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Younossi ZM et al. Hepatology 2019 and 2023

Mantovani et al Gut 2021
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Diabetes predictions
WORLD

EZ3 700 million /b 51%

EED 578 million increase
EIED 463 million

IDF Atlas 9th edition

Europe

EIEN 68 million 1\ 15%

EZEE 66 million increase
EEZER 59 million

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

MASLD diagnosed by Ultrasound or MRI-MRS

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




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

Change in nomenclature/diagnosis
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What the term MASLD includes

o

MASL MASH stage
1-3 fibrosis

Cirrhosis

Normal

Obesity, diabetes, metabolic syndrome, alcohol use

* Decrease in microbial
diversity
* Higher Enterobacteriaceae,

* |ncreased DCA

e Pt ls. Vaineils Gut-microbiome-bile acid alteration SR EACEd CDA

* Shift towards more function

Gram-negative microbes
Loomba et al., Cell 2021

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

EASL EASD EASO guidelines 2024



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

Diagnosis of MASLD is incidental!!!

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

- 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




Quale & la prevalenza di MASH nei T2D con ALT > 20-30U/L?
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Higher Fibrosis and HbA1C in subjects with T2D and MASH

PREVALENCE OF FIBROSIS - HbA1c %
FO'=F1 mF2 mF3 mF4 PREVALENCE OF |
MASH 7,6 7,7
“no-MASH =MASH 7,4
£ 74 POPULATION
7 Patients with liver biopsy
’ ALT F>20 U/L M> 30 U/L

6,8 (mean value ALT 49U/L)

no MASH MASH 65% with obesit
‘ino MASH ©MASH o WIth obesity

Castera et al Diabetes Care 2023

HbA1c %
PREVALENCE OF FIBROSIS PREVALENCE OF MASH 7,0
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Ajmera et al J Hepatol 2023



Adipose Tissue Insulin Resistance
MASLD and

Metabolic syndrome o MASLD
/ ~— Liver steatosis +
l tLipolysis =1 criterium
[ Chronic ]\ [ Tpr:j?;:fgnme:tmy ] la"t:mmr::tory 1 Abdominal obesity
Inflammation secretion secretion . Dysglycemia

Hypertension

Low HDL

Hypertriglyceridemia

1 hepatokines |« VZ i

> Hepatic and peripheral insulin p Insulin resistance
resistance, B-cell dysfunction

1 MASLD / \ T2D l

[ LIPO-TOXICITY ]_[ Hyper- ]<—[ Hyper- ]_.[ GLUCO-TOXICITY]

||pidemia g|ycemia
CVD Atherosclerosis

< Endothelial Dysfunction
1> CARDIO-RENAL RISK

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



- __________________
Mechanisms: Lipid metabolism

MASLD
Liver steatosis +

-1oteium | © DYysfunctional adipose tissue and IR

Abdominal obesity

 Excess lipolysis
Dysglycemia

 Excess abdominal obesity

Hypertension

Low HDL * Hepatic lipoprotein synthesis

Hypertriglyceridemia

* Hepatic De Novo Lipogenesis (DNL)

Insulin resistance

Rinella et al J Hepatol 2024



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

Excess Lipolysis
Adipo-IR = FFAX INS

sé tissue insulin

O
= A

| Lipolysis |' Secretion of pro- ] IR

FFA inflammatory cytokines
\ Diabetes

'ﬂtl‘lﬁ-il‘lﬂﬂl‘l‘ll‘l‘lﬂiﬁl‘y \
adipokine secretion .
ipotoxicl MCP-1, TNF-a 1
(l Adiponectin, IL-1 ]
MASH /

l Insulin concentrations

e e e [ [P e The effect of insulin in adipose tissue is to
Activation of pro inflammatory pathways decrease lipolysis and release of FFA

Impaired insulin secretion

(Adipnsa tissue insulin rasistancaj

FFA concentration

T2D
Gastaldelli & Cusi JHEP Rep 2019, Klein et al Cell Metab 2022 Groop et al JCI 1989, Gastaldelli et al Gastroenterology 2007



1M Adipose tissue insulin resistance in MASH and T2D

Adipo-IR = FFAX INS

Adipose tissue insulin resistance index o %*
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Brouwers B et al Clinical Sci 2017 Gastaldelli et al Hepatology 2009 ¥

Gastaldelli et al Diabetes 2017

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



What is the impact of Dietary sugars | uin
. . Fructose
abdominal obesity?

SFA

ChREBP. REBP1c
\ j Ceramides I

—— DNL I DAGs

M VLDL secretion

\. & ’ : . . /»;9,7/%
Adipose tissue IR T Lipolysis -

Lipases

Large VLDL

Chylomicrons

Dietary lipids What iS the impaCt Of
VLDL secretion and DNL?

/ ¥ IG-rich HDL
: HL
Small dense LDL o

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




Composition of VLDL triglycerides after a standardized evening meal
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Visceral fat is increased already in subjects with MASH and BMI<25

kg/m? and correlates with IR and lipolysis
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Mechanisms: Glucose metabolism

MASLD

Liver steatosis +
=1 criterium

Abdominal obesity | ® Fasting glucose metabolism

vsdveema | o Postprandial glucose metabolism

Hypertension

 Altered insulin secretion
Low HDL

Hypertriglyceridemia

Insulin resistance

Rinella et al J Hepatol 2024



IR and increased metabolic fluxes in MASLD
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nature reviews gastroenterology & hepatology https://dol.org

Review article

Hepatic glucose metabolism
in the steatoticliver

Egeria Scoditti®’, Silvia Sabatini®?, Fabrizia Carli? & Amalia Gastaldelli®?

