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 1-WHAT IS THE MOST LIKELY CAUSE OF HER RAISED
LIVER FUNCTION TESTS?

2-CAN FATTY LIVER BE PRESENT IN THE ABSENCE OF
RAISED LFTS?

Mohsen Rajabnia,MD
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Ultrasound showed a grade 2
 fatty liver



Liver Enzyme in Fatty Liver











Fatty Liver Screening









 

WHAT IS THE PREVALENCE AND
INCIDENCE OF FATTY LIVER IN DIABETIC

PATIENTS AND OBESE INDIVIDUALS?

Hamidreza Zakeri,MD



 

Prevalence and
incidence of fatty

liver in diabetes and
obesity
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Prevalence in Diabetes

Gut. 2023 Nov;72(11):2138-2148. 31



Obesity as a Key Driver

Sci Rep 8, 15273 (2018). 32



Association between BMI and fatty liver risk

Sci Rep 8, 15273 (2018). 33



Synergy of Diabetes and Obesity

Clin Gastroenterol Hepatol. 2021 May 6;20(3):712–713. 34



Fibrosis and Cirrhosis Risks

Gut. 2023 Nov;72(11):2138-2148. 35



Public Health Implications
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WHAT IS THE DEFINITION OF
MASLD?

ROLE OF ALCOHOL USE

Mohsen Rajabnia,MD











NAFLD (1986)                          →                       MAFLD  (2020)                                →                  MASLD (2023)





What was the impetus for the name change?

• “non-alcoholic” → not accurately reflect the current understanding of disease drivers.

• “alcohol” intake is common in many cultures → left many patients outside the NAFLD diagnostic

category

• Poor categorization and heterogeneous (lean NAFLD, secondary, etc)

• Lower awareness even in patients with metabolic risk factor

• Stigmatization from names including “alcoholic” or “Fatty”





















  

WHAT ARE THE
DIAGNOSTIC
METHODS OF
MASLD?

Farhad Hosseinpanah,
MD



 

   Non-invasive Assessment of SLD

Hosseinpanah F, MD
Professor of Endocrinology and Metabolism
Shahid Beheshti University of Medical Sciences
 

 



The risk of liver-related mortality increases exponentially with increasing fibrosis stage

                                                                                                                                                           Dulai PS, et al. Hepatology 2017

Impact of fibrosis stage on liver-related mortality in a meta-analysis of five
multinational cohorts (17,452 PYF)



Noninvasive Assessment of NSH and Advanced Fibrosis in NAFLD

● Liver biopsy is currently the most reliable approach for identifying the presence of
steatohepatitis (SH) and fibrosis in patients with NAFLD

 
● But it is generally acknowledged that biopsy is limited by cost, sampling error, and

procedure-related morbidity and mortality
 

● Therefore, there has been significant interest in developing clinical prediction rules and
noninvasive biomarkers for identifying SH in patients with NAFLD

 



Lancet Gastroenterol Hepatol. 2023 Apr 12;S2468-1253



https://www.mdcalc.com/fibrosis-4-fib-4-index-liver-fibrosis





Lancet Gastroenterol Hepatol. 2023 Apr 12;S2468-1253



Vibration-controlled transient elastography
(VCTE)

● Measures the speed of a mechanically generated shear wave across the liver to
derive a liver stiffness measurement (LSM), a marker of hepatic fibrosis.

 
●  Measuring the attenuation of ultrasound signal through the liver is used to derive

the controlled attenuation parameter (CAP), which is as a marker of hepatic
steatosis

 





                 Fibrosis Staging

●  LSM ≥7.0–8.1 kPa, mild fibrosis (F1)
 

● LSM ≥8.2–9.6 kPa, moderate fibrosis (F2)
 

● LSM  ≥9.7–13.5 kPa, advanced fibrosis (F3)
 

● LSM ≥13.6 kPa, cirrhosis (F4)

Gastroenterology 2019;156:1717–1730



                                 Steatosis Staging

● CAP 274–289 dB/m (S1 = mild)
 

● CAP 290–301 dB/m (S2=moderate)
 

● CAP ≥ 302 dB/m (S3=severe)                

Gastroenterology 2019;156:1717–1730



Combining NITs to Improve Detection of Fibrosis

• Anstee QM, et al. Hepatology. 2019;70:1521-1530.



                key points to remember

● All non-invasive tests for liver fibrosis are better at excluding advanced fibrosis
than diagnosing it

 
 

● They have only modest positive predictive value for advanced fibrosis, but a much
stronger negative predictive value

 



Hepatology. 2023;77:1797–1835



Hepatology. 2023;77:1797–1835.



