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Abstract 
 
Alzheimer’s disease is a complex neurodegenerative disorder shaped by interactions 
between genetic, metabolic, inflammatory, and environmental factors. Although 
scientific understanding has advanced, therapeutic progress remains limited because 
the condition arises from multiple interconnected mechanisms, including amyloid-
beta accumulation, tau hyperphosphorylation, mitochondrial dysfunction, oxidative 
stress, vascular impairment, and chronic neuroinflammation. Familial early-onset 
Alzheimer’s disease is associated with mutations in APP, PSEN1, and PSEN2, 
whereas most cases represent sporadic late-onset Alzheimer’s disease influenced by 
polygenic variation and lifestyle exposures. Among genetic factors, the APOE ε4 allele 
is the strongest risk determinant, affecting lipid metabolism, inflammatory activity, 
oxidative injury, and amyloid-beta clearance. Variants such as MTHFR C677T further 
influence susceptibility by altering homocysteine metabolism, methylation capacity, 
and redox balance. Nutrigenomics and nutrigenetics offer a framework for 
understanding how dietary components interact with genetic architecture to 
modulate pathways relevant to Alzheimer’s disease. Nutritional deficiencies that 
accompany cognitive decline can intensify metabolic dysfunction and accelerate 
neurodegeneration, whereas targeted nutritional interventions may improve 
cognitive and functional outcomes. Key nutraceuticals—including omega-3 fatty 
acids, B vitamins, quercetin, resveratrol, and benfotiamine—modulate pathways 
linked to oxidative stress, inflammation, mitochondrial activity, and synaptic 
resilience via Nrf2 activation, NF-κB suppression, and brain-derived neurotrophic 
factor signaling. Gene–diet interactions also indicate that individuals carrying 
genotypes such as APOE ε4 or BDNF Val66Met may respond differently to nutritional 
strategies. Integrating genomic, metabolic, and nutritional perspectives supports the 
development of precision-nutrition approaches for Alzheimer’s disease prevention 
and management. Personalized interventions aligned with genetic background may 
reduce oxidative and inflammatory burden, enhance neuroprotective pathways, and 
delay disease progression. 
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1. Introduction  

Alzheimer’s disease (AD) is among the most 

prevalent neurodegenerative conditions, presenting 

significant challenges not only in clinical care but also in 

societal and economic domains on a global scale. 

Currently, dementia affects an estimated 25 million 

people worldwide, and projections suggest that with 

rising life expectancy, this number will reach at least 

115.4 million by 2050. Among all dementia types, 

Alzheimer’s disease (AD) accounts for 60–80% of cases, 

making it the most prevalent form globally. The impact 

of this disease is compounded by the absence of effective 

treatments that can modify its course, thereby 

contributing to increased rates of morbidity and 

mortality. Consequently, Alzheimer’s and related 

disorders are recognized as major global health 

concerns, particularly as increasing life expectancy is 

expected to amplify the associated socioeconomic 

burden [1]. The disease is characterized by a range of 

interrelated cellular and molecular abnormalities, 

including disrupted protein homeostasis, mitochondrial 

dysfunction, oxidative damage, genomic instability, and 

impaired neurotrophic signaling. Inflammatory 

dysregulation within the central nervous system further 

contributes to disease progression [2]. Emerging 

research has highlighted a strong association between 

systemic inflammation and AD. Elevated levels of 

circulating pro-inflammatory markers in affected 

individuals suggest a bidirectional relationship between 

neuroinflammation and peripheral immune 

dysregulation [3,4].  

However, the precise mechanisms underlying the 

disease remain insufficiently understood. Evidence 

indicates that certain interventions can slow their 

progression, with nutritional strategies emerging as an 

increasingly important component. Nutrigenomics—the 

study of how nutrients influence gene expression—

offers a promising approach for reducing AD risk and 

slowing its progression. Because AD arises from 

interactions between genetic susceptibility, oxidative 

stress, inflammation, and metabolic dysfunction, diet-

driven gene regulation can meaningfully influence 

disease pathways. Nutrigenomic compounds such as 

polyphenols, omega-3 fatty acids, vitamins, and 

antioxidants can activate protective genetic pathways 

(e.g., Nrf2) and suppress pro-inflammatory signaling 

(e.g., NF-κB). These processes reduce oxidative damage, 

modulate microglial activation, and support 

mitochondrial stability—key mechanisms underlying 

AD progression. Epigenetically, nutrients like folate, 

vitamin B12, and polyphenols influence DNA 

methylation and histone modifications, helping 

maintain neuroprotective gene expression. Gene–diet 

interactions further shape individual responses: APOE 

ε4 affects lipid metabolism and omega-3 utilization, 

MTHFR variants alter homocysteine regulation, and the 

BDNF Val66Met polymorphism impacts neuroplasticity, 

highlighting the need for personalized nutritional 

strategies. Through these mechanisms, nutrigenomics 

supports cognitive resilience by enhancing antioxidant 

defenses, regulating inflammation, improving 

mitochondrial function, and promoting neurotrophic 

factors such as BDNF. Together, these effects position 

nutrigenomics as a key component of precision medicine 

approaches aimed at preventing or mitigating 

Alzheimer’s disease. 

 

 

 

 

2. Methodology 

We conducted a narrative literature review, using 

the academic databases Pubmed and ScienceDirect for 

the search and collection of literature. Major keywords, 

such as “Alzheimer”, “genetic”, “gene expression”, 

“diet”, “neuroinflammation”, “oxidative stress”, 

“nutraceuticals”, “quercetin”, “resveratrol”, “omega 3 

fatty acids”, “vitamins”, and “in vitro”, “in vivo”, and 

“clinical studies”, were used individually or in 

combination during the literature survey (Figure 1). We 

considered original research articles written in English 

and based our search on their importance and relevance 

to the field. Due to the large number of published articles 

on nutraceuticals included in the study, as well as the 

limited number of references allowed, it was necessary 

to focus on the most impactful and relevant aspects, and 

we included published review articles where 

appropriate. In general, we focused on recently 

published articles but did not impose limits on the date 

of publication. 
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Figure 1 - Immune alterations leading to increased immunosenescence and onset of neurodegeneration 

 

3. Neuropathological and Genetic Factors in AD 

On a cellular scale, AD is marked by extensive 

synaptic dysfunction and vascular abnormalities, which 

together compromise cognitive function [5,6]. The core 

pathological signatures of the disease include the 

accumulation of extracellular amyloid-beta (Aβ) plaques 

and intracellular neurofibrillary tangles (NFTs) 

composed of hyperphosphorylated tau protein [7,8]. 

Insights into the pathophysiology of AD have largely 

been informed by studies on familial early-onset 

Alzheimer's disease (FAD), which typically develops 

before the age of 65. FAD is linked to genetic mutations 

in Amyloid Beta Precursor Protein (APP), Presenilin 1 

(PSEN1), and Presenilin 2 (PSEN2), all of which regulate 

Aβ production. These findings underscore the central 

role of Aβ dysregulation in disease onset [9]. However, 

over 95% of cases are classified as sporadic or late-onset 

AD (LOAD), arising from complex interactions between 

genetic predisposition and environmental factors [10]. 

