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What is Non-Alcoholic Fatty Liver Disease?

• A chronic liver condition characterized by:
– Hepatic fat accumulation (in the absence of ethanol abuse & 

other identifiable causes)
– Insulin resistance
– Frequently associated with impaired glucose intolerance or 

type 2 diabetes

• Steatosis may range from simple steatosis to 
steatohepatitis (NASH) with progressive liver 
damage with necrosis,  inflammation and 
frequently fibrosis

• The natural history is poorly understood, no 
large long-term studies



Fatty Liver
identified NAFLD

Absence 
alcohol 

abuse or 
competing 

causes 

NASH

NAFL

Steatosis with 
inflammation and 
hepatocyte injury
(ballooning) +/-
lobular fibrosis

Steatosis but 
no inflammation, 

ballooning or fibrosis

Progression and 
regression 

are possible

Risk of 
cirrhosis

Risk of 
hepatocellular 

carcinoma

Relationship between Fatty Liver, NAFLD, NAFL, and NASH

Budd & Cusi, American Journal of Medicine, 2020 (in press)



NAFLD in Type 2 Diabetes (T2DM)

1. Links between T2DM and NAFLD
- Prevalence and risk factors 
- Mechanisms

2. Complications
- Liver: risk of cirrhosis, hepatocellular carcinoma
- Extra-hepatic: development of T2DM and of CVD

3.  Management
- Diagnosis
- Treatment: a) Liver disease

b) Extra-hepatic: T2DM prevention and CVD
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NASH in 2020 as a Public Health Problem

DM nephropathy
in the 80s

Osteoporosis 
in the 90s

NASH 
in 2020

Long natural 
history Yes Yes Yes

High 
prevalence? Yes Yes Yes

Major cause 
of morbidity? Yes Yes Cirrhosis, HCC, 

+ CVD

Increased 
mortality? Yes Yes Yes

Diagnosis Microalbuminuria Bone mineral density No simple, “great” 
test yet for fibrosis

Adequate 
treatments?

Not initially, 
but yes today

Not initially, 
but yes today

Pioglitazone
GLP-1RA? 
vitamin E?

Others in 2020



Bril & Cusi, Diabetes Care 2017 40:419-430
(Fibroscan®)



The Prevalence of NAFLD* in T2DM: 55.5% 

N =103

Younossi et al, J Hepatology 2019

All patients having T2DM 
and AST/ALT ≤40 U/L

*80 studies: 74 used liver ultrasound, 6 used magnetic resonance imaging

• NASH prevalence: 37.3% (10 studies)
• Fibrosis prevalence: 17% (7 studies)



Type 1 and 2 Diabetes:
NAFLD Prevalence and Metabolic Associations 

Post-hoc analysis of baseline data from 
4 phase 3 trials (n=589):

Type 1 diabetes (IMAGINE 1 and 3); 
insulin-naïve type 2 diabetes 
(IMAGINE  2); insulin-experienced 
type 2 diabetes (IMAGINE  5)

Mean hepatic fat fraction: 3.2% 
versus 13.0% versus 10.2%, 
respectively

• NAFLD: hepatic fat fraction ≥6% by MRI

Cusi K, et al. Diabetes Obes Metab. 2017;19:1630-1634.
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The Prevalence of NAFLD* Increases with BMI in T2DM 
even when AST/ALT ≤40 IU/L

N =103

Portillo-Lopez et al, JCEM 2015

All patients having T2DM 
and AST/ALT ≤40 U/L

*Screened by magnetic resonance and spectroscopy 



NAFLD in Type 2 Diabetes (T2DM)

1. Links between T2DM and NAFLD
- Prevalence and risk factors 
- Mechanisms



K Cusi.  Current Diabetes Reports. 2010 10:306-315.



From Obesity to Dyslipidemia, Lipotoxicity (NASH) and Cirrhosis

Cusi K, Gastroenterology, April 2012, 142:711-725



From Obesity to Dyslipidemia, Lipotoxicity (NASH) and Cirrhosis

Cusi K, Gastroenterology, April 2012, 142:711-725



From Obesity to Dyslipidemia, Lipotoxicity (NASH) and Cirrhosis

Cusi K, Gastroenterology, April 2012, 142:711-725



NAFLD in Type 2 Diabetes (T2DM)

1. T2DM and risk of NAFLD/NASH
- Prevalence and risk factors 
- Mechanisms

2. Complications
- Liver: risk of fibrosis/cirrhosis and hepatocellular carcinoma



Bril & Cusi, Diabetes Care 2017 40:419-430

l By 2030, prevalence of NASH will increase by 63% 
to 27 million cases. 

l NASH-advanced fibrosis will increase by 160%    
to 8 million cases.

l Liver deaths will increase 178% (78,300 deaths). 



