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Abstract 

Obesity during young adulthood is increasingly recognized as a state of early metabolic and inflammatory 

dysregulation that precedes the onset of overt noncommunicable diseases (NCDs). The condition is 

characterized by a constellation of biochemical abnormalities, including hyperinsulinemia, insulin resistance, 

atherogenic dyslipidemia, and elevated systemic inflammatory markers such as high-sensitivity C-reactive 

protein (hs-CRP) and proinflammatory cytokines. These perturbations are accompanied by heightened 

oxidative stress, evidenced by increased lipid peroxidation and depletion of antioxidant defenses—changes 

that are modifiable through lifestyle or pharmacologic interventions (Guzik & Korbut, 2015). 

A central mechanism underlying these alterations is adipose tissue endocrine dysfunction, in which expanded 

fat depots exhibit increased secretion of leptin, tumor necrosis factor-α (TNF-α), and interleukin-6 (IL-6), 

coupled with reduced adiponectin production. This dysregulated adipokine milieu promotes chronic low-grade 

inflammation, endothelial activation, and impaired insulin signaling, thus linking excess adiposity to early 

cardiometabolic risk (Kwon & Pessin, 2013). 

Empirical evidence from young adult and adolescent cohorts—including recent Indian studies—has 

demonstrated elevated fasting insulin levels, higher homeostasis model assessment of insulin resistance 

(HOMA-IR), and increased oxidative stress biomarkers such as malondialdehyde (MDA). Concurrent 

reductions in antioxidant enzymes, including superoxide dismutase (SOD) and catalase, further confirm the 

coupling of oxidative and inflammatory stress in early metabolic imbalance (Patel et al., 2021). 

Importantly, sex hormones modulate these biochemical signatures. Androgen–adiponectin interactions and 

estrogen’s anti-inflammatory effects influence adipokine expression and insulin sensitivity, contributing to 

distinct sex-specific biochemical phenotypes in young adults (Frontiers in Endocrinology, 2024). Collectively, 

these findings emphasize that obesity in early adulthood is not a benign condition but a phase of active 

metabolic disruption that warrants early detection and intervention to avert long-term cardiometabolic 

complications. 
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Introduction 

Obesity is increasingly understood not merely as a condition of excess fat accumulation but as a complex 

metabolic and endocrine disorder. White adipose tissue (WAT), once regarded as a passive energy reservoir, 

is now recognized as an active endocrine organ that secretes a wide array of bioactive molecules—including 

adipokines, cytokines, and chemokines—that regulate appetite, insulin sensitivity, lipid metabolism, immune 

balance, and vascular function (Kwon & Pessin, 2013). This endocrine activity establishes adipose tissue as a 

key integrator of metabolic and inflammatory homeostasis. 

In the early stages of obesity, particularly during young adulthood, biochemical disturbances emerge that 

foreshadow the development of chronic noncommunicable diseases such as type 2 diabetes mellitus, 

dyslipidemia, and atherosclerotic cardiovascular disease. The hallmark features of this early biochemical 
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dysregulation include insulin resistance, compensatory hyperinsulinemia, atherogenic lipid patterns, elevated 

high-sensitivity C-reactive protein (hs-CRP), and increased oxidative stress (Guzik & Korbut, 2015). These 

abnormalities are not merely epiphenomena but active mediators in the pathogenesis of vascular and metabolic 

disease. Importantly, they appear well before clinical manifestations arise, allowing for early identification and 

targeted preventive action. 

From a clinical and public health standpoint, the young adult phase represents a critical intervention window. 

During this period, metabolic pathways remain plastic and highly responsive to modification through exercise, 

dietary optimization, and behavioral change. Evidence suggests that even modest improvements in physical 

activity and nutritional quality can attenuate systemic inflammation, enhance insulin sensitivity, and normalize 

lipid metabolism (Guzik & Korbut, 2015). Thus, early detection of biochemical risk markers can inform 

personalized preventive strategies to mitigate long-term metabolic damage. 

In the Indian context, this issue assumes added importance due to the heightened cardiometabolic susceptibility 

of South Asians. Urbanization, dietary westernization, and sedentary occupational patterns have accelerated 

the onset of obesity and its metabolic sequelae among young adults. Notably, studies among urban Indian males 

have reported significant associations between fasting insulin levels and markers of subclinical inflammation, 

such as hs-CRP, even in the absence of overt diabetes or hypertension (Mishra et al., 2006). These findings 

highlight the presence of silent metabolic and inflammatory activation in apparently healthy individuals—a 

phenomenon warranting proactive screening in high-risk environments such as colleges, universities, and early 

workplaces. 