Scoditti et al Nat Rev Gastr Hep 2024



MASLD have high fasting glucose

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

e )
1 Fasting Glucose
Concentration
2501 LJT2DM  \_ s
[_| No T2DM
200+ N
Diabetes 150- { N
; 48 Intrahepatic TG
mgidl, 4 )
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Normal 501 ¢ * °
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Why MASLD have high fasting glucose?

|
MASLD / T2D _
Increased glucose production Insufficient glucose disposal

VLDL
secretion
- | Glucose Rd
Liver ¢EGP . High glucose t---x--- Muscle

Hepatic and muscle IR are
the major causes of fasting
hyperglycemia

Gluconeogenesis
De novo lipogenesis

Masoodi Gastaldelli et al Nat Rev Gastr Hepatol 2021



HGP is increased with severity of MASH, hepatic inflammation

and fibrosis not steatosis
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Tracer Fluxomics cohort Transcriptomics cohort
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Increased HGP is associated with lipolysis and HOMA-IR
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Increased HGP is associated with lipolysis and HOMA-IR
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Hepatic IR is increased in MASH with advanced fibrosis

Tracer Fluxomics _ _
Transcriptomics

P=0.007

750 y MIASLD 60- / MASLD
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Sabatini et Cell Reports in Medicine 2024



Rosso C, .. Gastaldelli Bugianesi Hepatology 2016
Glucose and Insulin are higher in subjects with MASLD and Fibrosis >=2

independent of obesity
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independent of obesity
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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

OGIS
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Svegliati and Gastaldelli Liver int 2020

OGTT and worsen with MASH

OGTT hyperglycemia is due to *IR and |, insulin release during
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e
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. AARisk of T2D

Insulin sensitivity Insulin secretion

N

B-cell dysfunction

Euglycemia

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

e |nsulin action Insulin concentrations = == » Glucose concentrations

Gastaldelli, Cusi, JHEP Rep. 2019



Liver-pancreas cross-talk

Hepatic vein The cross talk pancreas- liver is very

(‘Q important for both hepatic and
F Arterial  peripheral metabolism

; \ circulation
ﬁ /j 60-70% _
/" degradation [ Insulin ]
| Gl . . . .
= J Disruptionin liver-
pancreas cross talk
A\Risk of T2DM

Liver

Insulin Hepatic
' artery

Portal
vein ] .
the plasma insulin response represents the

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

Pancreas



MASLD patients have higher fasting
insulin because of high ISR and reduced
ins clearance

Liver mICT mNAFLD
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Junker et al J Hepatol 2016

Hepatic insulin clearance
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Gastaldelli Cusi Gastroenterology 2007,

Gaggini M et al Nutrients 2013

R=0.464 p<0.0003
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Zaharia et al Diabetes Care 2023
Impact of hepatic steatosis on whole-body insulin sensitivity and
insulin clearance in patients with/without diabetes
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High-risk groups

Steatosis
or elevated
aminotransferases

Obesity and/or
=22 cardiometabolic
risk factors

Treatment

Pre-diabetes
or T2D

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



Strong link between MASLD and T2D

Dysfunctional
adipose tissue

Excess PPAR agonists

GLP-1R agonists
for weight loss

¥ lipolysis
Insulin
eS|stanc
MASLD / \
L potoxicity Hyper Ilpldaemla Hyper glycaemla
Saturated fat |

Ceramides,
DNL, DAG, ROS,
Oxidative stress,
Mitochondrial Beta ceII
dysfunction dysfunctlon

—| Glucotoxicity
Age,

ROS,

Oxidative stress,
Mitochondrial
dysfunction

Modified from Gastaldelli & Cusi JHEP Reports 2019 \i ) GLP-1R agonists



e
Only THRB, PPARa and glucagon agonists act on hepatocytes

THRB agonist Hepatocyte Glucagon

: . . y Y receptor
1 Bile acid excretion / \ P
Glucagon agonist

1 Lypolysis, lipophagy

J

T Cholesterol synthesis

1T OXPHOS, mitophagy

™ Mitochondrial turnover

‘\\ 1 Gluconeogenesis

|

J Oxidative stress

\ ¥ Lipogenesis, steatosis

¥ Glycogen synthesis

PPARa agonist
™ FGF-21

¥ Gluconeogenesis .

JV ER and oxidative stress

Do et al Nature Reviews Drug Discovery (2024)



Intervention for resolution of MASH and impact of weic

Diet and lifestyle intervention 1 year Bariatric surgery 1 year

ht loss

[
GLP-1
agonists

\_

Survodutide 2.4-6.0mg weekly
for 48w

Semaglutide 0.4mg daily for Tirzepatide 5-15mg weekly
72w for 52w

Semaglutide 2,4mg weekly
for 72w

(=)
(=]

~
vy

34,1

W
(=]
1

—
W
1

Percent of participant

(=]

Placebo (n=266) Semaglutide
2.4mg (n=534) j

Resmetirom 80-100mg daily
for 52w

Lanifibranor 800-1200mg daily
for 52w

Pioglitazone, 45 mg/d
for 18 months

F Carli et al JHep Reports 2024



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
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