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NAFLD as Hepatic Expression of
the Metabolic Syndrome

Table 2. Clinical syndromes associated with
insulin resistance.
Type 2 diabetes
CvD
Essential hypertension
Polycystic ovary syndrome
Nonalcoholic fatty liver disease
Certain forms of cancer
Sleep apnea

Reaven, Clin Chem 2005




Hepatic Triglyceride Content and
Body Adiposity

Intra-hepatocellular
lipids increase by:

e 22% for 1% increase
in total adipose
tissue (AT);

e 21% for 1% increase
in subcutaneous AT;

e 104% for 1% 1.15 Lo];ASLT 2.15

increase in intra- Fi 4 Relationship between intrahepatocellular lipid (IHCL) content
o igure eliagnonsni efween Iniraneparoceliuiar lpi conien
abdominal AT - # 7 :

and serum alanine aminotransferase (ALT): log, IHCL= —3.271+1.3377
loge ALT {r=0.57, p=0.004).

Thomas, Gut 2005




Weight loss and liver fat in
morbid obesity
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NASH Evolution

41 Pts with NASH

22 Pts accepted a 2nd
biopsy after 4.3 yrs

/ progressed, 15 did
not

Obesity prevalence
(86%) and BMI (median
33.2 kg/m?) were
significantly higher in
P than NP (27% and
AN

Np differ_ences in
biochemical
parameters

Fassio et al, Hepatology 2004
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Source of liver fat (TAG) in NAFLD/NASH

Dayi  Day2 Day 3 Day4  Day5e Insert shows the source
—————————————————————————————————— o o o
Fed Fasted Fed Fasted Fed Fasted Fed Fasted ‘ Contr]butlon to tTRL TAG ]n the
acute postprandial period.

Patients consumed a meal
consisting of whole foods at
0700; blood samples were
obtained at 15-minute intervals
until 0800, at 30-minute intervals
1119516 0900, and then hourly until

The pattern of labeling in VLDL
was similar to that in liver, and
— - throughout the 4 days of
1500 06451500 0645 1500 0645 1500 0645 labeling, the liver demonstrated
reciprocal use of adipose and
dietary fatty acids.

DNL was elevated in the fasting
state and demonstrated no
diurnal variation.
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Visceral fat as predictor of NASH

Table 6. Univariate and Multivariate Analysis of Visceral Fat as a Predictor of Advanced Inflammation and Fibrosis. Adjusted
Models Were Analyzed by Binary Logistic Regression

Adjusted for HOMA-IR and
Unadjusted Hepatic Fat Best Fitting Model

0dds Ratio 0dds Ratio 0dds Ratio
Factor (95% CI) P Value (95% CI) P Value (95% CI) P Value

Advanced Inflammation (12-3)
Visceral fat (per 1% increase) 2.7(1.1-6.6) 0.03 2.8 (1.01-7.6) 0.05 2.9 (1.1-7.6) 0.03
Age (per 5 year increase) 1.5(0.98-2.2) 0.04 1.6 (1.0-2.6) 0.05 - NS
Hepatic fat (per 5% increase) 1.5(0.87-2.5) 0.15 - - - NS
HOMA-IR (per 1 unit increase) 1.3(0.93-1.8) 0.12 - — - NS
Advanced Fibrosis (F3-4)
Visceral fat (per 1% increase) 4.9(1.5-16.7) 0.009 5.2 (1.4-18.6) 49 (1.5-16.7) 0.009
Age (per 5 year increase) 1.7(1.06-2.8) 0.03 1.8 (1.1-3.0) - NS
Hepatic fat (per 5% increase) 1.2(0.74-2.1) 0.41 - - - NS
HOMA-IR (per 1 unit increase) 1.3(0.93-1.8) 0.12 - — - NS

Hepatic fat as measured by morphometry, visceral fat expressed as a percentage of body weight. Abbreviation: HOMA-IR, Homeostasis Model Assessment of Insulin
Resistance.

