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Nonalcoholic steatohepatitis: Mayo Clinic
experiences with a hitherto unnamed disease

Histology: Obesity
-Steatosis Women
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“Necrosis Diabetes
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_Fibrosis dyslipidemia

Ludwig J Mayo Clin Proc 1980



Hepatic triglyceride content directly correlates with fasting
insulin and serum triglyceride in normoglycemic men

r=0.64, p<0.001 A r=0.60, p<0.001
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Seppdild-Lindroos Journal of Clinical Endocrinology & Metabolism, 2002



MASLD is an independent risk factor for diabetes

All participants (n = 3,074) Men (n = 1,866) Women (n = 1,208)

Crude Multivariate adjusted Multivariate adjusted Multivariate adjusted

OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value

NAFLD at baseline 6.05 (4.45-8.22) <0.001 2.37(1.60-3.52) <0.001 2.27(1.47-351) =0.001 3.01(1.18-7.68) 0.021
Apge (continuous) 1.04 (1.02-1.07) =<=<0.001 1.04(1.01-1.07) 0.0022 1.05 (1.00-1.11) 0.073
Women 0.91 (0.61-1.35)  0.63

BMI {continuous) 1.11 (1.04-1.17) 0.0010 1.12 (1.04-1.20) 0.0017 1.05(0.94-1.18)  0.37
IFG 4.11(2.93-5.77) <0.001 3.62(2.47-532) <0.001 6.12(3.09-12.14) <0.001
Family history of diabetes 2.16 (1.50-3.13) =0.001 2.03(1.32-3.13) 0.0013 2.76(1.33-5.78) 0.0066
DL 1.68 (1.18-2.39) 0.0040 1.73(1.15-2.59) 0.0084 1.45 (0.68-3.11) 0.34
HT 1.08 (0.71-1.63) 0.73  1.06(0.67-1.67) 0.81 1.16 (0.43-3.08)  0.77
Physical exercise 0.54 (0.31-0.95) 0.034 055(0.28-1.06) 0.074 047(0.15-1.51) 021

Logistic regression models were used to estimate the ORs, 95% Cls, and P values.

Yamazaki Diabetes Care 2015



Liver Steatosis is an Independent Predictor
of Atherosclerosis

P Beta

Age < 0.001

Iype 2 diabetes 0.066
High blood pressure < 0.001
Tobacco 0.004
nsCRP 0.329
Steatosis® 0.001

Case (n=930) vs. control (n=1,624) study from high risk individuals for CAD from Paris, France
*steatosis measured by fatty liver index and included as a continuous variable in the model

C-IMT=carotid intima-media thickness; CAC= t Icification; hsCRP=hult iti ti tei .
carotid intima-media thickness coronary artery calcification; hs ultra sensitive c reactive protein Pais Hepatology 2019



MASLD predicts of cardiovascular mdisease risk

MASLD cohort n=10,023//
o

Cumulative incidence of
cardiovascular disease

20
Follow-up duration (years from MASLD diagnosis)

Shang et al. Hepatology 2021



MASLD is a risk factor for Heart Failure

Duration, PY IR, 1000 PY HR (95% Cl)
Model 1 Model 2 Model 3 Model 4

MASLD
MetALD
ALD with HD

Model 1: Non-Adjusted; Model 2: Age, Sex; Model 3: Age, 5ex, Income, Smoking, Regular exercise, CCl Score; Model 4: Age, Sex, Income, Smoking, Regular exercise,
CCl Score, Fasting glucose, DM Duration, Insulin, OHA, CKD, Statin, BMI

IR, incidence rate; PY, person years; HR, hazard ratio; Cl, confidence interval; SLD, steatotic liver disease; MASLD, metabolic dysfunction-associated steatotic liver . .
disease; MetALD, metabolic alcohol-associated liver disease; ALD with MD, alcohol-associated liver disease with metabolic dysfunction; VH, viral hepatitis; CV, R Oh et al Ca rd|0V Dia bet 2024
cardiovascular; HF, heart failure;




MASLD clusters with Chronic Kidney Disease

Study ID ES (95%Cl) % Weight

N . .
Ryu (2007) 1.87 (1.31, 2.67)
Shen (2017) 1.33 (1.07, 1.64)
Kubutsor (2017) 0.97 (0.64, 1.47)
Huh (2017) 1.46 (1.19, 1.79)
Chang (2008) 1.60 (1.27, 2.01)
Sinn (2017) 1.21 (1.03, 1.44)
Subtotal (l-squared = 46. 7%, p = 0.095) > 1.35 (1.16, 1.54)

Diabetics
Targher (2008) 1.49 (1.10, 2.20)

Targher (2014) 1.85 (1.03, 3.27)
Subtotal (l-squared = 0.0%, p = 0.572) < > 1.56 (1.07, 2.05)

Overall (l-squared = 33.5% p = 0.160) O :‘l 20, 1.53)

NOTE: Weights are from random effects analysis

Byrne and Targher J Hep 2020



Systemic MASLD

Atherosclerosis

1]\ Heart failure

Increased lipoprotein Hyperiensicn

secretion
: d
©.

