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NUTRIGENETICS AND PERSONALIZED NUTRITION IN
PEDIATRIC METABOLIC DISORDERS: GENETIC
DETERMINANTS OF OBESITY AND DIABETES MELLITUS

Introduction. In recent years, the prevalence of metabolic
diseases, particularly obesity and diabetes mellitus, in the pediatric
population has been steadily increasing. Modern scientific research
proves that the formation of metabolic disorders is due to the
complex interaction of genetic, epigenetic mechanisms, as well as
environmental factors. A special role in this process is played by
genetic polymorphisms that affect appetite regulation, energy
metabolism, insulin sensitivity and lipid metabolism. Identification
of genetic determinants of obesity and diabetes mellitus opens up
new opportunities for the implementation of personalized preventive
and therapeutic strategies.

Materials and methods. The study was conducted as an
analytical review of the scientific literature in order to summarize
and critically analyze current data on the nutrigenetic mechanisms of
obesity and type 1 and type 2 diabetes mellitus in children. For this
purpose, a systematic search and analysis of publications in
international scientific databases, including PubMed, Google
Scholar, Scopus and Web of Science for the period from 2017 to
2025, was conducted.

Results. A review of current studies confirmed the significant
role of genetic factors in the development of obesity and diabetes in
children. The most stable associations with increased body mass
index were demonstrated for variants of the FTO and MC4R genes,
which affect appetite regulation and energy balance. For type 1
diabetes, immunogenetic predisposition is the leading one, while in
the development of type 2 diabetes in adolescents, the combination
of polygenic predisposition (in particular, TCF7L2, KCNIJ11
variants) with obesity and environmental factors is important. It has
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been shown that polygenic risk scores can be used for early risk
assessment, but their predictive value depends on population
characteristics and lifestyle. The integration of genetic, epigenetic
and metabolic data opens up prospects for personalization of
nutrition in pediatrics, but requires further clinical validation and
standardization.

Conclusions. Nutrigenetics deepens the understanding of the
individual predisposition of children to obesity and diabetes, and
explains how nutrition and lifestyle interact with genetic variants in
shaping metabolic disorders. At the same time, most genetic markers
are characterized by a moderate effect, which is significantly
modified by environmental factors. Further development of the
direction requires standardization of methodology, accumulation of
high-quality pediatric studies and development of clear clinical
recommendations for the substantiated integration of nutrigenetic
data in the prevention and treatment of metabolic diseases in
children.

Keywords: child, genetic polymorphism, metabolic syndrome,
obesity, diabetes mellitus, nutrigenetics, nutrigenomics, personalized
nutrition.
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HYTPUTEHETUKA TA MEPCOHAJII3OBAHE
XAPUYBAHHSI IIPU NEJIATPHUHUX METABOJITYHHUX
PO3JIAJAX: TEHETUYHI JETEPMIHAHTH OKHPIHHSI
TA IIYKPOBOI'O JIABETY

Beryn. OCTaHHIX  POKIB  IOUIMPEHHICTh

MeTaboJIIYHUX 3aXBOPIOBaHb, 30KpeMa OXKUPIHHA Ta I[yKPOBOTO

IIpotsirom

niabeTy, cepen OUTSIOTO HACeNeHHs Oe3mepepBHO 3poctae. CydacHi
HAYKOBI JOCHIDKEHHS JOBOIATH, 0 (HOPMYBaHHS METa0OIIYHUX
MOPYIICHb  3YMOBJEHE CKJIQJHOIO  B3a€MOMIEI0  T'€HETHYHHUX,
CMIreHeTHYHUX MEXaHI3MIB, a TaK0X (aKTOPiB HABKOJIUIITHBOTO
cepenoBuma. OcoOMMBYy poibk y I[HOMY TIPOIECi BiIrparoTh
FeHEeTH4HI MoNiMOp(]i3MH, SKiI BIUIMBAIOTh HA PETYJSIII0 aneTuTy,
EHEepreTH4Huii OOMiH, YYyTIMBICTh A0 IHCYJiIHY Ta JIMiJHUN
MeTabosizM. BHSBIEHHS TEHETHYHUX JETepPMIHAHT OXHPIHHI Ta
IyKPOBOTO Iia0eTy BiIKPHBA€E HOBI MOMJIMBOCTI IS BIIPOBA[KECHHS
MepCOHATI30BaHUX NPODITAKTUYHKX 1 JTIKyBaJIbHUX CTPATETiH.

