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Abstract   

Obesity is now recognized as a chronic, relapsing, and multifactorial disease with profound 

implications for global health. Its prevalence has surged across all ages and populations, driving 

the epidemic of noncommunicable diseases, disability, and rising health care costs. This review 

summarizes current understanding of obesity from measurement and classification to 

epidemiology and underlying mechanisms, including neuroendocrine, genetic, developmental, 

adipose tissue-derived, microbiome, and environmental contributors. Major clinical 

consequences, cardiometabolic disease, cancer, and impaired quality of life, are highlighted 

alongside approaches for risk assessment and stratification. Evidence-based prevention and 

treatment strategies are examined, spanning lifestyle modification, pharmacotherapy, device-

based therapies, and metabolic surgery. Particular attention is given to special populations 

(children, older adults, and pregnant women) and to issues of health system integration and 

equity. The recent advent of highly effective incretin-based therapies has transformed treatment 

paradigms, while raising questions about long-term safety, accessibility, and sustainability. We 

conclude by outlining the key research priorities necessary to translate these scientific advances 

into sustainable, population-level improvements in metabolic health. 
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Introduction   

Obesity is increasingly recognized as a chronic, relapsing, and multifactorial disease that 

substantially affects individual and public health. Rather than merely representing an elevated 

body mass index (BMI), obesity involves abnormal or excessive fat accumulation that carries 

significant metabolic and cardiovascular risks (1). Clinical assessment often relies on BMI, with 

thresholds of ≥25 kg/m² for overweight and ≥30 kg/m² for obesity, although additional measures, 

such as waist circumference and body composition, offer more precise evaluation of 

cardiometabolic risk. Framing obesity as a chronic disease emphasizes the importance of long-

term, multi-modal management strategies, including lifestyle modification, pharmacotherapy, 

and surgical interventions. This review aims to offer a brief, clinician and researcher-focused 

overview of current evidence on epidemiology, mechanisms, complications, and treatments. 

Global epidemiology and trends   

Prevalence and population burden. The prevalence of overweight and obesity has risen 

dramatically over the past three decades, affecting populations across all age groups. In 2022, 

approximately 2.5 billion adults were classified as overweight, with nearly 890 million meeting 

criteria for obesity (1). Childhood and adolescent obesity have also surged, with worrying 

implications for lifelong cardiometabolic risk. In 2024, 35 million children under the age of 5 

were overweight. Over 390 million children and adolescents aged 5–19 years were overweight in 

2022, including 160 million who were living with obesity (1). The absolute number of 

individuals with severe obesity (BMI ≥35 or ≥40 kg/m2) has risen as well, increasing the demand 

for high-intensity interventions. 

Regional variation and drivers. Prevalence varies markedly by region and socioeconomic status: 

high-income countries have historically had the highest prevalence, but middle-income countries 

have experienced rapid increases driven by urbanization, dietary transitions to energy-dense 

processed foods, reduced physical activity, and obesogenic built environments (2). Social 

determinants, poverty, education, food deserts, and marketing shape exposure and vulnerability. 

The epidemiologic transition also shifts noncommunicable disease (NCD) burdens in low- and 

middle-income countries, where undernutrition and obesity may coexist within populations and 

even within households. 

Temporal trends and burden metrics. Over the past three decades, trends reflect both rising 

incidence and reduced mortality from competing causes, producing increased years lived with 

disability and disability adjusted life years (DALYs) attributable to high BMI. The global age-

standardized DALY rates associated with being overweight and obesity increased by over 15%, 

placing it as one of the top risk factors, and the risk with the steepest increase in attributable 

burden (3). Economic costs include health care expenditures for obesity related conditions and 

indirect costs from lost productivity. 
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Measurement and classification   

Limitations of BMI and alternative measures. BMI is practical for population surveillance but 

imperfect for individual risk assessment: it does not distinguish between fat and lean mass or 

reveal fat distribution (4,5). To detect obesity, BMI has a very high specificity (97%) but poor 

sensitivity (42%) and sometimes misclassifies individuals (6).  Waist circumference and waist-

to-hip ratio are better indicators of abdominal adiposity and cardiometabolic risk (6). Imaging 

(CT, MRI, DXA) enables the quantification of visceral adipose tissue and ectopic fat (hepatic, 

pancreatic), but it is costly and not routinely performed (7). 

Staging systems and personalized risk. Clinical staging systems, such as the Edmonton Obesity 

Staging System (EOSS), integrate comorbidities and functional status to prioritize treatment 

intensity (8). Combining anthropometry, cardiometabolic markers, and functional measures 

supports individualized management plans. 

