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ABSTRACT

Obesity is now recognized as a multifaceted chronic disease that is intricately linked
to metabolic, biochemical, and psychosocial dysfunction. In this article, we review
the epidemiology of obesity, current understanding of its physiopathology, and the
recommended staging system used to approach it as a chronic disease, and we include
an overview of its health implications.
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WHAT IS OBESITY?

The World Health Organization (WHO) defines obesity as
the presence of a body mass index (BMI) greater than 30
kg/m?.! However, this BMI-centric definition fails to capture
the complexity of the condition. The Obesity Medicine
Association (OMA) offers a more detailed perspective,
describing obesity as a “chronic, progressive, relapsing,
multifactorial, neurobehavioral disease” that results from
an increase in body fat.? According to this definition, excess
body fat leads to dysfunction in adipose tissue that causes
adverse metabolic (adiposopathy), biomechanical (fat mass
disease), and psychosocial effects. Acknowledging obesity
as a disease ensures a more comprehensive and scientific
approach to its treatment and public health impact; it also
requires providers to shift away from a biased blaming
approach of “lack of willpower” and into the established
framework of chronic disease management that requires
appropriate staging and diagnostic and treatment tools as
well as complication management and outcome measures.

EPIDEMIOLOGY: TRENDS IN OBESITY
OVER TIME

Over the last three decades, obesity has escalated into a
global epidemic, affecting populations across all regions
and socioeconomic backgrounds. Currently, approximately
43% of the world’s population, or 2.5 billion adults, are
classified as overweight, with 16% meeting the BMI-based
criteria for obesity. Historically, overweight and obesity
were seen primarily as issues affecting high-income
countries. However, recent trends indicate a rapid rise
in obesity rates within developing nations. For instance,
China, home to one of the world’s largest populations
and a developing nation, has witnessed a 90% increase

in obesity prevalence over the past decade compared to a
6.7% rise in the United States (US) during the same period.’
Despite these regional differences, obesity prevalence has
increased by at least 2% in every country globally, likely
due to factors such as globalization, urbanization, changes
in diet, and lifestyle shifts. However, the rise in obesity
rates in Western countries are not to be dismissed as non-
concerning. Obesity prevalence rates in the US have surged
from 16% in 1995 to the current 34% (Figure 1), with
projections indicating that the prevalence of obesity will
reach up to 61% by 2050.

In a US-based study, age-related differences show that
obesity is most common in middle-aged adults (45-64 years),
while younger populations, including adolescents and young
adults (20-44 years), are experiencing a concerning rise in
obesity, contributing to early-onset comorbidities. Ethnic
and racial differences have been highlighted as well, with
the most common adverse trends anticipated to affect
individuals identifying as American Indian/Alaska Native or
multiracial by 2050 (Figure 2).° It is worth mentioning that
these statistics are based on the crude BMI classification
system and self-reporting, which likely underrepresents the
actual impact of the disease.

PATHOPHYSIOLOGY

At its core, obesity results from an imbalance between
energy intake and expenditure, where calories in excess
of expenditure are stored primarily in adipose tissue. This
construct is at the base of the trite recommendation of
“eat less, exercise more” as the outdated tenets of weight
management. What this reductive view fails to capture is
the complexity of the systems that requlate energy balance,
that include pathways involving communication between
brain, gut, and peripheral tissue.® These integrated systems
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Figure 1 United States prevalence of obesity in 1995 and 2003 illustrating a marked increase in obesity rates across the nation. For
Pennsylvania and Kentucky, data from 2022 were utilized instead of 2023 due to insufficient data available for estimating 2023 figures.
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Prevalence of Obesity in the U.S. - 2050 Projections (by Age Groups)
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Figure 2 Projections of obesity prevalence from 2020 to 2050, stratified by age and ethnicity.
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Figure 3 A schematic representation of the main causes of obesity,
encompassing neurobiology, environment factors, sociocultural
influences, social determinants of health, genetics, and
epigenetics. LEPR: leptin receptor; POMC: proopiomelanocortin;
FTO: fat mass and obesity-associated (FTO) gene; ADIPOQ:
adiponectin, C1Q and collagen domain containing Homo sapiens
(human) gene; ADRB: adrenoceptor beta 3; APOE: apolipoprotein

E gene; SDOH: social determinants of health; GI: gastrointestinal

control food intake, satiety signals, and energy expenditure
while being heavily influenced by genetic, epigenetic,
environmental, and sociocultural factors.

