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NAFLD as Hepatic Expression of
the Metabolic Syndrome

ReavenReaven, , Clin Chem Clin Chem 20052005



Hepatic Triglyceride Content and
Body Adiposity

Intra-hepatocellular
lipids increase by:

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

• 21% for 1% increase
in subcutaneous AT;

• 104% for 1%
increase in intra-
abdominal AT

Thomas, Gut 2005



Colles, Am J Clin Nutr 2006 
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Fassio et Fassio et al, al, Hepatology Hepatology 20042004

NASH Evolution
• 41 Pts with NASH
• 22 Pts accepted a 2nd

biopsy after 4.3 yrs
• 7 progressed, 15 did

not

• Obesity prevalence
(86%) and BMI (median
33.2 kg/m2) were
significantly higher in
P than NP (27% and
29.0)

• No differences in
biochemical
parameters

P

NP



Source of Liver TAG in  NAFLD

TAG,
Triacylglycerol

DNL, De novo
lipogenesis

FA, Fatty acids

60%

15%

25%
(only 8-10%
In controls)

Donnelly, J Clin Invest 2005



Source of liver fat  (TAG) in NAFLD/NASH

Donnelly, JCI 2005

• Insert shows the source
contribution to tTRL TAG in 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
until 0900, and then hourly until
1200.

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

• DNL was elevated in the fasting
state and demonstrated no
diurnal variation.



Visceral fat as predictor of NASH

van der Poorten, Hepatology 2008

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



Dietary Intake in NASH

NS647 ± 507583 ± 384Vitamin A (µg)

< 0.001144.2 ± 63.184.3 ± 43.1Vitamin C (mg)

0.096107.2 ± 32.7121.2 ± 25.2Protein (g)

NS315.2 ± 101.9295.1 ± 53.7Carbohydrates (g)

< 0.00123.2 ± 7.812.9 ± 4.1Fiber (g)

< 0.0018.7 ± 2.95.4 ± 1.9Vitamin E (mg)

0.002405 ± 111506 ± 108  Cholesterol (mg)

< 0.0010.46 ± 0.120.24 ± 0.10  Poly/Sat ratio

0.01913.4 ± 4.110.3 ± 4.9  Polyunsaturated FA (g)

NS47.8 ± 16.752.1 ± 17.4  Monounsaturated FA (g)

0.00128.7 ± 11.140.2 ± 12.7  Saturated FA (g)

NS92.1 ± 35.2102.8 ± 31.6Total Fat (g)

NS32 ± 633 ± 5Energy per b.w. (kcal/kg)

NS2,570 ± 7392,638 ± 444Total energy (kcal)

P valueCont (25)NASH (25)Daily Intake

Musso et al, Hepatology 2003



Diet and NAFLD/NASH

Toshimitsu, Nutrition 2007

The diet of
NASH cases is
characterized
by a higher
intake of
refined CHO



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%)

Kechagias, Gut 2008



Glucose Disposal and FFAGlucose Disposal and FFA
During Clamp StudyDuring Clamp Study
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Glucose Disposal and Hepatic
Glucose Output in NAFLD
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Liver fat & Insulin sensitivity in T2DM

Kotronen, Gastroenterology 2008

T2DM, closed circles
Controls, open circles



T2DM & Liver fat content

Kotronen,
Diabetes
Care 2008

T2DM, closed
circles
Controls,
open circles



Liver Fat & Insulin Resistance

Tiikkainen, Obes Res 2002

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



Liver Fat & Insulin Resistance
Effect of Weight Loss

Tiikkainen, Diabetes 2003

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.



IR, EGP & bariatric surgery

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

Taylor, Diabetologia 2008

Petersen, Diabetes 2005

Guidone, Diabetes 2006



Pathogenesis of T2DM - Role of liver
fat

The twin vicious cycles of T2DM
• Individuals with IR (family or

lifestyle factors) will
accumulate LFat more readily
than others

• As LFat increases, EGP
becomes less sensitive to
suppression by insulin, BG rises
and basal insulin secretion
rates rise -  Vicious cycle A (in
blue).

• Increased LFat will increase
TAG secretion by the liver. All
tissues (including B-cells) will
be exposed to more TAG. The
post-meal response to glucose
is progressively blunted -
Vicious cycle B (in red)

Taylor, Diabetologia 2008



Ursodeoxycholic Acid RCT

• 166 NASH pts (122 completed the
2-year treatment)

• Stratification for diabetes,
obesity, high triglycerides

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

• Counseling for overweight pts
• UDCA (13-15 mg/kg/day or

identical placebo)

• Changes in liver enzymes from
baseline in both groups

• Improvement in steatosis, no
difference in fibrosis and
necroinflammation

• No difference between groups

Lindor Lindor et et al, al, Hepatology Hepatology 20042004



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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Rosiglitazone and NAFLDRosiglitazone and NAFLD

Neuschwander-Tetri et Neuschwander-Tetri et al, al, Hepatology Hepatology 20032003

Changes in biopsy and liver/spleen
parameters.

Prior biopsies were obtained on
average 1.9 years (range 0.4 -
4.5) before study



Pioglitazone and NAFLD

Promrat et Promrat et al, al, Hepatology Hepatology 20042004



Pioglitazone in NAFLD/NASH

Belfort, NEJM 2006

• 55 Pts (age, 51 y,
BMI 33)

• Hepatic fat by NMR
spectroscopy

• at 6 mo:
•21 Pl, 26 PIO

• PIO: 45 mg/day



Pioglitazone in NAFLD/NASH

Belfort, NEJM 2006

No data on long-term
maintenance of positive
effects



Rosiglitazone and NAFLD

Neuschwander-Tetri et al, Hepatology 2003



Pioglitazone and NAFLD

LutchmanLutchman, , Hepatology Hepatology 20072007



Endocannabinoid CB1 Receptors &
the Liver

Osey-Hyiaman, JCI 2005



CB1 Antagonism Improves Steatosis

Gary-Bobo, Hepatology 2007



Teixeira-Clerc, Nat Med 2006

Cannabinoid Receptor Activation
Differentially Affects Liver Fibrosis

FIBROSIS

CB1

Rimonabant



Any future for CB1 receptor blockers?





International Guidelines on Treatment of
Different Features of Metabolic Syndrome

(WHO, NIH, ADA, ISH, NAASO)

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

Diabetes Hypertension Obesity Dyslipidemia

Pharmacologic Treatment
An ounce of prevention is worth a pound of treatment (B. Franklin, 1735)



Effect of Counseling

Huang et al, Am J Gastroenterol 2005

Results remarkably better in 9 patients compliant to treatment 

**

**
**



Lifestyle & ALT Normalization

Suzuki, J Suzuki, J Hepatol Hepatol 20052005

In adjusted analysis, weight loss and regular exercise were
significantly associated with improvement in serum ALT and
increased the odds of ALT normalization

Subjects achieving >5% weight reduction showed improvement in
serum ALT

Subjects who
practice PA are
much more
prone to
maintain ALT
normalization



NAFLD Treatment
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Time x treatment ANOVA; P < 0.001



NAFLD Treatment

Diet (n = 55)
CBT (n = 52)

G Marchesini, unpublished
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NAFLD Treatment

Diet (n = 55)
CBT (n = 52)
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A te, cosa ti ha
prescritto il Prof.
Marchesini per la
“metabolica” e il
fegato grasso?


