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Introduction

Abstract

Non-Alcoholic Fatty Liver Disease (NAFLD) and Alzheimer’s Dis-
ease (AD) are two prevalent conditions posing major health chal-
lenges. Research suggests a link between them, with common
genetic markers such as PNPLA3, TM6SF2, and APOE €4 hinting at
interrelated pathogenic pathways. Shared factors like metabolic
imbalances and chronic inflammation may underlie both diseases,
pointing to potential common therapeutic targets. Advancements
in genomics and biomarker identification are key to enhancing the
diagnosis and treatment of NAFLD and AD. Discoveries in genetic
markers and noninvasive diagnostic tools, such as biomarkers, are
leading to earlier detection of these diseases and more personal-
ized treatment approaches that could slow or even reverse disease
progression. The increasing instances of NAFLD, particularly its se-
vere consequences, reflect the larger issue of metabolic syndrome
prevalence. Similarly, the rise of AD underscores the urgency for
neuroprotective treatments. The gut-liver-brain axis, a recently ex-
plored realm, could reveal new treatments influenced by gut mi-
crobiota that benefit both liver and brain health. Epigenetic factors
such as DNA methylation and histone modifications are also being
implicated in the development of NAFLD and AD. These modifiable
factors contribute to disease expression and progression, offering
alternative intervention strategies that could manipulate disease
outcomes. Lastly, the future of NAFLD and AD research necessi-
tates a multidisciplinary approach. Integrating various scientific
disciplines will be crucial for gaining insight and translating that
knowledge into effective treatments and public health policies,
demonstrating the ever-growing importance of collaborative re-
search efforts in tackling these complex diseases.

Keywords: Neurodegenerative disease; Alzheimer’s disease;
Non-alcoholic fatty liver disease; Novel pathways; Biomarkers; Epi-
genetic influence.

Non-Alcoholic Fatty Liver Disease (NAFLD) and Alzheimer's
Disease (AD) are complex and multifactorial conditions that
have a significant impact on public health. NAFLD is character-
ized by the accumulation of fat in the liver and is associated
with various metabolic conditions, while AD is a neurodegen-
erative disorder that leads to cognitive decline and memory
loss. Both diseases have a genetic component that influenc-
es their onset and progression. Genetic factors play a crucial
role in the development of NAFLD. Variants in genes such as
PNPLA3, TM6SF2, HSD17B13, GCKR, and MBOAT7 have been
associated with an increased risk of NAFLD and its progression
to more severe forms such as Non-Alcoholic Steatohepatitis
(NASH), fibrosis, and cirrhosis. Similarly, genetic predispositions

have been extensively studied in the context of AD, with vari-
ants in genes such as CD2AP and APOE €4 being linked to an
increased susceptibility to the disease [3]. The prevalence of
NAFLD is increasing globally, with estimates ranging from 29.8%
to 47% among adults. The disease is associated with a range of
metabolic conditions and can lead to severe liver-related con-
sequences such as cirrhosis and hepatocellular carcinoma [1].
Similarly, AD has a substantial global impact, affecting millions
of individuals worldwide. The disease is characterized by the
presence of amyloid plaques and neurofibrillary tangles in the
brain, leading to cognitive impairment and challenges in daily
life [24].

Journal of Psychiatry & Mental Disorders
Volume 9, Issue 1 (2024)
www.austinpublishinggroup.com
Jabeen K © All rights are reserved

Citation: Jabeen K, Saad M. Genetic and Epigenetic Influences in Hepatic and Neurodegen-
erative Diseases: |dentifying Novel Pathways and Potential Biomarkers. J Psychiatry Mental
Disord. 2024; 9(1): 1076.



Jabeen K

Austin Publishing Group

Understanding the genetic underpinnings of NAFLD and AD
is crucial for the development of targeted therapeutic interven-
tions and risk assessment strategies. Genome-Wide Association
Studies (GWAS) have identified several genetic loci associated
with both diseases, shedding light on their pathobiology and
potential targets for medication development [2]. In this sys-
tematic review, we aim to comprehensively analyze the genetic
basis of NAFLD and AD, including the role of rare variants, ge-
netic predispositions, and their implications for disease sever-
ity and progression. We explore the genetic landscape of both
diseases, including the influence of genetic factors on disease
pathogenesis, risk assessment, and potential therapeutic tar-
gets. Additionally, we examined the biomarkers associated with
NAFLD and AD and their epigenetic effects. By synthesizing and
critically analyzing the existing evidence, this review aims to
contribute to the advancement of knowledge in the field and
provide valuable insights for future research and clinical prac-
tice.

