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Abstract

Obesity is a complex disease that is characterized by
an unhealthy proportion of body fat and metabolic
diseases. It has also been recently shown that
epigenetics (e.g., DNA methylation, histone changes,
and non-coding RNAs) must be considered in treating
obese clients because epigenetics can manipulate
adipocytes and energy metabolism. Calorie-restriction
(CR) methods have already been known to vyield
iweight-loss effects. Recent studies have established
that epigenetic modification in adipose tissue are
central to CR intervention can initiate a more
preferable remodelling of epigenetics in adipose tissue,
in a way that will enable a change in metabolic state.
The article recounts the effects of CR intervention on
the adipose tissue epigenetics in obese adults, and as
case illustrations of a clinical nutrology perspective.
The recent studies gave significant results, such as
coordinated alterations in obesity-related locus CR-
induced methylation, histone acetylation, and changes
in microRNA expression that result in better insulin
sensitivity, = reduced inflammation, and lipid
metabolism. It means that epigenetic markers can be
considered as markers of dietary responsiveness that
would allow individualized nutrition in the case of
differences in responding to CR interventions, including
potential confounders. These are just initiations to the
incorporation of epigenetics into the nutrition sciences,
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and It consider CR not only as a calorie-limiting
intervention but also as an intervention that can alter
gene regulation. This will enable us to advance the
nutrition practice in the future with precision nutrology,
developing sustainable obesity management, and
providing metabolic health in the long term.
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Introduction

Obesity is an important global health problem,
with more than 650 million adults affected by it, and
with it playing a major role in the growing metabolic
disease burden (such as type 2 diabetes,
cardiovascular disease, and non-alcoholic fatty liver
disease) [1]. The problem of obesity was formerly
treated as an energy intake/energy expenditure issue,
but it is now attributed to a multifactorial interaction of
genetic, lifestyle, and environmental exposures.
Combined with the complex interaction of metabolism
and weight, adipose tissue (and also a passive store of
energy) is dynamic and endocrine: ie., regulates
systemic metabolism by adipokines, cytokines, and
lipid mediators [2].

More recently, advances in molecular biology have
established that epigenetic mechanism play a large role
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in regulating the function of adipose tissue and its
metabolic outcomes. Epigenetic changes include: DNA
methylation, histone acetylation, and methylation of
non-coding RNA [3]. Epigenetic changes regulate gene
expression even though the DNA sequence remains
unchanged. These epigenetic changes are dynamic and
modulated via dietary substrates or environmental
exposures, suggesting a mechanism for nutrition to
regulate longterm metabolic health [4,5]. In the
future, identifying maladaptive epigenetic changes that
occur in  obesity associated with compromised
adipogenesis, chronic inflammation, and impaired
insulin signalling may aid in understanding energy
homeostasis.

Calorie restriction (CR) is a dietary approach that
limits daily energy intake within a malnutrition-free
level. CR has consistent positive effects on weight loss,
insulin sensitivity, and inflammation levels [6,7].
Moreover, obesity research is beginning to show that
these positive effects may, in part, happen via
epigenetic remodelling of adipose tissue. For example,
a CR state may lead to alterations in DNA methylation
at loci associated with lipid metabolism and glucose
regulation, changes in histone acetylation patterns,
and changes in microRNA profiles [8,9].

Caloric restriction effects on the adipose
epigenome are relevant to nutrology to assist in the
identification of diet-responsive biomarkers and
whether dietary strategies need to be personalized
[10,11]. The objective of this paper was to provide a
summary of the existing evidence-based and clinical
inferences of the management of obesity.

Methods
Study Design

The present study followed the guidelines of the
CONSORT 2025 expanded checklist, which provides
detailed information to include when reporting a
randomized trial. Available at:
https://www.consortspirit.org/_files/ugd/b5740e_a685
6e5e2cf94a1db5a8005853404160.pd f> Accessed on:
December 10, 2025.

