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Global Prevalence of NAFLD/MASLD

(1990-2019) 

Younossi ZM et al, Hepatology. 2023 Apr 1;77(4):1335-1347. 

The Global Prevalence of MASLD The Global Prevalence of MASLD over 
Time



Schwimmer JB, et al. Pediatrics. 2006, Vos M et al. J Pediatr 
Gastroenterol Nutr. 2017 

The Global Prevalence of MASH The Global Prevalence of MASLD: Pediatrics

Younossi ZM et al, Hepatology. 2023 Apr 1;77(4):1335-1347. 
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Natural History of MASLD and MASH

Fibrolysis
Fibrogenesis

Non-linear Progression

Younossi Z et al. EMJ Hepatol. 2022, Sayiner M, et al. Clin Liver Dis. 2016;20(2):205-214; Younossi ZM, et al. Hepatology. 2016; 
64(5):1577-1586. Lequoy M, et al. Horm Mol Biol Clin Investig. 2020, 29;41(1), Younossi Z et al. Hepatology 2018, Younossi Z J  
Hepatology 2019
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Consequences of NASH/MASH: 
Cirrhosis, Liver Transplantation and Mortality

Younossi ZM, Hepatol Commun. 2023 Dec 22;8(1):e0352

• Prevalence of MASH cirrhosis in the general population 
is 0.31 % (meta-analysis) and 1.84% (NHANES)

• Prevalence of MASH cirrhosis among MASLD (Meta-
analysis): 5.05 % (95% CI 2.78-9.02)

• MASLD-cirrhosis mortality rate per 100 PY Overall: 7.46 
(95% CI 3.67-14.56)
Owrangi S, Z Younossi DDW 2024 

Liver Transplantation in the USA (Non-HCC)
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NAFLD/MASLD with T2D

NAFLD/MASLD Cirrhosis

Mortality (Per 1,000 person-yrs)

Younossi ZM et al, Hepatology. 2023 Apr 1;77(4):1335-1347, Younossi ZM. Et al Clinical 
Gastro and Hepatology  2024, Owrangi S, Z Younossi DDW 2024 

Cirrhosis



Paike J and Younossi Z Hepatology Communication 202

Global Consequences of MASLD:
Death from Liver Cancer and Cirrhosis (APC 2010-2019)

Liver Cancer Death Cirrhosis Death
NAFLD ALD HCV HBV NAFLD ALD HCV HBV

Global 0.81 0.28 -0.61 -0.04 -0.12 -0.87 -0.86 -3.02
Region

Australasia 1.21 0.17 1.28 0.27 -0.05 -0.49 -0.26 -0.12
High-income North America 1.54 2.59 0.96 1.25 1.51 -0.64 0.53 -1.97
High-income Asia Pacific -1.71 -1.22 -2.53 -1.54 -1.26 -1.63 -3.04 -1.12
Southern Latin America 1.37 1.43 1.24 0.09 0.56 0.38 0.31 -4.00
Western Europe 0.25 -0.12 -0.13 -0.08 -1.24 -1.39 -1.64 -2.95
Central Europe -0.65 -0.81 -1.20 -1.69 -1.31 -1.40 -1.62 -2.71
Eastern Europe 1.27 -0.03 0.55 -0.31 -0.24 -1.00 -0.66 -5.32
Central Asia 0.32 -0.05 -0.68 -1.01 0.15 -0.22 -0.35 -4.21
Southeast Asia 0.70 0.33 -0.15 -0.74 -0.36 -0.44 -0.83 -2.37
East Asia 1.66 1.83 0.10 0.22 -0.61 -1.80 -1.65 -6.62
Oceania 0.06 0.00 -0.27 -0.55 -0.20 -0.38 -0.47 -0.91
South Asia -0.09 0.18 -0.19 -1.34 0.30 -0.20 -1.77 -2.72
Andean Latin America 0.87 0.46 -0.22 -0.30 -0.81 -0.98 -0.98 -4.10
Caribbean 1.84 1.79 1.09 1.27 1.39 1.38 1.16 0.16
Central Latin America 1.51 1.40 0.59 0.64 -0.29 -0.03 0.10 -0.34
Tropical Latin America 1.49 0.19 0.20 0.13 -0.03 -1.68 -1.87 -2.96
North Africa and Middle East 0.92 -0.35 -1.24 -0.08 -0.14 -0.57 -0.59 -2.51
Central Sub-Saharan Africa 0.38 0.35 -0.58 -1.25 0.25 -0.25 -0.14 -4.32
Eastern Sub-Saharan Africa 0.46 -0.22 0.15 -0.77 -0.32 -0.73 -0.51 -3.80
Southern Sub-Saharan Africa -1.27 -1.74 -1.90 -2.02 -2.34 -2.37 -2.66 -4.19
Western Sub-Saharan Africa 0.04 -0.28 -0.62 -1.16 -0.94 -1.40 -1.38 -2.95

