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Why Should You Care About Hepatic 
Steatosis (NAFLD/MASLD)?

It is very common: estimated prevalence 25% worldwide (and increasing)

It is most often undiagnosed

It is a major risk factor for hepatic cirrhosis, hepatocellular carcinoma, and 
liver failure --> liver transplantation

It is a marker and risk factor for atherosclerotic cardiovascular disease 
(ASCVD) risk

The leading cause of death is ASCVD
Arterioscler Thromb Vasc Biol. 2022;42:e168–e185. DOI: 10.1161/ATV.0000000000000153
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Definitions and Terminology
“Fatty liver” is not recommended due to the pejorative nature

Definitions and Terminology

NAFLD (Non-alcoholic fatty liver disease) includes everything from simple hepatic 
steatosis to advanced cirrhosis, excluding “excess” alcohol intake

* Hepatic steatosis = excess deposition of triglycerides in the liver
* NAFL is defined as > 5% fat content without evidence of hepatic injury
* NASH (Nonalcoholic steatohepatitis):  > 5% fat content with histological evidence of 
hepatocellular inflammation + fibrosis stages 0-4
---------------------------------------------------------------------------------------------------------

“Fatty liver” is not recommended due to the pejorative nature

Definitions and Terminology

NAFLD (Non-alcoholic fatty liver disease) includes everything from simple hepatic 
steatosis to advanced cirrhosis, excluding “excess” alcohol intake

* Hepatic steatosis = excess deposition of triglycerides in the liver
* NAFL is defined as > 5% fat content without evidence of hepatic injury
* NASH (Nonalcoholic steatohepatitis):  > 5% fat content with histological evidence of 
hepatocellular inflammation + fibrosis stages 0-4
---------------------------------------------------------------------------------------------------------
MAFLD = metabolic-associated fatty liver disease. Consists of hepatic steatosis and 
one or more of overweight/obesity, type 2 diabetes, or evidence of metabolic 
dysregulation (not universally adopted)

“Fatty liver” is not recommended due to the pejorative nature
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Definitions and Terminology

NAFLD (Non-alcoholic fatty liver disease) includes everything from simple hepatic 
steatosis to advanced cirrhosis, excluding “excess” alcohol intake

* Hepatic steatosis = excess deposition of triglycerides in the liver
* NAFL is defined as > 5% fat content without evidence of hepatic injury
* NASH (Nonalcoholic steatohepatitis):  > 5% fat content with histological evidence of 
hepatocellular inflammation + fibrosis stages 0-4
---------------------------------------------------------------------------------------------------------
MAFLD = metabolic-associated fatty liver disease. Consists of hepatic steatosis and 
one or more of overweight/obesity, type 2 diabetes, or evidence of metabolic 
dysregulation (not universally adopted)_____________________________________

Proposed New Terminology 2023
MASLD = metabolic dysfunction-associated steatotic liver disease (AASLD,June 2023) 
MetALD = MASLD + alcohol intake> 140 g/wk in women and > 210 g/d in men
MASH = metabolic dysfunction-associated steatohepatitis (new NASH)

“Fatty liver” is not recommended due to the pejorative nature

Ann Hepatol 2023;29:101133; Hepatology 2023;7:1966-1986,  J. Hepatol 2023;79:1542-1556
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What is NAFLD/MASLD?

Refers to abnormal accumulation of triglycerides in the liver 
(> 5% fat content) in the absence of high intake of alcohol

Histology of Hepatic Steatosis

Mixed large and small 
droplet steatosis

Microvesicular steatosis Ballooned hepatocytes 
with flocculent cytoplasm

Bridging fibrosis
Microvesicular steatosisPortal lipogranuloma

Delicate perisinusoidal 
fibrosis

World J Gastroenterol. 2014;20(27):9026-9037. doi:10.3748/wjg.v20.i27.9026

Normal Liver

https://www.hepatitis.va.gov/HEPATITIS/course/

Normal NAFLD/MASLD
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Normal Hepatic Lipid Droplet Biology