Hepatology. 2023;77:1797–1835.



Hepatology. 2023;77:1797–1835.



76
Comprehensive Medical Evaluation and Assessment of Comorbidities:
Standards of Care in Diabetes - 2025. Diabetes Care 2025;48(Suppl. 1):S59-S85
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BP: 148/92 mmHg BMI: 33.1 kg/m2 Waist circumference: 94 cm.

HbA1c: 7.4% Cholesterol: 224 mg/dl  

Triglycerides: 131.5 mg/dl HDL: 34.8 mg/dl, Non-HDL:189.2 



 

WHY IS IT IMPORTANT TO ESTABLISH WHETHER OR
NOT PATIENT HAS MAFLD/MASLD ?

IS THERE ANY LINK TO CARDIOVASCULAR
COMPLICATIONS?

WHAT ABOUT MANAGEMENT OF DYSLIPIDEMIA?

Manouchehr Nakhjavani, MD



 

 MASLD and
Cardiovascular
Complications

M. Nakhjavani, MD,
Endocrinology and Metabolic Disease
MAY 2025

 



 

 

Epidemiological data on
MASLD and the risk of
CVD complications

A systematic review and meta-analysis of population-based studies
published between 1990 and  2019
 
Younossi ZM, Golabi P, Paik JM, et al.
The global epidemiology of Nonalcoholic fatty liver disease (NAFLD)
and Nonalcoholic Steatohepatitis (NASH): a systematic review.
Hepatology 2023;77:1335–47.
 



• Pooled mortality rate 12.6 per 1000 person-years (95% CI 6.7 to
23.7)

• Cardiac specific mortality; 4.2 per 1000 person-years (95% CI
1.3 to 7.0)

• Extrahepatic cancer-specific mortality; 2.8 per 1000 person-
years (95% CI 0.8 to 4.9)

• Liver specific mortality; 0.92 per 1000 person-years (95% CI 0.0
to 2.2).

 

Epidemiological data on MASLD and the
risk of CVD complications

89

Younossi ZM, Golabi P, Paik JM, et al. The global epidemiology Nonalcoholic fatty liver disease (NAFLD) and
Nonalcoholic Steatohepatitis (NASH): a systematic review.
Hepatology 2023;77:1335–47.



All-cause and cause-specific mortality rate among NAFLD
patients

90

DOI: 10.1097/HEP.0000000000000004
Hepatology. 2023;77:1335–1347



Nonalcoholic Fatty Liver Disease as a Potential Risk Factor for
Cardiovascular Disease in Patients with Type 2 Diabetes: A
Prospective Cohort Study

91

Dehghani Firouzabadi M. et al,
International Journal of Endocrinology
Volume 2024, Article ID 5328965, 10 pages https://doi.org/10.1155/2024/5328965



Epidemiological data on MASLD and the risk of CVD
complications: Fatal and nonfatal CVD events 92

Author Study
characteristics

Study outcomes Random-effects
HRs(95% CI)

Mantovani et al, 2021 36 longitudinal
studies involving 5.8
million individuals,
median follow-up 6.5
years

Any fatal or nonfatal
CVD events, n=36
studies

1.45 (1.31 to 1.61)

  Fatal CVD events,
n=12 studies
 

1.30(1.08 to 1.56)
 

  Nonfatal CVD
events=13 studies
 

1.40(1.20 to 1.64)
 

Mantovani A, et al. Non-alcoholic fatty liver disease and risk of fatal and non-fatal cardiovascular
events: an updated systematic review and meta-analysis.
The Lancet Gastroenterology & Hepatology 2021;6:903–13.



Epidemiological data on MASLD and the risk of CVD
complications: Permanent atrial fibrillation 93

Cai et al, 2020 6 longitudinal
cohort studies
involving 614673
individuals, median
follow-up 10years

Incident atrial
fibrillation, n=6
studies

1.19 (1.04 to 1.31)

 Subgroup analyses in
patients with more
severe MASLD

Not enough data
available for analysis

 

Cai X, Zheng S, Liu Y, et al. Nonalcoholic fatty liver disease is associated with
increased risk of atrial fibrillation. Liver Int 2020;40:1594–600.



