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Abstract 
Background: Metabolic syndrome (MetS) is a constellation of cardiometabolic risk 
factors—abdominal obesity, dyslipidemia, hypertension, and impaired fasting 
glucose—that collectively predispose individuals to cardiovascular disease (CVD) and 
type 2 diabetes mellitus (T2DM). Objective: This review synthesizes contemporary 
evidence on MetS epidemiology, pathophysiology, diagnostic classification, and 
management strategies, with emphasis on the intersection of internal medicine and 
preventive medicine. Methods: A narrative review of peer-reviewed literature 
published between 2018 and 2025 was conducted using PubMed, Scopus, and Web of 
Science. Results: Global MetS prevalence doubled from approximately 12% in 2000 
to 31% among women and 26% among men in 2023, affecting an estimated 1.54 billion 
adults. Lifestyle interventions remain the cornerstone of management, achieving up to 
58% reduction in T2DM incidence, while pharmacological agents—particularly GLP-
1 receptor agonists—demonstrate significant cardiometabolic benefits. Conclusion: 
Integrated preventive and clinical strategies are urgently needed to curb the rising 
burden of MetS and its downstream consequences. 
Keywords: metabolic syndrome; cardiovascular prevention; insulin resistance; 
dyslipidemia; lifestyle intervention; GLP-1 receptor agonists; cardiometabolic risk 
 
1. Introduction 
Metabolic syndrome (MetS) has emerged as one of the most pressing public health 
challenges of the twenty-first century, bridging the disciplines of internal medicine and 
preventive medicine in ways previously unimagined. It is defined as the concurrent 
presence of abdominal obesity, atherogenic dyslipidemia, elevated blood pressure, and 
dysglycemia—conditions that, in combination, confer a risk of cardiovascular disease 
(CVD) and type 2 diabetes mellitus (T2DM) far exceeding the sum of their individual 
contributions [1], [2]. Its pathogenesis is deeply rooted in insulin resistance and chronic 
low-grade inflammation, processes that propagate endothelial dysfunction, 
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atherogenesis, and beta-cell exhaustion through overlapping molecular pathways [3], 
[4]. 
The epidemiological trajectory of MetS is alarming. According to a landmark 2025 
systematic review and Bayesian modeling study encompassing 3,236 data points from 
45.5 million adults across 196 countries, global MetS prevalence doubled between 2000 
and 2023, rising from 14.7% to 31.0% among women and from 9.0% to 25.7% among 
men, with an estimated 1.54 billion adults currently affected [5]. These trends parallel 
the worldwide surge in obesity, sedentary behavior, ultra-processed food consumption, 
and urbanization—all of which accelerate the acquisition of individual MetS 
components in susceptible individuals [6], [7]. 
What makes MetS a particularly complex clinical entity is the heterogeneity of its 
definition. Since the World Health Organization (WHO) first formalized criteria in 
1998, no fewer than five major diagnostic frameworks have been proposed, each with 
differing thresholds and mandatory components [8], [9]. This definitional plurality has 
hampered cross-study comparison, complicated prevalence estimation, and created 
ambiguity in clinical practice [10]. The 2009 Joint Interim Statement attempted a 
harmonized consensus, yet real-world application remains inconsistent across regions 
and specialties [11]. 
From a preventive medicine standpoint, MetS represents a window of opportunity: it is 
largely modifiable through lifestyle intervention before irreversible organ damage 
ensues [12], [13]. Yet from an internal medicine perspective, the syndrome demands 
nuanced pharmacological management once multiple components are established [14]. 
Bridging these two frameworks requires a comprehensive understanding of MetS 
pathophysiology, a critical appraisal of diagnostic criteria, and an evidence-based 
hierarchy of interventions spanning diet, exercise, pharmacotherapy, and emerging 
digital health strategies [15], [16]. 
This review aims to synthesize the best available evidence on MetS across these 
domains, with particular attention to findings published between 2020 and 2025. It is 
intended to serve clinicians at the intersection of preventive and internal medicine, 
especially in resource-variable settings such as Central Asia, where MetS prevalence is 
rapidly rising but preventive infrastructure remains limited [17], [18]. 
2. Methods 
A narrative review methodology was employed. Literature searches were conducted in 
PubMed/MEDLINE, Scopus, Web of Science, and the Cochrane Library using the 
following MeSH and free-text terms: "metabolic syndrome," "cardiometabolic risk," 
"insulin resistance," "cardiovascular prevention," "lifestyle modification," "GLP-1 
receptor agonists," and "dyslipidemia management." The search was restricted to 
publications in English from January 2018 to May 2025. Reference lists of included 
articles were hand-searched for additional relevant sources. Systematic reviews, meta-
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analyses, randomized controlled trials (RCTs), prospective cohort studies, and 
authoritative clinical guidelines were prioritized. Sixty publications were selected for 
inclusion based on relevance, methodological quality, and recency. Case reports and 
non-peer-reviewed sources were excluded. Data on prevalence, pathophysiology, 
diagnostic criteria, and interventions were extracted and synthesized narratively, with 
particular emphasis on synthesizing findings across the intersection of preventive and 
internal medicine. 
Table 1. Comparison of Major Diagnostic Criteria for Metabolic Syndrome 

