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Abstract

Obesity is now recognized as a chronic disease requiring long-term care to treat or prevent adiposity-
induced and obesity-related complications. This article discusses the biology of weight regulation as a
basis for understanding obesity as a disease, and for appreciating the complex and multifactorial nature
of the obesity problem. Finally, the article highlights a clinical approach to obesity care that starts with
accurate diagnosis and severity assessment (including clinical vs preclinical obesity), then outlines a
multi-pronged treatment strategy, and provides brief updates on pharmacotherapy and the future
direction of obesity care.
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Introduction

Over the last 40 years, the prevalence of obesity has risen substantially in almost all regions of the
world, such that there are now more than 600 million people with obesity worldwide (1,2). This
increasing burden of obesity affects all regions (1), including Singapore. The National Health Survey
(NHS 1992 — 2010) reports that 10.8% of adult Singaporeans had obesity in 2010, more than double
the prevalence in 1992 (3). Results from recent national health surveys, including the latest National
Population Health Survey (NPHS 2023 — 2024), suggest a continuation of this trend after a brief period
of stabilisation from 2010 to 2017 (4).

Biology of Weight Regulation

The body’s adipose tissue represents energy stores to survive energy-scarce conditions. Hence, it
would not be surprising that that body weight (or more accurately, adipose tissue in the body) is tightly
regulated by an extremely complex neuroendocrine energy balance circuitry, which is composed of
specific nuclei in various brain regions, most prominently the hypothalamic arcuate nucleus (ARC), the
paraventricular nucleus, the lateral hypothalamic area and the nucleus of solitary tract of the hindbrain
(5-7) (Figure 1). Under relatively constant environmental conditions, this regulatory system senses and
processes various metabolic signals regarding the current energetic status and adjusts the metabolic
responses to maintain a stable weight without conscious control (5,8). This homeostatic regulation of
body weight is similar to the regulation of other physiologic parameters, such as body temperature,
blood pressure, or blood glucose, where a ‘set point’ seems to exist and deviation from this ‘set point’
elicits a compensatory response in an opposite direction to restore this body weight ‘set point’.
Therefore, weight regain after weight loss is physiological (9,10) and not necessarily due to a failure of
conscious efforts (to lose weight).

Figure 1: Key hypothalamic nuclei involved in the regulation of appetite and energy balance. Figure
taken from (7).
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Satiety center B comprising AGRP and POMC neurons, is located next to the median eminence. This region comprises
’ permeable capillaries, thereby allowing access to circulating signals. These signals can modulate
ARC neuronal populations, which then have extensive projections to PVH and other hypothalamic
nuclei. PVH is the major hypothalamic satiety center. POMC neurons activate MC4R neurons
in the PVH to decrease appetite, while AGRP neurons inhibit PVH-MC4R neurons to increase
appetite. Additionally, AGRP neurons also inhibit POMC neurons via stimulation of inhibitory
GABAergic input to POMC neurons. Anorexigenic signals such as leptin and GLP1 increase satiety
by acting on POMC neurons, whereas orexigenic signals such as ghrelin can increase appetite by
acting on AGRP neurons. Other hypothalamic neuronal populations have extensive projections
to and from adjacent nuclei. While DMH has predominantly inhibitory projections to PVH and
POMC, it also has been shown to also have activate inhibitory GABAergic neurons projecting to the
AGRP neurons in the ARC. VMH mainly has excitatory projections to the POMC neurons, while
AGRP neurons has inhibitory projections to VMH. Additionally, postprandial satiety signals from the
enteroendocrine cells of the GIT can also act on DVC located in the brainstem to suppress appetite.
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Additionally, there exist a different set of neuroendocrine signals which guides food intake based upon
the reward value of the food, also known as the reward or ‘hedonic’ system (5,11). The brain regions
responsible for this reward system are dispersed in the corticolimbic structures, and a primary
characteristic of this system is its ability to override the signals from the homeostatic circuits as
described (5). Hence, the reward system is non-homeostatic with regard to energy balance. This system
integrates basic midbrain and hindbrain functions with more complex cortical functions involving arousal
at the sight of palatable food items and the procurement of food, mediating the ‘liking’ (level of pleasure
or reward) and ‘wanting’ (the motivation or drive to consume food), which are subconscious processes
(5). In human studies, functional MRI (fMRI) studies have shown overactivation of reward-encoding
brain regions and/or deficiency in cortical inhibitory networks in people with obesity (5).

