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Supersize Me
Unhealthy Effects of Fast Food

• After consuming three meals a day 
in a fast-food restaurant for 1 
month, Morgan Spurlock increased 
by nearly 10 kg

• His liver enzymes peaked at 290 
U/l [alanine aminotransferase
(ALT)] from baseline values of 20 
U/l, accompanied by increased 
total cholesterol, uric acid and the 
onset of clinical features of the 
metabolic syndrome

• No doubt that elevated ALT are a 
marker of hepatic dysfunction, but 
are they related to any specific 
dietary component of fast food-
based diet, or simply to weight 
gain and obesity-associated non-
alcoholic fatty liver disease 
(NAFLD)?



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%, much more 
in males)

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

Kechagias, Gut 2008

Males, N = 12



Potential mechanisms of fast-
food toxicity

• High-fructose corn syrup
– Foods more palatable
– Decreased central satiety (effect on ghrelin)

• High glycemic index of the diet
• Caramel coloring rich in advanced

glycated end-products
• Increased consumption of red meat

•Increased calorie intake



Red meat & Mortality



Red meat & Mortality - A 
global perspective

Popkin, Arch Intern Med 2009 

• Red meat & processed meat consumption in a global 
perspective

– Red meat increases the risk of obesity

• The increase in food price and the role of red meat and other 
animal sources

– Part of cereal production is moved to support animal feeding

• Global water, climate and energy crises
– The tsunami of water and food crisis
– Meat is on top of the food chain; water use is 2-5 times higher for animal 

source food than for basic crops
– 15-23% of total world water goes to livestock use
– Livestock production accounts for 1/3 of total nitrogen pollution and 50% 

of antibiotic use 

• Future policy challenges
– To correct the distortion created by subsidies on creating cheap pork, beef 

and other animal source food



Soft drinks & Energy intake

Schulze, JAMA 2004

• Nurses Health Study II (over 90,000 
Nurses in the diabetes study, over 
50,000 in the weight change study

• Time trends between 1991-95 and 
1995-99

• Data adjusted for a lot of 
confounders, including physical 
activity

• Women consuming =1 sugar-
sweetened soft drinks/day had a 
relative risk of T2DM of 1.83 (95% 
CI, 1.42-2.36; P .001 for trend) 
compared with those who 
consumed less than 1 
beverage/month



Soft drinks & Energy intake

Schulze, JAMA 2004



Soft drinks & Energy intake



Fast-food frequency, Weight gain & 
Insulin resistance - the CARDIA study

Pereira, Lancet 2005 



Fast-food frequency, Weight gain & 
Insulin resistance - the CARDIA study

Pereira, Lancet 2005 



Fast-food frequency, Weight gain & 
Insulin resistance - the CARDIA study

Pereira, Lancet 2005 



Sugar & the obesity epidemics

Johnson, Am J Clin Nutr 2007  
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Mediterranean diet & Diabetes risk

Martinez-Gonzales, BMJ 2008  

13380 Spanish university graduates followed for 4.4 years



Percent cost increase of food 
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TetriTetri et al, AJPet al, AJP GastrointestGastrointest LiverLiver PhysiolPhysiol 20082008

Metabolic effects of HFCS



TetriTetri et al, AJPet al, AJP GastrointestGastrointest LiverLiver PhysiolPhysiol 20082008

Glucose tolerance? Hyperinsulinemia
? Impaired insulin responsiveness
? Increased leptin and resistin levels

Metabolic effects of HFCS



TetriTetri et al, AJPet al, AJP GastrointestGastrointest LiverLiver PhysiolPhysiol 20082008

Increased hepatic TNF-alfa and
procollagen a1 mRNA expression 

Liver histology and ALT 
levels



Conclusions
? Mice treated with a combination of “fast food” diet and sedentary 

behavior develop a severe phenotype of NAFLD in a setting of obesity, 
impaired glucose tolerance and reduced insulin responsiveness. 

? HFCS promotes food intake and contributes to impaired insulin 
sensitivity. 

? Trans fats promote fat retention and hepatocellular injury

Tetri et al, AJP Gastrointest Liver Physiol 2008



NAFLD as the Hepatic 
Expression of the Metabolic 

Syndrome

Reaven, Clin Chem 2005Reaven, Clin Chem 2005



Lipid Depots & 
Lipotoxicity

Hi TG
Hi FFA
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Adapted from De Fronzo 



Unger, Ann Rev Med 2002

Weight Gain & Lipotoxicity



Hepatic Triglyceride Content and 
Body Adiposity

IntraIntra--hepatocellularhepatocellular
lipids increase by:lipids increase by:

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

•• 21% for 1% increase 21% for 1% increase 
in subcutaneous AT;in subcutaneous AT;

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

Thomas, Gut 2005



Peripheral 
Obesity

Central Obesity



Source of Liver TAG in  NAFLD

TAG,
Triacylglycero
l

DNL, De novo
lipogenesis

FA, Fatty acids
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Donnelly, J Clin Invest 2005



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. 



