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The obesity epidemic
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De mens is een superorganisme

Gaby D'Allesandro / © AMNH (American Museum of Natural History) 



Healthy microbiota

Arumugam et al. Nature 2011; 473:174-180

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728647/figure/F1/


obese microbiome possesses metabolic pathways 

that are highly efficient at extracting energy from 

food

Obese muizen
obese donor (ob/ob)

lean donor

Turnbaugh PJ, et al. Nature  2006; 444:1027-1031

Similar effects after 

transplantation of feces of 

mice with diet induced obesity 



Microbiota samenstellng in obese personen

12 obese personen 

Laag calorie dieet

vet restrictie Koolhydraat-resitrictie

Ley R et al., Nature 2006; 444:1022-1023

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=iVX7ozYz5MehAM&tbnid=5pAaFeSS9jDvJM:&ved=0CAYQjRw&url=http://www.clickmed.co.uk/blog/weight-loss/obesity-gradual-loss-can-be-a-long-term-loss.html&ei=L2UhU5nBLoLY0QWUnYCYBA&bvm=bv.62922401,d.ZG4&psig=AFQjCNFs-w0Ei2GDnj6TVeTvS5GhUjEfhQ&ust=1394783837838174


Others do not confirm

Duncan et al., Int J Obesity 2008; 32:1720-1724

23 obese men

high-protein, moderate carb (MC)

high-protein, moderate carb (MC)

high-protein, lowcarb (LC)

high-protein, lowcarb (LC)

4 wks 4 wks
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Or find opposite results

Schwiertz et al., Obesity 2010; 18:190-195

Firmicutes Bacteroidetes Actinobacteria
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• Phylumwide changes currently not considered as biomarker for obesity

• Changes at lower taxonomic level may better define dysbiosis

• Several genera increased or decreased in obesity – species may follow opposite trend

• Lactobacilli 

• Bifidobacteria 

• Faecalibacterium prausnitzii 

• Akkermansia muciniphila 

• Mainly association studies -> cause or consequence?
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Gut microbiota and obesity

It is still impossible to define an obese microbiome

Gerard. Cell mol Life Sci 2016; 73:147-162
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Microbial signals linked to obesity

azijnzuur

propionzuur

boterzuur

SCFALPS



Amar et al. Am J Clin Nutr 2008; 87:1219–122312

High fat intake increases plasma LPS

Mice

Intervention for 4 wks

26.1 26.2 26

<9 U/ml 9-39 U/ml >39 U/ml

BMI

2307
2517 2617

<9 U/ml 9-39 U/ml >39 U/ml

total energy intake 
(kcal/d) p=0.02

91.7
102.

7

110.
7

<9 U/ml 9-39 U/ml >39 U/ml

fat intake (g/d)
p=0.009

Humans

Cross-sectional analysis, n=201

n=130 n=44 n=27

Cani et al. Diabetes 2007;56:1761-1772
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Absorptie van LPS

LPS: ± 1g

LPS: ± 1µg

Hersoug et al. Obesity Reviews 2015; 17:297-312
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Increased plasma LPS induces obesity 

Cani et al. Diabetes 2007;56:1761-1772
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Increased plasma LPS induces inflammation

Cani et al. Diabetes 2007;56:1761-1772

Liver Visceral 

adipose tissue

Subcutaneous 

adipose tissue

Muscle
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LPS induceert laag-gradige inflammatie

Neves et al. J Mol Endocrinol 2013; 51:R51-R64 Moreno-Navarrete et al. Int J Obesity 2012; 36, 1442–1449
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LPS induces obesity and inflammation

Delzenne et al., Microbial Cell Factories 2011; 10 Suppl 1:S10
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SCFA protect against inflammation

• Epithelial cells

• Mucus

• Immune system

• antimicrobials

Natividad et al. Pharmacological Research 2013; 69:42-51.
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SCFA versterken de tight junctions
Activatie van AMPK

Stabilisatie van HIF

Natividad et al. Pharmacological Research 2013; 69:42-51 Peng et al. J Nutr 2009;139:1619-25 Kelly et al. Cell host & microbe 2015; 17:662-71.
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SCFA interfereren met het immuunsysteem

Li et al. Eur J Pharmacol 2018; 831:52-9.

