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ABSTRACT 

Introduction: Obesity results from disrupted central mechanisms regulating body weight, 

influenced by the interplay between genetic predisposition and environmental factors. Genetic 

forms of obesity, including monogenic and syndromic types, represent rare and complex 

neuroendocrine disorders where genetic contributions play a dominant role. Characterized by 

severe, early-onset obesity often accompanied by eating disorders and multiple comorbidities, 

these conditions pose significant diagnostic and therapeutic challenges. Historically, the 

management of genetic obesity has relied predominantly on lifestyle interventions, focusing on 

nutrition and physical activity. However, recent advancements in therapeutic options, including 

targeted pharmacological treatments, offer new hope for improving outcomes and quality of 

life in affected individuals. These developments underscore the importance of integrating 

genetic diagnostics into clinical practice to enable personalized care approaches. This review 

explores the current strategies for managing genetic obesity, examines the evidence 

underpinning these approaches, and provides an overview of emerging therapies under 

evaluation. 

Materials and Methods: This synthesis is based on a comprehensive review of three academic 

articles addressing obesity subtypes, genetic obesity, and their associated treatment strategies. 

A systematic approach was employed to identify relevant studies from PubMed and other 

databases, focusing on publications within the last two decades. The search terms included 

“obesity subtypes,” “genetic obesity,” “cardiometabolic risk,” “biomarkers,” and “treatment 

strategies.” Articles were selected based on their relevance to obesity classification, molecular 

biomarkers, and therapeutic approaches. 

Conclusions: The reviewed articles underscore the importance of understanding obesity as a 

heterogeneous condition requiring tailored medical approaches. Obesity subtypes, including 

metabolically healthy, metabolically abnormal, and syndromic obesity, exhibit distinct 

pathophysiological mechanisms and risk profiles, necessitating personalized treatment 

strategies. Advances in medical treatments, such as GLP-1 receptor agonists, MC4R agonists, 

and other targeted pharmacotherapies, have shown promise in addressing specific obesity 

subtypes, particularly genetic and syndromic forms. These therapies, combined with lifestyle 

and surgical interventions, represent a significant step forward in managing obesity more 

effectively. 
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The integration of genetic diagnostics into routine clinical practice is critical to identifying 

suitable candidates for these therapies and optimizing outcomes. Continued research into the 

molecular mechanisms underlying obesity and its subtypes is essential to refine medical 

treatments and improve their accessibility and efficacy. Such efforts will contribute to reducing 

the burden of obesity and improving the quality of life for affected individuals. 

Keywords: obesity, body fat, biomarkers, cardiovascular diseases, heart failure, diabetes 

mellitus, genetic obesity 

 

INTRODUCTION 

Obesity has emerged as one of the most significant global public health challenges, with its 

prevalence increasing dramatically over the past several decades. Characterized by excessive 

or abnormal fat accumulation, obesity is a multifaceted condition associated with an elevated 

risk of chronic diseases, including type 2 diabetes mellitus (T2DM), cardiovascular disease 

(CVD), dyslipidemia, hypertension, and certain cancers [1, 2]. Although body mass index (BMI) 

is widely used to define and classify obesity, it has well-documented limitations, as it does not 

account for variations in fat distribution, muscle mass, or the underlying metabolic profile of 

individuals [5, 6]. Nevertheless, BMI remains a convenient metric, with a range of 18.5–24.9 

kg/m² considered normal, 25–29.9 kg/m² categorized as overweight, and ≥30 kg/m² classified 

as obese. While BMI provides a general framework for assessing weight status, it often fails to 

differentiate between individuals with varying metabolic and clinical profiles within the same 

category [6, 14]. 

