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Terms to Know

https://www.gutmicrobiotaforhealth.com/glossary-index; Klassen A et al. (2017). Metabolomics: Definitions and Significance in Systems Biology. 

In: Sussulini A. (eds) Metabolomics: From Fundamentals to Clinical Applications. Advances in Experimental Medicine and Biology. Vol 965. Springer, Cham.



Functions of the Gut Microbiome

✓ Pathogen protection-e.g. competes for nutrients

✓ Maintenance of intestinal barrier-protects against 

increased intestinal permeability

✓ Nutrient + drug metabolism 

✓ Immune modulation

✓ Produces and communicates with hormonal 

products as an endocrine-like organ

✓ Impacts brain function via gut-brain axis

• Some examples: microbial produced SCFAs -used as nutrients for 

colonocytes, neurotransmitter production- potentially impacting 

mood

Guinane CM, Cotter PD. Therap Adv Gastroenterol. 2013;6(4):295-308; Dalton A et al. Gut Microbes. 2019;10(5):555-568. 

What matters more…who is 

there or what they are doing?



Attributes of a Healthy Gut Microbiome

• Stability

– Resist change in the setting of an ecologic stress (resistance) or to return to an equilibrium state following a 

stress-related perturbation (resilience). 

• Balance of microbiota

– Some microbial distributions may increase risk of infection or disease. E.g. antibiotics can put an individual 

at risk for Clostridium difficile. 

– Microbiota can shift with changes in age, diet, geographical location, intake of supplements and drugs 

• Microbial diversity

– The lack of sufficient diversity or evenness in a bacterial community structure appears to diminish its ability 

to withstand perturbation-e.g. obesity + IBD have reduced diversity. 

Lifestyle factors can play a role in positively impacting these important gut microbiome attributes…

Bäckhed F et al. Cell Host Microbe. 2012 Nov 15;12(5):611-22.. PMID: 23159051; Tanaka M, Nakayama J. Allergol Int. 2017 Oct;66(4):515-522. 



Figure adapted from Nagpal R et al. Nutr Healthy Aging. 2018;4(4):267-285. 



Effects Ageing Process on the Small 
Bowel Microbiome

Leite G et al. Microb Cell. 2021 Dec 27;9(1):21-23.



Physical Gut Conditions That Impact Gut Microbiome

Many factors impact the gut 

microbiota community:

• Host factors: gender, age, body 

weight, diet, drug exposure, 

pathological conditions. 

• Adaptability of the gut microbiome

• Physical environmental conditions 

of the gastrointestinal tract ->

Di Rosa C et al. Nutrients. 2023 Mar 28;15(7):1647. 



Gut Brain Axis (GBA)

• Gut microbiota regulates neurotransmitters/

brain chemicals such as: serotonin (alters 

precursors), GABA, dopamine.

• When gut bacteria diversity diminishes, 

there are systemic consequences, such as 

GI and psychological distress. 

Dinan, TG, Cryan, JF The Microbiome-Gut-Brain Axis in Health and Disease. Gastroenterol Clin N Am. 2017;77-89; 

Del Toro-Barbosa M et al. Nutrients. 2020;12(12):3896. Published 2020 Dec 19; Salminen, S et al. Nat Rev Gastroenterol Hepatol. 18, 649–667 (2021). 



Enteric nervous system + central 
nervous system highly linked via 
vagus nerve

Patient example: 

Stressful event—induces an 
emergent trip to the bathroom—
or GI symptoms lead to anxiety.

The Brain + Gut Connection



Understanding IBS-a Timeline

Psychosomatic 

disorder 1
Abnormal GI

   motility 

Visceral 

hypersensitivity

Brain-gut 

Interactions
Colonic permeability  

via gut microbiome

1950 2023

1.BROWN PW (1950). "The irritable bowel syndrome". Rocky Mt Med J. 47 (5): 343–6.



Complex Interactions That Drive IBS Symptoms

Psychological stress, food components, microbiota and an impaired barrier function may all 

contribute to immune activation in functional gastrointestinal disorders. 

Adapted from Vanuytsel T et al. Gut. 2023 Jan 19:gutjnl-2020-320633. 



Post-Infectious IBS Model

healthy

population

food-borne 
pathogen

acute 
gastroenteritis

  complete recovery

post-infectious IBS

genetics

female sex

severity + duration of illness

psychological co-morbidities

younger age

risk factors:

Lupu VV et al. World J Gastroenterol. 2023 Jun 7;29(21):3241-3256. 



The IBS Microbiome: What Do We Know?

• Diet can change gut microbiota, impact sx. via direct effect of food & immune activation. 

• FODMAPs might cause IBS symptoms via microbiome dysbiosis, bacterial fermentation and 

osmotic overload. 

• Oral microbiome may have a potential in diagnosis and patient stratification in IBS. 

