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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Modern medicine is increasingly encountering 

multisystemic disorders that do not fit into traditional genetic 
or organ-specific nosologies. This study proposes and validates 
the concept of "primary epigenetic disease" (PED) as a distinct 
clinical entity.

Objective: to define the molecular mechanisms, genetic 
foundations, and clinical manifestations of PED, and to establish 
a standardized diagnostic framework using autism spectrum 
disorder (ASD) and chronic fatigue syndrome (CFS) as primary 
models.

Materials and Methods: A narrative review was conducted 
using PubMed and Scopus databases (predominantly 2021–
2026). Evidence was synthesized from meta-analyses, 
randomized controlled trials, and large-scale genomic studies 
focusing on DNA methylation, histone modifications, and 
microRNA networks.

Results: We identified that PED emerges from a synergistic 
failure of the epigenetic machinery, often driven by a high 
load of common single nucleotide polymorphisms (SNPs) in 
genes such as MTHFR, DNMTs, and HDACs. We established 
a 30-point diagnostic matrix comprising 15 clinical criteria 
(e.g., developmental delays, connective tissue dysplasia, and 
paradoxical drug sensitivity) and 15 laboratory criteria (e.g., 
SAM/SAH imbalance, mitochondrial dysfunction markers, and 
global DNA hypomethylation). The application of this matrix to 
ASD and CFS demonstrates a shared pathogenic core: systemic 
biological desynchronization, barrier failure, and persistent 
low-grade inflammation.

Conclusion: Primary Epigenetic Disease represents a 
"regulatory meltdown" of the genome. Effective management 
requires a paradigm shift from symptomatic treatment to 
"epigenetic rehabilitation," which combines systemic genomic 
modulation with precision biochemical correction of identified 
bottlenecks. This framework provides a robust toolkit for the 
identification and management of multisystemic patients in the 
era of systems medicine.

Key words. DNA methylation, histone code, non-coding RNA 
networks, single nucleotide polymorphisms, mitochondrial 
dysfunction.
Introduction.

In recent years, the paradigm of human pathology has shifted 
from purely genetic determinism toward a complex interplay 
between the genome and the epigenome. Unlike genetic 
mutations, epigenetic alterations are reversible yet heritable 
changes in gene expression that do not involve alterations in the 
DNA sequence itself. These mechanisms, primarily including 
DNA methylation and histone post-translational modifications, 
play a pivotal role in the pathogenesis of various chronic 
disorders [1,2].

The classical view of human genetics, once dominated by the 
'DNA-as-destiny' paradigm, has been fundamentally reshaped by 
the emergence of epigenetics. Epigenetic regulation represents a 
complex layer of biochemical information that orchestrates gene 
expression without altering the underlying nucleotide sequence. 
While essential for cellular differentiation and homeostasis, 
disruptions in this delicate balance—often termed epigenetic 
aberrations—are now recognized as hallmarks of numerous 
human diseases. Unlike irreversible genetic mutations, the 
inherent plasticity of the epigenome offers a promising avenue 
for pharmacological intervention, making it a focal point of 
modern precision medicine [3,4].

Traditionally, epigenetic changes have been viewed as 
intermediary responses to genetic or environmental triggers. 
However, we propose a paradigm shift: in certain contexts, the 
collapse of the epigenetic regulatory machinery constitutes a 
distinct disease entity. This 'epigenetic disease' is characterized 
by a loss of homeostatic control over the chromatin state, leading 
to a cascade of multi-organ dysfunctions. By examining ASD 
in pediatrics, CFS and post-infectious syndromes in adults, and 
metabolic syndrome in the elderly, we demonstrate a unified 
trajectory of epigenetic failure across the human lifespan [5,6].

It is time to systematize knowledge about the phenomenon 
of epigenetic disorders in humans, demonstrating its diversity 
and universal pathogenetic and clinical features and common 
approaches to treatment.

Aim of the study: To propose and validate the concept of 
"primary epigenetic disease" by synthesizing current data on 
molecular mechanisms (DNA methylation, histone code, ncRNA 
networks) and genetic vulnerabilities (SNPs). The work aims 
to define a comprehensive clinical and pathogenic phenotype 
that integrates multisystemic failures—from metabolic and 
mitochondrial dysfunction to neurodevelopmental and immune 
dysregulation—into a single diagnostic framework.
Objectives of the study:

1. To systematize the molecular drivers of epigenetic 
instability, focusing on the synergistic interaction between 
DNA methylation, histone post-translational modifications, 
and non-coding RNA networks in the maintenance of genomic 
homeostasis;

2. To identify high-frequency genetic polymorphisms (SNPs) 
in the epigenetic machinery (such as MTHFR, DNMTs, 
HDACs, and miRSNPs) that serve as foundational substrates 
for "primary epigenetic vulnerability";

3. To synthesize a comprehensive pathogenic model of 
the epigenetic syndrome, integrating key drivers such as 
hyperhomocysteinemia, mitochondrial dysfunction, persistent 
systemic low-grade inflammation, and the failure of histo-
hematic barriers;
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4. To delineate the multisystemic clinical phenotype of 
epigenetic disease across the lifespan, mapping the transition 
from early neurodevelopmental markers to late-stage metabolic 
and structural erosion;

5. To validate the "primary epigenetic disease" framework 
using clinical models, specifically analyzing autism spectrum 
disorder (ASD) in pediatrics and chronic fatigue syndrome 
(CFS) in adults;

6. To establish working diagnostic criteria and outline available 
therapeutic approaches for managing primary epigenetic 
diseases, emphasizing personalized epigenetic rehabilitation, 
nutritional support for biochemical cycles, and the restoration 
of homeostatic buffers.
Materials and Methods.
General data:

To ensure a high level of scientific rigor and objectivity in the 
formulation of the "primary epigenetic disease" concept, this 
narrative review was conducted using a structured approach 
to literature selection and analysis. The search strategy was 
designed to identify high-quality evidence that establishes 
the link between molecular epigenetic mechanisms, common 
genetic polymorphisms, and systemic clinical phenotypes.
Search strategy and data sources:

A comprehensive search of the literature was performed 
across the PubMed/MEDLINE and SCOPUS databases. The 
search focused on publications released predominantly within 
the last five years (2021–2026) to prioritize the most recent 
advancements in epigenomics and systems medicine. However, 
seminal historical studies and fundamental works in the field of 
molecular biology were included where necessary to provide 
essential context. Search terms included combinations of 
keywords such as "epigenetic regulation," "DNA methylation," 
"histone code," "non-coding RNA," "single nucleotide 
polymorphisms (SNPs)," "MTHFR," "autism spectrum 
disorder," "chronic fatigue syndrome", "metabolic syndrome", 
"mitochondrial dysfunction," and "systemic inflammation."
Inclusion and exclusion criteria:

Priority was given to studies of the highest evidentiary 
value, specifically: meta-analyses and systematic reviews that 
synthesize large-scale genomic data, randomized, placebo-
controlled clinical trials (RCTs) investigating biochemical and 
epigenetic interventions, large-scale epidemiological studies 
and genome-wide association studies (GWAS) that identify 
prevalent SNPs, expert consensus statements and authoritative 
reviews in the fields of pediatrics, neurology, and endocrinology.

The exclusion criteria focused on studies with insufficient 
sample sizes, case reports without molecular confirmation, and 
publications in non-peer-reviewed or predatory journals.
Data synthesis and analysis:

Information was extracted from the selected sources and 
synthesized using a multisystemic integration approach. We 
analyzed the data not as isolated pathological events, but as 
interconnected components of a single regulatory network. 
The synthesis aimed to align molecular findings (genotype and 
epigenotype) with the pathogenic and clinical manifestations 
(phenotype) described in the study. This methodological 

framework allowed for the transition from traditional organ-
specific nosology to a holistic model of "epigenetic syndrome," 
ensuring that the proposed diagnostic and therapeutic approaches 
are grounded in evidence-based medicine (Figure 1).

We argue that these conditions share a common denominator: 
a disrupted epigenetic landscape that persists even after the 
initial trigger (pathogen, toxin, or stressor) is removed. When 
the regulatory mechanisms themselves — such as the writer, 
eraser, and reader proteins of the histone code — become 
dysfunctional, the resulting state should be classified as a 
primary epigenetic disorder. This classification is crucial for 
developing 'epi-drugs' aimed at resetting the cellular memory 
rather than merely treating downstream symptoms.
Risk of Bias and Methodological Quality Assessment:

To ensure the validity and robustness of the synthesized 
evidence supporting the PED framework, a stringent risk of 
bias (RoB) assessment was performed. Given the hybrid nature 
of the synthesized literature—incorporating both clinical 
observational data and mechanistical/translational laboratory 
studies—two distinct validation tracks were utilized.

Clinical and Observational Evidence: for clinical cohorts 
validating the convergent phenotypes (ASD, CFS, and MS), 
the ROBINS-I (Risk Of Bias In Non-randomized Studies of 
Interventions) and adapted Newcastle-Ottawa Scale (NOS) 
were applied. Primary domains evaluated included confounding 
factors (e.g., genetic background heterogeneity, environmental 
exposures), selection of participants, and misclassification of 
exposures. Studies with an overall evaluation of "Serious" or 
"Critical" risk of bias under ROBINS-I were systematically 
excluded.

Mechanistic and In Vitro/In Vivo Evidence: methodological 
quality for basic science and epigenetic mapping studies (e.g., 
chromatin remodeling, DNA methylation landscapes) was 
assessed using customized checklists focusing on analytical 
validity, replication consistency, and the mitigation of technical 
artifacts (e.g., batch effects in high-throughput sequencing).

To minimize selection and synthesis bias, the review 
process adhered to a multi-investigator consensus protocol. 
Disagreements regarding the risk of bias or data extraction 
adjustments for any given study were resolved through 
collaborative reconciliation (panel).

