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molecular mechanisms of NASH

Samuel VT & Shulman GI Cell Metab 27:22, 2018 Pejnovic N et al.: W.J.Gastroenterol 22:9796, 2016
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consensus report by the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD) Diabetologia and Diabetes Care 2018



insulin sensitizers

• metformin
• GLP-1 RA
• pioglitazone
• SGLT inhibitors



metformin and NASH

Green CJ et al.: DOM 21:749, 2019 doi: 10.1111/dom.13592



metformin and NASH
histological steatosis lobular inflammation

hepatocellular ballooning fibrosis

Musso G et al.: Diabetologia. 55:885, 2012 doi: 10.1007/s00125-011-2446-4



insulin sensitizers

• metformin: no evidence
• GLP-1 RA
• pioglitazone
• SGLT inhibitors



Dhir G and Cusi K.: J Investig Med. 66:7, 2018 doi: 10.1136/jim-2017-000554

GLP-1 RA and NASH



Armstrong MJ et al.: Aliment Pharmacol Ther 37:234, 2013 doi: 10.1111/apt.12149
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weeksArmstrong MJ et al.: Lancet 387:679, 2016 doi: 10.1016/S0140-6736(15)00803-X.



endpoint liraglutide placebo Relative Risk p value
Number of patients with paired liver biopsies 23 22
Patients with resolution of NASH 9 (39%) 2 (9%) 4.3 (1.0 to 17.7) 0.019
Total NAFLD activity score
Change in score -1.3 (1.6) -0.8 (1.2) -0.5 (-1.3 to 0.3) 0.24
Patients with improvement 17 (74%) 14 (64%) 1.2 (0.8 to 1.7) 0.46

Hepatocyte ballooning score
Mean change -0.5 (0.7) -0.2 (0.6) -0.3 (-0.7 to 0.1) 0.15
Patients with improvement 14 (61%) 7 (32%) 1.9 (1.0 to 3.8) 0.05
Steatosis
Change in score -0.7 (0.8) -0.4 (0.8) -0.2 (-0.6 to 0.2) 0.32
Patients with improvement 19 (83%) 10 (45%) 1.8 (1.1 to 3.0) 0.009
Lobular inflammation
Change in score -0.2 (0.6) -0.2 (0.5) -0.01 (-0.3 to 0.3) 0.97
Patients with improvement 11 (48%) 12 (55%) 0.9 (0.5 to 1.6) 0.65

Armstrong MJ et al.: Lancet 387:679, 2016 doi: 10.1016/S0140-6736(15)00803-X.

LEAN: liraglutide in NASH
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GLP-1/Glucagon dual agonist
a phase 2 study

MCD: methionine and 
choline–deficient diet

Ambery P. et al.: Lancet 391:2607, 2018  doi: 10.1016/S0140-6736(18)30726-8



GLP-1/Glucagon dual agonist
improves steatohepatitis in mice

MCD: methionine and 
choline–deficient diet

Valdecantos MP et al.: Hepatology. 65:950, 2017 doi: 10.1002/hep.28962



insulin sensitizers

• metformin: no evidence
• GLP-1 RA: works; weight loss?
• pioglitazone
• SGLT inhibitors



pioglitazone in NASH
(55; biopsy proven, IGT or T2DM)

Belfort R. et al.: NEJM 355:2297, 2006



pioglitazone in NASH
(55; biopsy proven, IGT or T2DM)

Belfort R. et al.: NEJM 355:2297, 2006



body weight before after Treatment Diff. p value
pioglitazone 98.2 (16) 99.4 (17)
placebo 99.2 (17) 99.5 (17) 2.5 (0.4 to 4.5) 0.02
BMI
pioglitazone 34.3 (4.8) 34.6 (4.8)
placebo 34.5 (4.8) 34.6 (5.0) 0.9 (0.1 to 1.6) 0.019
fat mass (DEXA)
pioglitazone 33 (7) 36 (7)
placebo 34 (8) 36 (8) 2 (1 to 3) <0.001

HbA1c (%, only T2DM)
pioglitazone 7.1 (0.9) 6.2 (0.7)
placebo 6.8 (1.0) 6.5 (0.7) -0.6 (-1.1 to -0.2) 0.009

fasting insulin (µ/U/ml)
pioglitazone 15 (11) 8 (15)
placebo 16 (12) 17 (16) -6 (-12 to 0) 0.041

Cusi K et al.: Ann Intern Med 165:305, 2016 doi:10.7326/M15-1774

pioglitazone in NASH
18 months follow-up in IGT and T2DM



meta-analysis of pioglitazone in NASH

Musso G. et al.: JAMA Intern Med 177:633, 2017 doi:10.1001/jamainternmed.2016.9607

