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ABSTRACT

Aim: This systematic review aimed to comprehensively evaluate the existing literature on the epigenetic influence of diet-induced gut
microbiome changes in the context of precision nutrition.

Background: Diet influences gut microbiome composition, which regulates epigenetic modifications affecting inflammation,
metabolism, and disease susceptibility. Precision nutrition seeks to personalize dietary strategies based on these interactions, yet the
role of microbiome-driven epigenetic regulation remains under investigation.

Methods: A systematic review was conducted in 2025 following PRISMA guidelines. Studies exploring the relationship between
dietary interventions, gut microbiome composition, and epigenetic changes were identified via PubMed and Google Scholar. Thirty-
five studies, including randomized controlled trials, cohort studies, and observational research, met the inclusion criteria. Data on
dietary interventions, microbial composition, epigenetic modifications, and health outcomes were synthesized.

Results: Diets rich in fiber and polyphenols enhanced microbial diversity, increased short-chain fatty acid production, and positively
influenced epigenetic markers related to metabolic health. In contrast, Western-style and high-fat diets were associated with gut
dysbiosis, inflammation, and negative epigenetic changes linked to metabolic disorders. Dietary interventions impacted DNA
methylation, histone modifications, and microRNA expression, influencing long-term health.

Conclusion: This review highlights the key role of diet-induced changes in the gut microbiome in modulating epigenetic mechanisms
like DNA methylation and histone modifications. These alterations influence metabolic health, disease risk, and precision nutrition
strategies. While dietary interventions show promise, challenges such as individual variability and methodological inconsistencies
require further research to refine clinical applications of microbiome-driven nutrition.
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Introduction

The intricate relationship between diet, the gut
microbiome, and host health has become a focal point in
modern nutrition research (1-3). Diet profoundly shapes
the composition, diversity, and function of the gut
microbiome, impacting metabolic and intestinal health
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(4). Understanding these interactions is critical for
making informed dietary decisions and preventing diet-
related diseases (4). Precision nutrition, an emerging
field, aims to tailor nutritional recommendations to
individual variability, considering factors like genetics,
epigenetics, and the gut microbiome (5).

Epigenetics, the study of heritable changes in gene
expression without alterations to the DNA sequence,
plays a crucial role in mediating the effects of diet and
the gut microbiome on host physiology (6, 7). As
illustrated in Figure 1, these modifications influence
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gene expression by altering chromatin accessibility and
transcriptional activity. Microbial metabolites, including
short-chain fatty acids (SCFAs) produced during the
fermentation of dietary fiber, can influence these
modifications, thereby regulating inflammatory and
metabolic pathways (8, 9). Dietary components, such as
fiber, glucosinolates, polyphenols, and dietary fat,
significantly impact gut microbiota composition and
function, which in turn regulates essential epigenetic
functions (7). These epigenetic modifications, including
DNA methylation, histone modification, and non-coding
RNAs, influence gene expression and ultimately affect
health outcomes (5, 10).

The gut microbiome, a dynamic ecosystem within
the gastrointestinal tract, houses trillions of
microorganisms that play a pivotal role in human health
(1, 11). It influences digestion, metabolism, immune
function, and even neurological processes through the
gut-brain axis (1, 12). Diet-induced changes in the gut
microbiome can lead to the production of metabolites
that affect epigenetic modifications, impacting various
physiological processes and disease development (13).

Metabolic diseases, including obesity, dyslipidemia,
type 2 diabetes mellitus (T2DM), and non-alcoholic
fatty liver disease (NAFLD), pose a significant burden
on human society (14, 15). Environmental factors,
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particularly diet and gut microbiota, and epigenetic
modifications contribute to the progression of these
diseases (15). Precision nutrition strategies that
consider the interplay between diet, the gut
microbiome, and epigenetics offer promising avenues
for managing and preventing metabolic disorders (16).
This systematic review, conducted in 2025, aims to
comprehensively evaluate the existing literature on the
epigenetic influence of diet-induced gut microbiome
changes in the context of precision nutrition. By
synthesizing current knowledge, we seek to provide
insights into the mechanisms through which diet and
the gut microbiome modulate the epigenome, and how
these interactions can be harnessed for personalized
nutrition strategies to improve health outcomes and
combat aging-associated diseases (6). The review will
explore the impact of various dietary patterns and
specific nutrients on gut microbiome composition and
function, the resulting epigenetic modifications, and
their implications for metabolic health, immune
function, and neurological well-being (17). Moreover,
we will discuss the potential of artificial intelligence
(Al) and other advanced technologies to integrate
multi-omics data and develop personalized nutrition
interventions that target the gut microbiome and
epigenome for optimized health benefits (6, 18).

epigenetic histone regulation.
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Figure 1. Epigenetic Changes in Gene Expression — This figure illustrates two key epigenetic mechanisms that regulate gene
expression: DNA methylation and histone modifications. DNA methylation involves the addition of methyl groups to the promoter
region of a gene, inhibiting transcription and leading to gene silencing. Histone modifications, including acetylation and
methylation, alter chromatin structure and gene accessibility; acetylation relaxes chromatin, promoting gene activation, while
methylation can either enhance or suppress transcription depending on its context. These epigenetic modifications are dynamic
and influenced by environmental factors, such as diet, with implications for metabolism, inflammation, and disease susceptibility.
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Methods

Study protocols

This systematic review was conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. The study aimed to synthesize evidence on
the epigenetic mechanisms linking diet, gut
microbiome alterations, and precision nutrition. The
Newecastle-Ottawa Scale (NOS) was used to assess the
quality of included observational studies. At the same
time, the Cochrane Risk of Bias Tool was applied to
randomized controlled trials (RCTs) to ensure
methodological rigor and reliability.

Eligibility criteria

Studies considered for inclusion encompassed
RCTs, controlled clinical trials, prospective cohort
studies, case-control studies, cross-sectional studies,
and observational studies involving humans or animals.
Additional criteria included: (1) studies published in
English and (2) availability of full-text access. Eligible
studies focused on diet-induced gut microbiome
changes and their impact on epigenetic modifications,
such as DNA methylation, histone modifications, and
microRNA expression, as well as metabolic health
outcomes. Only peer-reviewed publications and
complete reports containing relevant data were
included, while opinion pieces, editorials, and studies
lacking quantitative data on gut microbiome changes
were excluded.

Information sources and search

strategy

A systematic literature search was performed using
PubMed and Google Scholar. The search strategy
incorporated Boolean operators ("AND" and "OR") to
refine query precision. Search terms included
“epigenetics,” “gut microbiome,” “diet-microbiome
interaction,” and “precision nutrition.” Example search
strings included: “epigenetics” AND “gut microbiome”
AND “diet-microbiome interaction” AND “precision
nutrition.” Titles and abstracts were screened for
relevance, and full-text articles were reviewed for
eligibility. Reference lists of selected studies were
examined to identify additional relevant articles. The
literature search concluded on March 3, 2025, capturing
the most recent studies available.
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Selection of studies

Study selection followed PRISMA guidelines. After
removing duplicate records, two independent reviewers
screened titles and abstracts to determine relevance.
Full-text reviews were conducted for studies meeting
the initial criteria, and any disagreements were resolved
through discussion. Figure 2 presents the PRISMA
flow diagram, illustrating the identification, screening,
exclusion, and inclusion of studies in the final analysis.