The genetic variability in LOAD complicates the 

identification of direct causative genes. Nonetheless, the 

Apolipoprotein E (APOE) gene—particularly the ε4 

allele—has been consistently identified as the strongest 

genetic risk factor for late-onset AD [11]. Therapeutically 

targeting APOE pathways is an emerging area of 

interest, with potential applications across diverse 

patients [12]. 

APOE Gene and Alzheimer’s Disease. Humans carry 

three primary alleles of the APOE gene—ε2 (APOE2), ε3 

(APOE3), and ε4 (APOE4)—each of which confers 

varying degrees of susceptibility to Alzheimer’s disease. 

Among them, the APOE ε4 allele is the most strongly 

associated with increased AD risk. Individuals who 

inherit one copy of APOE ε4 have a higher likelihood of 

developing the disease, while those with two copies may 

face a risk increase of up to 15-fold [13]. In contrast, the 

APOE ε2 variant is considered protective, reducing the 

risk of AD by approximately 50% and contributing to 

greater longevity in some individuals [14]. Research 

suggests that APOE ε4 influences disease progression 

through both gain-of-toxic-function and loss-of-normal-

function mechanisms, disrupting neuronal maintenance, 

repair, and lipid metabolism [15]. Furthermore, APOE ε4 

is not exclusive to Alzheimer’s pathology; it has also 

been linked to Lewy body dementia, even in the absence 

of co-existing AD features [16]. These findings imply a 

broader role for APOE ε4 in neurodegenerative 

processes. 

MTHFR Gene, Homocysteine, and Alzheimer’s 

Disease. Another gene implicated in AD risk is 

Methylenetetrahydrofolate reductase (MTHFR), which 

plays a critical role in regulating folate metabolism and 

homocysteine levels. A well-studied variant of this gene, 

known as C677T (rs1801133), involves a substitution that 

leads to an amino acid change (alanine to valine) at 

codon 222. This mutation reduces MTHFR enzyme 

activity, thereby contributing to elevated plasma 

homocysteine concentrations [17,18]. Elevated 

homocysteine, or hyperhomocysteinemia, is an 

established independent risk factor for cognitive decline 

and AD. High levels of homocysteine can influence 

numerous molecular processes including DNA 

methylation [19], DNA repair capacity [20], oxidative 

stress responses [21], amyloid-beta aggregation [22], tau 

hyperphosphorylation [23], endothelial dysfunction, 

and inflammation [24]. Importantly, gene–environment 

interactions involving MTHFR may modulate 

individual risk by influencing epigenetic patterns that 
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regulate gene expression, which may further contribute 

to disease susceptibility. 

Epigenetic Regulation in AD. Epigenetic 

mechanisms—such as DNA methylation, histone 

modifications, and non-coding RNA activity—have 

emerged as important contributors to the development 

of Alzheimer’s disease. These processes are highly 

responsive to environmental stimuli, including diet, 

toxins, stress, and infections, which can alter the 

expression of genes without changing their underlying 

sequence. For instance, changes in the methylation status 

of genes involved in inflammation, metabolism, and 

synaptic function have been documented in AD patients. 

Additionally, epigenetic interactions between MTHFR 

variants and other genes may influence key biological 

pathways involved in cognitive function and 

neurodegeneration. 

Insights from Genome-Wide Association Studies 

(GWAS). Large-scale genome-wide association studies 

(GWAS) have been instrumental in identifying genetic 

variants associated with late-onset Alzheimer’s disease. 

These studies analyze hundreds of thousands of single 

nucleotide polymorphisms (SNPs) across large 

populations to detect subtle genetic associations with 

disease risk [25,26]. While the APOE ε4 allele remains the 

most significant genetic contributor to AD risk, GWAS 

have uncovered numerous additional loci with modest 

effect sizes. These include genes involved in lipid 

metabolism, inflammation, endocytosis, and innate 

immunity. Notably, while these variants do not 

individually cause Alzheimer’s, they contribute to the 

broader genetic landscape of susceptibility. The 

cumulative evidence suggests that disruptions in 

cholesterol regulation and immune system function may 

play central roles in the initiation and progression of AD 

[27]. Interestingly, amyloid-β peptides—long implicated 

in the formation of extracellular plaques in AD—have 

recently been shown to possess antimicrobial properties. 

Research suggests that Aβ may act as an innate immune 

effector molecule, responding to the presence of bacteria, 

fungi, and viruses by forming aggregates that neutralize 

microbial threats [28]. This raises the possibility that 

amyloid deposition could be, at least in part, a protective 

response to chronic microbial exposure, though 

excessive accumulation ultimately contributes to 

neurotoxicity. Figure 1 summarizes our interpretation of 

Alzheimer’s disease pathogenesis according to which 

mild immunodeficiency—both peripheral and central—

associated with aging represents one of the major risk 

factors. Both central (neural) and peripheral immune 

systems undergo changes with age, including reduced 

responsiveness and dysregulated inflammation. This 

mild immunodeficiency may make the aging brain more 

susceptible to accumulating damage and initiating 

neurodegenerative processes.  

Given the multifactorial nature of Alzheimer’s 

disease, it is likely that a combination of genetic 

predispositions, environmental exposures, such as 

stress, toxins, and infections, immune dysregulation, 

and lifestyle habits interact to influence disease onset 

and progression. A complex disorder such as 

Alzheimer’s disease arises from multiple etiological 

contributors and numerous pathogenic mechanisms that 

influence both its onset and its clinical progression 

(Figure 2). 

 

 

Figure 2 - Integrated framework of determinants influencing brain health. 
The figure illustrates how genetic factors (gene expression and genetic variations) interact with modifiable lifestyle 

determinants – including diet, physical activity, circadian rhythms, stress, social interactions, infections, and overall lifestyle 
behaviors—to shape cognitive function and long-term brain resilience 
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4. Nutritional support in AD 
Proper functioning of the central nervous system 

(CNS) depends on a complex interplay of nutritional and 

lifestyle factors. Macronutrients, micronutrients, plant-

derived bioactive compounds, and sufficient energy 

intake are all critical in maintaining neuronal health and 

protecting against neurodegeneration [29]. Beyond their 

physiological roles, dietary nutrients also serve as key 

modulators of gene activity, exerting influence over 

fundamental molecular processes such as gene 

transcription, translation, and post-transcriptional 

modifications [30]. These nutrient-gene interactions can 

affect cellular signaling pathways, synaptic plasticity, 

and neuroinflammation, ultimately shaping cognitive 

function and brain resilience throughout the lifespan.  