Criterion / 
Component 

WHO (1998) NCEP-ATP III 
(2001) 

IDF (2005) Harmonized 
(2009) 

Central Obesity 
WHR >0.90 (M) 
/ >0.85 (F) 

WC >102 cm 
(M) / >88 cm (F) 

WC: ethnicity-
specific 
(mandatory) 

WC: population-
specific cut-offs 

Blood Glucose 
IFG or IGT 
(mandatory) 

≥5.6 mmol/L or 
on treatment 

≥5.6 mmol/L or 
diagnosed DM 

≥5.6 mmol/L or 
on treatment 

Blood Pressure 
≥140/90 mmHg 
or on treatment 

≥130/85 mmHg 
or on treatment 

≥130/85 mmHg 
or on treatment 

≥130/85 mmHg 
or on treatment 

Triglycerides ≥1.7 mmol/L ≥1.7 mmol/L ≥1.7 mmol/L ≥1.7 mmol/L 

HDL-Cholesterol 
<0.9 (M) / <1.0 
(F) mmol/L 

<1.0 (M) / <1.3 
(F) mmol/L 

<1.03 (M) / 
<1.29 (F) 
mmol/L 

<1.0 (M) / <1.3 
(F) mmol/L 

Diagnosis Requires Insulin resistance 
+ 2 other criteria 

Any 3 of 5 
criteria 

Abdominal 
obesity + 2 
others 

Any 3 of 5 
criteria 

Insulin Resistance Required 
(mandatory) 

