
MASH e diabete
Fisiopatologia: 
uovo o gallina?

Amalia Gastaldelli, PhD

Cardiometabolic Risk Laboratory, Pisa Italy Division of Diabetes, San Antonio TX

amalia.gastaldelli@cnr.it



Conflict of interest

PRESENTER DISCLOSURE
Dr. Amalia Gastaldelli

Advisory Boards/consultant: Boehringer Ingelheim and Novo 
Nordisk, Eli-Lilly, Fractyl, Pfizer, Merck-MSD, Metadeq
Speaker’s honorarium/other fees: Eli-Lilly, Novo Nordisk, 
Madrigal, Echosense and Pfizer  



IDF Atlas 9th edition

Diabetes predictions

High prevalence of MASLD and strong Strong correlation 
with T2D

• The global prevalence of MASLD in T2D is 67% (was 55%)
• The global prevalence of MASH in T2D is 41% (was 37.3%)
• Advanced fibrosis/cirrhosis 38% (was 17%) in those who had a 

liver biopsy

MASLD diagnosed by Ultrasound or MRI-MRS  

Prediction of global prevalence of in 2045
• MASLD+T2D   469 million 
• MASH+T2D     286 million

MASLD is associated with a 2.2-fold increased risk 
of developing diabetes. (Mantovani Gut 2021)

Younossi ZM et al. Hepatology 2019 and 2023 Mantovani et al Gut 2021



NAFLD ⊖
Non-alcoholic Fatty 

Liver Disease

LIVER STEATOSIS 
Exclusion

alcohol consumption 
(M<30  and F<20 g/day) 

Exclusion
any other secondary 

cause of hepatic steatosis

Change in nomenclature/diagnosis

Isolated 
steatosis

NAFL

Steatohepatitis 
NASH

by liver biopsy

Eslam et al 2020

MAFLD ⊕
Metabolic (dysfunction) Associated 

Fatty Liver Disease

Lean/normal weight
BMI<25  kg/m2 + 
≥ 2 metabolic risk factors
↑ Waist circumference
↑ Blood Pressure
↑ Triglycerides
↓ HDL
↑ C-reactive protein
Prediabetes
HOMA≥2.5

Overweight/
Obesity

BMI≥25  kg/m2

Type 2 Diabetes

No mention of 
alcohol intake

LIVER STEATOSIS AND

Ludwig et al 1980

MASLD ⊕
Metabolic (dysfunction) Associated Steatotic

Liver Disease

Isolated steatosis
(MASL)

LIVER STEATOSIS AND

at least 1 metabolic risk factor in 
the absence of excessive alcohol 

consumption 
(M<30  and F<20 g/day) 

Steatohepatitis (MASH)
by liver biopsy

MetALD: 
MASLD AND

increased 
alcohol intake 
(F: 20–50; M: 
30–60 g/day)

Rinella et al 2023

Gastaldelli & Newsome JCEM 2025, EASL-EASD-EASO guidelines JHEP, Diabetologia, Obesity Facts 2024 



Loomba et al., Cell 2021

MASL MASH stage 
1-3 fibrosis

What the term MASLD includes

Who are at risk? (Estimated prevalence is 38% of all adults)
Diagnosis of MASLD remains incidental

EASL EASD EASO guidelines 2024



Guidelines suggest screening for fibrosis in high-risk population 
because critical for the management of liver disease

EASL CPG: Non-invasive tests for evaluation of liver disease severity and prognosis. J Hepatol 2021;73(3):659–689.

• Presence and severity of liver fibrosis correlates with prognosis
• Presence of cirrhosis identifies patients at risk of:

• Clinical decompensation
• Liver-related mortality
• Hepatocellular carcinoma

Association of fibrosis and cirrhosis with prognosis and clinical 
progression is irrespective of aetiology

Diagnosis of MASLD is incidental!!!



Quale è la prevalenza di MASH nei T2D con ALT > 20-30U/L? 