Marepiann Ta meroam. JlociikeHHS BUKOHAHO y (opmati
AQHAJTITUYHOTO OTJISLy HAyKOBOI JIITEPAaTypH 3 METOIO y3araJbHeHHS
Ta KPUTHYHOTO aHaJi3y Cy4YacHHX JaHMX II0/I0 HYTPUT€HETHYHHUX
MEXaHi3MIB OXKHMPIHHS Ta IyKpoBOro iiadery l-ro i 2-ro TumiB y
niTei. 3 1i€r0 MeTor Oylio MPOBENCHO CHCTEMATHYHUHN IOIIYK i
aHayi3 myOmikamii y MiKHapOIHUX HAyKOBHX 0a3ax JaHUX, 30KpeMa
PubMed, Google Scholar, Scopus i Web of Science 3a mepiox i3
2017 no 2025 pik.

PesyabraTn. Ornsg  cydacHUX — JOCHTIDKEHb  TATBEPIUB
3HAYyIly pOJb TEHETHYHHX YHHHUKIB Y PO3BUTKY OXHUPIHHSI Ta
ykpoBoro piabery y nxiteid. HaiiGinpm crabinbHi acomiamii 3
MiABUIICHAM 1HIEKCOM MAacH Tija IPOJEMOHCTPOBAaHI JIJIsl BapiaHTIB
reniB FTO ta MC4R, mo BIUIMBAaIOTh Ha PEryJisiliio aneTury u
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eHepreTnyHuii Oamanc. [lns  mykpoBoro miabery
MPOBITHOIO € IMYHOTE€HETHYHA CXWJIBHICTh, TOMI 5K y PO3BUTKY
niabety 2-ro THITy B HiITKIB 3HAYEHHS Ma€ IO€IHAHHS MTOJIITE€HHOL
cxmwibHOCTI (30kpema Bapianta TCF7L2, KCNJ11) 3 oxupinaaM i
cepenoBUIIHUME (akTopamu. IlokazaHo, IO TOJIT€HHI PHU3HUKOBI
IHIEKCH MOXYTb BHKOPHUCTOBYBATHCS IUIi PAaHHBOTO BHSBIICHHS
MPOTHOCTUYHA IIHHICTh 3QJICXKHUTh  BiJ
crocoOy kuTTS. [HTerparis

l-ro Tumy

pU3UKY, OJHAK IX
MOMyJAIIHHUX ~ 0cOONMMBOCTEH 1
TCHETUYHHUX, CIITCHCTHYHUX 1 METaOOJNIYHHUX JaHUX BIJIKpUBAE

MEepCIeKTHBH MepcoHaNi3alii XapdyBaHHS B IexmiaTpii, mpote
noTpedye moAaNbIIo] KIIHIYHOT Bamiganii Ta cTaHIapTH3arii.
BuchHoBku. Hyrtpureneruka TIOTIIAOITIOE PO3YMiHHS

IHAMBiMyadbHOI CXWJIBHOCTI MiTEHl MO OXXUPIHHA Ta IyKPOBOTO
niabeTy, a TaKOXX MOSICHIOE BIUIMB Xap4dyBaHHS 1 crmocoOy JKUTTA Ha
(hopMyBaHHS METAaOONIYHUX TOPYIIEHb, 3aJEKHO BiJi TCHETUIHUX
BapiaHTiB. BomHouac [Is OUTBIIOCTI TEHETHYHHX MapKepiB
XapaKTepHUH MNOMIpHHHA eQeKT, SKUH ICTOTHO MOAU(IKYEThCS
CepelloBUILHUMY 4MHHMKaMmu. [lomanmpmuii poO3BUTOK HampsMy

notpedye CTaHgapTH3AIlii METOMOJIOTI, HAKOMUYCHHS SKICHHX

nemiaTpuYHUX  JOCHIDKEHb Ta PpO3POOKH UITKHUX  KJIIHIYHHX

peKoMeHpaliil it OOIpyHTOBaHOI IHTErpamii HyTPUI€HETHYHHUX
AHUX Y Tpo(UIaKTHKyY ¥ JTiKyBaHHS METa0OIIYHIX 3aXBOPIOBAHB Y

iTEeMN.
KarouoBi  caoBa:  gitm, momiMopdi3M — TeHETHYHUH,
MeTaOONMIYHUI  CHHAPOM,  OXHpIHHS,  IyKpOBHHA  mialer,

HYTpUTCHETHKa, Hy TPUTCHOMIKa, IIEpPCOHAi30BaHE XapuyBaHHS.

