The University of
I | Notiingnam INDDC NHS
Nottingham Digestive . .
es Centre National Institute for

UNITED KINGDOM « CHINA - MALSYSIA  Diseases Centre

Nottingham University Hospitals
MNHS Trust

Obesity and Liver

Nottingham Digestive Diseases Biomedical Research Unit

Health Research

Guruprasad P. Aithal

28/06/2014



™~
‘La poire’of Willendorf
Venus of Hohl Fels

Conrad NJ. Nature 2009;489: 248-52. /




NHS

National Institute for
Health Research

Fat depots
Insulin resistance
Interventions
Outcomes




Dietary Energy Availability

_—

L u



http://upload.wikimedia.org/wikipedia/commons/5/5b/World_map_of_Energy_consumption_1961.svg
http://upload.wikimedia.org/wikipedia/commons/6/61/World_map_of_Energy_consumption_2001-2003.svg

World Food Enegery Consumption

2750
> 2500
T 2250 A

ﬂ | ! ! ! | | ! !

1960 1965 1970 1975 1980 1985 1990 1995 2000

Year

2005

Y




Life Style Factors and Weight

Foods
Potato chips

Potatoes or fries
Processed meats
Unprocessed red meats
Butter
Sweets and desserts
Refined grains
Cheese
Vegetables
MNuts
Whole grains
Fruits
Yogurt

Beverages
Sugar-sweetened beverages
10076-Fruit juice
Low-fat or skim milk
Whaole milk

Diet (zero-calorie) soda

[l MHS (women)
[ NHS 1l {women)
[ HPFS (men)
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Weight Change Associated with Each Increased
Daily Serving, per 4-Year Period (Ib)

Weight Change per 4-Year Period (Ib)

3 Quintile of
Physical Activity
Change
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2
3

Quintile of Dietary

Change Reference

Mozaffarian et al., NEJM 2011

/




e

Spot the Difference

Liposuction
o 28%-44% of abd fat

18% of total fat

No change in insulin
sensitivity

o muscle

o liver

o adipose tissue

No change

o adiponectin, TNF alpha,
IL6

o risk factors for CV
disease

Klein et al., NEJM 2004
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Fat Matters
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4 ™
‘Fat body’ and Liver

Immune cells
1

Blood vessels

Metabolic cells

Hoar Hepatocytes

@0
5%q

Immune and blood cells

Fat body

600 million years

Drosophila Mammals

Hotamisligil Nature 2006 /
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Which came first?

® 38 yr male, BMI 36
e Scrotal swelling— cellulitis

® Venous blood glucose 33.3
® Wt loss 6 mo; polydipsia 3 mo
® Alcohol 20 unit
® Maternal aunt withT2DM

e PH 7.383; bicarb 20
® urine 3+ ketones;
e HbA1C 13.8%
® Chol 7.6; Triglyceride 20.3
e GGT 69

e Started on Insulin and statin
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Progress 2010-12

ALT: 91

GGT: 130

Ferritin: 452
HbA1C: 6.6-10-12%
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Update

C peptide: 2473
pmol/L
Anti Glutamic acid

decarboxylase
antibody: negative




Chronology of Metabolic syndrome

° o

® Adult treatment panel III criteria

Suzuki et al., Hepatology 2005; Sattar et al., Diabetes 2005, 2007;
Shibata et al., Diabetes care 2007, Lawlor et al., Am J Epidemiol 2005;
Ghouri et al., Hepatology 2010
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NAFLD is pre-Diabetes
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Odds Ratio Odds Ratio
Study or Subgroup  Weight M-H, Random, 95% CI M-H, Random, 96% CI
Kim 2008 40.9% 4.04[3.07,5.32) L
Okamoto 2003 24.1% 1.81[0.96, 3.39] Bl
Shibata 2007 35.0% 4.70(3.18, 6.95] -
Total (36% Cl) 100.0% 3.51[2.28,5.41) @
Total events : . :

