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If you treat diabetes and/or obesity,
It is important to understand fatty liver disease:

It’s common and it can be deadly!



Pathology: Initial Appearance of NAFLD



History of NAFLD and NASH
• A causal relationship between hepatic fat accumulation and 

the development of fibrosis has been observed in 1839 
followed by the microscopic finding that ‘fatty degeneration’ 
develops close to inflammatory deposits and scarring.

• The term ‘fatty liver hepatitis’ first appeared in 1962 in the 
German literature while the term ‘non-alcoholic 
steatohepatitis’ (NASH) was coined in 1980, defined by the 
histopathological hallmarks of steatosis, lobular 
inflammation, liver cell damage with ballooning and, 
eventually, appearance of Mallory-Denk bodies.* 

Gut 2021;70:1570–1579. *Dtsch Med Wochenschr 1962;87:1049–55. 



Prevalence and Disease Progression
Three stages of Non-alcoholic Fatty Liver Disease (NAFLD)

N Engl J Med 2017;377:2063-72.



Fatty liver NASH

Cirrhosis Ultrasound

Adapted from Lancet 2021; 397: 2212–24



Recent Trends in Liver Transplantation Waitlist

JAMA Netw Open. 2020;3(2)



Future Projections

What will the future bring in regard to NAFLD? As the 
global epidemic of obesity fuels metabolic conditions, the 
clinical and economic burden of NAFLD will become 
enormous. Models based on published estimates predict a 
growth of up to 30% in total NAFLD cases between 2016 
and 2030. NASH prevalence will increase by 15%–56%, 
while advanced liver disease and liver- related mortality 
will more than double as a result of ageing Western 
populations. 

Hepatology 2016;64:1577–86. J Hepatol 2018;69:896–904.



Co-Morbid Conditions Associated With NAFLD and NASH

Characteristic General
US Population

Patients
with NAFLD

Patients
with NASH

Obesity 40% 51% 82%

Hypertriglyceridemia 25% 41% 83%

Dyslipidemia 18% 70% 72%

Metabolic Syndrome 34% 43% 71%

Hypertension 29% 40% 68%

Type 2 Diabetes 14% 23% 44%

Hepatology 64, 73–84 (2016).



Pathophysiology



Adapted from Nature Reviews Endocrinology August 2021

Key Factors in Hepatic Lipid Accumulation



Amplification Crosstalk



Consequences of NAFLD



Adapted from Nature Reviews Endocrinology
August 2021

Downstream Effects of NAFLD



Accelerated Cardiovascular Disease

• Meta-analysis of 16 observational studies with 34,043 
adults (36.3% with NAFLD)

• Approximately 2,600 adverse CVD outcomes (>70% CVD 
deaths) over a median period of 6.9 years 

• Patients with NAFLD had a higher risk of fatal and/or non-
fatal CVD, odds ratio 1.64, 95% CI 1.26–2.13.

• Patients with severe NAFLD more likely to develop fatal 
and non-fatal CVD events (OR 2.58; 1.78–3.75).

Journal of Hepatology VOLUME 65, ISSUE 3, P589-600, SEPTEMBER 01, 2016



Accelerated Renal Disease
• Meta-analysis - 13 studies with 1,222,032 individuals, 

28.1% with NAFLD and 33,840 with incident CKD stage ≥3 

• CKD defined as estimated glomerular filtration rate <60 
ml/min/1.73 m2

• Median follow‐up of 9.7 years.

• Patients with NAFLD had a higher risk of CKD, hazard ratio 
HR = 1.43, 95%CI 1.33‐1.54.

• Risk independent of age, sex, obesity, hypertension, 
diabetes and other conventional CKD risk factors.

Alessandro Mantovani MD et al, https://eprints.soton.ac.uk/445427/1/NAFLD_CKD_risk_meta analysis_accepted.pdf



Proportion of Liver Cancer Attributable to NAFLD

Nat Rev Gastroenterol Hepatol 18, 223–238 (2021)



Making the Diagnosis!



