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The Classical Twin Design and the EEA

• The Classical Twin Design compares trait similarity between MZ twins and 
the similarity between DZ twins to estimate heritability

• Equal Environments Assumption (EEA) posits that trait relevant 
environmental covariation in MZ pairs is the same as that found within DZ 
pairs. Violation of this assumption will inflate heritability estimates.

• MZ twins do experience more similar environments than DZ twins
• The environmental factor must affect the trait
• Twins must be “passive” recipients of more similar environments

for violation of EEA to affect heritability estimates

• A possible reason for “missing heritability”?

Maher (2008) Nature



Methods for testing the EEA

• Measure environmental similarity between twins and examine whether 
this correlates with trait similarity
• But need to measure the relevant environmental factor

• Use mistaken zygosity diagnosis to test the EEA. If parents treat MZ twins 
more similarly than DZ twins based on the preconceived notion that MZ 
twins are more similar than DZ twins, then trait similarity should be a 
function of perceived zygosity (tests all environmental factors 
simultaneously). 
• Has the advantage of not requiring the measurement of specific environmental 

factors
• Requires mistaken zygosity diagnosis



• Phenotypic similarity between full 
siblings measured as a function of 
their genomic similarity

• Enables the estimation of trait 
heritability without many of the 
assumptions of the e.g. classical 
twin design

• Requires large numbers of sibling 
pairs to estimate heritability 
precisely

• Could this information be used in 
the Classical Twin Design to 
investigate violations of the EEA?
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IBD can be trivial…
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Two Other Simple Cases…
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A little more complicated…
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And even more complicated…
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MZ Twins:

DZ Twins:

covMZ =
VA + VC + VE

VA + VC + VEVA + VC

VA + VC[ ]
½ 

covDZ =
VA + VC + VE

VA + VC + VEVA + VC

VA + VC[ ]1

2

1

2

Path Model for the 
Classical Twin Design



MZ Twins:

DZ Twins:

covMZ =
VA + VC_MZ + VE_MZ
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Test of EEA is whether VC_MZ = VC_DZ

*Constraint: VC_MZ + VE_MZ  = VC_DZ + VE_DZ

Path Model for the 
Augmented Classical Twin 

Design



MZ Twins:

DZ Twins:

covMZ =
VA + VE

VA + VEVA + rE_MZVE

VA + rE_MZVE[ ]

covDZ =
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VA + rE_DZVE[ ]
Test of EEA is whether rMZ = rDZ

Path Model for the 
Augmented Classical Twin 

Design
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Power

• Power increases with increased number of DZ twins, differences in 
environmental similarity between MZ and DZ twins, and increased 
proportion of variance due to the shared environment



Missing heritability
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Power as a Function of Missing Heritability

VA = 0.5
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Effect of Number of MZ Twins on Power

VE_MZ

Intuition:

VA VC_MZ VC_DZ VE_DZ

MZ twins DZ twins DZ twins DZ twins



covMZ =
VA+VD+VC_MZ+ VE_MZ
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Including Dominance in 
the Augmented Classical 

Twin Design
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Inclusion of Dominance

• Presence of unmodelled dominance gives spurious evidence for violation of EEA (not shown)

• Modelling dominance component provides appropriate Type 1 error rates for test of EEA

• Presence of modelled dominance results in slightly reduced power relative to the no dominance situation
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Model Assumptions

• The “usual” (no GE-cov, GxE, assortment, bivariate normality etc)

• ANY unmodelled factor that increases MZ pair similarity relative to DZ 
pair similarity will increase estimates of rE_MZ relative to rE_DZ and 
provide spurious evidence for violation of the EEA

• Genetic non-additivity (Epistasis!)

• Errors in IBD calculation in DZ pairs

• Gene x Age interactions (Balance age across MZ and DZ twins)

• Gene x Sex interactions (Same sex twins only!)

• Important to model the X chromosome!



Inclusion of non-twin Siblings?

nSib
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• Power increases with the number of sibling pairs

• Power increases with sibling common environmental sharing

VA = 0.5



Conclusions

• Augmented Classical Twin Design can identify violations of the EEA

• Requires very large numbers of (DZ) pairs for power

• Model extremely sensitive to unmodelled factors that increase MZ 
compared to DZ similarity (e.g. epistasis)

• Inclusion of non-twin siblings in the analysis may improve power, but 
would limit application of the method because of gene x age concerns
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