Heterogeneity: Tau* = 0.10; Chi* = 6.66, df = 2 (P = 0.04), P =70%
Test for overall effect: Z = 5.69 (P < 0.00001)

0.01

0.1 1 10
Controls NAFLD

Study

ID HR (95% CI) % Weight
ALT

Andre 2005 (men) (4) 1.41(0.65,3.04) 4.06
Andre 2005 (women) (4) 0.65(0.19,2.27) 1.65
Wannamethee 2005 (5) 1.86(1.04,3.30) 6.79
Doi 2007 (men) (21) 2.33(1.06,5.12) 393
Doi 2007 (women) (21) 4.71(1.62,13.63) 2.25
Ford 2008 (men) (22) 1.69(1.15,2.50) 12.32
Ford 2008 (women) (22) 1.49(0.90,2.47) 836
Monami 2008 (25) 1.03(0.39,2.77) 260
Lee 2003 (24) 262(1.82,3.78) 1338
Nakanishi 2004 (27) 243(1.70,3.48) 13.75
Nannipieri 2005 (28) 1.39(0.79,245) 6.96
Hanley 2004 (36) 1.64(0.92,293) 6.72
Sattar 2004 (29) 1.89(1.11,3.22) 7.67
BWHHS (.) 1.57(0.99,249) 9.56
Subtotal (I-squared = 18.7%, p = 0.249) 1.85(1.57,2.18)  100.00
GGT

Perry 1998 (3) 232(1.51,3.56) 5.62
Andre 2005 (men) (4) 2.04(0.98,4.23) 2.82
Andre 2005 (women) (4) 2,62 (0.66,10.42) 0.96
Wannamethee 2005 (5) 2.29(1.28,4.11) 3.89
Doi 2007 (men) (21) 1.84(1.09,3.08) 4.53
Doi 2007 (women) (21) 6.98 (1.96,24.89) 1.11
Ford 2008 (men) (22) 1.61(1.22,2.11) 8.14
Ford 2008 (women) (22) 1.36(0.96,1.92) 6.80
Monami 2008 (25) 2.04(1.08,3.84) 347
Lee 2003 (24) 4.34(2.76,6.82) 5.30
Nakanishi 2004 (27) 1.76 (1.40,2.21) 8.93
Nannipieri 2005 (28) 1.29(0.80,2.10) 4.89
Lee 2003 A (32) 1.95(1.26,3.00) 5.54
Lee 2004 (men) (33) 2.04(1.59,261) 857
Lee 2004 (women) (33) 2.75(1.92,394) 6.65
Meisinger 2005 (men) (34) 1.91(1.48,2.47) 843
Meisinger 2005 (women) (34) 1.36(0.94,1.98) 6.40
BWHHS (.) 1.42(1.07,1.88) 7.95
Subtotal (I-squared = 54.8%, p = 0.003) 1.92(1.66,2.21) 100.00

NOTE: Weights are from random effects analysis

I
0.0402

KShibata M et al. Diabetes Care 2007. Fraser et al. Diabetes Care 2009 . Musso G et al. Ann Med. 2011 /




Twin cycle hypothesis

Positive calorie balance

Preexisting muscle .L
insulin resistance o
++

\ 4

MLiver fat — T VLDL L P Islet

1 triglyceride triglyceride
Liver \
Cycle Resistance to insulin
suppression of —

J Insulin response
to ingested glucose

glucose production

I

N Basal insulin
secretion  Plasma glucose |

Pancreas

Cycle

M Postprandial
glucose

Taylor R. Diabetologia 2008;51:1781-1789. /
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Number of studies

Risk = Disease
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e Diabetas Age HOMA IR] ASTSALT  Platelats Ha, Bhal Farrifin
Variable
BARD score
e BMI 228 =1

o AST/ALT ratio =20.8=2
e DM=1

BARD score 2-4 = advanced tibrosis (OR: 17 [9-32])