Hepatology 2015;62(3):964-967. doi:10.1002/hep.27839
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Functions of Lipid Droplets
Triglyceride storage
Source of FAs for oxidation
Substrate for VLDL synthesis
Membrane trafficking
Cell signaling
Steroid metabolism
Not an inert lipid depot

Hepatology 2015;62(3):964-967. doi:10.1002/hep.27839

Fatty
acid

Lipid Droplet

fatty acid
input

Normal Hepatic Lipid Droplet Biology

ER

Functions of Lipid Droplets
Triglyceride storage
Source of FAs for oxidation
Substrate for VLDL synthesis
Membrane trafficking
Cell signaling
Steroid metabolism
Not an inert lipid depot

Hepatology 2015;62(3):964-967. doi:10.1002/hep.27839

Fatty
acid

Lipid Droplet

Key Pathways for 
Depletion of Lipid Droplets

Fatty acid oxidation
VLDL production

fatty acid
input

Normal Hepatic Lipid Droplet Biology

PNAS 2020;117(51):32443-32452
https://doi.org/10.1073/pnas.2011442117

Lipid droplets - green
Lysosomes - pink

Lipid droplet-lysosome interaction in hepatocyte-pnas.2011442117.sm01.mov

Normal Hepatic Lipid Droplet Biology

8.3 minute recording accelerated to 12 seconds (41.5-fold increase)

Video showing dynamic 
nature of lipid droplets
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Lipid Droplets Interact with Other Organelles

Int Rev Cell Mol Biol 2018;337:83-110
doi:10.1016/bs.ircmb.2017.12.007

•

https://britishlivertrust.org.uk/

Stages of Fibrosis in NAFLD
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Prevalence of NAFLD
It is very common: estimated prevalence 25% worldwide (and increasing)

More than 50% of patients with type 2 diabetes

Wide geographic and ethnic variation in prevalence (2016 to 2018)
Africa (13.5%)
United States (24%)
Europe (23%)
East Asia (27%)
Mexico, Central and South America (31%) 
Middle East (32%)
South Asia (33%)

Arterioscler Thromb Vasc Biol. 2022;42:e168–e185. DOI: 10.1161/ATV.0000000000000153
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Within the United States: 2014 data from MESA study (12.5 to 33%)
Hispanic 21%

Mexican origin 33%
Puerto Rican origin 18%
Dominican origin 16%

White 12.5%
Black 11.6%

World J Gastroenterol. 2014;20:4987–4993. doi: 10.3748/wjg.v20.i17.4987
Arterioscler Thromb Vasc Biol. 2022;42:e168–e185. DOI: 10.1161/ATV.0000000000000153

Prevalence of NAFLD Prevalence of NAFLD, Advanced Fibrosis, Cirrhosis and
Hepatocellular Carcinoma in Patients with Type 2 Diabetes:

A Prospective Study (n = 501)

J Hepatol. 2023 Mar;78(3):471-478. doi: 10.1016/j.jhep.2022.11.010

65% 14% 6%
NAFLD Advanced

fibrosis
Cirrhosis

18%

8%
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Risk Factors for NAFLD

Arterioscler Thromb Vasc Biol. 2022;42:e168–e185. DOI: 10.1161/ATV.0000000000000153

Protects against NASH

Insulin resistance, visceral adiposity, 
IGT/diabetes, and hypertriglyceridemia are 

key factors in most cases
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Risk Factors for NAFLD

Arterioscler Thromb Vasc Biol. 2022;42:e168–e185. DOI: 10.1161/ATV.0000000000000153

Protects against NASH

Insulin resistance, visceral adiposity, 
IGT/diabetes, and hypertriglyceridemia are 

key factors in most cases

Genetic predisposition may 
explain > 50% of cases

X

X

Increased 
triglyceride 
synthesis

ER

X

X
X X

Fatty
acid

Lipid Droplet

Abnormal Hepatic Lipid Droplet Biology

PNPLA3 Gene Variant is Associated with Increased Risk of 
NAFLD, NASH, Alcohol-Related Liver Disease, Cirrhosis, Liver Cancer