Article screening and data

extraction

Two independent reviewers implemented a
structured three-level screening process using a
standardized data extraction form. The initial screening
assessed 70 records based on titles and abstracts.
Exclusion criteria included non-English publications (n
= 2), studies unrelated to epigenetics (n = 18), studies
that do not assess epigenetic markers (n=10), and those
not relevant to the exposure topics (n = 9). Extracted
data included study characteristics (authors, publication
year, country, study design), population details, dietary
interventions, microbiome changes, and epigenetic
outcomes. To ensure accuracy and consistency, a
second reviewer cross-checked all extracted data,
minimizing potential discrepancies.

Quality assessment and risk of bias

The quality of observational studies was evaluated
using the Newcastle-Ottawa Scale (NOS), with studies
scoring below four excluded. RCTs were assessed
using the Cochrane Risk of Bias Tool, considering
factors such as random sequence generation, allocation
concealment, blinding, incomplete outcome data, and
selective reporting. Two independent reviewers
conducted quality assessments, and any discrepancies
were resolved by consulting a third reviewer.

Results
Study selection

A total of 70 studies were initially identified
through systematic searches in PubMed (n = 40) and
Google Scholar (n = 30). After removing duplicates (n
= 8), a total of 62 full-text articles were screened for
eligibility, of which 39 studies were excluded.
Following a thorough evaluation, 23 studies were
included in this systematic review. The selection
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Figure 2. PRISMA 2020 flow diagram of the selection of eligible studies for qualitative analysis.

process adhered to the PRISMA guidelines, which
ensured transparency and reproducibility. Studies were
included if they focused on diet-induced changes in the
gut microbiome and their epigenetic implications in
either human or animal models. The Newcastle-Ottawa
Scale (NOS) was used to assess the quality of the
studies, with only those scoring at least 4 out of 9 being
considered. Exclusion criteria included non-English

publications and articles that lacked full-text
availability.
Study characteristics

The studies examined varied in design, including
randomized controlled trials (RCTs), cohort studies,
case-control studies, observational studies, and animal
studies. A total of nine studies were RCTs that
investigated the causal effects of dietary interventions
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on gut microbiome composition and epigenetic
changes. Four cohort studies assessed the long-term
impacts of diet on microbiome-epigenetic interactions.
Additionally, three case-control and observational
studies compared microbial and epigenetic profiles in
different dietary contexts, while seven animal studies
explored the mechanisms linking diet with microbiome
and epigenetic modifications.

The dietary interventions analyzed included high-
fiber diets, ketogenic diets, Mediterranean diets,
polyphenol-rich diets, and probiotic supplementation.
Microbiome analyses were performed using methods
such as 16S rRNA sequencing, metagenomics, and
metabolomics. Meanwhile, epigenetic modifications
were assessed through DNA methylation assays,
histone  modification profiling, and microRNA
expression analysis.

Results of individual studies

The included studies (Table 1) explore diverse
methodologies to examine the interplay between diet,
gut microbiome, epigenetic modifications, and
metabolic health. Nutritional interventions such as
high- and low-carb diets, time-restricted eating, and
Mediterranean diet patterns demonstrated significant
microbiome shifts and metabolic effects. At the same
time, mechanistic studies highlighted epigenetic
regulation via DNA methylation and histone
modifications. Observational cohorts provided insights
into long-term microbiome dynamics, particularly in
aging and disease contexts. Despite their strengths,
studies faced limitations including small sample sizes,
lack of controls, and challenges in standardization.

Discussion

Influence of diet on gut microbiome
composition

Dietary composition plays a pivotal role in shaping
the gut microbiome, influencing microbial diversity,
abundance, and metabolic functionality. High-fiber
diets have consistently been associated with enhanced
microbial richness and the proliferation of beneficial
bacterial species. Increased fiber intake promotes the
expansion of Bacteroidetes and the enrichment of
short-chain fatty acid (SCFA)-producing bacteria, such
as Faecalibacterium prausnitzii, which are linked to
improved gut health and reduced inflammation (42).
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Conversely, diets high in fat and Western-style eating
patterns contribute to gut dysbiosis, typically
characterized by an elevated Firmicutes/Bacteroidetes
ratio, reduced microbial diversity, and an increased
prevalence of pro-inflammatory bacterial species (43).

Moreover,  polyphenol-rich  diets  selectively
modulate gut microbiota by fostering the growth of
beneficial bacteria, including Lactobacillus and
Bifidobacterium, while concurrently  suppressing
pathogenic species (44, 45). These polyphenols
enhance microbial fermentation, leading to the
generation of bioactive metabolites with anti-
inflammatory and epigenetic-modifying properties.
Probiotic supplementation further contributes to
significant shifts in microbial composition, promoting
the colonization of beneficial bacteria, which, in turn,
strengthens gut barrier integrity and modulates immune
function (46). In contrast, diets abundant in processed
foods, refined sugars, and artificial additives are
associated with a depletion of beneficial microbial taxa
and an increased presence of opportunistic pathogens.
Such alterations correlate with heightened intestinal
permeability, systemic inflammation, and metabolic
dysfunction. Collectively, these findings underscore the
profound impact of dietary composition on gut
microbial ecosystems, highlighting the potential of
nutritional  interventions to  restore  microbial
equilibrium and enhance overall health.
Microbiome-mediated
modifications

Emerging evidence suggests that  microbial
metabolites play a crucial role in epigenetic regulation,
influencing gene expression patterns that govern
inflammation and metabolism. SCFAs, such as butyrate
and propionate, have been demonstrated to modulate
DNA methylation in genes linked to inflammatory
responses and metabolic homeostasis (47). Additionally,
polyphenol-rich diets have been shown to induce histone
modifications, enhancing the expression of genes involved
in anti-inflammatory pathways (48). Furthermore,
alterations in microbiome composition due to probiotic
intake have been associated with microRNA-mediated
regulatory mechanisms affecting immune and metabolic
functions (49). These findings highlight the intricate
interplay between dietary factors, gut microbiota, and
epigenetic modifications, emphasizing their collective role
in health and disease.