Obesity as a Disease: Pathophysiology and Health Consequences

With the understanding of the biology of weight regulation, obesity (defined as a disproportionate body
weight for height with an excessive accumulation of adipose tissue (12)) is now understood to signify
an abnormal physiological state whereby there has been a surplus intake of energy and an elevated
body weight set point is now defended (5,13). The factors known to cause this are complex and multiple,
and they range from genetic to environmental to emotional factors, which are well-known to be potent
modulators of appetite (11). Twin, family, and adoption studies show that the rate of heritability of BMI
is high, ranging from 40 to 70% (14), demonstrating a major genetic component. In addition to
syndromic and monogenic forms of obesity, genome-wide association studies (GWAS) have identified
more than 700 independent loci associated with BMI and/or obesity (15-17). Environmental and lifestyle
factors favouring a positive energy balance and weight gain include increasing per capita food supplies
and consumption, particularly of highly processed, energy-dense and palatable food that are often
served in large portions; decreasing time spent in occupational physical activities and displacement of
leisure-time physical activities with sedentary activities such as television watching and use of electronic
devices; growing use of medicines that have weight gain as a side effect; stress and inadequate sleep
(14).

More recent studies have identified a potential role for the microbial content of the gut in determining a
broad range of metabolic abnormalities, including obesity (18,19). The evidence supporting causation
includes animal studies which show that obesity, as a phenotype, is transmittable via the transfer of
gut microbiota from the obese (mice/humans) to germ-free mice (20,21), and mechanistic studies which
demonstrate the possible mechanisms linking the gut microbiota with obesity (18,22). These specific
obesogenic factors can, in turn, be influenced by broader environmental context, such as the physical
environment (built environment, atmospheric temperature), socio-economic conditions (education,
income), the psychosocial environment, cultural influences, and biological factors such as age,
menopause, and coexisting health conditions (23,24). In addition, gene-environment interactions can
occur, such as environmental and lifestyle factors modifying gene expression (25,26), lifestyle and
genetic factors attenuating each other (27,28), and genetic factors influencing the propensity for certain
lifestyle traits (29). Therefore, the development of obesity is truly complex, potentially involving a
multitude of interactions between genetic and environmental/lifestyle factors.

Obesity is not benign. The failure of adipose tissues to continually expand leads to pathological changes
in the adipose tissue which is characterized by macrophage invasion and/or increased release of pro-
inflammatory adipokines and decreased release of anti-inflammatory adipokines such as adiponectin
(12). Also, this failure to further expand and act as a ‘metabolic sink’ results in harmful ectopic fat
deposition in lean tissues such as the heart, liver, pancreas and kidneys (12). These two phenomena
contribute to a pro-inflammatory and insulin-resistant milieu, giving rise to metabolic complications such
as type 2 diabetes mellitus (T2DM), metabolic-dysfunction associated steatotic liver disease (MASLD,
previously known as non-alcoholic fatty liver disease) and cardiovascular disease (CVD) (12,30,31).
Additionally, the physical forces as a result of excessive adipose tissue can give rise to biomechanical



consequences (such as Obstructive Sleep Apnea (OSA) and low back pain), and obesity as a condition
has been associated with various psychosocial issues, impacting on mental health (31,32). All these
adverse consequences affect quality of life, increase healthcare costs, and finally, increase mortality
(31,33) (Figure 2). Therefore, based on the current knowledge that the development of obesity results
from established pathophysiology, with attending health consequences (adiposity-induced/obesity-
related complications, and mortality), obesity fulfils the criteria for a disease state and is now determined
to be a disease (13), rather than just a lifestyle risk factor. Several associations and organisations,
including the World Health Organisation (WHO), have now declared obesity as a disease (Box 1), and
this is an important first step to tackling the problem of obesity, which has emerged as an epidemic that
poses an unprecedented public health challenge (13).

