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Visceral Fat
Insulin-

resistance

1

THIS WAY?



Jacobs EJ et al., Arch Intern Med, 2010



Circonferenza addominale, BMI ed insulino-resistenza

Stefan N et al., Arch Intern Med, 2008

Stefan N et al, The Lancet Diabetes Endocrinol, 2013





The degree of masculine differentiation of

obesities: a factor determining predisposition to

diabetes, atherosclerosis, gout, and uric

calculous disease.
Vague J, 1956



Abdominal adipose tissue classification

Shen W et al., Obes Res, 2003
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Visceral fat distribution: normal vs T2DM

Abdominal 

obesity and BMI: 

association with 

coronary disease

Rexrode KM et al.,  JAMA, 2008



Zeng Q et al., Braz J Med Biol Res, 2012

Srikanthan P et al., Am J Cardiol, 2016

Risk of CV disease taking into 
account BMI and % Fat Mass

CV mortality taking into account 
both muscle and fat mass

High %BF
High %BF



• The portal theory1

• Reduced WAT glucose uptake2

• The hormonal theory3

• The pro-inflammatory theory4

Causes of obesity-associated IR





Adipocyte size and diabetes

Rodrigues AL et al., J of Endocrinol, 2007Weyer C et al., Diabetologia, 2000



Friedman JM et al., Nature, 1994



Adiponectin Leptin
Resistin
Visfatin

Gustafson B et al., Trends Endocrinol Metab, 2015

TNF-α
IL-6
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Mehran AE et al, Cell Metab, 2012
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Visceral Fat

2

Inflammation



Increased adipose tissue expression of tumor necrosis factor-α

in human obesity 

Hotamislgil GS et al., J Clin Invest, 1995



25 extremely obese subjects undergoing 

gastric bypass surgery

Visceral fat adipokine secretion is associated with systemic 

inflammation in obese humans

Fontana L et al., Diabetes, 2007



Ouchi N et al., Nat Rev Immunol, 2011

Exercise

Food

Up to 40% of all cells in obese adipose tissue
are infiltrating macrofages (M1)



Leptin, inflammation and immune response 

Matarese G et al., J  Immunol, 2005



Hypothalamic inflammation in obesity

The High local hypotalamic production of proinflammatory
cytokines causes central leptin resistance, a key feature of 

obesity



Insulin-
resistance

THIS WAY?
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Inflammation

Visceral Fat



Br Med J, 1901

Yuan M et al., Science, 2001
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TNFα Protein-kinasi (IKKβ-JNK)

Blocco recettori insulinici

Insulino-resistenza

NF-Kβ

Mediatori molecolari di insulino-resistenza  



Insulin-
resistance

THIS WAY?

3

Inflammation



Lee YS et al., Diabetes, 2011

Inflammation is not necessary for HFD-induced insulin-resistance 

High-Fat 
diet

(Dietary IR)

Increased M1 macrophages (CD11+) in adipose tissue

Clodronate (Cld) injection 
(pharmacological depletion

of macrophages)
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Shimobayashi M et al., J Clin Invest, 2018

Genetic model
of I-R

Dietary model
of I-R



Visceral Fat

Inflammation
Insulin-

resistance

Changes in aging4



1976

2016



Shock NW et al., Nat Inst Health, 1984

Invecchiamento e composizione corporea



Ihasz F et al., Int J Morphol, 2015

Variazione della composizione corporea con l’età

BMI FM

MM Visceral fat area

Young Middle Old
aged

Young Middle Old
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Young Middle Old
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Young Middle Old
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I cambiamenti del tessuto adiposo nell’anziano

Palmer AK et al, Exp Gerontol, 2016



Aging is associated with an increase in T cells and 

inflammatory macrophages in visceral adipose tissue

Lumeng CN et al., J  Immunol, 2011



Visceral adipose tissue modulates mammalian longevity

Visceral fat 
Surgical removal

Controls

Caloric Restriction

Muzumdar R et al, Aging Cell, 2008



«Cause and effect are two sides of one fact»

Ralph Waldo Emerson

‘Adipaging’: ageing and obesity share biological 

hallmarks related to a dysfunctional adipose tissue

Pérez LM et al., J Physiol, 2016