Taken together, these observations underscore that obesity in young adults constitutes an active 

pathophysiological state rather than a benign transient condition. Understanding the metabolic and 

inflammatory signatures of early obesity is therefore essential to designing timely interventions that can prevent 

or delay the onset of noncommunicable diseases and reduce the future burden of cardiometabolic morbidity. 

Pathophysiological Basis 

Adipose Tissue as an Endocrine Organ 

White adipose tissue (WAT) plays a central role in the regulation of systemic metabolic and inflammatory 

homeostasis. Far beyond serving as a passive energy store, it functions as an active endocrine organ that 

secretes an array of bioactive molecules—including adipokines, cytokines, and chemokines—that 

communicate with distant organs such as the liver, skeletal muscle, pancreas, brain, and immune system (Kwon 

& Pessin, 2013). These signaling molecules coordinate systemic energy balance, glucose utilization, and lipid 

turnover, thereby integrating nutritional status with whole-body metabolism. 

During obesity, adipose tissue undergoes hypertrophy and hyperplasia, leading to local hypoxia, endoplasmic 

reticulum stress, and macrophage infiltration. This cellular remodeling triggers a shift in the adipose immune 

environment from an anti-inflammatory (M2) to a pro-inflammatory (M1) macrophage profile. The resulting 

increase in proinflammatory cytokine secretion amplifies systemic insulin resistance and dyslipidemia through 

both paracrine and endocrine mechanisms (Ibrahim & Khosla, 2022). Thus, the expanding adipose depot in 

obesity becomes a source of metabolic inflammation—commonly termed “metaflammation”—which drives 

early biochemical disturbances even in young adults. 

Adipokines: Leptin, Adiponectin, TNF-α, and IL-6 

Among the diverse adipokines secreted by WAT, leptin and adiponectin play antagonistic yet complementary 

roles in metabolic regulation. Leptin levels rise proportionally with adiposity, serving as a signal of energy 

sufficiency to the hypothalamus. However, in obesity, hyperleptinemia leads to central leptin resistance, 

resulting in continued appetite stimulation, heightened sympathetic nervous system activity, and enhanced 

proinflammatory cytokine release (Poon et al., 2023). This dysregulated leptin signaling exacerbates 

endothelial dysfunction, oxidative stress, and insulin resistance, contributing to early cardiovascular strain. 

In contrast, adiponectin—an adipokine with insulin-sensitizing, anti-inflammatory, and vasculoprotective 

properties—declines as adiposity increases. Lower adiponectin levels impair glucose uptake and lipid 
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oxidation, while the leptin-to-adiponectin ratio (LAR) has emerged as a sensitive biomarker of cardiometabolic 

risk in both adults and young populations (Hamed et al., 2014). 

Proinflammatory cytokines, particularly tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6), play 

pivotal roles in mediating metabolic injury. Derived from both adipocytes and infiltrating macrophages, these 

cytokines disrupt insulin receptor substrate-1 (IRS-1) phosphorylation, attenuate phosphoinositide 3-kinase 

(PI3K)/Akt signaling, and thereby impair cellular glucose uptake (Ibrahim & Khosla, 2022). In the liver, IL-6 

promotes C-reactive protein (CRP) synthesis, while TNF-α stimulates lipolysis and hepatic de novo 

lipogenesis—mechanisms that collectively propagate dyslipidemia, systemic inflammation, and insulin 

resistance. The combined impact of these adipokine and cytokine imbalances establishes a biochemical 

environment conducive to the early onset of metabolic syndrome and endothelial dysfunction. 

Insulin Resistance and Oxidative Stress 

The interaction between adipokine dysregulation, lipid overload, and inflammatory signaling underlies the 

development of insulin resistance, one of the earliest metabolic hallmarks of obesity. In skeletal muscle and 

hepatic tissue, the activation of inflammatory kinases such as c-Jun N-terminal kinase (JNK) and IκB kinase 

(IKKβ) interferes with IRS-1–mediated PI3K/Akt signaling, thereby reducing insulin-stimulated glucose 

transport and glycogen synthesis (Circulation Research, 2020). These alterations result in compensatory 

hyperinsulinemia and elevated homeostasis model assessment of insulin resistance (HOMA-IR) indices, often 

observed in young adults with even modest weight gain. 