Harrison et al., Gut 2008




Good Fat, Bad Fat

e Db/Db mice fed MCD diet

° Diacyl glyceral acyl transferase 2 antisense oligonucleotide
treatment

C control MCD+saline MCD+DGAT2 ASO

Sirius Red

x200

a-sma

Yamaguchi et al. Hepatology 2007
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Fat and insulin signalling

glycerol-3-phosphate
fatty acyl-CoA
i lipogenesis

receptor

Samuel VT et al. Cell 2012, Birkenfield AL et al. Hepatology 2014 /




Lipogenesis or lipolysis

Acylation :
A - TG
Lipolysis

IR

e
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Insulin P <

Lipogenesis (+/-)

T S

FFA
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Lipolysis (+/-)
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ATGL
PNPLA3/S

PNPLA3/5

Lipolysis (+++)
(dysregulated)

VAT or unhealthy SAT

large adipocytes
overloaded, stressed
inflamed

212
. —> -
" TG

Healthy SAT
small adipocytes
Well-differentiated

HSL
MAGL/CGIS

Chromosome

11 13 15 1719 22

Farrell. Hepatology 2010
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Romeo et al. Nat Genet 2008
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Coffee: magic

Table 4. Studies assessing impact on coffee on liver related health outcomes — Non-alcoholic fa tly liver dsease

Reference Year Design Cohort* Country  Findings
Anty et al(50) 2012 Cross-Sectional 195 France  Regular but not espresso coffee protective against liver
fibroses in patients with NAFLD
Birerdinc ef al {46) 2011 Cros-5Sectional 1782 USA Caffeine associated with a lower risk of MAFLD
Catalano et al{47) 2010 Case-Control  Cases 157 ltaly Cotfee inversely related to severity of NAFLD
Controls 153
Gutierrez-Grobe ef al(48) 2012 Case-Control Cases 57 Mexico Coffee protectiveagainstNAFLD
Controls 73
Malloy et al{49) 2012 Cross-Sectional 306 USA Cotfee caffeine associated with a significant reduction

in risk of fibrosis among NASH patients

Table 4—Adjusted® associations of coffee with incident type 2 diabetes by baseline glucose level, Rancho Bernardo Study, 19841987

Coffee exposure Total nondiabetic Normal glucoset Impaired glucoset

n 910 593 317

Coffee status
Past drinker/never drank 13/18, 0.38 (0.17-0.87) 4/3, 0.63 (0.12-3.21) 9/15,0.31 (0.11-0.87)
Current drinker/never drank 53/18, 0.36 (0.19-0.68) 1473, 0.40 (D.10-1.65) 39/15, 0.36 (0.16-0.83)

Daily colfee consumption after age
45 years (cups)
1-2/0 31/31, 0.66 (0.38-1.14) 8/7,0.64(0.22-1.89) 23/24, 0.71 (0.35-1.41)
3-4/0 13/31, 053 (0.26-1.08) 4/7,0.54(0.15-2.00) 9/24,0.55 (0.22-1.36)
=5/0 9/31, 0.60 (0.26-1.40) 2/7,0.33 (0.06-1.80) 7/24,1.01 (0.33-3.13)

Cup-years (per 20)% 0.99 (0.93-1.05) 1.01 (0.92-1.12) 0.98 (0.90-1.06)

Saab et al., Liv International 2013
K Smith et al., Diabetes Care 2006




Coffee
effect

TGF-B type |
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Glitazones

e 7RCT (n=489)

® 4 placebo controlled
(n=355)

® Improvement
® Fibrosis: RR 1.38
® Steatosis: RR 2.03
® Inflammation: RR 1.7
® Ballooning: 1.62