At multivariate analysis, visceral fat remains the independent predictor of
NAFLD severity (advanced fibrosis and necroinflammation)

van der Poorten, Hepatology 2008




Daily Intake

NASH (25)

Dietary Intake in NASH

Cont (25)

P value

Total energy (kcal)

Energy per b.w. (kcal/kg)

Protein (g)

Carbohydrates (g)

Total Fat (g)

Saturated FA (g)
Monounsaturated FA (g)
Polyunsaturated FA (g)
Poly/Sat ratio
Cholesterol (mg)

Fiber (g)
Vitamin A (pg)

Vitamin C (mg)
Vitamin E (mg)

2,638 + 444
33+5
121.2 + 25.2
295.1 £ 53.7
102.8 + 31.6
40.2 + 12.7
52.1 + 17.4
10.3 £ 4.9
0.24 + 0.10
506 + 108
12.9 + 4.1
583 + 384
84.3 + 43.1
5.4+1.9

2,570 + 739
32+ 6
107.2 + 32.7
315.2 + 101.9
92.1 + 35.2
28.7 + 11.1
47.8 + 16.7
13.4 + 4.1
0.46 + 0.12
405 + 111
23.2+7.8
647 + 507
144.2 + 63.1
8.7+2.9

NS
NS

NS
NS
0.001
NS
0.019
< 0.001
0.002
< 0.001
NS
< 0.001
< 0.001

Musso et al, Hepatology 2003




Diet and NAFLD/NASH

s NASH (n=24) EEIEXEN]

A FL (n=13) NASH cases is
characterized
by a higher
intake of
refined CHO
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Fig. 1. Correlation between intake of sweets and cereals. In the NASH
group, the intake of cereals was lower and the intake of sweets was higher
compared with intakes in the FL group. FL, simple steatosis: NASH,
non-alcoholic steatohepatitis.

Toshimitsu, Nutrition 2007




Supersize Me
Effect of Fast Food on liver fat

18 subjects doubled caloric intake
by a fast food-based diet for 4
weeks

Limited physical activity <5000
steps/day

+6.4 kg, 10% weight gain in 4
weeks

Serum ALT, on average from
22 U/L to 68 (+220%)

Liver fat (MRS), 1.1% to 2.8
(+155%)

A l-llm 01 Epic P Oil 1ans
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Kechagias, Gut 2008

www.SuperSizeMe.com
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Glucose Disposal and FFA
During Clamp Study

Total Glucose Disposal  Free Fatty Acid Levels
(umol kg "' min 1) (mmol L)
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Marchesini et al, Diabetes 2001




Glucose Disposal and Hepatic
Glucose Output in NAFLD

Total Glucose Disposal Hepatic Glucose Output
(umol kg -* min 1) (umol kg ' min 1)

CONT DM2 NAFLD CONT DM2 NAFLD

Marchesini et al, Diabetes 2001




Liver fat & Insulin sensitivity in T2DM
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Kotronen, Gastroenterology 2008
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T2DM & Liver fat content

T2DM, closed
circles
Controls,
open circles
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Liver Fat & Insulin Resistance

Liver Fat and Insulin Resistance, Tiikkainen et al.
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Figure 2: Liver fat content, body mass index, infra-abdominal and
subcutaneous fat content in women with low ((J) n = 13 and high

() n = 14 LFAT.
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Figure 3: Fasting serum msulin and C-peptide concentrations,
triglycenides, and whole-body insulin sensitivity in women with
low ([J) and high (M) LFAT. #p < 0.05 and #**p << 0.01 for high
vs. low-LFAT.

0.0—

Fasting insulin, triglycerides and arterial pressure were associated with LFAT. The
relationship remained significant after adjustment for intra-abdominal or subcutaneous

fat or BMI.

Tiikkainen, Obes Res 2002




Liver Fat & Insulin Resistance
Effect of Weight Loss
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FIG. 3. Effects of weight loss on measures of body composition in Schore  Afr
women with low ([J,n = 12) and high (l,n = 11) LFAT. Change in body
weight (4) and BMI (B) by weight loss. Intra-abdominal (La.) (C) and
subcutaneous (S.c.) (D) fat volumes before and after weight loss.

#2:2P < (0.001 before vs. after weight loss.

FIG. 4. Effects of weight loss on LFAT (A4) and fasting serum insulin
concentrations (B) in women with low ([J) and high (l) LFAT. *P <
0.05, **P < 0.01, ***P < 0.001.