Software: AI Gemini 3 flash.
PRISMA 2020 Aligned Methods Summary.
1. Eligibility Criteria:

Study Design: Systematic reviews, meta-analyses, and high-
impact clinical trials (Q1, Q2 journals).

Timeframe: Focus on the "Modern Epigenetic Era" (2024–
2026) to ensure clinical relevance.

Target Models: Studies must address at least one of the three 
validation models: Autism Spectrum Disorder (ASD), Chronic 
Fatigue Syndrome (CFS), or Metabolic Syndrome (MetS).

Mechanistic Focus: Inclusion required evidence of epigenetic 
aberrations (DNA methylation, histone modifications, or 
miRNA dysregulation).
2. Information Sources:

Databases: PubMed/MEDLINE, Scopus.
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Search Strategy: Applied keywords including "Epigenetic 
Disease", "Epi-Shield failure", “Methylation disorders”, 
“Histone machinery disorders”, “microRNA network”, 
“Oxidative Stress”, "Sterile Inflammation" and "Mitochondrial 
dysfunction".
3. Selection Process:

Screening: Titles and abstracts were screened for relevance 
to the "Paradigm Shift" from genetic determinism to epigenetic 
plasticity.

Full-text Review: Articles were assessed for their ability to 
validate the 15 pillars of the PED pathogenetic architecture.
4. Data Collection & Synthesis:

Thematic Mapping: Data was extracted to populate the multi-
layered visual model (The Wheel).

Synthesis Method: A convergent synthesis approach was 
used to align disparate clinical phenotypes (pediatric ASD, 
adult CFS, geriatric MetS) into a unified trajectory of epigenetic 
failure.
5. Quality Assessment:

Methodological quality was prioritized by selecting journals 
with high impact factors and rigorous peer-review processes 
(e.g., Nature, Lancet, Cell).
Results.

Mechanism 1: DNA Methylation and Its Regulatory Dy-
namics.

DNA methylation is arguably the most extensively 
characterized epigenetic mechanism, acting as a stable yet 

reversible "switch" for genomic activity. In the human genome, 
this process predominantly involves the covalent attachment of a 
methyl group (–CH_3) to the 5th carbon position of the cytosine 
ring, resulting in 5-methylcytosine (5mC). This modification 
occurs almost exclusively at CpG dinucleotides, which are often 
clustered in high-density regions known as CpG islands located 
within or near gene promoters [7].

The orchestration of this landscape is managed by a specialized 
class of enzymes: DNA methyltransferases (DNMTs). De novo 
methylation, established during embryonic development or 
cellular differentiation, is catalyzed by DNMT3a and DNMT3b, 
while DNMT1 ensures the faithful maintenance of these patterns 
during DNA replication, preserving cellular identity across cell 
divisions. From a functional perspective, dense methylation at 
promoter regions is typically associated with transcriptional 
silencing. This is achieved through two primary pathways: first, 
by physically impeding the binding of transcription factors to 
their cognate sequences, and second, by recruiting Methyl-
CpG-binding domain (MBD) proteins. These MBDs act as 
molecular scaffolds that attract histone deacetylases (HDACs) 
and chromatin-remodeling complexes, inducing a transition 
from an open, active euchromatin state to a condensed, inactive 
heterochromatin state [8].

In the context of the "epigenetic disease" hypothesis, DNA 
methylation is not merely a reactive state but a critical regulatory 
layer susceptible to "noise" or erosion. Aberrant methylation—
characterized by focal hypermethylation of tumor-suppressor 
genes or global hypomethylation leading to genomic instability—
represents a primary breakdown in cellular logic. When the 
DNMT-mediated equilibrium is disrupted by environmental 

Figure 1. Scheme of the research structure (PRISMA flow diagram 2020) Panel.
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Figure 2. The Dynamics of DNA Methylation and Transcriptional Silencing.
Conceptual model of DNA methylation. (A) Homeostatic state with unmethylated CpG islands allowing transcription. (B) Aberrant 

hypermethylation catalyzed by DNMTs triggers the recruitment of MBDs and HDACs, leading to chromatin compaction and stable gene 
silencing.

Figure 3. The Histone Code: Writers, Erasers, and Readers in Chromatin Remodeling. The interplay of the 'histone code' regulatory machinery. 
Epigenetic health relies on the equilibrium between "writers" (adding PTMs) and "erasers" (removing PTMs), which are interpreted by 

"readers". We hypothesize that a chronic tilt in this balance—the "scrambling" of the code—is the foundational event in primary epigenetic 
disorders
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Figure 4. Non-coding RNA Networks and the Regulatory Meltdown. Non-coding RNAs as systemic orchestrators. (A) MiRNAs provide rapid 
post-transcriptional silencing, while (B) lncRNAs provide spatial scaffolding for chromatin modifiers. In primary epigenetic diseases, a localized 

failure in this ncRNA 'genomic software' catalyzes a systemic 'regulatory meltdown,' affecting broad gene networks.
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Figure 5. The Hierarchical Model of Epigenetic Dysregulation (The "Convergence Wheel").
This diagram illustrates the structural hierarchy of epigenetic dysregulation and the convergence of diverse genetic inputs into a unified clinical 

phenotype.
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Figure 6. The Multidimensional Architecture of Primary Epigenetic Disease: From Clinical Models to Systemic Degeneration.
This circular hierarchical model illustrates the integrated structure of PED on ASD, CFS, MS examples, demonstrating how diverse clinical 

entities converge into a unified metabolic and inflammatory phenotype.

№ Clinical Manifestations (Phenotype) Pathogenetic Mechanism (Process) Laboratory & Instrumental Biomarkers

1 Communication & Speech & 
Cognitive Delay

Failure of synaptic pruning & 
neuronal synchronization

miRSNP dysregulation (miR-146a), Altered EEG 
patterns & Psychometry [56]

2
Systemic Fatigue Syndrome & 
Developmental delay & Liver 
Dysfunction

Mitochondrial ATP production 
collapse & Multiple Biochemical
Abnormalities From Genetic Burden

Index Ritter, Abnormal Lactate/Pyruvate ratio, Low CoQ10 & 
Bicarbonates; Organic Acids disbalance, MitoSwab evaluation 
[57] & Multiple deviations of Biochemical Tests (Cholesterol, 
Urea, Ureic acid, Ammonium, AF, GGTP etc.) [58]

3 Absence of "Training Effect" Maladaptive epigenetic response 
to physical stress

Blunted Cortisol response, Persistent CK 
& LDH elevation [59]

4 Connective Tissue Dysplasia Epigenetic erosion of the 
extracellular matrix

High TGF-β, Low Vitamin C/Silicon status & 
High Hydroxyproline in urea [60]

5 Brain Fog & Cognitive Flux & 
Gut dysfunction

Histo-hematic barrier instability & 
"Leaky Gut" & Microbiota- 
Gut -Brain axis activation

High Protein S100B, Neuron-specific enolase & 
Zonulin; Gut Dysbiosis test  [61]

6 Anxiety & OCD & Panic attacks & 
Depression

Neurotransmitter methylation/
demethylation failure &
Hypovitaminosis 
of Methyl-Donors and D3

Hyperhomocysteinemia, SAM/SAH imbalance & Low 5-HIAA 
in urine; Neurotransmitters Panel evaluation [62] &: Chronic 
deficiency of B12, B6, D3 and Folates despite adequate intake 
[63].

7 Autonomic Dysfunction Dysregulation of the HPA and 
autonomic axes

Reduced Heart Rate Variability (HRV), 
Orthostatic test & NT-proBNP elevation [64]

8 Visual Acuity Fluctuations Retinal and optic nerve metabolic 
instability

Fluctuating intraocular pressure, Retinal scans & 
Non-Neuronal Enolase elevation [65]

9 Chronic Subfebrile Fever 
(37.1–37.5°C)

Persistent systemic "sterile" Low-
Grade inflammation, Oxidative stress

High-sensitivity CRP (hs-CRP), IL-6, TNF-α, 
Calprotectin, TumorM2pyruvatkinase & Ferritin [66]

10 Multifocal Somatic Pain Pro-inflammatory "oxidative stress
scarring" of nociceptors

Elevated 8-OHdG (Oxidative DNA damage) & Malonic
Dialdehyde, Low levels of reduced glutathione, High Mg, 
Ca, Cu, Zn, Ceruloplasmin & Transferrin [67]

11 Functional Polyendocrinopathy Epigenetic silencing of endocrine 
receptor genes

Subclinical TSH/T4/T3, Sex hormones, Insulin, Leptin, 
Parathormone and Prolactin fluctuations, Low 
Androstenedione etc. [68]

12 Immune Desynchronization/
dysregulation & lymphoproliferation

Loss of gain control in leukocyte 
gene expression

Hematopoietic Instability, Altered CD4+/CD8+ ratio, Low NK-
cell
activity, IgG Subclasses Deficiencies, Opportunistic Infections, 
IgE to allergens, Eosinophilic Cationic Protein etc. [69]

13 Autoimmune Mosaicism Failure of self-tolerance due to 
DNA hypomethylation

Global DNA methylation (5-mC) levels & ANA, Polymyositis 
& Systemic Sclerosis. Immunoblots & Ab to neurons, myelin 
etc. [70]

14 Paradoxical Drug Sensitivity Cytochrome P450 & Phase II 
epigenetic silencing Impaired Glucuronidation/Sulfation profile tests [71]

15 Chronic Intoxication Signs Detoxification failure & 
xenobiotic "locking" Heavy metals (Pb, Hg etc.) in hair/urine & Mycotoxin panel [72]

Table 1. Comprehensive Diagnostic Matrix for Primary Epigenetic Disease.
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triggers or metabolic shifts, the resulting "epigenetic scars" 
can permanently alter the phenotypical expression of a cell, 
serving as the foundational driver for complex disorders across 
the lifespan, from neurodevelopmental shifts to age-related 
metabolic decline [9] (Figure 2).
Mechanism 2: Histone Post-Translational Modifica-
tions and the Histone Code.

