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Personalised nutrition for the gut microbiome: 

 feed it, change it, swap it?  



The human gut microbiome 

Interactions with; 

•Diet 

•Drugs 

•Immune system 

•Gut physiology 

•Bile acids/liver  

•Systemic metabolism 

•Adipose tissue 

•Brain development & 
function 

Up to 1000 species 

70%  
unculturable 

Closely co-evolved 
microbial partners 
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Gut microbiota and essential organ within the human system  

– we have become an ecosystem 

The human gut microbiome 
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Barilla Centre for Food Nutrition: Double Pyramid: healthy food for people,  

sustainable food for the planet 

http://www.barillacfn.com/en/position-paper/pp-doppia-piramide-alimentazione/  

INRAN, FAO Double Pyramid 

Dietary patterns – Mediterranean diet 
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“Conslusions: Adherence to an MD pattern is associated with better HRQL. The 

association is stronger with mental health than with physical health. Dietary total 

antioxidant and fibre content independently explain this relationship”.  



Calorie restricted & traditional diets increase life-

span and protect against age-associated disease 

•Average life span: Okinawa, 

83.8 years; Japan 82.3 years, 

US 78.9 years 

 

•Traditional Japanese diet: high 

in vegetables, fruit, soy, fish, 

fibre 

 

•Low calorie intake, negative 

energy balance at young age,  

little weight gain with age, life-

long low BMI, low risk of age 

associated diseases contribute 

to longevity in Okinawans 

Wilcox et al., 2008 Ann NY Acad Sci 



Bioactivity of plant based foods against 

CVD involves the gut microbiota 

 

• EPIC-elderly study: (74,607 healthy over 60 year olds (no history of CVD, 
stroke, or cancer) 

– greater adherence to a plant based (Mediterranean diet) in elders was 
associated with lower all-cause mortality (Bamia et al., 2006 Pub Hlth 
Nutr.) 

 

• Boyd Orr cohort: having a vegetable rich diet in childhood was associated 
with healthy diet in old age (Maynard et al., 2005 Eur J Pub Hlth) 

 

• Diets rich in whole plant foods protect against the diseases of old age 
especially CVD and may promote longevity and healthy ageing 

 

• Dietary fibre includes fermentable carbohydrates and prebiotics which 
can modulate the composition and activity of the gut microbiota and 90% of 
dietary plant polyphenols reach the colon 

 



Impact of traditional diets rich in fiber on colonic fermentation 

Proximal colon 
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Impact of Western style diet on colonic fermentation  
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• Currently 300 million people obese world-
wide 

 

• Obese adults are up to 80 times more 
likely to develop type 2 diabetes  than non-
obese adults 

 

• Obese adults are 2-3 times more likely to 
develop heart disease 

 

• Obese adults have a 40% increased risk of 
dieing from cancer 

OBESITY EPIDEMIC 



Result 

•Diets designed for reduced 
energy intake/slimming, with 
either reduced fat or reduced 
carbohydrate 
•Microbiota approaches lean 
profile with weight loss – no info 
on diets (nutrient substitution) 
Ley et al., Nature (2006) 



TMA/TMAO confirmed strong link with CVD in patients  
•confirmed microbiota metabolism of L-carnitine/choline → TMA→TMAO 
•TMA not produced in vegans 
•confirmed inflammatory activity & linked to macrophage reverse cholesterol transport   
•TMAO reduced bile acid pool 

Koeth et al., 2013 Nature Medicine 

Gut flora metabolism of phosphatidylcholine 

promotes cardiovascular disease 

Wang et al., 2011 Nature 



Feed it! 



Human diet shaped our closely co-

evolved human:microbe ecosystem 

 Dietary evolution 

•Neolithic times: ~10,000 yrs BP (birth of agriculture) 

 

•Agricultural/Industrial revolutions: Late 18th and early 19th century 

 

•Green revolution: Over the last 70 yrs (Western-style diet) 

 

Human microbiome  
evolution 



Estimated daily fiber intake in Palaeolithic 

/Traditional diets and Modern diet 

 

Dietary pattern Fiber content  

Palaeolithic diet first reported in 1985 (Eaton SB) 45.7g 

Palaeolithic diet modified in 1990 (Eaton SB) >100g 

Palaeolithic diet reported in 1996/1997 (Eaton SB) 104g 

Rural Chinese diet 77g 

Rural African diet 120g 

Current US diet 10-20g 

Recommended fiber content in US 25-38g 

Current UK diet 12g 

Recommended fiber content in UK 18g   

(Tuohy et al. Current Pharmaceutical Design, 2009) 



Total polyphenols  

(catechin equivalents, mg/100 g) 

Redrawn from: Mattivi F., Dietas Mediterráneas: La evidencia científica, 2004, 99-111 
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• Children with Prader-Willi syndrome (PWS), n=17 and children with diet 
associated “standard” obesity (n=21) 

 

• Weight loss induced by reduced calorie intake and high fiber diet (whole 
grain/legume “grule”, plus 20g/prebiotic per day) 



