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Multivariate Questions

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

@ Multivariate Analysis:VWhat are the




Multivariate Models

® Saturated Model

® equality of means/variances

® Genetic Models (ACE)




Scientific Questions

® Are these measures influenced by the
same genes (single common factor)!?

® |s there more than one factor (overall
well being / happy / sad)?




Saturated Model

function to assign values to diagonal of matrix

function to assign values to diagonal and off-diagonal elements of matrix

c(»,5,5,1,1,D # start value for means
'valDiag(nty/1.0) # start values for variances

[vaTODiag(rtv, .0001,-10)  # lower bounds for covariances

meanMZ mxMatrix( type="Full", nrow=1, ncol=ntv, free=TRUE,

values=svMe, labelsﬂabFull"meMZ",l,ntv), name="expMeanMZ" )
meanDZ mxMatrix( type="Full", ncol=ntv, free=TRUE,
values=svMe, abFull("meDZ",1,ntv), name="expMeanDZ" )

mxMatrix( type="Symm", ntv, ncol=ntv, free=TRUE,

values=svVa, lbofind=1bVa, labels"vaMZ",ntv), name="expCovMZ" )
mxMatrix( type="Symm", = , free=TRUE,

values=svVa, lpound=1bVa, bels=1abSymm("vaDZ" ,ntv), name=“expCovDZ" )

functions to assign labels to Full or Symmetric matrices



Functions

source( ‘myFunctions.R”)
source(“GenEpiHelperFunctions.R”)

LabSymm (lab,nv) {
paste(lab,rev(nv+l-sequence(l:nv)),rep(l:nv,nv:1),sep="_")

}

labFull (lab,nr,nc) {
paste(lab,l:nr,rep(l:nc,each=nr),sep="_")

}

valDiag (dim, valD) {

valF <- diag(valD,dim,dim) # values for diagonal of covariance matrix
valF

ks

valODiag (dim, valD, valOD) {

valF <- diag(valD,dim,dim) # values for diagonal of covariance matrix
valF[lower.tri(valF)] <- valOD # values for below diagonal elements
valF[upper.tri(valF)] <- valOD # values for above diagonal elements

valF

}

functions to assign labels to Full or Symmetric matrices



Testing Assumptions
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Testing Equality of Means
& Variances

egMeVaTwinModel
egMeVaTwinModel

egMeVaTwinModel
egMeVaTwinModel

egMeVaTwinModel

egMeVaZygModel
egMeVaZygModel

egMeVaZygModel

change labels to
constrain parameters

mxModel( twinSatModel, name="egM&Vtwis

omxSetParameters( egMeVaTwinModel, Tabel=labFull("meMZ",1,ntv),
free=TRUE, values=svMe, 1abFu11("meMZ" ,1,nv) )

omxSetParameters( egMeVaTwinModel, label=labFull("meDZ",1,ntv),
free=TRUE, values=svMe, newlabels=1labFull("meDZ",1,nv) )

omxSetParameters( egMeVaTwinModel, label=1abDiag("vaMZ" ntv),
free=TRUE, values=diag(svVa), newlabels=labDiag("vaMZ",nv) )

omxSetParameters( egMeVaTwinModel, label=1abDiag("vaDZ", ntv),
free=TRUE, values=diag(svVa), newlabels=labDiag("vaDZ",nv) )

mxModel( egMeVaTwinModel, name="egM&Vzyg" )
omxSetParameters( egMeVaZygModel,
labels=c(labFull("meMZ",1,nv),labFull("meDZ",1,nv)),
free=TRUE, values=svMe, newlabels=labFull("me",1,nv) )
omxSetParameters( egMeVaZygModel,
labels=c(labDiag("vaMZ" ,nv),labDiag("vaDZ" ,nv)),
free=TRUE, values=diag(svVa), newlabels=labDiag("va",nv) )




Testing Assumptions

ep| -211 |df [ AIC |chi|df]| p
Saturated (180 14182.17 (1895 10392
EqMeVaTwin 156 14199.65 (1919 18361 |17.48| 24 |0.82
EqMeVaZyg |144|14216.14 [1931| 10354 |33.96| 36 |0.56




Cholesky Decomposition
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Second Factor loads on
all Variables but First
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Third Factor loads on
Variables but Previous
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Fourth Factor loads on
Variables but Previous
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Phenotypic




Cholesky Decomposition

Estimate covariance matrix, fully saturated
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Cholesky Decomposition
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OpenMx Specification

10r0.5

MZ or DZ

OpenMx script



Cholesky Decomposition

object: pathA
matrix name: a

2
ap a; dy, a, ds, a, ay,

2 2
a,,a;, a, tay, Ay ay, + ay,a5 ayay, +ay 4y,

2 2 2
a31a11 a31a21 + a32a22 a31 + a32 + a33 a33a43 + a32a42 + a31a41

2 2 2 2
ayay,  Ay0y F a0y, Q05 1t a,0, T a0y Ay tad,tag+ay,

object: covA
matrix name: A

pathA mxMatrix( type="Lower", nrow=nv, ncol=nv, free=TRUE, values=svPa,
labels=labLower("a",nv), lbound=1bPa, name="a" )