Figure 2: Summary of diseases and conditions associated with obesity and the potential impacts. Figure
taken from (31).

Obesity Overall clinical impact

Metabolic

« Diabetes mellitus (T2DM/T1DM)*

« Dyslipidaemia*

* Hypertension*

« Polycystic ovary syndrome (PCOS)*

Cardiovascular

« Coronary heart disease*

* Heart failure*

* Atrial fibrillation*

« Peripheral artery disease*
* Venous thromboembolism*
« Deep vein thrombosis*

« Aortic valve stenosis*

Respiratory

* Obesity hypoventilation syndrome (OHS)
« Obstructive sleep apnoea (OSA)*
« Asthma*

Neurological

« Stroke*
« Cognitive impairment
 Dementia

Renal
« Chronic kidney disease*

Gastrointestinal

+ Nonalcoholic fatty liver disease (NAFLD)*

* Gastro-oesophageal reflux disease (GERD)*
« Diverticular disease*

« Crohn's disease*

« Gallstone disease*

Rheumatological

« Gout*
* Rheumatoid arthritis*

Cancer

« Oesophageal adenocarcinoma*
* Renal cell carcinoma*
« Breast cancer

« Endometrial cancer*
« Ovarian cancer

« Colorectal cancer*

* Gastric cancer*

« Liver cancer*

« Gallbladder cancer*

« Pancreatic cancer®

« Thyroid cancer

* Meningioma

* Multiple myeloma

Musculoskeletal

* Osteoarthritis*

« Intervertebral degeneration*
+ Back pain*

« Sciatica*

Skin

* Atopic dermatitis*

* Psoriasis*

Infection

« Severe coronavirus disease-19 (COVID-19)*

Mental

» Depression*
« Anxiety

Pregnancy

+ Gestational hypertension

* Gestational diabetes mellitus
* Pre-term delivery

« Caesarian section

*Supported by Mendelian randomisation studies. TIDM: type 1 diabetes mellitus, T2DM: type 2 diabetes mellitus.

* Poor health
« Disability
« Premature death

[

Psychological impact

+ Reduced quality of life

« Poor self-esteem

« Stigma/discrimination

« Social withdrawal and isolation

Economic impact

+ Increased healthcare expenditure
« Absenteeism/presenteeism

Generational impact

« Death (stillbirth)

« Intrauterine growth retardation

« Large for gestational age/ childhood
obesity*

Figure 3 : Associations or organisations that have declared obesity is a disease. Figure taken from (13).




Box 1
Associations or organizations that have declared obesity is a disease

« National Institutes of Health
« US Food and Drug Administration
« Federal Trade Commission

« American Medical Association

World Health Organization
« American College of Physicians
« American Association of Clinical Endocrinologists

« American College of Cardiology

The Endocrine Society

« American Academy of Family Physicians
« Institute of Medicine

« The Obesity Society

World Obesity Federation

American Heart Association

« American Diabetes Association

« American Academy of Family Physicians

« American Society for Reproductive Medicine
« American Urologic Association

« American College of Surgeons

Data from Kahan S, Zvenyach T. Obesity as a disease: current policies and implications for the
future. Curr Obes Rep 2016;5(2):291-7; and Bray GA, Kim KK, Wilding JPH. Obesity: a chronic
relapsing progressive disease process. A position statement of the World Obesity Federation.
Obes Rev 2017;18(7):715-23.

Clinical Approach to Obesity Care

As with any disease, effective obesity care starts with an accurate diagnosis. Obesity is fundamentally
a state of excess adiposity, so diagnosis should not rely on BMI alone (34), which is best used as a
screening tool or population-level risk marker (34). Where feasible, excess adiposity should be
confirmed using direct body-fat assessment, or at least one additional anthropometric measure such
as waist circumference or waist-to-height ratio alongside BMI (34); in people with very high BMI (=40
kg/mz2), excess adiposity can generally be assumed, so additional adiposity measurement is usually not
required to confirm the diagnosis (34). This emphasis on diagnosing obesity based on adiposity rather
than BMI alone is a key point highlighted in the recently published ‘The Lancet Diabetes &
Endocrinology Commission on the definition and diagnostic criteria of clinical obesity’ (34).