Nutritional deficiencies and unintended weight 

loss are frequently observed in individuals with 

cognitive decline and have been shown to exacerbate 

neurological deterioration, increase mortality risk, and 

impair cognitive performance. Recent evidence by Wu et 

al. [31] suggests that providing adequate nutritional 

interventions can lead to substantial improvements in 

quality of life, cognitive performance, and both 

psychological and nutritional well-being in elderly 

patients with AD. Additionally, the study reported that 

enhanced nutritional support was linked to improved 

sleep quality, as evaluated using the Pittsburgh Sleep 

Quality Index (PSQI). 

In conditions like Alzheimer’s disease and mild 

cognitive impairment (MCI), inadequate caloric intake 

can lead to a metabolic crisis in the brain—often 

described as "cerebral starvation" or Type III diabetes 

[32]. Individuals with MCI and low BMI face a markedly 

increased risk of converting to AD, particularly among 

elderly, hypertensive, and female populations [33,34]. 

Interestingly, while undernutrition worsens outcomes, 

metabolic disorders like obesity and type 2 diabetes are 

also associated with elevated AD risk [35]. This apparent 

paradox is attributed to the dual role of insulin—either 

deficient due to undernutrition or dysfunctional in the 

context of insulin resistance—reinforcing insulin’s 

critical importance in cognitive health. 

Nutrigenomics, nutrigenetics and Alzheimer's 

Prevention. Nutrigenetics and nutrigenomics are 

interdisciplinary fields that explore the interaction 

between nutrition and genetics in determining health 

outcomes. Nutrigenetics focuses on how individual 

genetic variations affect the body’s response to nutrients, 

while nutrigenomics investigates how dietary 

components influence gene expression, protein 

synthesis, and metabolic pathways [36]. Dietary inputs 

can modulate the genome through mechanisms such as 

chromatin remodeling, transcriptional control, and post-

translational modifications [37]. Over time, these 

molecular adaptations can affect the metabolism of 

carbohydrates, fats, proteins, and micronutrients, 

thereby influencing the risk of chronic conditions such 

as diabetes, cardiovascular disease, and obesity.  

Several nutrigenomic pathways are especially 

relevant in neurodegenerative contexts. Activation of the 

Nuclear factor erythroid 2–related factor 2 (Nrf2) 

pathway by compounds like sulforaphane leads to 

increased transcription of detoxifying and antioxidant 

genes, countering oxidative damage implicated in AD. 

In contrast, chronic activation of Nuclear Factor kappa-

light-chain-enhancer of activated B cells (NF-κB) 

signaling, often triggered by Western-style diets, 

promotes pro-inflammatory gene expression in 

microglia and astrocytes, accelerating 

neurodegeneration. Dietary modulation of these 

pathways may tilt the balance between resilience and 

decline in vulnerable neural circuits. 

The Brain-Derived Neurotrophic Factor (BDNF) 

rs6265 genotype (A/G) represents a heterozygous 

Val66Met variant, which has been associated with 

intermediate levels of activity-dependent BDNF 

secretion. This polymorphism may confer a modest 

reduction in neurotrophic signaling efficiency, 

potentially increasing susceptibility to oxidative and 

inflammatory stressors. Individuals with this genotype 

may benefit from targeted nutritional and lifestyle 

interventions—such as elevated intake of omega-3 fatty 

acids, polyphenol-rich foods, and consistent physical 

activity—known to enhance BDNF expression and 

synaptic resilience [38]. 

In Alzheimer’s disease, disruptions in cholesterol 

transport and lipid homeostasis have been linked to 

cerebrovascular dysfunction and progressive neuronal 

damage. Moreover, DNA damage accumulation, a 

hallmark of aging and neurodegeneration, is strongly 

influenced by nutritional status. Micronutrients that 

support genomic stability—such as folate, vitamin B12, 

and zinc—are essential for DNA repair and replication. 

The optimal intake of these nutrients may vary 

depending on genetic polymorphisms, especially in 

genes involved in nutrient absorption and metabolism 

[39]. 

In sum, nutrigenomics offers a mechanistic 

framework to understand how environmental and 

lifestyle signals—particularly dietary patterns – interact 

with the genome to shape brain aging.  

By integrating gene regulation, metabolism, and 

diet, this field opens new avenues for personalized 
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interventions in Alzheimer’s disease prevention and 

management. 

Oxidative Stress modulation in AD. Oxidative stress 

plays a pivotal role in AD and is intimately linked with 

both nutrition and genetics. Neurons are highly 

susceptible to damage from ROS such as superoxide and 

hydrogen peroxide, which can oxidize membrane lipids, 

proteins, and DNA. AD brains exhibit extensive 

oxidative damage, thought to be triggered by 

aggregated amyloid-β (Aβ) and impaired mitochondrial 

function early in the disease course [40]. APOE genotype 

influences oxidative stress burden: APOE ε4 is 

associated with less efficient repair of oxidative damage 

and a relative deficiency in antioxidant capacity. Indeed, 

APOE ε4 can impair mitochondrial dynamics, leading to 

excess free radical generation and oxidative injury. In the 

absence of APOE’s normal antioxidant properties (as 

with APOE ε4), there is a higher risk of Aβ aggregation 

and oxidative stress, creating a vicious cycle of neuronal 

damage. Nutritional factors are critical modulators of 

oxidative stress. Diets abundant in antioxidants (e.g. 

vitamins C and E, flavonoids, carotenoids) and 

polyphenol-rich foods help neutralize free radicals and 

have been associated with lower oxidative damage in the 

aging brain [41]. For example, evidence suggests that 

polyphenol-rich diets (fruits, vegetables, spices) can 

delay AD onset by scavenging free radicals and 

bolstering endogenous antioxidant defenses. By 

contrast, nutrient deficiencies or pro-oxidant diets can 

exacerbate oxidative stress [42]. Elevated iron or copper 

intake, for instance, may catalyze ROS formation if not 

properly balanced by antioxidants. Nutrigenomic 

interventions can induce the expression of antioxidant 

enzymes via pathways like Nrf2; many phytochemicals 

(such as curcumin or sulforaphane) activate these 

cytoprotective genes.  

Furthermore, lifestyle interventions that reduce 

systemic oxidative stress (regular exercise, caloric 

moderation) also reduce neuronal oxidative injury [43]. 

Oxidative damage and AD pathology reinforce each 

other – ROS can promote Aβ production (e.g. via 

upregulating amyloid precursor protein) and Aβ in turn 

induces more ROS [44]. Breaking this cycle is a 

therapeutic goal. In summary, controlling oxidative 

stress through diet and antioxidant strategies is 

considered a key avenue to protect neurons, especially 

in genetically susceptible individuals. Multiple clinical 

studies are examining whether antioxidant 

nutraceuticals or diets can slow cognitive decline, 

although results have been mixed, indicating that timing 

and genetic context (such as APOE status) may 

determine efficacy. Modulating oxidative stress through 

personalized dietary and lifestyle strategies may offer 

neuroprotection, particularly in genetically susceptible 

individuals such as APOE ε4 carriers. Although clinical 

trials on antioxidant interventions have yielded mixed 

outcomes, emerging evidence suggests that timing, 

dosage, and genetic background critically influence their 

efficacy. 

