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Definition: Non-Alcoholic Fatty Liver 

 Triglyceride content ≥ 5.5% of wet liver tissue weight  

 Alcohol intake ≤ 20 g/day (women) ≤ 30 g/day (men) 

 Exclusion of other causes 

   Normal liver 
  Nonalcoholic 

fatty liver disease 

  Nonalcoholic 

steatohepatitis 



Pubmed-Search „NAFLD“ on February 18th 2017 

Publications per Year 

A New Widespread Disease:  

„NAFLD“ first Entry in Pubmed in 1976 

Liver disease with the highest prevalence in the  

industrial world today! 
 

2000  

322 



Prevalence of NAFLD in the USA  
 

Using Different Diagnostic Tools 

Bril F, et al. Diabetes Care 2017;40:419–430 



Risk Calculator „Fatty Liver Index“  

- Triglycerides 

- GGT 

- BMI 

- Waist 

FLI ≥ 60 => 78% probability of liver steatosis 

FLI < 20 => 91% probability of no liver steatosis 



Prevalence of NAFLD 

Nonalcoholic Fatty Liver Disease is the  

most prevalent chronic liver disease in the world!  

 

30 –  

40 % 60 % 
70 – 

 90 % 

Adults Overweight/Obese Type-2-Diabetics 



Prevalence of NAFLD in Overweight  

School Children in Germany 

Overweight Children 

30 % 

Denzer C. Deutsches Gesundheitsblatt 2013;56:517-527 



Traditionally a Disease for Hepatologists: 

Progression of Liver Steatosis 

Steatosis 

NASH 

Cirrhosis 

Liver Cancer Liver failure 

30 % 

20 % 

40 % 10-25 % 



Francque SM, et al. J Hepatol. 2016;65:425-43. 





„...because NAFLD predicts type 2 diabetes, even  

independent of metabolic syndrome, it might be  

 better for predicting risk of type 2 diabetes and  

cardiovascular disease than is metabolic syndrome...“ 

NAFLD – a Better Predictor for Diabetes and 

Cardiovascular and Kidney Disease than  

the Metabolic Syndrome! 

Yki-Järvinen H. Lancet Diabetes Endocrinol. 2014;2(11):901-10 



 Lipolysis in 

Adipocytes 

Dietary Fat 
 

Dietary 

Carbohydrates 

Triglycerides 
 

Triglyceride 
 

De-novo Ligogenesis 
 

Oxidation 
 

Secretion 
 

Fat- 

Accumulation 

 Ferramosca A, et al. World J Gastroenterol 2014;20:1746-1755; Donnelly KL, et al. J Clin Invest 2005;115:1343-51. 

 

Development of NAFLD 

Triglyceride Oxidation/Secretion  

Triglyceride Uptake/Synthesis  



Donnelly KL, et al. J Clin Invest 2005;115:1343–1351 

Overweight patients with NAFLD (hypertriglyceridemia and 

hyperinsulinemia); 4 days infusion + orally given stable isotopes 

 

Origins of fat in the liver: 
 

     - 59 % from lipolysis of adipocytes 

     - 26 % from „de novo“ lipogenesis (dietary carbohydrates)  

     - 15 % from dietary fat 

Sources of Fat in Hepatic Steatosis 



Dysfunctional Fat Storage, Ectopic Fat and NAFLD 



Sun K, et al. J Clin Invest. 2011;121:2094-2101. 

Hypertrophy and Vascularisation of Adipose Tissue 



Shulman GI. N Engl J Med 2014;371:1131-41. 

Dysfunctional Adipocytes cause ectopic Lipid Deposition 



Dysfunctional 

Adipocytes 

Cause Ectopic 

Fat Disposition! 
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Dysfunctional 

adipose tissue 

Dysfunctional 

adipose tissue 



Adipose Tissue Function and Physical Exercise 

You T, et al. Sports Med 2013;43:243-256. 