Kidney failure
Diabetes

Mancina et al Nat Met 2025



All cause mortality in MASLD

General population controls Patients with MASLD Bl Other

[ Endocrine

[ Mental health disorder
[ External

[ Respiratory

[ Gastrointestinal

[ Infection

[] Cardiovascular

B Non-HCC cancer

[ HCC
B Liver

5 10 5 10
Years since baseline Years since baseline

Issa J hep 2025



MASLD Clinical trajectories
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Human Genetics of Steatotic Liver Disease
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Linear relationship between liver fat, cirrhosis and HCC
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Lowering Liver Triglycerides Reduces Fibrosis

(ITT population)
100;5 FIBROSIS IMPROVEMENT

P<0.001 P<0.001

FIBROSIS IMPROVEMENT
/ 37/94 (39%)
40- 35/95 (37%) 242 —

30—
22/96 (23%)

20—

10+

Placebo Resmetirom, Resmetirom,
| I (N=318) 80 mg 100 mg

Lifestyle Roux-en-Y Sleeve (N=316) (N=321)

Verrastro O Lancet 2023 Harrison NEJM 2024



Human Genetics of Steatotic Liver Disease
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TMG6SF2 E167K increases liver
inflammation and fibrosis

100 -
p=0.003 p=0.008 E167K TM6SF2
80 -
mEE
X _
od) 60 - n= 1,044
% mEK + KK
© 40 n=157
>
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Q. 2o
O i

NASH Advanced fibrosis

NASH= nonalcoholic steato-hepatitis Dongiovanni et al Hepatology 2015



TMG6SF2 E167K decreases the incidence of
cardiovascular disease in the SOS study

201 HR=0.61 (95% C.I. 0.39-0.95) —
p=0.030 e EK+KK
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years 0 5 10 15 20
EEn= 1,526 1,497 1,276 635 112
EK+KK n= 294 289 250 108 16

Dongiovanni et al Hepatology 2015



TMG6SF2 Carriers have lower
plasma APOB and TGs in the SOS Study

Triglycerides 2.1+1.5 1.8+ 1.0
(mmol/L)

APOB 1.24+0.3 1.19+0.3
(g/L)

HDL-C 13+03  1.3+0.3
(mmol/L)

Dongiovanni et al Hepatology 2015



TMG6SF2 E167K carriers are protected from
cardiovascular disease at the cost of liver disease




GWAS on liver fat content with
different adiposity adjustment

37 loci for liver triglycerides

PNPLA3
TADRSSE

17 loci for liver inflammation

@ Pleiotropic
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Hepatic triglyceride content

< 1573026242 (CEBPG)
rs36029295 (RP11-766F14.2)

_rs62271373 (TSC22D2)
rs1801689 (APOH)

< 1532436 (ABO)
rs174533 (MYRF)
152454933 (ADAMTS18)

For a total of 26 novel loci
associated with MASLD

£52227963 (GSTM1)"
18:59323966:CTT:C (CDH20)

5:72951153:GT:G (ARHGEFE28)

6 were replicated in
independent cohorts

rs1985912 (PRMTS)
£579905393 (RARB)
1512833624 (FAM101A)
1512130283 (CELA2B)

&

152207132 (MAFB)
157012637 (RP11-10A14.4)

15344790 (CKM)
1510406327 (PEPD)
151495741 (NAT2)
15531117 (MOGAT2)
1517277932 (DNM3)
15446994 (DLG4)

1573221948 (CDCA2)

156955582 (GUSB

1s36014933 (TECTB I

Jamialahmadi Nat Med 2024

0.2

Fixed-effect

NEO, N=1822
MAFALDA, N=172
Liver-BIBLE, N=1081
DHS, N=828

0.3 0.4




Liver lipoproitein retention
as a paradigm for chronic liver disease

'—c

2 Partitioned Polygenic risk score (pPRS) with variant predicted to cause
lipoprotein retention




pPPRS dissects 2 types of MASLD: a liver specific
(discordant) and a systemic (concordant)

i o i o
Chronic liver disease - : 1 i
: . e
Cirrhosis - : 1 :
| | ——
HCC - 5 1" |
l ! °
Autoimmune liver diseases - E 10 i
All cancer (excluding blood) - | 1 |
Cardiovascular disease (CVD) - | 10 |
: B
Heart Failure (HE) - : 1L
! |l __e—
Diabetes E 1r :
: I =
Hypertension - E ar : : .
! PDFF-circulating TGs PRS e PDFF-circulating TGs PRS
. _ = * Concordant P  Concordant
Chronic kidney failure - : Discordant 17 : Discordant
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10’ 10! 10° 10!