While DNA methylation provides a long-term epigenetic 
memory, histone post-translational modifications (PTMs) offer 
a more nuanced and dynamic layer of gene regulation. In the 
eukaryotic nucleus, DNA is packaged into chromatin, the basic 
unit of which is the nucleosome—an octamer consisting of 
pairs of histones H2A, H2B, H3, and H4. The N-terminal "tails" 
of these histones protrude from the nucleosome core and are 
subject to a diverse array of enzymatic modifications, including 
acetylation, methylation, phosphorylation, ubiquitination, 
and sumoylation. These PTMs collectively constitute the 
"histone code," a complex regulatory language that dictates 
the accessibility of the underlying genetic sequence to the 
transcriptional machinery [10].

The functional outcome of these modifications depends 
on the specific residue involved and the type of chemical 
group added. For instance, histone acetylation, catalyzed by 
histone acetyltransferases (HATs), typically neutralizes the 
positive charge on lysine residues, weakening the electrostatic 
interaction between histones and the negatively charged DNA. 
This results in an open, transcriptionally permissive chromatin 
structure (euchromatin). Conversely, the removal of these 
groups by histone deacetylases (HDACs) leads to chromatin 
condensation and gene repression. Histone methylation is even 
more complex; depending on the site (e.g., H3K4 vs. H3K27) 
and the degree of methylation (mono-, di-, or tri-methylation), 
it can either activate or silence transcription. These processes 

are tightly regulated by "writers" (enzymes that add marks), 
"erasers" (enzymes that remove them), and "readers" (proteins 
that recognize and bind to specific marks to recruit further 
regulatory complexes) [11].

In the framework of our proposed concept, the breakdown 
of this enzymatic equilibrium represents a primary epigenetic 
pathology. When the balance between "writers" and "erasers" 
is chronically tilted—due to metabolic stress or systemic 
inflammation—the histone code becomes "scrambled." Such 
dysregulation does not merely modulate existing disease 
pathways but establishes a self-sustaining state of aberrant gene 
expression. In disorders like ASD or chronic fatigue, the failure 
of the chromatin-remodeling machinery to reset these marks 
leads to persistent cellular dysfunction, effectively "locking" the 
cell into a pathological phenotype that defines the disease itself 
[12] (Figure 3).
Mechanism 3: Non-coding RNAs as Orchestrators of 
Epigenetic Networks.

Beyond the chemical modifications of DNA and histones, 
the epigenome is governed by an expansive layer of functional 
transcripts known as non-coding RNAs (ncRNAs). While these 
molecules do not encode proteins, they act as critical regulatory 
nodes that fine-tune gene expression at both transcriptional and 
post-transcriptional levels. Based on their size and function, 
ncRNAs are broadly categorized into small non-coding RNAs, 
primarily microRNAs (miRNAs), and long non-coding RNAs 
(lncRNAs), each contributing uniquely to the stability or erosion 
of the epigenetic landscape [13].

MicroRNAs (~22 nucleotides) typically function by binding 
to the 3' untranslated regions (3' UTR) of target messenger 
RNAs (mRNAs), leading to their degradation or the inhibition 
of their translation. This allows for a rapid, systemic response 
to physiological shifts. In contrast, lncRNAs (>200 nucleotides) 

№ Disorder Possible intervention
1 Hypomethylation Methylcobalamin, 5-MTHF [115]
2 Hypermethylation SAM(e) [116]
3 Transsulforation disorder N-acetylcysteine, L-glutathione reduced [117]
4 Deficiencies of vitamins Supplementation with vitamins [118]
5 Deficiencies of microelements Supplementation with microelements [119]
6 Ornithine cycle disorder Phenylbutyrate, malate citrulline [120]
7 Mitochondrial dysfunction Mitochondrial triad: L-carnitine, coenzyme Q10, alpha-lipoic acid [121]
8 Hyperuricemia Febuxostat [122]
9 Hyperlipidaemia Statins, fibrates [123]
10 Low tolerance to glucose, hyperglycaemia Metformin [124]
11 Functional polyendocrinopathy Substitution with hormones (in low function) or specific blockers (in high function) [125]

12 Immunodeficiency Substitution of immunodeficiency as IVIG in humoral immunodeficiencies 
and opportunistic infections treatment [126]

13 Autoimmune 8mosaicism Methylprednisolone, immunosuppressants, immunomodulatory drugs [127]
14 Neurotransmitter disorders Psychotropic drugs [128]
15 Chronic intoxication Detoxification therapy [129]
16 Chronic inflammation Anti-inflammatory drugs [130]
17 Oxidative stress Antioxidants, such as Curcumin, Quercetin, vit C [131]
18 Epileptic attack and/or epileptic activity on EEG Anticonvulsants [132]
19 Gut dysbiosis Pre/probiotics [133]
20 Pathogenic gut bacteria overgrowth Gut antiseptics, such as rifaximin [134]

Table 2. Main disorders in PED and possible therapeutical interventions according to multitargeted strategy.
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possess a more complex structural versatility, enabling them 
to act as molecular "scaffolds" or "guides." They can recruit 
chromatin-modifying enzymes, such as Polycomb Repressive 
Complexes (PRC), to specific genomic loci, thereby facilitating 
either the silencing or activation of large gene clusters. Through 
these interactions, ncRNAs bridge the gap between transient 
signaling and permanent epigenetic marks, creating a self-
reinforcing regulatory loop [14].

Within the framework of primary epigenetic diseases, ncRNAs 
represent a high-level control system that, when compromised, 
leads to a "regulatory meltdown." In conditions like ASD or 
post-infectious inflammatory syndromes, the dysregulation of 
specific "epi-miRNAs" or lncRNAs can lead to a state of chronic 
cellular desynchronization. Because ncRNAs often regulate 
hundreds of downstream targets simultaneously, a single lesion 
in this network—whether triggered by viral interference or 
metabolic imbalance—can catalyze a multi-system failure. 
Thus, rather than being a side effect of pathology, the collapse 
of the ncRNA-mediated "genomic software" constitutes a 
foundational disease state, where the cell loses its ability to 
interpret and execute its own genetic instructions [15] (Figure 
4).
The Interplay Between Genetic Burden and Epigenetic 
Buffering: The Mechanism of Phenotypic Unmasking.

A fundamental paradox in systems medicine is why identical 
epigenetic dysregulations lead to vastly different clinical 
outcomes. A central tenet of the primary epigenetic disease 
hypothesis is the existence of a "genetic burden" (genetic 
load)—a cumulative collection of deleterious or suboptimal 
genetic variations present in every human genome [16]. This 
burden is not a collection of rare mutations, but a unique 
"genomic fingerprint" of vulnerabilities that every individual 
carries from birth.

No human genome is perfect. Each individual possesses 
thousands of minor genetic flaws, including single nucleotide 
polymorphisms (SNPs), copy number variations (CNVs), and 
"silent" mutations in metabolic, structural, and regulatory genes. 
In a state of health, this genetic burden remains clinically silent. 
It is effectively "masked" or "buffered" by a robust epigenetic 
system that compensates for these genetic gaps through precise 
gene expression control [17].

The epigenetic machinery acts as a homeostatic shield. 
For instance, if a person has a genetically "weak" enzyme in 
a metabolic pathway, the epigenetic system can upregulate 
the expression of that gene or activate alternative pathways 
to maintain biochemical balance. This creates a state of 
compensated genetic vulnerability, where the person remains 
healthy despite their genetic burden [18].

The clinical phenotype of an epigenetic disease is determined 
not just by the primary "breakdown" of the regulatory machinery 
(e.g., MTHFR or HDAC SNPs), but by the unmasking of the 
underlying genetic burden. When the epigenetic "shield" fails 
due to systemic desynchronization, the individual's unique 
genetic flaws begin to manifest clinically [19].

This explains the extraordinary diversity of the epigenetic 
syndrome: two patients with the same epigenetic failure (e.g., 
systemic hypomethylation) may show different symptoms 

because their underlying genetic burdens are different. One might 
develop neurodevelopmental issues because of "weak" synaptic 
genes, while another develops cardiovascular pathology due to 
"weak" lipid metabolism genes [20].

While the genetic burden is unique to each individual, there 
are typical human vulnerabilities—conserved evolutionary 
bottlenecks in the folate cycle, mitochondrial DNA, and 
immune signaling—that are frequently affected in almost all 
cases of epigenetic disease.

In summary, the clinical picture of an epigenetic disease is 
the realization of the latent genetic burden. The disease is not 
"caused" by a single mutation; it is the state where the genome's 
"buffer capacity" is exhausted, allowing the accumulated weight 
of minor genetic flaws to dictate the pathological trajectory of 
the organism.
Mendelian Genetic Aberrations in the DNA Methyla-
tion Machinery: rare extreme "experiments" of nature.

The classification of epigenetic dysregulation as a primary 
disease entity is best supported by mutations in the genes 
encoding the DNA methylation apparatus. When the "writers" 
or "readers" of the methyl code are genetically compromised, 
the resulting phenotype is not merely a secondary symptom but 
a direct manifestation of an epigenopathic state.

DNMT3B (DNA methyltransferase 3 beta) mutations: 
Mutations in the de novo methyltransferase DNMT3B lead 
to Immunodeficiency, Centromeric instability, and Facial 
anomalies (ICF) syndrome. This is a classic example of a 
primary epigenetic disease where the loss of methylation at 
satellite DNA triggers global genomic instability and immune 
failure [21].

MECP2 (methyl-CpG-binding protein 2) mutations: 
The MECP2 gene encodes a key "reader" protein that binds 
to methylated CpG sites. Mutations in MECP2 cause Rett 
Syndrome, a severe neurodevelopmental disorder. Here, the 
DNA marks may be present, but the cell's inability to "read" 
and translate them into transcriptional silencing leads to a 
catastrophic breakdown in neuronal maturation [22].