12D Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Idilman 2008 2 " 0 8 12% 3.75[0.20, 68.89] 0
Ratziu 2008 5 32 5 32 76% 1.00(0.32,312) ! [
Aithal 2008 9 3N 6 30 121% 1.45(0.59, 3.58) ——
Belfort 2006 12 26 7 21 18.4% 1.38(0.66, 2.88) —r—
Sanyal 2010 35 80 26 83 607% 1.40(0.93,2.09) Lz
Total (95% CI) 180 174 100.0% 1.38 [1.01,1.89] 3
Total events 63 44
Heterogeneity: Tau®= 0.00; Chi*= 0.78, df= 4 (P = 0.94), F= 0% 70.02 0?1 150 505
Testfor overall effect: Z= 2.01 (P = 0.04) Favours placebo Favours TZD
TZD Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ratziu 2008 15 32 5 31 84% 2.91[1.20,7.03] L
Aithal 2008 15 31 " 30 186% 1.32[0.73, 2.39] 2
Belfort 2006 21 26 8 21 19.8% 2.12[1.19,3.77] —
Sanyal 2010 55 80 26 83 533% 2.19[1.54,3.12] L 3
Total (95% Cl) 169 165 100.0% 2.03[1.57, 2.62] ¢
Total events 106 50
Heterogeneity: Tau? = 0.00; Chi? = 2.87, df = 3 (P = 0.41); I2 = 0% -‘O = 0*1 ! 1f0 501

Test for overall effect: Z = 5.42 (P < 0.00001)

Favours placebo Favours TZD

TZD Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Belfort 2006 17 26 6 21 12.3% 2.29[1.10,4.76) T
Aithal 2008 14 31 8 30 13.1% 1.69 [0.83, 3.44] T
Ratziu 2008 16 32 1" 31 19.0% 1.41[0.78, 2.54] T
Sanyal 2010 48 80 29 83 55.6% 1.72[1.22,2.42] &+
Total (95% Cl) 169 165 100.0% 1.71[1.32, 2.21] ¢
Total events 95 54
Heterogeneity: Tau? = 0.00; Chi? = 1.03, df = 3 (P = 0.79); I = 0% t t t i
005 02 1 5 20

Test for overall effect: Z=4.10 (P < 0.0001)

Favours control Favours TZD

TZD Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Aithal 2008 10 3 3 30 84% 3.23[0.98. 10.59] |

Belfort 2006 10 26 3 21 89% 2.69[0.85, 8.55] T =

Ratziu 2008 8 32 7 31 151% 1.11[0.46, 2.69] L

Sanyal 2010 35 80 24 83 67.6% 1.51[1.00, 2.30] |'.'

Total (95% ClI) 169 165 100.0% 1.62[1.15, 2.28] ‘

Total events 63 37

Heterogeneity: Tau? = 0.00; Chiz = 2.89, df = 3 (P = 0.41); 2= 0% f f f 1
0.02 0.1 1 10 50

Test for overall effect: Z = 2.74 (P = 0.006)

Favours placebo FavoursTZD

Mahady etal ] Hepato]og)/ 20 11




Secondary outcomes

-

Placebo | Pioglitazone | P value
Weight (kg) - 0.55 +2.77 0.02
Glucose (mmol/ +0.4 -0.1 0.02
HbA1C (%) +0.16 |-0.18 0.01
C peptide (pmol/l) |+ 42.0 78.2 0.02
Dyslipidemia +3.4% -14.8% 0.05

15

Change from Basaline

T Insulin Resistance

- —
Phosbe o . ,
e ; Fa )
0= =
'H-__H. ---q_-_____-_ Wiarnin E
.--
-
- Pioglkazone .."r
o, _ I
"-!_ | T
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Sanyal et al., N Engl | Med 2010
Aithal et al., Gastroenterology 2008
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19 trials
16390 patients
4 mo- 3.5 years

Individual components all

Estimated Event Rata, %

reduced

¢ HR:0.8-0.92 v

Heart failure 2.3% vs Cortro

1.8%

Pioglitazone: all outcomes

B0 &0 100 120 140
Weeks

4133 a3 35034 2B26
4026 JET AE0E 2810

Lincoff et al. JAMA 2007 /
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Enterohepatic action of Farconoid Xenosensing Receptor (FXR)