Epidemiological data on MASLD and the risk of CVD
complications: Heart Failure 94

Mantovani et al,
2022

11 longitudinal cohort studies
involving 12.2 million
individuals, median follow-
up 10years

Incident heart failure,
n=11 studies

1.50 (1.34 to 1.67)

 Subgroup analyses in patients
with more severe MASLD

Incident heart failure,
n=2 studies

1.76(0.75 to 4.36)

Mantovani A, et al. Non-alcoholic fatty liver disease and risk of new-onset heart failure:
an updated meta-analysis of about 11 million individuals.
Gut 2023;72:372–80.



Meta-analytical quantification of the excess risk of developing
extrahepatic cancers in middle-aged individuals with MASLD 95

• Mantovani A, et al. Non-alcoholic fatty liver disease and increased risk of incident extrahepatic
cancers: a meta-analysis of observational cohort studies. Gut 2022;71:778–88.



 

 

Pathophysiology of MASLD and its
Relationship with CVD  Complications



Pathophysiological aspects contributing to cardiovascular and
malignant complications in people with MASLD

 

97

Chronic liver inflammation
is a major driver of liver fibrosis and further
complications of MASLD, both inside and outside
of the liver.
 
It is also well established that low-grade
systemic inflammation, such as that
observed in MASLD and many other associated
diseases, may
promote CVD outcomes and tumorigenesis.



Pathophysiological aspects contributing to cardiovascular and
malignant complications in people with MASLD 98



Pathophysiological aspects contributing to cardiovascular and
malignant complications in people with MASLD

• Multiple parallel  Hits
Theory

   

   With respect to

• hepatic and extrahepatic
inflammation and their
driving forces, it remains
unclear which ‘hits’ come
first and take the lead.

99



Pathophysiological aspects contributing to cardiovascular and
malignant complications in people with MASLD

• Multiple parallel  Hits
Theory

Various pathophysiological factors
can adversely act in parallel, such
as

lipotoxicity,

insulin resistance,

obesity,

proinflammatory diets

or intestinal dysbiosis,

causing hepatic and
extrahepatic chronic

100



• Patients with MASH show evidence of low-
grade systemic inflammation as the
circulating levels of hsCRP and IL-1 receptor
antagonist (IL-1RA), another sensitive
marker of systemic inflammation, are
increased.

Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease. 101



 
• Interestingly, plasma hsCRP concentrations correlate

with all-cause mortality in MASLD patients, as well
as malignancy-related and CVD mortality.

•

Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease. 102



Pathophysiological aspects contributing to cardiovascular and
malignant complications in people with MASLD 103



Pathophysiological aspects contributing to cardiovascular and
malignant complications in people with MASLD 104



 

• MASLD and especially advanced stages of the disease process
are commonly accompanied by substantial gut dysbiosis and the
evolution of certain pathobionts.

Chronic inflammation in MASLD and
alteration of gut microbiota.

105



 

• A profound gut dysbiosis in MASLD was demonstrated in
patients with advanced liver fibrosis and dysbiosis was
accompanied by the appearance of Proteobacteria and
pathobionts such as Escherichia coli.

 
 

 

• Loomba R, Seguritan V, Li W, et al. Gut Microbiome-based Metagenomic signature for non-
invasive detection of advanced fibrosis in human Nonalcoholic fatty liver disease. Cell Metab
2017;25:1054–62.

Chronic inflammation in MASLD and
alteration of gut microbiota.

106



 

• Several mouse MASH models have shown protective and anti-
inflammatory effects using probiotics such as Faecalibacterium
prausnitzii.

 
 

 

• Aron-Wisnewsky et al. Nonalcoholic fatty liver disease: Modulating gut Microbiota to
improve severity.

• Gastroenterology 2020;158:1881–98.

Chronic inflammation in MASLD and
alteration of gut microbiota.

107



 

• A gut dysbiosis might increase hepatic and systemic
lipopolysaccharide (LPS) concentrations in patients with
MASLD.

 

• Besides LPS, increased circulating levels of various
proinflammatory metabolites, such as gut microbiome-derived
lactate, ethanol or trimethylamine oxide (TMAO), characterize
MASLD.

Chronic inflammation in MASLD and
alteration of gut microbiota.

108



 

• Furthermore, MASLD is accompanied by decreased total bile
acid pool size, especially secondary bile acids or short-chain
fatty acids.

 
 

 

• Aron-Wisnewsky et al. Gut Microbiota and human NAFLD: disentangling microbial signatures
from metabolic disorders. Nat Rev

• Gastroenterol Hepatol 2020;17:279–97.

