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Standard AE model




Standard AE model: Alt notation. V, = ¢2,




Standard AE model
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When we fit this model we assume that the model holds
In the population of interest (z=zygosity, mz or dz; r,=1
or .5)
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Phenotypic variable ~ N(u, 62, + %)
normally distributed with mean p and
variance c?, + ¢°¢



What if we have two populations of interest, e.g., males
and females?

* main effect of sex on phenotype p; # p,,?

* sex by A, E Interactions
(sex as moderator of A,E variances):
G2 a5 7 O%am @NA 1 OF 6% # 67,,?

If we 1gnore the source of “heterogeneity”
the estimates of u, o%¢, 62, are biased ... BAD!



What to do?

Include source of heterogeneity, moderator,
In the model:

Main effects of moderator p; # p,,?
Interaction effects 62 ,¢ # 62,5, and / or 6%¢; # 6%¢,,?

If moderator is binary — multigroup model
If moderator Is continuous — moderation model
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What is moderation? What i1s GXE interaction
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Genetic level (score on A)

Ph, — m = a*A, + e*E,

Environmental
Dispersion

Variance of
E given G score

Homoskedastic model: e Is constant over levels
of A: environmental effects are the same given any A
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E given G score

Genetic level (score on A)

G X E as “genetic control” of sensitivity to different
environments: heteroskedasticity e=f,(A) or o2 =g.(A)

Environmental effects (E) systematically vary with A



Conditional
variance of A
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Environmental level (score on E)

G X E as “environmental control” of genetic effects:
heteroskedasticity (a=f,(E) or ¢, =q.(E)).



Genetic

] e variance
: S or (and)
Phenotypic- ; i 8 Environmental
scores ° i i ! ! variance given M
: 5

Moderator level (score on moderator)

Moderation of effects (A,C,E) by measured moderator M:
heteroskedasticity (a=f,(M), c=f.(M), e=f.,(M) or
(GZA :ga(M)’ GZC :gc(M)’ GZE :ge(M))-)-



Sex X A interaction:
Sex moderation of A effects

Is the magnitude of genetic influences on
ADHD the same in boys and girls?

2 = 2
Gpf = O%Am !



Other examples binary moderators

A effects moderated by marital status:
Unmarried women show greater levels of genetic
Influence on depression (Heath et al., 1998).

A effects moderated by religious upbringing:
religious upbringing diminishes A effects on the
personality trait of disinhibition (Boomsma et al.,
1999).

Binary moderator: multigroup approach



Continuous moderation

Age as a moderator of standardized A, C, E
variance components (Age x A,C,E Interaction)
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A,C,E effects moderated by SES

PSYCHOLOGICAL SCIENCE

Research Article

SOCIOECONOMIC STATUS MODIFIES HERITABILITY OF 1Q
IN YOUNG CHILDREN

Eric Turkheimer, Andreana Haley, Mary Waldron, Brian D Onofrio,
and Irving I. Gottesman

PSYCHOLOGICAL SCIENCE

E. Turkheimer et al.
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Fig. 3. Proportion of total Full-Scale IQ variance accounted for by A, C, and E plotted as a function of observed socioeconomic status (SES).
Shading indicates 95% confidence intervals.




Continuous Moderators
not amenable to multigroup approach

treat the moderator as continuous
(OpenMx and umx)



Standard ACE model
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Standard ACE model +
Main effect on Means
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1 \ Twin 1

Pheno | /”\\\
Twin 2 /1

m+g,,M2



resi resl

| pheno /\ m pheno
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m+ B, M1

M1

equivalent

The regression of Phenotype on M ...

phenol = m+ B,, M1+ resl

What is left is the residual (resl), which is subject to
(moderated) ACE modeling.



Summary stats (no moderator)

e Means vector
[(m m ]

e Covariance matrix (r, = r = 1 or %2)

(az +c% +e°

r*a’+c° a’+c’ +e2j



Allowing for a main effect of the
moderator M

e Means vector (conditional on M)

(m_l_ﬂMMli m+ﬂMM2i)
e Covariance matrix (r = 1 or r=12)

(az +C% +e’

r*a+c’® a‘+c’ +e2)



Standard ACE model +
main effect and effect on A path

/1\\  Twin 1

Twin 2 ¢

M has main effect + moderation of A effect (a +




/1\\ >| Twin 1

If M is binary (0/1) (instead of continuous)

M,=0 = mean=m & Aeffect = a

M,=1 - mean=m+ B,, & A effect = a+p,
variance = (a+py)?




Twin 1

Twin 2

- Main Effect on phenotype (linear regression)
- Effect path loadings: Moderation effects (A x

M, C x M, E x M interaction)



Expected variances

Standard Twin Model:
Var(P) = a2 + c? + e?

Moderation Model:
Var(P|M) =
(a + ByM)? + (c + ByM)? + (e + BM)?

P|M mean “the phenotype given a value on M”
or “the phenotype conditional on M”



Expected MZ / DZ covariances

Cov(Py,Py|M)uz =
(@ + ByM)? + (c + ByM)?

Cov(Py,P3[M)pz =
0.5*%(a + ByM)? + (c + ByM)?



Var (P|M) =
(@ + ByM)2 + (c + ByM)2 + (e + B,M)?

h,? M = (a + BM)?/ Var (P|M)

C [M = (c + ByM)?/ Var (P|M)

e [IM = (e + B,M)?/ Var (P|M)
(h?IM + ¢ IM + e 2|M) =1

Standardized conditional on value of M..
WARNING h?|M can vary with M while B = 0!
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Moderation of unstandardized variance components
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1/.5 1

Twin 1 Twin 2

But what have we assumed concerning M?



The M Is a measured variable

a+p3, M
1 m
twin b
[ M Pm oM

M Is environmental?
(sociaal support, employment, marital status)

VOO




“Environmental” measures display genetic variance
See Kendler & Baker, 2006
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Full bivariate model

var(T) = {ec2+ccz+a02} + {eu2+cu2+au2}
shared with M uniqueto T



M with its own ACE + ACE cross loadings.




Can we treat M In this manner?

1/.5 1

Twin 1

Not generally....

Twin 2




OK if #1: r(M1,M2) = 0

M1

T1

T2

M2




Ok if #2: r((M1,M2) = 1




What to do otherwise? Fit model as shown:

MZ=DZ=1

Mz=1 / DZ=.5




M1 T1 T2 M2

But what about the common pathse.c. & a. ....
Why only moderation of effect unique to T?



MZ=DZ=1

Mz=1 / DZ=.5

M1 T1 T2 M2

umx function available!



categorical data

e Continuous data
— Moderation of means and variances

¢ Ordinal data
— Moderation of thresholds and variances

— See Medland et al. 2009
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Non linear moderation? Extend the model
from linear to linear + quadratic.

E.g., e, +b, . *M1+b,,*M12

ec2



What about >1 number of moderators?
Extend the model accordingly

e, + b, *SES + b__,*AGE

With possible interaction:

e. + b, *SES + b, ,*AGE + b, ,*(AGE *SES)



Michel Nivard Practical

Replicate findings from Turkheimer et
al. with twin data from NTR

Phenotype: FSIQ
Moderator: SES in children
cor(M1,M2) =1

Data: 205 MZ and 225 DZ twin pairs
5 years old



Ok if #2: r((M1,M2) = 1




1 Twin 1 Twin 2 / 1

unXx function available