Muscles, Myocines and Metabolic Regulation 

Hocking S, et al. Endocr Rev. 2013;34:463-500.  



Ectopic Fat and Risk  
 Tchernof A, Després J-P. Physiol Rev 2013;93:359-404 



Liver Fat 

NAFLD 

IR Liver 

Glucose 

Basal Insulin 

   Insulin Resistance  

+ CHO    Energy 

VLDL-Cholesterol   +  Lipolysis Fat Cells 

Insulin 

Glucagon 

ectopic Fat 

Lipotoxicity 

Insulin Resistance of 

α- and β-Cells 

 

 

 

Apoptose β-Cells 

Hyper- 

glycemia 

NAFLD Predisposes to Typ-2 Diabetes 

Taylor R. Reversing the Twin Cycles of Type 2 Diabetes. Diab Med 2013;30:267-275 



 Anstee QM, et al. Nat Rev Gastroenterol Hepatol. 2013;10:330-44.  

NAFLD predisposes to T2DM and CVD 
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atherogenic 

Dyslipoproteinemia 



Ipsen DH, et al. Obesity 2016; online first Feb 12 



 Mantovani A, et al. Clin Sci. 2013;125:301-9.  

NAFLD and Associated Cardiac Complications 



In overweight patients with NAFLD (Hypertriglyceridemia and 

Hyperinsulinemia) hepatic fat originates: 

 

 - 59 % lipolysis of adipocytes 

 - 26 % de novo lipogenesis (dietary carbohydrates/fructose)   

 - 15 % dietary fat 

Donnelly KL, et al. J Clin Invest 2005;115:1343–1351 

Sources of Fat in Hepatic Steatosis 



, Insulin Resistance 

Smoking 

Refined, Energy-Dense 

Food 

Genes 

Lack of UVB/Sunlight 

Abdominal 

Adiposity 
Dysstress 

Lack of Sleep Age 

Inactivity 

Hyperinsulinemia 

Pregnancy 

Dysbiosis 

NAFLD and Other Non-

Communicable Diseases 
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postprandial insulin during OGTT (75 g Glucose) 

Insulin Resistance and Hyperinsulinemia 

Scholl J. persönl. Mittl. 2008; 

Healthy Male 

Time (minutes) 



Hyperinsulinemia and de novo Lipogenesis 



n-3-PUFA 

De-novo Lipogenesis in Liver Cells and Fat Cells 

Ameer F, et al. Metabolism 2014;63:895-902. 

Postprandial Glucose + Hyperinsulinemia activate 

the two Transcriptionsfactors ChREBP and SREBP-1     



Fasting DNL was measured after a low-fat, high-carbohydrate diet  

in normoinsulinemic (≤ 85 pmol/L) lean (n = 9) and obese (n = 6)  

and hyperinsulinemic (≥ 115 pmol/L) obese (n = 8) subjects.  

Mass isotopomer distribution analysis was used to measure the  

fraction of newly synthesized fatty acids in VLDL-triacylglycerol. 

Schwarz JM, et al. Am J Clin Nutr 2003;77:43–50 



Schwarz JM, et al. Am J Clin Nutr 2003;77:43–50 

 

 

      Isocaloric Diet 

46 En% Carbohydrates 

Hyperinsulinemia and de novo Lipogenesis 



Cave! 
 

Insulin resistant people already show a signifianctly 

elevated de novo lipogenesis with a „normal“ 

carbohydrate intake! 





 

 Basaranoglu M, et al. Hepato Biliary Surg Nutr 2015;4:109-116  



How to Produce Foie Gras? 

You have to „noodle“ the goose! 



Therapy of NAFLD 



Therapy for NAFLD 

There are no approved drugs for the treatment  

of NAFLD, and the main clinical recommendation 

is lifestyle modification, including increase of 

physical activity and the adoption of a healthy 

eating behavior! 



