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The epidemic of obesity is a major health problem that leads to 
medical and socioeconomic burdens on society. Although 
body mass index (BMI) has been the most commonly used 
measure to determine the degree of obesity, it does not neces-
sarily reflect the degree of adiposity. Recent observations show 
that some subpopulations exhibit unexpected metabolic pro-
files that deviate from the typical dose-response relationship 
between BMI and metabolic disturbances [1-3]. Individuals 
with impaired insulin sensitivity and increased levels of vis-
ceral adiposity, despite being nonobese, are defined as meta-
bolically obese but normal weight or metabolically unhealthy 
nonobese (MUHNO) [1,2]. This subgroup is also characterized 
by a more atherogenic lipid profile, increased arterial stiffness 
and carotid atherosclerosis, and higher levels of blood pres-
sure, oxidative stress, and vascular inflammation compared 
with metabolically healthy normal weight (MHNW) people 
[4-6]. Another subset of individuals with a lower degree of in-
sulin resistance and favorable metabolic profiles, despite being 
obese, has been defined as metabolically healthy obese (MHO) 
[1,3]. Because the notion that the clinical outcomes of individ-
uals differ according to their metabolic health status has been 
supported by several large-scale prospective studies [7-9], in-
terest in this emerging concept has been growing.
 In this issue, Lee et al. [10] measured several serum adipo-
kine levels in nondiabetic Korean subjects and showed that the 
levels of tumor necrosis factor-α (TNF-α) and adipocyte fatty 
acid binding protein were significantly higher in the MUHNO 

group compared with their metabolically healthy counterparts. 
However, the difference between MHO subjects and their 
metabolically unhealthy counterparts was not significant. The 
authors also showed that the levels of these adipokines were 
significantly correlated with several parameters that are usual-
ly used to define metabolic health [10]. Because insulin resis-
tance and excess adiposity are considered core pathophysiolo-
gies of metabolic unhealthiness, it could be easily assumed 
that adipokines might have a role in the pathogenic mechanism 
or could be influenced by metabolic health status. Although 
prospective studies to define the cause-and-effect relationship 
are lacking, previous studies have also investigated the cross-
sectional relationship between various adipokines and meta-
bolic health. Similar to the results of Lee et al. [10], individu-
als with the MUHNO phenotype were known to have higher 
circulating levels of leptin, TNF-α, and interleukin 6 (IL-6) 
and lower levels of adiponectin compared with the MHNW 
group [11-13]. Several reports also demonstrated lower levels 
of TNF-α, IL-6, plasminogen activator inhibitor-1, progranu-
lin, retinol-binding protein-4, and chemerin and higher levels 
of adiponectin in individuals with the MHO phenotype com-
pared with metabolically unhealthy obese subjects [13-15]. 
 Because there is no consensus on how to define metabolic 
health status, the clinical characteristics, metabolic profiles 
and outcomes can be largely affected by the diagnostic criteria 
used [8,16]. Although some conflicting results for adipokine 
levels also exist, current data support a close relationship to 
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metabolic health status. Therefore, various adipokines might 
be used as important contributors to the identification or char-
acterization of metabolic health status. Importantly, advancing 
our knowledge of the molecular indicators of metabolic health  
would lead to better risk management and prevention of meta-
bolic obesity-related diseases [17].

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

REFERENCES

1. Karelis AD, St-Pierre DH, Conus F, Rabasa-Lhoret R, 
Poehlman ET. Metabolic and body composition factors in 
subgroups of obesity: what do we know? J Clin Endocrinol 
Metab 2004;89:2569-75. 

2. Conus F, Allison DB, Rabasa-Lhoret R, St-Onge M, St-Pierre 
DH, Tremblay-Lebeau A, Poehlman ET. Metabolic and be-
havioral characteristics of metabolically obese but normal-
weight women. J Clin Endocrinol Metab 2004;89:5013-20. 

3. Seo MH, Rhee EJ. Metabolic and cardiovascular implica-
tions of a metabolically healthy obesity phenotype. Endo-
crinol Metab (Seoul) 2014;29:427-34. 