NAFLD in Type 2 Diabetes (T2DM)

1. T2DM and risk of NAFLD/NASH
- Prevalence and risk factors  
- Mechanisms

2. Complications
- Liver: risk of cirrhosis, hepatocellular carcinoma
- Extra-hepatic: development of T2DM and of CVD



Relationship between Change in Liver Fat 
and Development of T2DM 

Sung et al, JCEM 2013;98:3637-43.

n = 13,218 
• Also shown in a meta-analysis of 19 

observational studies with ~300,000
individuals.

• Follow-up median of 5 years.
• 2-fold greater risk of diabetes in 

patients in NAFLD 
Mantovani et al, 

Diabe tes Care 2018;41:372–382





Cardiovascular Consequences of NAFLD

Cusi K, Gastroenterology, April 2012, 142:711-725



Potential mechanisms by which statins may favorably affect liver 
histology and hepatic complications in NAFLD

Nascimbeni F et al. Atherosclerosis 2019. 



Bril & Cusi, Metabolic Clinics North America 2016

Mortality in Isolated Steatosis versus NASH



NAFLD in Type 2 Diabetes (T2DM)

1. T2DM and risk of NAFLD/NASH
- Prevalence and risk factors 
- Mechanisms

2. Complications
- Liver: risk of cirrhosis, hepatocellular carcinoma
- Extra-hepatic: development of T2DM and of CVD

3.  Management
- Diagnosis



Parameters
Age
AST
ALT

Platelets
BMI

Serum Glucose
(IGT or DM?) 

Albumin

FIB-4

Low: <1.3
(F0-F1)

Indeterminate: 

1.3 – 2.67

(F1-F2) High: >2.67
(F3-F4)

FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score.  

NFS

Low: < -
1.455

Indeterminate: 
1.455 – 0.676

High: 
>0.676

Risk of advanced fibrosis (stages 3-4)Risk of advanced fibrosis (stages 3-4)

Interpretation of FIB-4 and NFS for the Diagnosis of Advanced 
Fibrosis (stages 3-4)

Budd & Cusi, American Journal of Medicine, 2020 (in press)



Diagnosing Advanced Liver Fibrosis with Biomarker Panels

Stefan & Cusi, The Lancet Diabetes Endocrinol, 2019;7:313-324.





Imaging Techniques Used to Assess Fibrosis in NAFLD

Elastography

• Vibration-controlled transient 
elastography (FibroScan®)1,2

– Accurate in detecting advanced fibrosis
– Estimates hepatic fat 
– Predicts risk of decompensation and 

complications
– Correlates well with portal pressure
– Most reliable in ruling out advanced disease
– Most widely used

• Shear wave elastography (SWE)2

– Uses acoustic radiation force impulse (ARFI) 
technology

– Point quantification: SWE or 2-D supersonic 
shear imaging (SSI) SWE

• MR elastography3

– Most accurate of the imaging modalities
– Costly, no point-of-care access

1. Yoneda M, et al. Dig Liver Dis. 2008;40(5):371-378.
2. 2. Frulio N, Trillaud H. Diagn Interv Imaging. 2013;94(5):515-534.
3. 3. Loomba R, et al. Hepatology. 2014;60(6):1920-1928.

Soft liver: no fibrosis Stiff liver: severe fibrosis



Diagnosis of Fibrosis in NASH 
with Elastography* 

* Vibration controlled transient elastography (VCTE by Fibroscan® - Echosens) 



NASH = risk of cirrhosis and hepatocellular carcinoma



Liver biopsy remains the “suboptimal” gold 
standard to characterize liver histology in 
NAFLD/NASH

• Confirms the diagnosis and staging of disease
• Determines prognosis by severity of liver injury 

and fibrosis
• Limitations: high cost, potential complications, 

sampling/reader error



Bril & Cusi
Diabetes Care, March 2017 40:419-430

Diagnostic Algorithm 
for NASH in the
Primary Care
Setting

NAFLD fibrosis score (NFS)
Fibrosis-4 index (FIB-4)



NAFLD in Type 2 Diabetes (T2DM)

1. T2DM and risk of NAFLD/NASH
- Prevalence and risk factors 
- Mechanisms

2. Complications
- Liver: risk of cirrhosis, hepatocellular carcinoma
- Extra-hepatic: development of T2DM and of CVD

3.  Management
- Diagnosis
- Treatment of NASH, prevention of fibrosis and cirrhosis





From Obesity to Dyslipidemia, Lipotoxicity (NASH) and Cirrhosis

Cusi K, Gastroenterology, April 2012, 142:711-725



The Future: “Combination Therapy” to Prevent Disease Progression 

Cusi K, Gastroenterology, April 2012, 142:711-725



Potential Therapeutic Targets in NASH

Adapted from Rotman et al. Gut. 2017;66:180–90
ACC, acetyl-CoA carboxylase; DNL, de novo lipogenesis; FGF21, fibroblast growth factor 21; FXR, farnesoid X receptor; ; GLP-1RA, glucagon-like peptide-1 
receptor agonist; MPC’ mitochondrial pyruvate carrier; NASH, non-alcoholic steatohepatitis; PPAR’ peroxisome proliferator-activated receptor; RXR, retinoid X receptor.
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Physicians ask:

“Why diagnose NASH if there are no 

treatments…?”

