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Meet-in-the-middle meets multi-omics
A strategy to identify molecular signatures of
environmental drivers of childhood BMI

Topic 4: Causal modelling, mediation and triangulation



Objective 1: Integration of high-dimensional heterogeneous data
• Exposome (p=223, N=1301)

• pre- and postnatal
• outdoor exposures, chemicals, lifestyles

• Multi-omics
• serum metabolome (p=177, N=1198)
• urine metabolome (p=44, N=1192)
• whole blood gene expression (p=28738, N=1007)
• buffy coat DNA methylome (p=299221, N=918)

Objective 2: Causal inference with mediation analysis
• Exposure = exposome
• Mediator = multi-omics
• Outcome = childhood zBMI
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Study design
Objectives 
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Mediation   
analysis

zBMIDownstream 
analyses

reduced 
exposome~

reduced 
multi-omics

reduced 
multi-omics~ zBMI

Multi-omics factor analysis
(MOFA) *

exposome 
factors

Exposome
• Prenatal continuous
• Prenatal categorical (dummy-coded)
• Postnatal continuous
• Postnatal categorical (dummy-coded)

Multi-omics
• Serum metabolome
• Urine metabolome
• Transcriptome (filtered)
• DNA methylome (denoised + filtered)

multi-omics 
factors

Study design
Meet-in-the-middle

Objective 1: Integration of high-dimensional and heterogeneous data Objective2: Causal inference

* Argelaguet, R., Arnol, D., Bredikhin, D. et al. Genome Biol 21, 111 (2020). 
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MOFA on exposome
Data modality and variance decomposition

~ Omics.Factor2

5

exposome_post_bin
D=69

exposome_post_num
D=95

exposome_pre_bin
D=29

exposome_pre_num
D=71

Observations (N=

7.6 %

38 %

12 %

37 %

Variance explainedFactor1 Factor2 Factor3

0

10

20

30

Var. (%)

Bernoulli

Gaussian

Bernoulli

Gaussian

~ Omics.Factor3



+

+
+

+

-

-
-
-

-

-
-
-

-
-

+

+
+
+

+

+

-

+

-

+
+

+

+

-

+
+

Factor1 Factor2 Factor3 Factor4 Factor5 Factor6

0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0
Acetone
cg06869965
cg07805603
cg10363337
cg12228919
cg13409575
cg23258065
cg23353893
cg23603995
cg26400491
cg26676034
Hippurate
log.Ac.Orn
log.alpha.AAA
log.C14.1
log.C14.2
log.C2
log.lysoPC.a.C18.2
log.lysoPC.a.C20.3
log.PC.aa.C30.2
log.PC.aa.C36.5
log.PC.aa.C36.6
log.PC.ae.C38.1
TC01004981.hg.1
TC08000910.hg.1
TC08002630.hg.1
TC08002631.hg.1
TC19001576.hg.1
Trimethylamine.oxide
X3.hydroxybutyrate.3.aminoisobutyrate

relative weights

DNA methylome gene expression serum metabolome urine metabolome

MOFA on multi-omics
Factor loadings
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TMAO

PC
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MOFA on exposome
Factor loadings
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MOFA on exposome
Factor loadings



Multi-omics Exposome
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Factors visualization via circular plots
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Mediation analysis
Multi-level structural equation modelling
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Model adjusted for: 
• gestational age; child sex; child age
• native parents; maternal parity; maternal BMI; maternal education; maternal age

Expo.
Factor2

Omics.
Factor3

zBMI

Expo.
Factor1

Mediation analysis
Within-cohort mediation effects

Omics.
Factor2
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Indirect effect = 0.030 *

Indirect effect = 0.024 * 

Total effect = 0.21 *

Mediation analysis
Model estimates

Built 
environ. (+)

Serum PC (-)
Urine Hippurate (-) 

Urine TMAO (-)

zBMI

Smoke (+)

Serum lysoPC (-)
Serum BA (-)
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Conclusions

Achievements:
• Novel in combining multi-omics factorization with meet-in-the-middle

• Integrated high-dimensional and heterogeneous data
• Identified the main drivers of the variation

• Omics factors (metabolites) mediates the effect of exposome factors (built env. & smoke)
on childhood zBMI

Strength:
• A simple and efficient strategy for causal inference
• Missing value is allowed

Limitations:
• Explorative analysis – validation using sub-samples



Thank you for your attention!
Q & A

Congrong Wang, Brigitte Reimann, Rossella Alfano, Michelle Plusquin, Tim Nawrot

congrong.wang@uhasselt.be
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