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Aim of study

Metabolic health was investigated in
a randomized, controlled cross-over

Study design
Study participants included healthy Danish
men and women exhibiting a metabolic

trial with two 8-week dietary | | risk profile [3].

intervention periods  with a

wholegrain-rich or gluten-poor and a | | The criteria for participating in the studies
refined grain diet. The global | | included:

metabolic response reported in the
wholegrain and gluten studies were
in all
individuals [1]. In clinically controlled
trials, people tend to loose weight
independent of the intervention diet

not necessarily universal

[2].

In this project we aimed to
* Predict who will
* |dentify factors

predictiveness.

loose weight
during the intervention periods.

predictive of
weight loss and compare their
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Whole grain study

Whole grain-rich diet: 36 responders & 14 non-responders
Refined grain diet: 15 responders & 35 non-responders

The change in weight from before
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Gluten study

Gluten-poor diet: 32 responders & 19 non-responders
Refined grain diet: 23 responders & 29 non-responders
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Therefore

Any negative change, i.e. weight
loss is considered a responder:
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Urine

GC and LC-MS
1,370 features

Anthropometry

Smoking, sex,
age, weight
9 features

Genome

Infinium
CoreExome-24
BeadChip

272,588 features

Stool

16s rRNA

amplicon

profiling, ﬂ
shotgun
metagenomic
sequencing
MGS - MG-
mapper

14,901 features
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Machine learning framework and data integration strategy

\

Dietary
study diary

Prior knowledge feature
selection

Physiology

Blood pressure
cytokines, gut perme-
ability, protein, lipid,
carbohydrate metabo-
lism, postprandial diet
response

19 features

Self-reported
questionaires

Input data

Shuffle-split 5-fold cross-validations

Machine learning

/

models

Data-driven feature
selection

Data sets were generated based on the data available for each participant before an intervention took place. Feature subsets for machine learning models were
selected using either prior knowledge filtering of data or data-driven forward feature selection through cross-validation.

Testset  Training set

Split 1

Fold 1 Fold 2 Fold 3 Fold 4 Fold 5

Split 2

Split 3

Split 4

Split 50

Mean model performance
across 50 shuffle splits

confident groups, e.g. at score

An ensemble of selected models (above in bold) was used in order to capture multiple aspects of biology
and determine who loose weight or not with higher confidence. The ensembles performed at ROC-AUC:
0.84-0.86. Setting different score thresholds for dividing the classes enabled identification of highly
0.3, we can for 64% of the non-responders correctly classify 8/10

Performance of integrative random forest models Feature importance
The most predictive models included urine metabolome identified by LC-MS and| | Urine metabolites and microbiome features proved important predictors.
faecal microbiome features represented by 16S-based OTU clusters or prior Diet 16S B.LC-MS Continuous WM Categorical  Diet MGm B1.LC-MS
knowledge selected MGmapper taxa. i o lcpos i
Diet 4 (203|3) 0.62+0.01 | 0.64+0.00 | 0.66+0.00 | [0.30+0.00 701-IcPos i 991-1cPos |
Diet.AgeSex.Energyintake 4 (2016) 0.65+0.02 | 0.67+0.03 | 0.58+0.03 0.25+0.05 | 263-IcPos - |
Diet.AgeSex.VAS 1 (147|21) 0.56x+0.04 0.54+0.05 0.57+£0.05 0.11+0.06 i 1180-IcPos - _i_
Diet.Continuousintake 4 (201|5) | 0.63+0.02 | 0.63+0.03 | 0.55+0.04 | |0.18+0.05 241-IcPos 1 ; 749-IcPos - |
Diet.ClinicalA 4 (196|11) 0.57+0.02 0.60x+0.03 0.54+0.03 0.14+0.04 i 486-IcPos - i
Diet.ClinicalB -  (196]7) 0.72+0.02 | 0.67+0.03 | 0.67+0.04 | | 0.34+0.04 147-1cPos - | N Eubacterium hallii J- |
Diet.TransitTime 1 (195(4) 0.65+0.02 | 0.6/%0.03 | 0.58%+0.02 0.25x0.04 i Bacteroides uniformis A i
Diet.LitPathLD 5 (185[14) 0.65+0.05 0.42+0.05 i Anaerotruncus colihominis = i
Diet.GRS - (185]8) 0.60+0.02 0.66+0.03 0.48+0.04 0.14+0.05 Streptococcus sp. - i— Subdoligranulum variabile - i
Diet.16S B - (179(14) 0.81+0.02 0.47x0.04 i Faecalibacterium prausnitzii - i
Diet.MGm B - (183]12) 0.80+0.02 0.72+0.04 0.46+0.05 i Eubacterium ramulus - i
Diet.MGm Bl - (183|14) | 0.67+0.02 | 0.64+0.04 | 0.61+0.03 0.25+0.05 Gluten-poor diet | Butyrivibrio fibrisolvens == |
Diet.topMGS 4 (185]|31) 0.61+0.03 0.60+0.04 0.57+£0.04 0.17£0.06 i Roseburia inulinivorans 4 =— i
Diet.LC-MS[644-IcPos 127-IcPos] 4 (193|5) 0.69+0.04 0.42+0.04 Who T rich diet i Roseburia faecis - :
Diet.PostPranFluc3 501 (203|8) 0.64+0.02 | 0.63+0.04 | 0.56+0.03 | |0.19+0.05 Ole Jrain-rieh e ; Roseburia intestinalis {E- ;
Diet.MGm B1.LC-MS - (173|22) 0.88+0.02 0.83+0.04 i Gluten-poor diet i
Diet.16S B.LC-MS - (16|9 8) 0.84+0.02 | | | Refined grain diet : Whole.grain-ric.h d?et :
(samples|features) ROC-AUC Sensitivity Specificity MCC i Refined grain diet
J ! \ J ! \ 0.2 0.3 0.00 0.05 0.10 0.15
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Model ensemble Conclusion

 The best predictors for weight loss response (ROC-
AUC: 0.88) were based on selected gut microbiome
features and urine metabolites identified by LC-MS.

Without microbiome and metabolites, genotype, transit
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individuals. time and physiology (including post-prandial response)
Whol - rich Glut Refined ) Score Sensitivity PPV Specificity NPV lead to a ROC'AUC 0.72.
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