Ethical Approval
The study was approved by the institutional ethics

committee in Kalinga University. Department of
Pharmacy, Naya Raipur, Chhattisgarh, India, and
adheres to the ethical principles outlined in the
declaration of Helsinki, as revised in 2024.
Informed Consent

Informed consent was obtained from all

participants involved in the study, with all procedures
explained in detail before participation.

Participants, Sample Size and Calorie Restriction
and Epigenetic Assessment

A total of 60 participants are recruited in the study
that met the inclusion criteria of 25 to 55 years of age,
and BMI of 30 kg/m? or above. To predetermine the
sample size, a statistical power analysis was performed
to determine that the sensitivity of the study was
sufficient to detect meaningful differences in epigenetic
markers and metabolic outcomes in calorie restriction.
The calculations of power have been made under the
assumption of an intermediate effect (Cohen d=0.5), a
significance level (a) of 0.05, and desired statistical
power of 0.80. According to these parameters, a sample
of 54 participants was taken as the minimum; hence,
the enrolment of 60 participants was possible in this
case in case of any dropouts without compromising with
the statistical power. Such a sample size was sufficient
to identify meaningful results of calorie restriction levels
and time-points with repeated-measures analyses,
which confirms the validity of the research results.

Figure 1 shows the general methodological structure
of the study, where the participants will be recruited and
baseline data will be recorded, and, subsequently, they
will be pursued by the means of a calorie-restricted diet
intervention. The participants are monitored regularly
during the period of intervention to monitor compliance
and physiological changes. Adipose tissue biopsy is then
used to collect biological samples which allow
downstream molecular analysis. Epigenetic studies such
as DNA methylation, histone modification profiling, are
done using genomic DNA, whereas gene expression is
done using parallel RNA extraction. These molecular
datasets are then analyzed rigorously with respect to
bringing out meaningful patterns and association. Lastly,
findings of epigenetics, transcriptomics and clinical
analyses are combined to offer an overall picture of the
molecular and regulatory impact of calorie restriction to
enable solid interpretation and biologically significant
findings.
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Figure 1. Schematic steps for the evaluation of epigenetic
marks in adipose tissue. Source: Own authorship.
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Calorie Restriction Procedures

The dietary study included a control energy
reduction (—30-25%), energy deficit portioned by
indirect calorimetry measurement, with consideration
of physical activity levels. Macronutrient composition
was balanced (50-55% energy - carbohydrates; 1-2),
(25-30% energy - fat; 15-20% energy - protein)
percentages of daily total energy intake. This process
mix list outlined suitable food examples and included
consideration for a micronutrient dietary pattern.
Participants are generally adults, they are enlisted in a
caloric restriction (12-to-16) trial with nutrition
counselling, developing participant adherence, and
minimizing drop out. Adherence to the dietary pathway
and relevant intake behaviour (three-day dietary
record), and urine nitrogen excretion measures within
the urinary output period are assessed through the
measurement of urinary nitrogen and balance rate
within compliance checks.

Calorie Restriction—Epigenetic Remodelling—
Metabolic Outcome Axis:
Epigenetic Response Dynamics in Equation 1,
dE

at = Kaee *S(8) — kdecay -E() (1)

e F(t) Epigenetic response scores (DNA
methylation + histone + miRNA composite)

e S(t): Calorie restriction signal (% deficit or
kcal/day relative to baseline)

o kact: activation constant

o Kdecay: relaxation constant

Link to Metabolic Outcome in Equation 2,
oE(t)

M(t) = M, te o (2)

M(t): Metabolic health outcome (insulin
sensitivity index)

Mo: baseline value

a: maximum achievable improvement

Km: half-effect parameter

The first equation describes the dynamics of
epigenetic response, where the rate of change over
time of the epigenetic score, E(t), is a function of the
strength of the calorie restriction signal, S(t), and a
decay term. By using this model, it can describe how
nutritional stimuli activate or facilitate the deactivation
of DNA methylation, histone modifications, and
microRNA by starting with the appropriate time scale
and then capturing these processes over time.