CovA mxAlgebra( expression=a t(a), name="A" )




Key Model Statements

pathA mxMatrix([type="Lower™, nrow-nv, ncol-nv] free-TRUE, values-svPa,
labels=1labLower("a",nv), lbound=1bka, name="a" )
pathC mxMatrix( type="Lower" \ nrow=nv, ncol=nv, free=TRUE, values=svPa,
labels=1labLower("c",nv), lbound=1bPa, "c" )
pathE mxMatrix( type="Lower", , hcol=nv, free=TRUE, values=svPe,
labels=1labLower(“e”,nv), lbound=1bPa, "e" )

mxAlgebra( expression=a , name="A" )
mxAlgebra( expression=c name="C" )
mxAlgebra( expression=e me="E" )

mxAlgebra( expression=A+C+E, name="V" )
mxMatrix( type="Iden", nrow=nv, ncol=nv, \pname="1")
mxAlgebra( expression=solve(sqrt(I*V)), nage="1SD")

lower triangular matrices



Standard Code

meanG mxMatrix( "Full", nrow=1, ncol=ntv, free-=T, values=svMe, labels=labFull("me",1,nv),
name="expMean" )

covMZ mxAlgebra( |rbind( cbind(V, A+C), cbind(A+C, V)), name="expCovMZ" )

covDZ mxAlgebra( |rbind(C cbind(V, 0.5%x%A+C), cbind(@.5%x%A+C ,V)), name="expCovDZ" )

dataMz mxData( observed-mzData, type
dataDZ mxData( observed=dzData, type

objMZ
objDZ

pars ( pathA, pathC, pathE, covA, covQ, covE, covP, matI, invSD, meanG )
mode1MZ mxModel( pars, covMZ, dataMZ, objMZ, hame="MZ" )

modelDZ mxModel( pars, covDZ, dataDZ, objDZ, name="DZ" )

minus2l1 mxAlgebra( expression=MZ.objective + DY.objective, name="m2LL" )

obj mxAlgebraObjective( "m2LL" )

CholAceModel mxModel( "CholACE", pars, modelMZ, hodelDZ, minus2ll, obj )

standard expectations




Model Fitting

CholAceFit mxRun(CholAceModel)
CholAceSumm summary(CholAceFit)

CholAceSumm$pa
round(CholAceFit@output$estimate, b4
CholAceFit@objective@result
CholAceFit mxRun(CholAceFit
CholAceFit@objective@result

rerun model from solution



FormatOutputMatrices

standardized path coefficients
squared

CholACEpathMatrices ',"iSD %*% c","iSD %*% e")
CholACEpathLabels c("stPathA","stPathC","stPathE")
formatOutputMatrices(CholMceFit,CholACEpathMatrices,CholACEpathLabels,Vars,4)

ACEpathMatrices c(ﬂ(iSD%*% a)*(1SD%*% a)","(iSD%*% c)*(iSD%*% c)","(iSD%*% e)*(iSD%*% e)")
ACEpathLabels c("stPathAA2" ,"stPathCA2"  "stPathEA2™)
formatOutputMatrices(CholAceFit,ACEpathMatrices,ACEpathLabels,Vars,4)

ACECOVMGtI"'LCGS C("A" , ncn , nEn , nvn , l , nc/vn , "E/V")
ACEcovLabels c("covA","covC","covE","VaR, "stCovA", "stCov(C", "stCoVvE")
formatOutputMatrices(CholAceFit,ACEcovMatriceg,ACEcovLabels,Vars,4)

ACEcorMatrices c(fsolve(sqrt(T*A)) %% Af,"solvexsqrt(I*C)) %% C","solve(sqrt(I*E)) %% E")
ACEcorlLabels c("cgrA","corC","cort™)
formatOutputMatriceg(CholAceFit,ACEcorMatrices,ACEcorLabels,Vars,4)

correlations proportions of variance & covariance



Cholesky

model : CholACE, matrix:a

[,1] [,2] [,3] [,4] [,5] [,6]
[1,] [a_1_17 © (%] (%] (%] (%]
[2,] [a_2_1] [a_2_2] © (%] 0 0
[3,] [a_3_1] [a_3_2] [a_3_3] © (%] (%]
[4,] [a_4_1] [a_4_2] [a_4_3] [a_4.4] © (%]
[5,] [a_5_1] [a_5_2] [a_5_3] [a_5_4] [a_5_5] @
[6,] [a_6_1] [a_6_2] [a_6_3] [a_6_4] [a_6_5] [a_6_6]
model : CholACE, matrix:c