Modulation of silent inflammation in AD. Chronic 

inflammation in the brain (neuroinflammation) is a 

hallmark of AD and closely interacts with both genetics 

and diet. In AD, microglia and astrocytes – the resident 

immune cells of the CNS – become persistently [45]. 

These cells produce pro-inflammatory cytokines (e.g. IL-

1β, IL-6, TNF-α) that can lead to synaptic dysfunction, 

exacerbate amyloid and tau pathology, and ultimately 

contribute to neuronal death [46].Genetic evidence 

strongly supports the role of innate immunity in AD: for 

example, rare variants in microglial genes, such as 

Triggering Receptor Expressed on Myeloid Cells 2 

(TREM2) and Cluster of Differentiation 33 (CD33) 

substantially increase AD risk by altering inflammatory 

responses [47–49].  

While APOE ε4 is classically associated with lipid 

metabolism, it also appears to promote a pro-

inflammatory state in the brain; APOE4 carriers show 

elevated baseline inflammation and may experience 

greater microglial reactivity to insults (though APOE’s 

immunomodulatory role is complex). BDNF, on the 

other hand, is generally anti-inflammatory in its effects 

(enhancing neuronal resilience can dampen 

inflammatory damage), and low BDNF levels have been 

linked to higher inflammation and metabolic 

dysfunction in aging brains [50]. Diet has emerged as a 

powerful modulator of inflammation. It is well known 

that certain dietary patterns, such as the Western diet 

high in saturated fats and refined carbohydrates, can 

induce systemic inflammation and, indirectly, 

neuroinflammation. In animal models, long-term 

consumption of a high-fat/high-sugar diet provokes 

robust glial activation and neuroinflammatory changes 

reminiscent of those seen in AD. Conversely, diets rich 

in anti-inflammatory components are associated with 

neuroprotection.  

For instance, the Mediterranean, DASH, and 

MIND diets emphasize fruits, vegetables, whole grains, 

nuts, fish, and unsaturated fats – these diets are 

correlated with lower circulating inflammatory markers 

and a reduced risk of cognitive decline [51]. 

Mechanistically, many nutrients influence 

inflammation: omega-3 fatty acids (from fish oil) can 

shift microglia toward an anti-inflammatory phenotype 

and suppress cytokine production; polyphenols (like 

curcumin, resveratrol, and flavonoids from berries) 

inhibit inflammatory signaling pathways in the brain; 
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and antioxidant vitamins (C, E, and carotenoids) reduce 

oxidative triggers for inflammation [52,53]. Indeed, 

several bioactive dietary components have been shown 

to simultaneously attenuate oxidative stress and 

neuroinflammation [54,55]. In contrast, diets high in 

saturated and trans fats or excess calories can activate 

inflammatory pathways – saturated fatty acids can 

directly engage toll-like receptors on microglia, 

promoting release of Interleukin-1 beta (IL-1β) and 

Tumor Necrosis Factor alpha (TNF-α) [56–58]. Gut 

microbiota may be an intermediary: pro-inflammatory 

diets alter gut microbes and increase circulating 

endotoxins, which can exacerbate neuroinflammation, 

whereas high-fiber diets produce anti-inflammatory 

metabolites (short-chain fatty acids) that benefit 

microglial regulation.  

From a nutrigenetic perspective, individuals with 

pro-inflammatory genetic profiles might benefit most 

from anti-inflammatory diets. Overall, controlling 

inflammation through nutrition and lifestyle is a 

promising strategy to modify AD risk. Epidemiological 

studies link higher adherence to anti-inflammatory 

dietary patterns with slower cognitive decline and lower 

incidence of dementia [59–62], though causality is still 

under investigation via clinical trials. 

5. Nutraceuticals in AD 
The term nutraceutical is derived from the 

combination of “nutrition” and “pharmaceutical,” and 

refers to bioactive compounds present in foods that 

exert health-promoting or disease-preventive effects. 

These substances typically originate from plants, 

microbial, or food sources. The concept was introduced 

in 1989 by Dr. Stephen L. De Felice, who coined the term 

to describe food-derived components that possess 

pharmacological benefits, positioning them at the 

intersection between conventional foods and medicinal 

products [63]. 

Importantly, a distinction exists between 

nutraceutical and functional foods: while nutraceuticals 

are isolated or purified substances with specific 

therapeutic actions, functional foods are whole or 

fortified food products that convey health benefits 

when consumed as part of a regular diet. Nutraceuticals 

are recognized for their preventative, restorative, and 

protective biological properties and are commonly used 

as dietary supplements. 

Recent research has highlighted the therapeutic 

potential of nutraceuticals in a range of chronic 

diseases, including cancer, metabolic disorders such as 

diabetes, cardiovascular diseases, and 

neurodegenerative conditions [64]. Many of these 

disorders are linked to oxidative stress, inflammation 

and a significant number of nutraceutical compounds 

exhibit antioxidant properties that help restore redox 

balance and anti-inflammatory potential. These 

compounds are often standardized plant extracts that 

contain specific active ingredients, and current studies 

suggest that many of these agents may influence gene 

expression, further supporting their role in modulation 

and prevention [65]. 

 

 

Omega-3 Fatty Acids. Omega-3 fatty acids are 

essential polyunsaturated fats known for their 

neuroprotective and anti-inflammatory properties. This 

group includes alpha-linolenic acid (ALA), stearidonic 

acid (SDA), eicosapentaenoic acid (EPA), 

docosapentaenoic acid (DPA), and docosahexaenoic 

acid (DHA) [66]. ALA, predominantly derived from 

plant-based sources like seeds and vegetable oils, serves 

as the precursor for the synthesis of EPA and DHA 

through enzymatic reactions involving elongases and 

desaturases. 

Omega-3s exert numerous biological effects: they 

reduce inflammation by downregulating 

cyclooxygenase-2(COX2), nitric oxide synthase-

2(iNOS), and NF-κB signaling, leading to lower 

cytokine production. Additionally, they exhibit 

antioxidant, anti-apoptotic, and neurotrophic activities, 

including the stimulation of nerve growth factor (NGF) 

synthesis [67]. DHA, in particular, supports neuronal 

membrane integrity and synaptic function. Its 

metabolic derivatives have been shown to influence 

glial cell behavior and cognitive performance, 

especially in early stages of Alzheimer’s disease [68]. 

Epidemiological studies indicate that individuals with 

higher dietary intake or circulating levels of omega-3s—

particularly DHA—are at reduced risk of developing 

AD and other forms of dementia [69,70]. 

