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Relation between visceral and subcutaneous obesity: 
 (thin on the outside, fat on the inside) 

Thomas et al. Obesity doi: 10.1038/oby.2011.142, 2011 



Rosenbloom et al. NEJM 323:1367, 1990; Guevarre-Aguirre et al. Sci Trans Med 3:70ra13, 2011  



Guevarre-Aguirre et al. J Clin Endo Metab 100:2589, 2015
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Familial Partial Lipodystrophy,   
Dunningan or Type 2 

Peters et al.  Nature Genetics. 18:292, 1998. 

• X-linked or autosomal dominant 
• Absence of limb fat 

ü Easily visible veins 
ü Defined musculature 

• Normal or excess facial fat  
• Cushingoid facies (moon facies) 
• Dorsocervical fat pad 
• Acanthosis nigricans 
• Severe metabolic syndrome 
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Relationship between BMI and  
insulin sensitivity (N=220) 

Wildman et al. Arch Intern Med 168:1617, 2008 



Insulin sensitivity/resistance is more determinant of 
morbidity and mortality than obesity/normal weight  

Meigs et al. J Clin Endocrinol Metab 97:2906, 2006 Calgori et al. Diab Care 34:210, 2011 

IS IR IS IR 



Three fat depots

1.  Subcutaneous fat 

2.  Visceral fat 
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Zukowska, Science 2008 



Three fat depots

1.  Subcutaneous fat 

2.  Visceral fat 

3.  Ectopic (liver, and to some extent muscle) fat 



Histology of (N)AFLD 

Normal (N)AFLD 





NAFLD is a worldwide problem,  
even in normal weight people



Loomis et al. J Clin Endocrinol Metab. 101:945, 2016 
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Liver fat is a driver of diabetes,  
even in normal weight people  



Adolescent NAFLD and future risk for diabetes  
RR = 2.59

Bardugo	et	al.	J	Clin	Endocrinol	Metab.	109:e34,	2021	
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Adipose	Tissue	Transcrip7on	
Factors 	 

Abbrevia7on 

Peroxisome	proliferator-
ac7vated	receptor	gamma	
(heterodimer	with	RXR) 	 

PPARγ 

Peroxisome	proliferator-
ac7vated	receptor	alpha 

PPARα 

Peroxisome	proliferator-
ac7vated	receptor	beta/delta 

PPARβ/δ 

Re7noid	X	receptor		
(heterodimer	with	PPARγ) 

RXR 

Liver	Transcrip7on	Factors 	
	 

	Abbrevia7on 
 

Liver	X	receptor 	 	 LXR 

Pregnane	X	receptor 	
	 

PXR 

Cons7tu7ve	androstane	receptor CAR 

Farnesoid	X	receptor	 	
		

FXR	

Aryl	hydrocarbon	receptor 	
	 

AhR 

Both adipose tissue and liver transcription factors 
promote fat cell differentiation 



Hormone	receptor Abbrevia7on 
Insulin	receptor 	 	 IR 

Estrogen	receptors	 	 ER	(α,	β) 

Androgen	receptor	 	 AR 

Glucocor7coid	receptor	 GR 

Thyroid	hormone	receptors TR	(α,	β) 

Endocrine hormone receptors 
promote energy deposition and fat cell growth 



Endocrine control of metabolism 
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Insulin blocks leptin signaling – “brain starvation” 



Fetal origins of obesity

 
1.  Small for gestational age and developmental programming  

2.  Large for gestational age and epigenetics 

3.  Prenatal stress and glucocorticoids 

4.  Environmental exposures (e.g. DDE, BPA, PFAS, fructose) 