[,1] [,2] [,3] [,4] [,5] [.6]
P P R ) (%] (%] (%] (%]
P R S S T U 0 (%] 0
[BSh]esheasivlsla hici Sunslalici s 520 (%] (%]
[4,] [c_4_1] [c_4.2] [c_4.3] [c_4.4] © (%]
[45z: (TN 1 ) M W) 2ilieasas [c_5__4J T )




Testing Assumptions

ep| -211 |df | AIC |chi|df| p
Saturated [180( 14182.17 |1895| 10392
EgMeVaTwin | 156 14199.65 |1919]| 10361 |1/.48| 24 |10.82
EgMeVaZyg |144| 14216.14 |1931| 10354 |33.96| 36 |0.56
CholAce 69 | 14362 .14 |2006| 10350 (179.9| 111 9]
EgMeVaZyg |144| 14216.14 |1931| 10354
CholAce 69 | 14362.14 | 2006 | 10350 |146.0| /5 %)




Standardized Path Coefficients
Cholesky

[1] "Matrix iSD %*% a"
stPathAl stPathA2 stPathA3 stPathA4 stPathA5 stPathAé6

family ©0.6126 ©0.0000 0.0000 0.0000 ©.0000 ©.0000
happy ©0.3796 0.4009 0.0000 0.0000 ©.0000 ©.0000
life 0.3438 0.2414 0.1798 ©0.0000 ©.0000 0.0000
anxdep -0.2460 -0.4120 -0.0279 0.1307 0.0000 0.0000
somatic -0.2514 -0.2657 -0.1271 0.3125 ©0.1110 ©0.0000
social -0.1885 -0.2243 0.4444 -0.0054 0.1168 0.0001

[1] "Matrix iSD %*% c"
stPathCl stPathC2 stPathC3 stPathC4 stPathC5 stPathCé6
family 0.4236 0.0000 0.0000 0.0000 0.0000 0.0000
happy 0.2580 0.1519 0.0000 0.0000 0.0000 0.0000
Ligp. 0.3508 0.1150 0.1504 _@,@@@@ 0.0000 ‘@.@Q@@_




Squared Standardized Path
Coefficients

[1] "Matrix (iSD%*% a)*(iSD%*% a)"
stPathAr21 stPathAA22 stPathAA23 stPathAr24 stPathA/r25 stPathAA26

family 0.3753 0.0000 0.0000 0.0000 0.0000 0.0000
happy 0.1441 0.1607 0.0000 0.0000 0.0000 0.0000
life 0.1182 0.0583 0.0323 0.0000 0.0000 0.0000
anxdep ©0.0605 0.1698 0.0008 0.0171 0.0000 0.0000
somatic 0.0632 0.0706 0.0162 0.0977 0.0123 0.0000
social ©.0355 0.0503 0.1975 0.0000 0.0136 0.0000

[1] "Matrix (iSD%*% c)*(iSD%*% c)"
stPathCA21 stPathCr22 stPathCA23 stPathCA24 stPathCA25 stPathCA26

family 0.1794  ©.0000 0.0000 0.0000 0.0000 0.0000
happy  ©.0665 0.0231 0.0000 0.0000 0.0000 0.0000
Rt i o 2Bl on 2ok i o oo 0.0000  0.0000  ©.0000 )




Proportions of (co)Variance

[1] "Matrix A/V"
stCovAl stCovA2 stCovA3 stCovA4 stCovA5 stCovAé6

family ©.3753 0.5430 0.5041 0.4902 0.6965 0.4500
happy 0.5430 0.3048 0.3035 0.4558 0.7546 0.5520
life 0.5041 ©0.3035 0.2088 0.3664 0.5865 0.1471
anxdep. 0.4902 .0:4558 .0 3664 . .0.2481 0.3999. 0.2715
somatic ©0.6965 ©0.7546 0.5865 0.3999 0.2600 0.2135
social ©.4500 0.5520 0.1471 0.2715 0.2135 0.2970

[1] "Matrix C/V"

stCovCl stCovC2 stCovC3 stCovC4 stCovC5 stCovCé
family ©.1794 0.2551 0.3556 0.4188 0.2832 0.4433
happy G55 S 0B 0 R 440 B RS P Gl 2V O 5

Q
O A O

v.£0/0 )




Genetic Correlations

[1] "Matrix solve(sqrt(I*A)) %&% A"

corAl corA2 corA3 corA4 corA5 corAb6
family 1.0000 0.6876 0.7524 -0.4938 -0.4931 -0.3459
happy 0.6876 1.0000 0.9010 -0.9401 -0.7174 -0.5367
life 0.7524 0©0.9010 1.0000 -0.8305 -0.7444 -0.1569
anxdep -0.4938 -0.9401 -0.8305 1.0000 0.8493 0.4630
somatic -0.4931 -0.7174 -0.7444 0.8493 1.0000 0.2223
social -0.3459 -0.5367 -0.1569 0.4630 0.2223 1.0000

[1] "Matrix solve(sqrt(I*C)) %&% C"

corCl corC2 corC3 corC4 corC5 corCé
family 1.0000 0.8618 0.8800 -0.6019 -0.3104 -0.6274
happy 0.8618 1.0000 0.9047 -0.5823 -0.2133 -0.5791

8800 D00 -0.6364 - =

g .