CENTRAL REGULATION

The brain plays a critical role in regulating body weight
through a complex neural system that is in constant
communication with peripheral tissues through hormones
produced in response to food intake and fasting states.
These complex interactions can be better understood as
four main pathways—the homeostatic, hedonic, limbic,
and cognitive pathways—each referring to specific brain
areas with specialized functions.

Homeostatic Center

The homeostatic center for appetite controlis located in the
hypothalamus, specifically within the arcuate nucleus. This
region contains two distinct populations of neurons that

produce peptides in response to peripheral signals, such as
ghrelin and leptin. Orexigenic neurons, including those that
release agouti-related peptide and neuropeptide Y, are
stimulated by ghrelin released from the gastrointestinal (GI)
system, stimulating appetite and increasing food intake.’
Conversely, anorexigenic neurons are activated by leptin
produced by adipocytes and release pro-opiomelanocortin
and alpha-melanocyte-stimulating hormones, which work
to suppress appetite. These circuits are connected through
redundant synapses and reciprocal inhibition, maintaining
a tightly regulated balance. Disruptions in these pathways
have been described as causes of severe monogenic forms
of obesity.*

Hedonic Pathway

Food intake and appetite are not only homeostatic
functions but are also pleasurable experiences regulated
by the hedonic pathway that involves dopamine release
within the hypothalamus as part of a positive reward
feedback system. Although not uniform, data suggest
that obesity, especially severe and prolonged, may induce
downregulation of dopamine receptors in these areas, with
increased need of food intake to achieve the same positive
reward response as individuals without obesity.’?

Limbic System

The limbic system, critical in the regulation of emotion,
memory, and behavior, also partakes in food intake regulation,
with the amygdala and hippocampus demonstrating
increased activity in anticipation of food and enforcing the
positive reward feedback from the hedonic pathways.

Cognitive Pathway

Finally, the termination of food intake is often dependent
on the activation of the prefrontal cortex, which is crucial
for impulse control and decision-making. Clearly, only
a fraction of these pathways is under the influence of
conscious control of patients, making lack of willpower an
overestimated culprit in the complex process of obesity.
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PERIPHERAL REGULATION
The main brain counterparts in weight regulation are the GI
system and adipose tissue.

GI Tract

Sensory inputs from various cells, including smooth
muscle, interstitial cells of Cajal, and the enteric nervous
system, guarantee the sensing of meal volume and
control the rate of gastric emptying.” Additionally, gastric
distension at the submucosal and muscular layer releases
neurotransmitters through intrinsic (enteric) and extrinsic
(vagal) neural networks that help regulate feeding behavior
by transmitting these signals to the central nervous system
and ultimately decreasing appetite after a meal is ingested,
often regardless of calorie content.’® As food enters the
small intestine, enteroendocrine cells release various
hormones that influence gastric emptying and appetite
control. Critically, glucagon-like peptide-1 (GLP-1) and
cholecystokinin promote satiety, slow gastric emptying,
and stimulate vagal afferent nerves that communicate
with the central nervous system. Conversely, ghrelin, an
orexigenic hormone, is secreted when the stomach is
empty, stimulating hunger and promoting food intake by
activating the vagus nerve. These hormones also regulate
energy expenditure and fat storage, highlighting the
interconnected nature of peripheral signals and metabolic
balance, and have been the target of the newer, more
potent anti-obesity medications.

