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Abbreviations: BMI, body mass index; CRP, C-reactive 
protein; DOHaD, developmental origins of health and disease; 
FTO, fat mass and obesity-associated gene; GLUT-4, glucose 
transporter type 4; HOMA-IR, homeostatic model assessment for 
insulin resistance; HPA, hypothalamic-pituitary-adrenal axis; MC4R, 
melanocortin 4 receptor; OSA, obstructive sleep apnea; T2DM, type 
2 diabetes mellitus; VDR, vitamin D receptor; HPA, Hypothalamic-
pituitary-adrenal.

Introduction
The fast proliferation of the concept of pediatric obesity as a 

controllable lifestyle-based issue into the one of the health crises 
worldwide is one of the most daunting issues in modern clinical 
endocrinology. Nowadays, this pathology is no longer considered as 
an interim stage of development or an unavoidable consequence of 
overnutrition, but is instead defined as a chronic, recurring metabolic 
disease that has all-inclusive consequences on physical health and 
psychosocial balance of a child.1,2 Even though there has been a 
tremendous improvement in the diagnostic procedures and treatment 
options, there has been a spiraling upward trend in the prevalence of 
childhood adiposity in the global level.3

The etiology of the phenomenon is multifactorial in nature in 
that it is a complex interaction between polygenic susceptibility 
and the epigenetic alterations that are experienced in critical periods 
of development. Biological underpinnings are compounded by a 
contemporary -obeseogenic- environment, in which socioeconomic 
differences and inactive behavioral models are mobilizing factors 
in the severe neuroendocrine pathway.4 Early life obesity does not 
simply result in the immediate impairment of functions; this sets a 
pathological background of chronic illnesses in adulthood, thus 
elevating the socioeconomic load of the state and healthcare facilities.5 
Besides, obesity is systemic in its nature, the adverse effect on mental 
health; the psychosocial load, which is manifested by omnipresent 

stigmatization and institutional bullying, is accompanied by elevated 
chronic cortisol levels. This hormonal changes the metabolic 
landscape even more and compromises treatment compliance.

Aim of the study
The purpose of the study is an in-depth examination of the issue 

of causes and consequences of obesity in children, specifically, the 
research of the principal risk factors, comorbid and health outcomes 
in the short and long run.

Material and methods
An extensive literature review and analysis was performed with 

the help of the best scientific databases such as PubMed, Scopus, and 
Google Scholar. Prioritization was done on reviews by systematizing, 
random clinical trips, and high impact analysis articles published in 
English. The inclusion criteria were applied strictly: the articles had 
to explore the multifaceted causes or systemic impacts of obesity 
in children; the scientific articles had to be interested in medical, 
socio-economic, and psychosocial facets; the articles were limited 
to pediatric (age under18 years) population studies; the articles were 
restricted to peer-reviewed article publications.

The search involved the use of a complex search matrix consisting 
of the following keys: Family influence obesity, Socioeconomic 
factors obesity, Metabolic syndrome children, Obesity risk factors, 
Psychological impact obesity, Children obesity trends, Obesity related 
health complications, Children has genetic predisposition to obesity, 
Emotional overeating, Pediatric obesity, Obesity and mental health 
children, Epigenetics childhood obesity, Obesity, Obesity children, 
Unhealthy eating habits, Endocrine disorders obesity.

Results
The systematic study of the collected data is that of a pediatric 

obesity that is not just an unbalanced nutritional state but a chronic, 
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Abstract

Pediatric obesity has evolved into a formidable global pandemic, representing a 
complex, chronic metabolic disorder that fundamentally compromises the physiological 
and psychosocial development of the younger generation. This research provides an 
exhaustive, multifaceted analysis of the etiology of childhood adiposity, dissecting the 
synergistic interplay between polygenic susceptibility, epigenetic modifications, and the 
modern obesogenic environment. By characterizing adipose tissue as a high-functioning, 
albeit dysfunctional, endocrine organ, the study elucidates the molecular pathways leading 
to chronic low-grade systemic inflammation, profound insulin resistance, and early-onset 
metabolic syndrome. Special emphasis is placed on the cholecalciferol-insulin axis and the 
«metabolic memory» ingrained through intrauterine programming. The findings advocate 
for an urgent shift toward precision endocrinology and multidisciplinary intervention to 
mitigate the escalating burden on global healthcare systems.
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progressive, and relapsing neuro-immuno-metabolic disease. The 
accumulation of adipose tissue that goes beyond the homeostatic 
physiological needs of the growing organism characterizes the 
condition, which causes systemic lipotoxicity.6 The research 
determines a multifaceted, non-linear pathogenesis due to the 
synergistic effect of the genetic susceptibility, disturbance of 
endocrine organs, maladaptation of the metabolism and the influence 
of environmental variables predisposing to obesity.7