Dietary intervention in obese children 
Before 30 day 60 day 90 day 

Total Energy Intake 1559.56 (3577.4-916.2) 1232.7 (1992.4-858.3) 1167.9 (1648.8-74.2) 1169.2 (1919.3-940.7) 

Protein (g) 46.9 (103.8-19.6) 46.2 (83.1-18.6) 38.2 (61.5-26.1) 36.9 (74.3-20.9) 

Protein (%) 13. 6±1.1 13.7±0.5 13.0±0.5 12.7±0.5 

Lipid (g) 64.6 (136.5-15.8) 26.6 (40.2-14.0) 25.2 (41.4-18.3) 24.8 (45.8-14.5) 

Lipid (%) 34.0±4.0 19.7±0.4*** 20.3±0.7*** 19.7±0.6*** 

Carbohydrates (g) 218.3 (484.7-54.8) 191.9 (294.7-141.1) 189.7 (252.4-106.7) 187.1 (261.6-142.9) 

Carbohydrates (%) 52.4±4.4 62.4±0.7* 62.6±0.7* 62.5±0.9* 

Fiber (g) 6.2 (16.6-1.6)a 44.9 (58.7-30.7)b 48.5 (59.9-24.4)b 49.4 (66.9-37.3)b 

Soluble fiber (g) 2.7 (7.2-0.7) 29.2 (40.9-10.7) 31.6 (39.3-11.1) 32.7 (45.6-23.7) 

Zhang et al., 2015 



Significantly reduced  
obesity and improved  
metabolic parameters  
in both genetically  
obese and diet  
associated obese  
children. 

Zhang et al., 2015 



Specific microbiota modulation 

Zhang et al., 2015 

•Dietary interventions modulate 

gut microbiota (increased relative 

abundance of Bifidobacterium 

and other fiber degraders. 

•Dietary interventions reduced 

relative abundance of organisms 

involved in TMAO, TRP and choline 

metabolism 



Zhang et al., 2015 

Fat distribution in obese mice after faecal transplant from 
human donor pre- or post- intervention 



Impact of wheat bran fibre (WBF) on gut microbiota 

& markers of CVD in overweight adults 

•Subjects: n=34/gp, age 18-65 yrs, BMI > 27 
 

•FEM & Santa Chiara Hospital, TN (Dr Carlo Pedrolli), 
APSS, Trento 

 
•Biomarkers of CVD risk 

 
•Gut microbiota (Illumina 16S rRNA, FISH) 

 
•MS based metabolomics (targeted and untargeted) 

T-1 T0 T1 

2 weeks 4 weeks 

27 g aleurone/d 

Placebo 

TREATMENT PERIOD RUN-IN PERIOD 

SCREENING 

ClinicalTrials.gov CFIS-13-001 
NCT02067026 (Supported by Cargill) 



Change it! 



• Lb. reuteri selected for Bile Salt Hydrolase activity (2 capsules/day 
at 2 x 109 CFU/capsule) for 9 weeks 

• Randomized, double-blind, placebo-controlled, parallel-arm, 
multicenter study  

• N=127 hypercholesterolemic patients 

• Probiotic reduced plasma 
– TC by 9.14% 

– LDL-C by 11.64% 

– LDL-C/HDL-C ratio by 13.39% 

– Non-cholesterol plant sterols 

– Increased circulating deconjugated bile acids 

• Proposed new cholesterol lowering activity of probiotics via modified 
absorption of lipids from the gut 

 

 

 

 



Table 1. Cellular actions described for TGR5 in different cell types. ∗Macrophages include alveolar macrophages,  

Kupffer cells and THP-1 cells.  

 

BA, fat & glucose  

homeostasis 

Inflammation (NF-κB) 

Enterohepatic BA circulation 

microbiota 

(deconjugation, 1°→ 2°) 

Journal of Hepatology (2011) 

FXRα 

VDR 

PXR 







Swap it! 



 

http://www.openbiome.org/about-fmt  

http://www.openbiome.org/about-fmt
http://www.openbiome.org/about-fmt
http://www.openbiome.org/about-fmt


Borody, T. J. & Khoruts, A. (2011) Fecal microbiota transplantation and emerging applications 

Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro.2011.244 

Figure 1 FMT for patients with recalcitrant CDI 



Transfer of intestinal microbiota from lean donors increases  
insulin sensitivity in individuals with metabolic syndrome. 

Vrieze et al. 2012 Gastroenterology143(4):913-6.e7.  
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Ecosystem level immune and metabolic 

regulatory (EIMR) model of diet:microbe:host 

interactions 

• Rational faecal microbiome  

transplant 

 

•Mechanistically driven probiotics  

& prebiotics 

 

•Mechanisms of effect for diet in  

health & disease 

- how fiber and polyphenols work 

 

•Personalised nutrition  

– me and my bugs! 

 

 



Fondazione Edmund Mach 

•Thank you 

 

•Fulvio Mattivi, Davide Albanese, Claudio Donati, and Roberto Viola, FEM-

IASMA 

 

•NN Group: Lorenza Conterno, Francesca Fava, Elena Franciosi, Carlotta de 

Filippo, Maria Lima, Athanasios Koutsos, Ilaria Caraffa, Andrea Machini 

 