The second equation connects the epigenetic
score to a clinical metabolic outcome M(t). In this
equation, it gathered a saturating (Michaelis—Menten)
solution to explain that anterior metabolic benefits

continue to rise as epigenetic remodelling increases,
but eventually taper off at higher levels. This
demonstrates that it has both responsiveness vs
eventual biological limits in obesity.

Adipose Tissue Sampling

Subcutaneous adipose tissue biopsies were taken
at baseline and at the end of the CR intervention,
employing a sterilized technique and localized
anaesthetic for pain relief. The adipose tissue consisted
of approximately 300 mg of total mass, which was
obtained at the abdominal site, immediately
transported and snap frozen in liquid nitrogen, and
stored at -80°C until analyses.

Epigenetic Analyses

DNA was extracted with the double-phase phenol-
chloroform method. Genome-wide DNA methylation
profiling was conducted by means of Illumina Infinium
Methylation EPIC Bead Chip arrays. Differential
methylation at specific loci was validated by use of
targeted bisulfite pyrosequencing. Histone marks,
including acetylation (H3K9ac) and methylation
(H3K4me3, H3K27me3), are profiled by chromatin
immunoprecipitation and quantitative equilibrium PCR
(ChIP-gPCR). MicroRNA expression profiling was
performed by means of next-generation sequencing,
and selected miRNAs were validated by qRT-PCR.

Statistical Analysis

Linear mixed-effect models were used to estimate
the differential methylation and enrichment of histone
marks with adjustments for age, sex, and baseline
BMI. To control multiple testing, it applied the
Benjamini-Hochberg false discovery rate (FDR). The
correlations between the epigenetic changes and
clinical outcome measures (weight loss, insulin
sensitivity, adipokine concentrations) were established
by the use of Pearson or Spearman correlation as a
suitable method. The approach can be fully
characterised using this methodological approach to
determine how CR controls the adipose tissue
epigenome, and to relate the molecular weight
remodelling to metabolic phenotype.

Results and discussion

Table 1 describes important epigenetic processes
that calorie restriction induces in obese individuals. It
concentrates on three relevant epigenetic changes -
DNA methylation, histone changes, and the expression
of microRNAs - that regulate the remodelling of
adipose tissue. Each epigenetic process involves
specific molecular modifications, influence on adipose
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tissue physiology, and associated clinical phenotype. provided with avenues to undertake dietary
The Table 1 method enables the reader to define the intervention in terms of the molecular signature, as
relationship between nutrient availability and molecular opposed to the usual means. Micronutrient sufficiency
plasticity through calorie restriction, and this is further should also be taken into consideration in any calorie-
evidence that calorie restriction is a nutrology-based restriction intervention. Numerous vitamins and
intervention in the management of obesity. bioactive = compounds (folate, vitamin  B12,

polyphenols, etc.) are used as cofactors in one-carbon
Table 1. Key Epigenetic Modifications Observed Under metabolism and histone modification signalling that

Calorie Restriction. regulates epigenetics [13,14].
Nutrology paradigm also comes in handy in the
Epigenetic Molecular Change Effect on Adipose Clinical Impact intrOdUCtion Of early intervention and prevention' The
Mechanism Tissue . . . .
DNA Hypomethylation at Increases lipid oxidation Improved insulin ma"eablllty Of .adlpose tlssue. . was dISCL.Isseq'
Methylation metabolic gene and mitochondrial  sensitivity hlghllghtlng that, in terms of nutritional Strateg|es, it
T tivi .. .
PIOMOTE ety appears not to be limited to the treatment of obesity-
Histone SIRT 1-mediated Suppresses inflammatory Reduced systemic . . . ... .
Acetylation deacetylation of histones  gene expression inflammation related Comphcat'ons- PraCtlcaIIYI CIInICIanS mlght
microRNAs | miR-27a, | miR-34a, 1 Enhances gl Mgt have structured mechanisms at their disposal to
wiR-193b catabolism and adipocyte - metabolic consider caloric control and epigenetic control
differentiation flexibility
[15,16].

