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G x Sex Interaction



Example

* Measurement

— BMlI at age 12

— Based on mother-reported height and weight
 Sample

— Netherlands Twin Register

— 971 MZM, 878 DZM, 1015 MZF, 835 DZF and 1715
DOS pairs

* Research question

— Are there qualitative and/or quantitative sex
differences in BMI?



Data

# Load Data

BEMIdata

=<— read.table(file="dataBMI.dat’  ,header=TRUE, na=-999)

head(BMIdata)
dim{BMIdata)

# select variables for analysis

vars

v

NtV
selvars

<— "BMI’ # 1list of variables names
<= 1 # number of wvariables
<— V2 # number of total wvariables

<- paste(vars,c(rep( ' _twl’ ,nv),rep(’_tw2',nv)),sep="")

# Select Data for Analysis

mzmData
dzmData
mzfData
dzfData
dzmfData
dzfmData

<- subset(BMIdata, zyg==1, selvars)
<- subset(BMIdata, zyg==2, selvars)
<- subset(BMIdata, zyg==3, selvars)
<- subset(BMIdata, zyg==4, selvars)
<- subset(BMIdata, zyg==5, selvars)
<- subset(BMIdata, zyg==0, selvars)
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Means

# Create Algebra for expected Mean Matrices

mearnGm =— mxMatrix(type="Full", nrow=l, ncol=nv, free=TRUE, values=swMem, labels="meanm", name="meancm")
meanGt <— mxMatrix{type="Full", nrow=1l, ncol=nv, free=TRUE, wvalues=svMef, labels="meanf"”, name="meansf")
expMeanMZm <- mxAlgebralexpression= chind({meansm, meancm), name="expMeanMzm’)
expMeanDZm =— mxalgebralexpression= chind(meanGm, meancGm), name="expMeanDZm")
expMeanmzf =- mxalgebralexpression= chind(meancf, meancf), name="expMeanmzf")
expMeanDzf =— mxalgebralexpression= chind(meancf, meancf), name="expMeanDzf")

expMeanpzmf <- mxalgebralexpression= chind(meansm, meansf), name="expMeanDzmf")
expMeanDzfm  <- mxalgebralexpression= chind(meancf, meancm), name="expMmeanpzfm™)
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cf
Em
Ef
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mxMatrix(type="5symm"
mxMatrix(type="5symm"
mxMatrix(type="5symm"
mxMatrix(type="5ymm"
mxMatrix(type="5ymm"
mxMatrix(type="5symm",

(Co)variances

# Create Matrices for variance Components

, Arow=nv, ncol=nv, free=TRUE, wvalues=svPam, label="allm", name="am")
, Arow=nv, ncol=nv, free=TRUE, walues=svPaf, Tabel="aAl11lf", name="af")
, Arow=nv, ncol=nv, free=TRUE, walues=svPcm, label="Cllm", name="cCcm")
, hrow=nv, ncol=nv, free=TRUE, wvalues=svPcf, Tabel="clif", name="cf")
, hrow=nv, ncol=nv, free=TRUE, wvalues=svPem, label="Ellm", name="Em")

nrow=nv, ncol=nv, free=TRUE, values=svPef, label="E11f", name="Ef")

# Create Matrix for Genetic Correlation between DOS twin pairs

RADS

<- mxMatrix{type="symm", nrow=nv, ncol=nv, free=TRUE, wvalues=.4, label="raos",

name="Raos")

# Create Matrices for Total variances

varpePm
varpf

=- mxAlgebralexpression= Am+CnHEmM, name="vm")
=- mxAlgebralexpression= Af+Cf+Ef, name="vf")

# The following 1ines calculate the absolute covariation between Males and Females

Aos
Cos

=- mxAlgebra((sqrt((Af))x*%t(sqrt((am)))), name="aAo0s")
=- mxAlgebra{(sqrt((cf))x*%t(sqrr((Cm)))), name="Cos")