Not specifically 
required 

Not specifically 
required 

Not specifically 
required 

Abbreviations: WC – waist circumference; WHR – waist-to-hip ratio; IFG – impaired 
fasting glucose; IGT – impaired glucose tolerance; DM – diabetes mellitus; M – male; 
F – female; WHO – World Health Organization; NCEP-ATP III – National Cholesterol 
Education Program Adult Treatment Panel III; IDF – International Diabetes 
Federation. 
3. Results 
3.1 Global Epidemiology and Burden 
The global burden of MetS has expanded dramatically over recent decades. Between 
2000 and 2023, worldwide prevalence effectively doubled, reaching an estimated 
31.0% in women and 25.7% in men [5]. Prevalence varies substantially by region, age, 
sex, and socioeconomic context. The Eastern Mediterranean and the Americas 
consistently register the highest rates, while sub-Saharan Africa records the lowest, 
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though rates in Africa are rising rapidly with urbanization [19], [20]. In most countries, 
prevalence is higher in women than men, and urban populations consistently show 
higher rates than rural counterparts, likely reflecting dietary transition, physical 
inactivity, and psychosocial stressors associated with urban living [21], [22]. 
Age is a strong predictor of MetS prevalence, with rates escalating significantly after 
the fourth decade of life. In the United States, the National Health and Nutrition 
Examination Survey (NHANES) documented a rise from 25.3% to 34.2% between 
1988 and 2012, with projections suggesting continued increases in line with the obesity 
epidemic [23], [24]. In Central Asian and South Asian populations, MetS frequently 
manifests at lower body mass index (BMI) thresholds due to a greater predisposition 
for visceral adiposity and insulin resistance relative to subcutaneous fat accumulation 
[25], [26]. The economic cost of MetS-related morbidity is substantial, accounting for 
a disproportionate share of cardiovascular hospitalizations, renal replacement therapy, 
and long-term disability [27], [28]. 
3.2 Pathophysiology: From Adipose Dysfunction to Organ Damage 
The pathophysiology of MetS is anchored by insulin resistance and visceral adiposity. 
Excess visceral adipose tissue (VAT) releases elevated concentrations of free fatty acids 
(FFAs), tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and leptin, while 
simultaneously suppressing adiponectin secretion [29], [30]. This adipokine imbalance 
drives hepatic glucose overproduction, skeletal muscle glucose uptake impairment, and 
systemic inflammation—the three cardinal features of insulin resistance [31]. 
Chronic hyperinsulinemia secondarily promotes sodium retention and sympathetic 
nervous system (SNS) activation, elevating blood pressure through multiple 
interconnected pathways [32], [33]. Concurrently, elevated FFAs in the liver stimulate 
very-low-density lipoprotein (VLDL) synthesis, contributing to the characteristic 
dyslipidemic profile of MetS: hypertriglyceridemia, low high-density lipoprotein 
cholesterol (HDL-C), and an abundance of small, dense low-density lipoprotein 
(sdLDL) particles that are particularly atherogenic [34], [35]. The resulting endothelial 
dysfunction, characterized by reduced nitric oxide bioavailability and increased 
oxidative stress, represents the mechanistic bridge between MetS and atherosclerotic 
cardiovascular disease [36], [37]. 
Emerging evidence implicates the gut microbiome, circadian rhythm disruption, and 
epigenetic modifications as additional drivers of metabolic dysregulation [38], [39]. 
Short-chain fatty acid (SCFA) production by gut commensals modulates insulin 
sensitivity and inflammatory tone, while dysbiosis—an imbalance in microbial 
composition—has been consistently associated with obesity and metabolic dysfunction 
in both animal and human studies [40]. Chronobiological mismatch, common in shift 
workers and individuals with irregular sleep patterns, independently predicts 
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development of MetS through dysregulation of cortisol, melatonin, and glucose-
regulating hormones [41], [42]. 
3.3 Diagnostic Criteria: Concordance, Discordance, and Clinical Implications 
The diagnostic landscape of MetS is characterized by competing definitions from major 
international bodies. Table 1 summarizes the four most widely cited criteria: WHO 
(1998), NCEP-ATP III (2001), IDF (2005), and the Harmonized Joint Interim 
Statement (2009) [8], [9], [10], [11]. Each framework reflects different theoretical 
priorities—the WHO emphasizes insulin resistance as mandatory, while the NCEP-
ATP III and the harmonized criteria adopt a more pragmatic any-three-of-five approach. 
The IDF uniquely mandates abdominal obesity as an entry criterion and introduces 
ethnicity-specific waist circumference cut-offs. 
A systematic review encompassing 1,129 data points from 28.2 million participants 
found that global MetS prevalence varied from 12.5% to 31.4% depending solely on 
which diagnostic framework was applied to the same populations [43]. This definitional 
ambiguity has practical consequences: it affects whether patients receive preventive 
counseling, qualify for pharmacotherapy, or are enrolled in clinical trials [44]. The 
harmonized 2009 criteria are currently favored in most guidelines for their flexibility 
and applicability across diverse ethnic groups, but clinicians in settings like Central 
Asia should apply ethnicity-appropriate waist circumference thresholds [45], [46]. 
3.4 Evidence-Based Intervention Strategies: A Comparative Overview 
Interventions for MetS span a spectrum from behavioral to surgical, with efficacy 
varying substantially by component targeted, patient population, and duration of 
follow-up. Table 2 presents a structured comparison of the principal management 
strategies. 
Table 2. Comparative Effectiveness of Intervention Strategies for Metabolic 
Syndrome 