Source: Own authorship. L . .
To sum up all that, as it is incorporate epigenetic

insights into our paradigm of inducing weight loss, it
is also refocus on a new centre by making CR more
than a caloric pathway in two respects: by focusing a
dietary intervention as a form of molecular therapy
that comprises not only nutritional research but also
modern clinical practice, and by making us a
prospective extension of nutrology as a frame of
necessary future development of the obesity care
continuum.

Clinical and Nutritional Implications of
Epigenetic Reprogramming

Reprogramming of adipose tissue by epigenetic
mechanisms following calorie restriction (CR) may
have important clinical and nutritional implications in
the treatment of obesity. Of high importance is that
both CR and diet can modulate expression of
metabolic programming and epigenetic alteration,
contrary to the paradigm a few decades ago, in which
diet was the factor of energy homeostasis. This
becomes particularly ironic to nutrology, which
recognizes that food is not merely fuel; in fact, it does

influence the health of cells and molecules. DNA Methylation and One-Carbon Metabolism
Clinically, the truth that CR may result in the CR influences DNA methylation dramatically,
alteration of DNA methylation, histone modifications, partially connected with the alterations in the supply of
and miRNA expression indicates that specific nutrients methyl groups, i.e., the availability of methyl donors
can alter the pathogenic epigenetic signatures e as folate and vitamin B12. CR, in turn, affects the
resul.tl-n-g in obesity. It is also kr.lown .that |nsuI|_n contribution of the DNA methyltransferase (DNMT)
sensitivity can be altered by epigenetics, chronic activity. Humans consume less and are modifying
inflammation, and lipid metabolism, and they are adipogenesis-related  genes  that may  imply

among other risk factors to consider in the curative  5qummetrical demethylation, that is, loss of metabolic
treatment of obesity, curative treatment of obesity, plasticity.

type 2 diabetes mellitus, etc [12]. Nevertheless,

certain of the epigenetic effects of weight loss Histone Modifications and Sirtuin Activity
response raise the significant question as to whether CR activates the sirtuin-1 (SIRT1) enzyme, which

CR can yield metabolic advantages over time, s 5 picotinamide adenine dinucleotide (NAD*)

independ.e_nt of weight Ioss.. dependent deacetylase of histones. By increasing
Nutritionally, epigenetic markers present hope to  gipT1 activation, CR increases relaxation of chromatin
the future of dietary responsiveness, in which in /oci responsible for lipid oxidation. This chromatin

variations ih weight Ioss,.whicj*h can be seen Wit_h_ the relaxation also improves the inhibitory regulation of
same CR, indicate that individuals could be divided inflammatory genes in adipose tissue, ensuring

into .respon(.iers Yersus .non-responders based on enhanced adipose tissue function.
baseline epigenetic profile. This offers avenues
towards precision nutrition whereby people are
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MicroRNA Regulation
CR also alters microRNA expression by

downregulating the negative effect of adipocyte 12

hypertrophy (associated with insulin resistance) v ——
through the expression regulation of miR-27a and miR- 8

34a. At the same time, CR also maintained miR-193b, 6

enabling better regulation of the lipid catabolism in s

mitochondria. » -

Energy sensing pathways o1 02 03 oa o5 o5 07 o8
Finally, CR interacts with various nutrient-sensing HCRI0% W CR20% mCRI0%

signals, such as AMPK and mTOR, that engage with

epigenetic enzymes that link the energy status and Figure 2. Epigenetic Response over Time (E, 0-1 scale).

gene expression, thereby allowing us to link and Source: Own authorship.

mechanistically explain how CR anticipates reshaping

o

adipose tissue biology through epigenetic remodelling. Additionally, the histone modifications observed
are consistent with the epigenetic profile that is
Epigenetic Remodelling in Adipose Tissue observed. CR is associated with increased levels of