McCarthy EM, et al. J Acad Nutr Diet 2012;112:401-409 

Energy Restriction – Effective Decrease of Ectopic Fat  

in Liver and Pancreas 



Treatment of NAFLD/NASH 

Bril F, et al. Diabetes Care 2017;40:419–430 



 Johansson K, et al. Am J Clin Nutr 2014;99:14–23. 

Very-Low-Calorie-Diets/Meal-Replacements: Superior 

Meta-Analysis: 20 randomized-controlled Studies; n = 3,017; 

Meal Replacement 

 with Formula 





Lim EL, et al. Diabetologia 2011:54:2506–2514 

• 11 Patients with Type-2-Diabetes < 4 Years, 104 kg, BMI 34, HbA1c 7,4%,  

   fasting-Glucose 166 mg/dl 

 

•  8 Weeks VLCD: 3 x Formula (600 kcal) + Vegetables ad-libitum (200 kcal) 

   Meal Replacement (46 % CH, 33 % P, 20% F); 60 g CH/d 

 

•  Medication: oral antidiabetics (no Glitazones) 



Lim EL, et al. Diabetologia 2011:54:2506–2514 

Formula-Diet, Ectopic Fat and Diabetes-Remission 

End of Week 1 with Diet 

Body Weight:    - 4,0 kg  (- 4 %) 

Fatmass:   - 2,4 kg  (- 6 %) 

Waist:       - 3,0 cm (- 3 %) 



Lim EL, et al. Diabetologia 2011:54:2506-2514 

Fasting-Glucose Hepatic Glucose Production  

1. Woche 1. Woche 

              Liver-Fat 
 

 - 30 %                  - 70 % 

1. Woche 

Formula-Diet, Fat Removal 

and Diabetes-Remission 



Lim EL, et al. Diabetologia 2011:54:2506–2514 

VLED (Meal-Replacement), Fat-Reduction and  

Diabetes-Remission 

      Pancreas Fat Content 
 

- 10 %                 - 23 %  

1st Week 1st Week 

1st Phase  

Insulin Response 



Taylor R, et al. Clinical Science 2015;128:405–410 

Diabetes-Remission with Formula-Diet 
 

DiRECT-Studie (Diabetes Remission Clinical Trial) Newcastle, UK 

Patients must shift their body fat 

to the left of their personal fat  

threshold (PFT) to reach their 

endocrinologic and metabolic  

competence. PFT is independent 

of BMI! 



  
Calorie-Reduced Low-Carb/Ketogenic Diet: 

in the Treatment of NAFLD 



Bezerra Bueno N, et al. Br J Nutr. 2013;110:1178-87 



T
e
n
d
le

r 
D

, 
e
t 

a
l.
 D

ig
 D

is
 S

c
i 
2

0
0

7
;5

2
:5

8
9

–
5

9
3

. 



Pérez-Guisado J, et al. J Med Food 2011;14:677–680 

12 week diet in 14 obese men; average BMI = 37 m2, average age = 41 years 
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2 weeks low-caloric high-carb diet vs low-carb diet 



Browning JD, et al. Am J Clin Nutr 2011;93:1048–52 

Low-Carb Low-Fat 

-55 % 

 

similar 5 % weight loss 

-28 % 



22 Obese patients (BMI = 37), randomized to 2 groups with  

hypocaloric diät: ≈ 1100 kcal/day;  

 

• Low-Fat/High-Carb: > 180 g CHO/d vs Low-Carb: < 50 g CHO/d 

 

• Low-Fat/High-Carb:  65 En% CHO, 20 EN% F, 15 En% P; 

 

• Low-Carb/High-Fat:    10 EN% CHO, 75 EN% F, 15 En% P; 