Improving Trend (APC≤ 0%)
Worsening Trend (APC> 0%)



Younossi Z, et al. Clin Gastroenterol Hepatol. 2004;2(3):262–265., Hossain N, et al. Clin Gastroenterol Hepatol. 2009;7(11):1224-1229.e1-2., Golabi P, et al. Medicine  2018;97(13):e0214.
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Increasing Number of Metabolic Risks Are 
Associated With Advanced Fibrosis 

Increasing Number of Metabolic Risks Are 
Associated With Mortality

• NAFLD & DM (n = 44) vs 
NAFLD alone (n = 88)

• Patients with NAFLD and 
DM have:
• Higher rate of cirrhosis 

(25% vs 10.2, P = 
0.04)

• Higher liver-related 
mortality (RR = 22.83, 
P = 0.003)

• Higher mortality 
(RR = 3.3, P = 0.00

Long-Term Outcomes of 
Patients With T2D and NAFLD 
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Clinical Predictors of Outcomes in MASLD: 
Impact of Cardiometabolic Risks



All-Cause Mortality

13 studies 4,428 NAFLD  (2,875 histological NASH)

Liver-Related Mortality
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HR 0.16 (95% CI: 0.04, 0.65)
p=0.0104

HR 0.08 (95% CI: 0.02, 0.32)
p=0.0004

• NASH cirrhosis (STELLAR-4 and Simtuzumab clinical trials)
• Regression: Any reduction in fibrosis (NASH CRN or Ishak)
• Liver-related events: Ascites, portal hypertension haemorrhage, HE, MELD 

>15, LT and death
• In NASH-cirrhosis, regression was observed in 16% over 48 weeks

Fibrosis regression and liver-related events in NASH cirrhosis

Regression of Fibrosis Leads to Improvement of Clinical Outcomes

Taylor RS, Taylor RJ, Bayliss S, Hagström H, Nasr P, Schattenberg JM, Ishigami M, Toyoda H, 
Wai-Sun Wong V, Peleg N, Shlomai A, Sebastiani G, Seko Y, Bhala N, Younossi ZM, Anstee 
QM, McPherson S, Newsome PN. Gastroenterology. 2020May;158(6):1611-1625

Histologic Predictors of MASLD Outcomes

Sanyal AJ, et al. Hepatology. 2022 May;75(5):1235-1246..

Since liver biopsy to stage liver disease in clinical practice is no longer desirable, a number of non-invasive tests 
(NITs) such as FIB-4, TE, ELF and MRE are being used to risk stratify MASLD patients



Risk Stratification

Predictors of MASLD Outcomes



Sterling et al. Hepatology. 2006, Eddowes et al. Gastroenterology. 2019. Vali et al. J Hep. 2020; Day 
J et al. JALM. 2019, Newsome et al; Lancet Gastro Hep. 2020

Indeterminate

High Cutoff (PPV)Low Cutoff (NPV)

Low Probability of F3/4 High Probability of F3/4

2.671.3

NITs Used to Identify High Risk 
MASH Patients



Liver stiffness

• Obtained through a VCTE 
measurement

• Correlated to extent of fibrosis

CAP
• Quantification of ultrasound 

attenuation obtained in VCTE 
measurement

• Correlated to liver steatosis

Stage Threshold  
(kPa)

AURO
C

Sensitivit
y Specificity PP

V NPV

F0-F1 vs > 
F2 8.2 0.77 0.71 0.70 0.78 0.61

F0-F2 vs > 
F3 9.7 0.80 0.71 0.75 0.63 0.81

F0-F3 vs F4 13.6 0.89 0.85 0.79 0.29 0.98

FAST: CAP+LSM+AST

Attention 
to LSM 
values

0.35 0.67

NITs Used to Identify High Risk 
MASH Patients



Imaging Technique: MRI-PDFF and MRE

Noureddin. Hepatology. 2013, Loomba. Hepatology. 2015, Loomba Hepatology. 2014; Patel et al. Ther Adv Gastroenterol. 2016; Han, Noureddin. Liver Int. 2020..