Model Fitting Results
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Model Fitting Results

ep| -2L1 (df | AIC [chi2|df| p
CholAce 69| 14362.14[2006| 10350
CholAe 48| 14379.03|2027| 10325| 16.88| 21/0.72




Theoretical Models

® |ndependent Pathway




Common Factor




Residuals
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Independent Pathway
Model

® Biometric model




Common A Factors
e e OPECIFIC A Factors

matrix name:
ac

2
ac;,  ac,ac, —ac,ac,

2
ac,ac,,  acy,  ac,acy,

2
acs;ac,,  ac;acy, acs,

acy,ac,, ac,ac, ac,dcsy

object: pathAs
matrix name: as

pathAc mxMatrix( type="Full", nrow=nv, ncol=nf, free=TRUE, values=.06,
labels=labFull(“ac”,nv, nf), lbound=1bPa, name="ac" )

pathAs mxMatrix( type="Diag", nrow=nv, ncol=nv, free=TRUE, values=.5,
labels=1labDiag("as",nv), lbound=.00001, name="as" )




Predicted A Covariance
Common+Specific

ac %*% t(ac)

2 2
ac,,ac, — ac,;,ac,, ac;, +as;,  ac,ac,, ac,,acs, ac,,ac,,

5
(1051 ac,,acs,

2 2
acyac,, — ac, +as,,  ac,acs, ac,ac,,
2 2 2
acyac, — acs acyac,, — acy +as; — ac,ac,

2 2
ac,ac,, ac,acsy, ac,,ac,, ac,acy,,  ac, +asy,

as %*% t(as) object: CovA
matrix name:A

mxAlgebra( expression=ac %*% t(ac) + as %*% t(as), name="A" )




Independent Pathways

specific number of independent
pathways by source of variance



Ind Common Factors
Residuals

common factors of size nv x nf (full matrices

mxMatrix( |type="Full", nrow-=nv, ncol-=nf| free=TRUE, values-=.6,
labels=1abFull("ac",nv,nf), name="ac" )
pathCc mxMatrix( type="Full", nrow=nv, ncol=nf, free=TRUE, values-=.6,
labels=1abFull("cc",nv,nf), name="cc" )
pathEc mxMatrix( type="Full", nrow=nv, ncol=nf, free=TRUE, values-=.6,
labels=1abFull("ec",nv,nf), name="ec" )

pathAs mxMatrix(|type="Diag", nrow-=nv, ncol=nvj T, values

labels=1labDiag("as",nv), lbgund-.00001, name="as" )

pathCs mxMatrix( typg-="Diag", nrow=nv, ncol=nv, T, values
labels=1abDiag("cs",nv), lpound=.00001, name="cs" )

pathEs i pe="D1ag", nrow=nv, ncol=nv, T, values
labels=1abDiag("es",nv), flbound=.00001, name="es"

IIAII )
mxAlgebrg( expression=cc t(co) t(cs), name="C" )
mxAlgebrp( expression=ec t(es), name="E" )

specific factors of size nv x nv common factors + specifics
(diagonal only)



Fitting IP Model

pars (| pathAc, pathCc, pathEc, pathAs, pathCs, pathEs] covA, covC, covE, covP,
matI, invSD, meanG, meanT )

mode1MZ mxModel( pars, covMZ, dataMZ, ' name="MZ" )

modelDZ mxModel( pars, covDZ, dataDZ, oRjDZ, name="DZ" )

minus2ll mxAlgebra( expression=MZ.objectiXe + DZ.objective, name="m2LL" )

obj mxAlgebraObjective( "m2LL" )

IndAceModel mxModel( "IndACE", pars, modelMX, modelDZ, minus2ll, obj )

IndAceFit mxRun(IndAceModel)
IndAceSumm summary(IndAceFit)
IndAceSumm$pa

round(IndAceFit@output$estimate,4)

include all relevant matrices



Create Relevant Output

parameterSpecifications(IndAceFit)
mxCompare(CholAceFit,IndAceFit)

IndACEpathMatrices c("1SD %*% ac","1SD %*% cc","1SD %*% ec”,

"1SD %*% as","iSD %*% cs","iSD %*% es")
IndACEpathLabels c("stPathAc", "stPathCc","stPathEc","stPathAs","stPathCs","stPathEs")
FornatOutputMatr ces ([dACeF LT, TnAACEpaENGLT ces , IndACEpathLabeTs, Vars , 0]

fitted model, list of matrices (in quotes), list of labels
(also in quotes), list of variable names, rounding value