• Stimulatie van MAPK

• Inhibitie van NF-K-B

• Inhibitie van HDACs
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SCFA beïnvloeden de populatie Treg-cellen in het colon

Gurav et al. Biochem J 2015; 469:267-78 Smith et al. Science 2013;341:569-73.

SCFA increased Treg numbers and function in colonized mice. The effects of SCFAs on Tregs were mediated through ffar2

DC exposed to butyrate promote conversion 

to a tolerogenic phenotype in  T-cells

DC exposed to butyrate suppress conversion 

into pro-inflammatory IFN-γ+ T-cells
DC exposed to butyrate increases the 

expression of IDO and Aldh 1A2
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SCFA beschermen tegen inflammatie

Keshteli et al. Nutrients 2019; 11:1498
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Obese muizen hebben een verhoogde darmpermeabiliteit

Brun et al., Am J Physiol Gastrointest Liver Physiol, 2007; 292:G518-G525 Cani et al., Diabetes. 2008; 57:1470-81 

Ex vivo analyse in Ussing kamers In vivo permeabiliteit
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Gut permeability in humans

28 subjects

• 13 non-obese (BMI 18.6-29.6)

• 15 obese (BMI 30.5-60.3)

Verdam, Obesity 2013, 21:E607-E615

Clustering based on microbiota composition (HITChip)

Multi-sugar test

Sucrose

Lactulose/

Rhamnose

Sucralose/

Erythritol
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Gut permeability in humans

Obese subjects BMI: 32 (IQR 31-34)

Obese subjects BMI: 

t0m: 43.7 ± 5.2 

t12m: 36.4 ± 5.1

Deroover et al. Submitted Antje Damms-Machado et al. Am J Clin Nutr 2017;105:127-135
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Gut permeability in humans

Kellerer et al. Obesity Surg 2019; 29:2132–2143

BMI (median; IQR)

Before surgery (LSG V1) 52.5 (47.0; 56.8)

After surgery (LSG V2) 39.1 (32.6; 44.0)

Control group 21.5 (19.6; 23.3)

Small intestine

Large intestine

Stomach



Prebiotics to treat obesity: mice studies
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Cani P. et al., Diabetiologia 2007; 50:2374-2383 Cani P. et al, Gut 2009; 58:1091-1103
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Prebiotics to treat obesity: mice studies

Monk et al., J Nutr Biochemistry. 2019;70:91-104



Prebiotics in humans

• 48 healthy adults with BMI > 25 kg/m²

• 21 g oligofructose or placebo for 12 weeks

Parnell & Reimer, Am J Clin Nutr 2009; 89:1751-1759

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3827013/figure/F4/


Prebiotics in humans

Dewulf E. et al, Gut 2013; 61:1112-1121 

• 30 obese women

• 16 g oligofructose/inulin (50/50) or 

placebo for 3 months

• 106 obese people (m/f)

• caloric restriction with 30% of energy 

intake

• 16 g inulin or placebo for 3 months

Hiel S, PhD thesis, 2019

• 42 obese children 7-12y

• 8 g oligofructose/inulin 

(50/50) or placebo for 16 wks
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Impact of probiotics

• 1010 A. muciniphila bacteria either live or pasteurized for 3 months

• 32 overweight/obese insulin-resistant subjects

Depommier et al., Nature Med 2019; 25:1096–1103



32 Depommier et al., Nature Med 2019; 25:1096–1103



Fecal microbiota transplantation

Vrieze E. et al., Gastroenterology 2013; 143:913-916



• Er zijn meer en meer aanwijzingen dat de microbiota betrokken is in het ontstaan van obesitas

• Microbiële componenten/metabolieten kunnen fungeren als signaalmoleculen

• In combinatie met een hoog-vet dieet wordt meer LPS opgenomen dat obesitas en 

inflammatie induceert

• SCFA verhinderen inflammatie

• De rol van darmpermeabiliteit bij de mens is niet duidelijk

• Interventies bij proefdieren die de microbiota moduleren leveren veelbelovende resultaten

• De effecten van dergelijke interventies bij de mens zijn eerder bescheiden
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Take home messages
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Een gezonde geest in een gezond lichaam (Juvenalis)
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Bedankt voor uw aandacht!


