
46Nutrients 2020, 12(10), 3009

We can see a 
number of 
“classic” probiotic 
interventions 
attempting to 
modulate cognitive 
function via the 
microbiota gut-
brain axis. 



47Nutrients 2020, 12(10), 3009

But we also see a 
number of novel 
interventions 
based on prebiotic 
and complex 
saccharides, 
known to feed 
Bifidobacteria.  



48Nutrients 2020, 12(10), 3009

Along with 
some 
interesting 
paraprobiotics 
and synbiotics. 











Patient Reported Outcome Measures 

53



I’ve selected the following scales as my personal favourites, 
with a rationale provided in the upcoming slides.  

54

Patient-reported outcomes are referred to as PROs,  

whist patient-reported outcome measures are referred to as PROMs.


Both acronyms are used routinely in clinical literature. 

PROs or PROMs?



Health Soc Behav. 1983 Dec;24(4):385-96

The Perceived Stress Scale
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https://www.jstor.org/stable/2136404?seq=1
https://www.psytoolkit.org/survey-library/stress-pss.html


• The Perceived Stress Scale (PSS) is one of the most highly cited scales 

for the measurement of the degree to which life appears stressful. 

• As of 1st December 2021, the original paper entitled “A global measure of 

perceived stress” by Sheldon and colleagues, published in the Journal of 

Health and Social Behaviour in 1983, has been cited 27,361 times.

56



Brain, Behavior & Immunity, Volume 2, February 2020, 100029, 10.1016/j.bbih.2019.100029

57

PSS examples

The Perceived Stress Scale is used 
by eminent scientists in the gut-brain 
axis research. 

https://www.jstor.org/stable/2136404?seq=1


• The PSS provides a useful measure of global stress levels, 
i.e. it has been scientifically validated to cover a wide range 
of sources of stress, e.g. financial, emotional, etc. 

• The scale goes from 0 to 56, with 0 being the most resilient, 
and scores over 28 meaning high susceptibility to suffering 
from the negative effects of stress. 

58

Why the Perceived Stress Scale



Arch Intern Med. 2006 May 22;166(10):1092-7. doi: 10.1001/archinte.166.10.1092

Measuring Anxiety
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The GAD-7 is a short test that checks 
symptoms and can be used assess 
the severity of generalised anxiety.

https://www.jstor.org/stable/2136404?seq=1


• The possible scores on the GAD-7 run from 0 to 21. In the study by Spitzer et al. (2006), 
more than 2000 patients in primary care settings participated. 

• Of the patients who were known to suffer from generalised anxiety disorder, the average 
GAD-7 score was 14.4. 

• Of the patients that were known not to suffer from the disorder, the GAD-7 score was 4.9. 
• According to the authors, people with a score of 10 or greater might suffer from 

generalised anxiety disorder.

• Women suffer considerably more from generalised anxiety disorder than men.

60Arch Intern Med. 2006 May 22;166(10):1092-7. doi: 10.1001/archinte.166.10.1092

More about the GAD-7



J Psychiatr Res. 2018 Sep;104:130-136. doi: 10.1016/j.jpsychires.2018.07.007 61 61

The GAD-7 is easy to 

administer and to 

score, and can be used 

both in paper and 

electronically.

Why the GAD-7?

https://www.jstor.org/stable/2136404?seq=1


Front Aging Neurosci. 2018 Dec 4;10:398. doi: 10.3389/fnagi.2018.00398 62

Measuring Cognition



There are too many cognitive measures to be covered in detail 
in this masterclass. My choice is the CANTAB Cognitive 
Assessment Suite because of its availability as an online suite 
that’s easy to administer and it’s automatically scored. 

It is however quite tricky to understand unless properly trained, 
and translating the findings isn’t always straightforward. 
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What about gut-brain axis biomarkers?