Front. Med 17 December 2019 | https://doi.org/10.3389/fmed.2019.00304

Accumulation of PNPLA3 
reduces ATGL activity

ATGL = adipose triglyceride lipase

PNPLA3(148M) Gene Variant Inhibits Activation of ATGL in Lipid Droplets
Normal
PNPLA3

Variant
PNPLA3 (148M)

Hobbs et al. Hepatology 2019;69(6):2427-2441.  doi: 10.1002/hep.30583

ATGL = adipose triglyceride lipase
CGI-58 is also known as a/ß hydrolase domain-containing 5 (ABHD5)
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Estimated Prevalence of NAFLD Worldwide is Proportional to 
the Distribution of PNPLA3 Genotypes

Nat Rev Gastroenterol Hepatol 2018;15:11–20
https://doi.org/10.1038/nrgastro.2017.109

PNPLA3 minor allele
frequency is light 
blue in pie chart
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Arterioscler Thromb Vasc Biol. 2022;42:e168–e185. DOI: 10.1161/ATV.0000000000000153
Originally published 14 Apr 2022

Goals of the AHA Scientific Statement on 
NAFLD and Cardiovascular Risk

Bring attention to the high prevalence and underdiagnosis of NAFLD, a risk factor for ASCVD

Review underlying risk factors and pathophysiology of NAFLD

Highlight the evidence demonstrating associations between NAFLD and ASCVD

Recognize that ASCVD is the principal cause of death in patients with NAFLD

Review potential diagnostic and screening strategies

Discuss potential interventions (but no treatment guidelines)
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Arterioscler Thromb Vasc Biol. 2022;42:e168–e185. DOI: 10.1161/ATV.0000000000000153

NAFLD is associated
with risk of: 
MI
CVD events
CVD mortality
CAC
CIMT
Carotid plaque

Arterioscler Thromb Vasc Biol. 2022;42:e168–e185. DOI: 10.1161/ATV.0000000000000153

NAFLD is associated
with risk of: 
MI
CVD events
CVD mortality
CAC
CIMT
Carotid plaque

NAFLD is probably an 
independent risk factor 
for ASCVD (despite 
many risk factors in 
common)

Hepatology 2015 May;61(5):1547-54. doi: 10.1002/hep.27368

Fibrosis Stage Predicts CVD Risk and Mortality in 
Biopsy Proven NAFLD After up to 33 Years 

43% CVD
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Diagnosis of NAFLD/NASH

Diagnostic Tools

AST/ALT useful if elevated

NAFLD fibrosis score (online tool)
Fibrosis-4 index (FIB-4)
(age, BMI, glucose, platelets, albumin, AST/ALT ratio)

Enhanced liver fibrosis (ELF) score

Liver biopsy (gold standard)

Imaging Tools

Hepatic ultrasonography 
(requires > 20% fat content)

Vibration-controlled transient 
elastography
(discriminates grades of steatosis)

Hepatic CT imaging
(quantitative assessment of fat content in mod. to severe disease)

MRI imaging - Best modality/expensive
(distinguishes histological grades of stenosis)

J Clin Endocrinol Metab 2022;107,e2008–e2020

The relatively low diagnostic accuracy of Fib-4, mandates the use of 2 cutoff points to rule in (> 
2.67) or rule out (< 1.30) advanced fibrosis and leaves up to 50% of all patients in an indeterminate 

gray area.

FIB-4 Composite Scoring for Hepatic Fibrosis
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A simple test such as FIB-4 that is embedded within electronic medical records 
together with a clinical care pathway to refer to hepatology can efficiently screen and 

risk-stratify patients and prevent future cirrhosis in many people with obesity or 
T2DM—within seconds.