DNMT3A (DNA methyltransferase 3 alpha) germline 
mutations: Overgrowth syndromes, such as Tatton-Brown-
Rahman Syndrome (TBRS), result from mutations in DNMT3A. 
These mutations cause global shifts in the epigenetic landscape 
during early development, demonstrating how a primary defect 
in a methyltransferase dictates a systemic developmental 
trajectory [23].

MBD5 and MBD6 (methyl-CpG binding domain proteins) 
polymorphisms: Variations in methyl-CpG binding domain 
proteins are increasingly linked to ASD. These polymorphisms 
alter the affinity of readers for methylated DNA, leading to 
"epigenetic noise" in genes responsible for synaptic pruning 
[24].

DNMT1 (DNA methyltransferase 1) mutations: Mutations 
in the maintenance methyltransferase DNMT1 cause Hereditary 
Sensory and Autonomic Neuropathy with Dementia and 
Hearing Loss (HSAN1E). This highlights that even minor 
deficits in preserving the methylome during cell division can 
lead to progressive neurodegeneration [25].

TET2 (tet methylcytosine dioxygenase 2, or ten-eleven 
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translocation 2) mutations: Although TET2 is an "eraser" 
(involved in DNA demethylation), its mutations are hallmarks 
of clonal hematopoiesis. A defect in removing methyl groups 
leads to a "locked" epigenetic state that prevents hematopoietic 
stem cell differentiation, serving as a primary driver for 
myelodysplastic syndromes [26].

In these instances, the pathology is defined by the dysfunction 
of the epigenetic editor itself. These mutations create a 
stable, pathological "epi-genotype" that persists throughout 
the individual's life, validating the concept of epigenetic 
mechanisms as primary disease-causing agents.

These rare monogenic abnormalities support the very 
principled possibility of a primary epigenetic disease. However, 
due to their low frequency in humans, these extreme experiments 
of nature can not represent primary epigenetic disease at the 
population level. Therefore, it is necessary to consider common 
genetic abnormalities in the population that lead to clinically 
manifest epigenetic disorders.
Common Genetic Polymorphisms of Epigenetic Sys-
tems: frequent regulatory disorders represent epig-
enopathy on population scale.

Below are the pathogenic polymorphisms common in the 
population that cause disruption of the three basic mechanisms 
of epigenetic control, which collectively create a significant 
burden on the health of the modern person, society, states and 
humanity, representing epigenetic disease as a serious population 
problem. Due to their high prevalence in the population, these 
polymorphisms can combine in a single individual in any order, 
creating a harmful genetic network of hidden epigenetic disease, 
which currently affects a significant part of humanity, often 
being beyond the scope of diagnostic search and therapeutic 
interventions.

Common single-nucleotide polymorphisms (SNPs), such as 
MTHFR C677T/A1298C and HDAC4, presents as the basis 
for primary epigenetic vulnerability. However, according to 
the current consensus in clinical genetics (such as the ACMG 
guidelines), these common SNPs are not considered to cause 
disease on their own; rather, they are regarded as low-impact 
risk factor in the general population. Without statistical support, 
such as polygenic risk scores (PRS), there remain strong 
concerns about placing these at the core of a pathophysiological 
model as a “trigger for disease” (genetic burden). 

Unlike mendelian mutations, such polymorphisms alone 
cannot cause disease, but their abnormal accumulation either 
within one mechanism of epigenetic control, or in two or even 
three mechanisms at once can significantly disrupt epigenetic 
regulation, acquiring clinical significance on a polygenic basis. 
In addition, pathogenic polymorphisms can be aggravated 
by monogenic mendelian mutations that induce epigenetic 
disorders, and other mutations that do not relate to epigenetic 
control, but can determine the development of the clinical 
phenotype of the associated nosology, for example, ASD, in 
some patients.
Common Genetic Polymorphisms with DNA Methyla-
tion disorders as Drivers of the Epigenetic Disease State.

In the context of the "epigenetic disease" hypothesis, the 

focus shifts from rare monogenic syndromes to high-frequency 
single nucleotide polymorphisms (SNPs) that compromise 
the robustness of the epigenetic machinery. These variations 
do not constitute distinct clinical nosologies but rather create 
a persistent state of epigenetic vulnerability, where the cell’s 
ability to maintain its methylome is chronically impaired.

MTHFR (methylenetetrahydrofolate reductase) C677T 
and A1298C (folate cycle "bottleneck"): These are the most 
prevalent SNPs affecting the synthesis of S-adenosylmethionine 
(SAM). The C677T variant leads to a thermolabile enzyme, while 
A1298C affects the regulatory C-terminal domain. In compound 
heterozygotes, the resulting reduction in SAM availability 
acts as a primary "metabolic-epigenetic" lesion, causing 
systemic DNA hypomethylation and predisposing individuals 
to neurodevelopmental and cardiovascular desynchronization 
[27].

DNMT3B (DNA methyltransferase 3beta) -149C>T 
(promoter variation): Unlike the severe mutations seen in 
ICF syndrome, this common polymorphism in the promoter 
of the de novo methyltransferase DNMT3B significantly alters 
gene expression levels. This variation creates a "fluctuating" 
methylome, where the precision of de novo methylation during 
cellular stress is compromised, potentially serving as a primary 
driver for the aberrant silencing of protective genes [28].

COMT (сatechol-O-methyltransferase) Val158Met 
(methylation competition): The Catechol-O-methyltransferase 
polymorphism (Val158Met) is a crucial node where 
neurotransmitter metabolism competes for methyl donors. The 
"High-activity" Val-allele consumes a disproportionate amount 
of SAM for catecholamine degradation, effectively "robbing" 
the epigenetic machinery of methyl groups. This competition 
creates a state of epigenetic drift, especially in the prefrontal 
cortex, linking it to the pathogenesis of ASD and chronic fatigue 
[29].

MTR (methionine synthase) A2756G and MTRR 
(methionine synthase reductase) A66G (remethylation 
defects): Polymorphisms in methionine synthase (MTR) 
and its reductase (MTRR) impair the efficient recycling of 
homocysteine back to methionine. These SNPs act as "silent" 
epigenetic modifiers that ensure a suboptimal pool of methyl 
groups, locking the epigenome into a state of low plasticity and 
high susceptibility to environmental stressors [30].

BHMT (betaine-homocysteine S-methyltransferase) 
G742A (alternative methylation pathway): The betaine-
homocysteine S-methyltransferase polymorphism disrupts the 
backup pathway for SAM production. In individuals with co-
existing MTHFR defects, this SNP becomes a decisive factor in 
the collapse of epigenetic homeostasis, illustrating the concept 
of a multi-hit epigenetic disease [31].

By integrating these common variants, we demonstrate that 
an "epigenetic disease" can arise from a cumulative deficit in 
the methyl-donor network, rather than a single genetic mutation.
Common Genetic Polymorphisms in Histone Modify-
ing Machinery.

In the framework of primary epigenetic pathology, common 
polymorphisms in genes encoding "writers" and "erasers" 
of the histone code represent a significant source of inter-
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individual variation in chromatin stability. These SNPs do not 
manifest classic Mendelian disorders but predispose the cellular 
machinery to chromatin desynchronization, particularly under 
conditions of chronic stress or systemic inflammation.

HDAC4 (histone deacetylase 4) rs12452272 (deacetylation 
efficiency): This common polymorphism in the Histone 
Deacetylase 4 gene is linked to altered brain-derived neurotrophic 
factor (BDNF) expression. The variation affects the efficiency 
of HDAC4 nuclear-cytoplasmic shuttling, creating a state of 
"epigenetic rigidity" in neurons. This SNP is a silent driver of 
impaired synaptic plasticity, providing a foundational substrate 
for neurodevelopmental disorders without being a direct genetic 
cause [32].

SIRT1 (NAD-dependent protein deacetylase sirtuin-1) 
rs7069102 (metabolic-epigenetic link): Sirtuin 1 is a NAD+-
dependent deacetylase that bridges metabolism and epigenetics. 
The rs7069102 polymorphism reduces SIRT1 activity, leading 
to a failure in the "metabolic reset" of histones. This results 
in persistent hyperacetylation of pro-inflammatory genes, 
effectively "locking" the individual into a state of chronic 
systemic inflammation, typical of metabolic syndrome and 
chronic fatigue [33].

CLOCK (circadian locomotor output cycles kaput) and 
BMAL1 (brain and muscle ARNT-Like 1) polymorphisms 
(circadian histone acetylation): SNPs in these core circadian 
genes (e.g., CLOCK rs1801260) disrupt the rhythmic 
acetylation of histones H3 and H4. This leads to a loss of 
temporal coordination in gene expression. In our concept, this 
is a "temporal epigenopathy," where the cell lose its ability to 
synchronize metabolic processes with environmental cues, a 
hallmark of metabolic and post-infectious syndromes [34].

P300/CBP (EP300) (CREB-binding protein and E1A-
associated protein p300) variations: Common variants in these 
histone acetyltransferases (HATs) reduce the global "acetylation 
reserve." While not causing Rubinstein-Taybi syndrome, these 
SNPs lower the threshold for epigenetic silencing, making the 
genome more susceptible to environmental "scars" and reducing 
the plasticity required for normal immune and cognitive 
responses [35].

KMT2A (MLL1) (lysine methyltransferase 2, mixed-
lineage leukemia 1) Ars17420 (methylation patterning): This 
polymorphism in a major histone H3K4 methyltransferase alters 
the fine-tuning of gene activation marks. It creates "epigenetic 
noise" in the regulation of homeobox genes, subtly shifting the 
developmental trajectory and contributing to the multifaceted 
phenotype of ASD [36].

By examining these high-frequency variants, we emphasize 
that epigenetic disease often arises from a diminished capacity 
of the histone-modifying machinery to maintain chromatin 
homeostasis, rather than from a single catastrophic mutation.
Common Genetic Polymorphisms in Non-coding RNA 
Regulatory Networks.