Fatty Acid Liver Disease

Fatty Liver Disease (FLD) is one of the most common causes
of chronic liver diseases worldwide. The onset and course of FLD
are influenced by genetic factors. PNPLA3, TM6SF2, HSD17B13,
GCKR, and MBOAT7 are among the genetic variants associated
with FLD [1-3]. These genes mediate the lipid metabolism and
hepatic lipid management. In particular, it has been discovered
that PNPLA3 and TMG6SF2 risk alleles are associated with an
increased risk of liver-related mortality [4]. Genetic variations
linked to FLD are believed to play a role in the accumulation of
fat in the liver, which, in turn, causes the illness to begin and
worsen. Determining possible targets for treatment and pre-
venting its consequences can be aided by the knowledge of the
genetic basis of FLD.

Accumulation of fat in the liver is a typical symptom of Non-
Alcoholic Fatty Liver Disease (NAFLD). It is associated with
several conditions, including type 2 diabetes and obesity. Ac-
cording to estimates ranging from 29.8% to 47% among adults,
NAFLD is becoming increasingly common worldwide [5,6]. Ac-
cording to Le et al. (2022), there is regional variation in preva-
lence, with the Americas and Southeast Asia having the highest
prevalence rates. The prevalence was higher in men than that
in women. Research indicates that the prevalence has been ris-
ing over time, from 26% in studies conducted prior to 2005 to
38% in those conducted in 2016 or later [8]. Pediatric NAFLD is
more common in Korea, (8.2% in 2009 to 12.1% in 2018) [9].
The long-term consequences of NAFLD include liver cirrhosis,
fibrosis, and cardiovascular disease. More knowledge and prac-
tical risk-prevention techniques are required to address the in-
creasing burden of NAFLD.

A prevalent chronic liver disease, Non-Alcoholic Steatohepa-
titis (NASH), fibrosis, cirrhosis, and hepatocellular carcinoma
are all possible progressions of NAFLD. NAFLD and its associated
disorders are influenced by sedentary lifestyle, increased calo-
rie intake, and genetic and epigenetic factors. Polymorphisms in
NAFLD-related genes have been identified using Genome-Wide
Association Studies (GWAS), and alterations in DNA methylation
and gene regulation through certain miRNAs have also been
noted [10]. NAFLD has been linked to mitochondrial mutations
and mitophagy, and urea cycle metabolites related to mito-
chondria have been suggested as noninvasive indicators [11].
Numerous genetic loci linked to NAFLD have been identified,
and GWAS have proven useful in clarifying the genetic compo-
nents of the disease [12]. Gene variations including PNPLA3,

TM6SF2, MBOAT7, GCKR, and HSD17B13 have been associated
with the natural history of NAFLD and may have consequenc-
es for medication development, risk assessment, and disease
pathobiology [13]. The entire spectrum of NAFLD pathology has
been demonstrated to be influenced by common variations in
PNPLA3, TM6SF2, MBOAT7, and GCKR. Assessment of genetic
risk factors may aid in stratifying the risk of extrahepatic and
liver-related consequences of the disease [14].

As shown in Figure 1, NAFLD is characterized by the accumu-
lation of fat in the liver and can manifest in a variety of severe
forms, including Hepatocellular Carcinoma (HCC), fibrosis, cir-
rhosis, and NASH [15]. Owing to abnormalities in lipid metabo-
lism, NAFLD is strongly associated with the onset and course of
Atherosclerotic Cardiovascular Disease (ASCVD) [16]. Patients
with metabolically healthy NAFLD have a favorable biochemical
profile but are at risk of worsening the illness to worsen [17].
Metabolic health plays a key role in the development of NAFLD.
As both conditions can lead to the development of progressive
liver disease, the co-occurrence of NAFLD and Hepatitis B Virus
(HBV) infection has drawn attention from researchers [18]. Nu-
tritional recommendations that focus on disease mechanisms,
such cutting back on bad macronutrient intake and consuming
more of the good kind, can help slow the progression of NAFLD
[19]. NAFLD significantly affects overall health, increasing the
risk of cardiovascular disease and a number of liver-related

problems.
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Figure 1: Progression of NAFLD.
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Table 1: Molecular links between Insulin Resistance (IR) and NAFLD.

