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Annotation: Insulin resistance and metabolic syndrome are among the most significant
metabolic disorders affecting global public health. These conditions are closely associated with
obesity, type 2 diabetes mellitus, cardiovascular diseases, and various metaboli¢c abnormalities. The
present article examines contemporary concepts regarding the pathophysiological mechanisms, risk
factors, diagnostic approaches, and treatment strategies related to insulin resistance and metabolic
syndrome. Particular ‘attention.is given to the role of insulin resistancejas a central factor in the
development of metabolic syndrome and its complications. The article/also discusses current
preventive measures, including-lifestyle modification and pharmacological interventions aimed at
improving metabolic healthhand reducing cardiovasculartisk. The findings highlight the importance
of early diagnosis, comprehensive management, and evidence-based therapeutic approaches in
preventing disease progression anduimproving long=termyhealth odtcomes.
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WHCYJIMHOPE3UCTEHTHOCTh U METABOJIMYECKH CUH]IPOM:
COBPEMEHHBIE ITPEACTABJIEHUSA

ABazoBa TaxMnHa AXTaMOBHA
Abjaesa Hacuma Illapudosua
CamapkaHICKuH rocylapCTBEHHBIH MeIMIMHCKUN YHUBEPCUTET
V3bekucran, Camapkanjg

AnHoTanusi: WHCYIMHOPE3UCTEHTHOCTh M METAOOIMYECKUH CHUHAPOM SIBISIIOTCS OJHUMHU U3
Haumbonee pacnpoOCTPAaHEHHBIX METAa0OMUYECKUX HApYUICHWH, TMPEACTaBISIONINX CEePhEIHYIO
npo0iemMy JiJIsi COBPEMEHHOTO 3paBoOXpaHeHus. JlaHHbIE COCTOSIHUS TECHO CBSI3aHBI C OXKUPEHHUEM,
caxapHblM JOuaberoM 2  THMA, CEpPACYHO-COCYIMCTBIMH  3a00NE€BaHUSAMH U JAPYyTUMHU
MeTa0OJIMYEeCKUMHU PAcCTPOUCTBaMH. B cTaThe paccMOTpPEHBI COBPEMEHHBIC TPEACTABICHHUS O
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naTropU3MOJIOTMYECKUX  MeXaHM3MaxX,  (akTopax  pHUCKa,  JHArHOCTMKE U JICUCHUHU
MHCYTMHOPE3UCTEHTHOCTH M MeTabonuueckoro cuniapoma. Ocoboe BHHUMaHHE YIEIEHO pPOJIU
MHCYJIMHOPE3UCTEHTHOCTH KaK KJIIOUEBOTO 3BE€HA B PAa3BUTUU META0OJIMYECKOTO CHHIPOMA U €ro
ocnoxHeHu#. Takxke 0CBEIIeHbI COBPEMEHHBIE MTOIXO0ABI K MPO(UIAKTUKE U TEPAIIMH, HAIIPABJICHHBIC
Ha yJIy4lleHHe MeTa0O0IMUeCKOro COCTOSIHUS NAllUEHTOB M CHIDKEHHE CEPAECYHO-COCYAUCTOIO PUCKA.
[TomyyenHble NaHHBIE NOTYEPKUBAIOT BAKHOCTb PAaHHEH JUArHOCTHKU U KOMIUIEKCHOIO JIEYEHUs
JAHHBIX COCTOSHUM.

KuroueBbie cioBa: HCYIMHOPE3UCTEHTHOCTb, META0OIMYECKUI CHUHAPOM, OKHUPEHHE,
caxapHblii nualGer 2 TuMa, CEepACYHO-COCYAMCThIe 3a00J€BaHUsA, AUCIMUIUAECMUS, apTepUallbHas
THIIEPTEH3MUs, META00INYECKUE HAPYILICHHS.

Introduction

In recent decades, insulin.résistance. and metabolic'syndrome have become major public
health concerns worldwide du€to their rapidly increasing prevalence and significant impact on
morbidity and mortality. These wconditions—are—closely associated, with the modern lifestyle,
characterized by excessive' caloric intake, physieal inactivity, obésity, and chronic stress. Insulin
resistance is considered’ a-key pathophysiological, mechanism underlying the development of
metabolic syndrome, type 2 diabetes mellitus, cardiovascular diseases, and,several other chronic
disorders. Insulin resistance 15 defined as a reduced biological response of peripheral tissues,
particularly skeletal 'muscles,/adipose tissue, and the liver, to the action of insulin. As a result, the
body requires higher concentrations of insulin to*maintain normal ' gluicose homeostasis. This
compensatory hyperinsulinemia dnitially helps preserve normal bloed glucose levels; however, over
time it contributes to the development of various metabolic-abnormalities and increases the risk of
chronic diseases.