However, the relationship between omega-3s 

and cognitive decline may be influenced by genetic 

factors—especially the APOE ε4 allele. Some studies 

report that APOE ε4 carriers may experience limited 

cognitive benefits from omega-3 supplementation due 

to impaired lipid transport to the brain [71].  
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Conversely, other studies suggest that APOE ε4 

carriers may derive greater benefit from higher omega-

3 intake, with slower rates of decline [72], though 

findings remain inconsistent [73]. 

Folate and vitamin B12 supplementation in AD. 

Numerous studies have linked elevated levels of 

homocysteine, along with deficiencies in folate and 

vitamin B12, to an increased risk of dementia [74], but 

findings across the literature are not fully consistent. A 

meta-analysis evaluating 31 randomized, placebo-

controlled clinical trials did not find strong evidence 

that reducing homocysteine levels results in cognitive 

benefits [75]. Maintaining adequate folate and vitamin 

B12 levels is essential not only for controlling 

homocysteine but also for supporting methylation 

processes critical to brain function. Deficiency in these 

vitamins leads to hyperhomocysteinemia, which exerts 

neurotoxic effects by overstimulating N-methyl-D-

aspartate (NMDA) receptors and triggering excitotoxic 

cell death [76]. It has also been hypothesized that 

ischemic damage to brain regions like the hippocampus 

may promote amyloid-β deposition and neurofibrillary 

tangle formation, ultimately contributing to 

Alzheimer’s pathology. 

A meta-analysis of 11 studies reported a higher 

frequency of the MTHFR C677T polymorphism in 

individuals with vascular dementia, especially among 

Asian populations [77]. The same genetic variant has 

also been associated with cardiovascular and metabolic 

conditions, including coronary heart disease, ischemic 

stroke, hypertension, and diabetic nephropathy—that 

are considered risk factors for vascular cognitive 

impairment. A number of randomized controlled trials 

and meta-analyses have demonstrated that combined 

supplementation with folic acid, vitamin B12, and 

vitamin B6 (pyridoxine) can lower the relative risk of 

stroke by approximately 23% [78]. Despite these 

encouraging results, variability in outcomes across 

studies is likely influenced by differences in 

supplementation regimens, including dose, type of 

vitamin used, and duration of treatment. However, 

caution is warranted in individuals with compromised 

kidney function, as the use of cyanocobalamin (a 

common form of vitamin B12) has been associated with 

worsening functional outcomes in this subgroup [79]. In 

general, daily supplementation with 0.5 to 5 mg of folic 

acid and around 0.5 mg of methylcobalamin is 

estimated to reduce total homocysteine (tHcy) 

concentrations by roughly one-third in populations 

consuming Western diets [80]. 

Beyond reducing homocysteine, folic acid 

supplementation may enhance specific aspects of 

cognitive performance, such as information processing 

speed, sensorimotor coordination, and complex 

reaction times. The underlying molecular mechanism 

involves the action of DNA methyltransferases, which 

mediate the process of DNA methylation. This 

epigenetic regulation is supported by adequate levels of 

folate and vitamin B12, both of which promote 

methylation reactions essential for neuronal function. In 

response to this, several countries have mandated the 

fortification of certain foods with folic acid to improve 

public health outcomes. Given the neurological 

implications, some experts have suggested that vitamin 

B12 fortification may also be beneficial in reducing the 

prevalence of cognitive disorders such as dementia. 

 

6. Polyphenols in AD, Quercetin and Resveratrol 
Quercetin is a widely distributed flavonoid found 

in various fruits, vegetables, and plants, including 

onions, apples, berries, garlic, grapes, tomatoes, capers, 

asparagus, and red leaf lettuce [81]. While its antioxidant 

activity is one of its most recognized pharmacological 

attributes, quercetin has also demonstrated potential in 

modulating neurological processes, particularly in the 

context of neurodegenerative diseases. 

Despite its promising bioactivity, quercetin’s 

clinical application is limited due to poor aqueous 

solubility, rapid metabolism in the gastrointestinal tract, 

and generally low oral bioavailability Nevertheless, 

certain studies have indicated that quercetin is capable 

of crossing the blood–brain barrier (BBB) to a limited 

extent and can accumulate in brain tissue [82]. 

Neuroprotective effects of quercetin have been 

extensively reported in preclinical models of 

Alzheimer’s disease (AD). In one study, Shimmyo et al. 

demonstrated that quercetin inhibits β-site amyloid 

precursor protein cleaving enzyme-1 (BACE1) in a 

concentration-dependent manner. Exposure to 20 μM 

quercetin in primary neuronal cultures led to a marked 

reduction in both Aβ1–40 and Aβ1–42 peptide levels 

[83]. Quercetin’s chemical structure includes 

hydrophobic regions that facilitate interaction with the 

β-sheet domains of amyloid fibrils, potentially 

preventing their formation [84]. However, further 

experimental validation is necessary to confirm this 

mechanism. 
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Quercetin could inhibit acetylcholinesterase 

(AChE) and butyrylcholinesterase (BChE) in cell-free 

in vitro systems, thereby helping to preserve 

acetylcholine levels—a key neurotransmitter involved 

in cognition [85]. In vivo, administration of 25 mg/kg 

of quercetin intraperitoneally every 48 hours for 3 

months in the 3xTg-AD mouse model resulted in a 

significant increase in hippocampal cell density. This 

treatment also reduced β-amyloid plaque 

accumulation, tau tangles, astrocyte and microglial 

activation in both the hippocampus and amygdala, 

ultimately leading to improved memory and learning 

performance [86]. 

In another study using APPswe/PSEN1dE9 

transgenic mice, daily oral administration of 20–40 

mg/kg quercetin for 16 weeks alleviated cognitive 

deficits. This effect was attributed to the restoration of 

mitochondrial function through enhanced AMPK 

activation, improved mitochondrial membrane 

potential, increased ATP production, and decreased 

reactive oxygen species (ROS). Additionally, quercetin 

treatment reduced Aβ burden, likely through 

modulating amyloid precursor protein (APP) 

processing and enhancing Aβ clearance [87]. 

Furthermore, a one-month oral quercetin 

regimen (40 mg/kg/day) in rats injected with Aβ1–42 

promoted neural progenitor cell proliferation in the 

dentate gyrus. This was associated with increased 

expression of neurotrophic and plasticity-related genes 

such as BDNF, nerve growth factor (NGF), cAMP 

response element-binding protein (CREB), and early 

growth response protein 1 (EGR-1), resulting in 

improved spatial learning and memory [88]. 

Although pre-clinical research has consistently 

shown the neuroprotective potential of quercetin, its 

clinical efficacy is currently limited by poor penetration 

across the BBB. Therefore, future efforts should focus on 

improving its pharmacokinetic properties and delivery 

systems to enhance bioavailability and therapeutic 

impact in neurodegenerative disorders like AD. 