Molecular Link

Impact on NAFLD

Insulin Signaling Impairment

Reduces systemic biological response to insulin, worsening glucose uptake.

Adipose Tissue Dysfunction

Impairs glycolipid homeostasis between adipose and hepatic tissues.

Increased Lipolysis

Results in the release of free fatty acids, contributing to liver fat accumulation.

Hepatic Fat Overload

Causes fat overload in hepatocytes, progressing to NAFLD.

Mitochondrial Dysfunction

Leads to incomplete oxidation of fatty acids and worsens hepatic insulin resistance.

Enhanced Gluconeogenesis

Increases glucose production, counteracting insulin-dependent glycogen synthesis.

De Novo Lipogenesis (DNL)

Lack of suppression of hepatic glucose production, crucial for NAFLD development.

Carbohydrate Response Element-Binding Protein (ChREBP)
Activation

Induces expression of genes for the glycolytic pathway, increasing metabolic precursors for DNL.

Steatosis and Insulin Resistance

Mutual relationship worsening the clinical picture of NAFLD and systemic IR.

Oxidative Stress and Inflammation

Induces production of ROS and toxic lipids, worsening insulin signaling.

Kupffer Cells Activation

Promotes local inflammation, aggravating the degree of IR.

Table 2: NAFLD linked with insulin resistance, atherogenic dyslipidemia, subclinical inflammation, and oxidative stress.

Condition Linked with NAFLD

Impact and Mechanism

- Abnormal cell response to insulin hormone.

Insulin Resistance (IR)

- Strongly associated with NAFLD, atherosclerosis, and Metabolic Syndrome (MetS).

- Alters metabolism of glucose, fatty acids, and lipoproteins.

- Hyperinsulinemia can deteriorate insulin signaling pathways and exacerbate tissue-specific IR.
- Contributes to increased ectopic fat accumulation and CVD risk.

Atherogenic Dyslipidemia

- NAFLD, especially in necroinflammatory stages, can lead to dyslipidemia that promotes atherosclerosis.
- Characterized by abnormal lipid profiles increasing Cardiovascular Disease (CVD) risk.

Subclinical Inflammation

- Chronic low-grade inflammation marked by elevated inflammatory markers like IL-6, TNF, CRP, and fibrinogen.
- Increased vascular risk due to high levels of inflammatory cytokines.
- Contributes to the risk of atherosclerosis and CVD.

Oxidative Stress

- Imbalance between free radicals and antioxidants, characteristic of NAFLD.

- Results in cellular dysfunction and abnormal cytokine release (TNF-a, CRP, IL-6).

- Plays a role in the pathogenesis of CVD in NAFLD patients by affecting endothelial function.
- Contributes to the progression of liver disease from simple steatosis to steatohepatitis.

Alzheimer’s Disease

Alzheimer's is an intricate and multifaceted ailment that
arises from genetic factors. Genetic variants of CD2-Associated
Protein (CD2AP) have been identified as predisposing factors
for AD; however, their specific mechanisms remain unclear [20].
Moreover, the presence of the APOE €4 gene has been linked to
increased susceptibility to Alzheimer's disease [21]. Investigat-
ing the genetic underpinnings of Alzheimer's disease is a crucial
field of study, because understanding the precise genes impli-
cated can facilitate the creation of focused therapeutic inter-
ventions [22]. Nevertheless, a significant amount of knowledge
remains to be acquired regarding the consequences of familial
mutations and high-risk variations for Alzheimer's [23]. In gen-
eral, genetic factors have a substantial impact on the onset of
Alzheimer's disease, and additional investigations are necessary
to comprehensively comprehend the implicated genetic path-
ways [24].

Alzheimer's disease is a neurodegenerative disease charac-
terized by the presence of amyloid plaques and neurofibrillary
tangles in the brain. Dementia is primarily responsible for mem-
ory loss, cognitive deterioration, and challenges in daily life.
This disease has a substantial global impact and, affects millions
of individuals worldwide. Currently, there is no known treat-
ment for Alzheimer's disease, and the underlying causes remain
incompletely understood. Nevertheless, scientific studies have
indicated that hereditary factors, along with environmental and
lifestyle factors, may play a role in its onset. Alzheimer's is pro-
jected to become more widespread in the future as a result of
the increasing number of elderly individuals. The disease not
only has a devastating effect on individuals and their families,
but also imposes a substantial economic burden on society
[25,26].