Schaap, FG et al. Nat. Rev. Gastroenterol. Hepatol. 2014;11, 55—67. /
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Obeticholic acid

e First in class selective FXR agonist

e 100 fold activity compared to chenodeoxycholic acid

® FGF19 in Ob/Ob mice
® Reduced weight, adiposity, liver fat

® Improved insulin sensitivity
® Favourable lipid profile
¢ FGF19 in FXR-deficient mice
® Decreased intrahepatic triglyceride
e FFA and ALT
¢ FGF19 in insulin deficient animals

® Restores glycogen loss from lack of insulin action

® Obeticholic acid is anti—inﬂammatory and antifibrotic properties
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Primary end point

Group Low dose insulin
(mean % change in
glucose infusion rate)

Placebo (n=17) -5.5%

OCA 25 mg 28.0%
(n=15)
OCA 50 mg 20.1%
(n=12)

OCA both doses  24.5%
(n=27)

P value

0.019

0.06

0.01

High dose insulin
(mean % change in
glucose infusion rate)

-5.4%
18.3%

10.8%

15.0%

P value

0.036

0.076

0.025




Secondary endpoints

® Fall in ALT, GGT and ALP (not AST)
® Fall in ELF score
e Fall HA, P3NP and TIMP 1

® Significant changes with 25 mg of OCA; not
with 50mg
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NAFLD and Outcome

1.0 3
0.9 1 100 S
0.8 4 X S I_L_|—L_I_‘
e -
0.7 80 "-"""-"“L----I_.
_ . S T <
& 06 - Tememmes
S o5 & 60 _ _
2 o4 E: Cirrhosis 4% vs. 22% (p=0.001)
5 0.4 -
@ 5 ob .
0.3 4 a 4 Liver related death 2% vs. 10% (p=0.08)
0.2 ; _
014 p=0.03 20 [ Typet
---=- Types 2-4
0.0 r— r——— ey —— — — Liiad . | . | I |
01 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 0 L1 ' . '
Time (years) 0 6 12 18 24 30 38 42 48 54 60
: Months
No. at risk 420 399 389 382 361 306 254 217 176143109 71 54 40 31 23 14

Fat Non-specific inflmn. | Ballooning Fibrosis
Cirrhosis 4% o 21% 26%
Liver death 2% 0 5% 13%

Adams et al., Gastroenterology 2006
Matteoni et al Gastroenterology 1999 /
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overall mortality

Study or Subgroup  Weight

Outcome beyond the liver

Adams 2005 5.4%
Ekstedt 2006 14.1%
Matteoni 1999 28.9%
Rafig 2009 252%
Soderberg 2009 26.3%
Total (95% CI) 100.0%

Total events

liver-related mortality

Study or Subgroup  Weight

Heterogeneity: Chi? = 1.26, df = 4 (P = 0.87); = 0%
Test for overall effect: Z = 3.05 (P = 0.002)

Odds Ratio Odds Ratio
M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.13[0.41, 11.15] T e a—
2.66[1.03, 6.87] =
1.36 [0.64, 2.90] T
1.91 [0.90, 4.04] =
1.70[0.81, 3.59] e
1.81 [1.24, 2.66] L
001 01 1 10
simple steatosis NASH
Odds Ratio Odds Ratio

M-H, Fixed, 95% CI

M-H, Fixed, 95% CI

Adams 2005 13.3%
Ekstedt 2006 10.2%
Matteoni 1999 20.4%
Rafig 2009 27.5%
Soderberg 2009 28.6%
Total (95% ClI) 100.0%

Total events

Heterogeneity: Chi? = 0.27, df=4 (P =0.99); P=0% |
Test for overall effect: Z = 3.77 (P = 0.0002)

3.71[0.20, 70.19]
4.21[0.20, 89.42]
5.91[0.71, 48.83]
7.66 [1.61, 36.52]
5.17 [1.03, 26.06]

5.71 [2.31, 14.13]