 

Chronic inflammation in MASLD and
alteration of gut microbiota.

109



 

• Metabolic dysfunction and
•  Atherogenic dyslipidemia
•   are key pathophysiological components of          

 MASLD.

Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease. 110



Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease.

 

• Hepatic insulin resistance
characterizes most patients
with MASLD and  is
commonly associated with an
increased influx of free fatty
acids into the liver, which is
also aggravated by systemic
insulin  resistance.

111



Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease.

 

• Insulin resistance may be
closely associated with the
development and
progression of MASLD..

112



Lipotoxicity

113



➢ Hepatic entry  of increased fatty acids released from
adipose tissue

➢ Increase in fatty acid synthesis
➢ Reduced fatty acid oxidation
➢ Hepatic overproduction of TG-rich- lipoproteins

Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for development

of MASLD.

114



 
• Lipotoxicity reflects an important aspect of MASLD

pathogenesis as  specific lipids may exert :
• Proinflammatory effects
• Promote the release of several proinflammatory

mediators and the
•  Accumulation of inflammatory leucocytes within the

liver.

Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease. 115



 
•  Diverse lipid species, such as
•  Sphingolipids,
•  Ceramides,
•  Trans fatty acids
•  Free cholesterol
•  can also induce liver inflammation, including

upregulation of multiple proinflammatory
cytokines and nuclear factor kappa B (NF-

Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease. 116



 
• Inflammatory signals cause insulin resistance

or may further exacerbate existing insulin
resistance, and NF-kB has been crucially
linked to the generation of hepatic insulin
resistance.

Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease. 117



Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease.

Inflammation-driven
insulin resistance also
involves other
important pathways in
MASLD, such as
endoplasmic reticulum
stress (ER stress).

118



Obesity

119



 
• Obesity, present in about 80%–90% of

MASLD patients, is also associated
(independently of MASLD) with low-grade
systemic inflammation (‘metaflammation’),
ER stress dysregulation or lipotoxicity.

• A very high rate of MASLD is observed in
obese individuals, further strengthening the
pathophysiological link between obesity and
MASLD.

Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease. 120



• Genetic factors might also contribute to
• CVD outcomes as studies have observed a

link between certain
• PNPLA3 genotypes and CVD, including

carotid atherosclerosis or coronary heart
disease.

Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease. 121



CVD Risk Assessment

122



 

• Obesity

• Impaired glucose metabolism

• Hypertension

• Atherogenic dyslipidemia

 

CVD risk assessment in MASLD
Common risk factors

123



Pathophysiological aspects contributing to cardiovascular
complications in people with MASLD- Starting points for disease.

 

• Since insulin resistance induces
atherosclerosis, the leading
cause for death in MASLD
patients is cardiovascular
disease.

124



• Assess risk factors

• (a) non-modifiable: age, gender, family history of premature
CVD, ethnicity, early menopause

• (b) modifiable:  smoking, increased LDL-cholesterol, sedentary
life, unhealthy diet, obesity, hypertension, atherogenic
dyslipidemia, and T2D

 

CVD risk assessment in MASLD 125



• Assess risk factors

• Further amplification of CVD risk when associated
comorbidities such as CKD also occur.

• Although increased plasma LDL-C concentration is a common
risk factor in middle-aged subjects (and occurs independently of
MASLD), an increased plasma LDL-C concentration will
further increase the risk of CVD in people with MASLD.

CVD risk assessment in MASLD 126



 

• The first consideration is how CVD risk should be
assessed in patients with MASLD? Most patients with
MASLD are likely to be middle-aged, and although
there are exceptions, women with MASLD are most
likely to be  perimenopausal or postmenopausal.

CVD risk assessment in MASLD data on MASLD
and the risk of CVD complications 127



 

• Because of the age demographic of patients with MASLD, this
patient group should be considered for a CVD health check as
most patients will be >40 years old.

CVD risk assessment in MASLD data on MASLD
and the risk of CVD complications 128



• A more common dyslipidaemia frequently occurring with
MASLD is the atherogenic lipoprotein phenotype, comprising
increased small dense LDL particles, low HDL-cholesterol and
high triglyceride concentrations.

 

•  Although subjects with MASLD with atherogenic dyslipidaemia
may have normal plasma LDL-C concentrations, it is in this
situation that treatment with a statin will decrease CVD risk

CVD risk assessment in MASLD data on MASLD
and the risk of CVD complications 129



Sample of published
articles from Iran

130



 131



 132



 

 133



134



 
CASE
PRESENTATIO
N

 



 

1- HOW DOES NAFLD IMPACT ON GLYCEMIC CONTROL?

