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Lifestyle modification leads to improvement in 
histology in patients with NASH – but results 

are variable

NAS: NASH histological activity score

Promrat K, et al. Hepatology 2010;51:121–9

Main results

• Mean weight reduction in the lifestyle group was 

9.3% versus 0.2% in the control group 

(P=0.003) at Week 48 

• 40% of the lifestyle group achieved ≥10% weight 

loss (none of the control group)

Interventions

Control group: education on NASH, healthy 

eating, physical activity and weight control

Lifestyle intervention: intensive weight loss 

intervention focussed on changing both eating and 

exercise habit with a goal of 7–10% weight loss 

within 6 months followed by maintenance
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r2=0.247

10

0

-10

-20

-30

P
e

rc
e

n
ta

g
e

 w
e

ig
h

t 
c
h

a
n

g
e

 

(b
a
s
e
lin

e
–

e
n
d
 o

f 
s
tu

d
y
)

-4 -3 -2 -1 0 1 2 3 4 5 6 7

Lifestyle

Control

NAS change (baseline–end of study)



Significant Variability in the Response of Fibrosis 
to Weight Loss

Romero-Gomez M, et al. J Hepatology 2017; 67:829–46 
(Adapted from Vilar-Gomez E et al. Gastroenterology 2015;149:367–78)
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Rho=0.13, P=0.02
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Cusi K (unpublished 2021)

Cardiometabolic Risk Reduction in obesity T2DM:
A “triangle of care”…

CVD

NASH

Nephropathy



Cusi K (unpublished 2021)

CVD

✓GLP-1RAs

✓SGLT2i

✓Pioglitazone

✓ Pioglitazone

✓ GLP-1RAs

✓ SGLT2i (?)
✓ SGLT2i

✓ GLP-1RAs

NASH

Nephropathy

Cardiometabolic Risk Reduction in obesity T2DM:
A “triangle of care”…



N =103

NAFLD 
Treatment

Kanwal, Shubrook/Cusi et al, Gastroenterology, September 2021 (online) 

Clinical Care Pathways for the Risk Stratification and Management 
of Patients with Nonalcoholic Fatty Liver Disease



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

a) Reduce adipose tissue “mass” (weight loss by any means, GLP-1RA)

b) Reverse adipose tissue dysfunction (pioglitazone) 

Treatment of Patients with NASH and T2DM 2021



Targeting steatohepatitis AND fibrosis in NASH

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



Weight gain 

from 

overnutrition

(i.e., in obesity)

Weight loss 

by different 

methods 
(lifestyle, medications, 

bariatric surgery)

Mild weight gain 

from PPARg

agonists
(pioglitazone, 

lanifibranor)

Insulin resistance
o Liver fat content
o Visceral fat mass 
o Adipocyte function 

(insulin sensitivity, FFA, 

adiponectin secretion)

Worse Better Better

Type 2 diabetes
o Glycemia
o Atherogenic dyslipidemia

Worse Better Better

Cardiometabolic risk
o Cardiovascular disease
o Endothelial dysfunction
o Subclinical inflammation

Worse Better Better

Cusi K, in press (2021)

Impact of Weight Gain from Excess Caloric Intake
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Cusi K, in press (2021)

Weight gain 

from 

overnutrition
(i.e., in obesity)

Weight loss 

by different 

methods 
(lifestyle, medications, 

bariatric surgery)

Mild weight gain 

from PPARg

agonists
(pioglitazone, 

lanifibranor)

Insulin resistance
o Liver fat content
o Visceral fat mass 
o Adipocyte function 

(insulin sensitivity, FFA, 

adiponectin secretion)

Worse Better Better

Type 2 diabetes
o Glycemia
o Atherogenic dyslipidemia

Worse Better Better

Cardiometabolic risk
o Cardiovascular disease
o Endothelial dysfunction
o Subclinical inflammation

Worse Better Better

Impact of Weight Gain from Excess Caloric Intake 
vs. Weight Loss
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All patients having T2DM 

and AST/ALT ≤40 U/L



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.

Patients with T2DM and NAFLD

Kuchay et al. Diabetologia 2020; 63:2434–2445.