Aemop, sionogioansnuii 3a rucmyseanns: FOnis Manvko, kageopa nediampii, CymcoKull 0epicasHull yHisepcumem,

m. Cymu, Vkpaina, e-mail: y.mozgova@med.sumdu.edu.ua

INTRODUCTION

Metabolic disorders in children, such as obesity and
type 1 and type 2 diabetes mellitus, represent one of the
most pressing medical and social challenges of modern
healthcare. Over recent decades, the prevalence of
childhood obesity has increased to the level of a global
epidemic, contributing to the early development of
cardiometabolic complications [1]. At the same time,
within the structure of pediatric diabetes, an increase is
observed both in the incidence of autoimmune type 1
diabetes and in the growing number of early-onset type
2 diabetes cases among adolescents [2, 3].

Standard dietary recommendations have proven to
be insufficiently effective, as they fail to account for the
substantial interindividual variability in responses to
nutritional factors. One of the key explanations for this
variability lies in genetic characteristics that shape
nutrient metabolism, appetite regulation, and energy
balance [4]. Nutrigenetics, in particular, investigates the
interactions between genomic variations and dietary
factors, thereby enabling the development of
individualized nutritional strategies [5, 6].

The aim of this review is to summarize current
evidence on the genetic determinants of obesity and

type 1 and type 2 diabetes mellitus in children, as well
as to analyze the opportunities and limitations of
applying nutrigenetics in pediatric clinical practice.

MATERIALS AND METHODS

The study was conducted as an analytical review of
the scientific literature with the aim of summarizing and
critically  analyzing regarding
nutrigenetic mechanisms underlying obesity and type 1
and type 2 diabetes mellitus in children.

To this end, a systematic search and analysis of
publications in international scientific databases,
including PubMed, Google Scholar, Scopus, and Web

current evidence

of Science, was performed for the period from 2017 to
2025. The search employed combinations of the
following keywords: nutrigenetics, nutrigenomics,
childhood obesity, type 1 diabetes, type 2 diabetes,
genetic polymorphism, FTO, MC4R, polygenic risk
score, pediatric.

The review included review articles, meta-analyses,
prospective cohort studies, and clinical research
focusing on genetic factors contributing to pediatric
metabolic disorders such as obesity and diabetes, as
well as on the potential application of genotype-based
dietary interventions.
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Literature selection was based on criteria of
scientific relevance, including the recency of
publication, quality of the evidence, and alignment with
current international clinical guidelines. A formal
PRISMA protocol was not applied, consistent with the
narrative review design.

The literature analysis aimed to compare findings
across studies, identify consistent and conflicting data,
and assess the clinical translatability of nutrigenetic
approaches in pediatric practice. In addition, ethical and
practical aspects of implementing nutrigenetic
technologies in pediatrics, as well as potential barriers
to their widespread use, were analyzed.

The synthesis of the results allowed for the
identification of current trends in nutrigenetics and
outlined prospects for its integration into pediatric
medical practice to optimize nutrition and prevent
metabolic disorders.

Nutrigenetics: Current Concepts and Clinical
Relevance in Childhood

Nutrigenetics is a scientific discipline that studies
the relationship between genetic variation in nutrition-
related genes, the body’s response to nutrients and
bioactive compounds, their metabolism, and the
likelihood of disease development. Nutrigenetics
investigates the effects of genetic variability on dietary
influences on health. Nutrigenomics, in turn, analyzes
the impact of nutrition on gene expression and the
associated molecular processes.

Although  these  fields
methodological approaches,

different
increasingly

employ
they are
considered complementary in contemporary research, as
they allow a comprehensive assessment of the
interaction between genotype, diet, and metabolic
outcomes [7, 8].

Modern approaches in nutrigenetics increasingly
involve the integration of systems-level data, including
genomics, epigenomics, metabolomics, and
characterization of the gut microbiota. This enables a
comprehensive modeling of the mechanisms underlying
metabolic  phenotypes, regulation of nutrient
homeostasis, and differential responses to specific
dietary factors [9].