epigenetic
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Study Methodology Limitations Intervention Effects Epigenetic Markers ~ Gut Microbiome Changes Strengths Risk of Bias Year of
Study
Hill, etal. (19) RCT with Small, unrepresentative Weight loss (6.2 £ DNA methylation The gut.The gut Rigorously designed Low 2023
overweight/obese adults, sample; sequencing 3.9%), improved (DNAme) profiles microbiome may influence  weight-loss trial with
3-month diet intervention, limitations. cholesterol, triglycerides,  were analyzed via DNA methylation in dietary monitoring.
stool and blood analysis. glucose, and insulin. the EPIC 850K metabolic pathways that
array. are related to weight loss.
Turchi, etal. Murine study on frataxin The KIKO mouse model Improved glucose Not directly FA mice had altered gut Demonstrates the High 2023
(20) (FXN) deficiency and may not fully represent tolerance, metabolic assessed but linked microbiota, with reduced potential therapeutic
butyrate supplementation. human FA; long-term restoration. to inflammation & butyrate-producing role of butyrate in
effects are unclear. metabolic changes. bacteria. FA.
Sun, etal. (21) DNA methylation analysis Difficulty separating Microbiota and DNA methylation Not assessed. Multi-model Moderate 2023
(DREAM sequencing, inflammation’s role in inflammation influenced  at CpG sites. approach, deep-
bisulfite pyrosequencing, epigenetic changes. DNA methylation at sequencing of
gRT-PCR) in a microbiota- CpG sites. methylation changes.
inflammation model.
Fawad, et al. Murine and human Inability to co-culture Not applicable HDAC inhibition, SCFAs from gut microbiota ~ Expertise in intestinal ~ Moderate 2022
(22) intestinal organoid live bacteria; jejunal (mechanistic study). particularly HDAC3,  entrain intestinal circadian organoid research and
cultures, exposure to organoids are less influenced intestinal rhythms via HDAC systems biology.
microbial metabolites. exposed to microbiota. circadian rhythms. inhibition.
Mima, et al. Nurses' Health Study & Limited cancer Not applicable LINE-1 methylation  Higher Fusobacterium Extensive colorectal Low 2016
(23) Health Professionals recurrence data; (observational cohort levels. nucleatum DNA in tumors  cancer database.
Follow-up Study; treatment data study). is linked to worse
colorectal cancer cohort. constraints. prognosis.
Chleilat,etal. 24 male rats (HF/S vs. Rat model—unclear Reduced fat mass, Reduced DNMT3a Increased microbiome First study linking Low 2021
(24) HF/S+M diet); offspring human relevance. improved fertility, and and miRNA diversity & SCFA levels. paternal diet to
metabolic assessment. altered metabolism. alterations in offspring metabolic and
offspring. microbiome effects.
Goni, et al. Literature review on Heterogeneity of studies,  Not reported Potential role of Dysbiosis linked to Integrates multiple Moderate 2015
(25) personalized nutrition, small sample sizes, short nutrigenetics, obesity, inconsistent biological data
nutrigenetics, epigenetics, interventions, difficulty epigenetics, and Bacteroidetes/Firmicutes sources
and gut microbiota in standardization, and metagenomics in ratios
publication bias personalized diets
Lilja, et al. Fasting vs. control groups Small sample size, Increased ketone levels, Upregulation of Increased Christensenella Explores fasting’s Moderate 2021
(26) (N=55), blood/stool difficulty in coordination,  mitochondrial DNA, longevity genes (longevity-linked), role in mitochondria,
sample analysis, need for long-term expression of longevity (SIRTY, SIRT3) reduced Faecalibacterium epigenetics, and
mitochondrial and gene studies genes (FoxO1, SIRTL, and reduced aging- prausnitzii microbiome
expression studies SIRT3), and reduced related miRNA
pro-senescence miRNA
Chen, et al. S-PRESTO cohort study, Small GWAS sample, Not reported Novel lipidomic Higher diversity linked to Multi-platform aging ~ Low 2024
27) microbiome, lipidomics, self-report bias, cross- and microbiome lower PhenoAgeAccel; analysis identifies

and genetics analyzed with
PhenoAgeAccel

sectional design

markers associated
with aging

Erysipelotrichaceae UCG-
003, Bacteroides vulgatus
correlated with aging

modifiable risk
factors

Gastroenterol Hepatol Bed Bench 2025;18(3):270-285



276 Epigenetic effects of gut microbiota in nutritional precision

Table 1 (Continued)

Study Methodology Limitations Intervention Effects Epigenetic Markers Gut Microbiome Changes Strengths Risk of Bias Year of Study
Kawakami, et Single-blind, 12-week Small sample, single- Reduced biological BioBran improves Not mentioned Highlights BioBran's ~ Moderate 2024
al. (28) BioBran intervention blinded, single-masked age, telomere age, biological age, telomere potential anti-aging

(N=9), aging biomarkers design, unclear DNAm IL-6, and length, and immune benefits without

assessed mechanisms increased telomere regulation lifestyle changes

length

Miller, et al. Observational study, Recall bias, small Not reported Pregnancy decreases gut ~ Gut microbial diversity Observes maternal Moderate 2021
(29) Mediterranean diet sample, uncontrolled diversity; the declines across trimesters diet-microbiome

(aMED) and pregnancy confounders Mediterranean diet may interactions

microbiome analysis mitigate the decline.
Ugali, etal. (30)  Large-scale colorectal No treatment data, Not reported Tumor location and Fusobacterium nucleatum Large dataset, Moderate 2023

cancer study (N=13,101),  heterogeneous marker molecular markers correlates with MSl status ~ molecular analysis

molecular markers testing impact prognosis and prognosis

analyzed
Louveau, et al. Review of Not explicitly stated Not reported NDDs should be seen as Altered gut microbiome, Integrates Moderate 2023
(31) neurodevelopmental dimensional disorders impaired microglia neurodevelopmental

disorders (NDDs) overlapping psychiatry maturation in NDDs and microbiome

perspectives

Baumann- Twin cohort study, Lacks maternal diet data; ~ Not reported Infant microbiome co- Breastfed infants show Investigates Moderate 2018
Dudenhoeffer, metagenomics & causality not established evolves with breastmilk  microbiome shifts; soy microbiome evolution
etal. (32) bioinformatics composition formula alters diversity in infancy
Murga-Garrido,  Mouse study: 4 diets Small sample, limited Gut microbiome Post-translational Microbiome-driven Supports personalized ~ Moderate 2021
etal. (33) (cellulose, inulin, pectin, microbial diversity, influences metabolic ~ histone modifications metabolic changes in fiber  fiber interventions

assorted fiber), microbiome,  incomplete fiber fiber responses metabolism

metabolomics, metabolism analysis

transcriptomics
Ahmed, et al. Mouse model of colitis Improved intestinal H3K27Ac, H3K9Ac,  Reversed dysbiosis, Comprehensive dietary Limited microbiome Moderate 2021
(34) induced by Citrobacter barrier, reduced H3K4me3 decreased intervention study in analysis for the

rodentium; Dietary inflammation, restored Proteobacteria, colitis tributyrin group; No

interventions (pectin, microbiota balance increased 16S rRNA for

tributyrin); Gut Bacteroidetes, and antibiotic-treated

microbiome analysis Firmicutes. samples

(16S rRNA); In vitro

YAMC cell experiments
Khan, et al. Shrimp peptide Enhanced immune Not mentioned Increased beneficial gut  Detailed SPH study on gut  They did not Low 2022
(35) hydrolysate (SPH) response, improved bacteria and immune health explicitly state

extraction; Immune organ intestinal integrity limitations; further

indices in mice; Gut validation is needed

microbiome analysis for SPHas a

(16S rRNA) functional food.
Chleilat, et al. Male Sprague Dawley Paternal high-protein diet  DNMTSs, microRNAs  Altered gut Comprehensive study on Did not explore Low 2021
(36) rats fed different diets improved offspring (miRNASs) microbiome, increased paternal diet influence on microRNA roles in