Biological profiling introduces genetic predisposition as a major 
factor contributing to susceptibility with an approximate variance of 
BMI contributed to 40-70%.8,9 Fine scale genomic research indicates 
that certain phenotypical SNPs are common in the major regulatory 
genes and explain the molecular context of the dysregulated energy 
homeostasis.10 In particular, there are findings suggesting that 
FTO (Fat Mass and Obesity-associated) gene variants mediate the 
expression of IRX3 and IRX5 homeobox genes in the pre-adipocytes; 
the genetic change that would affect adipocyte thermogenesis control 
at the expense of energy-burning «beige» fat to energy-storing 
«white» fat-based thermogenesis, thus lowering the basal metabolic 
expenditure regardless of physical exercise.11 At the same time, the 
known malfunctions in MC4R (Melanocortin 4 Receiver) pathway 
disorganize the essential satiety feedback in the paraventricular 
nucleus of the hypothalamus. This is clinically characterized by 
excessive hyperphagia (unquenchable hunger) and markedly reduced 
post-prandial levels of satiety, which imply a leakage in the leptin-
melanocortin axis.12,13 Also, the evidence indicates that individual 
differences in genetic components influence the target density of 
dopamine receptors (D2R) in the striatum to initiate a Reward 
Deficiency Syndrome. It is this neurochemical loss that compels 
compensatory intake of hyper-palatable, high-energy foods to obtain 
dopaminergic homeostasis, and satiety homeostasis is superseded.14

A sophisticated array of hormonal maladaptation is detected through 
biochemical evaluations, which are linked with excessive adiposity. 
The serum Vitamin D3 (25- hydroxyvitamin D) was found significantly 
inversely correlated with visceral fat mass with the sequestration of 
life proving lipophilic vitamin in adipose tissue resulting in critically 
low bioavailability.15–17 This deficiency contributes greatly to 
metabolic syndrome because it increases parathyroid hormone (PTH) 
and systemic Renin-Angiotensin-Aldosterone System (RAAS) levels 
and thereby causes calcium to enter adipocytes and triggers gene de 
novo lipogenesis. This hypermetabolic state is directly connected with 
insulin dynamics, as a chronic hyperinsulinism prevents the activity of 
hormone-sensitive lipase, which is an effective lipolysis inhibitors.18 
The analysis demonstrates that there is a strong relationship between 
Vitamin D deficiency and the dysfunction of the pancreatic beta-cell 
which is mediated by the downregulation of the Vitamin D Receptors 
(VDR) and the disruption of calcium-dependent exocytosis pathways 
of insulin. Also subclinical hypothyroidism, i.e. raised TSH and 
normal T4 levels, was observed in some section of the population; 
which is attributed to be an adaptative physiological feedback process 
to adjust the basal metabolic rate in an effort to save energy due to the 
presence of systemic leptin resistance.19,20

The assessment of lifestyle patterns indicates that the current 
dietary income is the factor of significant importance that promotes 
the positive energy balance. The information shows that the frequency 
of ultra-processed foods (UPFs) consumption is very high, bypassing 
inherent satiety mechanisms as it is strongly glycemic index and has a 
low protein leverage, and the consumption of sugar-sweetened drinks 
is directly linked to hepatic lipogenesis acceleration and visceral 
fat gain.21,22 These nutritional variables are further combined with 

sedentary behaviors because direct dose-response correlation was 
found between sedentary screen time and increased BMI. In addition 
to physical inactivity related to the screen time, blue light spectrum of 
digital devices inhibit the secretion of melatonin in the suprachiasmatic 
nucleus. This circadian rhythm imbalance has adverse effects on the 
glucose metabolism and alteration of the cortisol level at the night 
significantly exposes the children to an increased risk of metabolic 
dysregulation.23,24