Patient presents with symptoms 
(e.g. fatigue, abdominal pain) or 
abnormal ALT/AST

Patient presents with incidentally 
identified steatosis on imaging 
study

Consider liver ultrasound

> 5% hepatic steatosis = NAFLD

If NASH suspected due to comorbid conditions (e.g. 
obesity, diabetes) or persistent transaminase elevations

Calculate NAFLD fibrosis or FIB-4 score

Suspected NALFD: Typical Diagnostic Algorithm



Scoring Formulae for Fibrosis

FIB4 Index =
Age x ALT

Platelet count x AST

NAFLD Fibrosis Score = −1.65 + .037 x age
+0.94 x BMI + 1.13 x IFG or T2DM (

)
yes = 1,

no = 0  + 0.99 x AST/ALT ratio  ‐ .013 x 
platelet count ‐ 0.66 x albumin



A value of FIB-4 below 1.30 is considered as low risk for 
advanced fibrosis; a value of FIB-4 over 2.67 is considered 
as high risk for advanced fibrosis; and FIB-4 values 
between 1.30 and 2.67 are considered as intermediate risk 
of advanced fibrosis.

NAFLD fibrosis score Interpretation
Less than -1.455 Low probability of fibrosis
From -1.455 to 0.676 Intermediate score
More than 0.676 High probability of fibrosis

Interpretation



Consider ordering a liver ultrasound



Clinical Liver Disease, vol 16, no 2, August 2020

Hyperechoic Liver

Hyperechoic
Liver

Comparison
to Kidney

Shadowing

Abdominal Ultrasound Focused on Liver

Fatty liver is hyperechoic compared with kidney 
and attenuates deeper ultrasound signal



Advanced Imaging to Assess Liver Stiffness

Ultrasound elastography MRI elastography

Adapted from Lancet 2021; 397: 2212–24



Treatment



Approved Drug Therapy for NAFLD/NASH

This slide intentionally left blank



Treatment: Lifestyle Modifications
• Target 7-10% reduction in body weight.

• Limit consumption of drinks sweetened with high-
fructose corn syrup

• Limit consumption of alcohol to 1 ≤ drink/day (women) 
and ≤ 2 drinks/day (men)

• Encourage ≥ 2 cups of coffee per day. Caffeine effect.

• Mediterranean diet and aerobic exercise?

Adapted from N Engl J Med 2017;377:2063-72.





Effect of Pioglitazone on AST and ALT

AST over Time ALT over Time



Pioglitazone Effect on Liver Fat and Adiponectin

Liver Fat Adiponectin



Steatosis Fibrosis

Pioglitazone Effect on Steatosis and Fibrosis



Inflammation Ballooning Necrosis

Effect on Inflammation and Ballooning Necrosis





Study Design
• Trial started between 2005 and 2007 sponsored by 

NIDDK

• 247 adults with biopsy confirmed NASH, but without 
diabetes

• Randomized to pioglitazone 30 mg daily or vitamin E, 800 
IU daily, or placebo (83 subjects), for 96 weeks. 

• The primary outcome was an improvement in histologic 
features of NASH: 

• Assessed with from composite of scores for steatosis, 
lobular inflammation, hepatocellular ballooning, and fibrosis.



Changes in ALT over Time by Treatment Group

Rebound
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Change in Body Weight by Treatment Group





Study Design
• 320 adults with biopsy confirmed NASH, 50% with 

diabetes

• Randomized to semaglutide 0.1 mg, 0.2 mg, 0.4 mg
or placebo for 72 weeks. 

• The primary outcome was an improvement in 
histologic features of NASH with no worsening
of fibrosis

• The secondary was improvement fibrosis with no 
worsening of NASH



Changes in ALT over Time by Treatment Group

N Engl J Med 2021;384:1113-24.
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Study Design

• 1968 adults with biopsy confirmed NASH, 56% with 
diabetes

• Randomized to FXR agonist obeticholic acid 10 mg, 
20 mg, or placebo for 18 months. 