Identical weight loss produces different effects on hepatic steatosis in subjects with low or
high Liver FAT. The effects on subcutaneous and intra-abdominal fat depots were identical.
Conclusion: Liver Fat does not simply reflect fat stores; Regulation by dietary fat.

Tiikkainen, Diabetes 2003




IR, EGP & bariatric surgery

Guidone, Diabetes 2006 b
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Bariatric surgery (BPD) results in a rapid drop in glucose and increased insulin
sensitivity, coupled with restored response EGP to insulin

Taylor, Diabetologia 2008




Pathogenesis of T2DM - Role of liver
fat

Positive calorie balance The tW]n ViCiOUS CyCleS Of TZDM

e Individuals with IR (family or
lifestyle factors) will

T Liver fat accumulate LFat more readily

N than others

Resistance to insulin

suppression of HGP ° AS LFat ]nCreaSGS, EGP
P! v becomes less sensitive to
 Basal insulin secretion INEDE tiaoylglyesro] suppression by insulin, BG rises
L and basal insulin secretion
e —— rates rise - Vicious cycle A (in

. ' blue).
// \ Increased LFat will increase

A\ 4

st l reTw—— TAG secretion by the liver. All
|

| tissues (including B-cells) will
‘\ /; [ be exposed to more TAG. The

Pre-existing insulin resistance

Cycle A

post-meal response to glucose
| Insulin response to | is progressively blunted -

ingested glucose

Vicious cycle B (in red)
Taylor, Diabetologia 2008




Ursodeoxycholic Acid RCT

e 166 pts (122 completed the
2-year treatment)

o Stratification for diabetes,
obesity, high triglycerides

« Liver biopsy at entry and at study
end (107 pts)

e Counseling for overweight pts

o UDCA (13-15 mg/kg/day or
identical placebo)

e Changes in liver enzymes from
baseline in both groups

« Improvement in steatosis, no
dlfference in flb.I'OSlS and
necroinflammation

» No difference between groups

Lindor et al, Hepatology 2004



Metformin Treatment

Metformin (up to 2g/day) is significantly better
than Prescriptive diet or Vitamin E supplements

Bugianesi et al, Am J Gastroenterol 2005



Metformin and NAFLD
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Marchesini et al, Lancet 2001



zone and MNAFLD
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Fig. 5. Improvements In the Iver/splaan density ratio comaiated with
decraasas In hepatic stastosks obsaved between the pre- and positreat-
menk blopsies. The changes that occumad batween the pror blopsy and
the study entry blopsy ware not statistically signifcant.

MNeuschwander-Tetri et al, Fepatology 2003



Promrat et al, Hepatology 2004



Plasma Aspartate Amino-
transferase (U/liter)
Plasma Alanine Amino-
transferase (U/liter)
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Figure 1. Plasma Aspartate Aminotransferase (Panel A) and Alanine Aminotransf (Panel B) Concentrations during the Run-in Period
(Weeks 4 to 0), the Treatment Period (Weeks 0 to 24, Shaded Am), and the Post-Treatment Follow-up Period (Weeks 24 to 28); Hepatic Fat
tent A d by M of Magnetic Resonance Spectroscopy before and after the Study Treatment (Panel C); and Plasma Adiponec-

tin Concentrations before and after the Study Treatment (Panel D).




Pioglitazone in NAFLD/NASH

No data on long-term
maintenance of positive
effects

Belfort, NEJM 2006



Rosiglitazone and NAFLD

Neuschwander-Tetri et al, Hepatology 2003
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Fig. 2. Changes in serum aminotransferase levels during and dfter a
48-week course of pioglitazone.

Lutchrnan, Hepatology 2007
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@ Dyslipidemia

Non Pharmacologic Treatment:
Correct CV Risk Profile by a Behavioral Approach

Pharmacologic Treatment






Subjects who
practice PA are

much more

J Prone to

maintain ALT

Suzuki, J rlepatol 2005












Cento giri

A te, cosa ti ha al giorno
prescritto il Prof. attorno al
Marchesini per la suo ambulatorio,

"metabolica” e il senza entrarci.