Calorie restriction (CR) resulted in significant ~ H3K9ac and increased levels of H3K4me3 in regulatory
changes in the adipose tissue epigenome of adults with regions of genes involved in promoting lipid
obesity. Genome-wide profiling of DNA methylation mobilization and mitochondrial function. Conversely,
should identify global changes within /oc/ related to H3K27me3 levels that are used in the regulation of
metabolic regulation, including several genes related to insulin responsiveness are reduced with CR. The total
lipid storage, insulin signalling, and inflammatory  of these histone modification changes is a more
pathways. The differentially methylated CpG sites are  favourable chromatin landscape for the activation of
significantly enriched near the promoters of obesity- metabolically flexible-related genes.
related genes such as PPARG, LEP, and IRS1. Bisulfite The profile of microRNA revealed a shift in the
sequencing analysis for validation confirmed significant expression of key regulators, such as the
demethylation of loci in adipogenesis genes, while pro- downregulation of miR-27A and miR-34A, regulators of
inflammatory genes should to increase methylation,  hypertrophic adipocytes and insulin resistance, and
indicating a functional change favouring metabolic  upregulation of miR-193b, a lipid catabolism regulator.
health. Comparing molecular and clinical outcomes revealed

The temporal epigenetic response (E/10) to that the more intense epigenetic remodelling would be
alternative degrees of calorie restriction (CR 10%, CR  correlated with higher weight loss and insulin
20%, and CR 30%) at different time points is shown in  sensitivity. Notably, inter-individual variation was
Figure 2. The findings indicate that the dose  substantial; the respondents had higher DNA
dependency is evident, and more pronounced levels of  methylation and histone alterations compared to non-
calorie restriction always have stronger epigenetic  responders. Our results are in favour of the future
effects, as time goes by. At the early time points, the application of epigenetic signatures as biomarkers of
changes in epigenetics are not significant in all groups, food responsiveness to control obesity [19,20].
and there is little distinction between the levels of CR
[17,18]. With the continuation of intervention, the Mechanistic Insights and Nutrology Perspectives
intensity of response is also heightened, especially in All these results point towards calorie restriction
the CR 20% and CR 30% groups, suggesting a gradual  as a driving force of the adipose tissue epigenome. The
build-up of epigenetic changes. CR 30% condition  remodelling of the DNA methylation is as tall as the
shows the strongest and sustained response at the  histone landscape is evidence that nutritional
later time points, whereas the CR 10% group shows @ manipulations can reprogramme the transcriptional
relatively smaller and sloping response. Having said networks  controlling  adipocyte  dynamics. A
that, the figure underlines the fact that the duration combination of these phenotypes of gene
and the intensity of calorie restriction have a significant ~ demethylation of adipogenesis and mitochondrion
role in regulating the epigenetic responses, and the  promoters of activity and silencing of pro-inflammatory
stronger and longer-lasting the effect of the restriction  |ocj is all indicative of a mechanism of CR to enhance
is, the higher the restrictions are. insulin  sensitivity and low-grade inflammation in

International Journal of Nutrology (2026) Page 5 of 10
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obesity. Molecular changes are consistent with Table 2. Model Parameters and Biological
previous accounts of DNA methyltransferase and Interpretation.

histone deacetylase activity changes in response to CR, Parameter  Symbol Meaning Biological Interpretation
Wh|Ch provide evidence that CR directly Contl’ibutes to Activation Kacr Speed of  epigenetic Reflects responsiveness to calorie
L . rate activation under CR restriction
transcrlptlonal e.nV”'Ol'.]ment Changes' Decay Kaecay Rate of loss of epigenetic Indicates persistence of
Changes in microRNA are another level of constant signal without CR remodelling effects
regulation. The down-regulation of insulin resistance- Mm@ Upgey i of mesisle Repeeems  de  dewpaic
. . . effect improvement potential of CR-induced
related miRNAs (e.g., miR-27a, miR-34a) and the up- remodelling
regulation of |Ip0|yt|C miRNAs emphaSize the is tall- Half-effect Ku Epigenetic level at which Indicates sensitivity of outcomes
constant 50% of the effect occurs to epigenetic change

regulated role played by post-transcriptional regulation
in the metabolic response to CR. The results are in line Source: Own authorship.