2- DOES HER MOTHER'S DIET DURING PREGNANCY
HAVE ANYTHING TO DO WITH HER FATTY LIVER?
DEVELOPMENTAL ORIGIN OF FATTY LIVER

Soghra Rabizadeh,MD



 

HOW DOES MAFLD IMPACT
ON GLYCAEMIC CONTROL?

S.Rabizadeh, Endocrinologist,

Tehran University of Medical Sciences



INTRODUCTION

 

• Accumulation of fat in the liver is responsible for increased hepatic insulin
resistance so that glucose release from the liver is less well controlled in the
presence of NAFLD AND glycaemic control to be more challenging.

Byrne CD et al (2018). BMJ 362: 74–7
Paris R, Maurel T (2021)  J Clin Med 10: 1161



 

 

J. Clin. Med. 2021

 



 

 

Amalia Gastaldelli et al. Gastroenterology. 2007

 
 
Diabetic subjects with NAFLD have increased

fasting insulin concentrations and are

significantly more insulin-resistant than their

diabetic counterparts without NAFLD

 
 



SEVERITY OF FATTY LIVER AND WORSENING OF GLYCEMIC CONTROL

 

Alessandro Mantovani, Int. J. Mol. Sci. 2022



KEY MECHANISM NAFLD CONTRIBUTES TO HYPERGLYCEMIA

Mechanism Effect on Glycemic Control

Hepatic insulin resistance ↑ Gluconeogenesis, ↓ Glucose uptake

Systemic inflammation Impaired peripheral insulin sensitivity

Fibrosis-related adipokine changes Dysregulated glucose homeostasis

Mitochondrial dysfunction Oxidative stress → Insulin resistance



 

 

fatty liver is not just a consequence of diabetes, but also a factor that can
make diabetes harder to control and increase the risk of diabetes-related

complications



PREVALENCE OF TYPE 2 DIABETES AMONG PATIENTS WITH NAFLD

 



PREVALENCE OF TYPE 2 DIABETES
AMONG PATIENTS WITH NAFLD

Cao et al. BMC Medicine (2024

 



INCIDENCE DENSITY OF TYPE 2 DIABETES AMONG PATIENTS
WITH NAFLD OR MAFLD

 

Cao et al. BMC Medicine (2024



INCIDENCE DENSITY OF TYPE 2 DIABETES AMONG PATIENTS WITH
NAFLD OR MAFLD

Cao et al. BMC Medicine (2024



RISK OF DEVELOPING TYPE2 DM IN NAFLD

 

Jonathan M. Hazlehurst,et al , Metabolism. 2016



 • NAFLD AND
DIABETES :
CHICKEN OR
EGG?

Arrese, sem Liv Dis. 2021



 

 

There is additional evidence that the genetic setup of NAFLD can influence the profile of
extrahepatic organ damage and the response to therapy



INSIGHTS INTO NONALCOHOLIC FATTY-LIVER DISEASE HETEROGENEITY

• Group of patients defined by the presence of high genetic risk of obesity and
insulin resistance in the absence of specific risk determinants of liver injury
(“insulin-resistant fatty-liver disease”).

• Group of genetic variants including those in glucokinase regulator (GCKR) at high
risk of dyslipidemia.

•  Insulin-resistant patients carrying GCKR variants may possibly benefit from
approaches reducing lipogenesis, such as statins and omega-3 fatty acids.

 

Marco Arrese,et al. Semin Liver Dis 2021



INSIGHTS INTO NONALCOHOLIC FATTY-LIVER DISEASE HETEROGENEITY

• Genetic variants, including those in PNPLA3, TM6SF2, MBOAT7, and APOB
favoring lipotoxicity.

● High risk of liver-related complications, including HCC before cirrhosis
development.

●  They develop type-2 diabetes.

• From a therapeutic point of view:

➢  They respond well to weight loss

➢ when they carry the PNPLA3 variant do not benefit from statins

➢ They are at increased risk of liver injury due to enhanced hepatic lipid accumulation
during insulin therapy.

Marco Arrese,et al. Semin Liver Dis 2021



 

DEVELOPMENTAL ORIGIN OF
FATTY LIVER

S.Rabizadeh, Endocrinologist, Tehran University of Medical Sciences



Ramezani Tehrani

 

 



 

MATERNAL OVERNUTRITION

Ilya Querter, et al. Clinical Gastroenterology and Hepatology 2022



 



 
 



 
Mechanism
 

Effect on Child's Liver

Bile Acid Toxicity Excess fetal bile acids damage liver cells, promoting

fibrosis.