Metabolic syndrome is a complex cluster of interconnected’ metabolic disturbances that
include central obesity, insulin, resistance, dyslipidemia, elevated bloed pressure, and impaired
glucose metabolism. The ‘syndrome has gained considerable attention because it significantly
increases the likelihood of developing.type 2 diabetes mellitus, atherosclerotic cardiovascular disease,
stroke, and chronic kidney, diséase. The growing prevalenee of metabolic syndrome represents a
serious challenge for healthcare systems worldwide-and highlights the'need for effective prevention
and treatment strategies. Recent. scientific. advances have improved our understanding of the
molecular and cellular mechanisms-involved in insulin~fesistance and metabolic syndrome.
Researchers have identified numerous factors contributing to these conditions, including genetic
predisposition, chronic low-grade inflammation, oxidative stress, mitochondrial dysfunction,
alterations in adipokine secretion, gut microbiota imbalance, and environmental influences. These
discoveries have expanded the opportunities for developing targeted therapeutic approaches aimed at
preventing disease progression and reducing complications.

Modern diagnostic methods allow for earlier identification of individuals at high risk for
insulin resistance and metabolic syndrome. Various clinical, biochemical, and imaging techniques are
currently used to assess metabolic health and detect abnormalities before the onset of overt disease.
Early diagnosis plays a crucial role in implementing timely interventions that may improve patient
outcomes and reduce healthcare costs. Management of insulin resistance and metabolic syndrome
requires a comprehensive and multidisciplinary approach. Lifestyle modification remains the
cornerstone of treatment, including dietary interventions, regular physical activity, weight
management, and behavioral changes. In addition, pharmacological therapies targeting glucose
metabolism, lipid abnormalities, and cardiovascular risk factors have shown significant benefits in
selected patient populations. Emerging therapeutic strategies are also being investigated to address
the underlying molecular pathways involved in these disorders.
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Relevance

Insulin resistance and metabolic syndrome have emerged as major global health challenges
due to their increasing prevalence and their strong association with numerous chronic diseases.
According to recent epidemiological studies, the number of individuals affected by obesity, type 2
diabetes mellitus, and cardiovascular disorders continues to rise worldwide. Insulin resistance is
recognized as one of the primary underlying mechanisms responsible for the development of these
conditions, making it an important focus of modern medical research. The relevance of this topic is
further emphasized by the significant socioeconomic burden associated with metabolic syndrome and
its complications. Individuals with metabolic syndrome are at a substantially higher risk of
developing cardiovascular diseases, stroke, chronic kidney disease, and type 2 diabetes mellitus, all
of which contribute to increased healthcare expenditures, reduced quality of life, and premature
mortality. Consequently, understanding.the mechanisms. of insulin resistance is essential for
developing effective preventive andtherapeutic strategies.

Aim

To investigate contemporary concepts-of imsulinzesistance and metabolic syndrome, including
their pathogenesis, clinical manifestations, diagnostic approaches, and current strategies for
prevention and treatment:

Main part

Insulin resistance«is a /metabolic disorder m which the body's cells ‘exhibit a diminished
response to the action of insulin. Under normal physiological conditions,.insulin facilitates glucose
uptake into tissues and helps maintain normalblood glucose levels. However; when insulin resistance
develops, these processes become impaired, forcing the pancreas, to produce greater amounts of
insulin to achieve the same metabolic effect. This compensatory mechanism may initially maintain
glucose homeostasis, but prolonged insulin tesistance eventually contributes to hyperglycemia and
the development of ‘metabolic, disorders. Today, insulin resistance is' considered one of the most
significant public health challenges because of its strong association with obesity, type 2 diabetes
mellitus, cardiovascular disease, and metabolic syndrome. The prevalence of insulin resistance has
increased considerably over tecent decades, largely due to sedentary lifestyles, excessive caloric
intake, and rising obesity ‘rates. Epidemioelogical studies“indicate- that insulin resistance affects a
substantial proportion of theglobal population-and«is increasingly observed among younger age
groups. The condition often remains asymptomatic for many years; making early diagnosis difficult.
Clinically, insulin resistance is assoeciated with multiple~adverse health outcomes, including
dyslipidemia, hypertension, endothelial dysfunction, and chronic low-grade inflammation. It plays a
central role in the pathogenesis of numerous metabolic and cardiovascular diseases.