Kirk E, et al. Gastroenterology 2009;136:1552-1560  



Kirk E, et al. Gastroenterology 2009;136:1552-1560  

High-Carb- vs Low-Carb-Low-Calorie Diet and Liver Fat  

IHTG = intrahepatischer Fettgehalt 



Hepatic Insulin Sensitivity 

Kirk E, et al. Gastroenterology 2009;136:1552-1560  

High-Carb- vs Low-Carb-Low-Calorie Diet and Liver Fat  



Hepatic Glucose Secretion  

Kirk E, et al. Gastroenterology 2009;136:1552-1560  

High-Carb- vs Low-Carb-Low-Calorie Diet and Liver Fat  



  

Macronutrients and Liver Fat 

Without Calorie Reduction 



• 11 obese women with 60 g whey protein/day for 4 weeks 

   in addition to their regualar diet 
 

• after 4 weeks of whey supplementation: 
 

    - liver fat:      - 21 %  

    - serum triglycerides: - 15 % 

   - serum cholesterol:  -   7 % 

   - fat-free body mass: +  4 % 

Bortolotti M, et al. Clinical Nutrition 2011;30:494-498 

Whey Protein and NAFLD 



n = 18 on diet high in animal protein (AP rich in meat and dairy foods);  

n = 19 on diet high in plant protein (PP mainly legume protein)  

 

Diets without calorie restriction for 6 weeks. Isocaloric with the same  

composition (30% protein, 40% carbohydrates, and 30% fat). 

Markova M, et al. Gastroenterology 2017;152:571–585e8 



Markova M, et al. Gastroenterology 2017;152:571–585e8 

High-Protein Diet and Intrahepatic Lipids  
 

Animal vs Plant Protein 

 

 

Animal Protein Plant Protein 

 - 36 % 
 

   

 - 48 % 

n = 18 on diet high in animal protein (AP rich in meat and dairy foods); n = 19 on diet high 

in plant protein (PP mainly legume protein); Diets without calorie restriction for 6 weeks. 

Isocaloric with the same composition (30% protein, 40% carbohydrates, and 30% fat). 



 Mediterranean diets rich in virgine olive oil  
 

lowers liver fat! 



- 39 % 

- 7 % 

Low-Fat 

Mediterranean 

+ Olive Oil 

Low-Fat 

 

Liver Fat (%) 

Fasting-Insulin (%) 

n = 12; Cross-over 6 weeks isocaloric, stable weight 

Ryan MC, et al. J Hepatol 2013;59:138-43 

Mediterranean 

Olive Oil 

High-Fat Mediterranean Diet for Treatment of NAFLD 



High-Fat Mediterranean Diet for Treatment of NAFLD 

n = 45; randomized cross-over à 8 weeks;  

isocaloric: CHO-rich + fibre-rich vs MUFA-rich mediterranean diet 

Bozzetto L, et al. Diabetes Care 2012;35:1429–1435 

42 en% vs 30 en%; fat = virgine olive oil 



Bozzetto L, et al. Diabetologia 2016;59(12):2697-2701 

Isocaloric exchange: 30 en% vs 42 en% fat: virgine olive oil 



Priore P, et al. IUBMB Life. 2015 Jan;67(1):9-17.  



Scorletti E, Byrne CD. Annu Rev Nutr 2013;33:231–48 

Omega-3-Fatty Acids in the Therapy of NALFD 
EPA + DHA 



Parker HM, et al. J Hepat 2012;56:944–951 



  

Nutrient-Specific Effects  

for the Redcution of Liver Fat 



Treatment of NAFLD: Nutrient Specific Effects 

 - Protein 

 - Olive oil (Hydroxytyrosol) 

 - n-3-PUFA (EPA+DHA) 

 - β-Glucan 

 - Inulin 

 - Carnitine 

 - Vitamin E  

 - Choline 

 - Taurine 

  - Resveratrol 

 - Quercitine 

 - Coffein 



Nutritional Therapy of NAFLD 

     4 Basic Principles: 
 

 - calorie-reduced diet 

 - low-carbohydrate 

diet 

 - protein-rich diet 

 - fat-modified diet 

     Nutrient Specific Effects: 
 

 - n-3-PUFA (EPA+DHA) 