(control, high-protein,
high-fat/sucrose);

Offspring assessed at
weaning & adulthood.

glucose metabolism &
microbiota.

beneficial metabolites

offspring metabolism

intergenerational
effects
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Study Methodology Limitations Intervention Effects Epigenetic Markers Gut Microbiome Changes Strengths Risk of Bias Year of Study
Ogrodowczyk, Female C57BL/6J mice Increased obesity, insulin - Not mentioned HFD disrupted the Robust design with The high-fat diet High 2020
etal. (37) on high-fat diet (HFD); resistance, inflammation, intestinal barrier & metabolic & microbiome model may not fully
Gut morphology assessed intestinal stem cells & altered stem cell assessments capture human
via histology; Crypt crypt formation regulation dietary complexity
organoid cultures
Xie, et al. (38) Systematic review of Calorie restriction DNA methylation, Maternal dietary Advanced data analysis Variability in patient Moderate 2020
epigenetics, microbiota, reduced DNA histone bioactives influenced techniques; Multiple data; Causal
& breast cancer hypermethylation; acetylation/deacetylat  microbiota & demographic & dietary relationships unclear
(PubMed, Web of Sulforaphane reduced ion, miRNAs epigenetics factors considered
Science, ScienceDirect) DNMT/HDAC
expression; Canola oil &
genistein modulated
histone modifications.
Soldado- Narrative review (2013— Early-life environment DNA methylation, Microbiome alterations ~ Comprehensive analysis of  Inconclusive Moderate 2024
Gordillo and 2023) on gut microbiota impacts microbiome & histone influence allergy microbiota & allergy link evidence on
Alvarez- & food allergy; Literature  allergy risk modifications, development breastfeeding & food
Mercado (39) search in PubMed & miRNAs allergy; Need more
Scopus studies on probiotics
& synbiotics
Notarbartolo, et Review of maternal diet, Nutrients (Vitamin D, DNA methylation, Microbiome shifts Integrates epigenetics, Lacked explicit High 2023
al. (40) microbiome & epigenetic  polyphenols, LC-PUFAs)  histone modifications  affect immune function ~ microbiota & diet in breast  limitations
modifications in breast influenced immune & allergy risk cancer risk
cancer risk tolerance & microbiota.
Coppola, et al. 9-month RCT (ltaly) on Study protocol only (no Not reported Changes in maternal &  First RCT on Homogeneous Moderate 2022
(41) Mediterranean diet in reported effects) infant microbiota Mediterranean diet & population; No

pregnancy; Maternal &
infant gut microbiome
analysis (metagenomics,
metabolomics)

allergy prevention

biomarkers for diet
adherence
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Overview of key findings

This systematic review highlights the intricate
relationship between diet, gut microbiome composition,
and epigenetic modifications. Evidence indicates that
dietary patterns shape microbial diversity, which in turn
influences epigenetic mechanisms governing gene
expression related to inflammation, metabolism, and
disease susceptibility. Diets rich in fiber and
polyphenols promote beneficial microbiome changes
and favorable epigenetic modifications, whereas high-
fat and processed diets contribute to gut dysbiosis and
adverse epigenetic alterations.

Implications for precision nutrition

Diet-induced microbiome alterations have profound
effects on metabolic pathways, inflammatory processes,
and gene expression, exhibiting significant inter-
individual variability. This variability underscores the
promise of precision nutrition as a tailored approach to
disease prevention and management. Advances in
metagenomic sequencing and epigenetic profiling have
enhanced our ability to discern individual responses to
dietary interventions, paving the way for personalized
nutritional strategies (50).

Several studies suggest that targeting the gut
microbiome through diet can mitigate metabolic
disorders, obesity, and chronic inflammatory diseases
(51, 52). For instance, fiber-rich diets that enhance
Faecalibacterium prausnitzii proliferation and SCFA
production have been linked to reduced inflammation
and improved insulin sensitivity, underscoring the
potential of personalized dietary interventions in
managing diabetes (53). Similarly, polyphenol-rich
diets have been shown to influence histone acetylation
patterns, leading to the downregulation of pro-
inflammatory gene expression (48).

However, substantial interindividual variability in
microbiome composition and epigenetic responsiveness
presents a significant challenge to the implementation
of precision nutrition. This highlights the necessity for
further clinical investigations to refine and optimize
dietary intervention models. By integrating microbiome
and epigenetic data with nutritional strategies, the
efficacy of personalized nutrition could be substantially
enhanced, ultimately improving health outcomes on an
individualized basis (54).

The findings underscore the potential of precision
nutrition  in  leveraging  microbiome-epigenetic
interactions to optimize health. Advances in
metagenomic and epigenetic sequencing have deepened
our understanding of diet-induced microbiome shifts and
their influence on gene regulation, paving the way for
personalized dietary interventions (41, 55). For instance,
fostering bacteria that produce short-chain fatty acids
(SCFAs) through high-fiber diets may enhance DNA
methylation patterns, reduce inflammation and improve
metabolic health (8). Additionally, integrating machine
learning and artificial intelligence could refine predictive
models for individualized dietary responses.

Comparison with previous studies
and integration of epigenetic
modifications in cancer research

The relationship between diet, gut microbiome
composition, and epigenetic  modifications is
increasingly recognized as a key factor in influencing
human health outcomes. Previous studies have
highlighted the critical role of microbial metabolites,
such as short-chain fatty acids (SCFAS), in modulating
gene expression through DNA methylation, histone
modification, and microRNA regulation (56, 57). In our
review, we found strong evidence that diets rich in fiber
and polyphenols enhance microbial diversity and
promote beneficial epigenetic modifications that
regulate inflammatory and metabolic pathways,
potentially reducing the risk of chronic diseases such as
obesity, diabetes, and cancer. However, the relationship
between diet-induced epigenetic changes and cancer
remains complex and underexplored.