In the paradigm of epigenetic disease, polymorphisms affecting 
non-coding RNA (ncRNA) pathways represent a "regulatory 
meltdown" of the genomic software. These variations, often 
termed miRSNPs, occur in microRNA sequences, their target 
binding sites, or the enzymatic machinery responsible for RNA 

processing. Unlike structural mutations, these high-frequency 
variants subtly alter the "gain control" of entire gene networks, 
driving systemic desynchronization.

MIR146A (microRNA-146a) rs2910164 (the inflammation 
switch): This is one of the most studied polymorphisms in 
immune-epigenetics. The C>G variation in the precursor of 
miR-146a reduces the production of the mature microRNA. 
Since miR-146a is a primary brake on pro-inflammatory 
signaling (targeting IRAK1 and TRAF6), this SNP creates a 
state of epigenetic hyper-reactivity. It serves as a foundational 
substrate for post-infectious inflammatory syndromes and 
chronic fatigue, where the "off-switch" for inflammation is 
genetically underpowered [37].

DICER1 rs3742330 (processing efficiency): Dicer is the core 
enzyme that crops pre-miRNAs into their functional mature 
forms. A common polymorphism in its 3' UTR is associated 
with altered miRNA global profiles. In our framework, this is 
a "biogenesis epigenopathy," where a slight reduction in Dicer 
efficiency leads to a reduced "repertoire" of regulatory RNAs, 
limiting the cell's ability to buffer environmental stress [38].

MIR155 (microRNA-155) rs767649 (immune-metabolic 
hub): miR-155 is a master regulator of both immune response 
and adipocyte function. Polymorphisms in its flanking regions 
alter its expression levels, creating a predisposition to the 
metabolic syndrome. By shifting the epigenetic set-point of 
macrophages and adipocytes, this SNP locks the system into a 
pro-inflammatory metabolic state [39].

MIR499 (microRNA-499) rs3746444 (mitochondrial-
epigenetic link): This SNP affects the targeting of genes 
involved in mitochondrial dynamics and muscle metabolism. It 
is a silent driver of the "fatigue phenotype," where the epigenetic 
regulation of energy production is compromised, contributing to 
the persistent energy deficits seen in CFS [40].

Target-site SNPs, e.g., in the 3' UTR of BDNF (3'-untranslated 
region of the brain-derived neurotrophic factor gene). 
Polymorphisms that destroy or create new miRNA binding 
sites (e.g., for miR-124 or miR-132) can lead to "gene-specific 
epigenetic escape." Such variants are highly relevant in ASD, 
where the loss of miRNA-mediated control over synaptic genes 
leads to uncontrolled dendritic pruning [41].

These ncRNA-related polymorphisms demonstrate that 
epigenetic diseases can emerge from a failure in regulatory fine-
tuning. By altering the "density" and "connectivity" of RNA 
networks, these variants establish a stable, pathological state 
that defines the disease's trajectory across the lifespan.
The Generalized Phenotype of Primary Epigenetic Dis-
ease.

The clinical manifestation of a primary epigenetic disease 
is not confined to a single organ system but rather presents 
as a multisystemic "epigenetic syndromocomplex". This 
phenotype emerges from the chronic failure of cellular memory 
and regulatory feedback loops, leading to a state of systemic 
biological desynchronization. 

The conceptualization of epigenetic dysregulation as a primary 
disease entity necessitates a shift toward a multisystemic 
clinical paradigm. Unlike classical Mendelian disorders, the 
"epigenetic syndrome" manifests as a progressive decay of the 
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organism's regulatory buffer, where the accumulation of sub-
threshold biochemical failures leads to a stable, yet profoundly 
pathological, state. This phenotype is characterized by its 
extraordinary breadth, spanning from early neurodevelopmental 
shifts to terminal age-related structural erosion, all united by a 
common thread of genomic desynchronization.

The core of this phenotype is defined by several interlocking 
pathogenic pillars.
1. Metabolic and Biochemical Instability:

The foundational hallmark is hyperhomocysteinemia (or, less 
frequently, hypohomocysteinemia), signaling a collapse of the 
folate and sulfur-amino acid cycles. This disruption radiates 
through the metabolic landscape, manifesting as multiple 
anomalies across various pathways, including impaired 
transsulfuration and methylation. This metabolic chaos is 
further exacerbated by mitochondrial dysfunction, leading to 
a persistent energy deficit and the systemic accumulation of 
reactive oxygen species (oxidative stress) [42].
2. Chronic Inflammation and Barrier Breakdown:

The epigenetic phenotype is characterized by Persistent 
Systemic Low-Grade Inflammation (inflammaging). This is 
not localized but involves specific neuro-inflammatory and 
gastrointestinal axes, manifesting as chronic inflammation in the 
gut and brain. This state is intrinsically linked to the failure of 
histo-hematic barriers, including increased intestinal and blood-
brain barrier permeability ("leaky" barriers), which allows for 
the translocation of inflammatory triggers and the development 
of profound intestinal dysbiosis [43].
3. Neuro-Endocrine and Structural Dysregulation:

At the regulatory level, the syndrome presents as a functional 
polyendocrinopathy, where hormonal imbalances arise from 
altered epigenetic programming of endocrine axes rather than 
primary glandular failure. This is mirrored in the central nervous 
system by complex neurotransmitter imbalances, affecting 
mood, cognition, and autonomic function. Furthermore, the 
pathology extends to the structural framework of the body, 
characterized by abnormalities in the connective tissue matrix, 
reflecting disrupted epigenetic control over collagen and 
extracellular matrix remodeling [44].
4. Detoxification and Immune Failure:

The PED phenotype includes a profound dysfunction of 
detoxification systems, leading to the bioaccumulation of 
endogenous and exogenous toxins. This occurs alongside 
immune dysregulation, marked by a deficiency in key immune 
factors and a loss of self-tolerance [45].
5. Developmental and Neuro-Psychiatric Manifestations:

The earliest clinical markers of the epigenetic disease are often 
observed in the pediatric population, primarily presenting as a 
disruption of psycho-speech development. In these children, 
the epigenetic programming of neuronal networks fails to 
meet developmental milestones, leading to delayed language 
acquisition and cognitive maturation. While physical growth 
retardation may occur, it is the structural integrity of the 
connective tissue that serves as a more frequent "silent" marker 
[46]. The connective tissue dysplasia syndrome, manifested by 

marked joint hypermobility, reflects an early-stage epigenetic 
aberration in the synthesis of the extracellular matrix [47].

As the pathology progresses into adolescence and adulthood, 
the focus shifts toward a profound neurotransmitter 
dysregulation. The clinical picture is dominated by a diverse 
array of neuropsychiatric symptoms, reflecting the instability 
of the neuro-epigenetic landscape. Patients frequently 
experience chronic anxiety, depression, and obsessive-
compulsive disorders, often accompanied by panic attacks 
and emotional lability. At the physiological level, this neuro-
instability manifests as intracranial hypertension, leading to 
fluctuating visual acuity and persistent autonomic dysfunction. 
These symptoms are not isolated psychiatric events but are 
symptomatic of a deeper failure in the epigenetic "gain control" 
of the central and autonomic nervous systems [48].
6. Immune-Inflammatory Synergies and Immune 
Dysregulation:

A cornerstone of the epigenetic phenotype is the paradox of 
immune dysregulation. The clinical trajectory is defined by a 
simultaneous state of immune deficiency and autoimmune 
hyper-reactivity. On one hand, patients suffer from persistent 
opportunistic infections, chronic anemia, and neutropenia, 
indicating a failure of the hematopoietic and immune-
proliferative machinery. On the other hand, there is a progressive 
emergence of multiple autoimmunization against antigens of 
various organs and tissues. This is frequently accompanied 
by polyvalent allergies and complex immunoinflammatory 
syndromes [49].

This immune chaos is exacerbated by the chronic failure of 
histo-hematic barriers. The "leaky gut" syndrome (increased 
intestinal permeability) acts as a primary driver of systemic 
endotoxemia, manifesting clinically as persistent intestinal 
dyspepsia. This breakdown of barrier integrity allows for a 
continuous influx of pro-inflammatory triggers, fueling a state 
of persistent systemic low-grade inflammation and oxidative 
stress. This is clinically observable as chronic subfebrile 
temperature, persistent fatigue, and a constellation of somatic 
pain including arthralgia and myalgia [50].
7. Musculoskeletal System Damage:

The epigenetic disease phenotype further manifests as a 
functional polyendocrinopathy, where the dysfunction is rooted 
in altered gene expression axes rather than primary glandular 
destruction. Clinical manifestations are widespread, including 
fluctuating thyroid function (primarily hypothyroidism, though 
hyperthyroidism may occur), hypo- or hyperparathyroidism, and 
hyperprolactinemia. Patients often exhibit glucose intolerance 
and hormonal imbalances such as hypogonadism (or less 
frequently, hypergonadism) and the syndrome of inappropriate 
antidiuretic hormone secretion (SIADH) [51].

This endocrine instability contributes to the metabolic decay 
observed in older populations. The epigenetic "memory" of 
metabolic stress translates into premature atherosclerosis, 
arterial hypertension, and a heightened risk of acute 
cardiovascular events. This is mirrored in the musculoskeletal 
system by a transition from early hypermobility to secondary 
osteoporosis, osteochondrosis, and deforming osteoarthritis. 
The structural failure is further complicated by myomalacia and 
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chondromalacia, reflecting the total exhaustion of the epigenetic 
control over tissue repair and mineral homeostasis [52].
8. Mitochondrial Exhaustion and Detoxification Failure:

The energetic hallmark of the epigenetic syndrome is a 
profound mitochondrial dysfunction. Patients describe a 
sense of "insurmountable fatigue" and psycho-emotional 
lability that is not relieved by rest. Crucially, there is an 
absence of the training effect from physical activity; instead 
of adaptation, exertion leads to further systemic depletion 
[53]. This mitochondrial failure is intrinsically linked to the 
collapse of the detoxification systems. Clinically, this manifests 
as a paradoxical hypersensitivity to medications (poor drug 
tolerance) and the systemic bioaccumulation of heavy metals, 
xenobiotics, and mycotoxins. The organism loses its ability to 
biotransform toxins, leading to a state of chronic self-poisoning 
that reinforces the epigenetic lesions [54].
9. Hematopoietic disorders:

Finally, the persistence of chronic anemia and neutropenia 
underscores the failure of the epigenetic regulation of the bone 
marrow niche [55]. 