Genetic predispositions and risk factors for AD have been
thoroughly investigated. A study conducted by the European
Alzheimer's & Dementia Biobank Mendelian Randomization
(EADB-MR) Collaboration in 2023 discovered that individuals
with genetically determined higher levels of high-density lipo-
protein cholesterol and increased systolic blood pressure were
more likely to develop AD (AD. A separate investigation exam-
ined antidiabetic medications and discovered that genetic vari-
ability in sulfonylurea targets was linked to a decreased likeli-
hood of developing AD [49]. Furthermore, there is a correlation
between genetic changes in the target Glucagon-Like Peptide
1 (GLP-1) analog and a decreased likelihood of developing Al-
zheimer's disease [27]. Moreover, researchers are currently
studying the involvement of specific genetic variations in the
molecular characteristics and internal markers of AD, although
the effects of these variations on the identification of genes as-
sociated with AD risk remain uncertain [28]. Microglia, a specif-
ic type of brain cell, have recently been recognized as promising
targets for therapeutic development in AD because of their role
in the progression of the disease [29].

The precise mechanisms responsible for AD remain un-
clear. However, numerous factors have been implicated in its
pathogenesis and progression. These factors include amyloid-
plaques, neurofibrillary tau tangles, inflammation, mitochon-
drial dysfunction, oxidative stress, and alterations in protein
clearance [30]. B-Amyloid-induced toxicity and aberrant tau
protein alteration are recognized as significant causative ele-
ments of Alzheimer's disease, as depicted in Figure 2. In ad-
dition to the presence of misfolded and aggregated proteins,
neuroinflammation is a significant factor in AD development
[31]. Additional factors that contribute to the development of
Alzheimer's disease include autophagy, mitochondrial degra-
dation, age-related epigenetic alterations, and environmental
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Table 3: AD and various metabolic and physiological processes, including insulin resistance, atherogenic dyslipidemia, subclinical inflammation,

and oxidative stress.

Condition Linked with
AD

Impact and Mechanism

Insulin Resistance (IR)

- IR, characterized by abnormal cellular responses to insulin, is a significant risk factor associated with AD.
- IR can initiate and exacerbate the pathophysiological processes of AD, influencing neuronal health and function.

Atherogenic Dyslipidemia

- AD is often accompanied by dyslipidemia, characterized by abnormal lipid levels that contribute to atherosclerosis.
- Dyslipidemia can impact brain health by affecting cerebral blood flow and vascular integrity, thereby influencing AD progression.

Subclinical Inflammation .
progression.

- AD is associated with chronic, low-grade inflammation.
- Increased levels of inflammatory cytokines like IL-6, TNF, and CRP are observed in AD, contributing to neuronal damage and disease

- Inflammatory processes in the brain can exacerbate AD symptoms and increase the rate of cognitive decline.

Oxidative Stress . .
impairment.

- AD is marked by increased oxidative stress, an imbalance between free radicals and antioxidants.
- Oxidative stress in AD can result from mitochondrial dysfunction, leading to neuronal damage and the progression of cognitive

- It can also exacerbate other pathological features of AD, such as amyloid-beta accumulation and tau pathology.
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factors, such as infections, heavy metal ions, nutrition, sleep,
stress, and gut microbiota [32]. The pathophysiology of AD is
characterized by the involvement of amyloid peptides, cholin-
ergic and glutamatergic neurotransmission, tau proteins, oxida-
tive stress, and calcium dysregulation [33].

Biomarkers

Biomarkers, defined as quantifiable indicators of normal or
abnormal processes, are essential for understanding biological
processes and their associations with diseases [34]. Neverthe-
less, the validation and implementation of these methods in
clinical practice is gradual and arduous processes [35]. Biomark-
ers in cancer have potential applications in diagnosis, progno-
sis, and epidemiology. However, the clinical validation off early
disease detection and monitoring remains a challenging task
[36]. In the field of environmental epidemiology, biomarkers are
used to categorize and measure environmental exposure and its

impacts. However, it is crucial to provide a thorough definition
of these characteristics [37].

