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Abstract

Obesity is a highly prevalent chronic multisystem disease associated with shortened life

expectancy due to a number of adverse health outcomes. Epidemiological data link body

weight and parameters of central fat distribution to an increasing risk for type 2 diabetes,

hypertension, fatty liver diseases, cardiovascular diseases including myocardial infarction,

heart failure, atrial fibrillation, stroke, obstructive sleep apnoea, osteoarthritis, mental dis-

orders and some types of cancer. However, the individual risk to develop cardiometa-

bolic and other obesity-related diseases cannot entirely be explained by increased fat

mass. Rather than excess fat accumulation, dysfunction of adipose tissue may represent

the mechanistic link between obesity and adverse health outcomes. There are people

living with obesity who seem to be protected against the premature development of

cardiometabolic diseases. On the other hand, people with normal weight may develop

typical obesity diseases upon dysfunction of adipose tissue and predominantly visceral

fat distribution. The mechanisms linking impaired function of adipose tissue in people

with obesity include adipocyte hypertrophy, altered cellular composition, limited

expandability of safe subcutaneous fat stores, ectopic fat deposition in visceral depots,

the liver and other organs, hypoxia, a variety of stresses, inflammatory processes, and

the release of pro-inflammatory, diabetogenic and atherogenic signals. Genetic and envi-

ronmental factors might contribute either alone or via interaction with intrinsic biological

factors to variation in adipose tissue function. There are still many open questions

regarding the mechanisms of how increased body weight causes obesity-related disor-

ders and whether these pathologies could be reversed. Evidence-based weight loss

interventions using behaviour change, pharmacological or surgical approaches have clari-

fied the beneficial effects of realistic and sustained weight loss on obesity-related com-

plications as hard outcomes. This review focusses on recent advances in understanding

epidemiological trends and mechanisms of obesity-related diseases.

Plain Language Summary

Obesity is a chronic complex and progressive disease characterized by excessive fat

deposition that may impair health and quality of life. Worldwide, the number of adults

living with obesity has more than doubled since 1990. Obesity may lead to reduced life
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expectancy, because it increases the risk for type 2 diabetes, cardiovascular diseases

(e.g., myocardial infarction, high blood pressure, stroke), fatty liver diseases, musculo-

skeletal diseases, chronic respiratory diseases, depression and certain types of cancer.

However, not every person with obesity develops these diseases. For better preven-

tion and treatment, it is important to understand the mechanisms linking high fat mass

to obesity related diseases. It has become clear that fat mass alone cannot explain the

higher risk of obesity complications. People with obesity can have either high or low

risk of developing complications. Compared to people with a low risk for obesity com-

plications those with a high risk to develop obesity related diseases are characterized

by higher central fat deposition in the abdominal region, on average bigger fat cells,

higher number of immune cells in adipose tissue and altered signals released from adi-

pose tissue that may directly affect the brain, liver, vasculature and other organs. Both

inherited and environment factors may cause these abnormalities of adipose tissue

function. However, weight loss through behaviour changes (e.g., lower calorie intake,

higher physical activity), medications or obesity surgery can improve health, quality of

life and reduce the risk for obesity related diseases.

K E YWORD S

adipose tissue, cardiometabolic diseases, complications, obesity

1 | INTRODUCTION

Obesity is a chronic, relapsing, non-communicable multisystem dis-

ease characterised by an abnormal and/or excessive accumulation of

body fat that presents a risk to health.1,2

Obesity impairs quality of life and contributes to a reduced life

expectancy mainly because of several related complications including

type 2 diabetes, hypertension, fatty liver diseases, cardiovascular dis-

eases including myocardial infarction, heart failure, atrial fibrillation,

stroke, obstructive sleep apnoea, osteoarthritis, mental disorders and

some types of cancer (Figure 1).3–5 The fundamental cause of obesity

is a long-term energy imbalance between too many calories consumed

and too few calories expended.3 Obesity causes are complex and

include environmental, behavioural, biological factors and their

F IGURE 1 Obesity as a multisystem disease. Selected complications that are most strongly related to obesity. MAFLD, metabolic
dysfunction-associated fatty liver disease; OSAS, obstructive sleep apnea syndrome.
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interplay.3 In addition to an obesogenic environment, biological mech-

anisms may cause obesity or increase the susceptibility to the devel-

opment of obesity under modern living conditions.3 In this context,

the brain plays a central role in the pathogenesis of obesity, because it

regulates energy metabolism, food intake and energy expenditure.3

Altered neurocircuits, in different brain areas such as the hypothala-

mus and changes of the cross-talk between the brain and peripheral

organs (e.g., adipose tissue, liver, gut, pancreas) underlie the chronic

positive energy balance that leads to obesity.3

According to the World Health Organization, in the year 2022,

16% of people (890 million) in the world were living with obesity.1

Five percent of worldwide mortality were attributable to obesity and

its related diseases.6 The prevalence of obesity in adults has more

than doubled since 1990, and adolescent obesity has quadrupled.1

Over 160 million children were living with obesity in 2022.1 The prev-

alence of obesity is generally higher in women than men, increasing

with age after the age of 14 years, and is higher in countries with a

high sociodemographic index.3,5 Despite the increasing obesity preva-

lence in all countries, there are regional differences that may help us

to better understand the main drivers of the disease and to adjust

treatment recommendations to regionally distinct conditions.3

Obesity constitutes an enormous burden to societies because of

its associated public health and economic burden.6,7 In addition to

excess health care expenditure, obesity and associated health impair-

ments are associated with high indirect costs through lost productivity

and slower economic growth, lost working days, lower productivity at

work, mortality and permanent disability.6

Although now widely recognised as a disease, it is clear that more

needs to be done to provide structured assessments and interventions

tailored to the individual person living with obesity.