# Create Algebra for expected variance/Covariance Matrices in MZ, DZ and DOS twins

expCovMZm
expCovDZm
expCovMzf
expCovDZf
expCovDZmf

expCovDZfm

= -

P

mxAlgebral
mxAlgebral
mxAlgebral
mxAlgebral
mxAlgebral

mxAlgebral

expression=
expression=
expression=
expression=
expression=

expression=

rbind{cbhind{Am+Cm+Em, Am+Cm),

cbind(Am+Cm, Am+CmHEm) ), name="expCovMZm")
rbind{cbhind{Aam+-Cm+Em, 0. 5%x%Am+-Cm) ,

cbind (0. 5%x%Am+Cm, Am+Cm+Em) ), name="expCovDZm")
rbind{chind{af+cf+ef, af+cf),

cbind(Af+cf, Af+Cf+Ef)), name="expCowMzZ{")
rbind{chind{af+cf+EFf, 0. 5%xxaf+cf),

cbind (0. 5%x¥af+cf, Af+Cf+EF)), name="expCovDzZf")
rbind{chind (Am+-Cm+-Em, RADSHx%AODS+HCOS),

cbind(RAos%:x%A0s+Cos, AF+CF+ET)), name="expCovDzmf")
rbind{chind(af+Cf+Ef, RAos%x%A0s+Cos),

cbind(RADS%x%A05+C0O5, AM-CMHEmM) ), name="expCovDZfm")




Model

# Create Data Objects for Multiple Groups

dataMzZm =- mxDatalobserved=mzmData, type="raw'")
databDzm <- mxData(observed=dzmData, type="raw")
datamzf <- mxData(observed=mzfData, type="raw")
datapzf =- mxDatalobserved=dzfData, type="raw")
datapzmf <- mxDatalobserved=dzmfData, type="raw")
databzfm <- mxDatalobserved=dzfmData, type="raw")

# Create Expectation objects for mMultiple Groups

expMzZm =- mXExpectationNormal (covariance="expCovMZm'", means="expMeanMZm", dimnames=selvars)
expDZm =- mxExpectationNormal (covariance="expCovDZm", means="expMeanDzm", dimnames=selvars)
expMzf <- mxExpectationNormal (covariance="expCovMZT", means="expMeanvzf", dimnames=selvars)
expDzf =- mXExpectationNormal (covariance="expCovDZT", means="expMeanDzf", dimnames=selvars)

expDZmf <- mxExpectationNormal (covariance="expCovDZmT", means="expMeanDzmf", dimnames=selvars)
expDZfm  <- mxExpectationNormal(covariance="expCovDZfm", means="expMeanDzfm", dimnames=selvars)
funmL <— MXFitFunctionML ()

# Create Model objects for Multiple Groups

pars <— Tlist({meancm, meanct, af, cf, ef, Am, Cm, Em, Aos, Cos, varPm, varPf, RAos)
modelMZm <- mxModel (name="MzZm", pars, expMeanMZm, expCovMZm, dataMzZm, expMZm, funML)
modelDZm <- mxModel (name="DZm", pars, expMeanDZm, expCovDZm, dataDZm, expDZm, funML)
modelMZf <=- mxModel (name="Mzf", pars, expMeanMzZf, expCowMzZf, datamzf, expmzf, funmML)
modelDZf <- mxModel (name="Dzf", pars, expMeanDzf, expCovDzZf, datapzf, exppzf, funML)
mode1DZmf <- mxModel (name="DzZmf", pars, expMeanDZmf, expCovDZmf, datapzmf, expbDzmf, funmL)
modelDZfm =- mxModel (name="DZfm", pars, expMeanDZfm, expCovDZfm, datapzfm, expDZzfm, funMmL)

multi <- mxFitFunctionMultigroup{c({"MzZm","DZm", " "Mzf","DEf", "DZmf", "D2fm" )]

# Create Algebra for variance Components

rowvC = repl'VC',nv)

colvcm <- rep{c('am",'Cm”,"Em", "Sam","sCm", "SEm" ), each=nv)

colvcf <- rep(c('af’,'cf’,"ef", "saf", 'scf", "sef '), each=nv)

estvcm <- mxAlgebral expression=chind(am,Cm,Em,Am/ vm,Cm/Vm,Em/vm), name="vcm", dimnames=11st{(rowvC,colvCm))
estvcf <- mxalgebral expression=chind(af,cf,ef,af vf,cf/vf,Ef/vf), name="vCf", dimnames=Tist(rowvC,colvcf))

# Build model
modelACErg <=- mxModel ("aCErq", pars, modelmzf, modelmzm, modelDzf, modelDZm, modelozmf, modelpzfm, multi, estvcm, estvcf)

# Run Mon-Scalar General Sex-Limitation ACE Model
fitACErqg <— mxRun(modeTACErqg)
(sumacErq <— summary(fitacerq))



Tests

1. Are there qualitative sex differences?
2. Are there quantitative sex differences?
3. Does the common environment play a role?
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Your task