Several studies have shown that epigenetic
modifications, including DNA methylation and histone
acetylation, are central to the pathogenesis of various
cancers, including colorectal cancer, breast cancer, and
gastric cancer (58, 59). For example, increased
Fusobacterium nucleatum abundance in colorectal
cancer tissue is associated with unfavorable epigenetic
changes that promote tumor progression (60). In our
discussion, we now emphasize how the modulation of
the gut microbiome through dietary interventions could
influence these epigenetic mechanisms, thereby
providing a potential avenue for cancer prevention and
treatment. In particular, nutritional interventions that
promote microbial species producing SCFAs, such as
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Faecalibacterium prausnitzii, may offer a therapeutic
strategy to modulate DNA methylation and histone
modifications in a manner that reduces the risk of
tumorigenesis.

Significance of epigenetic

modifications in human health and

disease

We also recognize that the role of epigenetic
modifications in health extends far beyond cancer
research. Epigenetic alterations influence gene
expression without changing the underlying DNA
sequence, allowing environmental factors, such as diet,
to have lasting effects on an individual’s health
trajectory (61). This phenomenon is particularly
relevant in diseases characterized by inflammation and
metabolic dysfunction, such as cardiovascular diseases,
diabetes, and neurodegenerative disorders.

Moreover, as we have discussed, the gut
microbiome serves as a mediator between diet and
epigenetic changes, with particular emphasis on the
impact of microbial metabolites on chromatin
remodeling and gene expression regulation (62). The
link between the gut microbiome, inflammation, and
epigenetics  has  profound  implications  for
understanding  disease  mechanisms and  the
development of precision nutrition strategies aimed at
mitigating disease risk. Specifically, the emerging field
of nutrigenomics suggests that personalized dietary
strategiesbased on an individual’s microbiome and
epigenetic profile could be tailored to reduce the risk of
developing cancer and other chronic diseases (57).

Implications for precision nutrition

and cancer prevention

The significance of precision nutrition in cancer
prevention is becoming increasingly clear and apparent.
Studies have shown that diets rich in polyphenols and
fiber can induce beneficial epigenetic modifications
that potentially mitigate cancer risk (63). These
findings underscore the relevance of microbiome-
targeted dietary interventions in both preventing and
managing cancer. For example, the Mediterranean diet,
known for its polyphenol-rich components, has been
linked to improved gut microbiome diversity and
favorable epigenetic changes associated with cancer
risk reduction (64). In contrast, Western-style diets high
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in fats and processed foods contribute to microbiome
dysbiosis, promoting epigenetic alterations that
increase susceptibility to cancer (59).

In this context, our systematic review now highlights
the growing evidence supporting diet-microbiome-
epigenome interactions in cancer prevention. We
propose that microbiome-targeted dietary interventions
should be further explored as part of personalized
nutritional strategies for cancer prevention, particularly
in high-risk populations. By leveraging advances in
metagenomic sequencing and epigenetic profiling, future
studies could uncover more precise dietary
recommendations that optimize gut health and epigenetic
regulation to prevent cancer development.

Challenges and limitations

While our systematic review provides a
comprehensive analysis of the current literature on the
epigenetic influence of diet-induced gut microbiome
changes, several limitations must be acknowledged.
Firstly, despite our rigorous search and inclusion
criteria, the studies included in this review vary in
terms of methodologies, study populations, and dietary
interventions, which may introduce heterogeneity in the
results (56, 57). This variability in study design limits
the generalizability of the findings and may affect the
consistency of the observed effects of diet on
microbiome composition and epigenetic modifications
(30, 40).

Secondly, many of the studies included in our
review have small sample sizes, which may limit their
statistical power and the ability to detect meaningful
associations between diet, microbiome changes, and
epigenetic  modifications (59). Additionally, a
significant portion of the studies were cross-sectional,
preventing the establishment of causal relationships
between dietary interventions and epigenetic outcomes.
Longitudinal studies with larger sample sizes are
essential for further validating the causal pathways
linking diet, microbiome, and epigenetic regulation.

Another limitation stems from the methodological
variability in microbiome profiling techniques. While
metagenomics and 16S rRNA sequencing are widely
used for gut microbiome analysis, differences in sample
collection, sequencing depth, and data analysis
protocols may contribute to inconsistencies in the
results. Similarly, the methods used to assess epigenetic
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modifications, such as DNA methylation, histone Future directions
modifications, and microRNA profiling, are not
uniformly applied across studies, which can hinder
direct comparisons (62). The use of standardized
protocols for both microbiome and epigenetic
assessments is crucial to advancing this field.

Future research should prioritize well-controlled
longitudinal and randomized clinical trials to elucidate
causal relationships between diet, microbiome changes,
and epigenetic modifications. Investigating dietary
interventions across diverse populations is crucial for

EPIGENETIC
MODIFICATION

progeny

?
/a Abnormal
T— development

metabolic
+ disease
prevention _
strategy Chl'dhOOd
obesity

‘ >
e ” Created in BioRender.com bio

Figure 3. Epigenetic Modifications in Metabolic Health and Disease Prevention — This figure illustrates the impact of diet-induced
changes in gut microbiome composition on epigenetic modifications and their subsequent effects on metabolic health. The dietary
components, such as fiber-rich, polyphenol-rich, and high-fat diets, are shown to influence microbiome diversity and promote the
production of metabolites like short-chain fatty acids (SCFAs), which modulate epigenetic markers (e.g., DNA methylation,
histone modifications) and gene expression related to inflammation, metabolism, and disease susceptibility. Diets rich in fiber and
polyphenols are associated with beneficial microbiome shifts and favorable epigenetic modifications that support metabolic health
and reduce the risk of metabolic diseases like obesity and insulin resistance. In contrast, Western-style diets high in fat and
processed foods contribute to dysbiosis, inflammation, and adverse epigenetic changes, which may increase the risk of developing
chronic metabolic disorders, including obesity and type 2 diabetes.
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equitable implementation. Several exciting directions
for future research could enhance our understanding of
the role of diet-induced gut microbiome alterations in
epigenetic regulation and precision nutrition (65).

Firstly, large-scale, longitudinal, and randomized
controlled trials (RCTs) are needed to establish causal
relationships between diet, microbiome changes, and
epigenetic modifications. These studies should focus on
diverse populations to better understand individual
variability in responses to dietary interventions, which
could provide insights into personalized nutrition
strategies. For instance, trials that examine the effects of
high-fiber, polyphenol-rich, and Mediterranean diets on
gut  microbiome  composition and  epigenetic
modifications could yield valuable insights into their role
in preventing metabolic disorders and cancer (61, 63).

Secondly, more sophisticated multi-omics approaches
are needed to integrate microbiome, epigenetic, and
metabolomic data. Combining metagenomic sequencing
with DNA methylation profiling, histone modification
assays, and microRNA expression analysis will enable a
more comprehensive understanding of the molecular
mechanisms  underlying  diet-microbiome-epigenome
interactions. These integrated approaches could be
particularly valuable for identifying biomarkers that
predict individual responses to dietary interventions,
thereby advancing the field of precision nutrition (56, 57).