 - Hydroxytyrosol 

 - β-Glucan 

 - Inulin 

 - Carnitine 

 - Vitamin E  

 - Choline 

 - Taurine 

  - Resveratrol 

 - Quercitine 

 - Coffeine 



High-Protein/Low-Carb Meal Replacement 

with liver-active nutrients: 
 

 - Omega-3-Fatty Acids 

 - Vitamin E  

 - Choline 

 - β-Glucan 

 - Inulin 

 - Carnitine 

 - Taurin 

Liver-Fasting with Hepafast® 

Very-Low-Energy Diet 



• 2 weeks VLCD 3 x Hepafast® per day (protein-rich, low-carb, fiber-

rich meal replacement) + 200 kcal low-starch vegetables/day + 

  1 table spoon native olive oil; 
 

•  800 kcal / day 

Lunch Dinner Breakfast 

Liver-Fasting with Hepafast® 



Liver-Fasting  

with/without Meal Replacement (Hepafast®) 

Mediterranean Low-Carb Diet 

+ 



Liver-Healthy Diet  

with/without Meal Replacement (Hepafast®) 

(+) 

Mediterranean Low-Carb Diet 









www.flexi-carb.de 



81 8 

Arslanow A et al. Clin Translat Gastroenterol 2016;7:e176; 

Liver-fastig – Study at the Universitäty Hospital Homburg with FibroScan® 522 



Arslanow A et al. Clin Translat Gastroenterol 2016;7:e176; 

Liver-fastig – Study at the Universitäty Hospital Homburg with FibroScan® 522 



Arslanow A et al. Clin Translat Gastroenterol 2016;7:e176; 

Liver-fastig – Study at the Universitäty Hospital Homburg with FibroScan® 522 

CAP = Controlled Attenuation Parameter 



White MG, et al. Diabetes Care 2016;39:2080–2088  



 Pooyandjoo M, et al. Obesity Reviews 2016;17:970–976 



Malaguarnera M, et al. Am J Gastroenterol 2010;105:1338–1345 



Malaguarnera M, et al. Am J Gastroenterol 2010;105:1338–1345 

•  signifikante Senkung von AST, AL T und GGT 

 

•  signifikante Senkung von LDL- und Gesamt-Cholesterin 

 

•  signifikante Senkung der Serum-Glukose und HOMA-Index 

 

•  signifikante Senkung des CRP 



Coutinho Z, et al. J Am Coll Cardiol 2013;61:553–60 

Who has the Highest 5-Year-Mortality? 
Meta-Analysis of 15,547 Participants with Coronary Artery Disease 

5 Cohort Studies in 3 Continents, 4,699 Deaths in 4.7 Years of Follow-up 

BMI 22 

Waist 85 cm 

BMI 22 

Waist 101 cm 

BMI 26 

Waist 85 cm 

BMI 30 

Waist 85 cm 

BMI 30 

Waist 101 cm 



Dysfunction of Adipocytes and Systemic Inflammation 

insulinresistent insulinsensitiv 

identischer  

BMI 

BMI 45 

 

Who has NAFLD? 

 

 

Klöting N, et al. Am J Physiol Endocrinol Metab 2010:299:E506-15. 



•  fasting insulin  

•  fasting glucose  

•  blood pressure  

•  VLDL / Triglycerides  

•  HDL-Cholesterol  

•  small dense LDL-Particles  

•  Thrombogenesis  

•  Uric Acid  

•  Renal Function  

•  NAFLD  

Intraabdominal Fat and Metabolic Consequences 



Lipodystrophy, Ectopic Fat Disposition and Risk 

•  fasting insulin  

•  fasting glucose  

•  blood pressure  

•  VLDL / Triglycerides  

•  HDL-Cholesterol  

•  small dense LDL-Particles  

•  Thrombogenesis  

•  Uric Acid  

•  Renal Function  

•  NAFLD  



Keine sichere Verfettungsvorhersage durch  

BMI und Taillenumfang bei Normalgewicht 

Thomas EL, et al. Obesity 2012;20:76–87 



TOFI 
 

BMI = 25.8 kg/m2 

 

3.3 l visceral fat 

HEALTHY 
 

BMI = 26.5 kg/m2 

 

2.2 l visceral fat 

Thomas EL, et al.  