In conclusion, the generalized phenotype of the primary 
epigenetic disease represents an organism that has lost its 
biological "homeostatic anchor." It is a state of multisystemic 
desynchronization where the breakdown of biochemical cycles, 
the erosion of barriers, and the scrambling of regulatory codes 
converge into a single, complex clinical entity. Understanding 
this generalized phenotype is essential for moving beyond 
symptomatic treatment toward a systemic, epigenetic-based 
therapeutic intervention.
Working Diagnostic Criteria for PED.

The diagnosis of PED is established through a multi-
dimensional analysis, requiring a combination of genetic, 
biochemical, and clinical findings. We propose a set of 15 
criteria divided into three diagnostic tiers.
Tier I: Genetic and Epigenetic Vulnerability (The "Hardware" 
Layer)

1.	 High-frequency SNP Load: Identification of functionally 
significant polymorphisms in the folate cycle (MTHFR 
C677T/A1298C) and remethylation pathway (MTR, 
MTRR).

2.	 Epigenetic Machinery Variations: Presence of SNPs in 
genes encoding "writers" (DNMTs), "erasers" (HDACs, 
SIRT1), or "readers" (MBDs) of the epigenetic code.

3.	 miRSNP Profile: Detection of polymorphisms in 
microRNA sequences (e.g., miR-146a, miR-155) or their 
binding sites that disrupt gene silencing networks.

4.	 Family History of Multi-systemic Dysfunction: A 
pedigree demonstrating non-Mendelian, "fluctuating" 
pathologies across generations (e.g., ASD in children, 
autoimmune issues in parents, early CVD in grandparents).

Tier II: Biochemical and Metabolic Dysregulation (The 
"Software" Layer)

5.	 Methylation Cycle Imbalance: persistent 
hyperhomocysteinemia (or significant 
hypohomocysteinemia) and an altered SAM/SAH 
(S-adenosylmethionine to S-adenosylhomocysteine) ratio.

6.	 Chronic Oxidative Stress Markers: elevated levels 
of 8-OHdG (oxidative DNA damage) and a reduced 
glutathione (GSH) index.

7.	 Mitochondrial Insufficiency: abnormal lactate/pyruvate 
ratios and markers of impaired fatty acid oxidation.

8.	 Histo-Hematic Barrier Permeability: elevated serum 
zonulin or calprotectin (gut barrier) and evidence of altered 
blood-brain barrier integrity (via neuro-specific markers).

9.	 Systemic Low-Grade Inflammation: chronic elevation 
of highly sensitive C-reactive protein (hs-CRP) and pro-
inflammatory cytokines (IL-1β, IL-6, TNF-α) without an 
acute infectious cause.

10.	 Detoxification Failure: bioaccumulation of heavy 
metals or mycotoxins and impaired phase I/II liver 
detoxification profiles.

Tier III: Clinical and Phenotypic Manifestations (The 
"Output" Layer)

11.	 Neuro-Psychiatric Spectrum: presence of 
developmental delays (psycho-speech), chronic anxiety, 
obsessive-compulsive traits, or cognitive "fog."

12.	 Connective Tissue and Structural Erosion: a 
spectrum ranging from joint hypermobility (dysplasia) 
in youth to early-onset osteoarthritis and osteoporosis in 
adulthood.

13.	 Functional Polyendocrinopathy: subclinical 
fluctuations in thyroid, adrenal, or gonadal axes that lack a 
primary glandular lesion.

14.	 Immune Desynchronization: a combination of 
opportunistic infections (immune deficiency) and multiple 
autoimmunization or polyvalent allergies.

15.	 Therapeutic Paradox and Fatigue: the absence of a 
training effect from physical activity, paradoxical reactions 
to standard medications, and insurmountable systemic 
fatigue.

In table 1 the original 30-fold diagnostic matrix of 15 main 
pathogenetic and 15 associated clinical branches for PED 
diagnosis is presented.

These working criteria should be tested for relevance and 
validity in further research. In this publication, we have created 
a 30-component diagnostic matrix as a working material for 
further research. If such criteria show their validity, we will 
have an effective universal tool for identifying the epigenetic 
nature of the disease for all clinical cases, regardless of their 
complexity.

Figure 5 integrates data on genetic diversity, key pathogenic 
links, and associated clinical syndromes of the general epigenetic 
syndrome complex of PED.

It is necessary to clarify that currently there are results of meta-
analyses, systematic reviews, narrative reviews, which indicate 
the association of each component of the 30-component matrix 
of PED diagnosis, however, these components have not been 
collected together into a single matrix. It is in this work that we 
combine the data, proposing a transition from studies of separate 
relationships between genetic abnormalities and clinical or 
laboratory outcome, to integral studies that would validate the 
entire known complex as a single representative PED matrix.

Since the studies of separate associations between genetic 
factors and clinical and laboratory data are positive, the 
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application of the 30-component matrix model to the phenotypes 
of ASD, CFS and MS does not lead to the phenomenon of 
circular reasoning. This is not about the insufficient evidence 
of the key clinical and laboratory signs of epigenetic disorders, 
but about the need to form a promising integral diagnostic 
matrix for further studies. Without a doubt, this is a proposal, 
not a complete proof. However, without the formation of such 
a proposal on the basis of the evidence accumulated so far, it is 
impossible to move from the level of separate to multi-complex 
integral studies.
Clinical nosologies that have signs of primary epigen-
etic disease.

Such nosological entities as ASD, CFS, and MS have all the 
characteristic features of PED. It currently remains an open 
question whether PEH is root cause of the pathophysiology of 
ASD and CFS. Much of the presented data (such as generalized 
DNA hypomethylation or elevated oxidative stress markers) 
does not fully rule out the possibility that these are “reactive 
(secondary)” changes resulting from environmental factors, 
chronic inflammation, or secondary metabolic abnormalities. 
It is needed to prove that the molecular mechanisms that 
epigenetic changes are the “true cause” rather than merely a 
“consequence.” Considering the results of meta-analyses and 
systematic reviews, which indicate the association of the above-
mentioned nosologies with pathogenic polymorphisms that 
disrupt epigenetic regulation, at this stage we cannot say that 
PED is an etiological factor, but only that in ASD, CFS, MS 
the phenomenon of PED is determined, which may affect the 
severity of the condition, prognosis, and sensitivity to treatment.

We attempt to integrate childhood ASD, adult CFS, and 
metabolic syndrome in the elderly into a single spectrum under 
the common label of “primary epigenetic disease.” While 
these conditions do share common biomarkers such as chronic 
low-grade inflammation and mitochondrial dysfunction, it is 
not possible to conclude that they constitute a single disease 
entity (PED). No doubt, there is a risk of downplaying the 
unique etiological backgrounds of each condition (such as 
neurodevelopmental specificity). Therefore, correct positioning 
is essential. We do not limit ASD, CFS, and MS to PED alone, 
but we will point out that its signs are strongly present in these 
conditions and, probably, should be considered in diagnosis and 
clinical management.
Model 1: Primary Epigenetic Disease in Autism Spec-
trum Disorder.

ASD has traditionally been viewed through the lens of genetic 
determinism or isolated neurobiology. However, the lack of a 
single "autism gene" in the majority of cases and the systemic 
nature of the disorder suggest a more complex etiology. We 
propose that ASD is a prototypical primary epigenetic disease, 
representing a developmental "regulatory meltdown" where 
the epigenome fails to synchronize neuronal maturation with 
systemic homeostasis.
I. Clinical Validation: Mapping ASD to the 15 Phenotypic 
Criteria:

In pediatric practice, ASD demonstrates a near-perfect 
correlation with the proposed clinical criteria for PED. The 

hallmark delay in psycho-speech development (criterion 1) is 
not merely a neurological symptom but an epigenetic failure 
of synaptic pruning and plasticity [73]. This is frequently 
accompanied by connective tissue dysplasia (criterion 4), 
manifesting as joint hypermobility and hypotonia, which points 
to a systemic defect in matrix regulation rather than a localized 
brain issue [74].

Children with ASD often exhibit histo-hematic barrier 
instability (criterion 5), specifically the "leaky gut" phenotype, 
which drives chronic neuro-inflammation [75]. This 
systemic desynchronization is further evidenced by immune 
desynchronization/dysregulation (criterion 12) [76], where the 
child suffers from recurrent infections [77] while simultaneously 
showing high levels of autoantibodies against brain proteins 
[78]. The presence of autonomic dysfunction (criterion 7) 
[79] and systemic fatigue (criterion 2) [80]—often dismissed 
as "behavioral issues"—reflects the underlying mitochondrial 
failure and the absence of a physiological "training effect" in 
response to environmental stimuli.
II. Laboratory Validation: The Molecular Fingerprint of ASD:

The laboratory profile of children with ASD provides definitive 
evidence of an epigenopathic state. Hyperhomocysteinemia 
and SAM/SAH imbalance (criteria 1, 2) are almost universal 
findings in this population, indicating a fundamental collapse 
of the methylation cycle. This biochemical bottleneck is often 
driven by a High SNP Load (criterion 3) in the folate cycle, 
particularly the MTHFR C677T and A1298C variants, which 
deprive the developing brain of essential methyl donors [81].