Another promising area for future research is the
investigation of the gut-brain axis and its epigenetic
regulation through dietary interventions. Emerging
evidence suggests that gut microbiota alterations may
influence brain function and behavior via microbial
metabolites such as SCFAs (62). Exploring the role of
diet-induced microbiome changes in regulating
epigenetic modifications associated with
neurodegenerative diseases, such as Alzheimer's and
Parkinson's disease, could open new avenues for
disease prevention and management.

Lastly, the application of artificial intelligence (Al)
and machine learning in analyzing large datasets from
microbiome, epigenomic, and clinical studies could
facilitate the development of personalized dietary
recommendations. These Al-driven models could
integrate individual microbiome and epigenetic profiles
to predict responses to dietary interventions, thereby
enhancing the precision of nutritional strategies for
disease prevention and health promotion (59, 64).
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Clinical and health

implications

Dietary patterns significantly influence microbiome-
mediated epigenetic modifications, with implications for
metabolic health and disease prevention (Figure 3).
Personalized dietary strategies informed by microbiome
and epigenetic markers could revolutionize the prevention
and management of conditions such as obesity, diabetes,
and inflammatory disorders. Public health policies should
incorporate microbiome-epigenetic research to develop
targeted dietary recommendations promoting population-
wide health initiatives.

This review underscores the critical role of diet-
induced microbiome alterations in regulating epigenetic
processes. Diets high in fiber and polyphenols enhance
microbial diversity, promote bioactive metabolite
production, and modulate epigenetic markers linked to
inflammation and metabolism (8, 9). Conversely,
Western-style and high-fat diets are associated with gut
dysbiosis, increased inflammation, and adverse epigenetic
changes contributing to metabolic disorders (23, 37, 65).
These findings highlight the potential for microbiome-
targeted dietary interventions in precision nutrition.

Advances in sequencing technologies have enabled
individualized exploration of microbiome-epigenome
interactions, supporting personalized dietary
recommendations (41, 55). However, clinical translation
requires addressing key challenges, including individual
variability, short study durations, and methodological
inconsistencies (30, 40). Future research should focus on
long-term, rigorously controlled human studies to
establish causality and assess the efficacy of
personalized  dietary interventions.  Standardized
microbiome and epigenetic profiling methodologies are
essential for ensuring reproducibility across studies (65).
Integrating microbiome and epigenome data into public
health frameworks could facilitate population-wide
dietary strategies for chronic disease prevention (66).

public

Conclusion

In conclusion, this review highlights the pivotal role
of diet in shaping gut microbiome composition and its
subsequent influence on epigenetic regulation, offering
critical insights into the emerging field of precision
nutrition. A growing body of evidence underscores how
dietary components such as fiber, polyphenols, and
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probiotics can promote a healthy microbiome and
favorable epigenetic changes diets. In contrast,
Western-style and high-fat diets contribute to dysbiosis
and adverse epigenetic modifications. These findings
emphasize the potential of integrating microbiome and
epigenetic research to inform personalized dietary
strategies, which could significantly enhance metabolic
health and prevent diseases like cancer and
neurodegenerative disorders.

However, several challenges persist, including the
heterogeneity of existing studies, small sample sizes, and
inconsistencies in methodology, which must be
addressed to strengthen the evidence base. The need for
large-scale, longitudinal studies with standardized
protocols for microbiome and epigenetic assessments is
paramount to unravel the causal relationships between
diet, microbiome, and epigenetics. Furthermore, the
integration of multi-omics approaches, alongside Al-
driven models, holds promise for refining personalized
nutrition and facilitating the development of tailored
dietary recommendations. By overcoming these barriers,
we can advance evidence-based nutritional guidelines
that optimize gut microbiome health and support
epigenetic wellness, ultimately contributing to improved
clinical outcomes and better public health. We hope this
review serves as a foundation for future investigations
that further explore the intricate interactions between
diet, gut microbiome, and epigenetic regulation,
especially in the context of chronic disease prevention.

Acknowledgements

The author wishes to express heartfelt gratitude to
Prof. Wahab Olasupo Egbewole, SAN, Vice
Chancellor of the University of Horin, for his
unwavering support in fostering an enabling
environment for staff development. His commitment
to promoting qualitative research was instrumental in
the successful execution of this review, from its
inception through to its completion.

Declaration of generative Al and Al-
assisted technologies in the writing

process

During the preparation of this review, the authors
employed ChatGPT and QuillBot to assist in rephrasing
information sourced from the referenced journal

Gastroenterol Hepatol Bed Bench 2025;18(3):270-285

articles, with the aim of enhancing language clarity and
manuscript readability. All Al-generated content was
meticulously reviewed, edited, and refined by the
authors, who assume full responsibility for the accuracy
and integrity of the final publication.

Conflict of interests
The authors declare no conflict of interest.

References

1. Bianchetti G, De Maio F, Abeltino A, Serantoni C,
Riente A, Santarelli G, et al. Unraveling the gut
microbiome—diet connection: exploring the impact of
digital precision and personalized nutrition on
microbiota composition and host physiology. Nutrients
2023;15:3931.

2. Jackson S, Frame LA, Costas E. Current explorations
of nutrition and the gut microbiome: a systematic
review. Nutr Rev 2020,78:798-812.

3. Sanz Y, Cryan JF, Deschasaux-Tanguy M, Elinav E,
Lambrecht R, Veiga P. The gut microbiome connects
nutrition and human health. Nat Rev Gastroenterol
Hepatol 2025.

4. Ross FC, Patangia D, Grimaud G, Lavelle A,
Dempsey EM, Ross RP, Stanton C. The interplay
between diet and the gut microbiome: implications for
health and disease. Nat Rev Microbiol 2024;22:671-86.

5. Li X, Qi L. Epigenetics in precision nutrition. J Pers
Med 2022;12:533.

6. Missong H, Joshi R, Khullar N, Thareja S, Navik U,
Bhatti GK, et al. Nutrient-epigenome interactions:
implications for personalized nutrition against aging-
associated diseases. J Nutr Biochem 2024;127:109592.

7. Shock T, Badang L, Ferguson B, Martinez-Guryn K.
The interplay between diet, gut microbes, and host
epigenetics in health and disease. J Nutr Biochem
2021;95:108631.

8. FuY, Gou W, Zhong H, Tian Y, Zhao H, Liang X, et
al. Diet—gut microbiome interaction and its impact on
host blood glucose homeostasis: a series of nutritional
n-of-1 trials. EBioMedicine 2025;111:105483.

9. Kaczmarczyk M, Lober U, Adamek K, Wegrzyn D,
Skonieczna-Zydecka K, Malinowski D, et al. The gut
microbiota is associated with the small intestinal
paracellular permeability and the development of the
immune system in healthy children during the first two
years of life. J Transl Med 2021;19:177.