Independent Pathway

Variance 2 " 5
a C e
Component
Common ac cC ec
- Factors | nvx| nvx!| | nvx|




Parameters
Independent Pathway

model : IndACE, matrix:ac model : IndACE, matrix:as

[,1] [,1] [,2] [,3] [,4] [,5] [,6]
[1,] [ac_1_1] [1,] [as_1_17 © % % 0 0
[2,] [ac_2_1] [2,] © [as_2 2] © (%] (%] (%]
[3,] [ac_3_1] [3,] © (4] [as_3_3] © (%] (%]
[4,] [ac_4_1] [4,] © (%] (%] [as_4_4] © (%]
Bsd g acusalsl [Srgla (%] (%] (%] [as_5_5] ©
i6iilacatatisl [6,] © (4] (4] (9] (%] [as_6_6]
model : IndACE, matrix:cc model : IndACE, matrix:cs

[,1] [,1] [,2] [,3] [,4] [,5] [,6]
Lladaiceid sldl P O e s By ) (9] Q (%] (%]
[2ailaliccartdil P2 [fesh2u2s]ea 0 0 0
[E3nlialke clnidsl [3,] © 4] [cs_3_3] @ (%] (%]
[4,] [cc_4_1] [4,] © 0 (9] [cs_4.4] © 9]
5 . i —— Dl Dzt 0 y 0




Model Fitting Results

ep

SN

df

AIC

chi?2

df | p
CholAce 69| 14362.14|2006| 10350
CholAe 48| 14379.03|2027| 10325| 16.88| 21[0.72
IndAce 42| 14449.87|2033| 10383| 87.73| 27| @




Standardized Path Coefficients
Independent Pathway

[1] "Matrix iSD %*% ac"

stPathAcl
family -0.1456
happy -0.2473
life -0.2308

anxdep ©0.7074
somatic 0.5972
social 0.4641

[1] "Matrix iSD %*% cc"

stPathCcl
family -0.5533
happy -0.4472
life -0.4828

anxdep ©0.2777
somatic 0.2023
social 0.2417

[1] "Matrix iSD %*% ec"

stPathEcl
family -0.1862
happy -0.7594
lLife -0.6250

anxdep ©0.3511
somatic 0.0695
social ©0.1002

[1] "Matrix iSD %*% as"

stPathAsl stPathAs2 stPathAs3 stPathAs4 stPathAs5 stPathAsé6

family 0.4326 0.0000
happy 0.0000 0.1340
life 0.0000 0.0000
anxdep ©0.0000 0.0000
somatic ©.0000 0.0000
social ©.0000 0.0000

[1] "Matrix iSD %*% cs"

stPathCsl stPathCs2

family ©.0000 0.0000
happy 0.0000 0.1274
life 0.0000 0.0000
anxdep 0.0000 0.0000
somatic ©.0000 0.0000
social ©0.0000 0.0000

[1] "Matrix iSD %*% es"

stPathEsl stPathEs2

family ©0.6714 0.0000
happy 0.0000 0.3578
life 0.0000 0.0000
anxdep ©.0000 0.0000
somatic ©.0000 0.0000
social ©.0000 0.0000

.0000
.0000
.2051
.0000
.0000
. 0000

O OO0

stPathCs3
.0000
.0000
.0000
.0000
.0000
.0000

OO0

stPathEs3
.0000
.0000
.5300
.0000
.0000
.0000

OO0

.0000
.0000
.0000
.0000
.0000
. 0000

OO0

stPathCs4
.0000
.0000
.0000
.0000
.0000
.0000

OO0

stPathEs4
.0000
.0000
.0000
.5470
.0000
.0000

OO0

.0000
.0000
.0000
.0000
.1741
.0000

OO0

stPathCs5
.0000
.0000
.0000
.0000
.3518
.0000

O OO0

stPathEs5
.0000
.0000
.0000
.0000
.6659
.0000

OO0

.0000
.0000
.0000
.0000
.0000
.4839

OO0

stPathCs6
.0000
.0000
.0000
.0000
.0000
.0000

O OO0

stPathEsé6
.0000
.0000
.0000
.0000
.0000
.6943

OO0



Model Fitting Results

ep| -2L1 (df | AIC [chi2|df| p
CholAce 69| 14362.14[2006| 10350
CholAe 48| 14379.03|2027| 10325| 16.88| 21/0.72
IndAce 42| 14449.87|2033| 10383 87.73| 27| @
IndAe 30| 14499.02|2045| 10409| 136.88| 39| 0







Additional A Factors

changing one matrix

cCrep(.5,nv),rep(.5,3),rep(@,3),rep(@,3),rep(.5,3))
mxMatrix( type="Full", nrow=nv, ncol=nfA, free=frAc3, values=svAc3,
labels=1labFull("ac",nv,nfA), name="ac" )