with the model that suggests that CR triggers the

alteraton of multiple  epigenetic  pathways Epigenetic Modifications and Precision Nutrition
simultaneously, and the pathways converge at the  in the Context of Obesity Management

stage of recreating metabolic homeostasis [21,22].

The epigenetic responses being flexible, especially
in view of inter-individual disparities, as those
individuals who show remodelling in greater amounts
appear to be responders, gives support to the
hypothesis that dietary outcomes are predetermined by
the epigenetic state before CR. This assists in
integrating other emerging ideas of precise nutrition,
wherein epigenetic biomarkers can be utilized to
foresee responsiveness in subjects as till as tailoring
interventions. In addition, micronutrient presence in
one-carbon metabolism, histone modification, and
miRNA biogenesis is evidence that CR protocols should
be balanced with nutrients so that they can maximize
the beneficial effects of epigenetic change.

Table 2, which was built to describe the calorie
restriction-epigenetic remodellingmetabolic outcome
axis, has been summarised in Table 2. All the
parameters are transformed into a biological parameter
that facilitates the conversion to nutrology action for
the quantitative modelling. In order to demonstrate the
correlation between the theoretical constructs and the
clinical realities, the table provides an excursion into
fixed values such as the rate of activation, the decay
constant, the maximum effect, and the half-effect
value, and how these definitions interrelate with the
behaviour of adipose tissue. This is translationally
effective on the model and helps in assessing its
predictive value. Limitations also need to be stated:
biopsies are taken on subcutaneous fat, the duration of
the study was insufficient, and follow-up was lacking.
However, it is counted as a consequence of
mechanistic data on the way CR can be other than a
caloric therapy as a molecular therapy in which the
adipose biology is restructured. As soon as the findings
are implemented as clinical nutrology practices, the
treatment of obesity may subsequently begin to make
a more personalized and molecularly focused approach
to treatment.

International Journal of Nutrology (2026) Page 6 of 10

Epigenetic Biomarkers for Dietary
Responsiveness

The increased potential of the epigenetic
alterations in adipose tissue following an energy
restriction (and more so, the energy restriction)
creates opportunities for unexplored scales in the
future of obesity management. To explain, it shows
that calorie restriction has consequences at the
molecular level and alters the responsiveness of
tissues in the aftermath of body weight loss [17]. It
now has a duty to think of the future of obesity
treatment practice that employs evidence using new
technology in the field of precision nutrition, adopts a
personcentred contemporary approach, and promotes
its prevention.

Figure 3 depicts the correlation between the
normalized metabolic outcome and epigenetic
response, which is the percentual change in insulin
sensitivity. The value shows that there is a clear
positive relationship with the increase in the
metabolic improvements as the epigenetic response
values rise. When the levels of epigenetic response
are low, the degrees of metabolic gains are also low,
meaning that there are no significant physiological
effects. An increase in epigenetic response is
associated with a significant increase in insulin
sensitivity, with significant improvements at mid and
higher response levels. The trend is then leveled off
at the maximum values of the epigenetic response
values, and it is possible that there is a saturation
effect, as extra epigenetic changes will give smaller
returns in terms of metabolic effects. Altogether, the
number demonstrates the practical value of
epigenetic regulation, and it is possible to agree that
more significant epigenetic changes triggered by
dietary intervention are directly correlated with
significant changes in the metabolic status.
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where continuous monitoring is possible, and wearable
devices that may be applied to measure energy
50 e @ expenditures, diets, metabolic alterations, etc., in real-
x5 time could be used [23,24]. Combining artificial
% intelligence algorithms with the epigenetic profile of
-I the person, it is possible to construct a personal eating

Metabolic Qutcome (M, %)

schedule that, in addition to not spending unnecessary
calories, will help achieve the most effective epigenetic
changes. These potential developments would
represent a giant leap in the discipline of the older,
more classic interventions that focus on weight loss,
when it permits one to take an individualized, accurate
approach to managing obesity via reactive and passive
methods of managing the obesity via proactive
molecular adjustment.