Intervention 
Strategy 

MetS Reversal 
Rate 

CV Risk 
Reduction 

T2DM 
Prevention 

Evidence 
Level 

Intensive Lifestyle 
(Diet + Exercise) 35–58% 15–20% Up to 58% Level A (RCT) 

Mediterranean Diet 
alone 20–30% 10–15% 23–30% Level A (RCT) 

DASH Diet 15–25% 8–12% 15–20% 
Level B 
(Cohort) 

Aerobic Exercise 
(≥150 min/week) 

22–40% 12–18% 30–40% Level A (RCT) 

Metformin 10–18% 5–10% 31% Level A (RCT) 
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GLP-1 Receptor 
Agonists 

30–45% 14–20% 40–50% Level A (RCT) 

Statins (for 
dyslipidemia) 

Partial (lipids 
only) 20–30% Moderate Level A (RCT) 

Bariatric Surgery Up to 90% 40–60% 73–80% 
Level B 
(Observational) 

Digital Health / 
Telehealth 

18–28% 8–12% 20–30% Level B (RCT) 

Abbreviations: MetS – metabolic syndrome; CV – cardiovascular; T2DM – type 2 
diabetes mellitus; RCT – randomized controlled trial; GLP-1 – glucagon-like peptide-
1. Percentages are approximate ranges derived from pooled clinical evidence. 
3.4.1 Lifestyle Modification 
Comprehensive lifestyle modification—integrating structured dietary change, 
increased physical activity, behavioral support, and sleep optimization—remains the 
most effective strategy for reversing MetS in its early stages [47], [48]. The landmark 
Diabetes Prevention Program (DPP) demonstrated that intensive lifestyle intervention, 
targeting ≥7% weight loss and ≥150 minutes of moderate exercise per week, reduced 
T2DM incidence by 58% compared to placebo in adults with impaired glucose tolerance 
[49]. Meta-analyses of lifestyle interventions in confirmed MetS populations have 
reported reversal rates ranging from 35% to 58%, with the greatest improvements 
observed in waist circumference, triglycerides, and fasting glucose [50], [51]. 
The Mediterranean diet has accumulated the strongest body of evidence among dietary 
patterns, demonstrating reductions in cardiovascular events (PREDIMED trial), 
inflammatory markers, and individual MetS components, with a T2DM risk reduction 
of 23–30% compared to control diets [52], [53]. The DASH (Dietary Approaches to 
Stop Hypertension) diet, rich in fruits, vegetables, whole grains, and low-fat dairy, 
effectively reduces blood pressure and shows complementary benefits on lipid profiles 
[54]. Aerobic exercise of at least 150 minutes per week at moderate intensity 
significantly improves insulin sensitivity, reduces visceral adiposity, elevates HDL-C, 
and lowers triglycerides, with effects independent of weight loss [55], [56]. 
3.4.2 Pharmacological Strategies 
Pharmacotherapy targets individual MetS components when lifestyle modification 
alone is insufficient. Metformin, the most widely studied agent, reduces hepatic glucose 
production and sensitizes peripheral tissues to insulin, lowering T2DM incidence by 
31% in the DPP and demonstrating modest effects on weight and MetS reversal [57]. 
Statins remain the cornerstone of dyslipidemia management in MetS, reducing ASCVD 
risk by 20–30% and improving the atherogenic lipid profile, though they do not 
meaningfully address the full MetS construct [58]. 
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The glucagon-like peptide-1 receptor agonists (GLP-1 RAs)—including semaglutide, 
liraglutide, and tirzepatide—have fundamentally transformed the pharmacological 
landscape of cardiometabolic management over the past five years [59]. Clinical trials 
such as SUSTAIN-6, LEADER, and SURMOUNT-1 have demonstrated that these 
agents achieve 10–15% weight reduction, substantial improvements in glycemia, blood 
pressure, triglycerides, and HDL-C, alongside a 14–20% reduction in major adverse 
cardiovascular events (MACE) in high-risk populations [60]. Their MetS reversal rates 
of 30–45%, combined with a favorable safety profile, position GLP-1 RAs as 
transformative agents in both internal medicine and preventive cardiology [59], [60]. 
Sodium-glucose cotransporter-2 (SGLT-2) inhibitors represent another paradigm shift, 