Pathophysiology of obesity   

Energy balance and neuroendocrine regulation. At the simplest level, obesity results from 

chronic positive energy balance. However, biologic systems tightly regulate energy homeostasis 

via hypothalamic and brainstem circuits integrating peripheral signals (leptin, insulin, ghrelin, 

peptide YY, GLP-1, cholecystokinin) (9). Hedonic pathways (mesolimbic dopamine) and food 

reward substantially influence intake and are modulated by environmental cues (10). Set-point 

and defended-weight theories explain why weight loss often triggers compensatory increases in 

appetite and reductions in energy expenditure, thereby favoring weight regain. 

Adipose tissue biology and inflammation. Adipose tissue is an active endocrine organ that 

releases adipokines (leptin, adiponectin, resistin) and serves as a source of proinflammatory 

cytokines (TNF-α, IL-6), contributing to systemic low-grade inflammation, insulin resistance, 

and atherogenesis. Adipose tissue expandability and the depot-specific propensity for visceral 

versus subcutaneous storage influence metabolic outcomes; visceral and ectopic fat are more 

closely linked to cardiometabolic risk than subcutaneous fat (11). 

Genetics, epigenetics, and developmental contributors. Genetic variation explains some 

interindividual susceptibility: monogenic forms (e.g., MC4R mutations) illustrate severe, early-

onset phenotypes, while polygenic risk scores capture common variant contributions (12). 

Epigenetic programming mediated by prenatal nutrition, maternal obesity, and early life 

exposures can predispose to later obesity. Interactions between genetic predisposition and 

obesogenic environments are central to contemporary epidemics. 

Gut microbiome, circadian biology, and environmental obesogens. Emerging evidence suggests 

that the gut microbiome plays a role in energy harvesting, bile acid metabolism, and 

inflammation; dysbiosis may also influence weight and metabolic phenotype (13). Circadian 

disruption (shift work, irregular sleep) alters appetite regulation and metabolism. Environmental 
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chemicals (endocrine disrupting obesogens) may perturb adipogenesis and metabolic signaling 

(14). 

Behavioral and psychosocial factors.  Hedonic feeding, driven by food reward, stress, emotional 

eating, adverse childhood experiences, and socioeconomic constraints (including food insecurity 

and limited access to safe physical activity spaces), strongly influences intake patterns and the 

ability to maintain behavior change (10). Weight stigma and discrimination can worsen 

psychological distress and create barriers to care. 

Complications and associated diseases (comorbidities) (Fig.1) 

Cardiometabolic disease. Obesity is a major risk factor for type 2 diabetes mellitus (T2DM), 

dyslipidemia, hypertension, and atherosclerotic cardiovascular disease (ASCVD) (15,16). 

Weight reduction, even modest (5–10%), improves glycemic control, blood pressure, and lipid 

profiles (17). 

Respiratory and sleep disorders. Obstructive sleep apnea (OSA) is highly prevalent among 

people with obesity and contributes independently to cardiovascular risk and daytime 

dysfunction (18). 

Musculoskeletal and quality of life impacts. Excess weight accelerates joint degeneration, 

notably knee and hip osteoarthritis, increasing pain and disability (19). Reduced physical 

function and weight stigma also impair mental health and social participation. 

 

Figure 1. Comorbidities associated with obesity. (Images realized by the author with BioRender) 
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Hepatic, oncologic, and reproductive consequences. Nonalcoholic fatty liver disease (NAFLD) 

and its progressive form, nonalcoholic steatohepatitis (NASH), are closely linked to obesity and 

metabolic dysfunction (20). Obesity increases risk for several cancers (postmenopausal breast, 

colorectal, endometrial, pancreatic) and is associated with reproductive disorders, including 

polycystic ovary syndrome (PCOS) and subfertility (21,22). 

Infectious disease interactions and COVID-19 example. Obesity has been associated with 

increased risk of severe outcomes from infectious diseases (e.g., COVID-19), likely via 

cardiopulmonary compromise, chronic inflammation, and altered immunity (23). 

Mental health, stigma, and quality of life. Depression, anxiety, disordered eating, and poor body 

image frequently coexist with obesity. Weight stigma in healthcare settings undermines care-

seeking, adherence, and mental well-being (24). 

Assessment and risk stratification in clinical practice   

Clinical evaluation. A thorough history should include weight trajectory, diet, physical activity, 

sleep, stress, medication-induced weight gain, family history, and psychosocial factors, including 

eating disorders and weight stigma. Physical exams should assess anthropometry (BMI, waist 

circumference) and signs of comorbidity. 

Investigations and risk calculators. Baseline labs commonly include fasting glucose/HbA1c, 

lipid profile, liver enzymes, and thyroid function, where indicated. Consider assessment for 

OSA, NASH, and cardiovascular risk stratification. Use staging tools (EOSS) to align treatment 

intensity with health risk (8). 

