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A note on context 

• Nourish Balance Thrive 
• Athletes 

• Chronic and autoimmune diseases 

• Cognitive decline 

 

• Well-informed 

• Multiple practitioners 

• “Have tried everything” (including low carb diets) 

Why is a low carb diet not “working”? 



Why is a low carb diet not working? 

• Carb restriction is first-line treatment for metabolic disease 
• Obesity 

• (Type 2) diabetes 

• Insulin resistance 

High fat diets may continue to drive one of the main 

underlying causes of insulin resistance: 

 

Gut-derived endotoxaemia 



Modifiable factors controlling insulin resistance 



“Every meal stimulates inflammation” 

From Dror et al., Nature Immunology 2017 

“feeding stimulated immunosurveillance, possibly to limit the 
dissemination of microorganisms contained in food” 



Lipopolysaccharides (LPS) 

• Constituent of outer membrane of Gram-negative bacteria 

• Firmicutes 

• Clostridia 

• Lactobacilli 

• Actinobacteria 

• Bifidobacteria 

• Bacteroidetes 

• Prevotella 

• Proteobacteria 

• E. coli 

• Enterobacter 

• Helicobacter 

• Citrobacter 



E. coli LPS as a model of inflammation 

• Brain injury 

 

• Sepsis 

 

• Metabolic disease 
• “Metabolic endotoxaemia” 



Endotoxaemia Drives Insulin Resistance 

e.g. IL-6 and TNF-α 

Inhibition of autophagy 

↑ Leptin Resistance 
↓ Adiponectin 

Chronic NF-κB signalling: 

LPS 
Toll-like receptor 4 

(TLR-4) 



Acute endotoxaemia causes insulin resistance 

From Mehta et al., Diabetes 2010  



Endotoxaemia and metabolic disease 

From Pussinen et al., Diabetes Care 2011  



Endotoxaemia and incident heart disease 

From Kalli et al., Acta Diabetol 2015  



Postprandial endotoxaemia in metabolic disease 

From Harte et al., Diabetes Care 2012  



Does endotoxaemia cause metabolic disease? 

• Overfeeding studies (mixed/Western diet) 
• Fastest way to produce insulin resistance 

• Within 1-7 days 

• Overfeeding increases endotoxaemia 

From Laugerette et al., Mol Nutr Food Res 2014  



“Endotoxaemia initiates obesity and IR” 

Adapted from: 

Cani et al., 

Diabetes 2007 



LPS suppresses lipogenesis 

From: Cani et al., Diabetes 2007 



“Endotoxaemia initiates obesity and IR” 

Microbiotal changes in metabolic disease 
• Increased 

• Pathogenic proteobacteria 
• Imbalanced E. coli 
• Citrobacter 

• Decreased 
• Bifidobacteria 
• Akkermansia (mucin layer) 
• Roseburia (butyrate producers) 



LPS directly increases insulin secretion 

From Dror et al., Nature Immunology 2017 

Hyperinsulinaemia diverts resources to the immune system 

in the setting of endotoxaemia 

From Creely et al., Am J Physiol Endocrinol Metab 2006  



Benefits of insulin become maladaptive over time 

Insulin 
Resistance 



Cellular responses determine risk 

Herieka and Erridge, Mol Nutr Food Res. 2014 

“elevated markers of inflammation are reliably detected on leukocytes… not 
consistently raised in plasma" 



Strategies 

Things that fix insulin resistance fix endotoxaemia. 

Or vice versa? 



Gastric Bypass 

From Ortiz et al., J Clin Endocrinol Metab, 2014  

• Increases microbiotal diversity 
• Akkermansia 

• Decreases gut permeability 
• ↑ Tight-junction proteins 
• ↑ GLP-2 

• Decreases endotoxaemia 



Metformin 

• Increases beneficial gut bacteria in T2DM 
• Akkermansia, Bifidobacteria, Butyrate producers 

 

• Suppresses TLR-4 signalling 

 

• Decreases endotoxaemia 

 

Zhou et al., Acta Pharmacologica Sinica 2016 



Fasting 

From Ortiz et al., J Clin Endocrinol Metab, 2014  



• Low carb bars, emulsified “fatbombs”, and protein chips?  

