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

This makes studying genetics more difficult.
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C = -.02 G = +.01 A = +.002 G = +.03 T = +.025

.052

Polygenic score:

AC

GG

AT
CC

TT

1×-.02 + 2×.01  + 1×.002 + 0×.03 + 2×.025 

Genetic effects on a certain
characteristic as estimated
in a GWAS.

DNA from
participant

Polygenic Score = measure of genetic predisposition for complex trait or disease
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“When the nature of the predictive ability of polygenic

scores for behavioural traits is not fully understood,

applying them in either scientific research or the clinic can

lead to incorrect interpretations and conclusions.”
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Unpublished results
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Gene-Environment Correlations - Families

Abdel Abdellaoui | International Statistical Genetics Workshop | Boulder, Colorado | 08-03-2023



Abdel Abdellaoui | International Statistical Genetics Workshop | Boulder, Colorado | 08-03-2023

Offspring 
phenotype

Transmitted alleles

Non-transmitted alleles

Parents

Offspring



Abdel Abdellaoui | International Statistical Genetics Workshop | Boulder, Colorado | 08-03-2023

Offspring 
phenotype

Transmitted alleles

Non-transmitted alleles

Parents



Abdel Abdellaoui | International Statistical Genetics Workshop | Boulder, Colorado | 08-03-2023

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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Gene-Environment Correlations - Geographic
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Geography & 

Polygenic Scores

Moran’s I = measure for geographic clustering
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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 & 
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Educational
Attainment

Polygenic Score

Migration & SES

Abdel Abdellaoui | International Statistical Genetics Workshop | Boulder, Colorado | 08-03-2023



Migration & SES
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Polygenic Scores PCs



Migration & SES
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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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=  healthy environmental influences

=  unhealthy environmental influences
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In children (N ~2,300 pairs), predictive 

power of polygenic scores of cognitive traits 

(intelligence & education) was 60% greater 

between families than within families.
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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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Summary

- Controlling for geographic region decreases the 

heritability for SES (education/income)
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Summary

- 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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