—
0
0 0.

1 0. .4 05 0.7 0.8 1

Metabolic Outcome (M, %)

Figure 3. Epigenetic Response vs Metabolic Outcome (M, %
improvement in insulin sensitivity). Source: Own authorship.

Integration of Multi-Omics Approaches
One avenue to explore is to identify epigenetic
biomarkers that can predict an individual's response to

dietary interventions. At the moment, in dlinical  Nutrient-Epigenome Interactions in CR

practice, body mass index and biochemistry are the  Regimens _ -

accepted anthropometric and biochemical measures Moreover, the necessity to talk about the stability
used to measure patient homework (i.e., degree of  and transgenerational effect of CR induced epigenetic
weight loss) on the path to improved health and well- changes is still widespread. There are reports of short-

being. However, using anthropometric and biochemical ~ term remodelling, but it is not clear whether dietary
measures to predict brain-body interactions, does not ~ changes are sustained with weight regain. There is
account for the intra- and inter-individual variability it @ISO emerging evidence of inter-generational epigenetic
sees in the outcomes from calorie restriction. If  Processes of offspring's metabolic health because
clinicians are able to predict, quantify, and utilize pre- epigenetic modification appears hereditary. Of interest
specified DNA-methylation signatures or histone will be the possibility of CR in adults being able to
modification or small nucleic-acid signatures such as ~ Permanently modify the epigenetic programming of
microRNA expression at baseline, then they could their children, since there are important implications
stratify patients into groups, such as ‘likely for public health.

responders” or “low responders”. Segmentation of

patients in this manner would support clinicians by ~ Towards Personalized Nutrology-Based

identifying ineffective interventions and signalling ~ Interventions

which moderation to employ within the dietary The future intervention would be to have a
prescription, thus ameliorating loss of composure and ~ conceptual nutrology pathway, which would be used in
fatigue amongst the patient. such a way that there would be a realization that

caloric restriction would be used to supplement the
Digital Health and Precision Nutrition Tools need for micronutrients. One-carbon metabolic

Finally, multi-omics information should be  cofactors and histone modifiers are vitamins such as

incorporated into the nutrology and practice, which isa  folate, B12, and, to a slightly lesser degree, B6,
rational choice, and should be presented for the future ~ bioactive substances such as polyphenols. The
of obesity = management. Epigenomics  and development of CR regimens, which would include
transcriptomics, proteomics, and/or metabolomics  such nutrients, might further strengthen the positive
could be combined to provide more credible and  €pPigenetic remodelling and negate the potentially
legitimate means of altering adipose tissue biology in  adverse effect of nutrient deficiency.

the context of calorie restriction. A multi-omic The treatment of obesity in the future will be
approach could help the researchers, clinicians, and determined by the aftermath of epigenetics that will be
nutritionists to discover more of these regulatory  integrated into the nutrology practice. As per what

processes and then identify the targets of treatment. ought to be protective sources of more-targeted
approaches to the nutritional practices of precision
Long-Term and Transgenerational Effects of CR nutrition, health practitioners can potentially control CR

Digital health and machine learning could also  dietary plans through the predictive identification of
assist in developing the field of precision nutrition, multi-omics biomarkers/nutrients; use digital aids to

International Journal of Nutrology (2026) Page 7 of 10
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and studied. Finally, it should consider epigenetic extended to those who contributed to the study
remodelling not only as the flag bearer and mediator of design, data collection, and analysis.
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