One fundamental concept is the gene—diet
interaction, whereby specific alleles can modulate the
body’s sensitivity to macro- and micronutrient intake,
influence appetite, regulate energy balance, and affect
adipose tissue accumulation and dynamics, thereby
shaping individually variable metabolic profiles [9].

According to recent reviews, single nucleotide
polymorphisms (SNPs) are a central focus in
nutrigenetics: they can modulate metabolism, nutrient
absorption, and folate cycle functioning, as exemplified

by variants in the MTHFR
(methylenetetrahydrofolate reductase) [10].

In pediatrics, nutrigenetics is of particular
importance, as childhood represents a critical period for
the development of metabolic regulation and dietary
habits [11]. Nutrient exposures in early life can, via
genetic and epigenetic mechanisms, determine long-
term risk for obesity and carbohydrate metabolism
disorders. This underscores the importance of
considering genetic variants already in the perinatal
period, as the genotype may influence how a child
responds to maternal nutrition, breastfeeding, or
complementary feeding [12].

Contemporary research integrating genomics,
epigenomics, and the gut microbiota is opening new

gene

avenues for the personalization of nutrition. At the same
time, the implementation of this knowledge into
pediatric practice presents certain challenges, including
the need for standardization, the development of ethical
frameworks, and professional education. To fully realize
the potential of nutrigenetics in supporting child health,
further  research, approaches,
interdisciplinary collaboration are required [13, 14].
In particular, the standardization of genetic testing

systematic and

panels, harmonization of clinical protocols, and the
development of educational programs for healthcare
professionals (including dietitians and pediatricians)
would enable the evidence-based integration of
nutrigenetic approaches into pediatric practice and

facilitate their translation into practical clinical
guidelines.
Special attention should be given to ethical

considerations, including the establishment of clear
policies regarding informed consent, the storage and use
genetic  data, the appropriate
communication of results with parents and pediatric
patients [15].

Genetic
Obesity

Obesity is a multifactorial condition in which both
environmental and genetic factors play a significant
In contemporary settings, childhood obesity
represents not only a medical but also a socio-
psychological According to scientific
evidence, obesity contributes to numerous health
disorders during childhood and later in adulthood. The
metabolic disturbances associated with obesity may
reduce both quality of life and life expectancy at the
population level [16].

Recent reviews emphasize that the heritability of
body mass index (BMI) in childhood ranges from
approximately 40% to 70%, indicating a substantial

of children’s and

Mechanisms Underlying Childhood

role.

concern.

genomic contribution [1, 17].
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Although the evidence base regarding gene—diet
interactions in childhood is expanding, findings remain
inconsistent, underscoring the need for larger-scale and
more standardized studies [18].

Nutrient exposure during the first 1,000 days of life
is of particular importance, as it may program long-term
metabolic risk. Perinatal factors such as breastfeeding,
maternal nutrition, and gut microbiota composition
influence the trajectory of obesity development [19].

In rare cases, obesity is caused by mutations in
single genes (e.g., MC4R [melanocortin 4 receptor],
LEP [leptin], and LEPR [leptin receptor]); however, in
the majority of children, the condition exhibits a
polygenic nature. Within polygenic obesity,
phenotypic variants are commonly distinguished. The
metabolically healthy obesity (MHO),
characterized by the absence of clinically significant
metabolic dysfunction. The second is metabolically
unhealthy obesity (MUO), defined by metabolic
abnormalities and complications reflecting an adverse
metabolic profile.

two

first 1is

The development of obesity results from a prolonged
imbalance energy energy
expenditure. A number of genes play a key role in the
regulation of energy consumption and appetite control,
including GHRL, LEP, LEPR, FTO (fat mass and
obesity-associated gene), MC4R, and GLP-1 (encoding
glucagon-like peptide-1) [20].

Polymorphisms in the FTO gene (rs9939609) and
MC4R (melanocortin 4 receptor) (rs12970134)
demonstrate the most consistent associations with

between intake and

increased body mass index (BMI) and obesity risk
across different age groups [20, 21].

The
considerable importance. According to studies by
Bradfield & Loos (2021) and Vogelezang & Felix
(2020), genome-wide association study (GWAS) meta-
analyses have identified additional variants influencing
childhood obesity risk [22, 23]. Further investigations
have shown that genetic effects may vary depending on
certain loci exert stronger effects

identification of novel loci is also of

age: in early
childhood, whereas others become more prominent
during adolescence [4, 24].