A. 30%
B. 40%
C. 50
D. >50%



POPULATION
Patients  with liver biopsy 
ALT F>20 U/L M> 30 U/L 
(mean value ALT 49U/L)
65% with obesity

25%

31%14%

21%

9%

PREVALENCE OF FIBROSIS

F0 F1 F2 F3 F4

Ajmera et al  J Hepatol 2023

39%

61%

PREVALENCE OF MASH

no-MASH MASH

Higher Fibrosis and HbA1C in subjects with T2D and MASH

22%

23%

17%

28%

10%

PREVALENCE OF FIBROSIS
F0 F1 F2 F3 F4

Castera et al Diabetes Care 2023
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↓anti-inflammatory 
adipokine 
secretion

Chronic 
Inflammation

ABDOMINAL OBESITY 
Adipose Tissue Insulin Resistance

↑Lipolysis

↑FFA

Hepatic and peripheral insulin 
resistance, β-cell dysfunction

LIPO-TOXICITY

MASLD T2D
GLUCO-TOXICITY

Atherosclerosis 
Endothelial Dysfunction
↑ CARDIO-RENAL RISK

Hyper-
lipidemia

Hyper-
glycemia

CVD CVD

↑ pro-inflammatory 
adipokines 
secretion

↑ hepatokines

from Neeland,.. Gastaldelli .. Despres Nature Rev Dis Primers 2024

MASLD
Liver steatosis +      
≽1 criterium

Abdominal obesity

Dysglycemia

Hypertension

Low HDL

Hypertriglyceridemia

Insulin resistance

MASLD and 
Metabolic syndrome



• Dysfunctional adipose tissue and IR

• Excess lipolysis

• Excess abdominal obesity

• Hepatic lipoprotein synthesis

• Hepatic De Novo Lipogenesis (DNL)

Mechanisms: Lipid metabolism
MASLD

Liver steatosis +      
≽1 criterium

Abdominal obesity

Dysglycemia

Hypertension

Low HDL

Hypertriglyceridemia

Insulin resistance

Rinella et al J Hepatol  2024



Gastaldelli & Cusi JHEP Rep 2019, Klein et al Cell Metab 2022

MASH

T2D

OBESITY

Adipose tissue insulin resistance and dysfunction is associated 
with MASLD and T2D
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Insulin concentrations

IS IR

Diabetes

The effect of insulin in adipose tissue is to 
decrease lipolysis and release of FFA

Adipose tissue insulin 
resistance

Excess Lipolysis
Adipo-IR = FFA x INS

Groop et al JCI  1989, Gastaldelli et al Gastroenterology 2007



↑ Adipose tissue insulin resistance in MASH and T2D

Gastaldelli et al Diabetes 2017
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Gastaldelli et al Hepatology 2009

T2D-Groups divided according to 2h-PG:  
G1 <300 mg/dL, G2 300-360 mg/dL, 
G3 >360 mg/dL

Adipo-IR = FFA x INS

Brouwers B et al Clinical Sci 2017



TCA

Citrate
Acetyl-
CoA

TAG synthesis

ACLY

Fatty Acid 
Oxidation

DNL

CPT1
CAT

Adipose tissue IR FFA 
re-esterification

↑ VLDL secretion

↑ Dyslipidemia

Glycerol

↑ Lipolysis CD36

Pool FFA ↑

TG-rich LDL
TG CE

CETP

HL

HL

CETP

TG-rich HDL

Small dense LDL

Small HDL

Large VLDL

Lipid droplets

TGs
TGs

TGsTGs

Fructose

Dietary sugars

ChREBP SREBP1c

InsulinGlucose

Ceramides
DAGs

Chylomicrons
Dietary lipids

SFA

Lipases

FATP

F Carli, G Della Pepa, S Scoditti , AJ Vidal-Puig, A Gastaldelli JHep Reports 2024

What is the impact of  
VLDL secretion and DNL?

What is the impact of  
abdominal obesity?