Quercetin, also, has been found to enhance 

apolipoprotein E levels by inhibiting its degradation in 

immortalized astrocyte cultures, without directly 

affecting APOE gene transcription or lipidation. In a 

transgenic mouse model of amyloidosis, quercetin 

administration led to elevated APOE levels in brain 

tissue and a corresponding reduction in cortical 

amyloid-β (Aβ) accumulation. These outcomes highlight 

the therapeutic potential of quercetin as a candidate for 

APOE-targeted strategies in the treatment of 

Alzheimer’s disease [89].

7. Resveratrol 
Resveratrol (3,5,4′-trihydroxystilbene) is a 

naturally occurring stilbenoid polyphenol, classified as a 

phytoalexin—compounds synthesized by plants in 

response to biotic stress such as pathogenic attacks. This 

molecule is present in various plant-based foods, 

including grapes, blueberries, raspberries, mulberries, 

and peanuts. Resveratrol exists in two geometric 

isomers: cis (Z) and trans (E), with the trans 

configuration being the more biologically stable form 

under natural conditions. However, upon exposure to 

ultraviolet (UV) light, trans-resveratrol can isomerize 

into the cis form, which is associated with various 

biological activities.  

Emerging studies indicate that resveratrol (RV) 

may offer therapeutic benefits in the context of AD [90]. 

Its proposed efficacy is attributed to several 

mechanisms, including mitigation of oxidative stress, 

inhibition of amyloid-β aggregation, activation of silent 

information regulator-1 (SIRT1) [91], neuroprotective 

activity, enhancement of neurogenesis.  

Resveratrol demonstrates potent antioxidant and 

anti-inflammatory effects, often surpassing traditional 

antioxidants such as vitamins C and E. Unlike many 

flavonoids that act downstream in oxidative pathways, 

resveratrol can interfere at earlier stages—specifically, 

by chelating transition metals like copper, which act as 

pro-oxidant catalysts in free radical-generating reactions 

[92]. 

Beyond its direct antioxidant action, resveratrol 

influences the expression of genes involved in oxidative 

stress regulation. It upregulates key antioxidant 

enzymes such as superoxide dismutase 1 (SOD1) and 

glutathione peroxidase 1 (GPX1) in a dose-dependent 

manner. Concurrently, it downregulates prooxidant 

enzymes like NADPH oxidase, thereby reducing 

reactive oxygen species (ROS) generation [93].  

A significant portion of these gene regulatory 

effects are mediated through the activation of the 

transcription factor Nrf2, which orchestrates the cellular 

antioxidant response. Additionally, resveratrol 

enhances the activity of tetrahydrobiopterin-GTP-

cyclohydrolase, further promoting the expression of 

protective antioxidant enzymes [94].  

Long-term dietary administration of resveratrol 

(RV) at a dose of 150 mg/kg per day has been shown to 

significantly improve cognitive performance and reduce 

AD-related biomarkers in SAMP8 mice. These 

improvements were associated with decreased levels of 
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amyloid-β42 and phosphorylated tau, increased 

inhibitory phosphorylation of glycogen synthase kinase-

3β (GSK-3β) at Ser9, and reduced expression of pro-

inflammatory cytokines such as TNF-α, IL-6, and IL-1β 

[95].  

Resveratrol has been reported to influence the 

processing of amyloid precursor protein (APP) by 

promoting the non-amyloidogenic pathway, thereby 

decreasing the generation of amyloid-β peptides, 

including Aβ40 and Aβ42 [96].  

Beyond its other neuroprotective functions, RV 

has been shown to enhance the expression of SIRT1 in 

both healthy individuals and those with AD [97]. SIRT1, 

a member of the sirtuin family primarily localized in 

neuronal nuclei, plays a critical role in regulating cellular 

mechanisms involved in aging, metabolism, and 

neuroprotection. Notably, individuals diagnosed with 

AD or mild cognitive impairment tend to have 

significantly lower SIRT1 levels compared to cognitively 

healthy controls, suggesting that serum SIRT1 may serve 

as a potential early diagnostic biomarker for AD [98]. 

In AD animal models, amyloid-β (Aβ) 

accumulation has been found to suppress SIRT1 

expression, whereas RV treatment—known to activate 

SIRT1—leads to a marked reduction in cerebral Aβ 

deposits [99]. In a rat model of AD induced by ibotenic 

acid, intraperitoneal administration of resveratrol at a 

dose of 20 mg/kg effectively counteracted the neurotoxic 

effects of the toxin. This therapeutic effect is believed to 

be mediated through the upregulation of SIRT1, which 

in turn modulates the expression of NMDA receptor 

subunits NR2A and NR2B. This modulation contributes 

to the normalization of acetylcholine receptor gene 

expression and acetylcholinesterase activity. 

Additionally, resveratrol treatment was associated with 

alleviation of histopathological alterations in the 

hippocampus, ultimately leading to improved spatial 

memory performance [100].
 
8. Benfotiamine
Benfotiamine is a synthetic lipid-soluble 

derivative of thiamine (vitamin B1), designed to improve 

the bioavailability and cellular uptake of thiamine. 

Unlike conventional thiamine, benfotiamine is more 

efficiently absorbed and transported across cellular 

membranes, including the blood-brain barrier, allowing 

for greater central nervous system penetration [101].  

Benfotiamine acts as a cofactor for several 

enzymes involved in glucose metabolism, most notably 

transketolase, which is a key enzyme in the pentose 

phosphate pathway. Activation of this pathway helps 

reduce the accumulation of advanced glycation end-

products (AGEs), reactive oxygen species (ROS), and 

other metabolic byproducts that are strongly implicated 

in the pathophysiology of Alzheimer’s disease and other 

neurodegenerative conditions [102]. 

Several preclinical and clinical studies have 

indicated that benfotiamine may exert neuroprotective 

effects in models of AD. 

In transgenic mouse models of tauopathy, 

benfotiamine administration has been shown to reduce 

neurofibrillary tangle formation, activate the Nrf2/ARE 

antioxidant signaling pathway, provide 

neuroprotection, and alleviate behavioral impairments 

[103]. In models exhibiting amyloid plaque 

accumulation, benfotiamine treatment resulted in a 

reduction in amyloid plaque burden and 

phosphorylated tau levels. It also enhanced the 

phosphorylation of glycogen synthase kinase-3α and -3β 

(GSK-3α/β), which was associated with improved 

cognitive performance [104]. Additional studies have 

demonstrated that benfotiamine can modulate GSK-3β 

activity, promote neurogenesis restoration, influence 

AMPA receptor expression [105, 106], and reduce 

oxidative stress. Collectively, these findings support the 

therapeutic potential of benfotiamine in the context of 

Alzheimer’s disease. A study by Tapias et al. [107] 

showed that benfotiamine significantly reduced 

hippocampal neuroinflammation—evidenced by 

decreased iNOS, COX 2, NF κB activation, and pro 

inflammatory cytokines—and lowered oxidative stress 

markers such as lipid peroxidation and ROS. These 

biochemical improvements were accompanied by 

enhanced cognitive performance and reduced amyloid 

pathology in APP/PS1 mice. 