Cutoff for 
Detecting 
Advanced Fibrosis

Sensitivity
(95%CI)

Specificity
(95%CI)

PPV
(95%CI)

NPV
(95%CI)

MRE stiffness
≥ 3.64 kPa

0.86 
(0.65-0.97)

0.91
(0.83-0.96)

0.68
(0.48-0.84)

0.97
(0.91-0.99)

• Modified phase-contrast pulse sequence to visualize 
rapidly propagating mechanical shear waves (~60 Hz)

NITs Used to Identify High Risk 
MASH Patients



• Hyaluronic acid (HA)
• Procollagen III amino terminal peptide (PIIINP)
• Tissue inhibitor of metalloproteinase 1 (TIMP-1)

Risk of 
Decompensation

>11.3

Presence of 
Advanced FibrosisModerate4Early to no fibrosis

Sensitivity of 85%
15% of patients with 

Advanced Fibrosis are missed

Sensitivity of 90%
10% of patients are wrongly 
diagnosed with Advanced 

Fibrosis

≥9.8<7.7

Vali et al. J Hep. 2020; Day J et al. JALM. 2019.

ELF cut-off scores and accuracy for measurement 
of Advanced Fibrosis4

≥9.2

NITs Used to Identify High Risk 
MASH Patients



Higher risk with
increasing FIB-4
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Cumulative incidence for:
• All with high baseline FIB-4: 12.8%
• FIB-4 increase: 18.5%
• FIB-4 decrease: 10.1%

High
(>2.67)

Indeterminate 
(1.30–2.67)

Low 
(<1.30)

Increase Decrease

12-month FIB-4 changeBaseline FIB-4 risk category

Anstee Q, et al. AASLD 2022. Late-breaking poster #5049. 

• Longitudinal cohort study of 20,433 
patients to evaluate the association of 
12-month changes in FIB-4 with risk of 
developing severe NASH-related clinical 
events

• UK Clinical Practice Research Datalink 
linked with Hospital Episodes Statistics 
and Office for National Statistics data 
(2001–2020)

• Change in FIB-4 calculated from 
baseline to 12 m

FIB-4

NITs Predicting Outcomes



• 4192 adults NHANES (2017–
2018) 

• CAP (aHR: 1.01, 95% CI: 1.0–
1.05), and LSM (aHR: 1.06, 95% 
CI: 1.02 1.11) associated with 
overall mortality. 

• NAFLD by CAP ≥ 285 had a 2.2-
fold (95% CI: 1.0–4.7) increased 
odds of mortality 

• Cumulative mortality rates 
were significantly higher in 
participants with LSM of 9.7–
13.5 (advanced fibrosis) and 
LSM ≥ 13.6 (cirrhosis) 

Vilar-Gomez E et al. Hepatology. 2023 Apr 1;77(4):1241-1252

VCTE

NITs Predicting Outcomes



ELF

• Combined data from 4 
clinical trials of SEL/SIM

• N = 2154 with advanced 
NASH

• 47.5% F3, 52.5% F4
• 72% had diabetes
• 60% Female, 40%, Male
• Mean follow-up = 16 

months

HR = 2.48 (P <0.0001) HR = 2.83 (P <0.0001) 
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Younossi ZM, et al. Gastro 2021;160:1608-19 

F3 F4

NITs Predicting Outcomes



• The study included 320 NAFLD 
patients with MRE. 

• Threshold for distinguishing
      -cirrhosis from NC: 4.39 kPa 
       -DCC: 6.48 kPa 
       -DCC odds with LS increase
                (OR 3.28) (P < .001). 

      
Han MAT, Liver Int. 202040(9):2242-51.

MRE

NITs Predicting Outcomes



Algorithms for Risk Stratification: 
2024 EASL–EASD–EASO Clinical Practice 
Guidelines on the management of MASLD

EASL, J of Hepatology. 2024.