Growing evidence highlights the importance of recognizing obesity as a heterogeneous 

condition encompassing distinct subtypes, each with unique metabolic, genetic, and clinical 

characteristics [1, 2, 3]. These subtypes include metabolically healthy obese (MHO), 

metabolically abnormal obese (MAO), metabolically obese normal weight (MONW), and 

sarcopenic obese (SO). For instance, individuals with MHO maintain a normal metabolic 

profile despite increased adiposity, while those with MONW exhibit metabolic abnormalities 

such as insulin resistance and dyslipidemia despite having a normal BMI [8, 9]. Sarcopenic 

obesity, characterized by low muscle mass combined with excess fat, is particularly associated 

with aging populations and carries additional risks of functional impairment and frailty [10, 13]. 
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Understanding the molecular mechanisms underlying these subtypes has been a focus of 

research, with particular attention given to biomarkers such as adipokines (e.g., adiponectin, 

leptin), inflammatory markers (e.g., C-reactive protein, interleukin-6), and genetic factors 

identified through genome-wide association studies (GWAS) [1, 7, 11]. These markers offer 

insights into the diverse metabolic pathways contributing to obesity phenotypes, though 

standardization in their diagnostic use remains limited [2, 12]. Environmental and lifestyle 

factors, including diet, physical activity, and psychosocial stressors, further modulate the 

expression and progression of obesity subtypes [3,18]. 

Despite advances in pharmacological treatments for obesity, including the use of GLP-1 

receptor agonists and MC4R agonists, medical management alone is often insufficient to 

address the multifactorial nature of the disease [3, 23]. Combining medical treatments with 

structured exercise programs offers a promising avenue for improving outcomes in individuals 

with different obesity phenotypes. Regular physical activity not only enhances the efficacy of 

pharmacotherapy by improving metabolic flexibility, lipid profiles, and insulin sensitivity but 

also mitigates the risk of comorbidities associated with obesity, such as CVD and 

musculoskeletal disorders [1, 20]. 

This review explores the diverse subtypes of obesity, their associated biomarkers, and the 

underlying genetic and molecular pathways. Emphasis is placed on integrating medical 

treatments and exercise as a synergistic approach to managing obesity and its related health 

risks. A combined strategy that incorporates pharmacological interventions with personalized 

exercise regimens offers the potential to achieve more effective and sustainable outcomes for 

individuals across various obesity subtypes [3, 9, 23]. 

 

MATERIALS AND METHODS 

This review synthesizes findings from three comprehensive research articles on obesity 

subtypes, associated biomarkers, and therapeutic strategies [1, 3, 9]. A systematic approach was 

employed to identify relevant literature through database searches in PubMed, Embase, and 

Web of Science. Keywords used in the search included “obesity subtypes,” “metabolically 

healthy obese,” “biomarkers in obesity,” “genetic obesity,” “cardiometabolic risk,” and “obesity 

treatment strategies.” Studies published in English over the past two decades, focusing on adult 

populations, were considered  [6, 18]. 
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Inclusion criteria prioritized peer-reviewed articles that explored distinct obesity phenotypes, 

their underlying molecular mechanisms, and clinical management approaches, including 

pharmacological and lifestyle interventions [3, 7, 18]. Studies employing genome-wide 

association studies (GWAS), epigenetic analyses, and biomarker identification to characterize 

obesity subtypes were particularly emphasized [1, 7]. Additionally, research addressing the 

integration of exercise with medical treatments for obesity was included [10, 23]. 

Data from the selected articles were analyzed to highlight key findings regarding the role of 

biomarkers such as adipokines (e.g., leptin, and adiponectin) and inflammatory markers (e.g., 

interleukin-6, and C-reactive protein) in distinguishing obesity subtypes [1, 11, 19]. Information 

on pharmacological interventions, including GLP-1 receptor agonists and MC4R agonists, and 

their effectiveness in treating specific subtypes of obesity was synthesized [3, 23]. The role of 

structured exercise regimens as an adjunct to medical therapy was also reviewed to provide a 

comprehensive understanding of combined treatment strategies [10, 20]. 

The methodologies of the included studies were critically evaluated, focusing on sample size, 

study design, and analytical techniques. This synthesis aims to integrate findings on obesity 

subtypes, biomarkers, and therapeutic approaches to offer a holistic perspective on managing 

obesity and its related comorbidities [3, 23]. 