• For this interim analysis co-primary outcome was

– Either improvement in histologic features of NASH 
with no worsening of fibrosis or improvement
in fibrosis with no worsening of NASH



Changes in ALT over Time by Treatment Group
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Co-Primary Outcomes by Treatment Group



Obeticholic Acid Status

• Approved in 2016 for primary biliary cirrhosis (PBC)

• FDA added warning in 2017 for use in advanced PBC 
due to increased risk of liver injury and death when 
improperly dosed

• In 2021, FDA restricted use in PBC patients with 
advanced cirrhosis, but stated that benefits exceed risks 
in patient who do not have advanced cirrhosis

• FDA rejected application for approval for treatment
of NASH, requesting more evidence of benefit.



May 19, 2023
 
‘Unfavorable benefit-risk’: FDA panel votes against obeticholic acid approval for 
NASH
 
Key takeaways:
•FDA panel voted 12-2 against approval for obeticholic acid for pre-cirrhotic patients 
with liver fibrosis due to nonalcoholic steatohepatitis.
•Advisors reported a “concerning” benefit-risk profile for obeticholic acid.
An FDA advisory committee voted against approval for obeticholic acid in pre-cirrhotic 
patients with liver fibrosis due to nonalcoholic steatohepatitis, citing a “concerning” 
benefit-risk profile.
The Gastrointestinal Drug Advisory Committee voted 12 to 2 with 2 abstentions that 
the benefits of 25 mg obeticholic acid (Ocaliva, Intercept Pharmaceuticals) do not 
outweigh its risks among patients with NASH and stage 2 or 3 fibrosis, most notably 
drug-induced liver injury and quality of life.

https://www.healio.com/news/gastroenterology/20221006/obeticholic-acid-flops-in-phase-3-trial-for-compensated-nashrelated-cirrhosis
https://www.healio.com/news/gastroenterology/20230518/ocaliva-plus-bezafibrate-clears-fda-orphan-drug-hurdle-for-primary-biliary-cholangitis




All these drugs failed to meet FDA 
specified favorable outcomes





Effect of Weight Loss
Through Bariatric Surgery





Metabolic Surgical Procedures (N=650)

Gastric Bypass             Sleeve Gastrectomy 
       N=537 (83%)                     N=113 (17%)
  



Metabolic Surgery: Effect on Weight and HbA1c
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Major Adverse Liver Outcomes (MALO)
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Can newer pharmacological 
therapies achieve the weight loss 

offered by bariatric surgery?



Weeks Since Randomization
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N Engl J Med 2022; 387:205-216



Summary
• NAFLD is very common, associated with obesity and diabetes, 

and a leading cause of cirrhosis, potentially leading to cancer.

• Detection often starts with abnormal liver enzyme on routine 
lab panel and liver ultrasound is the easiest next step.

• Some scoring systems can predict progression of NAFLD
to NASH and cirrhosis.

• Lifestyle management very important, particularly weight loss

• No drugs approved yet. Weight loss through bariatric surgery 
appears to greatly reduce likelihood of disease progression





Prespecified Composite Endpoints

• First occurrence of major adverse cardiovascular 
events (MACE): 

– Coronary artery events, cerebrovascular events, heart 
failure, or cardiovascular mortality.

• First occurrence of Major Liver Events (MALO): 

– Progression to clinical or histologic (F4 on repeat liver 
biopsy) cirrhosis, development of hepatocellular 
carcinoma, liver transplantation, or liver-related 
mortality.



Statistical Analysis
• 650 surgical patients (with simultaneous liver biopsy) & 

508 nonsurgical control patients were followed through 
March 2021.

• Doubly robust estimation combining the overlap weighting 
and outcome regression.

– 6 a priori–identified potential confounders were used for 
overlap weighting.

– Firth's penalized method in fully-adjusted Cox proportional 
hazard framework was utilized by adjusting models for 17 
variables.
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