N =103

All patients having T2DM 

and AST/ALT ≤40 U/L

Chandani, Cusi and Kadiyala; JCEM October 2021 (https://doi.org/10.1210/clinem/dgab578) 

GLP-1RAs in NAFLD



November 13, 2020

Population: 

320 patients (62% T2DM) randomized to daily semaglutide 0.1, 0.2, and 0.4 mg. 

(of whom 230 had stage F2 or F3 fibrosis).

Primary outcome: 

NASH resolution without worsening of fibrosis after 72 weeks (yes/no).



Effects of Semaglutide in Patients with NASH

Newsome, Buchholz, Cusi et al. NEJM. November 13, 2020



Effect of Semaglutide in Patients with NASH

Resolution of steatohepatitis and no worsening in liver fibrosis
(Patients with fibrosis stage 2 or 3 at baseline)

Newsome, Buchholz, Cusi et al. NEJM. November 13, 2020



Effect of Semaglutide in Patients with NASH

31.3%

37.5%

12.5%

18.8%

46.3%

36.3%

7.5%

10.0%

32.1%

42.3%

17.9%

7.7%

42.7%

36.6%

15.9%

4.9%

Semaglutide 0.1 mg PlaceboSemaglutide 0.2 mg Semaglutide 0.4 mg

Improvement No change Missing data Progression

Newsome, Buchholz, Cusi et al. NEJM 2021; 384:1113-1124.



Cusi Kl, Diabetes Care 2020 (in press)

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



Effect of Canagliflozin on Intrahepatic Triglycerides
is Proportional to Weight Loss in Patients with Type 2 Diabetes

Canagliflozin

Placebo

Cusi et al, Diabetes, Obesity and Metabolism 2019
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Impact of Weight Gain from Excess Caloric Intake 
vs. Weight Loss vs. Weight Gain from PPARg

Agonists in NAFLD
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Cusi K, in press (2021)



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.



Effect on Pioglitazone on Resolution 
of NASH in RCTs:

* Not head-to-head RCTs (not for comparison among pharmacological agents)

Musso et al, Hepatology 2016

Odds ratio for NASH resolution in all patients included in RCTs



Effect of Pioglitazone on Liver Fibrosis in Patients with 
NASH

Institute for Clinical and Economic Review, July 21 2020

Figure 4.2



Improving Adipose Tissue Function (↑ adiponectin) and 
Reducing Visceral Fat (depot-specific effects) Explain the 

Effect of Pioglitazone in NASH 

Liver

Visceral fat

SQ fat ↑ SQ fat
↓ Liver fat

↓ Visceral fat

BEFORE
TREATMENT

AFTER
TREATMENT

PIOGLITAZONE

Gastaldelli/Cusi et al, 
June 2021 (doi: 10.1111/liv.15005)



Clinical case: 39 year old male with type 2 diabetes

Gastaldelli/Cusi et al, June 2021 Liver International; doi: 10.1111/liv.15005

Before pioglitazone treatment

Fasting plasma glucose: 158 mg/dL

HbA1c: 7.9%

BMI: 35.6 kg/m2

After pioglitazone treatment

Fasting plasma glucose: 126 mg/dL

HbA1c: 6.2%

BMI: 37.3 kg/m2

Decreased visceral fat

Increased subcutaneous fat



Pioglitazone Increases Adiponectin (Adipose Tissue Function) and
Reduces Visceral and Hepatic Fat in Subjects with NASH 

Liver

Visceral fat

SQ fat ↑ SQ fat
↓ Liver fat

↓ Visceral fat

BEFORE
TREATMENT

AFTER
TREATMENT

PIOGLITAZONE

Gastaldelli/Cusi et al,June 2021 (doi: 10.1111/liv.15005)

Partial Least Square Discriminant (PLS-DA) Analysis 
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Cardiovascular Impact of PPARg/a 
like Pioglitazone in NASH 

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

PIO

Reduction of CVD with pioglitazone:
➢ PROACTIVE (Lancet 2006)

➢ CHICAGO (JAMA 2007); PERISCOPE (JAMA 2008)

➢ IRIS Study (NEJM 2016; Circ 2017; JAMA 2019)



Effect of Pioglitazone (PROactive) on Major Adverse Cardiac 
Events (cardiovascular death, stroke, myocardial infarction)

Dormandy JA et al. Lancet 2005; 366: 1279–1289.