EASL patient guideline, Francque SM., JHEP Reports 2021 

Lifestyle Recommendations 
for MASLD

Overweight/Obese MASLD Non-Obese MASLD



REGENERATE (n=2370, fibrosis stage 1–3)
• Fibrosis improvement ≥1 stage without NASH worsening 

Obeticholic 
acid 

Lipotoxicity/oxidative 
stress (FXR agonist)

Efruxifermin FGF19/FGF21

Agent Mechanism

MAESTRO-NASH (n=966, fibrosis stage 2–3)
• NASH resolution with at least a 2-point improvement in NAS without worsening of fibrosis

Resmetirom
(MGL-3196)

Lipotoxicity
(TRß agonist)

ARMOR (n=2000, fibrosis stage 2-3)
• Reversal of NASH without worsening of fibrosisAramchol Lipotoxicity

(SCD1 inhibitor)

Treatment for NAFLD and NASH: 
Current and Potentially Future Treatment Regimens (Phase 3)

Phase 2 complete Phase 3: Ongoing 2025?Semeglutide GLP-1RA

Lanifibranor Pan PPAR

Pegozafermin
 

FGF19/FGF21

STOP

HOLD

GO!

Stopped after FDA Advisory

Phase 2 complete

Phase 2 complete

Phase 2 complete

Phase 3: On going

Phase 3: SYNCHRONY Study

Phase 3: ENLIGHTEN Study



Harrison S et al. NEJM. 2024.

A Phase 3, Randomized, Controlled Trial 
of Resmetirom in NASH with Liver Fibrosis

• At week 52, more patients (>80%) on resmetirom improved or remained 
stable

If NASH Resolution or Fibrosis improvement (> 1Stage), response is 
higher



MASLD
Assess steatosis

Rule out other causes of liver disease 

Treat
VCTE >10-15 kPA OR
MRE >3.3-4.2 kPA OR

ELF score 9.2-10.4* OR
FAST, MAST, MEFIB 

AND
platelets >140 AND no evidence 

PHTN

Consider treatment
VCTE 15.1-19.9 kPA OR

MRE 4.3-4.9 kPA OR
ELF score 10.5-11.3* OR

FAST, MAST, MEFIB  
AND 

platelets >140 AND  no evidence 
PHTN

Do not treat
VCTE >20 kPa**

OR
MRE >5 kPa**

OR
ELF >11.3**

Assess for fibrosis

*To reduce false positives, we propose that two concordant blood based or liver stiffness above threshold values for VCTE or MRE that suggest the presence of significant/advanced 
fibrosis and not cirrhosis. In scenarios where only ELF is available in isolation, either a liver biopsy or a cutoff of 9.8 and higher is warranted. ** If biopsy is performed and liver histology 
demonstrates Stage 2 or 3 disease, treatment is appropriate, as long as there is no clinical or imaging evidence of portal hypertension (eg, ascites apparent on imaging, gastroesophageal 
varices, history of hepatic encephalopathy). PHTN: portal hypertension.

NITs to Select Patients for Treatment 
With Resmetirom 

Noureddin M, et al Clin Gastroenterol Hepatol. 2024 Jul 20:S1542-3565(24)00667-0. doi: 10.1016/j.cgh.2024.07.003. Epub ahead of print. PMID: 39038768.



6 months 12 months

Assess safety and efficacy

Assess treatment response
• ALT >17 IU/L and/or >20% 

improvement* or normalization
• VCTE ≥30% drop in LSM
• MRI-PDFF ≥30% drop in liver fat

Continue

Start 
Resmetirom

3 months

• Routine DILI 
parameters

• Tolerability

Confirm safety
Worsening of NITs* STOP

No change in NITs*

Treatment 
monitoring:
• ALT
• VCTE
• PDFF

Consider 
continuing, 
add-on or 
alternate 
approach

*ALT improvement should be accompanied by improvement in 
imaging (≥ 30 reduction in MRI-PDFF or VCTE).  

Noureddin M, et al Clin Gastroenterol Hepatol. 2024 Jul 20:S1542-3565(24)00667-
0. doi: 10.1016/j.cgh.2024.07.003. Epub ahead of print. PMID: 39038768.

