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Research Question
Does early-life organochlorine exposure increase obesity risk, and if yes, what are the 
underlying mechanistic pathways?

Environmental obesogen hypothesis

Chemical 
production

Prevalence of 
overweight

1930 2000
Baillie-Hamilton. J Altern Complement Med. 2002

A major class of suspected obesogens

Compounds widely used in the past as
pesticides or in industrial processes

Pregnancy and childhood are critical
periods of increased susceptibility to
chemical effects

Organochlorines (OCs) 



Guided Hypothesis

Exposure profiles to 
Organochlorines BMI

Unanswered question: What is the underlying biological process 
between E and Y?

A standardized BMI z-score

Conventional study



BMI

A standardized BMI z-score

K
Some biological 

pathways

Proteomics
Serum metabolites
Urine metabolites

Goal: estimate the subgroup characterized by certain exposure 
and omics profiles

Guided Hypothesis

Exposure profiles to 
Organochlorines

Subgroups



An overview of LUCID model

Z :
Serum metabolites
Urine metabolites
Proteomics
…

E: Exposure profiles to OC

Peng et al., 2019

Prof. David Conti

Y:
BMI z-score 



f (Z | X = k) = φ(Z;δk ,Σk )

Statistical Modeling
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Questions Addressed in Data Challenge

Exposure to 
Organochlorines BMI z-scoreK

Subgroups

Proteomics
Serum metabolites
Urine metabolites

Goal: 
1. Identify the subgroups with high BMI z-score (obesity)
2. Characterize the subgroups by distinguished omics profiles
3. Estimate the association between exposure and subgroups



Exposure to 
Organochlorines

BMI z-scoreK
Latent Subgroup

Proteomics
Serum metabolites
Urine metabolites

Variable Selection for Metabolites

1. Preliminary screening (45 omics signatures identified)

Integrated variable selection 
based on a combination of 
LASSO and GLASSO (𝜆( , 𝜆)!")

2. Integrated variable selection(14 omics signatures)



Results

Exposure to 
Organochlorines

BMI z-scoreK=4
Latent Subgroup

Proteomics
Serum metabolites
Urine metabolites
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Results

Exposure to 
Organochlorines

BMI z-scoreK=4
Latent Subgroup

Proteomics
Serum metabolites
Urine metabolites



2. Omics profiles for each subgroup
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Results

Exposure to 
Organochlorines

BMI z-scoreK=4
Latent Subgroup

Proteomics
Serum metabolites
Urine metabolites
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Results

Exposure to 
Organochlorines

BMI z-scoreK=4
Latent Subgroup

Proteomics
Serum metabolites
Urine metabolites

If we combine all these information together?



4. Sankey Diagram
Illustrate the association between:

1. Latent subgroup to BMI
2. Latent subgroup to metabolites
3. Exposure to latent subgroup

Subgroup 1

Subgroup 2

Subgroup 3

Subgroup 4



Illustrate the association between:

1. Latent subgroup to BMI
2. Latent subgroup to metabolites
3. Exposure to latent subgroup

4. Sankey Diagram
Subgroup 1

Subgroup 2

Subgroup 3

Subgroup 4



Illustrate the association between:

1. Latent subgroup to BMI
2. Latent subgroup to metabolites
3. Exposure to latent subgroup

Subgroup 1

Subgroup 2

Subgroup 3

Subgroup 4

4. Sankey Diagram



Illustrate the association between:

1. Latent subgroup to BMI
2. Latent subgroup to metabolites
3. Exposure to latent subgroup
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Subgroup 4

4. Sankey Diagram



4. Sankey Diagram
Subgroup 1

Subgroup 2

Subgroup 3

Subgroup 4

BMI z score

Illustrate the association between:

1. Latent subgroup to BMI
2. Latent subgroup to metabolites
3. Exposure to latent subgroup



Conclusions

- LUCID is a novel method for integrated multi-omics analysis

- We implemented LUCID to discover 4 latent subgroups characterized by distinguished OC 
exposure and omic profiles and their association with obesity

- We confirmed previous HELIX publication results (Vrijheid EHP 2020) that childhood HCB 
exposure cross-sectionally associates with reduced childhood BMI-z score

- We identified a new association confirming previous literature that prenatal HCB exposure 
increases BMI (obesogenic effect)

- Using multi-omic profiling, we identified signatures (IL-1beta, IL-6, insulin) giving insight into 
underlying mechanistic pathways (eg., systemic inflammation, disturbed glucose metabolism)

cran.r-project.org/web/packages/LUCIDus/
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Analysis Pipeline

Step 1: Data Preparation

Exposure: Organochlorines (18)*

Metabolite: Serum metabolites (177)
Urine metabolites (44)
Proteomics (36)

Outcome: BMI z-score

Covariates: Sex, age, Mother’s BMI, 
Mother’s education status, cohort

Sample size: 1152

Step 2: Model Building

Preliminary screening on 
metabolites

Model selection
𝐾, 𝜆* , , 𝜆( , 𝜆)!"

Fit the model based on selected 
exposures and metabolites.

1. Omics profiles for each subgroup
2. Distribution of BMI for each 

subgroup
3. Exposure profiles for each cluster
4. Sankey Diagram for association

Step 3: Model Interpretation 

* Concentrations in pregnancy (maternal) and childhood
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Exposure to 
Organochlorines

BMI z-scoreK
Latent Subgroup

Proteomics
Serum metabolites
Urine metabolites

Fitting LUCID Model

Tune the # of latent subgroup

Integrated variable selection 
based on LUCID (𝜆( , 𝜆)!")Integrated variable selection 

based on LUCID (𝜆*)
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