Effect of Pioglitazone (PROactive) on Major Adverse 
Cardiac Events (cardiovascular death, stroke, 

myocardial infarction)

Dormandy JA et al. Lancet 2005; 366: 1279–1289.



Pioglitazone Reduces CVD and Improves LV Function

➢ PROACTIVE (Lancet 2006)

➢ CHICAGO (JAMA 2007)

➢ PERISCOPE (JAMA 2008)

➢ IRIS Study 

➢ NEJM 2016

➢ Circulation 2017

➢ JAMA 2019



Effect of Pioglitazone on Major Adverse Cardiac Events 
in Patients without T2DM with Cerebrovascular 

Disease (IRIS study) 

Kernan JA et al. N Engl J Med 2016;374, 1321-1331.

• 3876 participants were randomly assigned to 

receive pioglitazone (45 mg/d target dose) or 

placebo within 180 days of a qualifying 

ischemic stroke or transient ischemic attack.

• Followed for a maximum of 5 years.



IRIS study: Pioglitazone reduced risk for 

ischemic strokes (HR, 0.72; 95% CI, 0.57–0.91; 

P=0.005) but had no effect on risk for 

hemorrhagic events (HR, 1.00; 95% CI, 0.50–

2.00; P=1.00).

Pioglitazone for Secondary Stroke Prevention
A Systematic Review and Meta-Analysis

Yaghi, Shadi, et al. Circulation 137.5 (2018): 455-463.



JAMA Neurology, February 2019

Pioglitazone Therapy in Patients With Stroke and Prediabetes
A Post Hoc Analysis of the IRIS Randomized Clinical Trial



Heart Failure and Pioglitazone

Cusi K, 2019 (unpublished)

Studies that have not observed an increase in heart failure:

• Mazzone et al. JAMA 2006;296, 2572-2581.

• Nissen et al. JAMA 2008;299, 1561-1573.

• Sanyal et al. N Engl J Med 2010;362, 1675-1685.

• DeFronzo et al. N Engl J Med 2011;364, 1104-1115.

• Kernan et al. N Engl J Med 2016;374, 1321-1331 (IRIS study)

• Cusi et al. Ann Intern Med 2016;165, 305-315. 

• Vaccaro et al. Lancet Diabetes Endocrinol. 2017;5:887-897.

• Strongman et al. BMJ Open Diab Res Care 2018;6:e000481.



Cohort Studies of the Association of Bladder Cancer and 
Pioglitazone Exposure (dependent variable)

Most (18 out of 23) Published Studies are Negative

Mayer, J Diabetes & Complications 2016; 30:981-985 

Author
PIO Bladder 
Cancer, %

Control Bladder 
Cancer, % HR*

Lewis et al, 2011 (5-year 

follow-up)
0.30† 0.48 1.2

Neumann et al, 2012 0.11 0.14 1.22*

We L, 2012 0.28 o.44 1.16

Tseng C-H, 2012 0.39‡ 0.30 1.30

Mamtani et al, 2012 0.32 0.33 0.93

Vallarino et al, 2013 0.21 0.24 0.92

Fujimoto et al, 2013 1.36 0.78 1.75

Jin et al, 2014 0.27 0.23 1.14

Lin et al, 2014 0.10 0.28 0.46

Lee et al, 2014 0.34 0.23 1.03

Levin et al, 2015 0.33 0.34 1.03

Lewis et al, 2015 (10-year 

follow-up)
0.62** 0.66 1.06

Korhonen et al, 2015 0.23 0.27 0.99

✔

✔

*P <0.05; †HR = 1.4*; **HR = 1.16 for exposure > 4 years; ‡HR = 0.82 for exposure > 1 year, no trend with > 2 years.

Pioglitazone and bladder cancer?

➢ Most studies = 18 of 23 studies are negative.

➢ In the 5 positive studies, several design flaws and 

effect small: number needed to treat for  ~3 years 

for 1 bladder cancer between 877 to 4500.