Biomarkers for NAFLD and AD

Extensive research has been conducted on biomarkers for
NAFLD and AD. Studies on NAFLD have used metabolomics and
lipidomics techniques to identify potential biomarkers associ-
ated with these conditions. These biomarkers include changes
in amino acid metabolism and other lipid metabolisms [38].
However, only a small number of putative biomarkers have
been validated [39]. Advancements in proteomic technology
for AD have resulted in the discovery of potential biomarkers,
including amyloid and tau species, which can be quantified in
the Cerebrospinal Fluid (CSF) or plasma [40]. Furthermore, pro-
teins associated with the degradation of neurons, inflammation
in the nervous system, transportation of lipids, and mitochon-
drial dysfunction have been recognized as potential indicators
of disease (disease (AD). Combining CSF biomarkers, including
AB42, P-taul81, and T-tau, with brain [18F] FDG-PET patterns
has demonstrated potential in diagnosing AD [41]. Neverthe-
less, there may be a lack of agreement between Cerebrospinal
Fluid (CSF) and [18F] FDG-PET findings, indicating the existence
of atypical AD variations or less progressive neurodegeneration.

Diagnosis and Monitoring of NAFLD Progression

Individuals with Nonalcoholic Steatohepatitis (NASH) and
hepatic fibrosis are more likely to experience negative out-
comes related to liver and cardiovascular health. Noninvasive
techniques are required to diagnose, assess risk, and monitor
NASH and fibrosis. The potential of serum miRNA-122 expres-
sion levels as biomarkers for detecting and monitoring various
phases of liver disease in patients with chronic hepatitis C has
been previously assessed [42]. Current innovations offer a di-
agnostic approach for NAFLD by assessing various metabolite
levels of metabolites [43]. Biomarkers for the development
of Primary Sclerosing Cholangitis (PSC) can be used to assess
risk levels and evaluate the impact of treatment. Liquid biopsy,
which involves the analysis of circulating tumor cells and circu-
lating tumor DNA, has become a valuable method for detecting
hepatocellular carcinoma in its early stages and guiding treat-
ment decisions [44]. These biomarkers facilitate timely iden-
tification, diagnosis, and monitoring of NAFLD and its related
consequences.

Diagnosis and Monitoring of AD Progression

Biomarkers are used to diagnose and track AD progression.
Currently, the primary tools for diagnosing AD are Cerebrospi-
nal Fluid (CSF) measurements and imaging techniques [45]. CSF
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biomarkers, including AB1-42, phosphorylated tau, and total
tau levels, are frequently used to diagnose AD. Nevertheless,
the pursuit of novel, cost-effective, and easily obtainable bio-
markers has prompted the examination of chemicals found in
the blood [46]. Proteins, lipids, metabolites, oxidative stress-
related compounds, cytokines, miRNAs, and long non-coding
RNAs (IncRNAs) have been investigated as potential biomarkers
off AD using blood samples. Furthermore, recent research has
indicated that vitamins and chemicals associated with the gut
microbiome hold potential as innovative options for the iden-
tification and monitoring of Alzheimer's [47]. Prompt identifi-
cation is essential for successful therapy and many biomarkers
have been devised to assess, diagnose, and rule out other as-
sociated illnesses. Utilizing resilient and informative biomarkers
can enable precise identification during the early phases of ill-
ness. Moreover, the assessment of lipid peroxidation biomark-
ers in blood samples has demonstrated promise in assessing the
course of Alzheimer's disease.

Potential Overlapping Biomarkers between NAFLD and AD

Therefore, common biomarkers may be shared between
NAFLD and AD. Studies have revealed shared biological process-
es and pathways related to both disorders. Lipid metabolism,
which involves changes in fatty acids, triglycerides, phospholip-
ids, and bile acids, is thought to play a role in NAFLD [40] and
AD [48]. Furthermore, metabolic dysregulation, including lipo-
toxicity, oxidative stress, and endoplasmic reticulum stress, play
a role in the development of both disorders. Moreover, there is
a correlation between amyloid-p pathology in AD and the pres-
ence of circulating metabolites, specifically primary fatty am-
ides [49]. These findings indicate that studying common meta-
bolic pathways and dysregulation could help to identify possible
biomarkers for both NAFLD and AD. However, additional studies
are required to authenticate these indicators and comprehend
the exact molecular pathways underlying the shared develop-
ment of these disorders.