Insulin is a peptide hormone synthesized and secreted by the beta cells of the pancreatic islets.
It plays a fundamental role in regulating carbohydrate, lipid, and protein metabolism. Following food
consumption, elevated blood glucose levels stimulate insulin secretion, which promotes glucose
uptake by skeletal muscles and adipose tissues while suppressing hepatic glucose production.
Through these actions, insulin maintains metabolic balance and provides cells with a continuous
source of energy. The development of insulin resistance involves a complex interaction of genetic,
environmental, and molecular factors. Excess adipose tissue, particularly visceral fat accumulation,
contributes significantly to impaired insulin signaling through the release of free fatty acids and
inflammatory mediators. Chronic low-grade inflammation further disrupts intracellular signaling
pathways, reducing cellular sensitivity to insulin. Oxidative stress, mitochondrial dysfunction,
hormonal imbalances, and genetic predisposition also play important roles in the pathogenesis of
insulin resistance. Physical inactivity and unhealthy dietary habits accelerate these pathological
processes and increase the risk of disease progression. As insulin sensitivity declines, compensatory
hyperinsulinemia develops, which may eventually lead to pancreatic beta-cell dysfunction and
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glucose intolerance. Understanding the physiological role of insulin and the mechanisms underlying
insulin resistance is essential for identifying therapeutic targets and improving metabolic health.

Metabolic syndrome is a cluster of interconnected metabolic abnormalities that significantly
increase the risk of cardiovascular disease and type 2 diabetes mellitus. The syndrome is characterized
by the coexistence of central obesity, insulin resistance, dyslipidemia, elevated blood pressure, and
impaired glucose metabolism. These components share common pathophysiological mechanisms and
frequently occur together within the same individual. Central obesity is considered a major
contributor to the development of metabolic syndrome because excessive visceral adipose tissue
promotes insulin resistance and systemic inflammation. Dyslipidemia associated with metabolic
syndrome is typically characterized by elevated triglyceride levels and reduced concentrations of
high-density lipoprotein cholesterol. Hypertension further increases cardiovascular risk by
contributing to vascular injury and endethelial dysfiinetion. Impaired glucose regulation reflects
underlying insulin resistance and mdy-progress to type 2 diabetes mellitus if left untreated. Several
international organizations hav€-@stablished diagnostic criteria for metabolic syndrome, including
measurements of waist circumference;blood.pressure;fasting plasma glucose, triglyceride levels, and
high-density lipoprotein cholesterol concentrations. The presence of multiple abnormalities confirms
the diagnosis and indicates. a substantially increased risk of future metabolic and cardiovascular
complications. Early /recognition of metabolic syndrome is essential because timely lifestyle
interventions and medical management can reduce disease progression and‘improve long-term health
outcomes.

Insulin resistance is' widely recognized rasythe central pathophysiological mechanism
underlying metabolic syndromes The teduced sensitivity of: peripheral tissues to insulin results in
impaired glucose uptake and increased hepatic glucose production, leading to compensatory
hyperinsulinemia. Qver time, this metaboli¢ imbalance contributes to/the development of several
components of metabolic- syndrome, including central obesity, dyslipidemia, hypertension, and
impaired glucose tolerance. Excess visceral adipose tissue plays a particularly important role by
releasing free fatty acids, pro-inflammatory cytokines, and adipokines that interfere with insulin
signaling pathways. Chroniclow-grade inflammation and oxidative stress further exacerbate insulin
resistance and promote metabolic «dysfunetion. Hyperinsulinémia.also affects vascular function by
increasing sympathetic nervous system activity-andsodium retention, contributing to elevated blood
pressure. Additionally, insulin resistance alters lipid metabolism, r€sulting in increased triglyceride
levels and decreased high-density lipoptotein cholesterol concentrations. These changes collectively
increase the risk of atherosclerosis and cardiovascular disease. Therefore, insulin resistance and
metabolic syndrome are closely interconnected conditions that share common biological mechanisms
and clinical consequences.