10. Allison J, Kaliszewska A, Uceda S, Reiriz M, Arias
N. Targeting DNA methylation in the adult brain
through diet. Nutrients 2021;13:3979.



11. Shang Z, Pai L, Patil S. Unveiling the dynamics of
gut microbial interactions: a review of dietary impact
and precision nutrition in gastrointestinal health. Front
Nutr 2024;11:1395664.

12. Gongalves CL, Doifode T, Rezende VL, Costa MA,
Rhoads JM, Soutullo CA. The many faces of
microbiota—gut-brain axis in autism spectrum disorder.
Life Sci 2024;337:122596.

13. Zhu G, Zhao J, Zhang H, Wang G, Chen W. Gut
microbiota and its metabolites: bridge of dietary
nutrients and Alzheimer’s disease. Adv Nutr
2023;14:819-39.

14. Hermanson JB, Tolba SA, Chrisler EA, Leone VA.
Gut microbes, diet, and genetics as drivers of metabolic
liver disease: a narrative review outlining implications for
precision medicine. J Nutr Biochem 2024;133:109704.

15. Li D, Li Y, Yang S, Lu J, Jin X, Wu M. Diet—gut
microbiota—epigenetics in metabolic diseases: from
mechanisms to therapeutics. Biomed Pharmacother
2022;153:113290.

16. Jardon KM, Canfora EE, Goossens GH, Blaak EE.
Dietary macronutrients and the gut microbiome: a
precision nutrition approach to improve
cardiometabolic health. Gut 2022;71:1214-26.

17. Aleksandrova K, Romero-Mosquera B, Hernandez
V. Diet, gut microbiome and epigenetics: emerging
links with inflammatory bowel diseases and prospects
for management and prevention. Nutrients 2017;9:962.

18. Greathouse KL, Choudhury A. Precision nutrition
and the gut microbiome: harnessing Al to revolutionize
cancer prevention and therapy. Cell Host Microbe
2025;33:766-76.

19. Hill EB, Konigsberg IR, Ir D, Frank DN, Jambal P,
Litkowski EM, et al. The microbiome, epigenome, and
diet in adults with obesity during behavioral weight
loss. Nutrients 2023;15:3588.

20. Turchi R, Sciarretta F, Ceci V, Tiberi M, Audano
M, Pedretti S, et al. Butyrate prevents visceral adipose
tissue inflammation and metabolic alterations in a

Friedreich’s  ataxia mouse model.  iScience
2023;26:107713.

21. Sun A, Park P, Cole L, Vaidya H, Maegawa S,
Keith K, et al. Non-pathogenic microbiota accelerate
age-related CpG island methylation in colonic mucosa.
Epigenetics 2023;18:2160568.

22. Fawad JA, Luzader DH, Hanson GF, Moutinho TJ
Jr, McKinney CA, Mitchell PG, et al. Histone
deacetylase inhibition by gut microbe-generated short-
chain fatty acids entrains intestinal epithelial circadian
rhythms. Gastroenterology 2022;163:1377-90.

23. Mima K, Nishihara R, Qian ZR, Cao Y, Sukawa Y,
Nowak JA, et al. Fusobacterium nucleatum in

Suleiman KY. et al 283

colorectal carcinoma tissue and patient prognosis. Gut
2016;65:1973-80.

24. Chleilat F, Schick A, Deleemans JM, Reimer RA.
Paternal methyl donor supplementation in rats
improves fertility, physiological outcomes, gut
microbial signatures and epigenetic markers altered by
high fat/high sucrose diet. Int J Mol Sci 2021;22:689.

25. Goni L, Cuervo M, Milagro FI, Martinez JA. Future
perspectives of personalized weight loss interventions
based on nutrigenetic, epigenetic, and metagenomic
data. J Nutr 2015;146:905S-12S.

26. Lilja S, Stoll C, Krammer U, Hippe B, Duszka K,
Debebe T, et al. Five days periodic fasting elevates
levels of longevity related Christensenella and sirtuin
expression in humans. Int J Mol Sci 2021;22:2331.

27. Chen L, Tan KML, Xu J, Mishra P, Mir SA, Gong
M, et al. Exploring multi-omics and clinical
characteristics linked to accelerated biological aging in
Asian women of reproductive age: insights from the S-
PRESTO study. Genome Med 2024;16:128.

28. Kawakami S, Ninomiya R, Maeda Y. Improvement
in epigenetic aging clock induced by BioBran
containing rice kefiran in relation to various
biomarkers: a pilot study. Int J Mol Sci 2024;25:6332.

29. Miller CB, Benny P, Riel J, Boushey C, Perez R,
Khadka V, et al. Adherence to Mediterranean diet
impacts gastrointestinal microbial diversity throughout
pregnancy. BMC Pregnancy Childbirth 2021;21:558.

30. Ugai T, Akimoto N, Haruki K, Harrison TA, Cao
Y, Qu C, et al. Prognostic role of detailed colorectal
location and tumor molecular features: analyses of
13,101 colorectal cancer patients including 2994 early-
onset cases. J Gastroenterol 2023;58:229-45.

31. Louveau C, Brookes KJ, Schumann G, Walters
JTR, Buitelaar J, Gozzi A, et al. Neurodevelopmental
disorders  without  boundaries:  research  and
interventions beyond classifications. J Neural Transm
2023;130:473-9.

32. Baumann-Dudenhoeffer AM, D’Souza AW, Tarr
Pl, Warner BB, Dantas G. Infant diet and maternal
gestational weight gain predict early metabolic
maturation of gut microbiomes. Nat Med
2018;24:1822-9.

33. Murga-Garrido SM, Hong Q, Cross T-WL,
Hutchison ER, Han J, Thomas S, et al. Gut microbiome
variation modulates the effects of dietary fiber on host
metabolism. Microbiome 2021;9:117.

34. Ahmed I, Roy BC, Khan SA, Sepesy LM, Hurst
KE, Bernier-Latmani J, et al. Dietary interventions
ameliorate infectious colitis by restoring the
microbiome and promoting stem cell proliferation in
mice. Int J Mol Sci 2021;23:173.

Gastroenterol Hepatol Bed Bench 2025;18(3):270-285



284 Epigenetic effects of gut microbiota in nutritional precision

35. Khan Al, Zhang Y, Abid MU, Yang S, Li Z, Wang
B, et al. Effects of shrimp peptide hydrolysate on
intestinal  microbiota  restoration and immune
modulation in  cyclophosphamide-treated  mice.
Molecules 2022;27:1600.

36. Chleilat F, Klancic T, Ma K, Armet AM, Kasaian J,
Samanfar B, et al. Paternal high-protein diet modulates
body composition, insulin sensitivity, epigenetics, and
gut microbiota intergenerationally in rats. FASEB J
2021;35:621847.