When to refer. Referral to specialists (endocrinology, bariatric surgery, sleep medicine, 

multidisciplinary obesity clinics) is warranted for severe obesity, complex comorbidities, or 

when advanced therapies (surgery, device, combination pharmacotherapy) are considered. 

Prevention strategies   

Population-level interventions. Addressing obesity at scale requires policy actions, including 

fiscal measures (such as sugar-sweetened beverage taxes), front-of-package labeling, restrictions 

on unhealthy food marketing (especially to children), urban design that promotes active 

transportation, and improvements to the food environment. Effective prevention integrates 

multisectoral policies to shift defaults toward healthier choices. 

Community and school programs. School-based interventions that improve nutrition, increase 

physical activity, and foster health literacy show modest benefits. Community programs tailored 

to local contexts and addressing social determinants are essential. 
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Individual-level prevention. Clinician-delivered counseling, behavioral support, and digital 

health tools can support behavior change; however, individual approaches are limited if 

structural barriers persist. 

Treatment approaches  

Lifestyle modification. Lifestyle interventions remain the foundation of obesity management. 

Multicomponent programs incorporating dietary changes, increased physical activity, and 

behavioral strategies (such as goal setting, self-monitoring, and stimulus control) achieve 

average weight losses of 5–10% at 6–12 months (25). Different dietary patterns (Mediterranean, 

low-carbohydrate, low-fat, time-restricted feeding) can be effective when sustained; individual 

preferences and comorbidities should guide choices. Physical activity enhances weight 

maintenance and improves cardiometabolic fitness. Digital and remotely delivered programs can 

extend reach. 

Pharmacotherapy   

Indications and Principles. Pharmacotherapy is advised for individuals with a BMI of ≥30 kg/m2 

or those with a BMI of ≥27 kg/m2 who have obesity-related comorbidities and have not achieved 

adequate weight loss through lifestyle therapy alone (26). Medications should be used as 

adjuncts to lifestyle modifications and typically require long-term use with ongoing monitoring. 

Key drug classes and recent advances   

- GLP-1 receptor agonists: Semaglutide and liraglutide mimic incretin hormones to reduce 

appetite and food intake while improving glycemic control (27). Semaglutide (2.4 mg weekly) 

has demonstrated substantial placebo-subtracted weight loss (~15% in STEP trials) and 

improvements in cardiometabolic markers (28).   

- GIP/GLP dual agonists: Tirzepatide (GIP and GLP-1 receptor agonist) has produced even 

larger weight losses in clinical trials (SURMOUNT programme), generating considerable 

enthusiasm (29).   

- Other agents: Naltrexone/bupropion, orlistat, and older sympathomimetic agents have 

demonstrated more modest effects; combination strategies are under investigation (30). 

Efficacy, safety, and long-term considerations. New incretin-based therapies have transformed 

expectations, but questions remain about long-term cardiovascular and metabolic outcomes, 

durability after treatment cessation (weight regain is common), gastrointestinal side effects, cost, 

and access. Ongoing cardiovascular outcomes trials and real-world safety data are crucial. 

Shared decision making should discuss benefits, side effects (nausea, gallbladder disease, 

potential pancreatitis risk), and the likelihood of chronic use. 
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Device-based and endoscopic therapies.  Minimally invasive procedures (intragastric balloons, 

aspiration therapy, endoscopic sleeve gastroplasty) offer intermediate options for patients who 

prefer non-surgical but more intensive interventions (31). Weight loss is generally intermediate 

between pharmacotherapy and surgery; device-related safety and durability vary. 

Table 1. Comparative overview of current therapeutic options for obesity management. 

Therapy option Mean 

weight 

loss (% 

body 

weight) 

Target BMI 

/ Indications 

Common 

adverse 

effects 

Advantages Limitations / 

Considerations 

Lifestyle 

modification (diet 

+ exercise + 

behavioral 

therapy) 

5–10% BMI ≥ 25 

kg/m² 

Minimal (GI 

discomfort, 

fatigue) 

Non-invasive, 

improves 

overall 

metabolic 

health 

Limited long-

term adherence, 

modest weight 

loss 

Pharmacotherapy 

(e.g., 

Semaglutide, 

Liraglutide, 

Orlistat) 

8–15% 

(agent-

dependent) 

BMI ≥ 30 

kg/m² or ≥ 27 

with 

comorbidities 

GI symptoms, 

headache, 

nausea 

Adjunct to 

lifestyle 

change, can 

reduce 

cardiometabolic 

risk 

Cost, adherence, 

contraindications 

Endoscopic 

interventions 

(e.g., intragastric 

balloon) 