Open the script G x Sex interaction.R
Walk through the first part of the script

-1=MZIM, 2 = DZM, 3 = MZF, 4 = DZF, 5 = DZMF, 6 = DZFM

Run the saturated model

Have a look at the twin correlations

Run the non-scalar general sex-limitation model
Run the submodels (a = 0.05)

- For each model fill out the question marks

Report the standardized variance components of the
best model

Make sure that you know what you are doing
Raise your hand if you have a question



Results

Model EP -2LL df AIC A-2LL Adf P
0. SAT 30 45706.65 10753 24560.65 - - -
1. ACErq 0 9 45829.65 10594 24641.65 123.00 21 <.001
2. ACEq 1 8 45831.79 10595 24641.79 2.13 1 144
3. ACE 2 5 45866.29 10598 24670.29 34.50 3 <.001
4. AEboys 2 7 45842.87 10596 24650.87 11.08 1 <.001
5. AEgirls 2 7 45850.71 10596 24658.71 18.92 1 <.001
mean A C E SA SC SE
Males 17.5 5.1 0.2 0.7 .85 .04 11
Females 17.7 4.9 1.5 0.7 .70 21 .10




G x Age interaction



Example

* Measurement

— BMI in adulthood (> 18 year)

— Based on reported height and weight
 Sample

— Only males

— Younger and older cohort

— Australian Twin Register
— 1232 MZ and 750 DZ pairs

* Research question
— |Is heritability of BMI dependent on age?



Data

# Load Data
dataltwinbata)
head(twinData)
“twinbData

# Select variables for analysis

vars <— "bmi’ # list of variables names

modvars  <- "age’ # list of moderator variables names
nv < 1 # number of variables

ntwv - nv*2 # number of total variables

selvars  <- paste(vars,c(rep('1",nv),rep('2",nv)),sep="")

# Select Data for Aanalysis
mzData <- subset(twinbata, zyg==1|zyg==6, c(selvars,modvars))
dzData <- subset(twinData, zyg==3|zyg==8, c(selvars,modvars))

# Select cases with no missings on the definition variable
mzData <- mzDatal[!is.na(mzDatatfage), ]
dzData <- dzData[!is.nal(dzDatajage), ]

# Standardize age
mzDatafage <- scale(mzDatafage)
dzData%age <- scale(dzDatafage)

# Generate Descriptive statistics

round{colMeans (mzData,na.rm=TRUE)},3)
round{colMeans{dzData,na.rm=TRUE)},3)
round(cov(mzData,use="complete"),3)
round(cov(dzData,use="complete”),3)
round(cor (mzData,use="complete”),3)
round(cor (dzData,use="complete”),3)
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Means

# Create Matrices for Covariates and linear Regression Coefficients
defage <- mxMatrix(type="Full", nrow=1l, ncol=1l, free=FaLSE, labels=c("data.age"), name="defage")
pathBage <=- mxMatrix(type="Full", nrow=Ll, ncol=l, free=TRUE, wvalues=.3, label="bll", name="bage")

# Create Algebra for expected Mean Matrices
meanG <- mxMatrix{type="Full", nrow=Ll, ncol=ntv, free=TRUE, values=c(21,21), labels=c{"mean","mean"), name="means")
expMean  =- mxAlgebralexpression= means + cbhind{defage®**bage,defage® *bage), name="expMean")



# Matrices to store a, d,

patha <- mxMatrix(type="Full"”, nrow=nv, ncol=1, free=FaLSE, values=1, label="all", name="a
pathD =- mxMatrix(type="Full"”, nrow=nv, ncol=1, free=FaLsSE, values=1, label="dl1", name="d
pathc =- mxMatrix(type="Full"”, nrow=nv, ncol=l, free=FaLSE, values=1l, label="cll", name="c
pathe <- mxMatrix(type="Full"”, nrow=nv, ncol=1, free=FaALSE, values=1, label="ell"”, name="e

