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How is the gut microbiota to 

relevant to brain / mental 

health?  

Key question 1
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What is the gut microbiome? 

The microbiome refers to all microorganisms in or on their host as well as their 
genetic material. The microbiota, on the other hand, defines the microbe 
population in a specific ecosystem, such as those populations found in the gut 
microbiota or skin microbiota.


Within the gut, there are approximately 1014 (100 trillion) microorganisms, 
which is around 10 fold more cells than there are cells in the human body.



The gut microbiome plays a key 
role in the balance between 

health and disease throughout 
the whole of the body.  

BMJ. 2018 Jun 13;361:k2179.

https://www.ncbi.nlm.nih.gov/pubmed/29899036


Gut Microbes. 2012 Jul-Aug;3(4):366-73. doi: 10.4161/gmic.21287 6

Principal mechanisms 

in microbiota-gut-brain 

axis communication  
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https://pubmed.ncbi.nlm.nih.gov/29693607/


Key question 2
Are there specific 

microbial signatures for 

specific neuropsychiatric 

disorders?

Front Neurosci. 2017 Sep 15;11:490. doi: 10.3389/fnins.2017.00490 8
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An abnormal microbiota is associated 
with a disrupted gut barrier and the 
activation of the mucosal immune 
system, leading to the release of 
inflammatory mediators and other 
neuroactive molecules into the 
systemic circulation from where they 
reach the brain, resulting in changes 
in cognition and behaviour.

J Clin Med. 2018 Jan 3;7(1):6. doi: 10.3390/jcm7010006

Normal vs abnormal 
microbiota



Br J Pharmacol. 2018 Dec;175(24):4430-4438. doi: 10.1111/bph.1412710

In negative affective states 
such as stress, anxiety or 
depression, the expression of 
pro‐inflammatory markers 
increases, gut microbiota and 
gut permeability are altered 
and the gut–brain axis is in a 
dysfunctional state.

Healthy vs abnormal 
gut–brain axis
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For the purpose of this presentation I have drawn on 
research examples on the relationship between the gut 
microbiome and the following research areas: 


Depression, anxiety and mild cognitive impairment.

Scope of the evidence reviewed
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The role of the microbiome in the context 
of depression

What is the role of 
the microbiome 
in the context of 
depression?

Neurobiology of Disease. 2020 Feb;135:104578. doi: 10.1016/j.nbd.2019.104578 12



Exploratory human studies describing correlations/interactions 
between the gut microbiota and cognition, brain structure or function.

13Nutrients. 2020 Sep 30;12(10):3009. doi: 10.3390/nu12103009



14J Affect Disord. 2016 Sep 15;202:254-7. doi: 10.1016/j.jad.2016.05.038

• Depressive patients tend to have significantly lower Bifidobacterium counts and lower 
Lactobacillus counts than the controls.


• Decreased counts of these bacteria were associated with irritable bowel syndrome.


Interesting points: 

• Study based on 43 patients and 57 healthy controls.

• Depressive symptoms assessed using the Hamilton depression rating scale 21-item version (HAM-D 21)



On the basis of this observation, would this be 
appropriate to intervene with a probiotic formula, with the 
aim to increase the abundance of Bifidobacterium and 
Lactobacillus?

Could probiotics help? 

15
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• Overrepresentation of Enterobacteriaceae and Alistipes but reduced levels of 
Lachnospiraceae.


• A negative correlation was observed between Faecalibacterium and the severity of 
depressive symptoms.


Interesting points: 

• Study based on 46 patients and 30 healthy controls.

• Depressive symptoms assessed using the Hamilton depression rating scale 24-item version (HAMDS) and 

the Montgomery–Asberg Depression Rating Scale (MADRS). 
Brain Behav Immun. 2015 Aug;48:186-94. doi: 10.1016/j.bbi.2015.03.016



A little revision
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Microorganisms. 2019 Jan 10;7(1):14. doi: 10.3390/microorganisms7010014

The core phyla are 

Firmicutes, 

Bacteroidetes, and 

Actinobacteria. 

Between them, they 

represent ≈ 90% of 

the microbiota.

18



The remaining 

10% belongs to 

the phyla 

Proteobacteria, 

Verrucomicrobia, 

and Fusobacteria.