Adipose Tissue

It is an active endocrine system that contributes to
body weight regulation by secreting hormones such as
leptin and adiponectin.’* Leptin signals to the brain to
induce an anorexigenic response, reducing food intake
and increasing energy expenditure when energy stores
are sufficient. Adiponectin enhances insulin sensitivity
and plays a role in lipid metabolism. Lower levels of
adiponectin are associated with higher body fat and insulin
resistance. Together, these peripheral pathways provide
essential regulatory mechanisms for maintaining energy
balance and body weight. In individuals with obesity,
leptin resistance develops, blunting its effectiveness and
exacerbating weight gain.*? Following weight loss, leptin
production decreases in parallel with an increase in ghrelin
level and improved metabolic efficiency, leading to a
reduction in energy expenditure. This combination makes
it challenging to maintain weight loss and often results in
weight regain, a phenomenon known as “weight cycling.”**
These metabolic adaptations make it difficult to maintain
long-term weight loss, as the body resists deviation from
its higher baseline weight, and they increase the risk of
obesity-associated comorbidities.

THE IMPACT OF ENVIRONMENT

These complex circuitries were developed through
millennia of evolution and have served to ensure survival
in times of famine and food scarcity. The current set point
theory of obesity postulates that fat mass is the body’s
defense against starvation and that the body protects it as
such.* The modern environment, however, has drastically
changed toward what is deemed an obesogenic milieu, at
a speed that has obviously outpaced our ability to adapt,
with a consequent inappropriate regulation of fat mass
and overall increasing obesity rates.*

Key environmental factors, including built environments,
food availability and quality, and socioeconomic conditions,
converge to shape dietary habits, energy intake, physical
activity, and energy expenditure (Figure 3). The concept
of “built environment” encompasses the infrastructure
that influences individuals’ access to resources and
their engagement within communities.’® For instance,
neighborhoods characterized by limited access to
recreational facilities and supermarkets often experience
higher rates of obesity. Notably, “food deserts and food
swamps”—respectively, areas lacking access to food in
general or access to affordable and nutritious food—are
prevalentinbothruraland urbansettings and are associated
with obesity rates.!” The correlation between fast-food
density and increased obesity prevalence has also become
clear, highlighting the importance of the consumption of
processed foods in the development and maintenance of
higher body weight.'® Availability of healthier food options
and recreational spaces to foster a better lifestyle appears
to be critical to counteract current trends.

On the other hand, these associations between
environment and obesity often reflect broader social
determinants of health, as less walkable neighborhoods
typically house people at lower socioeconomic status.*
Residents of these areas frequently face barriers, such
as lower disposable income, that negatively impact the
ability to afford more expensive, healthier, unprocessed
food options, as well as limited access to essential services,
further perpetuating poor health outcomes.

GENETIC AND EPIGENETIC FACTORS

Although rare, monogenic forms of obesity are recognized
and typically linked to mutations affecting homeostatic
pathways such as the leptin-melanocortin system, which
regulates appetite and energy balance.® Much more
common and impactful are genetic susceptibilities, where
multiple genetic variations influence traits like appetite,
fat storage, and metabolism. Based on twin, family, and
adoption studies, it is estimated that 40% to 70% of BMI
variability can be attributed to genetic influences.”” More
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recent large-scale linkage studies have identified over
1,000 genetic loci associated with obesity traits.?* Together,
these loci contribute to a higher fat mass set point or an
increased susceptibility to obesity. Interestingly, the impact
of some genes, like those linked to the FTO (fat mass and
obesity associated) locus, can be mitigated by lifestyle
changes. For example, it has recently been reported that
physical activity and a balanced diet can reduce the risk
associated with certain obesity-related genes by 30% to
40%.”?

