
HETEROGENEITY Sarah Medland 



TYPES OF HETEROGENEITY

Terminology depends on research question

Moderation, confounding, GxE

Measured or Manifest moderator/confounder
Binary, Ordinal & Continuous traits

Unmeasured or latent moderator/confounder
Moderation and GxE



HETEROGENEITY QUESTIONS 

Univariate Analysis: 
What are the contributions of additive genetic, 
dominance/shared environmental and unique 
environmental factors to the variance?

Heterogeneity:
Are the contributions of genetic and environmental 
factors equal for different groups, 

sex, race, ethnicity, SES, environmental exposure, etc.?



THE LANGUAGE OF HETEROGENEITY

Are these differences due to differences in the 
magnitude of the effects (quantitative)?
e.g. Is the contribution of genetic/environmental factors 
greater/smaller in males than in females?

Are the differences due to differences in the 
source/nature of the effects (qualitative)?
e.g. Are there different genetic/environmental factors 
influencing the trait in males and females?



THE LANGUAGE OF HETEROGENEITY
Sex differences = Sex limitation
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THE LANGUAGE OF HETEROGENEITY

Quantitative

- differences in the   

magnitude of the effects 

Qualitative

- differences in the 

source/nature of the 

effects

Models

- Scalar

- Non-scalar with/without 

OS twins

Models

- Non-scalar with OS 

twins

- General Non-scalar



THE LANGUAGE OF HETEROGENEITY

Scalar limitation (Quantitative)
% of variance due to A,C,E are the same between 
groups

The total variance is not ie: 
varFemale = k*varMale

VAFemale = k*VAMale

VCFemale = k*VCMale

VEFemale = k*VEMale k here is the scalar  



No Heterogeneity
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Scalar Sex-limitation

aka scalar sex-limitation of the 

variance
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THE LANGUAGE OF HETEROGENEITY
Non-Scalar limitation 

Possible Without opposite sex twin pairs (Quantitative)
varFemale ≠ varMale

VAFemale ≠  VAMale

VCFemale ≠  VCMale

VEFemale ≠ VEMale



THE LANGUAGE OF HETEROGENEITY
Non-Scalar limitation 

Without opposite sex twin pairs (Quantitative)

• Male Parameters

– meansM

– VAM VCM and VEM

• Female Parameters

– meanF

– VAF VCF and VEF

Parameters are 

estimated separately



Male ACE model

Female ACE model



THE LANGUAGE OF HETEROGENEITY
Non-Scalar limitation aka Common-effects sex limitation model

With opposite sex twin pairs (Quantitative)

• Male Parameters

– meansM

– VAM VCM and VEM

• Female Parameters

– meanF

– VAF VCF and VEF

Parameters are estimated jointly – linked 

via the opposite sex correlations
r(VAFemale ,VAmale) = .5

r(VCFemale ≠  VCMale ) = 1

r(VEFemale ≠ VEMale ) = 0



Non-scalar Sex-limitation

aka common-effects sex limitation



THE LANGUAGE OF HETEROGENEITY
General Non-Scalar limitation 

With opposite sex twin pairs (Quantitative/Qualitative)

• Male Parameters

– meansM

– VAM VCM VEM

• Female Parameters
– meanF

– VAF VCF VEFand
VASpecific

– Extra genetic/ 
environmental effects

Parameters are estimated jointly – linked 

via the opposite sex correlations



General Non-scalar Sex-limitation

aka general sex limitation



THE LANGUAGE OF HETEROGENEITY
General Non-Scalar limitation via rG

With opposite sex twin pairs (Quantitative/Qualitative)

• Male Parameters

– meansM

– VAM VCM VEM

• Female Parameters

– meanF

– VAF VCF and VEF

Parameters are estimated jointly – linked 

via the opposite sex correlations

r(AFemale ,Amale) = ? (estimated)
r(CFemale ≠  CMale ) = 1

r(EFemale ≠ EMale ) = 0



General Non-scalar Sex-limitation

aka general sex limitation



General Non-scalar Sex-limitation

aka general sex limitation