Assessment of Safety and Treatment 
Response on Resmetirom



Harrison S, et al.  Lancet Gastro & Hep. 2023

EfruxiferminPegozafermin 

Loomba et al, ILC 2024

Lanifibranor Semaglutide 

Franque S et al.  NEJM. 2021
.

Newsome P, et al.  NEJM 2021

Phase 3 Trials of Drugs for 
Treatment of MASH



Extra-Hepatic Diseases Associated 
with MASH

Younossi Z et al 2020

MASLD



Sarcopenia: International Consensus

Morley JE, et al J Am Med Dir Assoc. 2011 Jul;12(6):403-9.

• A continuous process of loss of 
striated muscle mass and function, 
reducing locomotion, mobility and 
postural tonus 

• In current definition of sarcopenia, 3 
important aspects are considered:

• muscle strength, 
• muscle quantity and quality, 
• physical performance. 

• Name derived from the Greek—
sarcopenia (ie, flesh loss).

• Sarcopenia leads to negative effects 
on function and clinical outcome.

• “no decline with age is more 
dramatic or potentially more 
functionally significant than the 
decline in muscle mass”   
    Rosenberg IH, 1997

Differentiate from Other Similar Diseases



Diagnostic Methods for Sarcopenia



Diagnostic Methods for Muscle Loss

Morley JE, et al J Am Med Dir Assoc. 2011 Jul;12(6):403-9.



Odds of advanced fibrosis with 
sarcopenia and NAFLD

Giri S, et al.. World J Gastrointest Pathophysiol 2024; 15(1): 91100

• Depends on diagnostic 
modality:

• The overall prevalence 
varied significantly (1.6% 
MRI) to 63.0% (DEXA) 

• In DEXA studies, 
prevalence of sarcopenia 
ranged from 12.2% 
[ASM)/BMI) to 63.0% when 
using ASM/weight

*appendicular skeletal muscle mass (ASM)

Prevalence of sarcopenia in 
NAFLD

• Some 
association with 
increased intima-
media thickness 
and carotid 
plaques

• Association with 
insulin resistance

Associations with Other 
Metabolic Diseases

Sarcopenia and MASLD: Prevalence 
and Associations



• The study uses the index skeletal muscle mass to 
visceral fat area ratio (SVR) to describe 
Sarcopenic Obese (SO)and its association with 
MASLD using NHANES (2017–2018) (N=2087)

• SVR was calculated according to the 
measurement of dual-energy x-ray 
absorptiometry and MASLD was diagnosed with 
CAP and CMR

• Significant association between SVR and MASLD 
was shown
o OR: 3.11, 95% CI: 1.31–7.39, p = .010 middle SVR
o OR: 3.82, 95% CI:1.45–10.08, p = .007 lowest SVR)

Association Of Skeletal Muscle Mass to 
Visceral Fat Area Ratio and MASLD

Mai Z et al. J of Diabetes 2024 



• Systematic review of 24 studies (N=88 609 
participants). 

• Prevalence of sarcopenia higher in the 
NAFLD group than control (pooled OR 1.74, 
95% CI 1.39 to 2.17). 

Deng C, et al. BMJ Open 2024;14:e078933. doi:10.1136/bmjopen-2023-078933

• Regional analysis: Increased risk of sarcopenia (pooled OR 
1.97, 95% CI 1.54 to 2.51) in the Asian group, 

• No significant association with the risk of sarcopenia 
• American (OR 1.31 (95% CI 0.71 to 2.40) or 
• European patients (OR of 0.99 (95% CI 0.21 to 4.69)

Is the Association only in Asian 
Patients?



Harring M, Golabi P, Paik JM, Shah D, Racila A, Cable R, Srishord M, Younossi ZM.. Clin Gastroenterol Hepatol. 2023 Oct;21(11):2876-2888.e5..

Sarcopenia in MASLD Is Associated 
With Advanced Fibrosis

• NHANES 2017-2018 (N=2,422) 
• NAFLD: TE w/o other CLD

• Significant=LS >8.0 kPa 
• Advanced= >13.1 kPa

• Sarcopenia by EWGSOP
• Sarcopenic NAFLD was 

associated with advanced 
fibrosis 

• Association independent of 
demographics, socioeconomic 
status, and metabolic 
characteristics. 