Parallel to these changes, oxidative stress emerges as both a cause and consequence of insulin resistance. 

Mitochondrial overload, excessive free fatty acid oxidation, and activation of NADPH oxidase generate 

reactive oxygen species (ROS), leading to lipid peroxidation—reflected by increased malondialdehyde (MDA) 

levels—and depletion of endogenous antioxidants such as superoxide dismutase (SOD) and catalase (Guzik & 

Korbut, 2015). This oxidative imbalance further impairs endothelial nitric oxide availability and insulin 

receptor signaling, reinforcing a self-perpetuating cycle of metabolic and vascular dysfunction. 

Together, these mechanisms define the biochemical core of obesity-related pathophysiology—a dynamic 

interplay among adipokine secretion, inflammatory activation, and oxidative stress that manifests early in 

young adults and foreshadows the development of metabolic syndrome, type 2 diabetes, and cardiovascular 

disease later in life. 

Biochemical Parameters Altered in Obesity 

Obesity in young adults is characterized by a constellation of biochemical abnormalities that collectively 

indicate early metabolic stress and inflammatory activation. These changes—spanning lipid metabolism, 

glucose–insulin dynamics, inflammatory signaling, and oxidative balance—represent key components of the 

subclinical metabolic syndrome phenotype that precedes overt noncommunicable disease. 

Lipid Profile (Triglycerides, HDL-C, LDL-C, Total Cholesterol) 

Atherogenic dyslipidemia is among the most consistent biochemical manifestations of obesity in young adults. 

The typical pattern includes elevated triglycerides (TG), reduced high-density lipoprotein cholesterol (HDL-

C), and a qualitative shift from large buoyant to small dense low-density lipoprotein (LDL) particles—an 

ensemble that markedly increases atherogenic potential (Guzik & Korbut, 2015). This dyslipidemic triad 

reflects the combined influence of hepatic insulin resistance and inflammatory signaling emanating from 

adipose tissue. 

Proinflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) exacerbate 

these lipid abnormalities by promoting hepatic very-low-density lipoprotein (VLDL) overproduction and 

impairing reverse cholesterol transport through inhibition of HDL function (Ibrahim & Khosla, 2022). Even 

when total LDL-C concentrations remain within conventional reference ranges, these compositional and 

functional changes advance early atherogenesis, particularly in metabolically obese young adults. 
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Glucose–Insulin Homeostasis (HOMA-IR and Fasting Insulin) 

Altered glucose–insulin dynamics are central to the biochemical landscape of obesity. Elevated fasting insulin 

levels and increased homeostasis model assessment of insulin resistance (HOMA-IR) values are frequently 

documented among overweight and obese young adults, even before the appearance of frank dysglycemia or 

diabetes (Patel et al., 2021). These findings indicate compensatory hyperinsulinemia resulting from peripheral 

insulin resistance in skeletal muscle and hepatic tissues. 

In the Indian context, the relationship between inflammation and insulin resistance has been particularly 

notable. A study among urban young adult males demonstrated a significant correlation between fasting insulin 

and markers of subclinical inflammation, reinforcing the interdependence of metabolic and inflammatory 

pathways in early obesity (Mishra et al., 2006). This association suggests that chronic low-grade inflammation 

may be one of the earliest biochemical triggers of insulin resistance in South Asian populations. 

Inflammatory Markers (hs-CRP, IL-6, and TNF-α) 

Systemic inflammation is a defining feature of metabolic obesity, and high-sensitivity C-reactive protein (hs-

CRP) serves as one of its most robust biomarkers. Adipose-derived IL-6 stimulates hepatic synthesis of CRP, 

linking central adiposity directly to elevated hs-CRP levels (Ibrahim & Khosla, 2022). Elevated CRP 

concentrations in young adults reflect a state of chronic, low-grade inflammation (“metainflammation”) that 

contributes to endothelial dysfunction and atherogenic lipid changes. 