Composition of VLDL triglycerides after a standardized  evening meal

Lambert et al Gastroenterology 2014

DNL

MRI –PDFF      3.1%                      18.4%  

FA from VF or intrahepatic fat

47%

38%

10%

5%

low LF

TG from AT

TG for VF/LF

TG from DNL

TG from evening meal

DNL

35%

37%

23%

5%

high LF

TG from AT

TG for VF/LF

TG from DNL

TG from evening meal

DNL TG from 
SAT

TG from 
VF

DNL

TG from 
VF

TG from 
SATTG from 

SAT

TG from 
SAT



Visceral fat is increased already in subjects with MASH and BMI<25 
kg/m2 and correlates with IR and lipolysis

CT BMI<25
MASH BMI<25
MASH BMI 25-30
MASH BMI>30

E
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* ****
****

*
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C D

*
***

univariate correlation matrix between BMI, fat distribution, 
lipolysis and circulating TG and metabolic parameters in 
the entire cohort. Correlations that are not statistically 
significant (Pearson’s p-value≥0.05) were crossed out.

Saponaro et al Liver Int 2022



• Fasting glucose metabolism

• Postprandial glucose metabolism

• Altered insulin secretion

Mechanisms: Glucose metabolism
MASLD

Liver steatosis +      
≽1 criterium

Abdominal obesity

Dysglycemia

Hypertension

Low HDL

Hypertriglyceridemia

Insulin resistance

Rinella et al J Hepatol  2024



Scoditti et al Nat Rev Gastr Hep 2024

↑ Insulin
↑ Glucagon

IR and increased metabolic fluxes in MASLD
↑ Glucose

↑ LIPIDS



MASLD have high fasting glucose

↑ Fasting Glucose 
Concentration

Bril, Hepatology 2017

(Most MASLD have FPG>100 but no association with higher IHTG) 

Pre-diabetes

Diabetes

Normal



Masoodi Gastaldelli et al Nat Rev Gastr Hepatol 2021

Why MASLD have high fasting glucose?

↓ Glucose Rd↑EGP

MASLD / T2D

Hepatic and muscle IR are 
the major causes of fasting 
hyperglycemia



***
0.07

ns

P= 0.001P= 0.02

HGP is increased with severity of MASH, hepatic inflammation 
and fibrosis not steatosis 

0.08
*

*
*

P= 0.01

NO T2D

*

*
* 0.08 NO T2D

T2D

Steatosis

Fibrosis

AS

Sabatini et Cell Reports in Medicine 2024

Tracer Fluxomics cohort Transcriptomics cohort



Increased HGP is associated with lipolysis and HOMA-IR

Tracer Fluxomics

Sabatini et Cell Reports in Medicine 2024



Increased HGP is associated with lipolysis and HOMA-IR

Tracer Fluxomics

Sabatini et Cell Reports in Medicine 2024



Hepatic IR is increased in MASH with advanced fibrosis

Sabatini et Cell Reports in Medicine 2024

Tracer Fluxomics
Transcriptomics

P=0.007
P=0.02



Rosso C, .. Gastaldelli Bugianesi Hepatology 2016

Glucose and Insulin are higher in subjects with MASLD and Fibrosis >=2 
independent of obesity

Low fibrosis

High fibrosis

Low fibrosis, 
non obese Fibrosis and 

obesity

Muscle insulin resistance was evaluated by OGTT with the 
measurement of OGIS index



Rosso C, .. Gastaldelli Bugianesi Hepatology 2016

No association with steatosis

Low fibrosis

High fibrosis

Low fibrosis, 
non obese Fibrosis and 

obesity

Steatosis and 
obesity

Glucose and Insulin are higher in subjects with MASLD and Fibrosis >=2 
independent of obesity



Low fibrosis

High fibrosis

Low fibrosis, 
non obese Fibrosis and 

obesity

Rosso C, .. Gastaldelli Bugianesi Hepatology 2016

Glucose and Insulin are higher in subjects with MASLD and Fibrosis >=2 because of 
higher insulin resistance  not reduced insulin secretion
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Svegliati and Gastaldelli Liver int 2020