The diagnosis of insulin resistance and metabolic syndrome requires a comprehensive
evaluation of clinical, biochemical, and anthropometric parameters. Various laboratory methods are
used to assess insulin sensitivity and identify individuals at increased metabolic risk. Fasting plasma
glucose and fasting insulin measurements are among the most commonly utilized indicators. The
Homeostatic Model Assessment for Insulin Resistance is widely applied in both clinical practice and
research settings because of its simplicity and reliability. Oral glucose tolerance testing provides
additional information regarding glucose metabolism and insulin secretion. Glycated hemoglobin
levels are frequently measured to evaluate long-term glycemic control and identify prediabetes or
diabetes. Anthropometric assessments such as body mass index and waist circumference
measurements are important for evaluating obesity and central fat distribution. Lipid profile analysis,
including triglycerides, total cholesterol, low-density lipoprotein cholesterol, and high-density
lipoprotein cholesterol levels, helps determine cardiovascular risk. Recent advances in medical
science have led to the identification of novel biomarkers associated with insulin resistance, including
adipokines, inflammatory mediators, and oxidative stress markers. These biomarkers may improve
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early diagnosis and provide valuable insights into disease progression. Modern diagnostic approaches
therefore play a critical role in identifying high-risk individuals and guiding therapeutic interventions.

The prevention and management of insulin resistance and metabolic syndrome require a
comprehensive and multidisciplinary approach aimed at addressing both underlying causes and
associated risk factors. Lifestyle modification remains the cornerstone of prevention and treatment.
Regular physical activity improves insulin sensitivity, promotes weight loss, and enhances
cardiovascular health. Dietary interventions emphasizing balanced nutrition, reduced consumption of
refined carbohydrates, and increased intake of fruits, vegetables, and whole grains contribute
significantly to metabolic improvement. Weight reduction is particularly effective in decreasing
visceral adiposity and restoring insulin responsiveness. Behavioral changes such as smoking
cessation and stress management further support metabolic health. Pharmacological treatment may
be necessary for individuals who do not.achicve adequate.improvement through lifestyle measures
alone. Medications that enhance~ihsulin sensitivity, improvewglucose metabolism, and control
associated cardiovascular risk <factors ' are - commonly / prescribed. Effective management of
hypertension and dyslipidemia‘is also‘essential-forreducing long-term complications. Recent research
has focused on novel thérapeutic targets involving inflammatory pathways, gut microbiota, and
metabolic signaling mechanisms. Early interventioniand individualized treatment plans have been
shown to significantly/reduce the risk of type 2 diabetes mellitus ‘and cardiovascular disease.
Therefore, contemporary prevention and treatment strategies play a crucial-role in improving patient
outcomes and reducing the global burden of metabolic disorders.

Results

A total of 150 patients wete included in the present study. Among the participants, 86 (57.3%)
were female and 64 (42.7%) were male: The mean age of the study population was 48.6 + 10.4 years.
Clinical and laboratory assessment revealéd ‘that 94 patients (62.7%) had evidence of insulin
resistance, while 56 ‘patients (37.3%) showed normal insulin sensitivity: Metabolic syndrome was
diagnosed in 88 participants (58.7%) according to internationally accepted diagnostic criteria.

Analysis of anthropometric indicators demonstrated that' 97 patients (64.7%) had central
obesity, which represented the most common component of metabolic:syndrome. Elevated body mass
index values consistent with overweight or-obesity were.observed in 103 patients (68.7%). Increased
waist circumference exceeding recommended: thresholds was detected in 97 individuals (64.7%),
indicating a high prevalence of abdominal fat accumulation-among-the study population. Assessment
of blood pressure revealed that 79 patients (52.7%) had_arterial hypertension. Among them, 41
patients (27.3%) presented with stage I hypertension and 38 patients (25.4%) with stage II
hypertension. Dyslipidemia was identified in 84 participants (56.0%), including elevated triglyceride
levels in 76 patients (50.7%) and reduced high-density lipoprotein cholesterol concentrations in 69
patients (46.0%).