Common Genetic Pathways

Dong et al. (2023) revealed shared genetic pathways be-
tween AD and Ischemic Stroke (IS). Furthermore, common ge-
netic variants and pathways are shared between Autism Spec-
trum Disorder (ASD) and autoimmune illnesses [51]. In addition,
it has been discovered that preserved aging pathways have an
impact on several age-related illnesses in humans [52]. These
findings indicate the presence of shared molecular processes
that are responsible for these distinct diseases. Common path-
ways include inflammation and immunology, G protein-coupled
receptors, signal transduction, synaptic integrity, neurotrans-
mitter metabolism, and cell adhesion molecules. These path-
ways are promising targets for the prevention and treatment
of illness.

Identify and Explain Genetic Pathways Common to both
NAFLD and AD

Multiple genetic pathways that are shared by NAFLD and
AD have been identified. The genes implicated in insulin resis-
tance, atherogenic dyslipidemia, subclinical inflammation, and
oxidative stress are listed in Tables 1, 2, and 3, respectively [53].
Danford et al. (2018) established a correlation between certain
genetic variations in PNPLA3, TM6SF2, and GCKR with the occur-
rence and progression of NAFLD, indicating their involvement in
the pathogenesis of the disease. These genetic variables have
also been linked to the development of NAFLD and NASH as

well as disorders related to metabolic syndromes, such as type
2 diabetes, obesity, and cardiovascular disease [55]. Variations
in 1148M PNPLA3 have been recognized as significant genetic
factors in NAFLD development of NAFLD [56]. These genetic
pathways offer promising targets for therapeutic intervention
in both NAFLD and AD.

NAFLD and AD exhibit overlapping genetic pathways. An in-
vestigation of Differentially Expressed Genes (DEGs) identified
21 genes that exhibited similar regulation in both NAFLD and AD
[57]. ADAMTS1 and CEBPA were identified as hub genes among
the analyzed genes. ADAMTS1 was downregulated, whereas
CEBPA was elevated in both disorders. Huang et al. (2022) iden-
tified two functional modules: one associated with post-trans-
lational protein modification and the other associated with the
immunological response. An additional investigation involved
an integrated examination of gene expression data in the tem-
poral cortex. This research revealed 16 shared Differentially Ex-
pressed Genes (DEGs) between AD and Type 2 Diabetes (T2D).
These DEGs were highly concentrated in biological processes,
such as apoptosis, autophagy, inflammation, and hemostasis.
Hu et al. (2020) identified five hub proteins, five central regu-
latory transcription factors, and six miRNAs, that are common
molecular characteristics shared by both AD and Type 2 Diabe-
tes (T2D). These findings offer a valuable understanding of the
same molecular processes linking NAFLD and AD as well as AD
and T2D.

Analyze Disease Mechanisms and Treatment

The similarities between NAFLD and AD, such as insulin re-
sistance, inflammation, and oxidative stress, indicate the pos-
sible shared pathways of illness. These shared characteristics
also have consequences for treatment, as they suggest the
possibility of integrated management approaches that address
both the primary disease target and any accompanying condi-
tion [60]. The correlation between NAFLD and cardiovascular
disease, together with the possible contribution of NAFLD to
the emergence and advancement of cardiac problems, empha-
sizes the need for comprehensive treatment strategies [61]. The
intricate and interconnected networks implicated in the devel-
opment of NAFLD and AD further underscore the possibility of
employing combination therapies that target various pathways
[62]. NAFLD has not received sufficient acknowledgment and
appreciation as a significant health issue. Additionally, there is
a lack of understanding of the underlying mechanisms of this
disease, highlighting the importance of raising awareness and
conducting further research [63].

Gut-Liver-Brain Axis

The gut-liver-brain axis denotes the reciprocal exchange of
information between the gut, liver, and brain, and the impact
that these organs have on each other's operations. Studies have
been conducted on chronic liver disease, Hepatic Encephalopa-
thy (HE), and cirrhosis. Disruptions in the gut-liver-brain connec-
tion can cause symptoms such as tiredness, isolation, changes
in mood, problems with thinking, and difficulty with coordina-
tion. The gut microbiome significantly influences this axis, af-
fecting immunological response, metabolite composition, and
brain response [64].