↑INSULIN RESISTANCE

OGTT and worsen with MASH 
OGTT hyperglycemia is due to ↑IR and ↓ insulin release during
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Alterations in Glucose Metabolism in MASLD
Individuals with MASLD have increased insulin resistance in liver, muscles, and adipose tissue, even 
if they do not have obesity and/or diabetes. Risk of T2D

Gastaldelli, Cusi, JHEP Rep. 2019

NGT, no_MASLD IGT, MASLD_Lean IGT, MASLD_Obese Diagnosis of T2D Progression of T2D

Insulin action Insulin concentrations Glucose concentrations

Insulin sensitivity

β-cell failure

Insulin secretion

β-cell dysfunction

Euglycemia



Liver-pancreas cross-talk

The cross talk pancreas- liver is very 
important for both hepatic and 
peripheral metabolism

Disruption in liver-
pancreas cross talk
Risk of T2DM

Liver

Pancreas

Portal 
vein

Hepatic 
artery

Hepatic vein

∽ 60-70%
degradation

In
s

ul
in

Insulin
Glucose

Arterial 
circulation

Insulin

the plasma insulin response represents the 
sum of the beta cell insulin secretory rate and 
the insulin clearance (mainly hepatic)



Junker et al J Hepatol 2016

MASLD patients have higher fasting 
insulin because of high ISR and reduced 
ins clearance
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Gastaldelli Cusi Gastroenterology 2007, 
Gaggini M et al Nutrients 2013

Kotronen Gastroenterology 2008

Pancreas

Insulin secretion

Liver insulin

Insulin clearance



Impact of hepatic steatosis on whole-body insulin sensitivity and 
insulin clearance in patients with/without diabetes

Zaharia et al Diabetes Care 2023

Insulin 
sensitivity

Insulin 
clearance

Pancreas

Insulin secretion

Liver insulin

Insulin clearance



Treatment

From Gastaldelli&Newsome JCEM 2025, EASL-EASD-EASO CPG J Hepatol 2024



Strong link between MASLD and T2D

Lipotoxicity Glucotoxicity
Saturated fat

MASLD

Modified from Gastaldelli & Cusi JHEP Reports 2019

Excess
lipolysis

Dysfunctional 
adipose tissue

PPAR agonists

GLP-1R agonists

GLP-1R agonists 
for weight loss



Only THRβ, PPARα and glucagon agonists act on hepatocytes

Do et al Nature Reviews Drug Discovery (2024)



Bariatric surgery 1 year

Survodutide 2.4-6.0mg weekly  
for 48w

Tirzepatide 5-15mg weekly  
for 52w

Resmetirom 80-100mg daily 
for 52w

Semaglutide 0.4mg daily for 
72w

Lanifibranor 800-1200mg daily 
for 52w

Diet and lifestyle intervention 1 year

Pioglitazone, 45 mg/d 
for 18 months

GLP-1 
agonists

Intervention for resolution of MASH and impact of weight loss

Semaglutide 2,4mg weekly 
for 72w

34,1

62,9
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Conclusions
Abnormal glucose metabolism in MASH even in those without T2D, and 
associated to hepatic inflammation and fibrosis (not steatosis)

In MASLD it is important to improve both glucose and lipid metabolism 
and to improve IR, in particular in adipose tissue and liver. 

Weight loss is the most effective way to resolve MASLD, although not 
all drugs work through weight loss



GROUP
• Fabrizia Carli
• Demetrio Ciociaro
• Flavia Cozzolino
• Lia De Benedictis
• Riccardo Ducoli
• Elisa Ferrari
• Patrizia Infelise
• Simona Manuguerra
• Filippo Pratesi
• Samantha Pezzica
• Silvia Sabatini
• Egeria Scoditti
• Elisabetta Spagnolo

PAST FELLOWS
• Chiara Barbieri
• Giuseppe Della Pepa
• Simona Fenizia
• Melania Gaggini
• Sara Guerra
• Gabriele Mocciaro
• Barbara Patricio
• Maura Pettiti
• Marco Russo
• Chiara Saponaro
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