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Diabetes Treatment and NAFLD/NASH 

1. Does diabetes control improve NAFLD? 

– Treating hyperglycemia 
 

2. What about the means of achieving 

control on NAFLD or NASH? 

– Treating insulin resistance 
 

3. What about phenotypes: do they impact 

response to treatment? 

– Path to individualized treatment? 

Does diabetes control, and the means for achieving it, affect various phenotypes of NAFLD? 



The Prevalence of NAFLD* Increases with Hyperglycemia in 
Patients with T2DM and Normal AST/ALT Levels 

n =103 

*Screened by the gold-standard magnetic resonance and spectroscopy  Portillo et al, JCEM June 2015, 100:2231–2238. 



Effect of Weight Loss on NAFLD/NASH: 

Few studies focused in T2DM 

• Reduction in hepatic steatosis (by 1H-MRS): 

proportional to the degree of weight loss 

– LOOK AHEAD (Lazo et al, Diabetes Care 2010) 

– Bacchi et al (in pts with T2DM, Hepatology 2013) 

– Bariatric surgery – many studies, few in T2DM only 

• Histological improvement proportional to 

weight loss (Lomonaco et al, Drugs 2013) 

– Promrat et al, Hepatology 2010 (non-diabetics) 

• Mechanism(s) – multifactorial 

– Decreased IR, lipotoxicity, subclinical inflammation 



Effect of Lifestyle Intervention in NAFLD 

International Textbook of Diabetes Mellitus.  Fourth Ediction, Edited by Ralph DeFronzo, George MM Alberti, Ele 

Ferrannini, and Paul Zimmet.  2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd. 



From Obesity/Lipotoxicity to NASH and Cirrhosis 

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



Diabetes Treatment and NAFLD/NASH 

1. Does diabetes control improve NAFLD? 

– Treating hyperglycemia 
 

2. What about the means of achieving control 

on NAFLD or NASH? 

– Treating insulin resistance, subclinical inflammation 
 



Current Therapeutic Agents in T2DM: 
Effect on Liver Triglycerides and Histology 

Portillo-Sanchez and Cusi, Clinical Diabetes and Endocrinology 2:9, 2016 

* Insulin: may lower intrahepatic triglycerides but no data on liver histology 



Liraglutide in NASH: LEAN study 

Armstrong et al. Lancet 2016 387:679-90.  



Liraglutide in NASH: LEAN study 

Armstrong et al. Lancet 2016 387:679-90.  
Saxenda (liraglutide 3 mg)? Semaglutide? 

Pts with T2DM:  9/26 (35%) in liraglutide arm 

8/26 (31%) in placebo arm 



Cusi K. Gastroenterology 2012, 142:711-25 

Rationale for Pioglitazone in NASH 



NEJM 2006, 355, 2297-2307 



Cusi et al, Ann Intern Med June 21, 2016. [Epub]. 

Role of Long-Term Pioglitazone in Patients  

with Prediabetes or T2DM and NASHesign 

Study Flow 

Diagram 



Role of Long-Term Pioglitazone in NASH 
Methods - Study Design 

Randomization 

PIO 30 mg/day (8 weeks), 

then 45 mg/day 

Screening 

Run-in 

(4 weeks) 

Followed at GCRC q2-4 weeks  

Placebo 

Studies:  

1) Liver biopsy 

2) Liver fat by MRS 

3) % body fat (DXA) 

4) Insulin clamp, OGTT 

Repeat baseline studies:  

1) Liver biopsy 

2) Liver fat by MRS 

3) % body fat (by DXA) 

4) Insulin clamp, OGTT 

Continue  

open  

label 

(18 mo) 

End of 

RCT 

(18 mo) 

Volunteer 

with 

presumable 

NASH  



Patient Characteristics 

Cusi et al, Ann Intern Med June 21, 2016. [Epub]. 



Effect of 18 Months of Pioglitazone Treatment on  

Primary and Secondary Liver Histologic Outcomes* 

Cusi et al, Ann Intern Med June 21, 2016. [Epub]. 