Insulin Resistance Maternal high-fat diets impair offspring glucose

regulation, worsening lipid accumulation.

Inflammation Pro-inflammatory cytokines (e.g., IL-6) disrupt lipid

metabolism and liver function.

Epigenetic Changes Altered gene expression (e.g., Scd1) persists

postnatally, driving NAFLD



 

 



 

WHAT ADVICE WOULD YOU OFFER TO THIS
PATIENT TO MANAGE HER FATTY LIVER
DISEASE?

WHAT'S NEW IN THE TREATMENT OF FATTY
LIVER?

Alireza Esteghamati, MD



  

Management of Metabolic Associated
Steatotic Liver Disease

AR. Esteghamati,MD
Professor of Endocrinology
Tehran University of Medical Sciences

161



 

Agenda

162



Lifestyle management algorithm for MASLD

163



 

Question

Diet quality?
 

• In adults with MASLD, is
changing diet quality effective
in reducing histologically/non-
invasively assessed liver
damage/fibrosis and liver-
related outcomes compared
with no intervention?

164



 

Recommendation

Improving diet quality
 

In adults with MASLD:
1. Improving diet quality (like the

Mediterranean dietary pattern)
2. limiting the consumption of ultra-

processed food (rich in sugars and
saturated fat)

3. Avoiding sugar sweetened beverages
 
Should be recommended to improve
histologically or non-invasively assessed
liver injury (LoE 2, strong recommendation, strong
consensus).

165



166



167



   Statement
•There is little evidence that

improving diet quality beneficially
impacts clinical liver-related
outcomes (LoE 3, consensus).

168



 

Question
Physical activity?

 

• In adults with MASLD, are
physical activity and exercise
effective at reducing
histologically/non-invasively
assessed liver damage/fibrosis
and liver-related outcomes
compared with no intervention

169



  Recommendation

• In adults with MASLD, physical activity
and exercise should be recommended
to reduce steatosis

 
• Tailored to the individual’s preference

and ability (preferably >150 min/ week
of moderate or 75 min/week of
vigorous-intensity physical activity)

(LoE 1, strong recommendation, strong consensus).

170



  

Statement
• In comparison to the well-documented cardiometabolic benefits
 
• There is less robust evidence for benefits of physical activity and

exercise on histological outcomes, non-invasively assessed liver
damage/ fibrosis and liver-related clinical outcomes (LoE 5, strong
consensus).

171



  

Question?
• In adults with MASLD who are normal

weight, are diet and exercise interventions
effective in reducing histologically/non-
invasively assessed liver damage/ fibrosis
and liver-related outcomes in comparison
with no intervention?

172



 

 
Recommendation

•  In normal-weight adults with MASLD, diet and exercise
interventions should be recommended to reduce liver fat
(LoE 3, strong recommendation, strong consensus).

173



 

Statement

 

• In normal-weight adults with MASLD, there is currently no
evidence regarding the beneficial effect of diet and/or exercise
on liver histology, fibrosis and liver related clinical outcomes
(LoE 5, consensus).

174



 

Question
Nutraceuticals?

 

• In adults with MASLD, are nutraceuticals (food supplements, herbal
products, gut microbiota-modifying agents) effective to reduce
histologically/non-invasively assessed liver damage/fibrosis and liver-
related outcomes compared with no intervention?

175



 

Recommendation

 

• In adults with MASLD, nutraceuticals cannot be recommended since there
is insufficient evidence of their effectiveness in reducing histologically/non-
invasively assessed liver damage/fibrosis and liver-related outcomes in
MASLD, nor of their safety (LoE 2, open recommendation, strong consensus).

176



 

Statement

 

• In adults with MASLD, coffee consumption has been associated with
improvements in liver damage and reduced liver-related clinical
outcomes in observational studies (LoE 4, strong consensus).

177



 

 

 
Pharmacological

treatment

178



 

180



181



 

 Question
Non-glucose lowering drugs?