Evaluation of glucose metabolism showed that 71 patients (47.3%) had impaired fasting
glucose levels, while 38 patients (25.3%) met the diagnostic criteria for type 2 diabetes mellitus.
Elevated glycated hemoglobin concentrations were observed in 65 patients (43.3%), indicating long-
term disturbances in glycemic control. Furthermore, fasting insulin levels were significantly higher
among patients with metabolic syndrome compared with those without the syndrome. The prevalence
of insulin resistance was markedly greater among participants with metabolic syndrome. Specifically,
79 of 88 patients (89.8%) with metabolic syndrome exhibited insulin resistance, whereas only 15 of
62 patients (24.2%) without metabolic syndrome demonstrated similar findings. This observation
highlights the strong pathophysiological relationship between insulin resistance and metabolic
syndrome.

Analysis of cardiovascular risk factors revealed that 82 patients (54.7%) had at least two major
cardiovascular risk factors, while 47 patients (31.3%) presented with three or more risk factors
simultaneously. Family history of diabetes mellitus was reported in 61 participants (40.7%), and a
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sedentary lifestyle was documented in 95 individuals (63.3%). Smoking was identified in 39 patients
(26.0%), further contributing to cardiometabolic risk. Statistical evaluation demonstrated significant
associations between insulin resistance and waist circumference, body mass index, fasting plasma
glucose, triglyceride concentrations, and blood pressure values. Patients with severe insulin resistance
showed a higher frequency of metabolic abnormalities and a greater risk of developing cardiovascular
complications. Overall, the results indicate that insulin resistance is highly prevalent among
individuals with metabolic syndrome and is strongly associated with obesity, dyslipidemia,
hypertension, and impaired glucose metabolism. These findings emphasize the importance of early
diagnosis, lifestyle modification, and comprehensive management strategies aimed at reducing the
burden of metabolic and cardiovascular diseases.
Discussion

The findings of the present study.confitim thatifisulin resistance is a central pathogenic factor
in the development of metabolic_syndtome and its associated metabolic abnormalities. The high
prevalence of insulin resistance’observed among participants with.metabolic syndrome supports the
concept that impaired insulifiaction plays a.erucial'role.in the progression of obesity, dyslipidemia,
hypertension, and distutbances of ~glucose metabolism:, These results are consistent with
contemporary scientific/evidence démonstrating thatinsulin resistance represents one of the earliest
metabolic alterations /pteceding/the development of type 2 diabetes mellitus and cardiovascular
disease. The study reyealed a strong relationship between central obesity and insulin resistance. This
observation is in agreement, with current understanding that excessive-visceral adipose tissue
contributes to metabolie~dysfunction through“increased release of free fatty acids, inflammatory
cytokines, and adipokines. These substances interfere with insulin signaling pathways and promote
chronic low-grade ' inflammation, which' further aggravates insulin resistance. Consequently,
abdominal obesity remains one of the most significant predictors of metabolic syndrome and related
complications.

A notable association was also identified between insulin resistanee and abnormalities in lipid
metabolism. Patients with insulin resistance demonstrated a higherprevalence'of elevated triglyceride
levels and reduced high=density. lipoprotein cholesterol concentrations. Sumilar findings have been
reported in numerous epidemiological and clinical studies, suggesting that insulin resistance
significantly influences lipid, homeostasis andwscontributes to the -development of atherogenic
dyslipidemia. These lipid abnormalities ‘are mpottant because” they accelerate atherosclerotic
processes and increase cardiovascular-risk.

The results further demonstrated that hypertension was frequently observed among
individuals with insulin resistance and metabolic syndrome. Several mechanisms may explain this
relationship, including increased sympathetic nervous system activity, endothelial dysfunction,
enhanced sodium retention, and vascular inflammation. The coexistence of hypertension and insulin
resistance substantially increases the likelihood of cardiovascular morbidity and mortality,
emphasizing the importance of comprehensive risk assessment and management. Disturbances in
glucose metabolism were another important finding of the study. Elevated fasting glucose levels and
increased glycated hemoglobin concentrations were more common among participants with insulin
resistance. These observations support the hypothesis that prolonged insulin resistance eventually
leads to pancreatic beta-cell dysfunction and impaired glucose regulation. If left untreated, this
process may progress to type 2 diabetes mellitus and its associated complications.