19Microorganisms. 2019 Jan 10;7(1):14. doi: 10.3390/microorganisms7010014
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Questions to ponder
• Lachnospiraceae is a family of microbes that includes the butyrate-

producing Faecalobacterium and Roseburia, and the acetate-producing 
Eubacterium hallii group.


• All three genera are known to benefit from fibre and polyphenol-rich dietary 
interventions, e.g. using a Mediterranean-type diet, which has been seen to 
results in reduced  Enterobacteriaceae, and in improved inflammatory and 
metabolic status.


• There is no substantial evidence that Lachnospiraceae benefit from 
probiotic supplementation, but they do respond to dietary interventions. 



Nutrients 2019, 11(10), 2393 21

In fact, the evidence to 
support how different 
types of dietary 
interventions may be 
used to manipulate the 
microbiota gut-brain 
axis is abundant.  

Of special interest is the 
value of a 
Mediterranean-type diet 
on the bacterial markers 
discussed on this slide. 



Front Microbiol. 2020;11:572921 22
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Especially rich in the 
Mediterranean diet are 
dietary polyphenols, 
classed as prebiotics, 
and known to elicit 
significant changes in 
gut microbiota 
composition.  

Nutrients 2021, 13(1), 206
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The role of these 
plant-based nutrients 
in modulating mood 
and cognition is well 
documented in 
literature. 

J Agric Food Chem. 2020 Jun 3;68(22):6007-6020. 
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Nootropics or microbial modulators?

The compounds present in these botanicals are being 
metabolised and amplified by the gut microbiota.  

The changes in microbiota composition triggered by 
these botanicals may be mediating positive mental 
health and neuroprotective outcomes. 



26PLoS One 2019;14(3):e0213869. doi: 10.1371/journal.pone.0213869

Example:  
Ashwagandha
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Examples currently under 
investigation



Methodological considerations 
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A simple PubMed search for “depression or anxiety” and “probiotics” 
confirms the limited number of randomised clinical trials where the primary 
outcomes are neuropsychiatric or neurodegenerative, i.e. most cohorts 
include individuals with co-morbidities, the most usual being: 


• Irritable Bowel Syndrome (IBS) 

• Obesity 

• Pregnancy / lactation  

Comorbidities

29



Attempting to measure changes in neuropsychiatric or 

neurodegenerative outcomes within cohorts that may have their 

own microbial signatures poses a challenge in itself. For example, 

would product A have the same antidepressant effect on obese 

versus non obese individuals? And would product B have the 

same anxiolytic effect in IBS vs non IBS patients? 

Other questions to ponder

30



• Study aimed at exploring the microbial correlates of 
psychological distress in patients with IBS (Rome III criteria)


Interesting points: 

• Study based on n=48 IBS patients (35 female), average age 42

• Faecal samples underwent microbial 16S rRNA analyses


31Psychosom Med. 2018 Oct;80(8):698-709. doi: 10.1097/PSY.0000000000000630



Psychosom Med. 2018 Oct;80(8):698-709. doi: 10.1097/PSY.0000000000000630 32

• Depression was negatively associated with Lachnospiraceae abundance.


• Patients with anxiety were characterised by elevated Bacteroidaceae.


• Patients exceeding thresholds of distress, anxiety, depression, and stress perception 
showed significantly higher abundance of Proteobacteria.


• Diversity between patients with and without elevated stress, anxiety or depression 
was also compared, as well as the different IBS subtypes and severity, but there were 
no significant differences among any of the subgroups.



• The Enterobacteriaceae family includes inflammogenic enteric pathogens such 
as Hafnia alvei, Pseudomonas aeruginosa, Morganella morganii, Proteus 
mirabilis, Pseudomonas putida, Citrobacter koseri and Klebsiella pneumonia. 

• All of these gram-negative bacteria are observed in normal gut flora but pose a 
problem when their abundance increases due to their ability to produce 
lipopolysaccharide (LPS). 


• LPS is known to contribute to increased permeability of the gut wall in 
depressed patients. This may allow invasive gram negative bacteria to 
translocate into mesenteric lymph nodes or the systemic circulation. 