RESULTS 

Obesity is increasingly recognized as a heterogeneous condition, encompassing distinct 

phenotypes that differ in their metabolic, genetic, and clinical characteristics [1, 2, 3]. Key 

obesity subtypes include metabolically healthy obese (MHO), metabolically abnormal obese 

(MAO), metabolically obese normal weight (MONW), and sarcopenic obese (SO) [3, 9, 10]. 

These phenotypes reflect the diverse pathophysiology and risk profiles within obesity, 

underscoring the limitations of BMI as a sole diagnostic criterion [5, 6]. 

Cardiometabolic imaging studies reviewed in this article emphasize the need for a more 

nuanced understanding of obesity in the context of precision medicine [1, 2, 15]. While BMI 

remains a useful initial metric for classifying individuals into weight categories, it is insufficient 

to fully capture the complexities of obesity-related health risks. Adding waist circumference as 

an additional measure significantly enhances the assessment of cardiovascular risk by 

identifying individuals with central or abdominal fat accumulation, which is strongly associated 
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with visceral obesity and ectopic fat deposition [1, 9]. The combination of an elevated waistline 

and features of metabolic syndrome serves as a reliable indicator of higher cardiometabolic risk 

[1, 15]. 

Given the limited resources available for managing obesity, prioritizing the clinical 

management of high-risk groups, including overweight and moderately obese individuals with 

central adiposity, is critical [9, 16]. At the same time, the growing prevalence of severe obesity 

warrants particular attention due to its substantial health burden and associated comorbidities. 

These findings underscore the importance of moving away from a one-size-fits-all approach to 

obesity and adopting the principles of precision medicine. By recognizing obesity as a 

collection of distinct subtypes—or "obesities"—rather than a single condition, healthcare 

providers can better tailor interventions to meet the specific needs of diverse patient populations 

[1, 9 , 17]. 

Phenotypes and Characteristics 

1. Metabolically Healthy Obese (MHO): 

 

MHO individuals exhibit excess adiposity but maintain a normal metabolic profile, including 

insulin sensitivity, normal blood pressure, and favorable lipid levels. Despite their apparent 

health, longitudinal studies suggest that many MHO individuals transition to metabolically 

abnormal states over time, particularly if obesity persists [2, 9, 15]. 

2. Metabolically Abnormal Obese (MAO): 

MAO is characterized by obesity accompanied by metabolic dysfunction, including insulin 

resistance, dyslipidemia, systemic inflammation, and hypertension. These individuals face an 

elevated risk of developing cardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM) 

[2, 3]. 

3. Metabolically Obese Normal Weight (MONW): 

MONW individuals have a normal BMI but exhibit metabolic abnormalities associated with 

visceral adiposity and ectopic fat deposition. This phenotype challenges traditional notions of 
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obesity, as individuals with normal weight can experience significant metabolic and 

cardiovascular risks [8, 9]. 

4. Sarcopenic Obese (SO): 

SO combines low muscle mass with excess adiposity, primarily affecting older adults. This 

phenotype is associated with impaired physical function, frailty, and increased cardiometabolic 

risk, further complicating its management [10, 13]. 

Individuals with severe obesity (BMI ≥40 kg/m²), who may be 100 to 200 pounds (45–90 kg) 

or more overweight, face significant cardiovascular challenges that complicate their 

management within healthcare systems. Approximately one-third of individuals with severe 

obesity exhibit clinical evidence of heart failure, with the risk of developing heart failure 

increasing markedly with the duration of obesity. Prevalence rates exceed 70% after 20 years 

and rise to 90% after 30 years of severe obesity [15]. This condition profoundly affects cardiac 

structure and function, contributing to left ventricular remodeling, reduced systolic function, 

and diastolic dysfunction, which can ultimately progress to heart failure. Additionally, severe 

obesity is associated with systemic metabolic, inflammatory, and neurohormonal alterations 

that further impair cardiovascular health. Histological analyses reveal cardiomyocyte 

hypertrophy, myocardial fat infiltration, and fibrosis in the hearts of individuals with severe 

obesity. Furthermore, increased pulmonary vascular resistance and elevated pulmonary artery 

pressure result in higher right ventricular afterload, leading to right ventricular dysfunction [1-

18]. 