Genetic variants and epigenetic modifications
(including DNA methylation and histone
modifications), in combination with characteristics of
the gut microbiota, collectively contribute to individual
pathways of obesity development. Consideration of gut
microbiota status is particularly relevant, as microbial
composition may modulate metabolic responses to diet
in a genotype-dependent manner. Alterations in the
expression of genes involved in energy regulation,
appetite control, or adipose tissue accumulation may be
partially explained by gene—diet interactions. Moreover,

through  epigenetic = mechanisms (e.g., DNA
methylation), early-life nutrition may “program” future
metabolic phenotypes [9].

The application of polygenic risk scores (PRS)
enables the prediction of obesity risk from early
childhood. Scientific evidence indicates that PRS may
reflect BMI trajectories from birth to adulthood, thereby
opening opportunities for early preventive interventions
in high-risk children [25, 26].

An important aspect is the modulation of genetic
effects by dietary factors. For example, carriers of the
FTO risk allele demonstrate greater protection against
excess weight when consuming a high-fiber diet [21]. A
polymorphism near MC4R has been associated with
increased intake of sugar-sweetened beverages, making
this genetic marker a potential target for behavioral
interventions [20]. Similarly, interactions between
genetic predisposition and overall diet quality have been
confirmed in large cohort studies [27].

A recent meta-analysis demonstrated that the FTO
rs9939609 and rs1421085 alleles are associated with
components of metabolic syndrome in children and
adolescents, including increased waist circumference,
elevated fasting glucose levels, higher blood pressure,
and reduced HDL cholesterol concentrations [28].

In a study by Bryl et al. (2023), polymorphisms in
FTO and MC4R, together with perinatal factors and
exposure to adverse childhood events (ACEs), were
shown to exert a combined effect on BMI, fat mass, and
other anthropometric indicators in children aged 6-12
years. The authors further reported that the presence of
“risk” genotypes, in combination with unfavorable
environmental factors, amplified negative effects on
adiposity-related parameters [29].

The FTO gene represents one of the loci most
consistently associated with body mass index in
children.  The studied  1$9939609
polymorphism has been reliably linked to an increased
risk of overweight and obesity; however, the strength of
this association varies considerably across studies [21,
29].

At the molecular level, FTO encodes a demethylase
enzyme that acts on RNA modifications (notably N6-
methyladenosine, m6A) and influences adipogenesis
and energy metabolism through the regulation of
transcript processing and stability. These molecular
functions provide a mechanistic explanation for how
variants in regulatory regions of FT7O may alter the
expression of genes involved in appetite control and fat
accumulation [30].

In an adolescent cohort,

extensively

the FTO 159930506
polymorphism was correlated with lower resistance to
eating, indicating an influence on eating behavior rather
than solely on metabolic pathways. Although this study
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did not include younger children, it highlights the
potential impact of the F7O genotype on behavioral
components (e.g., appetite and food motivation), which
is relevant for nutrigenetic modeling [31].

Analyses of pediatric cohorts further suggest that the
effect of FTO variants is substantially modified by
lifestyle factors. In children with higher levels of
physical activity and better diet quality, the association
between the risk allele and increased BMI is attenuated
or loses statistical significance. This gene-lifestyle
interaction has important practical implications for
preventive programs targeting children with elevated
genetic risk [32].

In several recent pediatric studies, associations
between specific FTO SNPs and BMI did not reach
statistical significance, reflecting sample heterogeneity,
ethnic differences, the influence of other genetic loci,
and environmental factors. Therefore, the interpretation
of findings should carefully consider population
characteristics and study design [33, 34].

Thus, FTO polymorphisms represent an important
marker of genetic susceptibility to obesity in children;
however, they should not be regarded as deterministic
factors in obesity development. Rather, they may be
interpreted as markers of increased sensitivity to
adverse environmental exposures, which has practical
implications for early prevention strategies [34, 30].

When  describing the impact of MC4R
(melanocortin-4 receptor) polymorphisms on childhood
obesity, it should be emphasized that the MC4R gene
plays a key role in the central regulation of appetite and
energy balance [35]. The rs17782313 polymorphism,
located near this gene, has been consistently associated
with an increased risk of obesity in children across
different ethnic groups. Study findings indicate that
carriers of the risk allele tend to exhibit more rapid
weight gain, a higher percentage of body fat, and a shift
in dietary preferences toward high-calorie foods [36].