# Matrices to compute the A, D, C, and E variance Components

vara <— mxMatrix{type="Full"”, nrow=nv, ncol=l, free=TRUE, values=.6, label="vall", name="wva")
varnD <- m¥Matrix(type="Full"”, nrow=nv, ncol=1, free=rFaLSE, values=0, label="vDl1l", name="vD")
varc <- mxMatrix(type="Full"”, nrow=nv, ncol=1, free=TRUE, values=.1, label="vcll", name="wvC")
varEk - mxMatrix{type="Full"”, nrow=nv, ncol=l, free=TRUE, values=.5, label="vE1l", name="vE")
# Matrices to store the moderating a, d, ¢, and e Path Coefficients

modPatha =- mxMatrix(type="Full’, nrow=nv, ncol=l, free=TrRUE, values=.1, label="amll", name="am")
modPathD <- mxMatrix(type="Full’, nrow=nv, ncol=1, free=FaLSE, values=0, label="dM1l", name="dm")
modPathC <- mxMatrix(type="Full’, nrow=nv, ncol=1, free=TrRUE, values=.1, label="cM1ll", name="cMm")
modPathe =- mxMatrix(type="Full’, nrow=nv, ncol=l, free=TrRUE, values=.1, label="em1ll", name="eM")
# Matrices to compute the moderated A, D, C, and E variance components

modvara <- mxAlgebra(expression={(a+ defAage®*%am) %*% wvA %% t(a+ defage®*%am)), name="A")
modvarD <- mxAlgebralexpression=_(d+ defage® %dMm) %*% vD %% t(d+ defagex“%dm)), name="D")
modvarC <- mxAlgebra(expression={(c+ defAage®*%cM) %*% wC %% t(c+ defage®*%cMm)), name="C")
modvare <- mxAlgebra(expression={(e+ defAge®*%em) %*% VE %% t(e+ defage®“%em)), name="E")

# Algebra to compute the total variance per twin

varp =- mxAlgebra(expression=A+D+C+E, name="V")

# Algebra for the expected mean vector and expected variance/covariance matrices

c,

Covariances

and e Path Coefficients

covMZ <- mxAlgebra(expression= rbind (cbind(A+D+C+E , A+D+C),
cbind(A+D+C, A+D+C+E)), name="expCowvMZ")

covDZ =- mxAlgebra(expression= rbind (cbind(aA+D+C+E , 0. 5%x%aA+0. 25%x%D+C) ,

cbind (0. 5%x%A+0. 25%x%D+C, A+D+C+E)), name="expCovDZ")

(a1l fixed to 1)



# Data objects for Multiple Groups

datamz <- mxDatal(observed=mzData, type="raw")
databz <- mxDatal(observed=dzData, type="raw")

# Objective objects for Multiple Groups

objMZ <- mxExpectationNormal (covariance="expCovMZ", means="expMean"”, dimnames=selvars)
objDZ <- mxExpectationNormal (covariance="expCovDZ", means="expMean”, dimnames=selvars)
funML <- mFitFunctionMmL()

# Combine Groups
pars <- list(patha, pathD, pathC, pathtE, modratha, modpPathD, modrathC, modrathk,
defage, pathBage, modvara, modvarD, modvarC, modvargE, wvarP, vara, varD, varC, varg)
modelMZ <- mxModel (pars, meanG, expMean, covMZ, datamz, objmz, furML, name="MZ")
modelDZz <- mxModel (pars, meanG, expMean, covDZ, datapz, objpz, furnML, name="DzZ")
minus211 <- mxalgebra( expression=MZ.objective+ DZ.objective, name="m2LL" )
obj =- mxFitFunctionalgebral{ "m2LL" )

# Build Model
modaCEModel <- mxModel( "modace", pars, modelMZ, modelDz, minus211, obj, datamz, databz )

# Run Moderation ACE model

modACEFiT =— mxRun{modACEModel)
(modACESumm =— summary (modACEFit))
round (modACEFit@outputiestimate,4)



Tests

1. Does the mean of BMI depend on age?

2. Does the common environment play a role?

3. Does the influence of genes and the

environment depend on age?



Your task

. Open the script G x Age interaction.R

. Walk through the first part of the script
-1 =MZm young, 3 = DZm young, 6 = MZm old, 8 = DZm old

. Run the first part of the script
. Run the submodels (a0 = 0.05)

- For each model fill out the question marks

. Plot the (un)standardized variance
components of the ‘best’ model

. Make sure that you know what you are doing
. Raise your hand if you have a question



Results

Model EP -2LL df AIC A-21L Adf P
1. modACE 8 9321.68 3845 1631.68 - - -
2. modAE 1 6 9325.22 3847 1631.22 3.54 2 171
3. AEnoModMean 2 5 9552.43 3848 1856.43 227.21 1 <.001
4. AEnoModAE 2 4 9395.07 3849 1697.07 69.84 2 <.001
5. AEnoModA 2 5 9328.26 3848 1632.26 3.04 1 .081
6. AEnoModE 5 4 9395.07 3849 1697.07 66.81 1 <.001




Results

Unstandardized variance components Standardized variance components
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Questions?