Weight loss, achieved through lifestyle changes, pharmacotherapy, or surgical interventions, 

has been shown to improve cardiac structure and function, potentially reversing remodeling and 

reducing cardiovascular risk. Bariatric surgery, in particular, has demonstrated significant 

benefits in decreasing cardiac morbidity and mortality among patients with severe obesity and 

pre-existing cardiac disease. Although current heart failure guidelines place limited emphasis 

on weight reduction, they acknowledge the elevated risk posed by severe obesity [8-17]. The 

likelihood of developing atrial fibrillation also rises significantly with increasing BMI, with a 

BMI ≥30 kg/m² associated with a 49% higher lifetime risk of atrial fibrillation. Among 

individuals with severe obesity, those undergoing weight-loss surgery exhibit lower rates of 

new-onset atrial fibrillation compared to those receiving standard care. Severe obesity is also 

linked to higher mortality rates following in-hospital cardiac arrest, particularly in cases 
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involving nonventricular or ventricular fibrillation arrhythmias. These findings highlight the 

critical importance of effective weight management strategies in mitigating the cardiovascular 

complications associated with severe obesity [22-31]. 

Treatment Strategies and Considerations 

Despite advancements in medical management and lifestyle interventions, clinical outcomes 

for patients with severe obesity and associated cardiac disease or heart failure remain 

suboptimal [23, 25]. Treatment options for severe obesity include lifestyle modification therapy, 

pharmacotherapy, and bariatric surgery. While lifestyle modifications can effectively improve 

cardiovascular risk factors and comorbid conditions, they often fail to produce sustainable 

weight loss or long-lasting metabolic improvements. For instance, the Look AHEAD trial 

demonstrated that individuals with severe obesity who achieved a 4-year weight loss of ≥10% 

of their initial body weight experienced significant cardiovascular benefits. However, only 25% 

of participants in the trial maintained this level of weight loss, while the majority (75%) 

regained weight within the same period [3, 23]. 

Pharmacological treatments, although beneficial in certain cases, similarly struggle to produce 

durable results, with weight loss frequently regained within 12 months of treatment cessation. 

Lifestyle interventions do, however, play an essential role in supporting long-term weight 

maintenance, particularly when combined with bariatric surgery. Prospective studies have 

shown that lifestyle interventions implemented within 12 months of bariatric surgery, whether 

pre- or postoperatively, can enhance both weight loss and its maintenance over time. For 

example, a structured lifestyle intervention program initiated after bariatric surgery has been 

shown to significantly improve weight loss outcomes [1 - 6]. 

Although lifestyle modification alone may not be sufficient for addressing severe obesity, its 

integration with bariatric surgery highlights its critical role in comprehensive obesity 

management. By supporting sustained behavioral changes, lifestyle interventions can amplify 

the benefits of surgical treatments, contributing to improved long-term health outcomes for 

individuals with severe obesity. 
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1. Lifestyle Interventions: 

Exercise and dietary modifications are foundational to managing all obesity subtypes. For 

MHO, these interventions aim to maintain metabolic health, while for MAO and MONW, they 

address underlying inflammation and insulin resistance. Resistance training is particularly 

beneficial for SO, improving muscle mass and physical function. However, lifestyle 

interventions alone often fall short for severe obesity or in individuals with significant 

metabolic dysfunction, necessitating adjunct therapies [18, 20]. 

2. Pharmacological Treatments: 

Emerging pharmacotherapies, including GLP-1 receptor agonists (e.g., liraglutide, 

semaglutide) and MC4R agonists (e.g., setmelanotide), have shown promise in managing 

obesity. These treatments are particularly effective in MAO and genetic obesity, as they target 

appetite regulation and energy expenditure. While these drugs offer significant weight reduction 

and metabolic improvements, their high costs and potential side effects, such as gastrointestinal 

discomfort, limit widespread accessibility and patient adherence [23, 25]. 