1.1 | Diagnosis of obesity

In the clinical setting, the diagnosis of obesity is still based on body

mass index (BMI) cut-off values alone.2 Indications for obesity treat-

ment are mostly based on anthropometric measurements, rather than

on a more complete clinical evaluation of the individual obesity-

related risk.2 Recently, a Lancet Commission on clinical obesity

proposed criteria as new diagnostic criteria for obesity as a disease.8

The commission suggests to pragmatically distinguish clinical obesity

from preclinical obesity on the basis of the presence of objective clini-

cal manifestations of altered organ function or impairment of an indi-

vidual's ability to conduct daily activities.8 In this framework,

preclinical obesity is considered a state of excess adiposity with pre-

served function of other tissues and organs and a varying, but gener-

ally increased, risk of developing clinical obesity and several other

non-communicable diseases.8 In contrast, ‘clinical obesity’ can lead to

severe end-organ damage, causing life-altering and potentially life-

threatening complications.8 Background for the Lancet Commission

consensus was the narrative that BMI-based measures of obesity can

both underestimate and overestimate adiposity and inadequately

reflect the health status at the individual level.8

However, current obesity management guidelines still define obe-

sity by a BMI of >30 kg/m2 and for Asian people by a BMI

>25 kg/m2.1,9

In contrast, the Lancet Commission recommends that BMI should

be used only as a surrogate measure of health risk at a population

level, for epidemiological studies, or for screening purposes, rather

than as an individual measure of health.8 Excess adipose tissue

(AT) accumulation should be confirmed by either direct measurement

of body fat or at least one anthropometric criterion including waist cir-

cumference, waist-to-hip ratio, or waist-to-height ratio in addition to

BMI. Only in people with very high BMI >40 kg/m2, excess adiposity

can pragmatically be assumed, and no further confirmation is

required.8

In general, the risk for obesity-related disorders increases with

increasing BMI. The association between BMI and cardiometabolic

diseases is particularly pronounced for the risk to develop type 2 dia-

betes (Figure 2)10,11 and hypertension.12,13 Compared to a person

with a BMI <25 kg/m2, the obesity-related risk to develop type 2 dia-

betes increases from <5% to >25% (Figure 2). However, the relation-

ships between BMI and the risk for distinct obesity complications are

not always linear and the flipping point at which the obesity-related

disease risk increases is variable.4,13 Indeed, body weight and BMI do

not always reflect increased body fat mass, AT dysfunction and fat

distribution, which are better predictors of cardiometabolic disease

risk upon fat accumulation.13–16 Waist circumference and/or

SHIELD NHANES

0
5

10
15
20
25
30

BMI Category (kg/m2)

<18.5 18.5–24.9 25.0–26.9 27.0–29.9 30.0–34.9 35.0–39.9 ≥40

Type 2  Diabetes
Prevalence (%)

F IGURE 2 Association between type
2 diabetes and body mass index (BMI)
categories. Data from the US Study to
Help Improve Early evaluation and
management of risk factors Leading to
Diabetes (SHIELD) and National Health
and Human Nutrition Examination
Surveys (NHANES) revealed that with
increasing BMI, the frequency of type
2 diabetes increases.9,24
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waist-to-hip ratio as surrogate parameters for fat distribution are bet-

ter predictors of mortality and cardiometabolic morbidity in people

with obesity.16,17 At any given BMI, the variation in comorbidities and

health risk factors is remarkably high.17 Noteworthy, Asian popula-

tions and some other ethnic groups develop complications typical for

obesity at a lower BMI compared to people with European or African

ethnic background.18,19 The ethnic differences in the development of

obesity complications have been mainly attributed to differences

between populations in body composition and fat distribution.19 In

Asians, increasing BMI is associated with larger increases in body fat

mass and abdominal fat distribution, but these factors alone cannot

explain ethnic disparities in the onset, severity and progress of obesity

complications. Mechanisms including altered adipokine secretion,

impaired insulin secretion upon metabolic stimuli and earlier onset of

adipocyte maturation arrest as well as ‘premature insulin resistance’
during weight gain could be factors increasing the cardiometabolic risk

of Asian populations at a lower BMI.20

To improve the current shortcomings in therapeutic indications,

targets and the choice of the type and intensity of treatment, the

European Association for the Study of Obesity (EASO) recently pro-

posed a new framework for the diagnosis, staging and management of

obesity in adults to better align with the concept of obesity as an

adiposity-based chronic disease.2

In the proposed framework, it is highlighted that abdominal fat

accumulation is a stronger determinant for developing cardiometa-

bolic complications than BMI—even in people with normal weight or

overweight.21 In line with the recent proposal from the Lancet Com-

mission on clinical obesity,8 the EASO statement further introduces

the waist-to-height ratio instead of waist circumference as superior

indicator of cardiometabolic disease risk.22

In addition to the assessment of body weight, BMI and parame-

ters of fat distribution, the clinical diagnostic of obesity should include

a systematic evaluation of medical, functional and psychological

impairments, an approach that EASO adopted from other guidelines

and the Edmonton Obesity Staging System.23–25 Within data from the

National Health and Human Nutrition Examination Surveys

(NHANES) 1988–1994, the Edmonton obesity staging system was a

better predictor of mortality compared to obesity classes based on

BMI categories even after adjustment for other measures of

adiposity.26

Importantly, psychological factors, depression, anxiety, reduced

quality of life and other psychosocial factors have a large impact on

obesity itself and may modulate the individual risk to develop obesity

complications.3 Therefore, future obesity treatment strategies need to

address patient-centric outcomes, quality of life and psychological

outcomes in addition to the physiological changes upon treatment.

In the past years, treatment options for the management of obe-

sity improved significantly.27,28 Despite novel treatment options, par-

ticularly in pharmacological interventions, evidence-based obesity

management therapies including behaviour change-based, pharmaco-

logical or surgical therapies of obesity are under-valued by clinicians

and many health care systems.

1.2 | Are obesity complications reversible?

The fundamental cause of obesity is an energy imbalance between

calories consumed and calories expended.2 However, the aetiology of

obesity is more complex and involves biological, genetic, environmen-

tal and societal factors.2 The complexity of the root causes in the

pathogenesis of obesity may explain the challenges in the prevention

and treatment of the disease. Despite these challenges and the notion

that obesity is a chronic progressive disease, it can be treated by

weight loss interventions.27 Behavioural, pharmacological and surgical

interventions represent the main strategies for the management of

obesity.

The definition of obesity as a chronic disease rather than a risk

factor for related diseases is justified by its distinct pathophysiology

that leads to excess and ectopic fat accumulation.27 Moreover, the

body defends its body weight by homeostatic mechanisms that hinder

weight loss and promote further weight gain.29 Altered biological

mechanisms including changes in central neurocircuits and body–brain

Type 2 diabetes

- Prevention

- Remission

Hypertension

MAFLD

Cardiovascular outcomes

Dyslipidemia

OSAS

Gastroesophageal reflux

Stress incontinence

Breast cancer (women)

Disease, condition Required weight loss (%) for improvement or resolution

0     1    2    3    4    5    6    7    8    9    10    11    12     13    14    15        >20     Weight loss (%)

F IGURE 3 Effects of weight
loss (%) on risk factors, and
obesity-related comorbidities and
complications. The figure has
been adopted from 78. MAFLD,
metabolic dysfunction-associated
fatty liver disease; OSAS,
obstructive sleep apnea
syndrome.