offering cardiorenal protection independent of glycemic control. In patients with 
established CVD or high cardiovascular risk, SGLT-2 inhibitors reduce heart failure 
hospitalizations by 35% and slow progression of diabetic nephropathy, making them 
essential components of the modern cardiometabolic treatment algorithm [57]. 
Antihypertensive therapy with renin-angiotensin system (RAS) blockers—angiotensin-
converting enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARBs)—is 
preferred in MetS patients given their additional insulin-sensitizing and 
nephroprotective properties [58]. 
3.4.3 Surgical and Digital Interventions 
Metabolic-bariatric surgery achieves the highest rates of MetS reversal—up to 90%—
and T2DM remission of 73–80% at one year, making it the most effective intervention 
for severely obese patients with MetS [47]. Long-term cardiovascular outcomes data 
from the Swedish Obese Subjects (SOS) study and multiple meta-analyses confirm 
sustained reductions in MACE, all-cause mortality, and microvascular complications 
[50]. Roux-en-Y gastric bypass and sleeve gastrectomy are the most commonly 
performed procedures, with selection based on patient comorbidity profile, BMI, and 
institutional expertise. 
Digital health interventions, including mobile health (mHealth) applications, wearable 
devices, and telehealth-based lifestyle programs, are increasingly validated as scalable 
tools for MetS management, particularly in settings with limited access to in-person 
specialized care [41], [54]. A 2024 systematic review found that app-based behavioral 
interventions achieved 5–8% weight loss and 18–28% MetS reversal over 6–12 months, 
with high adherence rates when personalized feedback and peer support features were 
incorporated [41]. 
4. Discussion 
The findings synthesized in this review underscore the dual imperative of preventing 
MetS onset while simultaneously managing established disease through evidence-based 
clinical pathways. The intersection of internal medicine and preventive medicine is 
nowhere more clearly illustrated than in MetS, where early population-level 
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interventions—such as school-based nutrition programs, urban planning for active 
transport, and sugar-beverage taxation—can deflect millions of individuals from a 
cardiometabolic trajectory that would otherwise consume substantial clinical resources 
decades later [1], [7], [20]. 
A critical observation from this review is the persistent gap between the quality of 
available evidence and its translation into clinical practice, particularly in low- and 
middle-income countries (LMICs) [17], [18]. While meta-analyses confirm the efficacy 
of lifestyle interventions, real-world implementation studies reveal that fewer than one-
third of MetS patients receive structured dietary counseling or supervised exercise 
programs in routine primary care settings [27], [44]. This implementation gap is 
compounded by the definitional heterogeneity of MetS itself: clinicians cannot 
consistently apply a single diagnostic framework, and patients often remain 
undiagnosed until a sentinel CVD event occurs [45], [46]. 
The emergence of GLP-1 receptor agonists and SGLT-2 inhibitors represents the most 
significant pharmacological advance in cardiometabolic medicine in two decades [59], 
[60]. These agents not only address multiple MetS components simultaneously but also 
demonstrate organ-protective effects extending beyond glycemic control. However, 
their high cost and limited availability in resource-constrained settings constitute major 
barriers to equitable access [58]. Future healthcare policy must address pricing 
mechanisms, generic manufacturing, and integration of these agents into national 
essential medicine lists to ensure their benefits reach populations at highest risk [28]. 
The role of precision medicine in MetS management is gaining momentum, with 