After diagnosis, as with the management of other chronic diseases, complications and health impact
should be assessed to determine disease severity and guide treatment intensity. Since 2013, the field
has been shifting from a BMI-centric model (treat to a generic 5-10% weight-loss target) toward a
complications-centric approach, where treatment intensity is driven by the risk, presence, and severity
of both adiposity-induced and obesity-related complications, and weight loss is primarily a means to
improve those outcomes (35). This direction is reinforced by the recently published ‘The Lancet
Diabetes & Endocrinology Commission on the definition and diagnostic criteria of clinical obesity’, which
proposes a more clinically meaningful framework—distinguishing preclinical obesity (excess adiposity
with preserved organ function) from clinical obesity (a chronic, systemic illness with adiposity-related
organ dysfunction and/or substantial functional limitation) (34). Clinical obesity, by definition, warrants
active treatment, and the aggressiveness of therapy should scale with the number, severity, and
trajectory of complications (34,35). For example, when MASLD and/or OSA are present, =10% weight

loss may be needed for meaningful improvement (35), making “modest” loss (5-10%) potentially

inadequate and supporting escalation to more intensive options when the expected benefit outweighs
risk.

Building on this paradigm, management should increasingly address the underlying obesity as a driver
of many adiposity-driven cardiometabolic conditions, rather than treating each complication in isolation.
This is consistent with a consensus document published by the Working Group on Obesity, Diabetes
and the High-risk Patient from the European Society for Hypertension and the European Association



for the Study of Obesity, which highlights practice guidance for obesity-related hypertension, diabetes,
and dyslipidaemia, and calls for treating obesity itself in affected individuals (36). For some patients,
this means the first-line pharmacotherapy may reasonably be an anti-obesity medication rather than,
for example, an antihypertensive, when obesity is a major contributor to the condition. Equally important,
medications used to treat these conditions should not worsen obesity, so clinicians should consider
weight effects when selecting agents; for instance, sulphonylureas can promote weight gain and should
be avoided where possible in people with obesity (36).

Importance of a Multi-level and Individualized Multi-pronged Approach to Treat Obesity

It is now known that the simple calculations underlying the traditional adage of ‘eat less, exercise more’
are fatally flawed (37). Aiming for a 500 kcal deficit (energy expenditure more than energy intake) per
day, cumulating to 3,500 kcal per week (equivalent to ~0.5kg of fat) will not result in a 0.5kg/week weight
loss indefinitely, because this calculation does not consider the homeostatic mechanisms that will resist
further weight loss, and in fact, will conspire to regain weight to restore the original ‘set point’ (9,10,37).
Also, it is important to note that the same diet and exercise plan (often prescribed once in the beginning)
will not suffice to maintain that 500kcal deficit per day as a declining weight will mean declining energy
expenditure (37). Nonetheless, the point here is that asking all people with obesity to just ‘eat less and
exercise more’ overly simplifies the obesity problem. An understanding of the biology of weight
regulation and the appreciation of the complex and multifactorial nature of how this regulation can go
wrong resulting in obesity would indicate that there is no one-size-fits-all intervention or solution (38)
and would necessitate a multi-level and individualized multi-pronged approach to treating obesity. Multi-
level, apart from the individual, would include the social and community, physical (environment) and
economic levels of interventions (38), while a multi-pronged approach at the individual level would
encompass not just the lifestyle and behavioural modifications, which remain the cornerstone, but also
the possible combination with pharmacologic, and even bariatric surgical procedures based on
individualized risk-benefit assessment (12,35).