5/45Wrong!



100
%

0%

*by 1H-MRS 

36% liver fat 
(baseline)

2% liver fat 
(4 weeks of VLCD)

(Courtesy of Dr. R. Taylor)

Changes in Liver Fat with a VLCD (600 kcal/day)*
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Increasing Benefit of  Weight Loss on Fibrosis

Probability of Improving NASH Components 
According to Weight Loss1,2

aAt least one stage.
N=293 patients with NASH were encouraged to adopt lifestyle changes for weight loss over 52 weeks.
1. Romero-Gómez M, et al. J Hepatol. 2017;67(4):829-846; 2. Vilar-Gomez E, et al. Gastroenterology. 2015;149(2):367-378.
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The Diagnosis and Management of NAFLD:
Practice Guidance From the American Association for the 
Study of Liver Diseases (AASLD) 2018

Chalasani et al, Hepatology 2018

Guidance statements – Weight Loss and Exercise

• Weight loss (#21): 3%-5% needed to improve steatosis, but 7%-10% minimal need to 
improve the majority of the histopathological features of NASH, including fibrosis.

• Exercise (#22): Exercise alone may prevent or reduce steatosis, but its ability to 
improve other aspects of liver histology remains unknown

• Bariatric surgery (#29-31): 
• Can be considered in otherwise eligible obese individuals with NAFLD or NASH.
• Premature to consider bariatric surgery as an established option to treat NASH.
• The type, safety, and efficacy of bariatric surgery are not established in obese 

individuals with cirrhosis from NAFLD. 
• In patients with compensated NASH or cryptogenic cirrhosis, bariatric surgery may 

be considered on a case-by-case basis.



The Diagnosis and Management of NAFLD:
Practice Guidance From the AASLD 2018

Chalasani et al, Hepatology 2018

Guidance statements – Pharmacological Agents

• Metformin (#23): Not recommended for treating NASH in adult patients.

• Pioglitazone (#24-25): 
• Pioglitazone improves liver histology in patients with and without T2DM with biopsy-

proven NASH. 
• Risks and benefits should be discussed with each patient. 

• GLP-1RAs (#26): It is premature to consider GLP-1 agonists to specifically treat liver 
disease in patients with NAFLD or NASH.

• Vitamin E (#27-28) for non-diabetics: 
• At 800 IU/day improves liver histology in nondiabetic adults with NASH.
• Risks and benefits should be discussed with each patient. 
• Not recommended for NASH in diabetic patients, NAFLD without a liver biopsy, 

NASH cirrhosis, or cryptogenic cirrhosis



NEJM 2006, 355, 2297-2307

NEJM 2010;362:1675–1685

Annals of Intern Med, 2016;165:305-15

Pioglitazone is not approved for treatment of NAFLD or NASH.



Cusi K. Gastroenterology 2012, 142:711-25

Rationale for Pioglitazone in NASH



Plasma ALT Concentration after 18 months of Pioglitazone or Placebo, 
and after 18 or 36 Months of Pioglitazone  

Pioglitazone

Placebo

Pioglitazone

Pioglitazone

Cusi et al, Annals of Intern Med, 2016;165:305-15. 



Cusi et al, Annals of Intern Med, 2016;165:305-15. 

Long-term Effect of Pioglitazone in NASH 

~50% 
response 
rate vs. 
placebo

Primary endpoint



Pioglitazone profile: pros and cons in diabetes

The “good”
– Liver:

• Resolution of NASH in ~ 30 to 40% (placebo-subtracted)
• Prevention of fibrosis progression

– Extra-hepatic
• Reversal of IR, systemic inflammation, ectopic fat deposition and lipotoxicity
• Improved lipid panel (lower TG; higher HDL-C)
• Reduction of cardiovascular disease
• Prevention of type 2 DM and durable metabolic effects in diabetes

Khan, Bril, Cusi and Newsome, Hepatology 2019



Cardiovascular Consequences of NAFLD

Cusi K, Gastroenterology, April 2012, 142:711-725

PIO



Pioglitazone Reduces CVD, Prevents Progression of 
Atherosclerosis and Improves LV Function

 PROACTIVE (Lancet 2006)
 CHICAGO (JAMA 2007)
 PERISCOPE (JAMA 2008)
 IRIS Study (NEJM 2016; Circulation 2017; JAMA 2019)) 