Fitting New Model

pars l pathCc, pathEc, pathAs, pathCs, pathEs,
covA, covC, covE, covP, matI, invSD, meanG )

modelMZ mxModel( pars, covMZ, dataMZ, objMZ, name="MZ" )

modelDZ mxModel( pars, covDRy dataDZ, objDZ, name="DZ" )

Ind_3A_1C_1E_Model mxModel Nd3ACE", pars, modelMZ, modelDZ, minusZ2ll, obj

Ind_3A_1C_1E_Fit mxRun(Ind_3A_XC_1E_Model)
IndNested (IndAceFit, Ind_3A_1C 1
mxCompare(CholAceFit,IndNested)

formatOutputMatrices(Ind_3A_1C_1lE_Fit,IndACEpathMatrices,IndACEpathLabels,Vars,4)

matrix changed, thus models need to
be rebuilt



|dentification

® Be careful when adding common factors:
total parameters per source of variance can
not exceed (nv*(nv+1))/2

® For a common factor with only 2 indicators

the two factor loadings on the latent factor
‘ mnted OR in e




Model Fitting Results

ep| -2L1 (df | AIC [chi2|df| p
CholAce 69| 14362.14[2006| 10350
CholAe 48| 14379.03|2027| 10325| 16.88| 21/0.72
IndAce 42| 14449.87|2033| 10383 87.73| 27| @
IndAe 30| 14499.02|2045| 10409| 136.88| 39| 0
Ind3Ace 48| 14423.01|2027| 10369| 60.87| 21| @




Standardized Path Coefficients
Independent Pathway 3A

[1] "Matrix iSD %*% ac" [1] "Matrix iSD %*% as"
stPathAcl stPathAc2 stPathAc3 stPathAsl stPathAs2 stPathAs3 stPathAs4 stPathAs5 stPathAsé

family ©.2850 -0.4649 0.0000 0.3563 0.0000 0.0000 0.0000 0.0000 0.0000
happy 0.4007 -0.4145 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
life 0.2280 -0.3639 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
anxdep -0.6085 0.0000 -0.2566 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
somatic -0.3225 0.0000 -0.5586 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
social -0.5470 0.0000 -0.0240 0.0000 0.0000 0.0000 0.0000 0.0000 0.3840
[1] "Matrix iSD %*% cc" [1] "Matrix iSD %*% cs"
stPathCcl stPathCsl stPathCs2 stPathCs3 stPathCs4 stPathCs5 stPathCsé6
family ©0.3136 0.2133 0.0000 0.0000 0.0000 0.0000 0.0000
happy 0.1714 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
life 0.3985 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
anxdep -0.3317 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
somatic -0.3843 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000
social -0.2491 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
[1] "Matrix iSD %*% ec" [1] "Matrix iSD %*% es”
stPathEcl stPathEsl stPathEs2 stPathEs3 stPathEs4 stPathEs5 stPathEsé6

family ©0.0930 0.6505 0.0000 0.0000 0.0000 0.0000 0.0000
happy 0.6864 0.0000 0.4087 0.0000 0.0000 0.0000 0.0000
life 0.6340 0.0000 0.0000 0.5049 0.0000 0.0000 0.0000
anxdep -0.3803 0.0000 0.0000 0.0000 0.5561 0.0000 0.0000
somatic -0.1110 0.0000 0.0000 0.0000 0.0000 0.6511 0.0000
social -0.0695 0.0000 0.0000 0.0000 0.0000 0.0000 0.6970



Model Fitting Results

ep| -2L1 (df | AIC [chi2|df| p
CholAce 69| 14362.14[2006| 10350
CholAe 48| 14379.03|2027| 10325| 16.88| 21/0.72
IndAce 42| 14449.87|2033| 10383 87.73| 27| @
IndAe 30| 14499.02|2045| 10409| 136.88| 39| 0
Ind3Ace 48| 14423.01|2027| 10369| 60.87| 21| @
Ind3Ae 36| 14439.73]|2039| 10361| 77.59| 33| @




Model Fitting Results

ep| -2L1 (df | AIC [chi2|df| p
CholAce 69| 14362.14[2006| 10350
CholAe 48| 14379.03|2027| 10325| 16.88| 21/0.72
IndAce 42| 14449.87|2033| 10383 87.73| 27| @
IndAe 30| 14499.02|2045| 10409| 136.88| 39| 0
Ind3Ace 48| 14423.01|2027| 10369| 60.87| 21| @
Ind3Ae 36| 14439.73]|2039| 10361| 77.59| 33| @
Ind3Ac3e | 48| 14382.58[2027| 10328| 20.45| 21[0.49