Nutr Res Rev 2012 



Muscle Activity, Adipose Function 

and NAFLD 



Adiponektin 

 ektopes Fett 

 entzündete Fettzellen 

Visfatin Leptin 

Resistin 

 healthy, expanded 

adipocytes 

 small, healthy 

adipocytes 

good supply 

with O2 + nerves  
deficiency of 

O2 und nerves  

From Dysfunctional Adipocytes 

to Fatty Organs 

Rasouli N, et al. J Clin Endocrinol Metab 2008 

   ektopes Fett 

Leber Muskel 

Bauchspeichel- 

drüse 

inflamed, insulin resistant adipocytes 



Cusi K. Gastroenterology 2012;142:711–725 

Ectopic Fat is the Real Risk – not „Overweight“!  

α- / β-cell insulin resistance 



Change the Modern Lifestyle! 

 
 

 



Brouwers B, et al. Diabetologia 2016;59:2068–2079 

Exercise and Hepatic Lipid Metabolism  



(Very-)Low-Energy-Diet with Meal Replacements 

(Formula) is the Most Successful Dietary 

Intervention Strategy with Obesity, 

NAFLD, MetS u. T2DM! 

 

(600 – 1.000 kcal/Tag) 



Arslanow A et al. Clin Translat Gastroenterol 2016;7:e176; 



Jin R, et al. Curr Opin Clin Nutr Metab Care 2015;18:490–495 



 

 Basaranoglu M, et al. Hepato Biliary Surg Nutr 2015;4:109-116  



Nutritional Therapy of NAFLD 

     4 Basic Principles: 
 

 - calorie-reduced 

 - low-carb 

 - protein-rich 

 - fat-modified 

     Nutrient Specific Effects: 
 

 - n-3-PUFA (EPA+DHA) 

 - β-Glucan 

 - Inulin 

 - Carnitine 

 - Vitamin E  

 - Choline 

 - Taurine 

  - Resveratrol 

 - Quercitine 

 - Coffeine 



Pacifico L, et al. Nutr, Metab & Cardiovasc Dis 2015;25:734-741 



Lu W, et al. Gastroenterol Res Pract 2016: Article ID 1459790 



Guess ND, et al. Nutrition & Metabolism 2015;12:36 

Double-blind, randomised-controlled intervention; 9 weeks 

identical hypocaloric diet/weight reduction + 9 weeks 

isocaloric/weight-stable +  30 g Inulin* vs 30 g Cellulose**;  

n = 44 Pre-Diabetics; 

*   fermentable 

**  non-fermentable 



Guess ND, et al. Nutrition & Metabolism 2015;12:36 

18 weeks with 30 g Inulin vs 30 g Cellulose; n = 44 Pre-Diabetics 

Inulin vs Cellulose and Body Weight 



Guess ND, et al. Nutrition & Metabolism 2015;12:36 

Inulin vs Cellulose and Liver Fat 

18 weeks with 30 g Inulin vs 30 g Cellulose; n = 44 Pre-Diabetics 



Nutritional Therapy of NAFLD 

     Nutrient Specific Effects: 
 

 - n-3-PUFA (EPA+DHA) 

 - β-Glucan 

 - Inulin 

 - Carnitine 

 - Vitamin E  

 - Choline 

 - Taurine 

  - Resveratrol 

 - Quercitine 

 - Coffein 

     4 Basic Principles: 
 

 - calorie-reduced 

 - low-carbohydrate 

 - protein-rich 

 - fat-modified 





In 1979 I started a comprehensiv systematic review looking into  

the the „diet-heart“ hypothesis and to my great surprise  

realized it was a total scam conducted  

by the plant oil/margarine lobby...  