6 BLÜHER

 14631326, 2025, S2, D
ow

nloaded from
 https://dom

-pubs.pericles-prod.literatum
online.com

/doi/10.1111/dom
.16263 by H

elm
holtz Z

entrum
 M

uenchen D
eutsches Forschungszentrum

, W
iley O

nline L
ibrary on [07/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



cross-talk may explain why short-term interventions aiming at behav-

iour changes are frequently not successful to provide a sustained

long-term weight loss.27,29

Therefore, obesity treatment needs to be escalated by adding

pharmacological and/or surgical interventions. With increasingly

effective obesity therapies, obesity can be brought into remission in

individual patients, but not yet at a large scale. Bariatric surgery repre-

sents the most effective treatment strategy reducing body weight and

improving obesity-related diseases. There is a large body of evidence

that even with moderate weight loss, a number of obesity complica-

tions can be improved, prevented or a disease remission can be

achieved (Figure 3).30 In the Swedish Obese Subjects Study, a sus-

tained average weight loss of >25% led to increased life

expectancy of approximately 3 years and decreased mortality from

cardiovascular disease or cancer by 30% and 23%, respectively.31

These benefits of bariatric surgery-induced weight loss were most

likely attributable to long-term improvements in blood pressure, glu-

cose and lipid metabolism.32

The multiple benefits of weight loss further underline the view

that obesity is a multisystem disease that affects the function of

multiple biological processes, tissues and organs simultaneously.4

Weight loss in people with obesity has been shown to prevent,

reduce or resolve certain comorbidities (Figure 3). In prospective

clinical trials, behaviour-based and pharmacotherapy treatments

have been demonstrated to reduce the risk to develop type 2 diabe-

tes in individuals with prediabetes.33,34 Interestingly, the required

weight loss to prevent or delay type 2 diabetes in more than half of

the study participants of the Diabetes Preventions Study and the

Finnish Diabetes Prevention Study was only moderate (3%–

7%).33,34

Noteworthy, in the Diabetes Prevention Study, greater weight

loss in the behaviour change treatment group was associated with

lower diabetes incidence (58%) compared to the group that received

the anti-diabetes medication metformin (38%) after a median follow-

up of 2.8 years compared to the control group.33 These risk reduc-

tions showed a sustained legacy effect even at the 15-year follow-up

recall.35 In a meta-analysis of several diabetes prevention trials, a 5%

to 10% weight loss was associated with a significantly reduced type

2 diabetes incidence by 38%.36 With more recently developed phar-

macotherapies of obesity, greater reduction in type 2 diabetes inci-

dence has been found in association with greater weight loss in

individuals treated with liraglutide 3.0 mg once daily or semaglutide

2.4 mg once weekly injections.37–39

While moderate weight loss in people with obesity and increased

type 2 diabetes risk maybe sufficient to prevent or delay the disease,

greater weight loss seems to be required to achieve a remission of

type 2 diabetes.40–42 An average weight loss of 7% was not sufficient

to significantly improve cardiometabolic endpoints in the Look Ahead

trial,40 whereas type 2 diabetes remission was related to weight loss

>15 kg in the DIRECT trial with a very low-calorie diet approach and

obesity/type 2 diabetes treatment with metabolic surgery in adults

and adolescents.42–44

The examples from type 2 diabetes prevention and treatment tri-

als suggest that the magnitude of weight loss and duration of the dis-

ease45 represent important determinants of health benefits of weight

loss interventions. For other diseases and conditions, the required

weight loss to improve or resolve the obesity-associated complication

is variable and depends on the severity of the disorder, but most likely

also on the strengths of the causal link between obesity and its spe-

cific comorbidity (Figure 3).

F IGURE 4 The phenotype of metabolically healthy obesity. Individuals with this subphenotype of obesity are characterised by lower liver and
visceral fat, but higher subcutaneous leg fat content, greater cardiorespiratory fitness and physical activity, insulin sensitivity, lower levels of
inflammatory markers, and normal adipose tissue function compared to patients with metabolically unhealthy obesity.
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2 | PROGNOSTIC SIGNIFICANCE OF THE
OBESITY SUBPHENOTYPE

In clinical practice, it is a frequent observation that human obesity

consists of heterogeneous phenotypes. Subtypes of obesity include

monogenic, childhood-onset, syndromic and forms of obesity that

vary in the extent how medical, functional and psychological traits are

affected.2,46–50 A better stratification of obesity subphenotypes may

help to prioritise treatment strategies and to identify those people

who may benefit the most from weight loss interventions. If the

severity of obesity is defined by the number and extent of obesity-

related comorbidities such as in the Edmonton Obesity Staging Sys-

tem, the highest mortality risk can be predicted by the number of

comorbid conditions.26 In the context of linked electronic health

records (1995–2015) in The Health Improvement Network (THIN)

including data from more than 3.5 million people in the

United Kingdom, the number of obesity complications was also asso-

ciated with an increasing risk for myocardial infarction or heart failure

outcomes.51

On the other hand, there are individuals with obesity that do not

develop premature obesity-related cardiometabolic diseases.46 People

with metabolically healthy obesity seem to be protected against AT

dysfunction46,48 and exhibit lower morbidity and mortality risks attrib-

utable to obesity.26 In order to identify factors underlying

metabolically healthy obesity, we recently compared pairs of people

with obesity without manifest metabolic comorbidities and cardiovas-

cular risk factors which have been matched for age, sex and BMI into

groups of insulin-sensitive or insulin-resistant obesity.48 Metabolically

healthy obesity is characterised by normal fat distribution and pre-

served AT function, low hepatic fat and normal cardiorespiratory fit-

ness (Figure 4). Interestingly, patients with insulin-resistant obesity

had significantly higher number of macrophages in visceral AT than

those with insulin-sensitive obesity, suggesting that the association

between AT inflammation and insulin resistance is not primarily

related to fat mass or BMI.48 Consistent with our data, another inde-

pendent study identified visceral AT inflammation as the most signifi-

cant correlate of metabolically unhealthy obesity.52 As another

indicator for distinct obesity subtypes, it has been observed that peo-

ple with obesity who undergo bariatric surgery exhibit different

responses with regard to weight loss but also type 2 diabetes and the

risk of early weight regain.53

Recently, two patterns of human unexplained phenotypic varia-

tion in obesity have been proposed by a multi-dimensional analysis of

monozygotic phenotypically discordant twins.54 One phenotype is

characterised by increased fat mass with only modest reduction of

lean mass, the other phenotype exhibits clinical outcomes linked to

insulinemia, coordinated increases in fat and lean mass across the

body.54

F IGURE 5 Development of adipose tissue dysfunction. With a chronic positive energy balance and body weight gain, adipose tissue expands
due to increased nutrient flux. Under healthy conditions, adipose tissue plasticity allows for an expansion of adipose tissue that is characterised
by both hyperplasia and hypertrophy. In the pathogenesis of adipose tissue dysfunction, adipocytes primarily respond to the higher demand for
energy storage by increasing their size (adipocyte hypertrophy). Adipocyte hypertrophy contributes to cellular composition changes, activation of
stress kinase signalling, inflammatory, autophagy, apoptosis pathways, increased tissue insulin resistance, altered lipolysis and lipogenesis,
changes in extracellular matrix proteins and unfolded protein response. These altered pathways are reflected by an altered gene and protein
expression signature of dysfunctional adipose tissue (example molecules are shown).
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Importantly, not every person living with obesity develops typical

