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57 years old Man

• Height 1.81 m

• Weight 87 Kg

• BMI 36.5 Kg/m2

• Waist Circ 100 cm

• Family History of  
• Acute MI, T2DM

• Stroke 

• Dementia

• Parkinsonism

• Colon cancer

• Non-smoker

• Blood pressure 122/78 mmHg

• Glucose 89 mg/dl

• HbA1c    5.6%

• Lipid profile 206/146/69/108 mg/dl

• Mild fatty liver on abdominal us

• Past History of
• Hepatitits B
• Pulmonary Tuberculosis
• Herpes Zoster
• Exercise induced Asthma
• Atopic dermatitis

• 10 units of  alcohol once a week 



Body Mass Index (BMI) : 
a standard measure of  Adiposity?



The definition of  Obesity 

• a " chronic, relapsing, multi-factorial, neurobehavioral 
disease, wherein an increase in body fat promotes adipose 
tissue dysfunction and abnormal fat mass physical forces, 
resulting in adverse metabolic, biomechanical, and 
psychosocial health consequences."

The Obesity Medicine Association,



The definition of  Obesity 
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Risk of  chronic disease incidence 
by obesity class based on BMI

Obesity Factsheet 2024, KSSO



ROC curves for BMI, WC, WHR, and WHTR 
in screening for cardiovascular risk factors

Sci Rep. 2020;10:11253



Prevalence of  obesity in Korea
during last 10 years

Obesity Factsheet 2024, KSSO



The diagnosis and classification of  Obesity



Adolphe Quetelet

a Belgian 

astronomer, 

mathematician, 

statistician 

and sociologist

The founder of  
anthropometry 

(1796 – 1874)



Sur l'homme et le développement de ses 
facultés, ou Essai de physique sociale

A Social Treatise on Man and       
the Development of  his Faculties

described a man’s weight in 
relation to his height in his quest to 
find values for the “Average man” 

1835



Standard body weight chart for
Metropolitan Life insurance company in 1920s

Social Sci History 2007; 31(2): 273-296 



The rise of  Body Mass Index

Ancel Keys (1904–2004).

an American physiologist

Adopted Quetelet index as 
a nutritional indicator 

for investigating the 
relationship between diet 
and cardiovascular 
diseases in 1972



Issues in Obesity, 
originated from BMI



Obesity Severity based on BMI and 
Incident Cardiovascular Disease

J Am Heart Assoc. 2016;5(8):e003921.

Adjusted 
Incidence

Rate
(per 1000 

Person-year) 



Outcomes comparing lower and higher BMI 
groups at three-year follow up of  MI

Int J Cardiol 2020; 300: 262 - 267

All-cause death Cardiovascular death



Relative Risk for Total mortality in patients 
with Coronary artery disease by BMI groups

Lancet 2006; 368: 666–78

Meta-analysis with 40 studies with 250,152 patients



RR for Total mortality in patients with CAD 
after PCI or CABG by BMI groups

Lancet 2006; 368: 666–78

Meta-analysis with 40 studies with 250,152 patients



Adjusted Hazard Ratios for 10 year All-cause Death 
in Postmenopausal Korean Women

Kim BT, unpublished data
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Relative Risk of  mortality after acute MI
according to BMI category

a meta-analysis of  prospective studies

Int J Obes. 2016; 40:220–8



Risk of  short-term mortality after acute MI
according to BMI category

a meta-analysis of  prospective studies

Int J Obes. 2016; 40:220–8



Risk of  medium-term mortality after acute MI
according to BMI category

a meta-analysis of  prospective studies

Int J Obes. 2016; 40:220–8



Risk of  long-term mortality after acute MI
according to BMI category

a meta-analysis of  prospective studies

Int J Obes. 2016; 40:220–8



Relative risks of  Mortality with Body Mass Index among 
Patients with Chronic Obstruct Pulmonary Disease

PLoS ONE. (2012) 7:e43892



Relative hazards of   body mass index 
(BMI) on CVD outcomes after adjustment

all-cause mortality

fatal stroke

fatal  CV events other-cause 
mortality 



The definition of  Obesity 

• a " chronic, relapsing, multi-factorial, neurobehavioral 
disease, wherein an increase in body fat promotes adipose 
tissue dysfunction and abnormal fat mass physical forces, 
resulting in adverse metabolic, biomechanical, and 
psychosocial health consequences."

The Obesity Medicine Association,



3 Questions about BMI

1. First, is BMI a good measure of  excess adiposity in an 
individual patient ?

2. Second, does BMI provide information about body fat 
distribution, which is a more important predictor to the 
risk of  obesity related consequences than the BMI itself? 