• In adults with MASH, is there sufficient evidence to recommend non-
glucose lowering drugs to reduce histologically/non-invasively
assessed liver damage/fibrosis and liver-related outcomes

182



 

Resmetirom

 

Thyromimetics that are selective for the ℬ subtype (liver expressed)
 
Resmetirom is, an orally active
• Liver-directed
• Thyroid hormone receptor agonist
• With high selectivity for the ℬℬℬℬ 1 receptor
 
 

183



 

Recommendations

 

• If approved locally, adults with non-cirrhotic MASH with significant liver
fibrosis (stage ≥2) should be considered for treatment with resmetirom
as a MASH-targeted therapy

 
• As this treatment demonstrated histological efficacy on steatohepatitis and

fibrosis in a large phase III registrational trial with an acceptable safety
and tolerability profile (LoE 2, strong recommendation, consensus).

184



 Resmetirom

• Treatment with resmetirom, if approved locally,
may be considered for individuals with MASLD
who are non-cirrhotic and with documentation of
either:

A) advanced fibrosis

B) at-risk steatohepatitis with significant fibrosis
(by liver biopsy, or by non-invasive panels validated for that
purpose); or

C) risk of adverse liver-related outcomes (e.g., by
elastography- or biomarker-defined thresholds)
(LoE 3, open recommendation, consensus).

185



 
Cirrhotic

stage
• No MASH-targeted pharmacotherapy can

currently be recommended for adults with
MASH at the cirrhotic stage (LoE 5, weak
recommendation, strong consensus).

186



 

Statement

long term
data

• For individuals with MASLD undergoing
therapy with resmetirom, data on
sustainability of histological benefits,
individual prediction of response, liver-
related outcomes and long-term safety
are not currently available (LoE 5, strong
consensus)

187



 

Liver-directed thyroid hormone receptor agonists

 

• The incidence of clinical and subclinical hypothyroidism
appears to be higher in individuals with MASLD or MASH
relative to age-matched controls, and low thyroid function is
associated with more severe outcomes

 

188



 

189



 

resolution of NASH with no   worsening of fibrosis (Panel A) 

Currently, resmetirom is the only MASH-targeting drug
with positive results

190



 

Resmetirom

 

• Resmetirom performed better than placebo as it improved both disease
activity (resolution of steatohepatitis) and fibrosis.

 
 
• Progression of fibrosis in individuals with stage 2 fibrosis was lower than in the

placebo arm
 

191



 

Resmetirom- Side effects

 

Nausea, vomiting, and diarrhea occurred more often with resmetirom.
 
 
GI side effects are dose dependent and improve with continued treatment.
 
Resmetirom decreased FT4 levels by 20% and increased SHBG protein levels two- to threefold.
 
Although a recent review of the data concluded that there is little concern about these changes,
long-term post marketing data must be collected

192



 

Resmetirom

193



  Resmetirom

• Linked to the lack of long-term data, there
is uncertainty regarding long-term safety
and effectiveness of resmetirom.

 
• Particularly the effects on the pituitary-

thyroid hormone axis and increases in
SHGB levels warrant close monitoring for
thyroid, gonadal or bone disease.

 

194



  
Resmetirom

plus GLP-1RA

• About 14%of participants in the
MAESTRO-NASH trial were on GLP1RA
treatment, with stable dosage in the
6months and stable body weight in the 3
months preceding screening liver biopsy.
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What about
Vitamin E?

• Given the lack of robust demonstration of
histological efficacy on steatohepatitis and liver
fibrosis derived from large phase III trials and

• potential long-term risks
 
• Vitamin E cannot be recommended as a

MASH-targeted therapy (LoE 2, weak recommendation,
strong consensus).
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 Question
Glucose-lowering drugs?

• In adults with MASH, is there sufficient evidence to recommend prescription of
existing glucose-lowering drugs to reduce histologically/non-invasively assessed
liver damage/fibrosis and liver-related outcomes compared to no pharmacological
intervention?
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Recommendations

 

• In the absence of a formal demonstration of histological
improvement in large, well conducted, phase III trials, GLP1RA
cannot currently be recommended as MASH-targeted
therapies

(LoE 5, strong recommendation, strong consensus)
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Recommendations

 

• GLP1RAs are safe to use in MASH (including compensated cirrhosis)
and should be used for their respective indications, namely type 2
diabetes and obesity, as their use improves cardiometabolic outcomes (LoE
2, strong recommendation, strong consensus)
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 Recommendations

• Pioglitazone is safe to use in adults with non-cirrhotic MASH
 
 
• But given the lack of robust demonstration of histological efficacy on

steatohepatitis and liver fibrosis in large phase III trials, pioglitazone cannot be
recommended as a MASH-targeted therapy (LoE 2, weak recommendation, consensus).
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 Recommendations

• Pioglitazone reverses steatohepatitis in people with prediabetes or type 2
diabetes and even in individuals without diabetes.