Brain Behav Immun. 2015 Aug;48:186-94. doi: 10.1016/j.bbi.2015.03.016

What about endotoxins, intestinal 
permeability and mood disorders
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Examples of LPS producers



Mol Cell. 2014;54(2):281-288. doi:10.1016/j.molcel.2014.03.030

Pathogenic microbes and inflammation

35

https://pubmed.ncbi.nlm.nih.gov/24766892/


36Front Cell Neurosci. 2015 Oct 14;9:392. doi: 10.3389/fncel.2015.00392

Intestinal permeability, the 
state that describes a 
disrupted intestinal barrier, is 
now an accepted mediator 
in the pathogenesis of 
neuropsychiatric and 
neurodegenerative 
disorders. 
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More difficult to ascertain but several studies identify:

Is there a microbial signatures for anxiety 
and mild cognitive impairment (MCI)?

• Lower abundance of Lactobacillus

• Lower abundance of butyrate producers, 


e.g. Faecalobacterium and Roseburia.

Physiol Rev. 2019 Oct 1;99(4):1877-2013. doi: 10.1152/physrev.00018.2018.

Nutrients. 2020 May 19;12(5):1468. doi: 10.3390/nu12051468



Would you supplement? 

38
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• Inflammation of the central nervous system is associated with cognitive decline.

• Probiotic supplementation improved memory, cognitive function, biochemical and histological 

measures in subjects with dementia and cognitive impairment.


Interesting points: 

• A total of 16 articles (10 preclinical and 6 clinical) that met the inclusion criteria for the systematic review, and 15 articles (10 preclinical and 5 
clinical) for meta-analysis.


• Mini-Mental State Examination (MMSE), Repeatable Battery for the Assessment of Neurophychological Status (RBANS) and Test Your Memory 
(TYM) tests used to assess cognitive function. 

Prog Neuropsychopharmacol Biol Psychiatry. 2020 Dec 5:110189. doi: 10.1016/j.pnpbp.2020.110189



40Prog Neuropsychopharmacol Biol Psychiatry. 2020 Dec 5:110189. doi: 10.1016/j.pnpbp.2020.110189

What is the onset time 
for these interventions 
to cause an effect? 



41Prog Neuropsychopharmacol Biol Psychiatry. 2020 Dec 5:110189. doi: 10.1016/j.pnpbp.2020.110189

Most studies don’t report 
interim onset, but a before / 
after measure and comparison. 



42J Alzheimers Dis. 2020;77(1):139-147. doi: 10.3233/JAD-200488

• 80 healthy older adults suffering from MCI were divided into two even groups to receive once daily either probiotic (B. breve A1, 
2×1010 CFU) or placebo for 16 weeks.


• Significant improvement in domain scores of immediate memory, visuospatial/constructional, and delayed memory.

• Study results indicate B. breve A1 is a safe and effective approach for improving memory functions of suspected MCI subjects.


Interesting point: 

• Cognitive functions were assessed by the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) and 
the Japanese version of the MCI Screen (JMCIS) tests before and after the study as primary and secondary endpoints, 
respectively.



43J Alzheimers Dis. 2020;77(1):139-147. doi: 10.3233/JAD-200488

Example of how most studies don’t report 
interim onset, but a before / after measure 
and comparison.  

However, it is advantageous to know how 
long a product might take to have an effect, 
so it is worth thinking of including interim 
measures, both biological, i.e. a microbiome 
test, as well as self reported outcomes. 



44Aging (Albany NY). 2020 Feb 15;12(4):4010-4039. doi: 10.18632/aging.102810

• 5 studies involving 297 subjects met eligibility. There was a significant improvement in cognition, while a significant 
reduction in malondialdehyde and high-sensitivity C-reactive protein post-intervention levels between the 
probiotics and control groups. 


• Probiotics improved cognitive performance in AD or MCI patients, possibly through decreasing levels of 
inflammatory and oxidative biomarkers. 


• However, current evidence is insufficient, and more reliable evidence from large-scale, long-period, RCT is needed.


Interesting points: 

• Analysis of malondialdehyde as a biomarker of oxidative stress, and HS-CRP as a marker of systemic inflammation can 
provide powerful insights on the effects of interventions with probiotic products. 
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Probiotic supplementation could provide an adequate therapeutic 
strategy for a range of mood and cognitive disorders, based on clinical 
and preclinical evidence. In the absence of approved legal health claims, 
translating preclinical data into clinical recommendations and listening to 
the individual / client / patient becomes essential. 


Phytonutrients such as polyphenols from dietary and botanical sources 
are emerging as potentially powerful modulators of brain health through 
via the gut microbiota. This is a novel research avenue that warrants 
thorough investigation. 

Key points 
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