3. Bariatric Surgery: 

For severe obesity or refractory cases, bariatric surgery remains a highly effective treatment, 

particularly for MAO and SO phenotypes. Procedures such as gastric bypass and sleeve 

gastrectomy not only reduce weight but also improve insulin sensitivity and lipid profiles. 

However, surgery carries inherent risks, including complications and long-term nutritional 

deficiencies, necessitating careful patient selection and follow-up [23-31]. 

Summary of Benefits and Limitations 

Each treatment strategy offers unique advantages and limitations depending on the obesity 

phenotype. Lifestyle interventions are safe and broadly applicable but may have limited 

efficacy in advanced or severe cases. Pharmacological treatments provide targeted benefits for 

metabolic dysfunction but can be costly and associated with side effects. Bariatric surgery is 

highly effective but invasive and requires substantial post-operative commitment. A phenotype-

specific approach that combines these strategies, tailored to individual needs, holds the greatest 

potential for improving outcomes and reducing the burden of obesity-related comorbidities. 
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Results Summary 

Until recently, the management of syndromic and monogenic obesity primarily relied on 

multicomponent lifestyle interventions, which remain the cornerstone of clinical care [3, 23]. 

These interventions, focusing on dietary modifications, physical activity, and behavioral 

therapies, aim to address the complex needs of these patients. However, the emergence of 

innovative, targeted treatments in recent years has significantly altered this paradigm, paving 

the way for a more personalized approach to managing these rare and complex conditions [3, 

7, 18]. Advances in pharmacotherapy, including the development of drugs targeting specific 

genetic pathways, represent a promising alternative to traditional methods, offering hope for 

improved outcomes in this challenging patient population. 

Bariatric surgery, once considered the only effective option for severe cases, now faces 

competition from pharmaceutical interventions. While surgery remains a viable treatment for 

some, the potential for irreversible anatomical changes and uncertain long-term outcomes 

necessitates caution in its application, especially in younger patients [26]. Targeted 

pharmacological treatments, such as those modulating the leptin-melanocortin pathway, may 

offer safer and more reversible alternatives. However, the precise role of each treatment in the 

management of syndromic and monogenic obesity remains unclear, requiring further research 

to establish evidence-based guidelines tailored to these conditions [23]. 

A major priority for improving outcomes in this population is early and accurate genetic 

diagnosis. Identifying the genetic basis of obesity in children who exhibit rapid weight gain and 

other suggestive clinical features is crucial, as it allows timely access to specialized 

multidisciplinary care, novel therapeutic agents, and clinical trials [3, 7]. Early intervention can 

prevent the progression of obesity-related complications, reduce the likelihood of failure with 

conservative treatments, and alleviate the stigma faced by patients and their families. Genetic 

testing should be routinely offered to children with severe obesity and associated syndromic 

features to ensure they receive appropriate and timely care [18]. 

CONCLUSIONS 

Intensive lifestyle interventions remain an integral component of management, particularly 

when delivered in outpatient settings close to the patient’s home. These programs can help 

mitigate the progression of obesity-related complications and improve quality of life. Specific 
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healthcare pathways, such as those implemented in France, provide a structured framework for 

integrating lifestyle interventions with specialized care, offering a model for improving long-

term outcomes in patients with syndromic or monogenic obesity [1-3]. 

Ongoing research continues to produce new therapeutic options, fostering hope for the future. 

Advances in gene-editing technologies, such as CRISPR-mediated gene editing and induced 

pluripotent stem cell therapies, hold significant potential for addressing the root causes of 

monogenic obesity. These approaches could enable direct correction of defective genes, 

offering a curative option for patients with severe genetic forms of obesity. While these 

technologies remain experimental, they underscore the importance of collaboration between 

clinicians and scientists in developing innovative solutions [23]. 

The clinical severity and lifelong impact of syndromic and monogenic obesity necessitate a 

comprehensive and multidisciplinary approach. Greater involvement from healthcare providers, 

researchers, and policymakers is essential to optimize treatment strategies, improve access to 

care, and ensure better prognoses for affected individuals. Through continued innovation and 

cooperation, it is possible to address the unique challenges faced by this vulnerable population 

and enhance their overall health and well-being [31]. 
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