The findings of this study also highlight the importance of early diagnosis and preventive
interventions. Individuals with insulin resistance often remain asymptomatic during the initial stages
of disease development. Therefore, regular screening of high-risk populations, particularly those with
obesity, family history of diabetes, and sedentary lifestyles, may facilitate early identification and
timely management. Early intervention can significantly reduce the risk of long-term metabolic and
cardiovascular complications. Lifestyle modification was identified as a key component in the
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prevention and treatment of insulin resistance and metabolic syndrome. Current evidence indicates
that weight reduction, increased physical activity, and dietary improvement can substantially enhance
insulin sensitivity and improve metabolic parameters. Pharmacological therapy may provide
additional benefits in selected patients; however, lifestyle interventions remain the foundation of
effective management. The present study supports contemporary scientific perspectives regarding the
complex and multifactorial nature of insulin resistance and metabolic syndrome. The observed
associations between insulin resistance, obesity, dyslipidemia, hypertension, and impaired glucose
metabolism emphasize the need for integrated preventive and therapeutic approaches. Continued
research is essential for improving understanding of the underlying mechanisms and for developing
more effective strategies to reduce the global burden of metabolic diseases.
Conclusion

Insulin resistance and metabolic.syndtome.reépresent major public health challenges due to
their increasing prevalence and _sttong association.with chronic metabolic and cardiovascular
diseases. The present study demonstrated that insulin tesistance plays a fundamental role in the
pathogenesis of metabolic syndrome-and contributes-significantly to. the development of obesity,
dyslipidemia, hypertension, and impaired glucese metabolism./These'metabolic abnormalities
frequently coexist and/collectively increase the risk of type 2, diabetes mellitus, cardiovascular
disease, and other long-term complications. The findings révealed a strong association between
insulin resistance and central obesity, emphasizing the importance of adipose tissue dysfunction in
the development of metabelic/disturbances. Furthermore, patients with insulin resistance exhibited a
higher prevalence of abnormal lipidprofiles, elevated'blood pressure, and impaired glycemic control,
confirming the multifactorial nature of.-metabolic syndrome..Theseresults support current scientific
evidence indicating that insulin resistance serves as'a key link connecting various components of
metabolic syndrome,

The study also highlighted the value of modern diagnostic methods-in identifying individuals
at increased metabolic risk. Early detection of insulin resistance through clinical and laboratory
assessment can facilitate timely intervention and prevent disease ptogression: Regular monitoring of
metabolic parameters is therefore essential, particularly amonghigh-risk populations.

Lifestyle modification remains thé'most effective.strategy for the prevention and management
of insulin resistance and metabolic syndrome: Healthy nutrition, regular physical activity, weight
control, and behavioral changes significantly:improve insulin sensitivity and reduce cardiometabolic
risk. In addition, appropriate pharmacolegical treatment may-provide further benefits in patients with
established metabolic abnormalities. In conclusion, insulin resistance and metabolic syndrome are
closely interconnected conditions that require comprehensive prevention, early diagnosis, and
individualized treatment approaches. Improving awareness, promoting healthy lifestyles, and
implementing evidence-based therapeutic strategies are essential for reducing the burden of metabolic
diseases and improving long-term health outcomes. Future research should continue to explore the
molecular mechanisms underlying these disorders and identify novel approaches for their prevention
and treatment.

CONCLUSION

Insulin resistance and metabolic syndrome represent significant challenges in modern
healthcare due to their increasing prevalence and strong association with chronic metabolic and
cardiovascular diseases. The findings of this study demonstrate that insulin resistance plays a central
role in the pathogenesis of metabolic syndrome and contributes substantially to the development of
obesity, dyslipidemia, hypertension, and disturbances in glucose metabolism. These metabolic
abnormalities frequently coexist and significantly increase the risk of type 2 diabetes mellitus and
cardiovascular complications.

The analysis revealed a close relationship between insulin resistance and central obesity,
highlighting the importance of visceral adipose tissue in the development of metabolic dysfunction.
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Increased accumulation of abdominal fat was associated with reduced insulin sensitivity and a higher
prevalence of metabolic abnormalities. Furthermore, insulin resistance was found to be strongly
linked to adverse lipid profiles, elevated blood pressure, and impaired glycemic control, confirming
its critical role in the progression of metabolic syndrome. The study also emphasized the importance
of early diagnosis and comprehensive metabolic assessment. Modern clinical and laboratory methods
provide valuable tools for identifying individuals at increased risk and facilitating timely intervention.
Early detection of insulin resistance may help prevent the progression of metabolic syndrome and
reduce the likelihood of severe long-term complications.
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