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• Overweight and obesity are defined as abnormal or excessive 

fat accumulation that may impair health. (WHO)

What is ‘Obesity’?



Body Fatness (Adiposity)

BMI: not a direct measure for body 

fatness, but a surrogate marker

Bioelectrical 

impedance 

(In body)

DEXA 

Skin Fold Calipers

Int J Obesity. 2008;32(6):959-956

CT



Same BMI ≠ Same Fat

Obesity Rev. 2002;3 (3):141-146



Obesity in Asian

: Y-Y Paradox

Lancet. 2004(363):163

Chittaranjan S Yajnik, 

India

John S Yudkin, 

UK



BMI: Proposed Asian Criteria

Classification of 

obesity

Asian Criteria

BMI (kg/m2)

WHO Criteria

Underweight

Normal range

Overweight

Obese

<18.5 <18.5

18.5 to <23 18.5 to <25

25 to <3023 to <25

>25 >30

Lancet. 2004(363):157-63



Medical Complications of Obesity



How Obesity Causes Disease:

Adipose Tissue as an Endocrine Organ

Expert Rev Cardiovasc Ther. 2008;343-68

J Clin Endocrinol Metab. 2004;89:2583-89

Lancet 2005;365:1415-28



Sick Fat Disease + Fat Mass Disease



Can Obesity Be Healthy? 

(Sick Fat Disease)



The Heterogeneity Despite Same BMI

Curr Opin Lipidol 2010;21:38-43.



Classification 

Rev Endocr Metab Disord. 2013 Sep;14(3):219-27. 

Curr Opin Endocrinol Diabetes Obes. 2012 Oct;19(5):341-6. 

Non obese BMI Obese BMI 

MHNO MUNO MHO (ISO) MUO (IRO)

Insulin 

sensitive

Insulin 

resistant



Prevalence of MHO

Rev Endocr Metab Disord. 2013 Sep;14(3):219-27. 

Curr Opin Endocrinol Diabetes Obes. 2012 Oct;19(5):341-6. 



Prevalence of MHO: Definition Dependent

Rev Endocr Metab Disord. 2013 Sep;14(3):219-27. 

Curr Opin Endocrinol Diabetes Obes. 2012 Oct;19(5):341-6. 

BP

FPG

WC

Insulin 
sensitivity 

hsCRP

HDL-C

LDL-C

TG



The Definition of MHO: Not Standardized 

Rev Endocr Metab Disord. 2013 Sep;14(3):219-27. 

Aguilar-
Salinas

Karelis Meigs Wildman NCEP 
ATP III

BP O - O O O

TG - O O O O

HDL-C O O O O O

LDL-C - O - - -

TC O - -

FPG O - O O O

HOMA - O (≤1.95) - O (<90th) -

Others - WC CRP (>90th) WC

Criteria All 4개 기준 2개 기준 1개 기준 2개 기준



The Prevalence of MHO

: Definition-dependent

Eur J Clin Nutr 2010;64:1043-1051.

Men Women



The Prevalence of MHO in “Korea”

: Definition-dependent

Korean J Fam Med. 2013;34:19-26.
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Proposed Features of MHO

Endocrinol Metab. 2014;29:427-434



Proposed Mechanisms underlying MHO

Curr Opin Endocrinol Diabetes Obes 2012;19:341 



Difference in Adipose Tissue 

Am J Physiol Endocrinol Metab 2010;299:E506-E515

BMI=45.2 kg/m2



Potential Adipose Tissue-Related Mechanisms

European J Endocrinol. 2014;171:R209-R219



Potential Adipose Tissue-Related Mechanisms

Curr Opin Lipidol 2010;21:38-43.

Endocrinol Metab. 2014;29:427-434

Genes Environment Behaviour

Excess energy intake

Physical inactivity

Fat accumulation

Expandability of 

SC fat depots
Intact Impaired

Ectopic fat deposition

Visceral depots, liver fat

Unhealthy obesityHealthy obesity



Fat Expandability: Biomarker?

Cardiovasc Diabetol. 2015;14:40



Summary 1

• Some obese subjects are insulin-sensitive, i.e., metabolically 

healthy (MHO).

• The prevalence of MHO varies according to the population and 

definition used. Unfortunately, there is no consensus criteria for 

the definition of MHO. 

• Numerous possible mechanisms underlying MHO have been 

suggested including adipose-tissue distribution and 

inflammation. 
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MHO & Mortality: Pros (1)

Diabetes Care 2011;34:210-215.

All-cause mortality

• 15 yr f/up

• HOMA criteria (2.5)

• Italy



MHO & Mortality: Pros (2) 

J Clin Endocrinol Metab 2012;97:2482-2488

All-cause mortality

CVD mortality



MHO & Mortality: Cons 

Definition Matters? 

Diabetes Care 2013;36:2294-2300.

All-cause mortality



MHO & Mortality: Meta-analysis

Ann Intern Med. 2013;159:758-769.

MHO MHNO

All Studies

At least 10 yr of F/up



MHO & Atherosclerosis: Intermediate Profile

Carotid IMT baPWV

Atherosclerosis 2011;217:179-186.



MHO & Atherosclerosis: Intermediate Profile

Diabetes Care 2007;30:2145-2147.

MHO



MHO & Incident Type 2 Diabetes: Pros

Diabetes Care 2013;36:2388-2394



MHO & Incident Type 2 Diabetes: Cons

Diabetes Care 2014;37(11):2989-2995 



MHO & DM: Meta-analysis

Obesity Reviews 2014;15:504-515



Obesity Phenotype: Dynamic Phenotype?

