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Heterogeneity/Interaction Questions

Univariate Analysis: What are the contributions of 
genetic (additive or dominance) and environmental 
(shared or unique) factors to the variance of a 
phenotype of interest? 
Are the contributions of genetic and environmental 
factors equal for different groups, such as sex, 
race, ethnicity; or for different levels of covariates,  
such as SES, environmental exposure, etc.?



Comparison Concordant group membership Discordant group membership
gender MZ & DZ: MM & FF pairs DZ:  opposite sex pairs

nationality MZ & DZ:  OZ & US pairs
environment MZ & DZ:  urban & rural pairs MZ & DZ:  urban/ rural pairs
age/cohort MZ & DZ:  young & old pairs

Group Membership

Differences in magnitude of effects (quantitative) 
Are contributions of genetic/environmental factors greater/smaller in one 
groups versus another? 

Differences in nature of effects (qualitative) 
Do different genetic/environmental factors influence trait in two groups?



Genes & Environment

GxE vs rGE
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Standard ACE Model

When we fit ACE model we assume model holds 
in population (rZ=1 for MZ & 0.5 for DZ) 

Phenotypic variable ~ N(𝝻, VA+VE+VC) normally 
distributed with mean 𝝻 and variance VA+VE(+VC)

Pi -𝝻  = a*Ai + e*Ei

Twin 1 Twin 2
T1 VA+VC+VE rZ*VA+VC
T2 rZ*VA+VC VA+VC+VE

Twin 1 Twin 2
1 μ μ

VA = a2 = 𝞂2A

Means

Covariance



Testing for Heterogeneity

What if two populations, e.g., males and females?  
main effect of sex (moderator) on phenotype 𝝻f ≠ 𝝻m? 
interaction effect of sex by A, E (sex as moderator of A &| 
E variances): VAf ≠ VAm and / or VEf ≠ VEm? 

If source of “heterogeneity” ignored, estimates of 𝝻, 
VE, VA are biased 
Include source of heterogeneity, moderator, in model 
If moderator is binary – multigroup model 
If moderator is continuous – moderation model



Homoskedastic Model 

E is constant over levels of A  

Environmental effects E are the same given any A

Phenotypic scores

Genetic level (score on A)

Environmental dispersion

Variance of E given A score

Pi -𝝻  = a*Ai + e*Ei

⎬



Heteroskedastic Model

G x E as genetic control of sensitivity to different 
environments: heteroskedasticity  

Environmental effects E systematically vary with A
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Heteroskedastic Model

G x E as environmental control of genetic effects : 
heteroskedasticity  

Genetic effects A systematically vary with E
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Moderation

moderation of effects (A, C, E) by measured 
moderator M: heteroskedasticity  

Genetic effects A systematically vary with M
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Gene-Environment Interaction

GxE 
genetic control of sensitivity to the environment 
environmental control of gene expression  

Examples: 
Does heritability of IQ depend on SES? 
Does heritability of ADHD change as a function of age? 
Does genetic variance for drinking depend on parental 
monitoring?



Gene-Environment Correlation

rGE 
genetic control of exposure to the environment 
environmental control of gene frequency 

Examples: 
Active rGE: Children with high IQ read more books 
Passive rGE: High IQ parents give their children books 
Reactive/Evocative rGE: Children with ADHD are 
treated differently by their parents



Binary Moderator: Multigroup Approach

Is magnitude of genetic influences on trait the 
same in two or more groups? VA1 = VA2 ? 
Examples of binary moderators: 
A effects moderated by sex = Sex x A interaction 
A moderated by marital status: Unmarried women 
show greater levels of genetic influence on depression 
(Heath et al 1998) 
A moderated by religious upbringing: A effects on 
personality trait of disinhibition diminished by religious 
upbringing (Boomsma et al 1999)

https://static1.squarespace.com/static/58b2481a9f7456906a3b9600/t/626073178e553d5a5023b1fc/1650488087788/heath98trhg_gxe.pdf
https://static1.squarespace.com/static/58b2481a9f7456906a3b9600/t/626073305ab1886e43cf414f/1650488112846/boomsma99trhg_gxe.pdf


GxE Application: binary moderator

Heath et al. 1998 Twin Research



GxE Application: binary moderator

Boomsma et al. 1999 Twin Research
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Heterogeneity - Moderation

Some variables have many categories: 
socioeconomic status, education 

Some variables are continuous: 
age, parental monitoring 

Grouping variables into high/low categories loses 
lots of information 
Does magnitude of genetic and environmental 
variance change linearly with moderator?



G x E: Environment = Moderator

Micro-Environment (unmeasured, random) E & C in 
twin models 
Macro-Environment (measured, ?”fixed”) SES, life 
events, exposure, smoking(?) 

Independent (of genotype) 
Correlated with genotype -  
of individual (“active/evocative”) or  
of relatives (“passive”)



Assumptions about Moderator

Moderator is measured environmental variable 
“Environmental” measures display genetic variance 
See Plomin & Bergeman, 1991  
See Kendler & Baker, 2006

https://static1.squarespace.com/static/58b2481a9f7456906a3b9600/t/6261fec4679bf2298afc3699/1650589381100/kendler&baker07pm_h2-env.pdf


Thank you Lindon

https://vipbg.vcu.edu/about/distinguished-professor-lindon-john-eaves/