Dietary strategies with RCT-level evidence that can be routinely advised include reducing sugar-
sweetened beverages and practising portion control (e.g., the plate concept) (39). More structured
approaches can be grouped into energy-focused (meal replacements, low/very low energy diets),
macronutrient-focused (low carbohydrate, low fat), dietary pattern—focused (DASH, Mediterranean),
and timing-focused (intermittent fasting, time-restricted feeding) interventions (39). When adhered to,
most approaches produce weight loss, and long-term trials have not shown consistent superiority of
one diet over another—making adherence the key determinant of outcomes (12,39). However, weight
loss activates homeostatic counter-regulation (increased hunger and cravings), which undermines long-
term adherence and weight maintenance; therefore, the satiating quality of the diet becomes particularly
important. Higher-protein, low—glycaemic index diets appear more favourable for weight-loss
maintenance (37), and individuals with impaired glucose metabolism may experience weaker satiety
from carbohydrate-containing meals and potentially benefit from relatively higher fat/protein patterns
(40,41). Timing-focused regimens, such as time-restricted feeding, are increasingly popular and, across
available human data, can yield some weight loss and cardiometabolic improvements with no clear
signal of harm (42—-44). Yet evidence is still limited by small trials and observational designs, and larger,
longer-duration RCTs (>1 year) are needed before firm recommendations can be made (42). Beyond
diet, lifestyle management should also prioritise regular physical activity—combining aerobic training
with resistance exercise—to support fat loss, preserve lean mass, and improve cardiometabolic fitness
(45); adequate sleep duration and quality (45), given consistent associations between short/poor sleep
and higher adiposity (46—48); and practical stress-management strategies (e.g., mindfulness, problem-
solving, social support) (45), as chronic stress can undermine healthy eating, sleep, and activity routines
(49,50).

Update on the Pharmacologic Management of Obesity

For many years, obesity pharmacotherapy achieved only modest weight loss, including the first
glucagon-like peptide-1 receptor agonist (GLP-1RA) indicated for obesity, liraglutide (51). More recently,
higher-potency incretin therapies have shown markedly greater efficacy, with semaglutide and
tirzepatide—a dual GLP-1/glucose-dependent insulinotropic polypeptide (GIP) agonist—achieving ~15%
and ~20% mean weight loss, respectively, in pivotal trials (52,53). These agents reduce energy intake
by slowing gastric emptying (increasing post-meal fullness) and by acting on appetite centres in the
hypothalamus and brainstem to increase satiety and reduce hunger (54). The most common adverse



effects are gastrointestinal (nausea, vomiting, diarrhoea/constipation), while key cautions include
avoidance in people with personal or family history of medullary thyroid carcinoma (MTC), in people
with multiple endocrine neoplasia syndrome type 2 (MEN2), and in those with a history of pancreatitis
(54). Reassuringly, although thyroid C-cell tumours are seen in rodents, a causal increase in human
thyroid cancer risk remains unproven (54). Suicidality was previously highlighted as a caution, but
accumulated evidence has not supported a causal link (55), prompting the U.S. Food and Drug
Administration (FDA) to request removal of suicidal ideation/behaviour warnings from GLP-1RA weight-
management labels (56).

Two frequently cited concerns are lean-mass reduction and durability of treatment. Some lean-mass
reduction is expected with substantial weight loss, but emerging data suggest part of the observed
change reflects reduced intramuscular fat (potentially improving muscle quality), rather than a simple
loss of functional muscle tissue (57). Weight regain is common after stopping therapy, consistent with
the idea that GLP-1RAs are treating an ongoing pathophysiology, and may be more rapid than after
behavioural programmes, possibly because behavioural programmes leave patients with coping skills
that persist beyond treatment (58). Importantly, the clinical value of GLP-1-based therapy extends
beyond weight loss, with benefits across cardiometabolic and obesity-related disease (including liver
outcomes, heart failure, and sleep apnoea) (54) and emerging signals for reduced risks in areas such
as dementia (59), obesity-associated cancers (60), and alcohol/substance abuse (54,55,61).

