
Our Microbiome

Microbiome
~100 trillion cells

~3 million genes



Why do we study the microbiome ?
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Gut Microbiome over a lifetime



What is a healthy microbiome ? 

High Diversity Low Diversity

Low total diversity within the gut microbiota is generally regarded as less

desirable and has been observed in children that are more susceptible to

allergies as well as sufferers of IBD, IBS and C. difficile infection (among others)

Diversity is Key
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Exercise and the Microbiome



Elite Athletes n=40 

Control BMI <25 n=23

Control BMI >28 n=23

Rugby Microbiome
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Unweighted Unifrac
Green = High BMI Controls

Blue = Low BMI Controls

Black = Athletes

Microbial Diversity 
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Correlation -
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Functional Diversity 

URINE NMR Faecal NMR



SCFA Profile is Unique to Cohort 

* * *

*     *



Metabolomics highlights

 Athletes        in by-products of protein metabolism 

 TMAO

 Carnitines

 Trimethylamine

 3-hydroxy isovaleric acid

• Athletes         in metabolites of muscle turnover
 creatine

 3 methylhistidine

• Athletes         in metabolites of vitamins and recovery
 Glutamine

 Lysine

 4-pyridoxic acid



Can we “train” our gut microbes?



Exercise improves health !!!! 
Exercise (E) Group 

(n=25)

Exercise + Protein 

(EP) Group (n=22)

Protein only (P) 

Group

(n=27)

p-value 

Weight (kg) -0.9 (-2.6, 0.9) -0.8 (-1.6, 0.1) -0.5 (-1.3, 0.6) 0.549

BMI (kg/m2) -0.3 (-0.9, 0.2) -0.2 (-0.6, 0) -1.1 (-0.4, 0.2) 0.419

Resting heart rate 

(BPM)
-5 (-16, 6) ∞ -5 (-9, 3) Ψ 4 (-3, 10) 0.005*

Systolic BP 

(mmHg)
-8 (-12, 1) -8 (-16, 0) -4 (-11, 0) 0.545

Diastolic BP 

(mmHg)
-5 (-12, 1) -6 (-9, -2) -5 (-8, 0) 0.785

Waist:Hip ratio
-0.01 

(-0.03, 0.01)

-0.02 

(-0.04, 0.01)

0 

(-0.01, 0.04)
0.07

Body fat (%) -1.3 (-2.4, -0.5) ∞ -0.8 (-1.7, -0.5) Ψ 0.5 (-0.2, 1) <0.001*

Fat mass (kg) -0.9 (-1.5, -2.7) ∞ -0.8 (-1.2, -0.4) Ψ 0.4 (-0.5, 0.9) <0.001*

Fat mass (trunk) 

(kg)
-0.5 (-1, 02) ∞ -0.6 (-0.8, -1) Ψ 0.1 (-0.4, 0.6) 0.001*

Lean tissue mass 

(kg)
0.7 (0.3, 1.8) ∞ 0.5 (-0.4, 1.1) Ψ -0.2 (-0.9, 0.3) 0.001*

Weekly PA 

(METS)

1,159 

(712, 1,964) ∞
1,265 

(434, 2,487) Ψ
111 

(-244, 634)
<0.001*

Weekly PA 

(kCals)

1,442 

(818, 2,628) ∞
1,789 

(571, 3,289) Ψ
184 

(-418, 800)
<0.001*

Sitting time (hours 

per week)
-5 (-17, 2) -12 (-30, 1) -5 (-18, 1) 0.407

Motorized 

transport  (hours 

per week)

0 (-3.3, 2.8) 0 (-1, 1.3) 0.1 (-0.4, 5) 0.519

Between-group differences in post-intervention changes were compared using Kruskal-Wallis tests (p-values 

shown). When significantly different a Mann-Whitney U test was applied to determine between which groups 

the difference existed.

∞ indicates a difference between E and P groups, Ψ indicates a difference between EP and P groups (All 

p<0.05).



Diet

• Diet recorded with Food Frequency questionnaires

• Subjects were instructed to continue with their regular diet.

• No significant changes in diet over the intervention period.



Subtle Changes in Microbiome



Viral Diversity 
EP

P

O. Cronin et al., (mSystems) 

2018

Exercise only



Summary- ExMET

• Exercising groups had increased fitness and reduced body fat

• Does not induce significant alteration in gut bacterial and 

archaea diversity : too short an intervention ???

• Virus carry-over with whey protein

• Athlete microbiome ≠ Exercise microbiome



A STEP TOWARDS PERSONALIZED MEDICINE FOR ATHLETES



Improved body composition

Improved cardiorespiratory 

fitness





Impacts of an Ironman on gut health
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Fecal Butyrate
Following an Ironman Triathlon

Butyrate is elevated in veteran triathletes 

& associated with race time



Certain 
microbial taxa 
are associated 
with race finish 
time
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- 79 bacterial species
- M. smithii (14hrs) 
- A. muciniphila (12hrs)

A = 9 hours
B= 10 hours
C= 11 hours 
D= 12 hours 
E= 13 hours 
F= 14 hours



The Travelling Athlete  

O’Donovan et al, Travel Medicine and Infectious Disease, 2019, Under Review 



Decrease  in microbial  diversity post India



Microbial stability



Antibiotic resistance gene profiles 
Functional Analysis



Conclusions

• Travel and associated dietary alterations impacts the gut microbiome.

• Microbiome is stable in those who didn’t report GI distress. 

• In athletes who reported GI distress there was an increase in Antibiotic 
resistance and virulence genes.

• Scope to test the use of prophylactic probiotic. 



Why study microbiome for performance

 Non-invasive measure of health

 changes following illness/medication use

 Pre-empt impacts of stress, diet, travel, sleep 
patterns injury etc.

 Supports the effectiveness of dietary 
interventions

 Monitor GI distress

32



Fitness and gut health



Acknowledgements

All athletes both elite and non

Metabolomics (Imperial 
College London)
Prof. Elaine Holmes
Dr. Nicholas Penney
Dr. Isabel Garcia-Perez

• Prof. Paul Cotter
• Prof. Fergus Shanahan
• Dr. Fiona Crispie
• Dr. Peter Skuse
• Dr. Sharon Madigan
• Prof. Mick Molloy
• Eanna Falvey
• Dr. Eileen Murphy
• Trevor Woods
• Helena Nugent 
• Dr. Siobhan Clarke
• Dr. Ciara O’Donovan
• Dr. Wiley Barton
• Dr Owen Cronin 

IronMan study

• Dr. Jamie Pugh

• Dr . Greg Grosicki

• Dr. Susan Joyce

• Prof Graeme Close

• Karina Quitler

• Dr. Laura Wosniska