Jamialahmadi Nat Med 2024 OR HR



Unsupervised Clustering identifies two types of MASLD

with different metabolic features in people with obesity

ABOS cohort (n=1389)
B Cardiometabolic (n=158)
- Liver specific (n=99)
] Controls (n=1132)

nighycerides

Raverdy, Tavaglione Nat Med 2024




Replication in Independent cohorts

Validation cohort (n=1,099)
B Cardiometabolic (n=48)
Liver-specific (n=119)
Control (n=932)

UK Biobank MRI cohort (n=6,792)
B Cardiometabolic (n=65)
Liver-specific (n=128)
Control (n=6,599)

PDFF>5.5 /ct1>800 (%)
; N

Raverdy, Tavaglione
Nat Med 2024




MASLD with different clinical trajectories for CVD and diabetes

B Cardiometabolic (n=158)
Liver specific (n=99)
Controls (n=1132)

Chronic liver disease

LS vs CTRL p<0.001
CMvs CTRL p<0.001
4% CMvs LS p=0.71
@ (Pairwise Log-rank)
T 3
(@]
k= )
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Time (year)

Cardiovascular disease

7 CMvs LS p<0.001

Cumulative incidence

LS vs CTRL p=0.16
CMvs CTRL p<0.001

(Pairwise Log-rank)

Time (year)

Cumulative incidence

20% 1

Type 2 diabetes

LS vs CTRL p<0.001
CMyvs CTRL p<0.001
CMyvs LS p<0.001
(Pairwise Log-rank)

Time (year)

Raverdy, Tavaglione Nat Med 2024



MASLD Clusters

Age:

48

35

hbalc %:

7,8

ALT in IU/L:

23
Triglycerides in
mmol/L:

4

Cholesterol LDL
in mmol/L:

3

Age: 48

BMI: 35

hbalc %: 7.8

ALT in IU/L: 23

Triglycerides in mmol/L: 4
Cholesterol LDL in mmol/L: 3

Cluster: Cardiometabolic
(CM) SLD

https://ulr-metrics.univ-lille.fr/masldclusters/
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Liver specific MASLD Systemic MASLD

Glucose
VLDL
LDL

LD

i l \&/pertensmn
Diabetes Diabetes

Raverdy, Tavaglione Nat Med 2024 Jamialahmadi Nat Med 2024



@ E S C European Heart Journal (2025) 00, 1-29 SPECIAL ARTICLE

E?"COpganl Society https://doi.org/10.1093/eurheartj/ehaf314 Diabetes and metabolic disorders
of Cardiology

Clinical staging to guide management

of metabolic disorders and their sequelae:
a European Atherosclerosis Society
consensus statement

Stefano Romeo ©® "23%%% Antonio VidaI-Puig°’7’8’*, Mansoor Husain”*,
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Kausik K. Ray 46 on behalf of the European Atherosclerosis Society Consensus

O
(o]
=
=1
)
QO
(@8
(1]
(=
—h
-
o
3
-
=
o
e
=
1)
(]
Q0
o
1]
3
o
o
=
b
Q
(o]
3
=
1]
c
-
=
(1)
Q
=
=
oy
o
<
QO
=3
Q
@
Q0
=
o
1]
-
[=]
[=]
=-
—
o
Y
o
©
w
=
D



https://doi.org/10.1093/eurheartj/ehaf314

Systemic Metabolic Disorders

STAGE 1

Insulin resistance/
prediabetes

Dysfunctional/

MAINTAINED ST
ectopic adiposity

POSITIVE
ENERGY
BALANCE

GENETIC AND
ENVIRONMENTAL

FACTORS Liver steatosis

Hypertension

Dyslipidaemia

STAGE 2

STAGE 3

Type 2 diabetes
Diastolic dysfunction
MASH/fibrosis
CKD Kidney failure

Atherosclerosis ASCVD

Romeo, Vidal-Puig, Husain et al Eur Heart J 2025



Defining criteria for systemic metabolic disorder Stage 2

HbA1lc
>48 mmol/mol

Fasting P-glucose
>7.0 mmol/L Echocardiography

P-glucose
2 h after OGTT
>11.1 mmol/L

P-ALT, P-AST
elevated or
FNI >0.33

F2-F3 by transient
elastography or
MRE

F2—-F3 by liver
biopsy

Estimated GFR
>60 mL/min CAC score

per 1.73 m? >100

UACR Evidence of
atherosclerosis
by imaging

3-29 mg/mmol

Romeo, Vidal-Puig, Husain et al Eur Heart J 2025



All-cause mortality with Stage 1 or 2 in UKB participants

Adjusted hazard ratio [95% CI]

Metabolically
~ healthy 1.00 (Reference)

Stage 1 1.06 [1.03, 1.08], P=3.49E-5
Stage2  1.49[1.45, 1.53], P=8.73E-171
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Romeo, Vidal-Puig, Husain et al Eur Heart J 2025
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