Eur J Clin Nutr 2010;64:1043-1051. European J Endo 2014;171:R209-R219



Predictors of MHO -> MUO

• 85 Japanese Americans with MHO (mean age 49.8 yrs)

• F/up at 2.5, 5, and 10 yrs

• Body composition using CT

• Over 10 yrs of f/up: 64.7% of MHO converted to MUO.

• Predictors: higher VAT, low HDL-C, higher fasting insulin, and

female.

Hwang YC. Int J Obes (Lond). 2015. Apr. Epub ahead of print.



MHO & Outcomes: A Matter of Time?

J Clin Endocrinol Metab 2013;98:2318 -2325



Summary 2

• The prognostic value of MHO has been the subjects of much 

debate and faces a considerable changes.

• In addition, it may depend on the health outcome being 

examined.

• The lack of consensus criteria of MHO and the dynamic property 

of obesity and/or metabolic health state might be the 

contributing factors to these controversies. 
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MHO & Subclinical Coronary Atherosclerosis

Rhee EJ. PLOS One. 2013;8(9):e74564

Metabolic health is more closely associated with CAC than obesity



MHO & Subclinical Coronary Atherosclerosis

Sung KC. Nutr Metab Cardiovasc Dis. 2014 ;24(3):256-262.



MHO & Subclinical Coronary Atherosclerosis

Chang Y. J Am Coll Cardiol 2014;63:2679-86. 



MHO & Subclinical Coronary Atherosclerosis

Jung  CH et al. Obesity (Silver Spring). 2014 ;22(12):2613-20.



MHO & Subclinical Coronary Atherosclerosis

Jung  CH et al. Obesity (Silver Spring). 2014 ;22(12):2613-20.



MHO & Incident Type 2 Diabetes

Rhee EJ, PLoS One .2014;95(5)Le98369



MHO & Incident Type 2 Diabetes

Jung  CH et al.  J Clin Endocrinol Metab. 2015;100(3):934-41.

Log-rank test, P<0.001 for all three comparisons

• MH Criteria: ≤ 1 of ATP III criteria (except WC)

• Incident Diabetes: FPG ≥ 126 mg/dl and/or HbA1c ≥6.5%

, antidiabetic medication (+)



MHO & Systemic Inflammation

Diabetes Care 2014;37:2813-2821.

• Serum C3, CRP, TNF-alpha, IL-6, PAI-1

• Favorable inflammatory status is 

positively associated with metabolic 

health in obese and non-obese 

individuals.

J Clin Endocrinol Metab. 

2013;98:E1610-E1619

• VAT and liver Bx during baritric op or 

hiatal hernia op. 

• Expression of genes involved in 

inflammation & tissue remodeling in 

VAT and liver (SAA, MMP9, leptin, 

adiponectin, resistin)



MHO & Incident Type 2 Diabetes

Jung  CH et al.  J Clin Endocrinol Metab. 2015;100(3):934-41.



MHO & Incident Type 2 Diabetes: Ectopic FAT

J Clin Endocrinol Metab. 2014;99:2952-2960



MHO & Incident CKD (P.109)

Jung  CH et al. Kidney Int. In Press

• MH Criteria: ≤ 1 of ATP III criteria (except WC)

• CKD definition: eGFR (CKD-EPI) < 60 ml/min/1.73m2



MHO & Incident CKD

Jung  CH et al. Kidney Int. In Press

 Cases/n (%) Model 1 Model 2 Model 3 

MHNO 86/20,329 (0.4) 1 (ref.) 1 (ref.) 1 (ref.) 

MUNO 56/4,835 (1.2) 1.49 (1.06–2.09) 1.37 (1.04–1.92) 1.37 (1.02–1.93) 

MHO 89/8,587 (1.0) 1.79 (1.33–2.41) 1.35 (1.11–1.83) 1.38 (1.01–1.87) 

MUO 125/7,443 (1.7) 2.37 (1.79–3.13) 1.52 (1.14–2.02) 1.56 (1.16–2.09) 

 



MHO & Incident CKD: Strict MH Criteria

Jung  CH et al. Kidney Int. In Press

• MH Criteria: None of ATP III criteria (except WC)

• CKD definition: eGFR (CKD-EPI) < 60 ml/min/1.73m2



MUNO: Very harmful condition

(Meta-analysis)

MUNO MHNO

Ann Intern Med. 2013;159:758-769.



MUNO: More harmful condition than MHO

Kim TN, Choi KM.  J Clin Endocrinol Metab. 2013;98:811-817

Choi KM, Kim NH. Clin Endocrinol (Oxf). 2013;79(3):364-70. 

All cause mortality CVD death

Sarcopenia



Summary 3

• The association of MHO and various health outcomes seems to 

be controversial in Korea, too. 

• The lack of consensus criteria of MHO and the dynamic property 

of obesity and/or metabolic health state might be the 

contributing factors to these controversies. 

• Even categorized as MHO using current criteria, it might not

mean that they are all same. 

• Currently suggested criteria of MHO might be insufficient to 

define the delicate nature of MHO (sarcopenia, ectopic fat, 

inflammation….). 



Conclusion

• Overall, MHO might not be a benign disease. In addition, 

particular attention should be given to individuals with 

metabolically unhealthy status despite normal weight (MUNO).

• However, there is a subgroup among MHO subjects who shows 

the benign course (low inflammation, low ectopic fat…). More 

delicate diagnostic criteria is warranted to define those MHO 

subjects.

• In general, MHO subjects should not be neglected not only for 

the prevention of metabolic complications (“sick fat diseases”) 

but also “fat mass diseases”.



Thank you 

for your 

attention!