3. Finally, does BMI provide any insights into the 
heterogeneity of  obesity or its genetic, metabolic, 
physiological or psychological origins?



Correlations between body mass index/percent 
body fat and blood pressure, glucose and lipids.

*P < 0.05 and †P < 0.01 (t-test). Confounding factors such as age, gender, 
lifestyle, and family history were adjusted in the partial correlation analysis

Braz J Med Biol Res. 2012;45(7):591–600



ROC curves for BMI, WC, WHR, and WHTR 
in screening for cardiovascular risk factors

Sci Rep. 2020;10:11253



Cut-off  values for anthropometric indicators of  
obesity, based on optimal Body Fat % cut-offs 

for screening cardiovascular risk factors

Sci Rep. 2020;10:11253



BF% in newly estimated non-obesity and obesity categories 
based on BMI, WC, WHR, WHTR, stratified by gender.

Men Women
BF < 25.8% BF ≥ 25.8% BF < 37.1% BF ≥ 37.1%

BMI < 28.1 677 (82.0) 149 (18.0) BMI < 27.5 1522 (87.1) 225 (12.9)

BMI ≥ 28.1 105 (13.7) 659 (86.3) BMI ≥ 27.5 279 (20.0) 1,119 (80.0)

WC < 100.0 683 (75.8) 218 (24.2) WC < 87.0 1,470 (86.7) 225 (13.3)

WC ≥ 100.0 99 (14.4) 590 (85.6) WC ≥ 87.0 331 (22.8) 1,119 (77.2)

WHR < 0.96 543 (71.9) 212 (28.1) WHR < 0.85 1,287 (73.3) 470 (26.8)

WHR ≥ 0.96 239 (28.6) 596 (71.4) WHR ≥ 0.85 514 (37.0) 874 (63.0)

WHTR < 0.57 654 (79.8) 166 (20.2) WHTR < 0.54 1,352 (86.3) 214 (13.7)

WHTR ≥ 0.57 128 (16.6) 642 (83.4) WHTR ≥ 0.54 449 (28.4) 1,130 (71.6)

Int J Obes 2010 ;34(5):791-9



Odds ratios (and 95% CIs) for metabolic disorders using 
prediction models with BMI, WC, or both BMI and WC

Am J Clin Nutr 2004; 79: 379–384

the 3rd National Health and Nutrition Examination Survey.

The ORs were adjusted for age, race, physical activity, smoking, alcohol intake, and the poverty-to-income ratio



Proportion of  population in various body-mass index (BMI) categories 
with at least one risk factor for cardiovascular disease in Asians

Lancet 2004;363(9403):157-63



Pooled sensitivity and specificity of  BMI 
to identify obesity in Meta-analysis 

Int J Obes 2010 ;34(5):791-9

Sensitivity : 50%
(CI: 0.43–0.57)

Specificity : 90%
(CI: 0.86–0.94).



BMI and Variance in body fat 

Am. J. Epidemiol. 1996; 143: 228–239

Body mass index alone accounted for only 25% of the variance in body fat in men and in women

Multiple regression analysis of body fat percentage versus body mass index, age, sex, 

and ethnicity for the total study population, New York City, 1986-1992



Uses and limitations of  the BMI

Nutrients 2023 ;15(10):2254



3 issues originated from BMI 

1. The BMI has only a fair not a precise correlation with 
body fat mass. 

2. BMI does not provide any indication of  how body fat is 
distributed. 

3. the BMI tells us nothing about the genetic, metabolic, 
physiological or psychological factors involved in the 
development of  obesity.



Obesities, beyond BMI 



STEP 8 – Body Weight change (% on ITT)

JAMA. 2022;327(2):138-150

–15.8%

–6.4%



Complex pathophysiology of  
Excessive Adiposity

Eur J Clin Invest. 2022 ;52(7):e13811

Gut microbiotaInsulin Resistance



4 pillars of  Obesity Management

Lifestyle change

Diet & Exercise

Behavioral 

Interventions

: ~5% weight loss

Pharmacotherapy

: ~5‒15% weight loss

Surgical 

Interventions

: ~12‒30% weight loss



Variety in phenotypes of  Weight Gain



4 pillars of  Obesity Management

Lifestyle change

Diet & Exercise

Behavioral 

Interventions

: ~5% weight loss

Pharmacotherapy

: ~5‒15% weight loss

Surgical 

Interventions

: ~12‒30% weight loss



Change in Absolute Body Weight From Baseline to 
Week 68 for Individual Participants : STEP 8 trial

JAMA. 2022;327(2):138-150

In-Trial data



Metabolic phenotype of  Obesity



Metabolically Healthy Obese and 
Incident Cardiovascular Disease Events

J Am Coll Cardiol. 2017 ;70(12):1429-1437.