In addition to these genetic influences, epigenetics—
reversible changes to gene expression—can also play
a role. Environmental factors such as diet, exercise,
bariatric surgery, and in utero experience can modify
DNA methylation patterns, which further affect weight
regulation processes.

IMPACT OF OBESITY ON PATIENT
HEALTH

Obesity significantly impacts the physical, mental, and
social well-being of an individual through what are
commonly described as two main mechanisms of “fat
mass disease” and “adiposopathy.”

The first refers to the adverse negative effects of excessive
weight on bodily function. Adiposopathy encompasses
the metabolic dysregulation that occurs in the setting of
increased fat deposition, especially in the visceral and organ
compartments.'* Under normal circumstances, adipocytes
(mostly located in the subcutaneous space) release
adipokines-hormones that influence metabolism, immune
function, and inflammation. In patients with obesity, the
profile of adipokine production from mostly visceral adipose
tissue shifts, favoring proinflammatory adipokines such as
tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and
leptin, while the secretion of anti-inflammatory adipokines
like adiponectin is diminished.” This imbalance in hormone
production drives systemic inflammation and results in
adverse endocrine and immune responses that directly
lead to insulin resistance, certain cancers, cardiovascular
diseases, liver dysfunction, and more.

FAT MASS DISEASE

Osteoarthritis

Osteoarthritis (OA), a degenerative joint disease, is
frequently seen in patients with obesity, who are nearly
seven times more likely to develop knee OA than individuals
of normal weight.”” Excess weight places mechanical
strain on joints, accelerating cartilage wear and further
contributing to joint degeneration. Modest weight loss of
even 5% can greatly improve joint pain, while at least 10%
of body weight loss is needed for clinical improvements

such as slowing down structural deterioration and
enhancing mobility.**

Obstructive Sleep Apnea

Obstructive sleep apnea (OSA)_is characterized by repeated
episodes of upper airway collapse during sleep, leading
to intermittent hypoxemia and disrupted sleep. Excess
adipose tissue in the neck and chest increases the likelihood
of airway obstruction by applying external pressure to the
thoracic cavity, leading to OSA. This mechanical disruption,
coupled with resultant hypoxia, elevates stress hormone
levels, which in turn negatively impact weight regulation.”®
Weight loss is the cornerstone of treatment.

ADIPOSOPATHY

Type 2 Diabetes

Approximately one-third of people with obesity develop
type 2 diabetes (T2DM), driven by insulin resistance and
progressive pancreatic p-cell dysfunction.?® The prognosis
in individuals with obesity and T2DM, termed “diabesity,”?’
has traditionally been poor, as the condition significantly
decreases life expectancy and quality of life and increases
healthcare costs.?® The newer metabolic drugs enhancing
incretin  signals—glucagon-like peptide-1 (GLP-1) and
GLP1/glucose-dependent insulinotropic polypeptide (GIP)
agonist—have revolutionized treatment for these patients,
significantly impacting morbidity and mortality. These
agents not only improve glycemic control and promote
weight loss, but they also have favorable cardiovascular
outcomes, renal protection, and overall mortality.?>?

Liver Disease

Excess fat deposition in non-adipose tissues, particularly
the liver, leads to metabolic dysfunction-associated
fatty liver disease (MAFLD), which affects approximately
75% of individuals with obesity and is currently the most
common chronic liver disease.** MAFLD can progress from
steatosis to more severe forms, such as fibrosis, cirrhosis,
or even hepatocellular carcinoma, as the liver’s ability to
regulate glucose and lipid metabolism is progressively
impaired. Newer metabolic drugs, such as incretin receptor
agonist, have shown promise in the long-term treatment
of MAFLD.**