obesity-related complications.3,8 The heterogeneous association

between obesity and its complications despite shared environments

maybe explained by genetic and epigenetic factors, but also beha-

vioural patterns that modulate processes and biological pathways

involved in the pathogenesis of obesity complications.8 We are still at

the beginning of understanding the mechanisms defining susceptibility

to obesity complications in obesogenic environments, but it is becom-

ing clear that genetic factors and epigenetic mechanisms have an

important—and yet to be fully explored—role.3,55–57 However, there

are cardiometabolic diseases (hypertension, type 2 diabetes, fatty liver

diseases, gout, dyslipidemia) that typically occur together and are

therefore considered as metabolic syndrome.3 The parallel occurrence

of these diseases suggests a common underlying pathology that

includes insulin resistance, abdominal fat distribution and chronic

inflammation as potential disease primers.3,13–15

People with obesity that are characterised by predominantly

upper body fat deposition (abdominal subcutaneous and intra-

abdominal visceral AT), intrahepatic, intramyocellular and pancreatic

fat are at higher risk of developing type 2 diabetes than those with a

lower body, gluteofemoral fat deposition.46,48 Predominantly gluteo-

femoral fat accumulation—a phenotype more frequently observed in

premenopausal women—is associated with lower triglyceride and

higher HDL-cholesterol serum concentrations, improved insulin sensi-

tivity, lower fasting blood glucose and insulin concentrations and

decreased risk of type 2 diabetes independent of the BMI.55

In addition to the health or disease-promoting aspects of fat

deposition, AT dysfunction may contribute to the individual obesity-

related risk to develop cardiometabolic complications.48 Although the

precise mechanisms of AT dysfunction are not entirely understood, a

chronic positive energy balance with weight gain, increased nutrient

flux into AT and impaired subcutaneous expandability with adipocyte

hypertrophy and local AT insulin resistance and inflammation may ini-

tiate a pathology that leads through the release of atherogenic, diabe-

togenic and pro-inflammatory signals to damages in target organs

(Figure 5). The pathogenesis of AT dysfunction involves alterations in

several biological processes and pathways including AT cellular com-

position changes, activation of stress kinase signalling, inflammatory,

autophagy, apoptosis pathways, increased tissue insulin resistance,

altered lipolysis and lipogenesis, changes in extracellular matrix pro-

teins, AT fibrosis and unfolded protein response, distinct gene and

protein expression signatures, but also alterations in the brain to AT

signalling (Figure 5).21,46,48,56–59 Importantly, AT dysfunction may be

TABLE 1 Potential mechanisms linking obesity to comorbidities.

Obesity-related

mechanism Resulting condition References

Insulin resistance

β-cell dysfunction
Ectopic fat deposition

Diabetogenic signals

from AT

Type 2 diabetes 4,41,63

Increased sympathetic

activity

Hyperaldosteronism

Altered natriuresis

(visceral fat

distribution)

OSAS

Hypertension 69,70

Increased lipids release

from AT

Ectopic fat deposition

Chronic systemic

inflammation

Genetic factors

Altered bile acid

composition

MAFLD 4,71,72

Insulin resistance

Hyperinsulinemia

Dyslipidemia 73,74

Mechanical factors

Central nervous

system mechanisms

Obstructive sleep apnea 4,69

Hypertension,

dyslipidemia, insulin

resistance,

hyperglycaemia,

inflammation,

atherogenic adipokine

profile, OSAS

Vascular diseases

(Myocardial infarction,

stroke, peripheral artery

disease)

4,5,69,70

Mechanical Gastroesophageal reflux

Incontinence

Osteoarthritis

Low cardiorespiratory fitness

4,32,75

Social stigmatisation

Central nervous

system mechanisms

Altered reward,

addictive behaviour

Mental health disorders 4

Insulin resistance

Altered sex hormones

Adipokines

Impaired fertility 64,65,76

Adipokines and

incretin hormones

Altered appetite and satiety 64,65,76

Altered pro-

coagulatory signals

mechanical

Thrombosis, pulmonary

embolism

60,64,65,68

Hypertension, OSAS

Inflammation

Activation of

sympathetic nervous

system

Increased plasma

volume

Chronic heart failure 4,77

(Continues)

TABLE 1 (Continued)

Obesity-related

mechanism Resulting condition References

Increased lipid flux,

insulin resistance

Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver

disease; OSAS, obstructive sleep apnea syndrome.

Source: The table has been modified from 4.
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initiated by impaired AT plasticity in response to metabolic cues,

which contribute to the development of cardiometabolic diseases.58 It

has been suggested that the capacity for healthy or unhealthy AT

remodelling may depend on the intrinsic diversity of adipose progeni-

tor cells.58 Moreover, the central nervous system may play an addi-

tional role in the development of impaired AT function through

alterations of the brain-to-periphery cross-talk. The brain communi-

cates with AT through sensory and sympathetic nerves that modulate

metabolic processes.59

3 | ALTERED SIGNALS FROM AT MAY LINK
OBESITY TO COMPLICATIONS

After the discovery that AT is an active endocrine organ,60–62 it

became clear that adipokines play specific roles in the regulation of

appetite and satiety, immune response and inflammation, glucose and

lipid metabolism, insulin sensitivity, hypertension, vascular growth

and function, atherosclerosis development, bone development,

growth and other biological processes.59–66 Altered secretion of adi-

pokines (e.g., leptin, adiponectin), cytokines (e.g., monocyte chemoat-

tractant protein-1 [MCP-1], chemerin, interleukin-6), metabolites

(fatty acids), exosomes,67 immune cells and others are symptoms of

AT dysfunction. An adverse, diabetogenic, pro-inflammatory and ath-

erogenic adipokine secretion pattern links obesity and AT dysfunction

(including conditions like lipodystrophy) to obesity-related cardiome-

tabolic diseases.65 Therefore, adipokines are considered both as bio-

markers for AT dysfunction and as tools for the prevention and

treatment of obesity-related diseases.64,65 Changes in adipokine pro-

duction under conditions of AT dysfunction dramatically change AT

communication with organs including the brain, pancreas, liver, skele-

tal muscle, heart, vasculature, immune system and distant fat

depots.64,65,68 Indeed, adipokines regulate physiological functions of

several organs and in states of AT dysfunction adipokines have

disease-modifying effects contributing to end-organ damage and

pathological outcomes (Table 1).