Patients with NASH with advanced fibrosis at baseline

Improvement in fibrosis of any stage

Induction of NASH resolution
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TOSCA.IT pioglitazone increases body weight

metformin + pioglitazone
metformin + glimepiride



insulin sensitizers

• metformin: no evidence
• GLP-1 RA: works; weight loss?
• pioglitazone: works; weight gain!
• SGLT inhibitors



gliflozins mostly reduce fat mass

Week BL 4 8 12 18 26 36 44 52

+3

+2

+1

0

-1

-2

-3

-4

-5

+2

+1

0

-1

-2

-3

-4

-5

!"#$%&
'!(#$)*+,

!"#-%&
'!(#()*+,

&)A(LMNMM6

Change in Body Composition 
(DXA Analysis Subgroup, N=312)

cana
100 mgglimepiride

cana
300 mg

Weight Loss Over Time

LS
 M

ea
n 

%
 C

ha
ng

e 
fr

om
 B

as
el

in
e 

±
S
E 

B
od

y 
W

ei
gh

t

BL Mean Body Weight (kg): 86.6
N =1450 

Based on ANCOVA  model, data prior to rescue (LOCF)

Weight changes relative to glimepiride in DXA analysis 
subgroup (-5.3 kg and -5.0 kg for CANA 100 mg and 300 
mg, respectively) were similar to overall cohort.

cana
100 mg

glimepiride

cana
300 mg ./0)1/2234/5)1/22

1.02
1.06

-0.89 -1.12

-2.89 -2.51

Cefalu WT et al. Lancet 382:941, 2013



Ac-CoA
oxalacetate

Krebs
12 ATP

protons

FFA

FFA

"""-"--ox

protons
5 ATP

glucose
pyruvate 4 ATP

glicolysis

Ac-CoA

glicolysis

lower glucose with same
insulin reduces glucose
oxidation

to maintain ATP 
production "–ox of FFA 
increases

KrebsKrebsKrebsWEIGHT 
LOSS

FFA pyruvate

fasting-mimicking
state

intracellular metabolism



estimated glucose loss with SGLT2i
empa 25, ext. of 2 12-w trials; HbA1c: 7.8 BMI: 29.8

0 30 60 90 0 30 60 90
100

120

140

160

120

140

160

180

0
20

60

100
78

82

86

92

40

80

90
88

84

80

fasting glucose

filtered glucose

eGFR

excreted glucose

g·
da

y-
1 ·

1.
73

m
-

2

m
g·

dl
-1

m
l·m

in
-

1 ·
1.

73
m

-2

m
g·

m
in

-

1 ·
1.

73
m

-2

Ferrannini G et al, Diabetes Care 2015 10.2337/dc15-0355 weeks



expected

energy

kc
al

·d
ay

-1

kg

Ferrannini G et al, Diabetes Care 2015 10.2337/dc15-0355

energy balance with SGLT2i
empa 25, ext. of 2 12-w trials; HbA1c: 7.8 BMI: 29.8
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SGLT-2is increase ß-OH-butyrate

Ferrannini E et al.: Diabetes 65:1190, 2016 doi: 10.2337/db15-1356
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EMPAREG: ALT with empagliflozin

Sattar N et al.: Diabetologia 61:2155, 2018 doi: 10.1007/s00125-018-4702-3
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SGLT2-is reduce NASH
liver-to-spleen attenuation ratio

L/S, liver-to-spleen attenuation ratio; Alt, alanine aminotransferase; Glu, fasting glucose; 
CPR, C-peptide immunoreactivity; VFA, visceral fat mass area
Shibuja T et al.: DOM 20:438, 2018 doi: 10.1111/dom.13061



effect of cana on intrahepatic TG content (NMR)
absolute changes relative changes

Cusi K et al.: DOM in press doi: 10.1111/dom.13584
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SGLTi in NASH: ongoing studies



SGLT-2i effect
fat oxidation
glucose uptake/oxidation
P/O ratio
cardiac work efficiency

diabetic heart
fat oxidation
glucose uptake/oxidation
P/O ratio
cardiac work efficiency

Mudaliar S et al.: Diabetes Care 39:1115, 2016

Shift in Fuel Energetics
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empagliflozin increases glucose oxidation
(in isolated hearts)
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empagliflozin improves metabolic efficacy
(in isolated hearts)
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SGLT-2i: no effects on glucose uptake?

Latva-Rasku A. et al.: Diabetes Care 2019 doi: 10.2337/dc18-1569. [Epub ahead of print]



insulin sensitizers

• metformin: no evidence
• GLP-1 RA: works; weight loss?
• pioglitazone: works; weight gain!
• SGLT inhibitors: works?

increased FFA oxidation?
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