Population-based studies conducted in Spain, China,
and Turkey demonstrate the stability of the MC4R effect
across diverse ethnic groups. In large cohort samples,
the frequency of MC4R variants has been associated not
only with obesity but also with other metabolic
phenotypes, including elevated blood pressure, insulin
resistance, and components of metabolic syndrome [37—
39].

Comparative analyses suggest that although FTO
and MC4R polymorphisms are frequently incorporated
into polygenic risk scores, their clinical significance
differs. In contrast to FTO, MC4R variants are more
often associated with earlier-onset and more severe
forms of obesity and appear to be less modifiable
through behavioral interventions. This supports
consideration of MC4R as a marker of increased risk for

severe obesity phenotypes in childhood, whereas the
impact of FTO is substantially influenced by lifestyle
factors [30, 33, 39].

This distinction has practical implications: carriers
of FTO wvariants may derive greater benefit from
behavioral and dietary interventions, whereas children
with MC4R variants may require earlier and more
intensive monitoring.

Genetic Aspects of Diabetes Mellitus in Children

Diabetes mellitus in childhood is most commonly
represented by autoimmune type 1 diabetes (T1D) and
type 2 diabetes (T2D), the latter predominantly
manifesting during adolescence. In both conditions,
genetic factors play a substantial role; however, their
contribution and clinical implications differ. In T1D,
immunogenetic susceptibility is central, whereas in
T2D, disease development reflects the interaction
between polygenic predisposition, obesity, and
environmental influences [2, 40].

Genetic testing may be useful for clarifying the type
of diabetes and predicting disease course; however, its
practical value depends on the specific clinical context
and should always be interpreted in conjunction with
phenotype, risk factors, and the presence of comorbid
obesity [2, 41].

The development of T1D results from the interplay
between genetic susceptibility and environmental
triggers. The most significant genetic predictors are
associated with the HLA region, while additional loci
(including INS and PTPN22) have also been implicated,
supporting the immunogenetic nature of the disease [2].

Of particular interest in pediatrics is the impact of
early-life nutrition, which may modify potential
diabetes risk. The literature describes associations
between gluten and cereal intake and the development
of autoimmune responses in children, as well as
evidence linking the timing of cereal introduction to
T1D risk in prospective studies [40, 41]. High levels of
gluten intake during the perinatal period have been
associated with an increased risk of T1D in offspring
[42]. Similar findings have been reported for maternal
dietary patterns during late pregnancy [2].

Thus, the risk of developing T1D is predominantly
genetically determined, whereas early-life nutritional
factors may exert an additional modifying effect;
however, the effectiveness of preventive strategies
remains limited [43, 44].

In contrast to adults, T2D in adolescents is
characterized by a more aggressive course and more
rapid development of complications, underscoring the
need for early risk prediction. Contemporary genetic
studies indicate the involvement of loci associated with
B-cell function and insulin resistance, and demonstrate
that several “adult” T2D susceptibility markers (e.g.,

33
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TCF7L2, PPARG, KCNJIIl) are also relevant in
pediatric populations [3, 45].

Long-term follow-up studies have shown that T2D
in adolescents progresses rapidly and often requires
combination therapy, highlighting the importance of
developing genetically informed dietary strategies.
Conclusions from recent reviews suggest that
understanding the genetic characteristics of pediatric
T2D enables the implementation of a personalized
approach to patient management [3, 46].

Polygenic risk scores (PRS) aggregate the
contribution of multiple GWAS-identified markers
associated with T2D and obesity and may correlate with
early BMI elevation, insulin resistance, and the risk of
metabolic disturbances in children and adolescents [3,
47]. However, their predictive value remains limited
due to factors such as ethnic variability of genetic
markers, the requirement for large validation cohorts,
and the substantial influence of environmental factors
(including diet and physical activity) [48].

Particular attention has been directed toward
epigenetic mechanisms. Altered DNA methylation
patterns and other epigenetic modifications induced by
nutritional exposures during the perinatal period may
significantly increase the future risk of T2D
development [47, 48].