Association between metabolically healthy 
obesity/overweight and cardiovascular disease risk

PLoS One 2021;16(2):e0246378

A representative cohort study in Taiwan



Interaction of  low grade inflammation and 
obesity in the development of  type 2 DM

J Clin Endocrinol Metab 2015;100:934–941.

MHNO, metabolically healthy non-obesity 
MUNO, metabolically unhealthy non-obesity 
MHO, metabolically healthy obesity
MUO, metabolically unhealthy obesity



Interaction of  low grade inflammation and 
obesity in the development of  type 2 DM

J Clin Endocrinol Metab 2015;100:934–941.

MHNO, metabolically healthy non-obesity 
MUNO, metabolically unhealthy non-obesity 
MHO, metabolically healthy obesity
MUO, metabolically unhealthy obesity



Korean J Intern Med. 2017 ;32(4):611-621



Genetic phenotype of  Obesity
Association of selected GLP-1R polymorphisms with response to 
liraglutide

Eur J Clin Pharmacol. 2015;71(7):817-24.



Associations of  specific adipose tissue depots with 
metabolic consequences and distinct genetic loci 

Lancet Diabetes Endocrinol 2023;11(11):861-878



3 types of  Adipocyte : brown, white and beige. 

Nat Rev Mol Cell Biol 2016;17(11):691-702



Crosstalk between brown and/or beige 
adipocytes and other adipose-resident cells

Nat Rev Mol Cell Biol 2016;17(11):691-702



Functional Phenotypes of  Obesity

Lancet Diabetes Endocrinol 2023;11(11):861-878



Total Body Weight loss (kg) in standard lifestyle intervention 
(SLI) and the phenotype-tailored lifestyle intervention (PLI).

EClinicalMedicine. 2023;58:101923



Phenotype Guided pharmacotherapy for obesity 
management improves weight loss outcomes

Obesity (Silver Spring). 2021;29(4):662-671.



Cumulative effect of  obesity phenotypes 
on body weight and body mass index

Int J Obes (Lond) 2024;48(6):884-890



Clinical Obesity, 
Obesity addressed in clinical practice



Obesity Controversy 

A Disease? A Risk Factor?vs



Obesity Controversy 

A Disease? A Risk Factor?vs

Individual responsibility Social responsibility 

Financial Burden

Encouraging unhealthy behaviours

Medical Treatment

Financial freedom

Self-efficacy

Life style intervention

Social Stigma – disability

Promoting healthy life



The recognition of  obesity 
as a disease

• associated with 

1. distinct pathophysiological alterations of  tissues and 
organs

2. discrete clinical signs and symptoms 

3. increased risk of  secondary complication , 

4. restrictions of  daily activities.

NOT just  with the number of  BMI 

Lancet Diabetes Endocrinol 2023;11(4):226-228



Setting up Clinical Obesity Paradime

Eur J Clin Invest. 2022 ;52(7):e13811



CREATING A NEW HOLISTIC 
DIAGNOSTIC FRAMEWORK

Lancet Diabetes Endocrinol 2023;11(4):226-228



The 4 conditions of  New diagnostic  
Framework for Clinical Obesity  

1. New diagnostic tooIs should has a precise correlation with 
body fat and provide information about fat distribution  

2. New diagnostic tooIs should offer better prediction for 
obesity related consequences including mortality than BMI. 

3. New diagnostic tooIs should inform the genetic, metabolic, 
physiological or psychological contributions involved in the 
development of  obesity.

4. New diagnostic tooIs should be easy to apply assessment 
in clinical practice and medical research. 



57 years old Man

• Height 1.81 m

• Weight 87 Kg

• BMI 36.5 Kg/m2

• Waist Circ 100 cm

• Family History of  
• Acute MI, T2DM

• Stroke 

• Dementia

• Parkinsonism

• Colon cancer

• Non-smoker

• Blood pressure 122/78 mmHg

• Glucose 89 mg/dl

• HbA1c    5.6%

• Lipid profile 206/146/69/108 mg/dl

• Mild fatty liver on abdominal us

• Past History of
• Hepatitits B
• Pulmonary Tuberculosis
• Herpes Zoster
• Exercise induced Asthma
• Atopic dermatitis

• 10 units of  alcohol once a week 



Summary

• The current diagnosis of  obesity based on BMI has serious 
limitations for individuals in identifying excess adiposity 
and predicting obesity related consequences of  them.

• Current clinical practice and health research is tied to BMI. 
There have been some shifts in looking at non-weight-
related health indicators. However, we need more robust 
studies evaluating other health indicators beyond weight 
and BMI. 

• The availability of  these tools will help eliminate the need 
for BMI and promote individualized health assessment in 
future.
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