10–15% BMI 30–40 

kg/m² 

Nausea, 

vomiting, 

abdominal 

pain 

Reversible, 

minimally 

invasive 

Temporary 

effect, 

procedure-

specific risks 

Bariatric surgery 

(e.g., sleeve 

gastrectomy, 

gastric bypass) 

20–35% BMI ≥ 40 or 

≥ 35 with 

comorbidities 

Surgical 

complications, 

micronutrient 

deficiencies 

Greatest and 

sustained 

weight loss, 

improvement of 

comorbidities 

Invasive, 

lifelong follow-

up required 

Emerging 

therapies (e.g., 

dual/triple 

agonists like 

Tirzepatide) 

Up to 20% 

(early 

trials) 

BMI ≥ 30 

kg/m² or ≥ 27 

with 

comorbidities 

GI side 

effects, still 

under 

evaluation 

High efficacy 

potential, 

promising 

cardiometabolic 

outcomes 

Limited long-

term data, cost, 

regulatory 

approval 

pending 

 

Legend: BMI = body mass index; GI = gastrointestinal; RA = receptor agonist. Data summarized 

from international guidelines and pivotal clinical trials (2021–2024). Sources include the World 

Health Organization, the American Diabetes Association, the American Association of Clinical 

Endocrinology. 
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Bariatric/metabolic surgery   

Efficacy and indications. Bariatric surgery remains the most effective and durable therapy for 

severe obesity and produces substantial and sustained weight loss, remission of T2DM in many 

patients, and reductions in long-term mortality for selected cohorts (32). Common procedures 

include sleeve gastrectomy and Roux-en-Y gastric bypass; biliopancreatic diversion with 

duodenal switch offers greater weight loss but higher malabsorption risk (33). 

Risk, benefit, and long-term care. Surgical risks include perioperative complications and long-

term nutritional deficiencies requiring lifelong monitoring and supplementation (33). Patient 

selection, multidisciplinary preoperative evaluation, and long-term follow-up are crucial for 

maximizing outcomes. 

Special populations   

Children and adolescents. Pediatric obesity requires family-centered prevention and treatment, 

emphasizing lifestyle modification and psychosocial support. Pharmacotherapy and bariatric 

surgery have roles in carefully selected adolescents with severe obesity and comorbidities, 

guided by specialist centers and ethical considerations (34). 

Older adults and sarcopenic obesity. In older adults, unintentional weight loss and preservation 

of lean mass are key concerns. Interventions should prioritize functional outcomes and 

sarcopenia prevention, combining resistance training with nutrition strategies. 

Pregnancy. Preconception and antenatal weight optimization can reduce pregnancy 

complications. Management during pregnancy focuses on appropriate weight gain, nutritional 

adequacy, and managing obesity related risks; many pharmacotherapies are contraindicated (35). 

Health systems, policy, and equity considerations   

Access to effective obesity care is uneven. Many health systems classify obesity as a lifestyle 

issue rather than a treatable chronic disease, limiting insurance coverage for pharmacotherapy, 

multidisciplinary care, and surgery. Weight stigma in healthcare settings reduces care-seeking 

and the quality of care. Equity-focused policies should expand access, subsidize effective 

treatments, and address social determinants of health to reduce disparities. 

Future directions and research gaps   

Long-term outcomes of new therapies. Large, long-duration trials are needed to assess 

cardiovascular, oncologic, neurocognitive, and safety outcomes of chronic incretin and 

combination therapies. 
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Precision obesity medicine. Research into obesity phenotypes (metabolic, immunologic, 

behavioral), polygenic risk, and biomarker-guided therapy could enable precision approaches, 

matching patients to the intervention most likely to succeed (36,37). 

Combination therapies and sequencing. Combining lifestyle, pharmacotherapy, devices, and 

surgery in rational sequences or combinations may improve outcomes; comparative effectiveness 

research is needed. 

Implementation of science and policy evaluation. Translating efficacious interventions into 

population-level health gains requires implementation research, economic evaluation, and policy 

experiments (e.g., taxation, marketing restrictions) with robust evaluation frameworks. 

Microbiome and novel biologics. Microbiome-targeted therapies, anti-inflammatory agents, and 

new biologics acting on central or peripheral pathways offer promising areas for future 

interventions (36,37). 

Conclusions   

Obesity is a complex, chronic disease with profound individual and societal consequences. 

Advances in understanding pathophysiology have catalyzed the development of highly effective 

pharmacotherapies and improved surgical techniques, expanding the clinical toolkit. 

Nonetheless, prevention at the population level and equitable access to effective treatments 

remain critical. A comprehensive strategy requires integration of clinical care, public health 

policy, and research priorities focused on long-term safety, personalized approaches, and 

implementation at scale. Clinicians should adopt a compassionate, evidence-based approach that 

integrates lifestyle support with medical and procedural therapies tailored to individual risk 

profiles and preferences. 
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