Future of Obesity Management

The obesity-treatment pipeline is expanding rapidly, with glucagon-like peptide-1 (GLP-1)-based
therapy remaining the “backbone” for many next-generation agents (Figure 4) (62). Newer multi-
agonists are pushing efficacy closer to (and in some cases beyond) what was historically seen with
bariatric surgery—for example, retatrutide (a GIP/GLP-1/glucagon triple agonist) achieved ~24.2%
mean weight loss at 48 weeks in phase 2 data (63). In parallel, oral GLP-1 options are advancing
beyond oral semaglutide; in a phase 2 obesity trial, the oral non-peptide GLP-1RA orforglipron produced
dose-dependent weight loss up to ~14.7% at 36 weeks (64), potentially improving scalability and long-
term acceptability. The pipeline is also diversifying beyond entero-pancreatic hormones, with agents
targeting central appetite/reward pathways and other mechanisms in various phases of development
(62,65). As efficacy increases, newer strategies are also aiming to optimise body composition,
including approaches designed to mitigate excessive lean-mass loss (e.g., via myostatin—activin
pathway modulation) (66). Procedural innovation is advancing alongside pharmacotherapy (67),
including modified operations such as “sleeve-plus” procedures that build on sleeve gastrectomy to
improve durability and metabolic outcomes (68). The likely end-state is not “drug vs surgery”, but
combination, stepped, complications-driven care—pairing lifestyle therapy with pharmacotherapy (often
in combinations) and using endoscopic/surgical options when needed to achieve durable, individualised
health goals. In summary, deeper understanding of obesity pathophysiology is translating into a rapidly
expanding range of therapies with increasing efficacy, supporting more individualised, complications-
driven care and improved durability of outcomes.

Figure 4: Glucagon-like peptide-1 as the backbone of the pipeline for gut hormone-based
obesity treatments. Figure taken from (62).
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Conclusion

Obesity is now recognized as a disease and has been described as a complex, chronic medical
condition with a major negative impact on human health. Several associations and organisations,
including the World Health Organisation (WHO), have now declared obesity as a disease, and this is
an important first step to tackling the problem of obesity. An understanding of the biology of weight
regulation and the appreciation of the complex and multifactorial nature of how this regulation can go
wrong resulting in obesity would indicate that there is no one-size-fits-all intervention or solution and
would necessitate a multi-level and individualized multi-pronged approach to treating obesity and its
related conditions. Lifestyle intervention remains the cornerstone of obesity management and should
be integrated with pharmacologic, endoscopic, and surgical options when indicated. Finally, a deeper
understanding of obesity pathophysiology is translating into a rapidly expanding range of therapies with
increasing efficacy, supporting more individualised, complications-driven care and improved durability
of outcomes.
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Learning Points

1.

2.

Obesity is now recognized as a chronic disease requiring long-term care to treat or prevent
adiposity-induced and obesity-related complications.

The complex and multifactorial nature of obesity means that there is no one-size-fits-all
intervention or solution, and would necessitate a multi-level and individualized multi-pronged
approach to treating obesity and its related conditions.

A deeper understanding of obesity pathophysiology is translating into a rapidly expanding range
of therapies with increasing efficacy, supporting more individualised, complications-driven care
and improved durability of outcomes.



Dietary strategies with RCT-level evidence that can be routinely advised include reducing sugar-
sweetened beverages and practising portion control (e.g., the plate concept) (31). More structured
approaches can be grouped into energy-focused (meal replacements, low/very low energy diets),
macronutrient-focused (low carbohydrate, low fat), dietary pattern—focused (DASH, Mediterranean),
and timing-focused (intermittent fasting, time-restricted feeding) interventions (31). When adhered to,
most approaches produce average weight loss, and long-term trials have not shown consistent
superiority of one diet over another—making adherence the key determinant of outcomes (12,29).
However, weight loss activates homeostatic counter-regulation (increased hunger and cravings),
which undermines long-term adherence and weight maintenance; therefore, the satiating quality of
the diet becomes particularly important. Higher-protein, low—glycaemic index diets appear more
favourable for weight-loss maintenance (29), and individuals with impaired glucose metabolism may
experience weaker satiety from carbohydrate-containing meals and potentially benefit from relatively
higher fat/protein patterns (32,33). Timing-focused regimens, such as time-restricted feeding, are
increasingly popular and, across available human data, can yield some weight loss and
cardiometabolic improvements with no clear signal of harm (35-37). Yet evidence is still limited by
small trials and observational designs, and larger, longer-duration RCTs (>1 year) are needed before
firm recommendations can be made (35).