4. Lee SH, Ha HS, Park YJ, Lee JH, Yim HW, Yoon KH, 
Kang MI, Lee WC, Son HY, Park YM, Kwon HS. Identi-
fying metabolically obese but normal-weight (MONW) in-
dividuals in a nondiabetic Korean population: the Chungju 
Metabolic disease Cohort (CMC) study. Clin Endocrinol 
(Oxf) 2011;75:475-81. 

5. Yoo HJ, Hwang SY, Hong HC, Choi HY, Seo JA, Kim SG, 
Kim NH, Choi DS, Baik SH, Choi KM. Association of 
metabolically abnormal but normal weight (MANW) and 
metabolically healthy but obese (MHO) individuals with 
arterial stiffness and carotid atherosclerosis. Atherosclero-
sis 2014;234:218-23. 

6. Katsuki A, Sumida Y, Urakawa H, Gabazza EC, Murashi-
ma S, Nakatani K, Yano Y, Adachi Y. Increased oxidative 
stress is associated with serum levels of triglyceride, insulin 
resistance, and hyperinsulinemia in Japanese metabolically 
obese, normal-weight men. Diabetes Care 2004;27:631-2. 

7. Batsis JA, Sahakyan KR, Rodriguez-Escudero JP, Bartels 
SJ, Somers VK, Lopez-Jimenez F. Normal weight obesity 

and mortality in United States subjects ≥60 years of age 
(from the Third National Health and Nutrition Examina-
tion Survey). Am J Cardiol 2013;112:1592-8. 

8. Hinnouho GM, Czernichow S, Dugravot A, Batty GD, 
Kivimaki M, Singh-Manoux A. Metabolically healthy obe-
sity and risk of mortality: does the definition of metabolic 
health matter? Diabetes Care 2013;36:2294-300. 

9. Meigs JB, Wilson PW, Fox CS, Vasan RS, Nathan DM, 
Sullivan LM, D’Agostino RB. Body mass index, metabol-
ic syndrome, and risk of type 2 diabetes or cardiovascular 
disease. J Clin Endocrinol Metab 2006;91:2906-12. 

10. Lee TH, Jeon WS, Han KJ, Lee SY, Kim NH, Chae HB, 
Jang CM, Yoo KM, Park HJ, Lee MK, Park SE, Oh HG, 
Park CY, Lee WY, Oh KW, Park SW, Rhee EJ. Comparison 
of serum adipocytokine levels according to metabolic health 
and obesity status. Endocrinol Metab (Seoul) 2015;30:185-
94.

11. Hyun YJ, Koh SJ, Chae JS, Kim JY, Kim OY, Lim HH, Jang 
Y, Park S, Ordovas JM, Lee JH. Atherogenecity of LDL and 
unfavorable adipokine profile in metabolically obese, nor-
mal-weight woman. Obesity (Silver Spring) 2008;16:784-9. 

12. De Lorenzo A, Del Gobbo V, Premrov MG, Bigioni M, 
Galvano F, Di Renzo L. Normal-weight obese syndrome: 
early inflammation? Am J Clin Nutr 2007;85:40-5. 

13. Indulekha K, Surendar J, Anjana RM, Geetha L, Goku-
lakrishnan K, Pradeepa R, Mohan V. Metabolic obesity, 
adipocytokines, and inflammatory markers in Asian Indi-
ans: CURES-124. Diabetes Technol Ther 2015;17:134-41. 

14. Phillips CM, Perry IJ. Does inflammation determine meta-
bolic health status in obese and nonobese adults? J Clin 
Endocrinol Metab 2013;98:E1610-9. 

15. Kloting N, Fasshauer M, Dietrich A, Kovacs P, Schon MR, 
Kern M, Stumvoll M, Bluher M. Insulin-sensitive obesity. 
Am J Physiol Endocrinol Metab 2010;299:E506-15. 

16. Lee SH, Han K, Yang HK, Kim HS, Cho JH, Kwon HS, 
Park YM, Cha BY, Yoon KH. A novel criterion for identi-
fying metabolically obese but normal weight individuals 
using the product of triglycerides and glucose. Nutr Diabe-
tes 2015;5:e149. 

17. Badoud F, Perreault M, Zulyniak MA, Mutch DM. Molecu-
lar insights into the role of white adipose tissue in metaboli-
cally unhealthy normal weight and metabolically healthy 
obese individuals. FASEB J 2015;29:748-58. 