The Fibrosis-4 Index (FIB-4) can be Incorporated into the EMR Non-Invasive Assessment of Liver Fibrosis by 
Vibration-Controlled Transient Elastography (VCTE)

Stiffer, less elastic tissue increases the speed of shear wave propagation

LiverRibs

Pulse-echo 
ultrasound

Elastic shear 
wave

Transducer

Region of Interest

Diagn Interv Imaging. 2013;94:515-34. doi: 10.1016/j.diii.2013.02.005Clin Gastroenterol Hepatol. 2015;13:27-36. doi: 10.1016/j.cgh.2014.04.039

Magnetic Resonance Elastography

AJR Am J Roentgenol 2024;222:e2329437. doi: 10.2214/AJR.23.29437

no liver fibrosis          mild fibrosis         significant fibrosis    advanced fibrosis             cirrhosis

Passive Driver

Active Driver (acoustic)
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Key Interventions (all are challenging!)

Dietary modification (reduce hyperglycemia, reduce 
hypertriglyceridemia, reduce insulin resistance, reduce caloric intake, 
reduce intake of high-fructose foods, simple carbohydrates).

Alcohol avoidance (even modest intake can aggravate NAFLD)

Increase physical activity

Weight loss > 5-10%

Potential Interventions for 
NAFLD(MASLD)/NASH(MASH)

Potential Interventions for 
NAFLD(MASLD)/NASH(MASH)

Weight loss >10% over one year was associated with
NASH resolution in 90%
Regression of hepatic fibrosis in 45%

Bariatric surgery (well proven intervention for MASLD/MASH):
Absolute 10-year risk in 1158 pts (650 surgery, 508 control) with 

biopsy-proven fibrotic nonalcoholic steatohepatitis without cirrhosis :
12.4% decrease in major liver outcomes (progression to cirrhosis, 
diagnosis of HCCa, liver transplantation or liver-related death) 
13.9% decrease in MACE

Gastroenterology. 2015;149:367–378. e365

JAMA. 2021 Nov 23;326(20):2031-2042. doi: 10.1001/jama.2021.19569

Drug Therapy
Diabetes-related medications: metformin (not recommended for NAFLD), pioglitazone (variable 
effects), GLP-1 RAs, saroglitazar (PPAR-/ agonist)?, GLP-1/GIP dual RAs?, pemafibrate.
Vitamin E 800 IU/d can be considered for biopsy-proven NASH
Leptin in lipodystrophy
Sebelipase alpha in lysosomal acid lipase deficiency (LALD)
FXR agonists: obeticholic acid (CDCA-derivative for biliary cirrhosis). Ongoing trials in NASH
Many experimental agents: many too toxic or ineffective

Pentoxifyline:  TNF- production. NAFLD activity score, AST/ALT. Steatosis unchanged
Lanifibranor. Phase 3 PPAR-// agonist. Top dose  NASH and fibrosis stage 48-49%
Arachidyl amido cholanoic acid: FA-bile acid conjugate, downregulates hepatic stearoyl-
CoA desaturase 1 activity, granted fast-track designation by FDA for NASH, phase 3

Bempedoic acid??  Thyroid receptor agonists

Potential Pharmacologic Interventions for 
NAFLD(MASLD)/NASH(MASH)

Drug Therapy
Diabetes-related medications without proven benefit 

metformin
sulfonylureas
DPP4 inhibitors
SGLT-2 inhibitors
insulin

Potential Pharmacologic Interventions for 
NAFLD(MASLD)/NASH(MASH)
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Drug Therapy
GLP-1 and GLP-1/GIP receptor agonists: some are effective for weight loss (all SQ), prevention 
of ASCVD (liraglutide, semaglutide, dulaglutide), and treatment of NAFLD/MASLD (liraglutide, 
semaglutide, tirzepatide, exenatide, dulaglutide)

