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              Definition and criteria for MetS and NASH 



• NAFLD is the most common liver disorder in the Western 
world; its subtype, nonalcoholic steatohepatitis (NASH), can 
progress to cirrhosis and hepatocellular carcinoma. 
 
• The metabolic syndrome (MetS) is associated with NAFLD. 
insulin resistance (IR) is central in their pathogenesis and is the 
potential linking mechanism. 
 

• The treatment of NAFLD is based on its pathogenesis and 
therefore primarily involves reduction in IR and modification 
of MetS risk factors. 
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METS AND NAFLD 

• NAFLD patients with MetS had higher risk for 
developing NASH (Marchesini et al 2003) 

 

• NASH patients with MetS have  significantly higher IR.  

 (Jung  et al 2014). 

 

• Prevalence of hypertension and hyperlipidemia is 
significantly higher in NASH patients compared with 
those with NAFLD (Campos elt al 2008) 

 

 



Pathophysiology of NAFLD 

Clanton & Subichin , Surg Clin N Am 2016 



Multiple hit hypothesis in the pathogenesis of 
NAFLD - NASH 

• Hepatic TG accumulation triggered by IR. 

• Oxidative stress and lipid peroxidation leading to 
hepatocyte injury. 

• Role of microbiota. 
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The common pathogenesis:  
various mechanisms involved in pathogenesis of IR and NASH 



Despite the overwhelming data suggesting 
correlation of MetS with NAFLD and NASH, 
most of these studies were cross sectional and 
association does not prove causality. 
 
Is the paradigm that NAFLD is the hepatic 
manifestation of MetS is outdated?? 
This has diagnostics and therapeutic 
consequences. 



Liver International (2016) 
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The relationship between the MetS, 
IR and NASH is bidirectional 



A unifying hypothesis 

Valenti et al. 2016 



Mechanism underlying the ‘bifurcation’ of hepatocyte insulin 
signalling underpinning the pathogenesis of progressive NAFLD 
(increased hepatic lipogenesis) and type 2 diabetes (increased 
hepatic glucose production) 



• NAFLD is characterized by systemic and hepatic insulin 
resistance and increased hepatic lipogenesis 
 

• NAFLD is associated with an increased risk of incidence of 
type 2 diabetes 
 

• At the molecular level, hepatic lipogenesis and hepatic 
glucose production depend on differentially regulated 
branches of the insulin signalling pathway 
 

• Genetic studies suggest that excess hepatic fat causes 
progressive liver disease, but does not necessarily increase 
type 2 diabetes risk 
 

• Progressive liver disease and type 2 diabetes are divergent 
though inter-related consequences of the metabolic 
syndrome. 



NAFLD and T2DM 

• Abundant longitudinal studies have shown NAFLD 
to predict T2DM independently of confounders such 
as Obesity. 

 

• These studies support the view that hepatic IR is an 
important feature of the pathogenesis of T2DM 



•In addition to the association of NAFLD with the 
metabolic/insulin resistance syndrome, two common genetic 
variants increase the risk of NAFLD. 
 

• A variant in the patatin-like phospholipase domain-
containing 3 (PNPLA3) confers to NAFLD susceptibility by 
increasing liver fat content, risk of inflammation, and fibrosis 
(‘PNPLA3 NAFLD’).  
 

• Genetic variation in the transmembrane 6 superfamily 
member 2 (TM6SF2) (rs58542926[T], encoding E167K) is also 
associated with liver fat accumulation and increased risk of 
NASH (‘TM6SF2 NAFLD’).  
 

• Insulin resistance is not a characteristic of these two 
conditions 

Lallukka et  Yki-Jarvinen 2016 



Impact of principal genetic variants associated 
with hepatic  fat content on the risk of 
progressive liver disease related to NAFLD, and 
of IR and T2DM 



METABOLISM 2016 

• NAFLD with MetS implies a considerable risk for 
cardiovascular diseases, type 2 diabetes and the increase of 
left ventricular mass index whereas NAFLD without MetS 
does not. 



The prevalence of new diabetics in different 
study groups 

Käräjämäki AJ, et al 2016 
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Changes of left ventricular mass index after 
more than 20 years‘ follow-up 



 Individuals with NAFLD and MetS have a significantly higher 
overall, cardiovascular, and liver-related mortality 
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NAFLD with and without MetS 

• NAFLD without MetS is just an earlier stage of the 
disease spectrum predisposing to MetS and its 
complications? 

• NAFLD without MetS does not seem to increase long 
term cardio metabolic (CV) co-morbidities. 

• NAFLD with MetS causes a broad spectrum of CV 
and metabolic co morbidity and mortality. 

• From a therapeutic  point of  view, it is most 
important to select the NAFLD subjects who are at 
increased  risk  for future CV/metabolic co-
morbidities. 



NAFLD, MetS, Genetic polymorphism 

• There are different phenotypes of NAFLD 

 

• The major division between the phenotypes is whether 
the NAFLD is combined with IR. 

 

• As both the genetic conditions and MetS are common, 
there must be many subjects with “Double Trouble 
NAFLD”. 

 

• Studies are needed to elucidate the complex interplay 
of genetic, environmental factors and IR. 

 

 