Cancer

Obesity is strongly associated with an increased risk of
developing various cancers, including breast, endometrial,
colorectal, pancreatic, kidney, and liver cancer. The
underlying mechanisms involve a complex interplay of
metabolic and inflammatory processes with adiposopathy-
associated chronic inflammation triggering the production
of reactive oxygen species, which can damage cellular
DNA and interfere with its repair mechanisms, increasing
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the risk of mutations and cancerous cell development.®®
Furthermore, obesity-related increase in insulin-like growth
factors and insulin promotes cancer cell proliferation and
inhibition of cell death. These latter mechanisms are
particularly relevant in breast and colorectal cancer, where
insulin resistance and hyperinsulinemia stimulate signaling
pathways that further support tumor growth.*® In post-
menopausal women, increased estrogen production from
the extra adipose tissue can represent a growth stimulus for
breast and endometrial cancer. Adipocytes produced leptin
also promotes cancer cell growth by activating pathways
involved in cell survival and proliferation, contributing to
the aggressiveness of tumors in individuals with obesity.*’

Cardiovascular Diseases

Obesity-induced metabolic derangements increase the
risk for cardiovascular diseases (CVD). Excessive visceral
fat exacerbates insulin resistance, dyslipidemia, and
inflalmmation, which are all main drivers of atherosclerosis,
increasing the likelihood of heart attacks and strokes.*®
Additional linkage of obesity with hypertension and
T2DM further exacerbates these cardiovascular risks.
Beyond metabolic disturbances, obesity also affects the
heart’s structure, function, and electrical conduction.
Increased epicardial fat, systemic inflammation, and
oxidative stress can induce atrial enlargement and atrial
fibrillation.*® Furthermore, increase in body weight places
a higher demand on the heart, leading to left ventricular
hypertrophy and eventually heart failure, specifically heart
failure with preserved ejection fraction.“0!

PSYCHOLOGICAL AND SOCIETAL IMPACT

Up to 40% of adults with obesity have experienced weight
stigma, which involves social devaluation and negative
interactions due to excess body weight. This stigma can
lead to harmful attitudes, stereotypes, prejudice, and
discrimination.*? These experiences are scattered through
a person’s lifetime, often starting in childhood and
progressively solidifying in adolescence and adulthood.*
Women report even higher rates of weight stigma.*“ Biases
against people with obesity can translate into workplace
discrimination, reduced earning potential, mental health
issues, and decreased quality of life. Sadly, healthcare
professionals at all levels, from medical students to
specialists, are often not only unaware of these specific
issues but can also contribute to stigmatization, creating
an additional barrier to appropriate care for patients with
obesity.*> Negative experiences with weight stigma often
lead to internalized self judgement, known as internalized
weight bias, which further fuels a cycle of low self-esteem,
depression, avoidance of health care, and worse health
outcomes.“®

A BETTER STAGING SYSTEM

As mentioned, a purely BMI-based definition and staging
of obesity, although practical for epidemiological purposes,
is reductive and not functional for the appropriate clinical
management of a complex, chronic disease. Firstly, BMI does
not account for gender, ethnic, or racial variability,”” nor for
individual variabilities in body composition, such as with
elite athletes, where an elevated BMI is related to increased
muscle mass and not excess fat. Although the latter can
be overcome with body composition analysis techniques
(underwater weighing, dual-energy X-ray absorptiometry
[DEXA scanning], computed tomography, and magnetic
resonance imaging), these methods are impractical for daily
clinical use and continue to offer only a limited assessment
of the complex disease of obesity as the thresholds of excess
adiposity can occur at varying body weights.