 
 
•  Fibrosis also improved in some trials.
 
• A meta-analysis  concluded that pioglitazone treatment results in resolution

of MASH and may improve fibrosis
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Recommendations

 

• There is insufficient evidence to recommend the use of sodium-glucose
cotransporter-2 (SGLT2) inhibitors or metformin as MASH-targeted
therapies;

 
•  However, they are safe to use in MASLD and should be used for their

respective indications, namely type 2 diabetes, heart failure and chronic
kidney disease (LoE 3, strong recommendation, strong consensus).
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Scientifc Reports | (2024) 14:2122 |
https://doi.org/10.1038/s41598-024-52603-5
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Conclusion

•The pooled meta-analysis suggests that SGLT2 inhibitors
slightly improve hepatic steatosis and fibrosis as compared
to controls in adult patients with NAFLD and T2DM with low to
moderate certainty of evidence
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71 patients

49 (69%) patients were female and 22 (31%) were male
Mean age of 59·5 years  
Mean BMI of 34·9 kg/m²
53 (75%) patients had diabetes.
47 patients were randomly assigned to the semaglutide group and 24 to the placebo group.
 
After 48 weeks, there was no statistically significant difference between the two groups in the
proportion of patients with an improvement in liver fibrosis of one stage or more without worsening
of NASH
(five [11%] of 47 patients in the semaglutide group vs seven [29%] of 24 in the placebo group;
odds ratio 0·28 [95% CI 0·06–1·24; p=0·087).
 
There was also no significant difference between groups in the proportion of patients who
achieved NASH resolution (p=0·29).
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320 patients (of whom 230 had stage F2 or F3 fibrosis)
randomly assigned to receive semaglutide  
 
0.1 mg (80 patients)
0.2 mg (78 patients)
 
0.4 mg (82 patients)  
 
placebo (80 patients)

72-week, double-blind phase 2 trial

The primary end point was resolution of NASH with no worsening of fibrosis.
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NASH resolution
:YES

Fibrosis Improvement
:NO



 published on April 30,   2025, at NEJM.org.
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New



 
Patients and

methods

• In this ongoing phase 3, multicenter,
randomized, double-blind, placebo-
controlled trial

 
• 1197 patients with biopsy-defined

MASH and fibrosis stage 2 or 3
 
• in a 2:1 ratio to receive once-weekly

S/C semaglutide at a dose of 2.4 mg
or placebo for 240 weeks.
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  Patients and methods
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The results of a planned interim analysis conducted at week 72 involving the first 800 patients are reported here (part 1). The primary end points for part 1 were the resolution of steatohepatitis without worsening of liver fibrosis and reduction in liver fibrosis without worsening of steatohepatitis.



 

  Results
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   RESULTS

• Results for the three secondary outcomes
 
 
• Combined resolution of steatohepatitis and reduction in

liver fibrosis was reported in
• 32.7% of the patients in the semaglutide group
•  16.1% of those in the placebo group
 
• (estimated difference, 16.5 percentage points; 95% CI, 10.2

to 22.8; P<0.001).
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CONCLUSIONS

• In patients with MASH and moderate or advanced liver fibrosis,
once-weekly semaglutide at a dose of 2.4 mg improved liver
histologic results.
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Phase 2, dose-finding, multicenter, double-blind, RCT involving participants with biopsy-confirmed
MASH and stage F2 or F3 (moderate or severe) fibrosis

once-weekly subcutaneous tirzepatide (5 mg, 10 mg, or 15 mg) or placebo for 52 weeks

The primary end point was resolution of MASH without worsening of fibrosis at 52 weeks.
 
A key secondary end point was an improvement (decrease) of at least one fibrosis stage without
worsening of MASH
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190 participants who had undergone randomization,
157 had liver-biopsy results at week 52 that could be evaluated

221



  

CONCLUSIONS

• In this phase 2 trial involving participants with MASH and
moderate or severe fibrosis, treatment with tirzepatide for
52 weeks was more effective than placebo with respect to
resolution of MASH without worsening of fibrosis.

 
•  Larger and longer trials are needed to further assess the

efficacy and safety of tirzepatide for the treatment of
MASH.

 
 

(Funded by Eli Lilly; SYNERGY-NASH ClinicalTrials.gov number, NCT04166773.)
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Thank you