64



The following slides illustrate some of 

the key biomarkers featured in gut-

brain axis clinical trials alongside 

microbial sequencing. 
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Biomarkers in Neuropsychiatry. 2020 June 2;100009. doi: 10.1016/j.bionps.2019.100009 66



67Biomarkers in Neuropsychiatry. 2020 June 2;100009. doi: 10.1016/j.bionps.2019.100009



68Biomarkers in Neuropsychiatry. 2020 June 2;100009. doi: 10.1016/j.bionps.2019.100009



69Front Cell Neurosci. 2015 Oct 14;9:392. doi: 10.3389/fncel.2015.00392

Other biological measures



70eBioMedicine. 2019; 46):499–511 doi: 10.1016/j.ebiom.2019.07.031 

Example of metabolic 
analysis, i.e. small size 
molecules metabolised 
by gut microbiota, 
hence the importance 
of choosing the 
appropriate analysis 
method. 



71J Neurogastroenterol Motil. 2020 Sep 30;26(4):486-495. doi: 10.5056/jnm20079

Serum Brain-derived 
Neurotrophic Factor (BDNF) 
is a growth factor that has 
been seen to correlate with 
anti-depressant response in 
depressive patients. 



In this section I’ve summarised what I 

consider to be the key methodological 

considerations for successful gut-

brain axis clinical trials. 
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More methodological considerations 
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74Front Nutr. 2020 Jun 12;7:79. doi: 10.3389/fnut.2020.00079

Considerations for participant enrolment and data collection



Gender split. There is 
emerging evidence that 
assessing the role of sex in 
the gut-brain axis may help 
elucidate the aetiology of and 
identify effective treatments 
for neurodevelopmental, 
psychiatric, and 
neurodegenerative disorders.

Curr Psychiatry Rep. 2020 Nov 20;22(12):83. doi: 10.1007/s11920-020-01202-y 75



Food Nutr Res. 2018 Jul 4;62. doi: 10.29219/fnr.v62.1218 76

Stringent and clear inclusion and exclusion criteria



77Clin Gastroenterol Hepatol. 2019 Jan;17(2):218-230. doi: 10.1016/j.cgh.2018.09.017

Fundamental considerations for studying, analysing 
and interpreting gut microbiome data:  
What kind of analysis?



Sample sizes: alpha diversity

“Convention dictates that a level of statistical significance of 5% and a statistical power of 80% 

are generally accepted values for the majority of studies. We would therefore recommend 

enrolling a total of 110 patients (55 per group) to detect differences in alpha diversity of ≥2 

units. It is worth noting that the logistics involved in recruiting 55 patients with a particular 

clinical phenotype may prove challenging, if not impossible, within the timeline available for 

some pilot studies. In addition properly accounting for additional factors such as medication, 

age, diet, or body mass index may further complicate this task. It is sensible, in these situations, 

to settle for a larger effect size; in the example provided, a total sample size of 50 patients may 

be sufficient for an effect size of 0.80 (ie, a mean difference of 3 Faith PD units), at the risk of 

failing to detect real but smaller effects.”

78Gastroenterology. 2020 May;158(6):1524-1528. doi: 10.1053/j.gastro.2019.11.305
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Sample sizes in microbiota-gut-brain axis studies range from 50 to 100 participants. 
With these smaller sample sizes, the use of patient-reported outcome measures 
(PROMs) becomes indispensable. There are a range of such instruments reported in 
literature, helping researchers to assess stress, anxiety, depression and various different 
domains of cognitive function. Electronic tools are preferred but many instruments 
provide paper versions. 


Onset of action is often difficult to ascertain, given that most studies only report baseline 
and post-intervention measures. Most interventions range from 4 to 12 weeks. Ideally 
clinical trials should consider assessing intervention effects at interim points in time, e.g. 
every 4 weeks in a 12 week trial. This would provide clinicians with an opportunity to 
draw richer insights that can help them assess the usability of health products.  

Key points 



Questions & Answers
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