Eat real food 



“Extreme” measures 



Dietary fat drives endotoxin absorption 

From Pendyala et al., Gastroenterology 2012  



Test and treat the gut 

• Failure of LCHF diet: 
• Identify and treat pathogens 
• Support a better gut microbiota 
• Fuel appropriately 

• Both activity and co-morbidities 

• Fix the environment! 

• 48 y/o Oncologist - competitive figure skater 
• Fatigue and dramatic decrease in performance on LCHF 



Summary 

• Endotoxaemia contributes to metabolic disease 
• Western diet 

• Shifts in gut function and microbiota 

• Heart disease in athletes 

 

• Interventions that reduce endotoxaemia improve metabolic health 

 

• High fat intake can exacerbate endotoxaemia 
• May contribute to “failure” of LCHF diet 

• Depends on initial and current gut health and genetics 
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TLR-4 signalling in obesity/T2DM 

• Higher TLR-4 signalling in obese etc 

 



• Best way to induce IR – overfeed a Western diet 
• Directly affects endotoxaemia 

 

• Potentially the best way to reverse IR in the scientific literature? 
• Gastric bypass 



What about the insulin?? 

• Anti-inflammatory 
• Rodents 

• Humans 

• Increases immune-system vigilance (diverts nutrients to immune 
system) 

• May help drive production of visceral fat 
• If this is prevented (or inflammation fully suppressed), results in 

peripheral ectopic fat and inflammation 



Factors affecting LPS translocation 

• Fat intake (via chylomicrons) 

• Sugar intake (fructose) 

• Gut permeability 
• Gut microbiota 

• Metabolic disease 
• Feed-forward effect 

• Weight loss reduces endotoxaemia 



Eat real food 

 



Probiotics 

 



Insulin is protective during endotoxaemia 

From Kidd et al., JPET 2008 



Insulin is protective during endotoxaemia 

From Dandona et al., Diabetes Care 2010 



Gastric Bypass 

From Ortiz et al., J Clin Endocrinol Metab, 2014  • Increases microbiotal diversity 
• Decreases gut permeability 

• ↑ Tight-junction proteins 
• ↑ GLP-2 

• Decreases endotoxaemia 



LPS stimulates GSIS 

From Cani et al., Diabetes 2007 From Dror et al., Nature Immunology 2017 

Hyperinsulinaemia diverts resources to the immune system 

in the setting of endotoxaemia 



LPS suppresses lipogenesis 

From: Cani et al., Diabetes 2007 

From: Muccioli et al., Molecular Systems Biology 2007 



Postprandial endotoxaemia in metabolic disease 

From Harte et al., Diabetes Care 2012  



Endotoxaemia and metabolic disease 

From Pussinen et al., Diabetes Care 2011  

From Harte et al., Diabetes Care 2012  



Endotoxaemia in the FINRISK study 

From Kalli et al., Acta Diabetol 2015  



Is endotoxaemia relevant in metabolic disease? 

• Overfeeding studies (mixed/Western diet) 
• Fastest way to produce IR (check REFS) 

• Within XXX days 

• Overfeeding increases endotoxaemia 

From Laugerette et al., Mol Nutr Food Res 2014  From Anderson et al., Obesity 2015 



IR abolishes inflammatory modulation of insulin 

Bad Stuff Good Stuff 

Adapted from: 

Williams and Wu, 

Atherosclerosis 2016 

• Insulin-mediated survival in sepsis/chronic endotoxaemia 
• Suppression of pathological inflammation and oxidative stress 
• Via PI(3)K/Akt pathway 

Insulin 
Resistance 



Low carb LPS delivery systems 

• Photo of BPC 

From Harte et al., Diabetes Care 2012  



LPS integrates models of cardiovascular disease 

• Healthy gut makes IAP, which neutralises LPS 

• Also defensins and antimicrobial peptides 



Endotoxin increases insulin levels 

From Creely et al., Am J Physiol Endocrinol Metab 2006  



Fasting 