Altered adipokine secretion upon AT dysfunction may affect the

periphery-brain cross-talk. For example, leptin regulates appetite, sati-

ety and locomotor activity (Table 1). AT dysfunction and fatty liver

diseases are closely interconnected. Adipokine secretion and changes

in metabolite release may contribute to promote fat accumulation in

the liver and liver insulin resistance.66 As an example, leptin may

improve hepatic steatosis via indirect effects and directly via hepatic

activation of adenosine monophosphate-activated protein kinase

(AMPK).68 Adiponectin affects liver metabolism through its receptors

and suppresses hepatic glucose output via phosphorylation of AMPK

in addition to lowering hepatic pro-inflammatory ceramides and inhi-

biting the fibrogenic effects of transforming growth factor-β.78

Taken together, altered cross-talk between AT and organs

affected by obesity complications are candidates for future pharmaco-

logical treatment strategies.76 Metreleptin is already used as a phar-

macotherapy in individuals with congenital leptin deficiency and

lipodystrophies.76

Given the important role of AT and altered inter-organ cross-talk

as pathomechanisms for obesity-related complications, the hypothesis

was tested that reducing AT by liposuction or omentectomy may

improve metabolic traits in people with obesity.47,79 However, in con-

trast to weight loss achieved by negative energy balance (bariatric sur-

gery, low-calorie diets, pharmacotherapy), surgical removal of AT does

not result in metabolic benefits.47,79 Even the removal of 10 kg of

abdominal subcutaneous AT by liposuction (equal to 20% reduction in

total body fat mass) did not affect insulin sensitivity or parameters of

glucose and lipid metabolism in women with obesity with or without

type 2 diabetes.47 Moreover, a laparoscopic omentectomy removing a

third of intra-abdominal AT did not have beneficial effects on insulin

resistance in people with type 2 diabetes.79 These data raise the

hypothesis that obesity treatment strategies inducing a negative

energy balance rather than reducing fat mass by surgical approaches

are required to achieve the metabolic benefits observed in real world

and randomised controlled weight-loss trial settings.47

4 | CLINICALLY MOST RELEVANT
OBESITY-RELATED COMPLICATIONS

The Global Burden of Disease Obesity Collaborators 2015 evaluated

the health effects of overweight and obesity in 195 Countries over

25 Years with regard to high BMI-related mortality and health out-

comes.5 In 2015, high BMI contributed to 4.0 million deaths (95%

uncertainty interval, 2.7–5.3), which represented 7.1% (95% uncer-

tainty interval, 4.9–9.6) of the deaths from any cause.5 Cardiovascular

diseases were with 41% of the leading cause of mortality attributable

to high BMI.5 Diabetes was the second leading cause of death in

2015 followed by chronic kidney disease and cancer.5 Diabetes and

musculoskeletal disorders were among the leading causes for years

lived with disabilities.5 Moreover, a pooled cohort analysis involving

1.8 million participants showed that nearly half the excess risk for

ischemic heart disease and more than 75% of the excess risk

for stroke that was related to high BMI were mediated through a com-

bination of raised levels of blood pressure, total serum cholesterol,

and fasting plasma glucose.79

Certain obesity-related cancers also significantly contribute to

mortality associated with high BMI. The systematic evaluation of pro-

spective observational studies provided data supporting a causal rela-

tionship between obesity and cancers of the oesophagus, colon and

rectum, liver, gallbladder and biliary tract, pancreas, breast, uterus,

ovary, kidney and thyroid.5 Other systematic studies reported partly

overlapping and additional distinct types of cancer that are associated

with obesity and increase the obesity-related health burden

(Figure 6).80–82

Together, the data on obesity-related health burden, their effects

on increased mortality and years lived with disability strongly suggest

that clinical obesity treatment should focus on reducing the underly-

ing rate of cardiovascular diseases, type 2 diabetes and cancer,

because it could substantially reduce the burden of disease related to

high BMI.5
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An early access to effective weight loss therapies and long-term

obesity management strategies treatment including behavioural, phar-

macological and/or surgical therapy should become a public health

priority.4,75 Given the high number of obesity-related complications,

the more in-depth discussion below focusses on the obesity-related

diseases that are most relevant in the clinical setting, because of their

association with increased mortality and impaired quality of life.

5 | WHAT IS A CLINICALLY MEANINGFUL
WEIGHT LOSS TO IMPROVE OBESITY
COMPLICATIONS?

Despite the recognition of obesity as a disease and existing clinical

practice guidelines, there is a large unmet need for a patient-centred,

evidence-based obesity treatment from both primary care providers,

endocrinologists and other specialists.75,83 There are still several

obstacles to translate current knowledge about the causes of obesity

and modern treatment options for people living with obesity. Such

barriers to initiating obesity treatment in primary care include a per-

ceived lack of time during office visits, the fact that obesity treatment

is not prioritised over other health concerns, and the stigma that

patients with obesity are not sufficiently motivated to lose weight or

uncomfortable discussing their weight.75,84 In addition, the lack of

training provided by most medical schools, but also in postgraduate

programmes and for other healthcare professionals frequently leads

to insufficient skills to initiate and support obesity manage-

ment.75,85–87

After overcoming these barriers in obesity treatment, the ques-

tion remains, what are realistic and meaningful weight loss targets. In

2007, the US Food and Drug Administration (FDA) defined a weight

loss of ≥5% as a reasonable marker to evaluate the efficacy of anti-

obesity medications.88 This ‘efficacy target’ is mainly derived from

clinical trial data providing evidence that 5% and more weight loss

provides sufficient health benefits.89,90 Therefore, many practice

guidelines for the management of obesity adopted the ≥5% weight

loss target.91 However, the most recent recommendations for the

standard of care by the American Diabetes Association (ADA) note

that a sustained loss of >10% of body weight usually confers greater

benefits, including disease-modifying effects and possible remission of

type 2 diabetes, and may improve long-term cardiovascular outcomes

and mortality.91

This statement is in line with the notion that there is a contin-

uum of clinically meaningful weight loss, which varies among individ-

uals and depends on specific obesity subtypes, severity of disease,

complications and others. The recommendation from the ADA is

based on semaglutide and tirzepatide trials in people with type 2 dia-

betes demonstrating that >10% is realistic and may lead to greater

health benefits compared to lower weight loss targets.92–94 Whereas

a sustained weight loss of as little as 2–5% has shown significant

benefits in cardiovascular risk factors,95 for many obesity-related

complications, clinically relevant improvements require greater

weight loss (Figure 3).

Obesity management should reinforce the concept that clinically

meaningful weight loss cannot be based on weight loss alone and

requires a patient-individualised approach focusing on additional

Inflammation
• Cytokines
• Impaired T-cell function
• Impaired resolution mechanisms

Insulin resistance
• Hyperinsulinemia
• Stimulated cell proliferation

Tissue cross-talk
• Adipokines
• Altered metabolites

Cellular stress
• Glucose and lipotoxicity
• Environmental compounds?

