2. Protection of cognitive function by sacubitril-valsartan 

Hypertension and cardiovascular disease are established risk factors for AD [44], so lowering 

blood pressure and the occurrence of cardiovascular diseases can reduce the risk of cognitive 

impairment. 

In terms of blood pressure reduction, sacubitril-valsartan, as a new type of antihypertensive drug, 

can reduce central aortic systolic blood pressure, pulse pressure and nocturnal blood pressure [45], 

and in comparison with singly using ARB, the incidence of adverse events is same. The former one 

has a more obvious antihypertensive effect under the same adverse events occurrence rates [46]. Bhat 

SA et al. found that the use of low-dose ARB could prevent the activation of astrocytes and microglia, 

as well as the occurrence of neuroinflammation in the brain of hypertensive rats [47], which shows 

that ARB has neuroprotection in the hypertension models. In hypertensive patients with chronic 

kidney disease, the use of ARNI can reduce the risk of cognitive dysfunction by delaying the 

progression of CKD [48]. 

In terms of reducing the incidence of cardiovascular diseases, studies have shown that 

enkephalinase inhibitors can not only reduce myocardial fibrosis and improve cardiac remodeling, 

but also increase the antiarrhythmic effects of enkephalin, endorphin and bradykinin [49], reduce the 

incidence of cardiovascular disease and thus prevent the occurrence of cognitive impairment. In 

addition, chronic hyperglycemia is also a crucial risk factor for cognitive impairment [50], and 

sacubitril-valsartan can improve glycemic control [51], so the use of ARNI can reduce cognitive 

impairment in hypertensive patients with diabetes, which has considerable guiding significance. 

In conclusion, long-term administration of sacubitril-valsartan may have beneficial effects on 

cognitive function by lowering blood pressure, reducing the incidence of cardiovascular disease, and 

improving glycemic control. 

5.3. There is no correlation between sacubitril-valsartan and the occurrence of Alzheimer's 

disease 

Animal experiments have found that compensatory mechanisms may reduce the concentration of 

sacubitril-valsartan in the brain to a certain extent [52]. A clinical study in healthy volunteers showed 

that after taking sacubitril-valsartan Increased concentrations of Aβ1-40 and Aβ1-42 aggregated 

isoforms did not result in severe neuronal injury toxicity [53]. Other studies have shown that the 

concentration of LBQ657 in plasma and cerebrospinal fluid has no significant effect on the level of 

Aβ1-38 [54, 55], and there is currently no evidence that a simple increase in the concentration of 

Aβ1-38 in cerebrospinal fluid causes or promotes the formation of Aβ plaques in the brain or 

cognitive decline, and whether it alters the propensity of other Aβ isoforms to form oligomers in the 

body [56]. In vitro experiments have shown that sacubitril and its active metabolite are selective for 

human NEP and do not inhibit other metalloproteases known to degrade Aβ, such as ACE-1 [52]. 

Therefore, sacubitril-valsartan may not inhibit the degradation of β-amyloid protein with neuronal 

toxicity due to the selective inhibition of NEP in different species and the difference in the type of 

substrate Aβ, and will not cause Alzheimer's disease related pathological changes. 

In addition, whether sacubitril-valsartan causes Aβ accumulation in brain tissue or cerebrospinal 

fluid depends on whether LCZ696 can cross the blood-brain barrier [43, 52, 57]. After signal detection 

and analysis of the FAERS data, it was found that due to the poor penetration of the blood-brain 

barrier of sacubitril-valsartan, it is difficult to enter the brain tissue to inhibit enkephalinase, so there 

is no risk of cognitive impairment in patients [58, 59]. However, at the same time, changes in the 

permeability of the blood-brain barrier also need to consider the influence of the primary disease. Aβ 

accumulation occurs decades before clinical symptoms appear in patients with AD and cerebral 

amyloid angiopathy, which means that the patient may already have blood-brain barrier dysfunction 

at the time of clinical symptoms. Therefore, ARNI may not play a direct role in the occurrence of AD. 
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In conclusion, whether sacubitril-valsartan causes Alzheimer's disease is related to whether it can 

pass through the blood-brain barrier, and whether it leads to neurotoxic Aβ amyloid deposition, and 

the integrity of the blood-brain barrier may be in the Cognitive dysfunction-related symptoms have 

been damaged by chronic cardiovascular and cerebrovascular diseases. 

6. Discussion 

In conclusion, sacubitril-valsartan has a significant effect in the treatment of hypertension, and has 

now become the first-line antihypertensive drug. However, since its main component contains an 

enkephalinase inhibitor, which theoretically affects the degradation and metabolism of amyloid Aβ, 

long-term medication in hypertensive patients may increase the risk of cognitive decline. However, 

the current clinical trials have not found the neurotoxic effect of sacubitril-valsartan, and some 

researchers believe that sacubitril-valsartan can reduce blood pressure, reduce the occurrence of 

cardiovascular events and improve blood sugar control. cognitive function has a beneficial effect. 

The current clinical trial subjects are mostly elderly people, and the study time is limited, so long-

term conclusions on the effects of sacubitril-valsartan on cognitive function cannot be drawn. In 

addition, it is not clear whether sacubitril-valsartan can pass through the blood-brain barrier, and 

hypertension itself can cause damage to the blood-brain barrier and impairment of cognitive function. 

Therefore, the adverse effects on cognitive function of hypertensive patients cannot be ruled out. At 

present, more clinical trials and experimental studies are needed to explore the effects of sacubitril-

valsartan on cognitive function, so as to guide the medication of clinical hypertension treatment and 

achieve a win-win effect. 
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