Ghaffari et al. Journal of Translational Medicine. (2022) 20:173. 



Food and IBS Symptoms

Bohn L et al. Am J Gastroenterol. 2013;108:634.

• 197 IBS patients

(Rome III)

• Symptom severity 

correlates with 

number of 

food sensitivities
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FODMAP and IBS Symptom Generation



FODMAPs, It’s Complicated

Singh M. et al. JCI Insight. 2021;6:e146529; Singh et al. Am J Gastroenterol. 2022; 117(6):947-957



Food–Microbiota Interaction in 
Visceral Hypersensitivity

• FODMAPs stimulates high-histamine 

producing species such as Klebsiella 

aerogenes that are capable in metabolizes 

dietary histidine into histamine

• Bacteria-derived histamine can 

subsequently activate H4R on mast cells 

contributing to visceral hypersensitivity. 

• Higher abundance of Lactobacilli may 

counterbalance this effect—by lowering 

luminal pH through production of lactic acid 

which reduces histamine production (highly 

pH dependent). H1R= histamine 1 receptor

H4R= histamine 4 receptor 

HDC=histidine decarboxylase

MC= mast cell

SCFA, short-chain fatty acids 

In rodent model: 



LFD Alters Brain Activity

• RCT-single blinded: LFD n=10 and sham diet n=11 x 6 

wks. Assess GI sx and brain responses to emotional 

tasks in non-constipated IBS (Rome III)

• Results: 

– Post 6-8 weeks post diet, LFD showed >improvement in 

IBS-SSS, QOL, depression and pain scores

– LFD significantly reduced brain activities in response to 

negative stimuli in areas of emotion/cognition processing 

(No significant changes on sham diet)—suggesting LFD 

impact on brain-gut interaction.

DDW 2023; Wu PoShan et al. presentation Sa1618L.



Microbiota Subtypes + Response to LFD in IBS

• Metagenomics used to identify taxonomic + functional profiles of stool 

microbiota from IBS cases +  controls (n=56 pairs) on their usual diet. 

• Clinical response and microbiota changes were studied in 41 pairs x 4 weeks 

on a low FODMAP diet.

• IBS cases pre-diet identified 2 distinct microbiota profiles,

referred as: IBS-P (pathogenic-like) and IBS-H (health-like) subtypes. 

– IBS-P microbiomes were enriched in Firmicutes and genes for amino acid 

and carbohydrate metabolism but depleted in Bacteroidetes species.

– IBS-H microbiomes were similar to controls.

• On LFD, IBS-H and control -microbiota were unaffected, but the IBS-P 

signature shifted towards a health-associated microbiome with an increase in 

Bacteroidetes (p=0.009), a decrease in Firmicutes species (p=0.004) and 

normalization of primary metabolic genes. 

• The clinical response to the low FODMAP diet was greater in IBS-P subjects 

compared with IBS-H (p=0.02).

• 50% of IBS cases manifested a ’pathogenic’ gut microbial signature 

Vervier K et al. Gut. 2022;71:1821-1830.



Changes in Microbiome on LFD-Elimination

Halmos, Emma P et al. Gut. vol. 64,1 (2015): 93-100; Staudacher HM et al. J Nutr. 2012;142 (8):1510-1518. 



Long-Term, Personalized Phase LFD

• N=18 on LFD educated on all 3 phase 

were included in the study.

•  Adequate relief of symptoms in (67%) 

following long-term personalized low 

FODMAP diet (p = 0.039).

• Bifidobacteria abundance was not 

different between baseline (median 

9.29 log10 rRNA genes/g, IQR 1.45) 

and long term (9.20 log10 rRNA 

genes/g, 1.41; p = 0.766, q = 0.906)

– However, there were lower 

concentrations of total SCFA, acetate, 

propionate, and butyrate

• 2/3 patients reported adequate relief of 

symptoms x 12 months of personalized LFD.

• Personalized LFD did not result in differences 

from baseline in Bifidobacteria.



Diet for Gut Health—and IBS Symptom Management

Med and low FODMAP combined?
Growing data diet in relationship 

to gut health and beyond



The Future… Precision Nutrition for IBS

Ghaffari et al. Journal of Translational Medicine. (2022) 20:173.



Take Away Points

IBS: involves intersecting relationships btw gut microbiome, brain, and diet

• As a complex heterogenous disorder—altered gut microbiome may be more 

central feature in some compared w/ others

• LFD most evidence-based diet—with a noted complex gut microbial 

intersection with GI symptoms

• While LFD elimination phase alters gut microbiome (e.g. reduced 

bifidobacteria)—we don’t know relevance of this change. Further, expansion 

to personalization phase appears to have less impact on gut microbiome.

• Like any therapeutic in IBS –tailored recommendations work best, diet is not 

one size fits all. Precision therapeutics on horizon.
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