Furthermore, ASD is characterized by chronic oxidative 
stress (criterion 5), with significantly elevated 8-OHdG [82] 
and a depleted glutathione index (criterion 6) [83]. This creates 
a feedback loop where oxidative stress further damages the 
epigenetic machinery (DNMTs, SIRT1), leading to global DNA 
hypomethylation (criterion 13) [84]. The bioaccumulation of 
heavy metals and xenobiotics (criterion 11) [85], such as lead 
or mercury, in ASD children is not merely an environmental 
accident but a direct consequence of impaired phase II 
detoxification (criterion 10) [86].
III. The Epigenetic Mechanism of Synaptic "Scrambling":

At the molecular level, ASD represents a failure of the histone 
code and ncRNA networks. In our model, polymorphisms 
in "reader" proteins like MECP2 or MBDs prevent the cell 
from interpreting epigenetic marks correctly. This results in 
"epigenetic noise," where genes that should be silenced during 
specific developmental windows remains active, leading to the 
characteristic "over-connectivity" or "under-connectivity" in the 
autistic brain [87].

Moreover, the collapse of ncRNA regulation (miRSNPs) leads 
to the loss of "gain control" over inflammatory pathways (e.g., 
miR-146a), transforming a normal immune response into a state 
of persistent systemic low-grade inflammation (criterion 9) [88]. 
This inflammation, in turn, disrupts the hormonal axes, resulting 
in functional polyendocrinopathy (criterion 11), including the 
frequently observed TSH and prolactin fluctuations in these 
children [89].

Conclusion of the model. By applying the 30-point diagnostic 
matrix, it becomes evident that ASD is a systemic epigenopathy. 
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The neuro-behavioral symptoms are merely the most visible 
"output" of a deeper failure in biological synchronization. 
Recognizing ASD as a primary epigenetic disease shifts the 
therapeutic focus from behavioral management to epigenetic 
rehabilitation—targeting the methylation cycle, restoring barrier 
integrity, and neutralizing oxidative stress to "re-program" the 
developmental trajectory.
Model 2: Systemic Epigenopathic Failure in Chronic Fa-
tigue Syndrome.

CFS has long remained a diagnostic challenge due to its 
multisystemic nature and the lack of a single structural lesion. 
However, through the lens of our proposed framework, CFS 
emerges as a primary epigenetic disease — a state of persistent 
biological desynchronization where the organism loses its ability 
to exit a "defensive" metabolic mode. This model demonstrates 
how the 30-point diagnostic matrix identifies the underlying 
regulatory collapse in adult patients.
I. Clinical Validation: The Phenotypic Signature of CFS:

The clinical presentation of CFS provides a comprehensive 
match for the PED criteria. The defining feature, systemic 
fatigue syndrome (criterion 2), is not merely tiredness but a 
fundamental breakdown of the cellular energy "buffer." This is 
inextricably linked to the absence of a "training effect" (criterion 
3): patients with CFS do not experience physiological adaptation 
to exercise; instead, physical or cognitive exertion triggers 
"post-exertional malaise" (PEM), a hallmark of mitochondrial-
epigenetic failure [90].

Patients consistently demonstrate histo-hematic barrier 
instability (criterion 5) [91], with the "leaky gut" phenotype 
driving the translocation of endotoxins that fuel neurotransmitter 
imbalance (criterion 6) [92]. This manifests as "brain fog," 
chronic anxiety, and autonomic dysfunction (criterion 7), 
including orthostatic intolerance and fluctuating intracranial 
pressure [93]. Furthermore, the presence of multifocal somatic 
pain (criterion 10) — arthralgia and myalgia—reflects the 
epigenetic erosion of the connective tissue matrix and persistent 
low-grade inflammation, rather than localized injury [94].
II. Laboratory Validation: The Biochemical "Locked" State:

The laboratory profile of CFS patients mirrors the molecular 
pathology seen in ASD, but with an emphasis on metabolic 
exhaustion. methylation cycle imbalance (criteria 1, 2) is a 
frequent finding, where an altered SAM/SAH ratio prevents the 
effective silencing of pro-inflammatory retrotransposons and 
genes. This is often underpinned by a high SNP load (criterion 3) 
in the MTHFR and MTR/MTRR genes, limiting the availability 
of methyl donors required for mitochondrial DNA repair [95].

A critical laboratory finding in CFS is mitochondrial 
insufficiency (criterion 7), evidenced by an abnormal lactate/
pyruvate ratio and impaired oxygen consumption at the cellular 
level [96]. This state is reinforced by chronic oxidative stress 
(criterion 5) [97] and a severely depleted glutathione (GSH) 
index (criterion 6) [98]. The resulting "oxidative scarring" of 
the epigenome maintains the cells in a pro-inflammatory state, 
confirmed by the chronic inflammatory profile (criterion 9) 
(elevated hs-CRP, IL-6) [99]. Additionally, the bioaccumulation 
of mycotoxins and xenobiotics (criterion 11) [100], due 

to impaired phase II detoxification (criterion 10), acts as a 
persistent epigenetic "anchor" that prevents recovery [101].
III. The Epigenetic "Lock": From Infection to Chronic Disease:

In CFS, the transition from a healthy state to a pathological 
one is often triggered by an infection (e.g., EBV, COVID-19). 
This trigger causes a "regulatory meltdown" where ncRNA 
networks (criterion 1), specifically miR-146a and miR-155, 
fail to "turn off" the inflammatory response [102]. This leads 
to immune desynchronization/dysregulation (criterion 12) [103] 
and autoimmune mosaicism (criterion 13) [104], where the 
body continues to fight a "ghost" of an infection long after the 
pathogen is cleared.

The epigenetic "lock" is further maintained by functional 
polyendocrinopathy (criterion 15), characterized by a flattened 
cortisol curve and subclinical thyroid fluctuations. This is 
not a failure of the glands themselves, but an epigenetic 
reprogramming of the HPA axis to a "low-energy" survival 
mode [105].

Conclusion of the model. Applying the 30-point matrix to 
CFS reveals that it is not a "psychosomatic" condition but a 
systemic epigenopathy of exhaustion. The patient is "locked" in 
a state of mitochondrial and epigenetic depletion. Therapeutic 
success in CFS, therefore, requires more than symptomatic 
relief; it demands "manual" biochemical correction to restore 
the glutathione pool and methylation capacity, combined with 
systemic epigenetic modulation to "re-program" the organism 
out of its pathological defensive state.
Model 3: Epigenetic disorders in Metabolic Syndrome.

Metabolic syndrome includes hypercholesterolemia, 
hypertriglyceridemia, dyslipoproteinemia, hyperuricemia and 
hyperglycemia. This syndrome is often observed in elderly 
people as a manifestation of aging. Metabolic syndrome is 
linked in such cases with atherosclerosis of the arteries and 
associated cardiac and neurological atherothrombotic acute 
events, which is the main cause of death of modern humans. 
The reason is the age-related weakening of epigenetic control 
over the affected genes of the genetic burden that regulate lipid 
and carbohydrate metabolism. In addition, this syndrome may 
not only be an isolated phenomenon, but also a component of 
a broader metabolic phenotype of ASD and CFS in early age. 
Therefore, it can be said that ASD and CFS are characterized by 
the phenomenon of premature aging [106] (Figure 6).
Therapeutic Strategies: From Systemic Epigenetic Mod-
ulation to Precision "Manual" Correction.

If PED is a monogenic pathology, then correction is 
theoretically possible with one specific drug. The introduction 
the trofinetide into clinical practice in Rett syndrome is a good 
example of such success [107]. However, in most cases, a 
polygenic pattern with multiple biochemical disorders is formed 
in PED. So, multitargeted polymodal therapy is needed.

The recognition of primary epigenetic disease as a multisystemic 
regulatory failure mandate a dual-track therapeutic approach. 
While the long-term goal is to achieve systemic re-programming 
of the epigenome, current clinical practice relies on high-
precision biochemical correction to restore homeostatic buffers.
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I. Systemic Epigenetic Modulation: The Frontier of Molecular 
Therapy:

The first approach focuses on the direct modification of the 
epigenetic "machinery" (writers, erasers, and readers). This 
represents the systemic correction of the genomic software.
1.	 DNA Methyltransferase (DNMT) Modulators: Beyond 

oncology, low-dose DNMT inhibitors and synthetic methyl-
donors are being explored to "re-set" global hypomethylation 
patterns [108].

2.	 Histone Deacetylase (HDAC) Inhibitors: Medications that 
target specific HDAC classes (e.g., Valproic acid derivatives 
or new selective SIRT1 activators) aim to restore the "Histone 
Code." By promoting an open chromatin state in repressed 
neuroprotective genes, these agents can theoretically reverse 
the "epigenetic rigidity" seen in ASD and neurodegenerative 
disorders [109].

3.	 RNA-interference (RNAi) and Antisense Oligonucleotides 
(ASOs): The most promising systemic frontier is the use 
of synthetic ncRNA analogues to suppress pathological 
"epigenetic noise." Targeting specific microRNAs (e.g., 
antagomirs against miR-155 or miR-146a) allows for the 
systemic quenching of chronic low-grade inflammation [110].

II. Precision "Manual" Management: Targeted Biochemical 
Restoration:

The second, and currently more accessible, approach is the 
"manual" correction of identified biochemical aberrations. 
This method views the epigenetic syndrome as a collection of 
faulty circuits that must be repaired individually to restore the 
collective system.

1. Restoration of the Methylation Cycle
Based on the high SNP load (e.g., MTHFR, MTR), therapy 

involves the use of "pre-activated" methyl donors. Instead 
of folic acid, clinicians utilize 5-MTHF (methylfolate) and 
Methylcobalamin (B12), bypassing the genetic bottlenecks to 
directly supply the SAM pool [111].

2. Mitochondrial and Antioxidant Rehabilitation
To neutralize systemic oxidative stress and mitochondrial 

failure, a complex of co-factors is required. This includes 
L-carnitine, Coenzyme Q10, and PQQ, which aim to restore the 
"training effect" and energy production. The replenishment of 
the Glutathione (GSH) pool through N-acetylcysteine (NAC) 
or liposomal GSH is essential to protect the DNA from further 
epigenetic "scarring" [112].