37. Ogrodowczyk AM, Zakrzewska M, Romaszko E,
Wroblewska B. Gestational dysfunction-driven diets
and probiotic supplementation correlate with allergen-
specific antibodies in allergy sufferers. Nutrients
2020;12:2389.

38. Xie Y, Ding F, Di W. Impact of a high-fat diet on
intestinal stem cells and epithelial barrier function in
middle-aged  female mice. Mol Med Rep
2020;21:1133-44.

39. Soldado-Gordillo A, Alvarez-Mercado Al.
Epigenetics, microbiota, and breast cancer: a systematic
review. Life 2024;14:905.

40. Notarbartolo V, Carta M, Accomando S, Giuffré M.
First 1000 days of life: how microbiota changes can
influence food allergy onset in children. Life
2023;13:244.

41. Coppola S, Bianchi F, Vigano C, Morelli L,
Zuccotti G, Agostoni C, et al. Effects of the
Mediterranean diet during pregnancy on the onset of
allergy in at-risk children: PREMEDI study protocol.
Front Nutr 2022;9:951223.

42. Makki K, Deehan EC, Walter J, Backhed F. The
impact of dietary fiber on gut microbiota in host health
and disease. Cell Host Microbe 2018;23:705-15.

43. Severino A, Milani C, Duranti S, Turroni F, Ventura
M. The microbiome-driven impact of Western diet in the
development of noncommunicable chronic disorders.
Best Pract Res Clin Gastroenterol 2024,68:101891.

44. Cardona F, Andrés-Lacueva C, Tulipani S,
Tinahones FJ, Queipo-Ortufio MI. Benefits of
polyphenols on gut microbiota and implications in
human health. J Nutr Biochem 2013;24:1415-22.

45. Zhao Y, Jiang Q. Roles of the polyphenol-gut
microbiota interaction in alleviating colitis and
preventing colitis-associated colorectal cancer. Adv
Nutr 2021;12:546-65.

46. Chandrasekaran P, Weiskirchen S, Weiskirchen R.
Effects of probiotics on gut microbiota: an overview.
Int J Mol Sci 2024;25:6350.

47. Gonzalez-Becerra K, Ramos-Lopez O, Barrén-
Cabrera E, Riezu-Boj JI, Milagro Fl, Martinez-Lépez
E, et al. Fatty acids, epigenetic mechanisms and chronic

Gastroenterol Hepatol Bed Bench 2025;18(3):270-285

diseases: a systematic review. Lipids Health Dis
2019;18:178.

48. Ciz M, Dvoidkova A, Skotkova V, Kubala L.
Dietary phenolic compounds in epigenetic modulation
involved in inflammatory processes. Antioxidants
2020;9:874.

49. Mazziotta C, Tognon M, Martini F, Torreggiani E,
Rotondo JC. Probiotics mechanism of action on
immune cells and beneficial effects on human health.
Cells 2023;12:159.

50. Singh VK, Kumar N, Ahmad M, Singh P, Nagar S,
Alam 1, et al. Precision nutrition-based strategy for
management of human diseases and healthy aging:
current progress and challenges forward. Front Nutr
2024;11:1390279.

51. Davis C. The gut microbiome and its role in
obesity. Nutr Today 2016;51:160-2.

52. Geng J, Ni Q, Sun W, Li L, Feng X. Links between
gut microbiota and obesity and obesity-related diseases.
Biomed Pharmacother 2022;147:112678.

53. Chu NHS, Chow E, Chan JCN. Therapeutic
potential of the Specific Intestinal Microbiome (SIM)
diet on metabolic diseases. Biology 2024;13:577.

54. Chaudhary D, Srivastava A, Rai A, Sharma R,
Gupta N, Kumar P, et al. Nutrigenomics and
personalized diets: tailoring nutrition for optimal
health. Appl Food Res 2025;5:100306.

55. Seidel M, Schuch B, Nischwitz V, Kollmann M,
Wagner G, Holz B, et al. Study protocol of
comprehensive risk evaluation for anorexia nervosa in
twins (CREAT): discordant monozygotic twins. BMC
Psychiatry 2020;20:507.

56. Bittinger K, Zhao C, Li Y, Ford E, Friedman ES, Ni
J, et al. Bacterial colonization reprograms the neonatal
gut metabolome. Nat Microbiol 2020;5:838-47.

57. Goni L, Cuervo M, Milagro FI, Martinez JA. Future
perspectives of personalized weight loss interventions
based on nutrigenetic, epigenetic, and metagenomic
data. J Nutr 2015;146:905-12.

58. Notarbartolo V, Carta M, Accomando S, Giuffrée M.
The First 1000 days of life: how microbiota changes
can influence food allergy onset in children. Life
2023;14:244.

59. Xie Y, Ding F, Di W., Lv Y, Xia F, Sheng Y, et al.
Impact of a high-fat diet on intestinal stem cells and
epithelial barrier function in middle-aged female mice.
Mol Med Rep 2020;21:1133-44.

60. Mima K, Nishihara R, Qian ZR, Cao Y, Sukawa Y,
Nowak JA et al.. Fusobacterium nucleatum incolorectal
carcinoma tissue and patient prognosis. Gut
2016;65:1973-80.



61. Hill EB, Konigsberg IR, Ir D, Frank DN, Jambal P,
Litkowski EM, et al. The microbiome, epigenome, and
diet in adults with obesity during behavioral weight
loss. Nutrients 2023;15:442.

62. Fawad JA, Luzader DH, Hanson GF, Pickard JM,
Kearns DB, Herring CA, et al. Histone deacetylase
inhibition by gut microbe-generated short-chain fatty
acids entrains intestinal epithelial circadian rhythms.
Gastroenterology 2022;163:1377-90.e11.

63. Chen Y, Li X, Yang M.,
Chen J, Zhenghao H, Suging Z et al. Time-restricted
eating reveals a “younger” immune system and
reshapes the intestinal microbiome in humans. Redox
Biol 2024;78:103422.

Suleiman KY. et al 285

64. Miller CB, Benny P, Riel J, Boushey C, Perez R,
Khadka V, et al. Adherence to Mediterranean diet
impacts gastrointestinal microbial diversity throughout
pregnancy. BMC Pregnancy Childbirth 2021;21:558.

65. Stobernack T, Rombouts S, van Rooij D, Pelsser
LM, Franke B, Buitelaar JK, et al. Biomarker research
in ADHD: the impact of nutrition (BRAIN) study
protocol of a few-foods diet trial. BMJ Open
2019;9:6029422.

66. Malcomson FC, Mathers JC. Translation of
nutrigenomic research for personalised and precision
nutrition for cancer ptrvention and for cancer survivors.
Radox Biol 2023;62.

Gastroenterol Hepatol Bed Bench 2025;18(3):270-285