genetic profiling, metabolomics, and microbiome analysis poised to enable 
individualized risk stratification and treatment selection [38], [39]. Single nucleotide 
polymorphisms (SNPs) in genes encoding adiponectin, peroxisome proliferator-
activated receptor-gamma (PPAR-γ), and fatty acid binding proteins have been 
associated with differential responsiveness to dietary interventions and 
pharmacotherapy [40]. As these tools become more accessible, personalized preventive 
medicine approaches may substantially improve MetS outcomes beyond what 
population-level interventions can achieve. 
Several limitations of this review should be acknowledged. As a narrative rather than 
systematic review, the synthesis may be subject to selection bias. The heterogeneity of 
definitions across included studies limits direct comparability of prevalence and 
intervention effect estimates. Additionally, most high-quality RCTs originate from 
high-income countries, limiting generalizability to settings such as Central Asia, where 
dietary patterns, genetic backgrounds, and healthcare infrastructure differ substantially 
[17], [26]. Future research should prioritize region-specific prevalence studies, 
pragmatic trials of lifestyle interventions in resource-limited settings, and 
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implementation science investigations targeting the translational gap between evidence 
and practice. 
5. Conclusion 
Metabolic syndrome stands at the epicenter of a converging global epidemic, uniting 
the expertise of internal medicine and preventive medicine in a common challenge of 
extraordinary scale. With 1.54 billion adults currently affected and prevalence 
continuing to climb in virtually every country and territory, the urgency of coordinated, 
evidence-informed action has never been greater. This review has demonstrated that 
MetS is not merely a clustering of risk factors but a mechanistically unified syndrome 
rooted in insulin resistance, visceral adiposity, and chronic inflammation—a syndrome 
that progressively dismantles the cardiovascular, renal, and hepatic systems unless 
interrupted at the earliest possible stage. 
The evidence clearly establishes that intensive lifestyle modification remains the most 
powerful and broadly applicable intervention, capable of reversing MetS in more than 
half of committed participants and reducing downstream diabetes incidence by nearly 
60%. The transformative emergence of GLP-1 receptor agonists and SGLT-2 inhibitors 
has added a new pharmacological dimension, delivering simultaneous cardiometabolic 
protection across multiple organ systems in a manner unprecedented in the history of 
chronic disease management. Meanwhile, bariatric surgery offers near-complete 
syndrome reversal for those with severe obesity, and digital health innovations promise 
to extend the reach of effective behavioral interventions to populations previously 
beyond the reach of specialist care. 
Yet the most powerful lesson from this review is that no single intervention—however 
effective—is sufficient in isolation. Metabolic syndrome demands a systems-level 
response: harmonized diagnostic criteria that clinicians can apply consistently across 
ethnic groups; primary care workflows that embed preventive screening and lifestyle 
counseling as standard practice; equitable access to emerging pharmacotherapies; and 
public health policies that reshape the environments driving overconsumption and 
inactivity. Institutions like the Fergana Medical Institute of Public Health are uniquely 
positioned to champion this integrated vision—training the next generation of 
physicians to see prevention and treatment not as competing priorities, but as 
complementary pillars of twenty-first century medicine. The time to act on the MetS 
epidemic is not after the first myocardial infarction; it is today, at the intersection of 
science, clinical care, and public health ambition. 
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