Standardized Path Coefficients
Independent Pathway 3A3E

[1] "Matrix iSD %*% ac" [1] "Matrix iSD %*% as"
stPathAcl stPathAc2 stPathAc3 stPathAsl stPathAs2 stPathAs3 stPathAs4 stPathAs5 stPathAsé6

family 0.4194 -0.5762 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
happy 0.4698 -0.1603 0.0000 0.0000 0.2385 0.0000 0.0000 0.0000 0.0000
life 0.5447 -0.1850 0.0000 0.0000 0.0000 0.0763 0.0000 0.0000 0.0000
anxdep -0.4376 0.0000 0.2597 0.0000 0.0000 0.0000 0.2106 0.0000 0.0000
somatic -0.4891 0.0000 0.5277 0.0000 0.0000 0.0000 0.0000 0.0003 0.0000
social -0.2783 0.0000 0.1730 0.0000 0.0000 0.0000 0.0000 0.0000 0.4502
[1] "Matrix iSD %*% cc" [1] "Matrix iSD %*% cs"
stPathCcl stPathCsl stPathCs2 stPathCs3 stPathCs4 stPathCs5 stPathCsé6

family -0.2456 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
happy -0.2569 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
life -0.1527 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
anxdep ©0.4286 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
somatic 0.0225 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
social ©0.4139 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
[1] "Matrix iSD %*% ec" [1] "Matrix iSD %*% es"

stPathEcl stPathEc2 stPathEc3 stPathEsl stPathEs2 stPathEs3 stPathEs4 stPathEs5 stPathEsé6

family -0.0489 0.1097 0.0000 0.6460 0.0000 0.0000 0.0000 0.0000 0.0000
happy -0.6654 0.3787 0.0000 0.0000 0.2112 0.0000 0.0000 0.0000 0.0000
life -0.5606 0.1313 0.0000 0.0000 0.0000 0.5554 0.0000 0.0000 0.0000
anxdep 0.3745 0.0000 0.5627 0.0000 0.0000 0.0000 0.2369 0.0000 0.0000
somatic 0.0426 0.0000 0.2840 0.0000 0.0000 0.0000 0.0000 0.6320 0.0000
social ©0.0804 0.0000 0.1590 0.0000 0.0000 0.0000 0.0000 0.0000 0.6978
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In prior research we have shown how linear structural equation models and
computer programs (e.g., LISREL) may be simply and directly used to provide
alternatives for the traditional biometric twin design. We use structural equa-
fions and path models to define biometric group differences, we write traditional
common-factor models in the same way, and then we take a detailed look at
some alternative multivariate and biometric models. We contrast the biometric-
factors covariance structure approach used by Loehlin and Vandenberg (1968),
Martin and Eaves (1977), and others with the psychometric-factors approac h
used by McArdle et al. (1980) and others. We use the multivariate primary
mental abilities data on monozygotic (MZ) and dizygotic (DZ) twins from Loehlin
and Vandenberg (1968) to detail fundamental d{{ferences in model specification
and results. We extend both multivariate biometric approaches using exploratory
and confirmatory multiple-factor models. These comparisons show that each
alternative multivariate methodology has useful features for empirical applica-
tions.




Factor Loadings




Latent Phenotype ACE




ACE Specifics

- El E2 E3 E4 -
es, 0 0 0

0 es,, O 0
0 0 es;; O
0 0 0 es,




Common Pathway Model

® Psychometric model




Common A Factors
e et OPECIFIC A Factors

matrix name: [opject® pathAl
fl matrix name: al

finaly, fluflaly flflyall fflal
fofhalyy  fhaly  flyflyaly, flyflaaly,
fafhaly flyflyalyy  flaaly,  flyflaaly,
fufhaly fluflyalyy flyflyali,  flaaly,

S LY :|:

object: pathAs
matrix name: as

pathF1l <- mxMatrix( type="Full", nrow=nv, ncol=nl, free=TRUE, values=.2,
labels=1labFull("fl",nv,nl), name="f1" )
pathAl <- mxMatrix( type="Lower", nrow=nl, ncol=nl, free=TRUE, values=.6,

labels=1labLower("al",nl), 1lbound=.00001, name="al" )
pathAs mxMatrix( type="Diag", nrow=nv, ncol=nv, free=TRUE, values=.5,
labels=1labDiag("as" ,nv), lbound=.00001, name="as" )




Predicted A Covariance
Common+Specific

£l %% (al %*% t(al))

falsy  fhufhaly, flflyaly o flflali, asi; 0 0 fall +asi, fl, fl,al, M flaly, M flyaly,
o flaly,  faly,  flyflyalyy fly fl,aly, 0 as; O 0 foufhali,  fali +asy,  fl flyal;, Sl flyaly,
M flalyy  flyflyall,  flhalyy  fly flyal, 0 0 a3 O Sy flyals, fflyall,  fLali +asy,  fly, fl,al;,
Aaftyalyy  flyflyally  flyflyaly,  flial], 0 0 asy, M fal, Ml flyal, fuflyall,  flial, +asg,

