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Hepatic macrophage activation is associated with adipose tissue insulin resistance in non-

diabetic patients with Non-Alcoholic Fatty Liver Disease 
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Background & Aim: The onset and progression of liver damage in Non-Alcoholic Fatty Liver 

Disease (NAFLD) is tightly associated with insulin resistance (IR) in a dysfunctional adipose tissue 

(AT). Macrophage activation is a key step for both the chronic low inflammatory state of IR and for 

hepatic damage. The aim of this study is to elucidate the pathways linking IR in the AT, circulating 

and hepatic macrophage activation and liver damage in 40 non-diabetic patients with biopsy-proven 

NAFLD.  

Material and Methods. [
2
H5]glycerol was infused in all study subjects to evaluate Glycerol-Ra and 

lipolysis. Adipose tissue-IR (AT-IR) was calculated as FFAs*insulin(INS) (AT-IR1) and as 

Glycerol-Ra*INS (AT-IR2). Soluble CD163 (sCD163), a marker of hepatic macrophage activation, 

was measured by an enzyme-linked immunosorbent assay (ELISA). CD163 mRNA expression in 

the liver was evaluated by qPCR using the CFX96 (Bio-Rad), SSoFast™ EvaGreen® Supermix 

(BioRad). Histology was scored according to Kleiner. Hepatic fat was assessed by liver biopsy. 

Visceral fat (VF) and subcutaneous fat (SF) were measured with standard nuclear magnetic 

resonance (NMR). 

Results. AT-IR showed significant associations with features of liver damage at liver biopsy, 

including hepatic fat (AT-IR1: r=0.50, p=0.001; AT-IR2: r=0.44, p=0.004), NAS score (r=0.43, 

p=0.006 and r=0.31, p=0.05 respectively) and fibrosis (AT-IR1: r=0.51 and AT-IR2: r=0.34, 

p=0.001 for both). Plasma levels of sCD163 were significantly associated with fasting plasma levels 

of FFAs (r=0.35, p=0.026), with lipolysis (r =0.35, p=0.028) and with AT-IR (AT-IR1 r=0.38, 

p=0.016 and AT-IR2 r=0.31, p=0.005). Circulating sCD163 increased proportionally to liver fat 

(r=0.53; p=0.005) but not to visceral or subcutaneous fat (p=NS for both). The hepatic expression of 

CD163 (n=20) had a linear correlation with plasma levels of sCD163 (r=0.44, p=0.05). NAFLD 

subjects with more than two-fold hepatic expression of CD163 had significantly higher hepatic fat 

content (p=0.028). The hepatic expression of CD163 was higher than two-fold in 75% of NAFLD 

patients with moderate (F2) and in 100% of those with severe fibrosis (F3). 

Conclusions. We speculate that in NAFLD patients hepatic macrophages activation can be directly 

stimulated by an increased flux of FFA due to AT-IR, thus directly linking IR, dysfunctional 

adipose tissue and liver damage. 
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