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NAFLD = T2D? What does it mean?  
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EPIDEMIOLOGY: 
the same world-wide metabolic pandemia for T2D and NAFLD
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EPIDEMIOLOGY: 
the same world-wide metabolic pandemia for T2D and NAFLD

Younossi Z. et al. Nat Rev Gastroenterol Hepatol 2018; 15: 11-20  
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EPIDEMIOLOGY: a link between obesity and T2D and NAFLD

Yki-Järvinen H. et al. Lancet Diabetes Endocrinol 2014; 2: 901-10.
DeFronzo RA. et al. Nat Rev Dis Primers 2015; 1: 15019

T2D NAFLD



WHAT IT IS THE PREVALENCE OF NAFLD in T2D?

N=939 patients with T2

70%

43%



…AND IN PRIMARY CARE?

N= 100
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INSULIN RESISTANCE / T2DNAFLD / NASH
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RELATION BETWEEN LIVER FAT AND 
COMPONENTS OF METABOLIC SYNDROME

Kotronen A. et al. J Clin Endocrinol Metab 2007; 92: 3490-97

271 non-diabetic subjects (162 women, 109 men)
Liver fat assessed by proton MRI (spectroscopy)

Liver fat (%) Liver fat (%)

Liver fat (%) Liver fat (%)
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RELATION BETWEEN LIVER FAT AND HEPATIC INSULIN RESISTANCE

Kotronen A. et al. Diabetologia 2008; 51: 130-38

45 non-diabetic men; hyperinsulinemic-euglycemic clamps 
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PATIENTS WITH NAFLD DISPLAY INSULIN RESISTANCE AS IN T2D 

Marchesini G. et al. Diabetes 2001; 50: 1844-50

Hepatic insulin resistance

Peripheral
insulin resistance
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Hepatic rather than intramyocellular fat content 
is associated with features of Met-S 

Kotronen A. et al. Diabetologia 2008; 51: 130-38
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SELECTIVE HEPATIC INSULIN RESISTANCE:
A molecular basis for T2D

Brown MS & Goldstein JS. Cell Metab 2008; 7: 95-96
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Brown MS & Goldstein JS. Cell Metab 2008; 7: 95-96

SELECTIVE HEPATIC INSULIN RESISTANCE:
A molecular basis for T2D
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NAFLD/NASH: PATHOPHYSIOLOGY

59%

26%

15%

Adipose tissue IR

Hepatic IR

Postic C & Girard J. J Clin Invest 2008; 118: 829-38.
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CHRONIC OVERNUTRITION 

Insulin resistance

Compensatory hyperinsulinemia

Increased lipogenesis

Etopic lipid deposition

b-cell dysfunction and apoptosis

Chronic hyperglycemia

NAFLD

T2D

?
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NAFLD is a risk factor for new onset type 2 diabetes

Framingham cohort – 20 years follow-up

Goessling W et al. Gastroenterology 2008; 135: 1935-44
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NAFLD is a risk factor for type 2 diabetes

Sung KC et al J Clin Endocrinol Metab 2013; 98: 3637-43

13 218 non-diabetic Korean subjects followed during 5 years
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NAFLD T2D

NAFLD and T2D: a same disease? The dilemna of genetics
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GENETICS OF T2D: THE GWAS ERA

Bonnefond A. et al. Trends Mol Med 2010; 16: 407-16 



28

GENETICS OF NAFLD: THE PREDOMINANT ROLE OF PNPLA3

Anstee QM et al. Nat Rev Gastroenterol Hepatol 2013; 10: 645-55

+ TSM6SF2

Exome-wide association study
with hepatic TG content in the 

Dallas Heart study (n=2736)
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NAFLD does not always correlates with insulin resistance…

1. The SNPs rs738409 of PNPLA3 correlates with liver fat content BUT NOT with insulin sensitivity1

2. PNPLA3 (Ile148 Met) impairs hepatic TG hydrolysis but does not associate with insulin resistance

3. A similar dissociation between liver fat content and insulin sensitivity is also observed with the
E167K variant in TM6SF22 and in familial hypobetalipopproteinemia3

1 Kantartzis K et al. Diabetes 2009; 58: 2616-23; 2 He S. et al. J Biol Chem 2010; 285: 6706-15; 
3 Zhou Y. et al. J Hepatol 2015: 62: 657-63; 4 Amaro A. et al. Gastroenterology 2010; 139: 149-53.   