Meyer-Gerspach AC, et al. PLOS ONE 2016; 

• 12 Normalgewichtige (BMI: 22,0±0,4 kg/m2; BMI-Bereich 19,0-24,9 kg/m2)  

    6 Frauen/6 Männer; mittleres Alter: 24,3±0,6 Jahre; Bereich 20-32 Jahre)  
 

• 12 Adipöse (BMI: 38,8±0,9 kg/m2, Bereich 30,5-48,4 kg/m2); HOMA=3,5; 

     6 Frauen/6 Männer; mittleres Alter: 29,5±1,8 Jahre; Bereich 19-48 Jahre)  

• an 4 Tagen: Glukose-Gaben (mit 10 g, 25 g oder 75 g in 300 ml Wasser  

    oder als Kontrolle 300 ml Wasser – jeweils mit 3 Tagen Abstand; 



(n=12) (n=12) 

Zuckerstoffwechsel bei Gesunden mit Normalgewicht  

vs Adipösen (mit leichter Insulinresistenz) 

Meyer-Gerspach AC, et al. PLOS ONE 2016; 



Postprandiale Glykämie: Schlanke vs Adipöse (mit IR) 

Hunger 

126 mg/dl 

126 mg/dl 

Meyer-Gerspach AC, et al. PLOS ONE 2016; DOI:10.1371/journal.pone.0150803 



Postprandiale Insulinämie: Schlanke vs Adipöse (mit IR) 

Meyer-Gerspach AC, et al. PLOS ONE 2016; DOI:10.1371/journal.pone.0150803 



Kompensatorische Insulinämie: Schlanke vs Adipöse 

126 mg/dl 

126 mg/dl 

Gabe von 25 g Glukose in 300 ml Wasser 

Gabe von 75 g Glukose in 300 ml Wasser 

157 mg/dl 

Meyer-Gerspach AC, et al. PLOS ONE 2016; DOI:10.1371/journal.pone.0150803 



Markova M, et al. Gastroenterology 2017;152:571–585 

RCT: 37 subjects placed on a diet high in AP (rich in meat and dairy foods; 

n = 18) or PP (mainly legume protein; n = 19) without calorie restriction for 

6 weeks. Diets were isocaloric with the same macronutrient composition 

(30 en% protein, 40 en% carbohydrates, and 30 en% fat). Macronutrient 

intake of individuals before enrollment was 17 en% protein, 42 en% 

carbohydrates, 41 en% fat. 



Markova M, et al. Gastroenterology 2017;152:571–585 

RCT: 37 subjects placed on a diet high in AP (rich in meat and dairy foods; 

n = 18) or PP (mainly legume protein; n = 19) without calorie restriction for 

6 weeks. Diets were isocaloric with the same macronutrient composition 

(30 en% protein, 40 en% carbohydrates, and 30 en% fat). Macronutrient 

intake of individuals before enrollment was 17 en% protein, 42 en% 

carbohydrates, 41 en% fat. 



Markova M, et al. Gastroenterology 2017;152:571–585e8 

High-Protein Diet and Body Fat 
 

Animal vs Plant Protein 

n = 18 on diet high in animal protein (AP rich in meat and dairy foods); n = 19 on diet high 

in plant protein (PP mainly legume protein); Diets without calorie restriction for 6 weeks. 

Isocaloric with the same composition (30% protein, 40% carbohydrates, and 30% fat). 



Bozzetto L, et al. Diabetologia 2016;59(12):2697-2701 

β-Hydroxybutyrat: isocaloric 30 en% vs 42 en% fat: virgine olive oil 

r =  −0,27, p = 0,930 r = −0,642, p = 0,010 

High-Carb/Low-Fat Low-Carb/High-Fat 



Zelber-Sagi S, et al. Ther Adv Gastroenterol 2016;9:392–407 




