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GxE Model & Theory

classic Mx (Neale) 199?- definition variables

Purcell 2002 Twin Research



Purcell 2002 Twin Research

Terminology



If GxE or rGE ignored

GxE vs rGE 

Biased parameter estimates 
A x C acts like A 
A x E acts like E 
A * C acts like C 
A * E acts like A



One or more environmental moderators that may

i) be continuous or binary 
ii) differ between twins in a pair



Biometric model & linear A x M



One or more environmental moderators that may

iii) interact with residual environmental as well as 
genetic effects



One or more environmental moderators that may

iv) have non-linear moderators properties



One or more environmental moderators that may

v) show scalar (different quantities) or qualitative 
(different genes) interactions - requires moderator 
to differ between twins



One or more environmental moderators that may

vi) be correlated with genetic effects acting upon 
the trait to allow for a test of gene-environment 
interaction in the presence of gene-environment 
correlation



Continuous Moderator: Definition Variable Approach

Is magnitude of genetic/environmental influences 
on trait the same across all ages? 𝝱*VA /=0? etc. 
Examples continuous moderators 
A effects moderated by Age = Age x A interaction 
Age x A,C,E interaction 
A,C,E effects on IQ moderated by socio-economic 
status (SES) (Turkheimer et al 2003) 
A effects on intelligence moderated by SES (Tucker-
Drob & Bates 2016)

https://static1.squarespace.com/static/58b2481a9f7456906a3b9600/t/62608514aa880d220a1ba781/1650492692588/turkheimer03ps_gxe.pdf
https://static1.squarespace.com/static/58b2481a9f7456906a3b9600/t/626085282af7f057cfec170a/1650492712469/tucker-drob&bates16ps_gxe.pdf
https://static1.squarespace.com/static/58b2481a9f7456906a3b9600/t/626085282af7f057cfec170a/1650492712469/tucker-drob&bates16ps_gxe.pdf


GxE Application: continuous moderator

\

Turkheimer et al. 2003 Psychological Science



GxE Application: continuous moderator

Tucker-Drob & Bates 2016 Psychological Science



Definition Variables in classic Mx or OpenMx

definition variables are variables that may vary per 
subject/pair and are not dependent variables 
Represented by diamond in path diagram 
Model main effects of covariates on means 
Regression of phenotype on covariate: Moderator (M) 
Residual variance, subject to ACE modeling 

Model changes in variance components as 
function of moderator variable (e.g. age, SES)



Definition variables in Path Diagrams

Main effect μX (intercept) 

Main effect μX +  
regression on moderator βX * M 

Main effect μX +  
regression on moderator  
using definition variable βX *   M



Standard ACE Model 

Twin 1 Twin 2
Twin 1 a2+c2+e2 rZ*a2+c2

Twin 2 rZ*a2+c2 a2+c2+e2

Twin 1 Twin 2
μ μ

Means

Covariance

rZ = 1 or 0.5



Standard ACE Model 
Main Effect on Means

Twin 1 Twin 2
μ + β(agei) μ + β(agei)

Means

Twin 1 Twin 2
Twin 1 a2+c2+e2 rZ*a2+c2

Twin 2 rZ*a2+c2 a2+c2+e2

Covariance



Standard ACE Model 
Effect on means & on variance component a

Twin 1 Twin 2
Twin 1 (a+aI*agei)2+c2+e2

Twin 2 rZ*(a+aI*agei)2+c2

Twin 1 Twin 2
μ + β(agei) μ + β(agei)

Means

Covariance



Standard ACE Model 
Effect on means & a, c, e

Twin 1 Twin 2
Twin 1 (a+aI*agei)2+(c+cI*agei)2+(e+eI*agei)2

Twin 2 rZ*(a+aI*agei)2+(c+cI*agei)2

Twin 1 Twin 2
μ + β(agei) μ + β(agei)

Means

Covariance



Moderated ACE Model 
~ Purcell Path Diagram

Twin 1

A C E

Twin 2

A C E

a+βXM1

c+βYM1

e+βZM1
a+βXM2

c+βYM2

e+βZM2

Twin 1 Twin 21

m+βMM1

1

m+βMM2

Main Effect on phenotype (β x M linear regression) 
Moderation effects on path loadings (A x M, C x M, E x M interaction)

age = M1 
β  = βM 
aI = βx 
cI = βy 
eI = βz



Questions: 
hermine.maes@vcuhealth.org

mailto:hermine.maes@vcuhealth.org