Similarly, circulating IL-6 and TNF-α levels rise proportionally with adiposity and correlate with both insulin 

resistance and dyslipidemic profiles. These cytokines impair insulin receptor substrate (IRS) phosphorylation, 

interfere with glucose uptake, and promote hepatic lipogenesis, thus forming a biochemical signature predictive 

of cardiometabolic progression in young individuals (Ibrahim & Khosla, 2022). Monitoring these inflammatory 

indices in young adults may therefore provide valuable insight into early risk stratification for metabolic 

syndrome. 

Oxidative Stress Biomarkers 

Oxidative stress serves as both a cause and a consequence of obesity-related metabolic dysfunction. Young 

adults with obesity consistently exhibit elevated levels of malondialdehyde (MDA)—a marker of lipid 

peroxidation—along with diminished activity of antioxidant enzymes such as superoxide dismutase (SOD) and 

catalase (Patel et al., 2021). These findings signify excessive production of reactive oxygen species (ROS) and 

a concomitant reduction in the body’s antioxidant defense capacity. 

In adolescent and young adult populations, MDA levels have been shown to correlate positively with measures 

of adiposity, while antioxidant enzyme activities exhibit inverse correlations (Kumar et al., 2012). This 

reciprocal pattern underscores the pathogenic coupling between oxidative stress, inflammation, and insulin 

resistance during early obesity. Persistent oxidative imbalance contributes to endothelial dysfunction, 

mitochondrial impairment, and progressive insulin signaling failure—thereby cementing the foundation for 

cardiometabolic disease in later life. 

Evidence from Young Adult Studies 

National and International Comparisons 

A growing body of evidence from both national and global studies consistently demonstrates that obesity in 

young adults is accompanied by early biochemical alterations reflecting metabolic, inflammatory, and 

oxidative stress pathways. Cross-sectional investigations across diverse populations have identified elevated 

fasting insulin levels, higher homeostasis model assessment of insulin resistance (HOMA-IR) values, and 

increased oxidative stress markers in young adults with obesity, underscoring the conserved nature of these 

metabolic disturbances across regions and ethnicities (Patel et al., 2021). 

Parallel findings from adolescent and collegiate cohorts reveal continuity of these perturbations from late 

adolescence into early adulthood, indicating that the transition period between school and college years is 
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critical for the establishment of long-term metabolic risk trajectories (Kumar et al., 2012). Elevated levels of 

malondialdehyde (MDA), reduced antioxidant enzyme activity, and dysregulated adipokine patterns—

specifically higher leptin and lower adiponectin—have been observed in both adolescents and young adults. 

These shared biochemical signatures suggest that early intervention in this developmental phase could 

significantly alter cardiometabolic outcomes later in life. 

Indian Context: Regional Differences and Research Gaps 

Within India, regional studies provide important insights into the early biochemical manifestations of obesity 

while also highlighting notable research gaps. In urban North Indian young adult males, significant correlations 

have been documented between fasting insulin and subclinical inflammatory markers, such as high-sensitivity 

C-reactive protein (hs-CRP), reflecting a culturally and regionally relevant coupling between metabolic stress 

and low-grade inflammation (Mishra et al., 2006). These findings align with global evidence of 

metaflammation—the chronic, low-intensity inflammatory state driven by excess adiposity—but also 

emphasize that environmental, dietary, and genetic factors may influence its intensity in Indian populations. 

Research from South India among adolescent and early adult cohorts reveals variability in the prevalence and 

clustering of metabolic syndrome components, including dyslipidemia, hypertension, and insulin resistance 

(Srinivasan et al., 2023). These regional differences underscore the influence of lifestyle, dietary composition, 

and socioeconomic status on metabolic outcomes. Furthermore, they highlight the need to develop age- and 

sex-specific reference ranges for HOMA-IR, hs-CRP, and adipokines to improve early detection and risk 

classification among Indian youth. 

Despite increasing awareness, the current Indian literature remains limited by small sample sizes, cross-

sectional designs, and inconsistent biochemical standardization. Longitudinal cohort studies are therefore 

warranted to delineate the progression of biochemical risk markers from adolescence through early adulthood, 

enabling the development of evidence-based screening frameworks tailored to India’s diverse regional and 

cultural contexts. 