In summary, immunogenetic susceptibility plays a
central role in TID, whereas early-life nutritional
factors may modify disease risk; however, preventive
dietary interventions demonstrate heterogeneous levels
of evidence. In adolescents with T2D, genetic markers
more commonly reflect susceptibility in combination
with obesity and environmental influences, supporting
the potential utility of polygenic approaches (PRS),
albeit with consideration of their limitations and the
need for further wvalidation. Taken together,
nutrigenetics may serve as a tool for early risk
assessment, contributing to risk stratification and the
individualization of preventive strategies.

Personalized Nutrition: Integration of Genetic
Data into Clinical Practice and Future Perspectives
of Nutrigenetics

The application of nutrigenetics in pediatrics offers
opportunities to move from universal dietary
recommendations toward personalized strategies.
Genotype-guided  nutrition may  enhance the
effectiveness of prevention and treatment of metabolic
disorders in children [5, 49].

Personalized nutrition aims to tailor dietary
recommendations to an individual’s biological
characteristics—including genotype, metabolic profile,
microbiome composition, and lifestyle—in order to
improve health outcomes and prevent chronic diseases

[6].

Nutrigenetic data already enable the identification of
specific variants that modulate responses to nutrients
(e.g., genetic polymorphisms associated with lipid,
carbohydrate, folate, or vitamin D metabolism) and may
serve as an additional tool in the development of
individualized nutrition plans [5].

However, clinical implementation remains limited.
Many reported associations demonstrate modest effect
sizes for individual SNPs, and the overall quality of
evidence is heterogeneous. Large-scale randomized
controlled trials and standardized algorithms for genetic
data interpretation are required for broader clinical
application. Additional limitations include the ethnic
specificity of GWAS findings, study heterogeneity, the
lack of standardized genetic testing panels, and the
absence of clear interpretative algorithms for pediatric
populations. Moreover, the substantial influence of
environmental factors—such as diet, physical activity,
and social context—further complicates the isolated use
of genetic markers in clinical decision-making [50].

The integration of genetic data with metabolomics,
transcriptomics, and microbiome profiling (multi-omics
approaches) represents a promising strategy to enhance
predictive accuracy and develop clinically applicable
biomarkers, as the incorporation of multiple parameters
may better capture the complex interactions among
genes, diet, and environment [51]. Such advances may
facilitate the development of preventive nutrition
programs in school settings and the creation of digital
tools to support personalized dietetics [6, 52].

For the effective integration of nutrigenetics into
both pediatric and adult clinical practice, several
prerequisites must be met: clinically validated panels of
genetic approved  interpretation
algorithms; electronic clinical decision-support systems
integrated into hospital discharge summaries and
outpatient electronic health records; structured training
for physicians and dietitians regarding the significance
and limitations of genetic findings; and clearly defined
ethical and legal frameworks addressing confidentiality
and informed consent [51].

markers  with

Economic feasibility and accessibility of testing
remain additional barriers. The cost of comprehensive
genetic analyses, together with the lack of standardized
clinical guidelines, continues to limit widespread
implementation in routine practice—particularly within
resource-constrained healthcare systems [10].

The principal dietary individualization algorithms
for children carrying FTO and MC4R variants include
caloric intake control, increased dietary protein
proportion, and restriction of sugar-sweetened
beverages [20, 21]. For carriers of polymorphisms
associated with an elevated risk of diabetes (e.g.,
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TCF7L2, KCNJ11), a low-glycemic-index diet enriched Evidence from contemporary research indicates that,
with dietary fiber is recommended [1, 46]. for most genetic markers, effect sizes are modest and

CONCLUSIONS substantially modified by environmental influences.

In  summary, nutrigenetics deepens  our This limits their utility as independent clinical
understanding of individual susceptibility to obesity and predictors. Therefore, the greatest practical value of
diabetes in children and helps elucidate how dietary nutrigenetics lies in risk assessment and the
patterns and lifestyle factors influence the development individualization of preventive strategies rather than in
of metabolic traits. serving as a basis for rigid dietary prescriptions.

PROSPECTS FOR FUTURE RESEARCH

Future research prospects include large-scale pediatric cohort and randomized studies to study polygenic risk
indices. This will allow standardizing methods for assessing the impact of nutrigenetics and developing clinically sound
personalized dietary recommendations for the prevention and treatment of metabolic diseases in children.
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