Effect of Pioglitazone on Primary and Secondary  

Liver Histologic Outcomes at 18 months* 

Cusi et al, Ann Intern Med June 21, 2016. [Epub]. 

* In patients with paired biopsies 



Effect of Pioglitazone on Primary and Secondary  

Liver Histologic Outcomes at 18 months* 

Cusi et al, Ann Intern Med June 21, 2016. [Epub]. 

* In patients with paired biopsies 



Cusi et al, Ann Intern Med June 21, 2016. [Epub]. 

Plasma Adiponectin after 18 months of Pioglitazone or Placebo,  

and after 18 or 36 Months of Pioglitazone   

Pioglitazone 

Pioglitazone 

Pioglitazone 

Placebo 



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

Long-term Durability of Thiazolidinediones  

on Glycemic Control 

Weight gain range: 

 from 2.3 to 4.8 kg  

(ADOPT 5 years) 



Limited Durability of Sulfonylureas Compared to 

Thiazolidinediones on Glycemic Control 

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

Weight gain range: 

 from 1.1 to 4.2 kg  



TZDs: Benefits and Risks  

Yau, Rivera, Lomonaco, Cusi.  

Curr Diab Rep.13:329-341, 2013 

Portillo et al - ADA abstract #1127 



Cusi et al, Ann Intern Med June 21, 2016. [Epub]. 

Adverse 

Events 



Adverse Events (continued) 

Cusi et al, Ann Intern Med June 21, 2016. [Epub]. 



PIOGLITAZONE: 
CVD reduction or prevention of 

progression of atherosclerosis in T2DM 

  PROACTIVE (Lancet 2006) 

  CHICAGO (JAMA 2007) 

  PERISCOPE (JAMA 2008) 

  Ischemic stroke-TIA study (2016) 



Kernan et al, NEJM February 17, 2016 



Soccio et al, Cell Metabolism 2014, 20:573-591 

Weighing Mortality Risk and Benefits of Pioglitazone 



Diabetes Treatment and NAFLD/NASH 

1. Does diabetes control improve NAFLD? 

– Treating hyperglycemia 
 

2. What about the means of achieving 

control on NAFLD or NASH? 

– Treating insulin resistance 
 

3. What about phenotypes: do they impact 

response to treatment? 

– Path to individualized treatment? 





The Evidence that NAFLD  

has a Genetic Component 

• Not all patients with a similar phenotype develop NAFLD 

• Not all patients with NAFLD progress to NASH  

• Progression to cirrhosis and HCC also highly variable 

• Ethnic differences: 

– African Americans have less steatosis, but also develop NASH 

– Hispanics are believed to develop more NAFLD – but not when 

matched for prevalence of adiposity (Lomonaco, Hepatology 2011) 

• Familial aggregation studies, twin studies 

• Candidate-gene studies have only identified a small number 

of genes that are strongly associated with NAFLD 

• GWAS approach has been more useful 



Little Commonality in Genetic Variants Identified in 

GWASs that may Influence the Susceptibility to 

NAFLD and NASH 

Anstee and Day, Semin Liver Dis 2015;35:270–290. 



Role of PNLPA3 in the Development of Hepatic Steatosis 

Dongiovanni, Romeo and Valenti BioMed Research International 2014: 1-10 

• Association with NAFLD replicated in many studies, including 8 GWAS studies 



Role of PNLPA3 in the Development of Fibrosis 

Dongiovanni, et al. World J Gastroenterol  2013; 19: 6969-6978. 



Treatment of Diabetes in NAFLD:  

Conclusions 
• Role of hyperglycemia on NAFLD/NASH: 

– Hyperglycemia associated with worse steatosis. 

– Effect of controlling hyperglycemia unknown. 
 

• Role of treating IR in NASH: 

– Pioglitazone and GLP-1RA have significant benefit on 
resolution of NASH, but confounded by changes in 
weight and other factors. 

 

• Effect of NAFLD phenotype on treatment 
response: 

– Unknown, but potential to identify “higher risk” patients 
and develop improved intervention algorithms. 



 