➢ If any potential long-term effect is believed dose-

dependent and rare.



Pioglitazone and Risk for Bone Fracture: 
Safety Data From the IRIS Study

Viscoli JA et al. JCEM 2017, 102(3):914–922.

Men Women

IRIS study: At 5 years, the increment in fracture risk between 

pioglitazone and placebo groups was 4.9% [13.6% vs 8.8%; hazard 

ratio (HR), 1.53; 95% confidence interval (CI), 1.24 to 1.89).



How to Use Pioglitazone in Patients with T2DM?

❖ Beyond glycemia, PIO treats NASH, CVD and prediabetes

❖ Avoid if:

❖ BMI ≥40 kg/m2

❖ LE edema at baseline or on amlodipine (edema +++)

❖ Long-standing DM or high-insulin doses

❖ If HF suspected (echocardiogram, BNP?, consult cardiology)

❖ Osteoporosis

❖ Start pioglitazone at 15 mg/day

❖ Follow patient every 3-4 months:

❖ ALT, A1c, if good tolerance (>90% pts) increase from 15 to 30 mg/day

❖ Check for ankle swelling (~5-8%; more if on high-dose insulin)

❖ Check for shortness of breath or easy fatigability (~1%) or excessive wt gain



Future options to reduce weight gain and  increase 
efficacy of pioglitazone

Cusi K, 2021

1. Low-dose pioglitazone (15 mg/day)

2. Combination therapy:

a) SGLT2i (many studies)

b) GLP-1RA  (e.g., AWARD-1: PIO + dulagutide and exenatide; 

SUSTAIN-2: PIO + semagutide)



Low-Dose Pioglitazone is Associated with Minimal 
Weight Gain in Patients with T2DM

Cusi, 2021 (unpublished)

Author Dose Population n Duration
diff

FPG

diff 

A1c

diff

TG

diff

HDL

Weight 

change

Dose response studies (mg/day) (weeks) (mg/dL) % % % %

Aronoff et al, 2000
15 USA 80 26 −39 −1.0% −14% 6% 1%

30 79 −41 −1.0% −14% 4% 1%

Miyazaki et al, 2002
15 USA 12 26 −31 −1.3% −28% 6% 2%

30 11 −66 −2.0% −40% 7% 3%

Rosenstock, 2002
15 USA 188 16 −35 −1.0% −21% 7% 2%

30 187 −48 −1.3% −23% 9% 4%

Rajagopalan, 2015
15 India 28 26 −40 −0.6% −18% 3% 1%

30 29 −41 −0.7% −24% 4% 2%

A1c, glycated haemoglobin; FPG, fasting plasma glucose; HDL, high-density lipoprotein; TG, triglycerides.



Della Pepa et al, Diabetes Res Clin Pract. 2021 Aug;178:108984. doi: 10.1016/j.diabres.2021.108984. 
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Weight loss with the Addition of Empagliflozin
to Pioglitazone in Patients with T2DM (EMPA-REG EXTEND)

Kovacks et al, Clin Ther. 2015;37:1773–1788. 

Weight loss (kg) with empagliflozin + pioglitazone 

HbA1c



Weight loss with the Addition of the GLP-1RA 
Semaglutide to Pioglitazone in Patients with T2DM (SUSTAIN-2) 

Ahren et al, Lancet Diabetes Endocrinol 2017;5:341–54.

HbA1c Patients achieving 

HbA1c <7.0% with no 

weight gain and no 

hypoglycemia

Weight loss (kg) with 

semaglutide added to 

pioglitazone 



Glucose-lowering Medications in Type 2 Diabetes - 2021

American Diabetes Association, Diabetes Care 2021; 44(suppl. 1): S111-S124

TZD

Patient with 

NASH

- Pioglitazone

- Semaglutide

- SGLT2i?



Cusi K (unpublished 2021)

Cardiometabolic Risk Reduction in obesity and T2DM:
A “triangle of care”… CVD

✓GLP-1RAs

✓SGLT2i

✓Pioglitazone

✓ Pioglitazone

✓ GLP-1RAs

✓ SGLT2i (?)
✓ SGLT2i

✓ GLP-1RAs

NASH

Nephropathy