In another study, clinical measures such as the 

Clinical Dementia Rating (CDR), FDG-PET imaging, and 

advanced glycation end-product (AGE) biomarkers 

indicated that individuals with AD who do not carry the 

APOE ε4 allele showed a more favorable response to 

benfotiamine treatment. The reduced efficacy observed 

in APOE ε4 carriers does not appear to stem from 

differences in drug bioavailability, as increases in blood 

thiamine levels (+46%) and its esters were noted in this 

group post-treatment, although the changes were not 

statistically significant [108]. The presence of the APOE 

ε4 allele has been associated with a more aggressive 

manifestation of AD, including an earlier onset and 

increased amyloid plaque deposition compared to non-

carriers. Additionally, individuals carrying this allele 
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exhibit elevated concentrations of reactive glycation 

compounds such as glyoxal and fluorescent AGEs, as 

well as higher levels of soluble receptor for AGE 

(sRAGE), with statistically significant differences 

reported when compared to those without the allele (p = 

0.018) [109]. 

Benfotiamine plays a critical role in numerous 

cellular and neurological functions. Emerging research 

suggests its potential neuroprotective and therapeutic 

effects in neurodegenerative disorders, including 

dementia and Alzheimer's disease. Preliminary findings 

also indicate its possible benefits in modulating 

neuroinflammation, which is a contributing factor in 

cognitive decline. While current studies report a 

favorable safety profile, comprehensive clinical trials are 

necessary to confirm its long-term efficacy and safety. 
 
9. Discussion 
This integrative review highlights that 

nutrigenetics, nutrigenomics, oxidative stress, and 

inflammation are deeply interconnected in the context of 

Alzheimer’s disease. Mechanistically, these processes 

converge on key pathways of neurodegeneration. A pro-

inflammatory and pro-oxidative environment can 

accelerate Aβ accumulation, tau hyperphosphorylation, 

and neuronal death, whereas an anti-inflammatory and 

antioxidative milieu – achievable through targeted diet 

and lifestyle – may bolster brain resilience. Nutrigenetic 

factors (like APOE and BDNF genotypes) mediate 

individual susceptibility by altering how one’s brain 

responds to metabolic and inflammatory challenges. 

Meanwhile, nutrigenomic effects of diet can directly 

regulate the expression of genes involved in AD 

pathology (for example, diets can induce enzymes that 

degrade Aβ or increase expression of synaptic proteins). 

Notably, oxidative stress and inflammation often act in 

concert as a feed-forward loop in AD; interventions 

aimed at one frequently influence the other. This 

underscores the value of multi-targeted interventions. 

For instance, adopting a Mediterranean-style diet in an 

APOE4 carrier might simultaneously reduce oxidative 

damage (through high antioxidant intake), lower 

inflammation (via abundant omega-3 fatty acids and 

polyphenols), and favorably modulate gene expression 

(enhancing neurotrophic and metabolic genes [110, 111]. 

In contrast, a Western diet in a genetically susceptible 

person could trigger a cascade of metabolic stress, 

inflammation, and epigenetic changes that expedite 

neurodegeneration. 

From a translational perspective, these insights 

suggest future directions for research and prevention. 

One important avenue is precision nutrition for AD: 

developing genotype-tailored dietary guidelines or 

interventions. Large longitudinal studies and clinical 

trials are needed to determine, for example, if APOE ε4 

carriers derive particular benefit from certain diets (such 

as low-saturated-fat, antioxidant-rich diets) in terms of 

cognitive outcomes. Similarly, does the BDNF Val66Met 

polymorphism modify response to exercise or 

nutritional supplements targeting BDNF up-regulation? 

Unraveling such gene–diet interactions could enable 

personalized nutritional counseling for those at risk of 

AD [112]. Another future direction is leveraging 

biomarkers to monitor nutrigenomic effects – for 

instance, epigenetic marks (DNA methylation signatures 

or histone acetylation patterns of AD-related genes) 

could serve as indicators of dietary impact on the brain. 

Interventions might then be adjusted to “tune” the 

epigenome toward a neuroprotective state. 

Additionally, combining dietary interventions with 

other lifestyle modifications (cognitive training, physical 

activity) may have synergistic effects. Multi-domain 

intervention trials (such as FINGER [113] and similar 

studies) have already hinted that diet plus exercise and 

vascular risk management can improve cognitive 

function in at-risk older adults; incorporating genetic 

stratification into such trials is a logical next step. On the 

molecular front, research into nutraceuticals that 

activate endogenous antioxidant and anti-inflammatory 

pathways (for example, compounds that activate Nrf2 or 

inhibit NF-κB) is ongoing, and future studies should 

evaluate their efficacy in AD models and patients.  

Finally, as omics technologies advance, integrated 

analyses of genomics, transcriptomics, metabolomics, 

and epigenomics in dietary intervention studies will 

deepen our understanding of how exactly nutrition 

alters brain aging trajectories.  

In summary, tackling AD will likely require a 

multipronged strategy. Nutrigenetics and 

nutrigenomics provide the blueprint for one prong – 

personalized dietary and metabolic interventions – 

which can complement pharmacological and other 

lifestyle approaches. Given that AD pathology develops 

over decades, early-life and mid-life preventive nutrition 

(especially in genetically predisposed individuals) could 

significantly postpone disease onset. Continued 

interdisciplinary research is needed to translate these 

mechanistic insights into effective guidelines. The 

convergence of diet, genes, oxidative stress, and 

inflammation in AD offers both a challenge, in terms of 
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complexity, and an opportunity: by intervening on 

several fronts simultaneously, we may finally bend the 

curve of AD incidence. As one recent paradigm posits, 

“food is medicine” for the aging brain – but optimizing 

that medicine will require accounting for the patient’s 

unique genetic makeup and molecular profile. 
 
10. Conclusions 
Alzheimer’s disease (AD) arises from the 

convergence of genetic vulnerability, metabolic 

imbalance, oxidative injury, and chronic inflammation. 

This review highlights that nutrigenetics and 

nutrigenomics provide a mechanistic framework for 

understanding how these factors interact to influence 

disease onset and progression. Key genetic 

polymorphisms—including APOE ε4, MTHFR/ C677T, 

and BDNF Val66Met—shape individual susceptibility 

by altering lipid metabolism, methylation capacity, 

oxidative stress responses, neurotrophic signaling, and 

microglial activity. At the same time, nutritional 

components can modulate these pathways through 

direct effects on gene expression, antioxidant defenses, 

and inflammatory signaling. 

Evidence shows that diets rich in polyphenols, 

omega-3 fatty acids, B vitamins, and antioxidant 

phytochemicals can attenuate several mechanisms 

central to AD pathology, including Aβ accumulation, 

tau hyperphosphorylation, mitochondrial dysfunction, 

and neuroinflammation. Nutraceuticals such as 

quercetin, resveratrol, and benfotiamine exhibit multi-

targeted neuroprotective actions—enhancing Nrf2-

mediated antioxidant responses, downregulating NF-

κB-driven inflammation, supporting neuronal 

bioenergetics, and influencing neurotrophic pathways 

such as BDNF and CREB. 

