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the Human Microbiome
Bacteria, archaea, fungi, viruses, 
and microeukaryotes, living in a 
specific human body site

Prevents pathogen colonization

Degrades indigestible food components

Modulates the immune system
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Microbiome & Health and Disease
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Workflow of 
shotgun 
metagenomics
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Q u in c e  C , e t a l. N a tu re  B io te c h n o lo g y  (2 0 1 7 )
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The PREDICT 1 cohort
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The PREDICT 1 
study aimed to 
quantify and predict 
individual variations 
in metabolic 
responses to 
standardized meals
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The PREDICT 1 
cohort includes 
1,002 health adults 
from the UK  (both 
twins and unrelated) 
and 100 healthy 
unrelated adults 
from the US
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The PREDICT 1 cohort
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At baseline, 
participants were 
given a standardized 
metabolic challenge 
meal for breakfast 
and lunch

Fasting and 
postprandial blood, a 
stool sample, 
anthropometry, and 
a FFQ questionnaire 
on habitual diet were 
collected

A second stool 
sample collected at 
home at the end of 
the study
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Alpha diversity highlights novel association with health biomarkers
We looked at alpha diversity and 
found positive and negative 
associations with HDL, a novel 
marker of systemic inflammation 
and of cardiovascular disease risk, 
and hepatic steatosis markers
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Microbiome composition is highly personal 
also when considering twins

Intra- and inter-subject beta diversity 
including mono- and dizygotic twins
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Machine Learning framework
• Based on scikit-learn Python package

• Using Random Forest classification and regression algorithms

• 100 bootstrap iterations with 80/20 random split of training and 
testing folds

• Remove any twin from the training fold if the twin-pair present in the 
testing fold

• PREDICT 1 US used as independent validation to test the models 
trained on PREDICT 1 UK

• Microbiome data based on the MetaPhlAn 3 species relative 
abundances
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How strongly is the microbiome linked with habitual diet?

From FFQ questionnaires nutritionists derived several single food 
portions, food groups, macro- and micronutrients, and also dietary 
patterns

We used this data in our ML framework and compare the performances 
of both regression (left y-axis) and classification (right y-axis) tasks
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Coffee strongly associated with microbiome composition

We divided coffee drinkers into:
• never (<1 cup of coffee a month)
• moderate (>1 cup of coffee a week and <3 cups of coffee a day)
• high (>4 cups of coffee a day) 
and tested with the classification task we noticed (and replicated in 
PREDICT 1 US cohort) a dose-dependent effect
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What are the microbes most associated with foods?
• Microbes are 

clustering into 
two separate 
clusters

• Foods clusters 
are strongly 
associated with 
the “healthy / 
less healthy” 
categorizations
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What are the microbes most associated with foods?
Species clustering according to “healthy / less healthy” animal-based foods 
was distinct and overlapping with those for “healthy / less healthy” plant-
based foods

More healthy animal-based foods were associated with a healthier cluster, 
suggesting that healthier 
animal-based foods are 
associated with a more 
favorable diet-microbiome 
signature, although this may 
reflect an overall healthier 
dietary pattern
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Microbiome strongly linked with visceral fat 
(more than weight and BMI)

• We found visceral fat to be more 
strongly linked with the microbiome 
composition than BMI

• We replicate the ML results for BMI 
in publicly available cohorts 
collected in the 
curatedMetagenomicData R package

P a so lli E , S c h iffe r L , M a n g h i P , e t a l. N a tu re  M e th o d s  (2 0 1 7 )
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Single microbial species associated with indicators of obesity
Relative abundances of single 
microbiome species correlated 
with age, BMI, and visceral fat, 
show a greater effect for visceral 
fat than BMI

Most of these species were also 
indicators of a more/less healthy 
dietary patterns (after adjusting 
for BMI), suggesting that diet and 
obesity microbiome signatures 
are linked but not identical
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Gut microbiome links with fasting cardio-metabolic markers

• Associations between traditional clinical measures for 
cardio-metabolic health at fasting state

• We also explored the relationship with the inflammatory markers 
IL-6 and GlycA and serum lipoprotein particles measured from NMR
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Fasting and postprandial levels are more predictable than rises
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A signature of a “healthy” microbiome “in health”
• We selected 19 

markers from the 
“personal”, 
“habitual diet”, 
“fasting”, and 
“postprandial” 
categories to 
represent a 
“health” status

• These 19 markers 
were among the 
best linked with 
the microbiome
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Interesting role of P. copri & Blastocysits spp.
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Gut transit time measured via blue poo is 
strongly linked with microbiome composition in PREDICT 1

• PREDICT 1 participants were given 2 blue muffins and then self-
reported the first appearance of blue poo

• We found that gut transit time is more linked with the microbiome 
than traditional measures (like Bristol Stool Form scale and number of 
bowel movements)

• This can be used to 
measure gut transit 
time in very 
large-scale cohorts

A sn ic a r F , L e e m in g  E R , D im id i E , e t a l. G u t (2 0 2 1 )
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Thank you!
• Nicola Segata

• The Segata Lab

• Sarah E. Berry

• Tim Spector

• ZOE
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