Obesity-associated cancer

Women
Uterus
Kidney
Cervix
Pancreas
Oesophagus
Gall bladder
Breast
Non-Hodgkin lymphoma
Liver
Ovary
Colon
Rectum
Multiple myeloma

Postulated mechanistic links

Men
Liver
Pancreas
Stomach
Esophagus
Colon
Rectum
Gall bladder
Multiple myeloma
Kidney
Non-Hodgkin lymphoma
Prostata

F IGURE 6 Obesity and cancer. Obesity is associated with an increased risk to develop specific types of cancer with differences between men
and women.5,67 Proposed mechanisms linking obesity and adipose tissue dysfunction to increased risk to obesity-related cancers.68

BLÜHER 11

 14631326, 2025, S2, D
ow

nloaded from
 https://dom

-pubs.pericles-prod.literatum
online.com

/doi/10.1111/dom
.16263 by H

elm
holtz Z

entrum
 M

uenchen D
eutsches Forschungszentrum

, W
iley O

nline L
ibrary on [07/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



improvements in quality of life, health outcomes, and reducing

complications.24,75

6 | CARDIOVASCULAR DISEASES

Cardiovascular diseases represent the main driver of premature mor-

tality in people with obesity.5 Obesity increases the risk for cardiovas-

cular diseases both indirectly through adverse effects on risk factors

including hypertension, type 2 diabetes, and dyslipidemia4,5 and may

additionally directly alter vascular function although the exact mecha-

nisms are not fully understood (Table 1).

6.1 | Hypertension

Obesity increases the risk to develop essential hypertension by

about 70% through several mechanisms (Table 1).4 Effects of

increased visceral fat mass on natriuresis, activation of the sympa-

thetic nervous system (potentially initiated by leptin activation),

activation of the renin-aldosterone action, higher AT secretion of

vasoactive substances, and obstructive sleep apnea may causally

link obesity and impaired AT function to hypertension.69,70 Inter-

ventions that reduce body weight have been shown to improve or

resolve hypertension associated with obesity. This effect is

related to the extent of weight loss and has been shown for

behaviour (LOOK AHEAD best responders96), pharmacological

(e.g., liraglutide,97 dulaglutide,98 semaglutide,38 tirzepatide99) and

surgical interventions.100

6.2 | Atherosclerotic vascular diseases

In epidemiological studies, obesity was shown to be associated with

an increased risk of coronary artery disease, stroke and cardiovascular

mortality even in the absence of overt cardiometabolic risk fac-

tors.5,16,51,101–104 Factors associated with abdominal fat distribution

may be important drivers of the increased cardiovascular disease risk

in obesity and parameters of central obesity are stronger predictors of

cardiovascular mortality than BMI.16

The link between obesity and increased cardiovascular disease

risk might be causally mediated by genetic risk factors for adverse fat

distribution as determined by the waist-to-hip ratio or insulin resis-

tance in genome-wide association studies.105,106

The obvious approach to reduce the obesity-associated risk for

atherosclerotic vascular diseases is caloric restriction in combination

with increasing physical activity.107 A nutritional energy deficit can be

achieved by specific strategies including portion size control, reduc-

tion or elimination of ultra-processed foods such as sugar-sweetened

beverages, reduction of alcohol consumption, and increased fruit and

vegetable intake. In short-term trials, �5%–10% weight reduction has

been demonstrated for low fat-vegan, vegetarian style, low carbohy-

drate and Mediterranean diets.108

According to a meta-analysis comparing dietary macronutrient

patterns and dietary programmes for weight and CV risk factor reduc-

tion in overweight and obese adults, most dietary patterns resulted in

similar, only modest short-term weight loss, but with substantial

improvements in cardiovascular risk factors. However, there is no evi-

dence that caloric restriction alone or in combination with increasing

physical activity significantly reduces cardiovascular (CV) events. As

an example, in the Look AHEAD trial, 5145 patients with overweight/

obesity and type 2 diabetes were randomised to an intensive lifestyle

intervention (weight loss promotion through reduced caloric intake

and increased physical activity) or regular care.40 Despite greater

weight loss (�8.6% vs. �0.7%), and greater reduction in HbA1c and

blood pressure levels, the intensive lifestyle intervention did not

reduce the rate of CV events.40 However, a post-hoc analysis revealed

a significant reduction in CV events in patients achieving ≥10% weight

loss in the first year of intervention.96

Until recently, there was no formal evidence that weight loss

interventions in people with obesity without type 2 diabetes may sig-

nificantly decrease cardiovascular endpoints. Data from bariatric sur-

gery indicated that the extent of weight loss may be associated with

reduced risk for cardiovascular endpoints.31,109 But this observation

has not been tested in a randomised controlled trial.

The SELECT trial was the first prospective randomised controlled

trial that demonstrated that in patients with pre-existing cardiovascu-

lar disease and overweight or obesity but without diabetes, a signifi-

cant weight reduction achieved by weekly subcutaneous semaglutide

at a dose of 2.4 mg was superior to placebo in reducing the incidence

of death from cardiovascular causes, nonfatal myocardial infarction, or

nonfatal stroke at a mean follow-up of 39.8 months.92,109 In a total of

17 604 participants, the primary cardiovascular end-point event

occurred in 569 of the 8803 patients (6.5%) in the semaglutide group

and in 701 of the 8801 patients (8.0%) in the placebo group (hazard

ratio, 0.80; 95% confidence interval, 0.72–0.90; p <0.001).92 How-

ever, the beneficial cardiovascular outcome effects of the SELECT trial

cannot be entirely explained by weight loss effects of semaglutide.110

Participants of the SELECT trial who experienced only modest weight

loss with semaglutide also had cardiovascular benefits.92 Moreover, in

type 2 diabetes cardiovascular outcomes trials for liraglutide97 and

dulaglutide,98 a modest weight loss was associated with significant

benefits on cardiovascular outcome endpoints.

6.3 | Heart failure

Obesity is a risk factor for heart failure even if disease risk was

adjusted for type 2 diabetes, hypertension, age, smoking, physical

activity and dyslipidemia as shown in the Atherosclerosis Risk in Com-

munities (ARIC) study.77 A BMI >35 kg/m2 was associated with a

3.7-fold increased risk of heart failure. The pathogenic factors linking

obesity to heart failure are multiple and include direct adiposity-

related and indirect mechanisms (Table 1).