Importantly, the effectiveness of such 

interventions is not uniform across individuals. Genetic 

background modulates the brain’s response to dietary 

inputs, suggesting that precision nutrition—the 

alignment of dietary strategies with genetic and 

metabolic profiles—may offer a more effective approach 

than generalized dietary recommendations. Early, 

sustained nutritional optimization may reduce oxidative 

and inflammatory burden, support synaptic resilience, 

and ultimately delay or mitigate cognitive decline, 

particularly in genetically at-risk populations. 

Overall, integrating genomic information with 

targeted nutritional and lifestyle interventions 

represents a promising, multi-dimensional strategy for 

AD prevention and management. Future clinical trials 

should incorporate genetic stratification, epigenetic 

biomarkers, and multi-omics approaches to fully realize 

the potential of nutrigenomics in Alzheimer’s disease. 

As understanding deepens, personalized nutrition may 

become a central pillar of comprehensive AD risk 

reduction and therapeutic care. 
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көптеген бір-бірімен байланысты механизмдерге негізделеді: амилоид-бета жиналуы, тау-протеиннің 

гиперфосфорлануы, митохондриялық дисфункция, оксидативті стресс, қантамырлық бұзылыстар және 

созылмалы нейроқабыну. Ерте басталатын отбасылық Альцгеймер ауруы APP, PSEN1, PSEN2 гендеріндегі 

мутациялармен байланысты, ал жағдайлардың басым бөлігі өмір салты мен полигендік вариациялар әсерінен 

дамитын спорадикалық кеш басталатын форма болып табылады. Генетикалық факторлардың ішінде APOE ε4 

аллелі ең маңызды қауіп белгісі болып саналады. Себебі аталмыш фактора липидтік алмасуды, қабынуды, 

оксидативті зақымдануды және амилоид-бета клиренсін өзгертеді. MTHFR C677T вариациясы гомоцистеин 

алмасуын, метилдену қабілетін және редокс-тепе-теңдігін өзгерту арқылы осалдықты күшейтеді. 

Нутригеномика мен нутригенетика диеталық компоненттердің генетикалық архитектурамен өзара 

әрекеттесуін және Альцгеймер ауруымен байланысты молекулалық жолдарды қалай модуляциялайтынын 

түсінуге мүмкіндік береді. Когнитивтік қасиеттің құлдырауымен қатар жүретін қоректік тапшылықтар 

заталмасу бұзылыстарын күшейтіп, нейродегенерацияны жеделдетуі мүмкін. Ал мақсатты нутрицевтикалық 

араласулар когнитивтік және функционалдық көрсеткіштерді жақсарта алады. Омега-3 май қышқылдары, В 

витаминдері, кверцетин, резвератрол және бенфотиамин сияқты негізгі нутрицевтиктер оксидативті стресс, 

қабыну, митохондриялық функция және синапстық тұрақтылыққа қатысты жолдарды Nrf2 активациясы, NF-

κB тежелуі және BDNF сигнализациясы арқылы модуляциялайды. «Ген–диета» өзара әрекеттесулері APOE ε4 

немесе BDNF Val66Met генотипін тасымалдаушылардың нутритивтік стратегияларға әртүрлі жауап беруі 

мүмкін екенін көрсетеді. Геномдық, метаболикалық және нутритивтік деректерді біріктіру Альцгеймер 

ауруының алдын алу мен басқаруда салауатты тамақтану тәсілдерінің дамуына негіз болады. Генетикалық 

профильге бейімделген жеке араласулар оксидативті және қабынулық жүктемені азайтып, 

нейропротекторлық жолдарды күшейтуі және аурудың үдеуін баяулатуы мүмкін. 

Түйін сөздер: Альцгеймер ауруы, нутрицевтиктер, APOE, BDNF, генетикалық қауіп, когнитивтік 

төмендеу, салауатты тамақтану, нутригеномика, нутригенетика. 
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Резюме 
Болезнь Альцгеймера представляет собой сложное нейродегенеративное заболевание, формирующееся 

под влиянием генетических, метаболических, воспалительных и экологических факторов. Несмотря на 

значительный прогресс в изучении патогенеза, терапевтические достижения остаются ограниченными, 

поскольку заболевание возникает в результате взаимодействия многочисленных взаимосвязанных 

механизмов, включая накопление амилоид-β, гиперфосфорилирование тау-белка, митохондриальную 

дисфункцию, окислительный стресс, сосудистые нарушения и хроническое нейровоспаление. Ранняя 

семейная форма болезни Альцгеймера связана с мутациями в генах APP, PSEN1 и PSEN2, тогда как 

большинство случаев относится к спорадической поздней форме и определяется полигенными вариациями и 

факторами образа жизни. Среди генетических факторов наибольший риск связан с аллелем APOE ε4, 

влияющим на липидный обмен, воспалительные процессы, окислительное повреждение и клиренс амилоида. 

Варианты, такие как MTHFR C677T, дополнительно изменяют восприимчивость к заболеванию за счет 

влияния на метаболизм гомоцистеина, метилирование и антиоксидантный баланс. Нутригеномика и 

нутригенетика предлагают концептуальную основу для изучения взаимодействия между питательными 

компонентами и генетической архитектурой, определяющего модуляцию ключевых патогенетических путей 

болезни Альцгеймера. Дефициты питательных веществ, часто сопровождающие когнитивное снижение, 
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усугубляют метаболические нарушения и ускоряют нейродегенерацию, тогда как таргетированные 

нутрицевтические вмешательства могут улучшать когнитивные и функциональные показатели. Ключевые 

нутрицевтики, включая омега-3 жирные кислоты, витамины группы B, кверцетин, ресвератрол и 

бенфотиамин, проявляют нейропротекторные свойства за счет снижения окислительного стресса, подавления 

воспаления, улучшения митохондриальной функции и активации путей Nrf2, подавления NF-κB и модуляции 

сигнального пути BDNF. Взаимодействия «ген–диета» указывают на то, что носители генотипов, таких как 

APOE ε4 или BDNF Val66Met, могут по-разному реагировать на нутритивные стратегии. Интеграция геномных, 

метаболических и нутриционных данных поддерживает развитие персонализированных нутритивных 

подходов к профилактике и лечению болезни Альцгеймера. Индивидуализированные вмешательства, 

соответствующие генетическому профилю, способны уменьшать окислительную и воспалительную нагрузку, 

усиливать нейропротекторные механизмы и замедлять прогрессирование заболевания. 

Ключевые слова: болезнь Альцгеймера, нутрицевтики, APOE, BDNF, генетический риск, когнитивное 

снижение, нутригеномика, нутригенетика. 