I [
—
—
<
0.1 1 10 100
steatosis NASH

2nd Qtr 3rd Qtr 4th Qtr
GGT Quarters

Musso. Ann. Med. 2010
Ghouri. Hepatology 2010
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Cardiovascular events

3.1.2GGT

Fraser 2009

Hozawa 2007 (men)*
Hozawa 2007 (women)*
Lee DH 2006

Lee DS 2007

Meisinger 2006

Monami 2008
Ruttmann 2005 (men)*
Ruttmann 2005 (women)*
Wannamethee 1995*
Subtotal (95% Cl)
Total events

Heterogeneity: Tau? = 0.00; Chi? = 10.23, df = 9 (P = 0.33); I = 12%
Test for overall effect: Z = 8.83 (P < 0.00001)

5.9%
2.8%
1.9%
10.7%
8.2%
4.5%
2.0%
11.1%
11.0%
6.6%
64.8%

1.18 [0.77, 1.80]
0.79 [0.38, 1.64]
2,88 [1.13, 7.36]
1.48[1.23,1.79)
1.67 [1.23, 2.26]
2.34[1.37, 3.98]
1.40 [0.57, 3.46]
1.57 [1.33, 1.86]
1.68 [1.42, 2.00]
1.49[1.01,2.19)
1.57 [1.42,1.74]

-{,,..ii.|1‘l1

-

0.01

+
0.1

Controls NAFLD

1
10 100

Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eckstedt 2006* 5.7% 1.75[1.03, 2.95] ===
Hamaguchi 2007 1.6% 4.12[1.85, 9.15] ——
Haring 2009 (females)* 1.1% 0.93[0.19, 4.50] I
Haring 2009 (males)* 2.5% 3.11[1.28, 7.55] -
Jepsen 2003* 58.6% 2.15[1.86, 2.50] |
Sanyal 2006* 0.3% 8.28 [1.02, 67.02]
Targher 2005 17.8% 1.53[1.07, 2.17] el
Targher 2007 12.4% 1.88[1.30, 2.71] o
Total (95% CI) 100.0% 2.05[1.81, 2.31] )
Total events ) . .

Heterogeneity: Chi = 10.19, df =7 (P = 0.18); I?=31% f 1 T |
Test for overall effect: Z = 11.39 (P < 0.00001) X :

Musso et al. Ann. Med. 2010
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Inflamed liver and heart

® 52 NAFLD; 28 controls
® Flow mediated vasodialtion
e GTN induced
® Adjusted for age, gender, BMI, IR
e NAFLD < Normal
® NASH < steatosis

] Controls

ks P< 0.001

Percent Vasodilation

®* 10 yr probability of CV events
e NASH > NAFLD > Normal

Endothelium Endothelium
Dependent Independent

Villanova Hepatology 2005
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Beyond glucose

* 11,140 type 2 DM x 5 yrs
No effect on CV events, any death
Reduced nephropathy

* 10,251 type 2 DM x 3 yrs

No reduction in vascular events

Increased mortality— study discontinued

e 1791 type 2DMx 6 YIS

No effect on CV events, death or microvascular complications

* UKPDS: 5,102 patients with type 2DM x 10 years

No significant reduction in fatal, non-fatal MI or sudden death

ADVANCE Col. Group. NEJM 2008; ACCORD Study Group NEJM 2008;
k Duckworth. NEJM 2009; UKPDS. Lancet 1998




Heart of the Matter

® 3246 British women

® 60-79 yr

® None with DM, coronary disease and stroke at base line

® Fasting insulin had a linear relationship with vascular events

® Fasting glucose, HbA1C had no effect

Lawlor. PLoS Med 2007
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Ode to the liver

...While the heart

plucks mandolin strings,
There, inside

you filter and apportion
you separate and divide
you multiply and lubricate
you raise and gather

the threads and grams of life....

to say good bye...

And after cleaning up, you are warmly last

Pablo Neruda (1904-73)
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