For example, increased plasma volume contributes to high-output

cardiac failure and metabolic factors predisposing to heart failure with
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predominantly diastolic dysfunction including cardiac steatosis, insulin

resistance, altered substrate use from glucose to fat.4

Recently, the STEP-HFpEF trials demonstrated that semaglutide

treatment improves heart failure-related symptoms and physical limi-

tations and reduces body weight in participants with obesity-related

heart failure with preserved ejection fraction.111 In the SUMMIT trial,

compared to placebo treatment with tirzepatide led to a 38% lower

relative risk for an endpoint composed of death from cardiovascular

causes or worsening of heart failure in patients with heart failure with

preserved ejection fraction and obesity.112

6.4 | Atrial fibrillation

Atrial fibrillation is the most frequently associated arrhythmia in people

with obesity accounting for approximately 20% of the cases.4 Among

the pathogenic factors (Table 1), obstructive sleep apnea, secretion of

pro-inflammatory factors from epicardial and visceral fat depots may lead

to left atrial remodelling and atrial fibrillation.113 Atherosclerotic coronary

disease may further increase the obesity-related risk for atrial fibrillation.4

A reduced burden of atrial fibrillation has been shown in patients with

obesity after bariatric surgery.114 These beneficial effects of surgical obe-

sity treatment have been attributed to reductions in inflammation, left

atrial and ventricular remodelling, OSAS, blood pressure, and improved

glycemic control beyond the weight loss effects.113,114

7 | METABOLIC DISEASES

Metabolic diseases including type 2 diabetes, dyslipidemia and meta-

bolic dysfunction-associated fatty liver disease (MAFLD) belong to

the most common obesity-related complications.5 The mechanisms

that promote obesity-related metabolic complications are multifacto-

rial and include insulin resistance, adverse fat distribution, altered adi-

pokine secretion, subclinical chronic metabolic inflammation and

impaired AT dysfunction (Table 1). Recently, it has been shown that

high adiponectin serum concentrations (reflecting normal AT function)

were associated with the highest likelihood for ageing free of major

chronic diseases.115 Targeting metabolic inflammation may become a

future strategy to prevent or treat cardiometabolic and malign obesity

complications. AT inflammation appears to be an important hallmark

of metabolic inflammation,48 but so far no specific treatment exists to

reverse AT inflammation. Glucose and lipid-lowering medications may

exert anti-inflammatory effects and may therefore contribute to

improve cardiometabolic obesity complications.116 More specifically

targeting metabolic inflammation in obesity, the development of cell-

based immunotherapies including lymphocyte-based immunother-

apies (e.g., rituximab that targets CD20 to delete B cells; alemtuzumab

that targets CD52 to deplete lymphocytes; foralumab that targets

CD3 to delete T cells) advanced recently.116 In addition, clinical trials

with anti-inflammatory drugs such as salsalate, anakinra, canakinumab

medications targeting TNFα, CCX140-B and others suggest that tar-

geting inflammation may become a strategy to improve

cardiometabolic obesity complications by targeting one of the key

mechanisms linking AT dysfunction to end-organ damage.116

7.1 | Type 2 diabetes

The obesity-attributable risk of type 2 diabetes may increase up to

>10-fold with increasing BMI (Figure 2). Obesity and AT dysfunction

have a negative impact on the key pathogenetic factors for the devel-

opment of type 2 diabetes: impaired insulin sensitivity and insulin

secretion, hepatic steatosis and insulin resistance, increased diabeto-

genic signals from AT (adipokines, lipids, pro-inflammatory cytokines),

reduced diversity of gut microbiota and impaired skeletal muscle insu-

lin sensitivity.4,9,10,64–66,117,118 Weight loss is a main target in the

treatment of patients with type 2 diabetes90 and can not only prevent

diabetes in people with prediabetes,33,34 but also lead to sustained

remission of the disease after intensive dietary interventions, such as

the DiRECT study,41 or bariatric surgery.100,117,118 Higher likelihood

of type 2 diabetes remission upon weight loss is related to an early

intervention, shorter duration of the disease, younger age and the

extent of weight loss.119,120 In the state of prediabetes, behavioural

interventions that led to an average weight loss of 3 kg significantly

reduced the incidence of type 2 diabetes.33,34 However, a greater

weight loss of >10% seems to be required to reverse obesity-related

type 2 diabetes as behavioural, pharmacotherapy and obesity surgery

interventions suggest.38,41,92–94,99,119 Incretin-based pharmacother-

apies, particularly with semaglutide and tirzepatide, have the potential

to change the disease trajectory of type 2 diabetes and may even lead

to the remission of the disease.27,28,38,92,94,99 Importantly, the extent

of beneficial effects achieved by incretin-based therapies does not

seem to be only attributable to weight loss.

Sodium-glucose cotransporter-2 (SGLT2) inhibitors are now widely

used in the treatment of patients with type 2 diabetes, chronic kidney

disease and heart failure.121–123 SGLT2 inhibitor treatment has beneficial

effects of several obesity complications that are not entirely explained

by their weight loss effect. SGLT2 inhibitors demonstrated great benefits

for heart failure outcomes and improve blood glucose parameters, blood

pressure, body weight and liver function.121–123 Although SGLT2 inhibi-

tors are not approved for the treatment of obesity, they can be used to

treat important obesity complications specifically in patients with type

2 diabetes, HFpEF or HFrEF and chronic kidney disease.

However, the effects of incretin-based therapies and SGLT2

inhibitors beyond weight loss and improved glycemic parameters need

to be further explored.

7.2 | Dyslipidemia

Dyslipidemia in people with obesity is typically characterised by ele-

vated fasting serum triglycerides, low HDL-cholesterol and increased

small-dense LDL-cholesterol levels.73

In the context of the metabolic syndrome, these alterations in

lipid parameters maybe considered a disease primer for obesity-
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related cardiometabolic diseases.73 Obesity-related systemic and