30

…and  cardiovascular diseases

NAFLD is associated with an increased burden of subclinical atherosclerosis only when it is linked to 

MetS traits rather than when it occurs owing to the PNPLA3 rs738409 gene polymorphism

100 patients with MetS and CC genotype (Gpe M) 
100 patients with NAFLD and GG genotype (Gpe G)
100 controls with CC genotype

PNPLA3 genotypes

CIMT as primary endpoint

Di Costanzo A. et al. Atherosclerosis 2017; 257: 232-39. 
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Life style changes improve both T2D and NAFLD

Intervention

750 kcal/day less than daily energy need
64% carbohydrates, 22% fat (< 10% SFA), 14% Prot
Physical activity: 200 min walk /week 

Vilar-Gomez E. et al. Gastroenterology 2015; 49: 367-78
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BARIATRIC SURGERY

Mathurin P, Gastroenterology 2009; 137: 532-540

362 patients who underwent bariatric surgery
(gastric banding of RYGB) 

➔ significant decrease of steatosis and ballooning
➔maximal effect at 1 year
➔ early improvement of insulin resistance (QUICKI) is the best predictor of the long-term outcome
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THE DISCREPANT EFFECT OF METFORMINE IN T2D & NASH

- Metformin is the first choice therapy in T2D regarding its hypoglycaemic efficacy and 
potential cardiovascular benefit (UKPDS 34) 

- Metformin failed to demonstrate some clinical efficacy in NAFLD

TONIC trial

Lavine JE et al. JAMA 2011
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DIFFERENCES BETWEEN METFORMIN AND 
GLITAZONES MECHANISMS OF ACTION

Tiikkainen M. et al. Diabetes 2004; 53: 2169-2176.

Double-blind, randomized study in 20 drug-naïve T2DM patients, comparing metformin, 2g/j 
and Rosiglitazone 8g/j for 16 weeks

Hyperinsulinemic-Euglycemic clamps

Rosi METRosi MET

 Glitazones improve both hepatic and peripheral insulin sensitivity
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Pioglitazone > Rosiglitazone on ballooning and fibrosis



38

GLP-1 R agonists and liver steatosis: molecular mechanisms

Samson SL et al. J Diabetes Complic 2013; 27: 401-406 

 It is unclear whether or not  GLP-1 R is expressed in hepatocytes 

 GLP-1 R agonists can improve steatosis in an indirect manner through body weight loss

 Pilot mechanistic study with liraglutide 1.8 mg/d (n=7) or PCB (n=7)
in patients with liver biopsy-proven NASH

Improved hepatic IR

LIRA PCB

Reduced lipolysis

Hyperinsulinemic-euglycemic clamps Human hepatocytes

Armastrong ME et al. J Hepatol 2016; 64: 399-408 

Reduced hepatic DNL



39≅ 35% of patients with T2DM

Disappareance of
ballooning without

worsening of fibrosis



40Tilg H. et al. Nat Rev Gastroenterol Hepatol 2017; 14: 32-43
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TAKE HOME MESSAGES 

 NAFLD is the « liver » feature of Metabolic syndrome (Met-S)  

 Selective hepatic insulin resistance is the main underlying molecular common
driver for both NAFLD and Met-S

• Interventions should target insulin resistance (« insulin sensitizers »)

• A tight collaboration between diabetologists & hepatologists is required
- Hepatologists for screening Met-S and T2D in patients with NAFLD
- Diabetologists for screening NAFLD and NASH in patients with T2D

 Genetics tell us that we need « Precision Medicine » to stratify NAFLD 
(rs738409 PNPLA3 vs other) and optimize therapeutic management
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Cluster-analysis with 6 variables: GAD antibodies, age at diagnosis,
BMI, HbA1C, HOMA-IR & HOMA-B 
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Prevalence of NAFLD in ANDIS estimated from
ALT measurements

Cluster-analysis with 6 variables: GAD antibodies, age at diagnosis,
BMI, HbA1C, HOMA-IR & HOMA-B 
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