Scientific societies have proposed a more comprehensive
staging approach that combines anthropometric measures
with presence and degree of associated negative health
consequences.***? For example, the Edmonton Obesity
Staging System (EOSS) categorizes obesity based on
its clinical impact on multiple dimensions (Figure 4).
Stage O represents individuals with obesity but without
any apparent obesity-related health complications—
what would be considered “patient at risk” in similar
classifications of chronic diseases, such as Heart Failure—
while Stage 4 includes those with end-stage disease,
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Figure 4 The Edmonton Obesity Staging System (EOSS)
categorizes obesity into four progressive stages based on medical,
mental, and functional health, ranging from absence of disease
to end-stage disease. Medical health includes progression of
chronic diseases such as T2DM and hypertension; mental health
spans from minimal stress to severe depression linked to obesity;
and functional health assess quality of life, from mild discomfort
to limitations in daily activities. Treatment tiers (A, B, and C) align
staging with lifestyle intervention to be incorporated at all stages
of obesity (A), medical intervention (B) to be started at Stage 2,
and surgical options (C) to be considered for Stage 3 and 4.
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such as severe cardiovascular disease, organ failure, or
debilitating conditions. This approachis valuable in providing
a framework for the appropriate diagnostic approach,
as it requires the investigation of presence and degree of
associated comorbidities in patients with obesity, and also
in quiding treatment strategies, which allows clinicians to
prioritize interventions based on the severity of the disease.
It moves away from the simplistic view of obesity as a
numerical BMI category, recognizing how the variability in
excess body fat affects different individuals (Table 1).75°
> This approach also helps practitioners recognize that
weight is only part of the diagnostic criteria and reminds
them of the treatment goals that should be targeted.

COMPLICATIONS RELATIVE RISK (%) WEIGHT LOSS
FACTOR REQUIRED FOR
MALE FEMALE THERAPEUTIC
BENEFIT
T2DM 6.74 12.41 >25
(improvement)
10-15 (remission)
Hypertension 1.84 2.42 5
CAD 1.72 3.10 >10
Osteoarthritis 4.20 1.96 >5-10
0SA 2.00 2.00 >10
MAFLD 5.51* 5.51% >10
Breast cancer - 1.13 -
Colorectal cancer 1.95 1.66 -
Endometrial cancer - 3.22 -
Kidney cancer 1.82 2.64 -
Ovarian cancer - 1.28 -
Pancreatic cancer 2.29 1.60 -

Table 1 Relative risk factor and (%) weight loss required for
therapeutic benefits for complications related to obesity.”>>°
T2DM: type 2 diabetes mellitus; MAFLD: metabolic dysfunction-
associated fatty liver disease; CAD: coronary artery disease; OSA:
obstructive sleep apnea

* Calculated odds ratio

APPROACHING OBESITY

In approaching obesity, it is critical to acknowledge it as
a chronic disease and offer this framework to patients as
well. Reframing obesity in this way will help reduce stigma
and foster a more constructive relationship between the
patient and the providers. Moreover, it allows for a broader
focus that goes beyond weight or BMI as markers of
success to encompass the physical, mental, and functional
health of the patient.

10

Given this broader view, effective obesity management
requires an interprofessional and collaborative approach
that addresses the medical complexities of the condition,
integrating the expertise of dietitians, social workers,
fitness and mental health specialists as well as medical
and surgical providers in developing individual care plans.
Finally, societal determinants of obesity need to be
considered as well. Patients from lower socioeconomic
backgrounds often face significant barriers, including
limited access to healthy food, safe spaces for physical
activity, and basic healthcare needs. To ensure equitable
and effective care, healthcare teams must also account
for social determinants of health that uniquely affect each
patient.

Obesity prevalence continues to rise, with significant
impact on patients’ lives and health. Recognized as
a chronic disease in 2013, it’s high time the medical
community embraces the implications of such a definition
and meets the challenge it represents.

KEY POINTS

* Obesity is a complex, chronic disease that goes beyond
the simple notion of “lack of willpower.”

 Physicians should shift from a body mass index-
centric diagnostic criteria to a more comprehensive
classification system, such as the Edmonton Obesity
Staging System.

» Overweight and obesity lead to complex physiological
changes that occur across various body systems.

* The comorbidities associated with obesity necessitate
lifestyle changes, medical interventions, and/or surgical
options to achieve therapeutic benefits.

* Approaching obesity in a nonbiased and collaborative
manner is pivotal to provide comprehensive medical,
mental, and functional benefits.
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