hepatic insulin resistance as well as hyperinsulinemia are the most rel-

evant mechanisms underlying the epidemiological associations of obe-

sity dyslipidemia beyond the association with increasing BMI.5

However, obesity is not causally related to the well-established car-

diovascular risk factor LDL-hypercholesterinemia. Particularly in

patients with obesity and insulin resistance, substantial weight loss by

bariatric surgery or tirzepatide pharmacotherapy had beneficial effects

on obesity-related dyslipidemia.71,74

7.3 | Metabolic dysfunction-associated fatty liver
disease

MAFLD is associated with obesity and visceral fat distribution and

increases the risk to develop into more advanced liver disease

and hepatocellular carcinoma.72 The prevalence of MAFLD has

increased in parallel with the obesity pandemic and affects more than

a fourth of the adult population in Western countries. MAFLD is pro-

jected to be the leading cause of liver cirrhosis and an indication for

liver transplant therapy.72,124 Obesity and MAFLD may be linked by

insulin resistance, visceral fat accumulation and the release of adverse

metabolite and adipokine signals.71 In addition to hypercaloric nutri-

tion, high fructose intake may promote fatty liver diseases indepen-

dently of the degree of adiposity or BMI.125

Behavioural interventions that involve caloric restriction or reduc-

tion in carbohydrate intake can effectively improve MAFLD.126,127 A

weight loss of greater than 10% has been shown to reduce or reverse

hepatic steatosis and metabolic dysfunction-associated steatohepati-

tis (MASH). Improved MASLD and MASH outcome parameters have

been shown for weight loss achieved by hypocaloric diets,126,127 obe-

sity pharmacotherapies,128–130 and bariatric surgery.131 Whether

obesity pharmacotherapies are also effectively improving MAFLD in

more advanced diseases states is currently under investigation. The

‘Effect of Semaglutide in Subjects with Non-cirrhotic Non-alcoholic

Steatohepatitis' (ESSENCE)’ trial is currently undergoing and aims to

evaluate the effect of subcutaneous semaglutide 2.4 mg in partici-

pants with biopsy-proven MASH and fibrosis stages 2 or 3.132 The

two primary endpoints of the ESSENCE trial are (i) resolution of stea-

tohepatitis and no worsening of liver fibrosis and (ii) improvement in

liver fibrosis and no worsening of steatohepatitis.132

8 | CANCER

Obesity-related cancers contribute to reduced life expectancy in peo-

ple living with obesity.5 Epidemiological data suggest a significantly

increased obesity-related risk for oesophagus, colon and rectum, liver,

gallbladder and biliary tract, pancreas, breast, uterus, ovary, kidney,

thyroid and other cancers (Figure 6).5,81,82 The risk to develop cancer

later in life seems to be partly related to childhood and adolescent

obesity.4 In addition to the increased risk to develop certain types of

cancer, obesity is associated with worse outcomes after cancer

therapies.129 Several mechanisms have been proposed to underlie the

association of obesity to specific cancer risks in addition to the com-

mon soil hypothesis that overeating and low physical activity may in

parallel promote both obesity and cancer (Figure 6). Obesity is fre-

quently associated with insulin resistance and hyperinsulinemia that

may via mitogenic effects contribute to the cancer pathogenesis.81,82

Moreover, chronic subclinical inflammation in obesity, cellular stress

upon nutrient excess, glucose and lipid toxicity and altered AT cross-

talk may relate obesity to some cancer types (Figure 6). Importantly,

these pathomechanisms are not necessarily related to increased body

mass or higher BMI. Recently, obesity was shown to be associated

with specific driver mutations in lung adenocarcinoma, endometrial

carcinoma and cancers of unknown primaries, independent of clinical

covariates, demographic factors and genetic ancestry.133,134 Obesity

may therefore be considered a driver of etiological heterogeneity in

some cancers.134

Weight loss may reduce the obesity-related cancer risk. There is

supporting evidence from the Women's Health Initiative observational

study, suggesting that intentional weight loss of >5% protects against

11 types of cancer in women.135 In observations of patients after bar-

iatric surgery, weight loss reduced the incidence of breast and gynae-

cological malignancies as well as overall cancer mortality.136,137

Obesity increases the risk to develop distinct types of cancer

most likely by metabolic abnormalities and inflammation. Whether

weight loss strategies can reduce the incidence of obesity-related can-

cers needs to be systematically investigated in prospective studies.

9 | CONCLUSIONS AND PERSPECTIVES

Obesity is a chronic progressive multisystem disease that can lead to

adverse medical, functional and mental health outcomes ultimately

reducing life expectancy. Obesity cannot be cured, but increasingly

better treated. The definition of obesity based on BMI only does not

sufficiently reflect the individual disease burden and obesity complica-

tions. Therefore, the EASO2 and the Lancet Commission on clinical

obesity8 proposed new diagnostic criteria that include direct measure-

ment of body fat or at least one anthropometric criterion (e.g., waist

circumference, waist-to-hip ratio, waist-to-height ratio) in addition to

BMI to define excess adiposity. Whether these diagnostic criteria and

a proposed distinction into preclinical and clinical obesity will be prac-

ticable and lead to a better prevention or treatment of obesity compli-

cations remains open and should be tested longitudinally in clinical

settings.

The ultimate goal of obesity management should not only be

weight reduction but improving the clinical manifestations of obesity

and prevent progression to end-organ damage. To achieve that, we

need better criteria to prioritise treatment in people with (clinical)

obesity that benefit the most from receiving timely, evidence-based

treatment.

Timely and structured assessments and interventions including

behavioural, pharmacological and surgical treatment strategies can

prevent or reverse obesity complications. In subclinical or early
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disease states, moderate weight loss of 3%–5% seems to be sufficient

to prevent the manifestation of type 2 diabetes and other cardiometa-

bolic diseases. However, once complications have developed, a

greater weight loss of >10% may be required to significantly improve

obesity-associated disorders or lead to the remission of adverse

health outcomes.

In this context, novel incretin-based therapies have revolutionised

the treatment of people living with obesity and type 2 diabetes. With

semaglutide and tirzepatide, average weight loss of >15% or >20%,

respectively, could be achieved in people with obesity and for people

with type 2 diabetes incretin-based therapies provide impressive

weight loss and glucose parameter improvements in clinical tri-

als.27,28,38,92,94,99,138 Moreover, the landscape of obesity complication

management including MAFLD, heart failure, chronic kidney disease,

obstructive sleep apnea and others will be changed by current and

future incretin-based therapies.27 In the future, medications like

GLP-1 receptor agonists, dual incretin receptor agonists, combination

therapies (e.g., cagrilintide/semaglutide) or triple agonists

(e.g., retatrutide) have the potential to narrow the efficacy gap

between pharmacotherapy and obesity surgery.27

While short-term efficacy and safety of behavioural and pharma-

cological obesity treatment have been demonstrated, there is a need

to evaluate the long-term effects and sustainability of these treat-

ments. This particularly applies to obesity pharmacotherapy. Future

studies need to address long-term patient outcomes under real-world

conditions, identify mechanisms of non- versus very good response to

pharmacotherapies, and investigate long-term safety and sustainabil-

ity of weight loss similar to long-term health monitoring after bariatric

surgery.

Weight loss interventions target key mechanisms linking obesity

to its complications including insulin resistance, impaired adipokine

secretion with higher pro-inflammatory adipokines (e.g., MCP-1, pro-

granulin, chemerin), altered AT-brain cross-talk (e.g., high leptin levels

in obesity) and lower secretion of cardiometabolically ‘protective’ adi-
pokines (e.g., adiponectin), visceral fat deposition and AT inflamma-

tion. However, to improve or remit obesity complications, an early

and effective therapy is required, because the treatment success

depends on the extent of weight loss and a shorter disease duration.

People living with obesity should therefore have easy access to struc-

tured obesity management programmes. Unfortunately, there are still

many barriers in healthcare systems resulting in insufficient structures

and limited access to guideline-driven obesity management. Reducing

stigma and societal attitudes are important obstacles that need to be

overcome. Although recent data from real-world studies and random-

ised controlled obesity management trials provide guidance for a

state-of-the-art obesity treatment, we still need to better understand

and target the causal factors that underlie obesity complications. The

ultimate goal is to improve quality of life and life expectancy for peo-

ple with obesity.
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