3. Barrier Integrity and Detoxification Support
Manual management includes the aggressive restoration of the 

intestinal barrier ("leaky gut") using glutamine, zinc carnosine, 
and specific probiotics to normalize the zonulin levels. 
Simultaneously, Phase II detoxification is supported by sulfur-
containing compounds (sulforaphane, taurine) to facilitate the 
clearance of bioaccumulated heavy metals and xenobiotics 
[113].

4. Neuroendocrine and Connective Tissue Support
Correction of neurotransmitter imbalances is achieved 

through precursors (e.g., psychotropic drugs, 5-HTP, GABA) 
and magnesium threonate, while the connective tissue matrix 
is supported by collagen peptides and silicon, addressing the 
dysplasia component of the phenotype [114].

III. The Integrated Model: Epigenetic Rehabilitation:
The ultimate clinical success lies in the synergy of these two 

approaches. By combining systemic modulators with meticulous 
"manual" biochemical support, we achieve what can be termed 
"epigenetic rehabilitation." This approach does not merely treat 
symptoms but "re-teaches" the organism to maintain its own 
homeostatic boundaries.

In this framework, the clinician acts as a "system administrator" 
of the genome, identifying specific errors in the methylation, 
histone, and RNA networks and applying a multi-component 
therapeutic protocol to stabilize the patient’s biological 
trajectory (Table 2).

It should be clarified that table 2 lists the most promising 
agents for the correction of clinical and laboratory abnormalities 
in patients with epigenetic disorders. These agents have 
now undergone a number of placebo-controlled clinical 
trials. Undoubtedly, the data in table 2 are not final clinical 
recommendations for general medical practice. Rather, these 
data summarize the diversity of clinical trials conducted to date 
in the field of multitarget correction of epigenetic disorders, 
show the current state of affairs and indicate promising 
directions for further research. And it is in this vein that this 
information should be perceived. There is no doubt that only a 
consensus treatment guideline can be a direct indication for the 
routine administration of certain drugs.
IV. Existing guidelines.

At the moment, three guidelines of a multitargeted therapeutic 
strategy for ASD as a model of PED have been developed and 
published. The biomarker-based strategy was first introduced 
by Bradstreet J et al in 2010. The protocol contains all known 
biomarkers at that time to open access the full spectrum of 
examinations and determine the individual list of biochemical 
disorders in each patient for multitarget correction [135]. 
The guidline BaS-BiSTOR (collect Baseline data, search for 
Symptoms, measure Biomarkers, Select Treatment, Observe for 
Response) was proposed by Frye R. in 2022 and is based on a 
biomarker-based strategy. This protocol additionally discusses 
the work of a multidisciplinary group of medical experts in a 
multidisciplinary hospital to implement a personalized treatment 
in compound clinical approach [136]. The guidline GBINS 
(Genetic-Biochemistry-Immunology-Neurology-Symptoms) 
was proposed by Maltsev D. in 2024. It is based on the two 
previous ones, supplementing with data on the pathogenesis 
of the disease, the main mechanisms of disease development, 
and the hierarchical structure of multitropic polymodal lesions, 
expanding the possibilities of a multitargeted personalized 
treatment strategy [137].
Discussion.

Toward a New Paradigm in Systems Medicine.
General Concept: The transition from a symptom-based 

nosology to a mechanism-based understanding of "primary 
epigenetic disease" represents a fundamental shift in clinical 
medicine. Our findings suggest that conditions as diverse as 
(ASD) and CFS share a common molecular "understructure"—a 
state of systemic biological desynchronization driven by a 
compromised epigenetic buffer.
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The Synergistic Failure of the Epigenome: The core strength 
of the proposed concept lies in its ability to integrate the "three 
pillars" of epigenetic regulation: DNA methylation, histone 
modifications, and non-coding RNA networks. We demonstrate 
that a primary epigenetic disease is rarely the result of a single 
catastrophic mutation. Instead, it arises from the cumulative 
effect of high-frequency SNPs (e.g., MTHFR, HDAC4, miR-
146a). This "polygenic epigenetic vulnerability" remains silent 
until triggered by environmental stressors, at which point the 
regulatory machinery collapses into a pathological stable state.

A Holistic Phenotype vs. Fragmented Diagnosis: By 
establishing 15 clinical and 15 laboratory criteria, we 
address one of the most significant gaps in modern medicine: 
the fragmentation of multisystemic patients. The current 
diagnostic model often forces clinicians to view "leaky 
gut," "mitochondrial dysfunction," and "neurotransmitter 
imbalance" as separate comorbidities. Our framework proves 
they are, in fact, synchronized outputs of the same epigenetic 
failure. The presence of connective tissue dysplasia alongside 
neurodevelopmental delays in ASD, or the absence of a "training 
effect" in CFS, serves as a phenotypic signature of a genome 
that has lost its homeostatic anchor.

The "System Administrator" Approach to Therapy: 
The discussion of therapeutic strategies highlights a crucial 
realization: treating the symptoms of an epigenetic disease is 
equivalent to treating the "output" of a corrupted software without 
fixing the code. The dual-track approach—combining systemic 
epigenetic modulators with precision "manual" biochemical 
correction—offers a path toward genuine rehabilitation. While 
systemic modulators represent the future of pharmacology, the 
manual restoration of methylation cycles and mitochondrial 
buffers provides an immediate, evidence-based toolkit for the 
modern clinician.
Future Research Directions.
Validation and Standardization of the PED Framework:

The introduction PED concept necessitates a rigorous, 
multi-stage validation process to transition from a theoretical 
framework to a globally recognized clinical standard. Future 
research must prioritize large-scale, longitudinal cohort studies 
designed to establish the statistical relevance and diagnostic 
validity of the proposed 30-point matrix. Central to this effort 
is the formal verification of the "30-point diagnostic matrix," 
which requires assessing the sensitivity and specificity of each 
clinical and laboratory criterion across diverse populations, 
including pediatric (ASD-focused) and adult (CFS-focused) 
cohorts.

A critical direction for future inquiry lies in the structural 
analysis of clinical syndromes. We must move beyond simple 
observation to employ advanced machine learning algorithms 
and cluster analysis to determine how specific combinations 
of the 15 clinical markers correlate with distinct "epigenetic 
signatures." This will allow for the identification of sub-
phenotypes within the PED spectrum, enabling more precise 
prognostic modeling. Simultaneously, the validation of 
associated biomarkers is paramount. Future trials should aim to 
establish "gold standard" reference ranges for pivotal indicators 
such as the SAM/SAH ratio, global DNA methylation levels (5-

mC), and specific miRSNP profiles. It is essential to correlate 
these molecular findings with objective instrumental data, 
such as heart rate variability (HRV) and neuroimaging markers 
of barrier permeability, to confirm the causal link between 
epigenetic "unmasking" and physiological dysfunction.

Furthermore, research must address the dynamic nature of the 
epigenetic shield. Prospective studies are required to track the 
stability of these biomarkers over time and in response to the 
proposed "Epigenetic Rehabilitation" protocols. Establishing a 
standardized "PED Severity Score" will facilitate international 
multi-center trials, ensuring that diagnostic criteria remain robust 
across different healthcare systems and ethnic backgrounds. 
Ultimately, validating the interplay between the latent genetic 
burden and measurable epigenetic decay will not only solidify 
PED as a formal nosological entity but also pave the way for the 
inclusion of these criteria into future iterations of international 
classification systems (ICD), fundamentally transforming the 
management of multisystemic chronic disorders.
Limitations.

Despite the robustness of the proposed framework, several 
limitations must be acknowledged. First, the dynamic nature 
of the epigenome means that biomarkers may fluctuate based 
on circadian rhythms, acute stress, or nutritional status, 
potentially complicating single-point diagnostic assessments. 
Second, while the 30-point matrix is based on synthesized 
evidence, the weighting of individual criteria remains to be 
refined through prospective clinical trials. Furthermore, the 
accessibility of advanced epigenetic testing, such as global 5-mC 
quantification or specific miRSNP profiling, may be limited 
in standard clinical settings, necessitating the development 
of more affordable surrogate markers. Finally, the role of the 
microbiome-epigenome axis and its contribution to the "genetic 
burden unmasking" requires deeper integration into the model. 
These factors underscore the need for standardized, multi-center 
longitudinal studies to harmonize diagnostic protocols across 
diverse populations.
Conclusion.

This work presents a phenomenological characterization of 
primary human epigenetic disease in all its diversity.

Epigenetic disease is a multisystemic and polymodal 
nosological entity driven by the synergistic failure of DNA 
methylation, histone code maintenance, and ncRNA regulatory 
networks.

The susceptibility to this condition is determined by a high 
load of common polymorphisms (SNPs) in the epigenetic 
machinery, which create a state of "epigenetic fragility" rather 
than direct structural damage.

The disease is characterized by a stable pathological core, 
including hyperhomocysteinemia, oxidative stress, persistent 
low-grade inflammation, autoimmunization, mitochondrial 
failure, gut dysbiosis and the breakdown of histo-hematic 
barriers.

Multiple biochemical disorders are noted in various metabolic 
pathways and cycles, reflecting the manifestation of individual 
genetic burden in conditions of insufficient epigenetic control.

Across the lifespan, the disease manifests through a consistent 
30-point diagnostic matrix (15 clinical and 15 laboratory 
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criteria), allowing for the identification of the "epigenetic 
syndrome complex" regardless of the primary medical specialty.

The application of this framework to ASD (pediatric model) 
and CFS (adult model) validates the universality of the concept, 
demonstrating that these diverse conditions are manifestations 
of the same underlying regulatory meltdown.

Effective management requires "epigenetic rehabilitation"—a 
combination of systemic genomic modulation and high-
precision biochemical correction to restore the organism's 
homeostatic buffers and developmental/functional trajectory.
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