Raised ALT in Metabolic Diseases
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Liver Pathology in Morbidly Obese
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Obesity as a risk factor for liver cancer

Calle, N Engl J Med 2003



Factors Associated with High 
ALT Levels in T2DM

• The prevalence of high ALT is associated with poor 
metabolic control and obesity grade

• Age has a negative effect

0.60.6 0.80.8 11 1.21.2 1.41.4

HbAHbA1C1C
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Age/10Age/10

1.31.31.11.10.90.90.70.7

Forlani, J Endocrinol Invest 2008



Dietary Intake in NASH
Daily IntakeDaily Intake NASH (25)NASH (25) Cont (25)Cont (25) P valueP value

Total energy (kcal)Total energy (kcal) 2,638 2,638 ±± 444444 2,570 2,570 ±± 739739 NSNS

Energy per b.w. (kcal/kg)Energy per b.w. (kcal/kg) 33 33 ±± 55 32 32 ±± 66 NSNS

Protein (g)Protein (g) 121.2 121.2 ±± 25.225.2 107.2 107.2 ±± 32.732.7 0.0960.096

Carbohydrates (g)Carbohydrates (g) 295.1 295.1 ±± 53.753.7 315.2 315.2 ±± 101.9101.9 NSNS

Total Fat (g)Total Fat (g) 102.8 102.8 ±± 31.631.6 92.1 92.1 ±± 35.235.2 NSNS

Saturated FA (g)Saturated FA (g) 40.2 40.2 ±± 12.712.7 28.7 28.7 ±± 11.111.1 0.0010.001

Monounsaturated FA (g)Monounsaturated FA (g) 52.1 52.1 ±± 17.417.4 47.8 47.8 ±± 16.716.7 NSNS

Polyunsaturated FA (g)Polyunsaturated FA (g) 10.3 10.3 ±± 4.94.9 13.4 13.4 ±± 4.14.1 0.0190.019

Poly/Sat ratioPoly/Sat ratio 0.24 0.24 ±± 0.100.10 0.46 0.46 ±± 0.120.12 < 0.001< 0.001

Cholesterol (mg)Cholesterol (mg) 506 506 ±± 108108 405 405 ±± 111111 0.0020.002

Fiber (g)Fiber (g) 12.9 12.9 ±± 4.14.1 23.2 23.2 ±± 7.87.8 < 0.001< 0.001

Vitamin A (Vitamin A (µµg)g) 583 583 ±± 384384 647 647 ±± 507507 NSNS

Vitamin C (mg)Vitamin C (mg) 84.3 84.3 ±± 43.143.1 144.2 144.2 ±± 63.1 63.1 < 0.001< 0.001

Vitamin E (mg)Vitamin E (mg) 5.4 5.4 ±± 1.91.9 8.7 8.7 ±± 2.92.9 < 0.001< 0.001
Musso et al, Hepatology 2003



Dietary Intake in NASH

Cortez Pinto et al, Clin Nutr 2006



Low CHO Diet & Intrahepatic TG 
Content

• Treatment with Atkins 
diet for 2 weeks

– Total calories, 1000
– CHO, 5%; Protein, 54%; 

Lipid, 41%
» PUFA, 8%; MUFA, 35%; 

SFA, 57%.
– Glycogenolysis, 25% HGO;

Gluconeogenesis from 
glycerol, 6% (Normal, 53% 
and 3%, respectively)

Browning, Hepatology 2006



NAFLD & Weight Loss in DM

WL (10%) by WL (10%) by 
a very low a very low 
fat, liquid fat, liquid 
formula diet formula diet 
(3%)(3%)

A WL, low fat A WL, low fat 
diet reduces IHL diet reduces IHL 
and restores and restores 
hepatic insulin hepatic insulin 
sensitivity, sensitivity, 
without changes without changes 
in IMLin IML

Petersen et al, Diabetes 2005Petersen et al, Diabetes 2005



Effect of Counseling

Huang et al, Am J Gastroenterol 2005

0

1

2

3

4

5

6

7

HOMA-R Steatosis Inflammation Fibrosis

Baseline 1-year

Results remarkably better in 9 patients compliant to treatment 

**

**
**



Lifestyle Intervention & ALT 
Normalization

Suzuki, JSuzuki, J HepatolHepatol 20052005

1546 employees (469 with 
elevated ALT, 348 by 
excluding those with other 
causes of liver disease)

Followed for one year to 
assess the association of 
change in lifestyle with 
change in serum ALT

136 subjects had ALT 
normalization 

Followed for two years to 
assess the association 
between lifestyle change and 
persistently normal ALT

ALT normaliz.

ALT normaliz.



Lifestyle Intervention & ALT 
Normalization

Suzuki, JSuzuki, J HepatolHepatol 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 physical 
activity are much 
more prone to 
maintain ALT 
normalization



What we learned from 
intervention studies


