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Gene-environment correlation (rGE)

rGE: exposure to environmental condition is associated with genotype

Passive rGE: inherited environment and genotype are correlated 

Evocative rGE: environment reacts to genotype

Active rGE: genotype influences behavior to search for an environment

If rGE is ignored in twin models, estimates are biased:

• Correlation between A & C acts like C

• Correlation between A & E acts like A
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Genetic Relationship Matrix (GRM), contains the genetic relationship 

between all pairs of individuals based on measured SNPs:

where        is the kth SNP (k=1...N) of the ith person, taking the value of 

0, 1, or 2 if it is AA, Aa, aa, and pk is the frequency of allele a. 
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“Phenotype” should include all
effects that a gene has on its
environment, both inside and
outside the body of the
individual organism.
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David van den Berg, Karin Verweij, Dirk Smit, Abdel Abdellaoui (2024; unpublished)

PCA on GWAS summary statistics from GWAS Catalog with N > 50k:
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David van den Berg, Karin Verweij, Dirk Smit, Abdel Abdellaoui (2024; unpublished)

PCA on GWAS summary statistics from GWAS Catalog with N > 50k:

Explains 10% of the variance!
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2018 – N = 1,131,881

Educational Attainment

2016 - N = 293,723 

2013 - N = 126,559 2019 - N = 286,301

Income

2022 – N = 3,037,499

2024 - N = 668,288
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GWASs on social outcomes contain 
signals from correlated traits and 

the environment
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Gene-Environment Correlations - Families
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Offspring 
phenotype

Transmitted alleles

Non-transmitted alleles

Parents

Offspring
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Offspring 
phenotype

Transmitted alleles

Non-transmitted alleles

Non-transmitted educational attainment 
alleles are associated with:

- Educational attainment
- Age at first child
- High-density lipoprotein (HDL)
- BMI
- Fasting glucose level
- Height
- Cigarettes per day
- Overall health

Parents
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Predictive power of polygenic scores of cognitive traits

(intelligence & education) was 60% greater between families

than within families.
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Gene-Environment Correlations - Geographic
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Geography & 

Polygenic Scores

Moran’s I = measure for geographic clustering
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Moran’s I = measure for geographic clustering

Geography & 
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Educational 
Attainment 

Polygenic Score

Townsend Index 
(measure of economic 

deprivation)

black lines = coal regions
Moran’s I = measure for geographic clustering

Geography & 

Polygenic Scores
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deprivation)

black lines = coal regions
Moran’s I = measure for geographic clustering

Geography & 
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Educational 
Attainment 

Polygenic Score

Migration & SES
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Migration & SES
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Migration & SES
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Polygenic Scores PCs
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Sharing more genetic effects 

with EA = stronger 

geographic clustering
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The paper consists of two parts:

• Part 1: detecting gene-environment correlations 

using polygenic scores in up to 43,516 siblings

• Part 2: controlling for gene-environment 

correlations in GWASs in up to 254,387 participants
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N = ~255k
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Variance explained by region:
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Polygenic Scores in Siblings
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higher 
polygenic 

score

lower 
polygenic 

score

=  healthy environmental influences

=  unhealthy environmental influences
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higher 
polygenic 

score

lower 
polygenic 

score

=  healthy environmental influences

=  unhealthy environmental influences

Birth Place

+ +

Passive rGE
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higher 
polygenic 

score

lower 
polygenic 

score

+

=  healthy environmental influences

=  unhealthy environmental influences

Passive rGE

Current Address

Birth Place

+ +

International Statistical Genetics Workshop | March 2024 | Boulder, USA



higher 
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score

+ +
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+ +
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higher 
polygenic 

score

lower 
polygenic 

score

+ +

=  healthy environmental influences

=  unhealthy environmental influences

Active rGE

Passive rGE

Current Address

Birth Place

+ +
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𝑌𝑖𝑗 = 𝛼0 + 𝛽𝑃𝑅𝑆𝑖𝑗 + 𝛾𝑗 + 𝜀𝑖𝑗,
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Within-family 

effect

Between-

family effect

In children (N ~2,300 pairs), predictive 

power of polygenic scores of cognitive traits 

(intelligence & education) was 60% greater 

between families than within families.

𝑌𝑖𝑗 = 𝛼0 + 𝛽𝑃𝑅𝑆𝑖𝑗 + 𝛾𝑗 + 𝜀𝑖𝑗,
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Adding geography significantly decreased within-

family effect for 10 traits. The most significant 5:

- BMI (p =1×10-5)

- Waist circumference (p =1×10-4)

- Household income (p =1×10-4)

- Time spent watching TV (p =3×10-4)

- Whole body fat mass (p =6×10-4)

These are traits that are more subject to change after 

siblings migrated out of the parental residence.
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GWASs Controlled for Geography
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• We conducted GWASs on 56 complex traits, with and 

without controlling for geography.

AA AG GG
CC CA AA TT TA AA

CC CT TT

Genome-Wide Association Study (GWAS)
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Changes in SNP-based heritability
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Changes in genetic correlation with SES - Educational Attainment
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Changes in genetic correlation with SES - Household Income
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- Controlling for geographic region decreases the 

heritability for SES (education/income)
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- Controlling for geographic region decreases the 

heritability for SES (education/income)

- Controlling for region reduces genetic 

correlations with SES (EA/income), most 

significantly for BMI, sedentary behavior, and 

substance use
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- Controlling for geographic region decreases the 

heritability for SES (education/income)

- Controlling for region reduces genetic 

correlations with SES (EA/income), most 

significantly for BMI, sedentary behavior, and 

substance use

- Our findings can be explained driven by both 

passive and active gene-environment correlations 
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Genes associated with educational attainment are also associated 
with environmental exposures (rich vs poor neighborhoods)

Unpublished results
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Educational 
Attainment 

Polygenic Score

Height
Polygenic Score

Phenotypic 
Height (males)

Phenotypic 
Height (females)
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Society makes genetic effects stronger.

Key points
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We reward certain genetic propensities with a 

better environment, and “punish” the lack of
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Society makes genetic effects stronger.

We reward certain genetic propensities with a 

better environment, and “punish” the lack of

those propensities with a worse environment.

This makes society more unequal.

This makes studying genetics more difficult.

Key points
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Unpublished results
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