• Increased leisure time physical 
activity (>300 min/wk) is 
associated with a lower risk of 
sarcopenia. 

NHANES 2017-2018 (N=2,422) 



Sarcopenia and Physical Inactivity 
Associations with Mortality in MASLD

Van Dongen C, Paik JM, Harring M, Younossi Y, Price JK, Kabbara K, 
Golabi P, Younossi ZM.  Hepatol Commun. 2022 Nov;6(11):3140-3153. 

• NHANES 1999-2004 (N=12,032) 34.9% w CLD
o 0.5% HBV, 1.8% HCV, 5.7% ALD, 26.9% NAFLD 

and 65.1% controls 
• Sarcopenia was more common among NAFLD 

than other CLDs 
o 40.7% in NAFLD, 27.2% in ALD, 22.4% in HCV, 

16.8% in HBV, and 18.5% in controls; p < 0.001). 
• NAFLD and ALD patients with sarcopenia were 

less likely to meet ideal LS7 metrics than 
without sarcopenia

• Mortality after 27 years of FU, HCV (35.2%), 
ALD (34.7%) and NAFLD (29.6%)

• Sarcopenia was associated with higher risk of 
all-cause mortality only among NAFLD (hazard 
ratio [HR] 1.24; 95% C] 1.01–1.54; p = 0.04). 

• In NAFLD, sarcopenia higher risk of CVM (HR 2.28 
[1.71–3.05; p < 0.01]), cancer-specific (HR 1.90 [1.37–
2.65]; p < 0.01) & LRM (HR 2.49 [1.08–5.76]; p = 0.04). 

• MVA: Component of LS7 metrics (BMI, BP, physical 
activity, and glycemic control) provided strongest 
protection against sarcopenia in NAFLD



Golabi P, Gerber L, Paik JM, Deshpande R, de Avila L, Younossi 
ZM.  JHEP Rep. 2020 Aug 15;2(6):100171.

Sarcopenia Associations with 
Mortality in CLD

• NHANES (1999–2004)-Linked 
Mortality (N=4611) 

• NAFLD by US FLI w/o other CLD 
(29.3%)

• Sarcopenia was defined using 
appendicular lean mass divided 
by BMI  as defined by NIH (DEXA) 
(17.7%)

• Activity level was determined 
using standard self-reports. 

• Sarcopenia inversely related to 
higher PA level, 

– NAFLD (OR= 0.45 [95% CI 0.30–0.69]) 
– Non-NAFLD (OR = 0.51 [0.35–0.75]).

• Compared with NAFLD without sarcopenia, 
NAFLD with sarcopenia had higher risk of

• All-cause HR = 1.78 [1.16–2.73])
• Cardiac-specific (HR = 3.19 [1.17–8.74])
• Cancer-specific mortality (HR = 2.12 [1.08–4.15]). 



Korean National Health and Nutrition Examination Surveys database (n = 7,191) 2008-2011

Han E et al. Am J Gastroenterol. 2020.
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Fernández-Mincone T et al. NAFLD and sarcopenia: pathophysiological connections and therapeutic implications. Expert Rev Gastroenterol Hepatol. 2020.

MASLD and Sarcopenia 



1. screen: 
questionnaire

2. Diagnose with 
muscle strength

3. Confirm by 
measuring muscle 
mass

4. Grade severity by 
measuring physical 
performance

Fernández-Mincone T et al. Nonalcoholic fatty liver disease and sarcopenia: pathophysiological connections and therapeutic implications. 
Expert Rev Gastroenterol Hepatol. 2020.

Clinical Assessment for Sarcopenia



Fernández-Mincone T et al. Nonalcoholic fatty liver disease and sarcopenia: pathophysiological connections and therapeutic implicationsExpert Rev Gastroenterol Hepatol. 2020.

Management of Sarcopenia in MASLD



• MASH is common and its global burden is growing
• NITs can be used to risk stratify MASH
• Treatment include management of co-morbidities with lifestyle 

and drugs
• The only approved drug in the US is resmetirom
• Other regimens are being developed
• Sarcopenia is relatively common in MASLD and associated 

with mortality
• Standard approach to screening and treatment must be 

considered in each patients with MASH

MASLD and Sarcopenia

Summary
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