The gut-liver-brain axis denotes two-way communication
and interaction among the gut, liver, and brain. This axis en-
compasses the intricate interplay between the gut microbiota,
the immune system, neuronal responses, and metabolite com-
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position, which can affect the central nervous system. The gut
microbiota has a significant impact on the control and stabil-
ity of immunological, metabolic, and neuroendocrine activities
between the gut and the liver. An imbalance in the gut micro-
biota, known as dysbiosis, has been noted in individuals with
liver illnesses, specifically, cirrhosis. Dysbiosis is associated with
cognitive and mood-related behaviors. Understanding the con-
nection between the gastrointestinal system, liver, and brain is
crucial to investigate possible medical treatments for liver dis-
eases and related neuropsychiatric disorders [65].

Prolonged and excessive alcohol consumption can cause al-
terations in the makeup and operation of the gut microbiota,
intensifying liver inflammation and damage through the gut-
liver connection. Cirrhosis is a medical disorder characterized
by inflammation and scarring of the liver tissue. This condition
is linked to an imbalance in the gut microbiota, which in turn
affects cognitive function and mood-related behaviors. The bi-
directional link between the gastrointestinal tract and the liver,
referred to as the gut-liver-brain axis, plays a pivotal role in
facilitating these interactions [66]. The gut microbiota affects
the communication between the gut and the liver, gut, brain,
brain, and liver. Any disturbances in this connection can lead
to reduced liver function and onset of liver disease. Ensuring
a balanced and thriving community of microorganisms in the
gastrointestinal tract is crucial for maintaining stability in the
connection between the gut and liver, and to decrease the like-
lihood of liver diseases.

Liver Brain Axis

Hyperammonemia, which is associated with liver problems,
can cause disturbances in neurological functions. Conversely,
under specific circumstances, ketone body synthesis may be a
safeguard. Liver illnesses impair the organ's capacity to elimi-
nate Amyloid-B (AB), which plays a role in the development of
AD (Figure 3). The proinflammatory state of commonly linked
to liver illnesses worsens this scenario, resulting in neuroinflam-
mation.

Research Linking Gut Microbiota Changes to NAFLD and AD

Correlation between gut microbiota alterations and the oc-
currence of NAFLD and AD. Studies have demonstrated a reduc-
tion in the prevalence of specific gut bacteria, namely Prevotel-
la, Lactobacillus, and Bacteroides, and a decrease in the amount
of equol, a metabolite formed by microbes, in individuals with
NAFLD (Dhami et al., 2023). Alterations in the composition and
metabolites of gut microbiota have been shown to play a role
in the emergence and advancement of NAFLD. Interventions
aimed at modifying the gut microbiota have demonstrated the
potential to relieve symptoms associated with NAFLD. Further-
more, in the context of AD, there has been a documented im-
balance in the gut microbiota, resulting in increased permeabil-
ity of the intestines, triggering immune system activation and
neurodegeneration [68]. Probiotics have been proposed as a
therapeutic approach to regulate the gut microbiota and miti-
gate symptoms resembling those of Alzheimer's disease [69].

Epigenetic Influences

Epigenetic factors, which are influenced by both internal and
external stimuli, have a substantial impact on gene transcrip-
tion, and can cause structural or functional changes. Epigenetic
aberrations play a significant role in medical processes, leading
to the development of numerous illnesses that affect disease
management [70]. Epigenetic mechanisms in pediatric research

have been demonstrated to interact with environmental fac-
tors and susceptibility genes, influencing the development of
the immune system and presentation of diseases. In addition,
it has been discovered that epigenetic mechanisms, specifically
DNA methylation, play a crucial role in evolution by affecting
genomic DNA and remaining consistent during long periods of
evolutionary history [71].

What is Epigenetics?