Gender Differences 

Hormonal Modulation of Metabolism 

Sex hormones play a pivotal role in shaping metabolic and inflammatory outcomes in obesity, contributing to 

observable gender differences in biochemical and clinical phenotypes. Estrogens exert multiple protective 

effects, including the enhancement of insulin sensitivity, promotion of favorable lipid metabolism, and 

attenuation of vascular inflammation. These actions are mediated through estrogen receptor–dependent 

modulation of insulin signaling pathways, nitric oxide bioavailability, and antioxidant defense systems 

(Frontiers in Endocrinology, 2024). Estrogen also suppresses hepatic gluconeogenesis and enhances peripheral 

glucose uptake, thereby countering the hyperinsulinemic states typical of early obesity. 

Conversely, androgens, particularly in excess or imbalance, can exacerbate metabolic dysfunction. Elevated 

testosterone levels in women or relative androgen dominance in men have been associated with reduced 

adiponectin concentrations, heightened insulin resistance, and an increased propensity for central adiposity 

(Frontiers in Endocrinology, 2024). These hormonal influences contribute to sex-specific variations in lipid 

metabolism—young women typically exhibit higher HDL-C and lower triglyceride levels compared with men, 

reflecting estrogen’s lipid-modulating effects. 

Furthermore, research on adipokine biology highlights sex-dependent regulation of leptin and adiponectin. 

Women tend to have higher circulating leptin levels at comparable degrees of adiposity, possibly due to 

estrogenic stimulation of leptin gene expression. Men, in contrast, often display lower adiponectin and higher 

leptin-to-adiponectin ratios, patterns that may partly explain their greater susceptibility to insulin resistance 

and cardiovascular risk in early adulthood (Poon et al., 2023). These findings underscore that endocrine context 

fundamentally modifies the biochemical landscape of obesity. 
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Sex-Specific Inflammatory Responses 

Beyond metabolic differences, sex hormones modulate the inflammatory milieu associated with obesity. 

Estrogen tends to downregulate proinflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis 

factor-alpha (TNF-α), promoting an anti-inflammatory macrophage phenotype within adipose tissue. This shift 

contributes to lower systemic inflammation and better endothelial function in premenopausal women compared 

with men (Ibrahim & Khosla, 2022). Testosterone, by contrast, has been linked to augmented IL-6 and TNF-α 

signaling, especially in androgen-dominant states, thereby amplifying inflammatory and insulin-resistant 

phenotypes. 

Clinical evidence from endocrine disorders supports these observations: in conditions of androgen excess, such 

as polycystic ovary syndrome (PCOS), women exhibit reduced adiponectin, elevated CRP and IL-6 levels, and 

pronounced insulin resistance—biochemical profiles that mirror those observed in obese young men (Frontiers 

in Endocrinology, 2024). These sex-specific interactions between sex steroids, adipose tissue, and immune 

pathways suggest that hormonal context significantly influences both the intensity and progression of metabolic 

inflammation in young adults. 

Collectively, these findings indicate that early preventive strategies and biomarker interpretation should 

incorporate sex as a biological variable, particularly when evaluating adipokines, inflammatory indices, and 

insulin sensitivity in obese youth and young adults. 

Clinical and Preventive Implications 

The early biochemical alterations observed in young adults with obesity—spanning insulin resistance, 

atherogenic dyslipidemia, low-grade inflammation, and oxidative stress—highlight the importance of timely 

screening and intervention during early adulthood. Preventive approaches at this life stage can mitigate long-

term cardiometabolic risk by addressing modifiable physiological and behavioral determinants before 

irreversible disease processes take hold. 

Early Biochemical Screening 

Routine biochemical evaluation should be central to early risk assessment in overweight and obese young 

adults. Priority screening parameters include fasting lipid profile, fasting glucose and insulin, and computation 

of the homeostasis model assessment of insulin resistance (HOMA-IR), along with high-sensitivity C-reactive 

protein (hs-CRP) and liver enzymes to capture metabolic inflammation and hepatic stress (Guzik & Korbut, 

2015). These indices provide a practical yet sensitive biochemical snapshot of emerging metabolic dysfunction 

in youth. 

Advanced markers—such as leptin, adiponectin, IL-6, TNF-α, and oxidative stress assays (e.g., 

malondialdehyde, SOD, and catalase)—may be reserved for research settings or high-risk clinical evaluations 

where resources and analytical infrastructure permit. Elevated HOMA-IR and hs-CRP in young adults should 

prompt structured counseling, tailored physical activity prescriptions, and nutrition-focused interventions 

aimed at reversing early insulin resistance and inflammatory activation (Patel et al., 2021). 

