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The classical twin design 

In the classical twin design, variance of phenotypes can be decomposed into 

additive genetic (A) and non-additive or dominance (D) variance components, and 

common or shared (C) and unshared (E) environmental variance components. 

Phenotypic differences between monozygotic (MZ) twins, who are genetically identical, 

are attributable to E, and differences between dizygotic (DZ) twins, who on average share 

50% of their alleles, are attributable to A, D, and E. In the twin design, it is not possible to 

simultaneously estimate the contributions of A, C, D, and E to the phenotypic variance. 

Thus, the ACE and ADE models were separately fitted to the data using the largest 

datasets, i.e. (including all 13,542 twin pairs). The choice to use an ACE or ADE model is 

based on the twin correlations: rmz>2rdz suggests an ADE model; rmz<2rdz suggests an ACE 

model, and rmz2rdz suggest the absence of D or C effects, resulting in an AE model 

(Plomin et al., 2013). One can test for the significance of C or D in the respective ACE or 

ADE models using loglikelihood ratio tests. The ACE or ADE twin model can be specified 

as a structural equation model and represented as a path diagram. A path diagram of the 

ACE twin model is presented in Fig. A.  

 

 

 



 

Fig. A An ACE twin model. Squares denote observed variables (Phenotype P in twin 1 

and twin 2), circles denote latent variables. The parameter rA is the additive genetic 

correlations between members of a twin pair, i.e., rA=1 for MZ twin pairs, and rA=.5 for 

DZ twin pairs. Variance due to A, C, and E can be found by path tracing: A2 = a2; C2 = c2; 

and E2 = e2 

 
In the univariate analysis, we specify the model as: P = m + A + C + E or P = m + A + 

D + E, where P is the phenotype with mean m, and A, C, D, and E are zero-mean latent 

variables as defined above (given that we estimate the latent variances). Given the 

standard assumptions of the classical twin design (see Plomin et al., 2013), phenotypic 

variance P2 is decomposed as follows: P2   = a2*A2 + c2*C2 + e2*E2 = a2 + c2 + e2 in the 

ACE model, or P2   = a2*A2 + d2*D2 + e2*E2 in the ADE model. The MZ and DZ 

covariance matrices in the full ACDE model are modeled as follows: 

mz =  mz2  mz1,mz2    = A2+C2+D2+E2 A2+C2+D2 

mz1,mz2   mz2  A2+C2+D2  A2+C2+D2+E2 

 

dz =  dz2    dz1,dz2     = A2+C2+D2+E2 ½A2+C2+¼D2 

dz1,dz2    dz2  ½A2+C2+¼D2 A2+C2+D2+E2 



 

However, as mentioned above, based on the twin correlations, either D2 or C2 is fixed to 

zero to identify the model. The MZ phenotypic covariance equals A2+C2 or A2+D2. In 

DZ twins, this equals ½A2+C2 or ½A2+¼D2 (for a derivation of the coefficients ½ and 

¼, see Mather and Jinks 1977; Falconer and Mackay 1996).  

 

Bivariate analyses: Decomposition of (co)variance and moderation 

The bivariate extension of the twin model involves the simultaneous analysis of 

two phenotypes. We present the ACE version of this model. Figure B depicts the bivariate 

ACE model for intelligence and a given psychopathology scale. The latent A (Ac, Au), C 

(Cc, Cu), and E (Ec, Eu) are standardized (zero mean, variance one). The variances of the 

two traits and their covariance are decomposed into additive genetic components, shared 

environmental components, and unique environmental components. That is, in the path 

diagram (Figure B), the variance of intelligence equals aCA2+cCA2+eCA2, the variance of 

psychopathology equals ac2 + au2 + cc2 + cu2 + ec2 + eu2, and the covariance between the two 

phenotypes equals aCA × ac + cCA × cc + eCA × ec. The parameters au, cu, and eu indicate 

additive genetic, shared environmental, and unshared environmental effects unique to 

psychopathology; the parameters em, cm, and em indicate additive genetic, shared 

environmental, and unshared environmental effects unique to intelligence; and the 

parameters ac, cc, and ec indicate additive genetic, shared environmental, and unshared 

environmental effects that are shared between psychopathology and intelligence. Note 

that unshared environmental effects do not contribute to the covariance of the twins (see 

mz and dz above), but may contribute to the covariance of the phenotypes within 

persons (eCA×ec). Similarly, common environmental effects, if present, contribute to the 



covariance of the twins, but may (parameter cc ≠ 0), or may not (cc=0) contribute to the 

covariance of the phenotypes within persons.   

The moderation model, as depicted in Fig. C (Purcell 2002; Van der Sluis et al. 

2012), can be viewed as an extension of the bivariate model. That is, we tested if the 

effects of the genetic and environmental factors on psychopathology are moderated by 

intelligence. In Figure C, the variance of a psychopathology phenotype equals (ac + bac × 

CA)2 + (au + bau × CA)2 + (cc + bcc × CA)2 + (cu + bcu × CA)2 + (ec + bec × CA)2 + (eu + beu × 

CA)2, where bac, bcc, bec, beu, bcu, and bau are the moderation parameters. If all these 

parameters are zero, then the model in Fig. C is identical to the standard bivariate twin 

model, shown in Fig. . The test of moderation therefore involves the loglikelihood ratio 

test of these parameters. 

 

 

Fig. B Standard bivariate ACE (“Cholesky”) twin model, without moderation. The 

moderator is IQ, and the phenotype of interest is a psychopathology variable (Psy) 

  



 

Fig. C Bivariate ACE moderation twin model. The moderator is IQ, and the phenotype of 

interest is a psychopathology variable (Psy) 
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