Potential Pharmacologic Interventions for 
NAFLD(MASLD)/NASH(MASH)

Drug Therapy
GLP-1 and GLP-1/GIP receptor agonists: effective for weight loss and benefit for MASLD

Potential Pharmacologic Interventions for 
NAFLD(MASLD)/NASH(MASH)

A Placebo-Controlled Trial of Subcutaneous Semaglutide 
in Nonalcoholic Steatohepatitis

320 patients with biopsy-confirmed NASH and liver fibrosis stage F1, F2, or F3 treated for 72 weeks
with semaglutide 0.1, 0.2, or 0.4 mg SQ daily vs placebo

N Engl J Med 2021;384:1113-1124.  DOI: 10.1056/NEJMoa2028395

Not significant

No Benefit on NASH from Semaglutide 2.4 mg SQ 
Weekly for 48 wks in Patients with NASH-F4

71 patients with biopsy-confirmed NASH-related cirrhosis (fibrosis stage 4) and BMI > 27 kg/m2

The Lancet Gastroenterology & Hepatology 2023;8(6):511-522

Worsening of NASH Resolution of NASH

Liver steatosis assessed by MRI-PDFFImprovement in liver fibrosis and no worsening of NASH

Weeks

Semaglutide 2·4 mg

Placebo
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Pemafibrate
Selective PPAR modulator with multiple activities

N Engl J Med 2022;387:1923-1934
DOI: 10.1056/NEJMoa2210645

N Engl J Med 2022;387:1923-1934
DOI: 10.1056/NEJMoa2210645

21% decrease

EClinicalMedicine (Lancet) 2023 Jun 29;61:102065. doi: 10.1016/j.eclinm.2023.102065

Whole Cohort
n = 33,484 on aspirin
n = 55,543 untreated

High Risk Cohort (age > 55 yr,  ALT)
n = 7048 on aspirin
n = 7140 untreated

Resmetirom is FDA-Approved for NASH with 
Moderate to Advanced Liver Fibrosis

Liver-targeted thyroid hormone 
receptor-ß (THR-ß) agonist

AEs: diarrhea, nausea, pruritus, vomiting, constipation, abdominal pain, dizziness, possible hepatotoxicity, gallstones

N Engl J Med 2024;390:497-509
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N Engl J Med 2024;390:497-509

Arterioscler Thromb Vasc Biol. 
2022;42:e168–e185. 
DOI: 10.1161/ATV.0000000000000153

Summary
Key Take-Home Messages

*NAFLD is common, occurring in about 25% of individuals worldwide. Rates are increasing everywhere
*Most NAFLD is undiagnosed. Normal AST/ALT do not r/o NAFLD. Hepatic U/S is useful if positive. Liver biopsy gold 
standard. 
*Noninvasive diagnostic options such as FIB-4 and vibration-controlled transient elastography (VCTE) are available
*Risk factors include insulin resistance, IGT/diabetes, obesity (especially visceral adiposity), metabolic syndrome, and 
dyslipidemia (hypertriglyceridemia, increased free fatty acids)
*Genetic factors (monogenic or polygenic) modulate the risk of development of NAFLD and progression to NASH
*Most patients with hepatic steatosis do not progress to NASH, cirrhosis, or hepatocellular carcinoma, but a subgroup will
*NASH contributes to increased ASCVD risk, due in part to risk factors in common. 
*NAFLD is a risk enhancer when ASCVD risk is assessed in patients
*Key Interventions: Dietary modification, increased exercise, weight loss 5-10%, alcohol avoidance, treat risk factors (e.g. 
increased TG)
*GLP-1 receptor agonists modestly improve NAFLD in association with improved glycemia, weight loss, and reduced risk of 
ASCVD events (liraglutide, semaglutide, dulaglutide)
*Novel experimental drug therapies are in development, but most have modest efficacy. Toxicity is a problem for some.
* Resmetirom is the first FDA-approved treatment for MASH 3/14/2024
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