Exercise, Nutrition, and Behavioral Interventions 

Lifestyle modification remains the cornerstone of cardiometabolic risk reduction in this demographic. Regular 

aerobic and resistance exercise improves insulin sensitivity, lowers fasting insulin, reduces hs-CRP, and 

enhances lipid metabolism through upregulation of skeletal muscle glucose transporter (GLUT-4) expression 

and suppression of systemic inflammation (Guzik & Korbut, 2015). Even modest weight reduction can 

significantly increase adiponectin levels while decreasing leptin, IL-6, and TNF-α, indicating a restoration of 

adipose tissue endocrine balance. 

Dietary strategies emphasizing energy balance, adequate protein intake, and high dietary fiber—particularly 

from minimally processed, plant-based sources—are associated with reductions in visceral adiposity, systemic 

inflammation, and oxidative stress (Ibrahim & Khosla, 2022). Emerging evidence also supports the role of 

sleep hygiene, stress management, and reduced sedentary behavior in modulating autonomic tone and 
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inflammatory signaling, reinforcing the need for a holistic behavioral framework in obesity prevention among 

young adults. 

Integration with Institutional Wellness Initiatives 

Given that many young adults are embedded within educational or early career environments, institutional 

wellness programs represent strategic platforms for population-level intervention. Campus and workplace 

health initiatives can incorporate annual risk appraisals including BMI, waist circumference, fasting lipid and 

glucose-insulin profiles, and hs-CRP measurements (Patel et al., 2021). Screening results can guide tiered 

interventions—ranging from general wellness education to individualized coaching and exercise 

prescriptions—based on metabolic risk stratification. 

Program evaluation metrics should encompass not only participation rates and anthropometric changes, but 

also biochemical shifts such as reductions in HOMA-IR, hs-CRP, and triglyceride-to-HDL ratios over time 

(Guzik & Korbut, 2015). This data-driven approach enables institutions to iteratively refine delivery models, 

ensuring that interventions remain responsive to the evolving needs of high-risk subgroups. 

Integrating such structured wellness frameworks into academic and occupational settings can foster a culture 

of preventive health, transforming early adulthood into a window of opportunity for long-term cardiometabolic 

resilience. 

Conclusion and Future Perspectives 

Obesity in young adults manifests a distinct and reproducible biochemical signature encompassing insulin 

resistance, atherogenic dyslipidemia, elevated high-sensitivity C-reactive protein (hs-CRP), proinflammatory 

cytokine activation, and oxidative stress. These alterations collectively reflect early dysfunction in adipose 

tissue endocrine signaling and dysregulated immune–metabolic crosstalk, which precede the onset of overt 

cardiometabolic disease (Kwon & Pessin, 2013). The convergence of endocrine, inflammatory, and oxidative 

pathways underscores that metabolic obesity is not a benign or static state but a dynamic pathophysiological 

process that begins in the early decades of life. 

Early detection of these biochemical abnormalities through pragmatic screening panels—including fasting lipid 

profiles, glucose–insulin indices, and hs-CRP—offers a feasible approach to identifying high-risk individuals 

within college and workplace populations. When coupled with institution-based lifestyle interventions 

emphasizing physical activity, balanced nutrition, sleep hygiene, and stress management, such screening 

programs can modify the trajectory of lifetime cardiometabolic risk (Guzik & Korbut, 2015). 

However, existing evidence remains limited by small sample sizes, cross-sectional designs, and lack of 

standardized thresholds applicable to ethnically diverse young adult cohorts. There is a pressing need for 

longitudinal and interventional research, particularly within regionally representative Indian populations, to 

clarify the natural history and reversibility of early biochemical disturbances. Future studies should aim to 

establish sex-specific biomarker reference ranges, validate thresholds for HOMA-IR and inflammatory indices, 

and evaluate the efficacy of biomarker-guided lifestyle or pharmacologic interventions. 

By integrating early biochemical screening with structured preventive programs, public health systems and 

educational institutions can transform young adulthood into a critical intervention window—one that shifts the 

focus from late disease management to proactive cardiometabolic health preservation. 
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