According to the socio-economic analysis, the low household 
income and the lack of parental health literacy serve as the effective 
obstacles to metabolic health. Low socio-economic families had 
a more pronounced tendency towards energy-dense foods, which 
had a low content of nutrients but was due to affordability and the 
existence of so-called food deserts. Such socio-economic burdens 
cause severe psychosocial agony. A psychometric analysis indicates 
a high correlation between obesity and long-term psychological 
stress, which is a vicious cycle in which social stigmatization and 
bullying causes chronic Hypothalamic-Pituitary-Adrenal (HPA) axis 
activation. The ensuing hypercortisolemia condition encourages the 
selective deposition of visceral adipose tissue (because of the high 
glucocortisoid receptor in these cells) and mediates the maladaptive 
coping mechanism of eating out of emotions.25,26

In terms of cardiometabolic health there is a large prevalence 
of endothelial dysfunction, early-onset arterial hypertension, and 
dyslipidemia that is typified by the «atherogenic triad» of high 
triglycerides, low HDL, and small dense LDL. Simultaneously, the 
statistics demonstrate that the transition of pre-diabetes into the 
overt Type 2 Diabetes Mellitus (T2DM) in the pediatric cohort is 
rapidly accelerated by the premature loss of pancreatic alpha-cells 
because of chronic glucolipotoxicity.27,28 Regarding the respiratory 
side, abdominal adiposity is the best predictor of Obstructive Sleep 
Apnea (OSA); mechanical inhibition of diaphragmatic motion and 
pharyngeal collapse causes chronic intermittent hypoxia that is 
associated with oxidative stress and neurocognitive impairment.29 
Last but not least is the biomechanical analysis which indicates that 
pathological compressive loads to the developing skeleton is the result 
of excess weight, which significantly increases the risks of pes planus 
(flat feet), Blounts disease (tibia vara) and Slipped Capital Femur 
Epiphysis (SCFE) which in most of the cases necessitates surgery 
because of mechanical failure of the joints.30,31

Discussion
The overall results of this research are a powerful piece of evidence 

that radically redefines obesity in children not as a simplistic imbalance 
of energies but as a complex neuro-endocrine pathology, the cause 
of which is a collision of the ancient survival genetics and modern 
obesogenic environment.32,33 The finding of particular FTO and MC4R 
polymorphisms within our study population invalidates the classical 
behavioral approach, which explains one mechanism of biological 
determinism in which genetic variations essentially modify the set-
point of hypothalamic energy homeostasis.35,36 The dysregulation of 
the melanocortin pathway that was observed may suggest that in a 
large proportion of patients, the hedonic motivation to hyper-palatable 
foods is a neuro-chemical imperative promoted by a genetic program 
as opposed to a lapse of volition.37 This would in turn indicate that the 
normal lifestyle interventions will always experience high recidivism 
rates unless they address these underlying neurobiological forces 
with a specific pharmacotherapy or a specific behavioral change 
approach that takes into consideration and compromises the affected 
dopaminergic reward system.
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The correlation between the serum Vitamin D3 (cholecalciferol) 
levels and the indices of insulin resistance is inversely related and 
represents a critical pathophysiological finding, which demonstrated 
that the Vitamin D deficiency is not a passive effect of its sequestriment 
in adipose tissue, but the active, dominant cause of the metabolic 
syndrome.38,39 One of hypothesis is that hypovitaminosis D would 
directly impair genomic stability in pancreatic -cells through the 
suppression of Vitamin D Receptors (VDR), and result in disrupted 
intracellular calcium flux that plays a vital role in the secretion of 
insulin.40,41 Moreover, the attenuation of the anti-inflammatory activity 
of cholecalciferol permits the uninhibited expansion of macrophages 
residing in adipose tissues and pro-inflammatory cytokines release of 
TNF-6 and IL-6. This generates a chronic, low-grade inflammatory 
environment which desensitises peripheral tissues to insulin, 
increases the metabolic march towards Type 2 Diabetes Mellitus; 
thus, the restoration of Vitamin D status must be increased to a pillar 
of metabolic treatment.