Epigenetics pertains to inheritable modifications of gene
expression and functionality that occur without changes in
gene sequences. This process encompasses DNA methylation,
histone modifications, and non-coding RNAs. Epigenetic path-
ways are essential for the development of diseases such as
Cardiovascular Disease (CVDs), cancer, AD, and endometriosis.
Epigenetics plays a role in the emergence and advancement
of various illnesses related to Cardiovascular Diseases (CVDs),
including hypertension, atrial fibrillation, atherosclerosis, and
heart failure. Epigenetic alterations play a role in the variation
of phenotypes and inheritance of epigenetic expression in can-
cer, rendering it a promising candidate for therapeutic interven-
tions [72]. Epigenetic alterations, including DNA methylation,
histone modification, and miRNAs, offer novel therapeutic in-
terventions for AD. Epigenetics are also a significant factor in
the onset and progression of endometriosis.

Epigenetics and Fatty Acid Liver Disease

Epigenetic alterations have been detected in NAFLD and
have significant ramifications in the advancement and emer-
gence of this illness. The involvement of DNA methylation, his-
tone changes, and non-coding RNAs in NAFLD development has
been suggested. Research has demonstrated modifications in
DNA methylation patterns in NAFLD, characterized by variations
in the methylation levels of certain genes, as depicted in Figure
4 [73]. Histone modifications such as acetylation and methyla-
tion are involved in preserving chromatin structure and regu-
lating gene expression. Disruptions in these modifications have
been linked to Nonalcoholic Fatty Liver Disease (NAFLD). In ad-
dition, non-coding RNAs, such as microRNAs, do not function
properly in NAFLD and may potentially be used as indicators of
the severity of the illness [74].

Epigenetics and Alzheimer

Epigenetic alterations, such as DNA methylation, histone
changes, and regulation by non-coding RNA, have a substantial
impact on the advancement and progression of AD, as depicted
in Figure 2.5 [75]. These alterations are linked to atypical pro-
tein synthesis, inflammation, and memory decline, which are
distinctive in AD. Estrogen and androgen have been recognized
as the primary catalysts of epigenetic modifications in the brain,
which may have an impact on Alzheimer's disease [77]. More-
over, epigenetic modulation can directly or indirectly affect the
control of tau phosphorylation, which is a crucial element in AD
progression. Researchers are currently investigating the pos-
sibility of epigenetic alterations as indicators and therapeutic
targets for AD.

Future Prospects

Advancements in the study of the genetics and epigenetics
of NAFLD and AD have the potential to greatly enhance our
understanding and management of both diseases. PNPLA3,
TM6SF2, and MBOAT7 are among the major genetic variations
that have been linked to both NAFLD and AD through genetic
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investigations. These genetic modifiers are associated with the
development and progression of liver steatosis, fibrosis, and
Hepatocellular Carcinoma (HCC).

Epigenetic factors, specifically DNA methylation and his-
tone changes, are crucial for the development of NAFLD and
AD. Abnormal DNA methylation patterns have been detected
in patients with NAFLD, and these changes may play a role in
disease progression and HCC formation [78]. Understanding the
genetic and epigenetic pathways that underlie NAFLD and AD
can offer a useful understanding of the disease processes and
prospective targets for therapeutic intervention. Additional in-
vestigations in this area may reveal new diagnostic indicators
and therapeutic strategies for these illnesses.

Integration of multiple disciplines is essential for expanding
our understanding of NAFLD and AD. Lucas et al. (2018) em-
phasized the significance of continuous research on NAFLD,
specifically in the advancement of novel treatments. Research
emphasizes the intricate nature of NAFLD and the necessity for
comprehensive techniques, including several tissues and omics
networks, to identify disease-causing genes and identify poten-
tial therapeutic solutions. Trojanowski et al. (2012) proposed a
paradigm in the field of AD that aims to enhance patient care
and accelerate the discovery of new therapies through interdis-
ciplinary research. These results emphasize the crucial need for
interdisciplinary collaboration to further our understanding of
NAFLD and AD.

Conclusion

In conclusion, the interconnectedness of genetic and epigen-
etic factors in NAFLD and AD presents a complex but enlighten-
ing frontier in global health research. Rapid advancements in
genomic and biomarker research are catalyzing progress in ear-
ly detection, monitoring, and therapy development for these
conditions.

A shared understanding of disease mechanisms highlights
potential for unified therapeutic strategies. Epigenetic insights
offer novel, modifiable targets for treatment. Cross-disciplinary
approaches are integral for translating this wealth of scientific
knowledge into clinical practice and public health advance-
ments, promising significant strides in the management of
NAFLD and AD, and ultimately, improving patient outcomes
worldwide.
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