JAMA Neurology, February 2019

n = 1454



ACT NOW study: Pioglitazone prevents Type 2 Diabetes

DeFronzo et al, NEJM 364, 1104-11, 2011

72% reduction 
in new onset 

diabetes



Pioglitazone profile: pros and cons in diabetes
The “good”

– Liver:
• Resolution of NASH in ~ 30 to 40% (placebo-subtracted)
• Prevention of fibrosis progression

– Extra-hepatic
• Reversal of IR, systemic inflammation, ectopic fat deposition and lipotoxicity
• Improved lipid panel (lower TG; higher HDL-C)
• Reduction of cardiovascular disease
• Prevention of type 2 DM and durable metabolic effects in diabetes

Watch for
– Edema: 5-8% (more if combined with insulin or amlodipine)
– Risk of bone loss: should be monitored
– Bladder cancer? Unclear, likely very small if so (18 out of 23 studies negative)
– Weight gain: 2 to 4 kg (dose-dependent; although less insulin resistance and 

metabolically healthy fat…)
Khan, Bril, Cusi and Newsome, Hepatology 2019



Effect of Low-dose (15 mg/day) Pioglitazone in Patients with T2DM

Cusi, 2019 (unpublished)



DeFronzo RA, Diabetes. 2009; 58:773–795.

Prolonged Durability of Glycemic Control 
with Thiazolidinediones – but Weight Gain

TZD weight gain range:
from 2.3 to 4.8 kg 

Insulin weight gain range:
from 3 to 10 kg 



Weight Gain and Poor Durability with Sulfonylurea 
Treatment in T2DM

DeFronzo RA, Diabetes. 2009; 58:773–795.

Weight gain range:
from 1.1 to 4.2 kg 
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Dhir G and Cusi K. Journal Invest Med September 2017



Effect of Liraglutide 
in Patients with T2DM and NAFLD

Cusi K. Hepatology Hepatology. 2019 Jun;69:2318-2322.



LEAN Study (Liraglutide Efficacy and Action in NASH):
Changes in Liver Histologic Features at Week 48

Armstrong MJ, et al. Lancet. 2016;387:679-690.

Liraglutide (n=23)
Placebo (n=22)
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Cusi et al. Diabetic Medicine. 2018; 35:1434-1439.

Effect of Dulaglutide in Patients with T2DM:
Changes in Plasma ALT, AST and GGT at 24 weeks

*p<0.05 and **p<0.001 vs. baseline; #p<0.05 vs. placebo. 
Treatment difference [LSM difference (SE)]. 
Note: Integrated data from AWARD-1, AWARD-5, AWARD-8 and AWARD-9.

All Patients

Patients 
with 
NAFLD



Effect of Sitagliptin 
in Patients with T2DM and NAFLD

Cusi K. Hepatology Hepatology. 2019 Jun;69:2318-2322.



Effect of SGLT2 Inhibitors 
on Intrahepatic Triglycerides in Patients with T2DM and NAFLD

Cusi Kl, Diabetes Care 2020 (in press)



Effect of Canagliflozin on Intrahepatic Triglycerides
in Patients with Type 2 Diabetes

Canagliflozin

Placebo

Cusi K, Bril F, Polidori D et al, Diabetes, Obesity and Metabolism 2019
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PIO

Davies et al, Diabetes Care 2018;41:2669–2701



NAFLD in Type 2 Diabetes (T2DM)

1. T2DM and risk of NAFLD/NASH
- Prevalence and risk factors 
- Mechanisms

2. Complications
- Liver: risk of cirrhosis, hepatocellular carcinoma
- Extra-hepatic: development of T2DM and of CVD

3.  Management
- Diagnosis
- Treatment: a) Liver disease

b) Extra-hepatic: T2DM prevention and CVD



Bril & Cusi, Diabetes Care 2017 40:419-430

Treatment of NASH



(page S40)



Bril & Cusi
Diabetes Care, March 2017 40:419-430

Diagnostic Algorithm 
for NASH in the
Primary Care
Setting

NAFLD fibrosis score (NFS)
Fibrosis-4 index (FIB-4)



NAFLD in Type 2 Diabetes (T2DM)

1. T2DM and risk of NAFLD/NASH
- SCREEN high risk populations in obese, T2DM, ↑ AST/ALT
- Mechanisms: insulin resistance is key

2. Complications
- Liver: risk of cirrhosis, hepatocellular carcinoma
- High risk of T2DM and of CVD (use of statins overall safe in NASH)

3.  Management (ADA: screen and treat fibrosis)
- Elevated ALT or steatosis? Use FIB-4, elastography, biopsy (?)
- Treatment: a) Lifestyle; pioglitazone

b) Extra-hepatic: aim to prevent CVD
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