Emerging evidence indicates that SIRT1 acts as a key regulator 
at the interface between energy homeostasis and adipose tissue 
inflammation. Through its deacetylase activity, SIRT1 suppresses 
pro-inflammatory transcriptional signaling pathways, including NF-
κB and JNK, modulates adipocyte–macrophage communication, 
and promotes insulin sensitivity. Reduced SIRT1 expression in 
adipose tissue is associated with increased macrophage infiltration, 
elevated inflammatory cytokine expression, and worsening systemic 
insulin resistance.42,43 Importantly, pediatric data remain limited, yet 
available studies in children and adolescents indicate that obesity may 
be accompanied by alterations in histone acetylation status and lower 
SIRT1 gene expression, supporting a plausible role for SIRT1-related 
epigenetic mechanisms in early metabolic dysfunction.44 While serum 
SIRT1 can be measured in children and emerging data describe its 
distribution in healthy pediatric populations, its clinical utility for 
risk stratification or treatment monitoring in pediatric obesity remains 
unproven and requires prospective validation against established 
cardiometabolic markers.45

One of the crucial aspects of our study is the notion of Developmental 
Origins of Health and Disease (DOHaD) because the outcomes of 
analyzing the clustering of the family and the emergence of obesity 
in childhood point to the significance of epigenetic programming. 
Maternal metabolic abnormalities/hyperglycemia or malnutrition 
during pregnancy seem to cause stable epigenetic changes in the fetus- 
DNA methylation of POMC or LEP (leptin) genes. This metabolic 
memory actually programs the offspring to store energy and have 
leptin resistance efficiently during the uterus and generates a phenotype 
that is physiologically maladapted to a postnatal environment full of 
calories. This understanding is a fundamental change in the clinical 
emphasis on the health optimization before conception which would 
position the prevention of pediatric obesity not only as a pediatric 
problem, but also as a transgenerational necessity.46–48

The psychosocial results show that there is a vicious two-way 
interaction between adiposity and mental health, which indicates 
a self-perpetuating process of a cascade of cortisol-adiposity 
interaction that makes treatment complex. Social stigmatization 
and peer victimization are some of the potent chronic stressors that 
stimulate the Hypothalamic-Pituitary-Adrenal (HPA) axis leading 
to chronic hypercortisolemia. This endocrine condition favorable 
to the particular deposition of visceral adipose tissue, having a 
high concentration of glucocorticoid receptors, and concurrently 
encourages the motivation of comfort foods high in sugar and fat. This 
proves that emotional overeating is not a behavioral deficiency but an 

adaptive neuro endocrine response as such therapeutic regimes that 
does not incorporate psychological support and stress management 
are inadequate clinically since correction of the stigma stress axis is as 
important as diet prescription in physiological cycling.49,50

The multiorgan comorbidities, including but not limited to early 
endothelial dysfunction and Obstructive Sleep Apnea (OSA), to 
orthopedic failure in the form of Slipped Capital Femoral Epiphysis 
(SCFE) are indicative of an impending national public health disaster. 
Recent neurocognitive effects caused by OSA are of great concern 
and the academic and social potential of this generation is in danger 
since chronic intermittent hypoxia poses a threat to the educational 
and social outcomes of the population. The movement of the adult 
conditions such as Type 2 Diabetes and hypertension into the pediatric 
age group predetermines the need to shift the clinical practice to a 
more aggressive change to a model of Precision Endocrinology. 
It is a stratified method that the patients may receive multimodal 
interventions targeted to the genetic, metabolic and psychosocial 
profiles of the patient without this systemic reform, the worldwide 
healthcare infrastructure is likely to release the load on the global 
healthcare system.

Conclusion
Childhood obesity is complex issue that is a combination of 

genetic, behavioral and socioeconomic factors with dramatic medical, 
psychological and socioeconomic outcomes. To prevent it, it should 
be treated with an interdisciplinary approach, education of children 
and parents, early intervention. The family, community and state 
level interventions are essential in breaking this vice and providing a 
healthy future to the future.
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