as %*% t(as) object: CovA
matrix name:A

mxAlgebra( expression=fl %&% (al %*% t(al)) + as %*% t(as),



Constraint on Variance of
Latent Phenotype

pathAl mxMatrix( [Eype="Lower™, nrow-nl, ncol=nT] free-T, values=.6, labels="al_1_1",
lbound=.00001, name="al" )
pathCl mxMatrix( type="Lower", /nrow=nl, ncol=nl, free=T, values=.6, labels="cl_1_1",
lbound=.00001, name="cl" )
pathE1l mxMatrix( type="Lower/), nrow=nl, ncol=nl, free=T, values=.6, labels="el_1_1",
lbound=.00001, name="el" )

covarLP mxAlgebra( exprebsi d t(cl) + el tCeD]
name="CovarLP" )

varLP mxAlgebra( expression= diag2vec(CpvarlLP), name="VarLP" )

unit mxMatrix( ty, , hrow=nl, ngol=1, name="Unit")

varLP1 mxConstraint( expression=VarlLP Unit, name="varlLP1l")

latent phenotype nl x nl a2 + M2 + eM2 =1



Factor Loadings
Specifics

factor loadings

pathFl mxMatrix(] type="Full", nrow=nv, ncol=nl} free=TRUE, values-=.
name="f1" )

pathAs mxMatrix(] type="Diag", nrow=nv, ncol=nv) free=TRUE, values-. labels
lbound=.00001, name="as" )
pathCs mxMatrix( type="DLag", nrow=nv, ncol=nv, free=TRUE, values-. labels
1lbound=.00001, name="cs" )
pathEs mxMatrix( type/'Diag", nrow=nv, ncol=nv, free=TRUE, values-=. labels

lbound=.00001, name="es" )

mxAlgebraf expressiondfl %% (al t(al)) + as O} name="A" )
mxAlgebrA( expression=fl %% (cl name="C" )
a( expression=fl %%% (el name="E" )

factor loadings x ace on LP

specifics similar to IP + specifics



Fitting CP Model

pars (|pathAl, pathCl, pathEl, covarlLP, varlLP, unit, pathFl
pathAs, pathCs, pathEs, covA, cov(C, covE, covP, matI, invSD, peanG, meanT )

mode1MZ mxModel( pars, covMZ, dataMZ, objMZ, name="MZ" )

modelDZ mxModel( pars, covDZ, dataDZ, objDZ, name="DZ" )

minus2ll mxAlgebra( expression=MZ.objective + DZ.objective,

obj mxAlgebraObjective( "m2LL" )

ComAceModel mxModel( "ComACE", pars,| varLP1} modelMZ, modelDZ)\ minus2ll, obj )

ComAceFit mxRun(ComAceModel)
ComAceSumm summary(ComAceFit)
ComAceSumm$pa

round(ComAceFit@output$estimate,4)

constraint object in combined model only

new objects



Read in and Transform
Variable(s)

parameterSpecifications(ComAceFit)
tableFitStatistics(ComAceFit)

ACEpathMatricesLP <- dC al", cl", "el" J"iSD %*% f1","iSD %*% as","iSD %*% cs","iSD %*% es")
ACEpathLabelsLP <- c(“stPathAl”, "stPathCl","stPathEl","stPathFl","stPathAs","stPathCs","stPathEs"

formatOutputMatrices(ComAceFit, ComACEp&XhMatrices,ComACEpathLabels,Vars,4)

already standardized



CP Model




Common Pathway

Variance
Compone a’ c? e?
nt
Common al e el fl

| Factors

il ane

R . o e |

alkocale

- nvx |




Parameters
Common Pathway

model : ComACE, matrix:al model : ComACE, matrix:as
[,1] [,1] [,2] [,3] [,4] [,>] [,6]
[1,] [al_1_17 [1,] [as_1_1] © (%] 0 %) 0
[2,] © ESAVAR %) %) (%]
model :ComACE, matrix:cl Fo, 1) 48 % [as_3_3] © % %
[,1] [4,] © %) 0 [as_4_ 4] © 0
P e e [5,] © %) %) %) [as_5_5] ©
[6,] © %) %) %) %) [as_6_6]
model:ComACE, matrix:el
sl model : ComACE, matrix:cs
[ e e ] .11 [,2] [.3] [,4] [,>] [,6]
AL ) e e U (9] (9] (%] (%]
model :ComACE, matrix:fl (250 [ie s 2slae (%] (%] (%]
[,1] [3,] © 9] [cs_3_3] @ 9] 9]
RlRl e et [4,] © (%] (9] [cs_4.4] © (9]
s G [ PR 5.1 @ - - o )bt Cl [P 9 R '5- "




Model Fitting Results

ep| -2L1 (df | AIC [chi2|df| p
CholAce 69| 14362.14[2006| 10350
CholAe 48| 14379.03|2027| 10325| 16.88| 21/0.72
IndAce 42| 14449.87|2033| 10383 87.73| 27| @
IndAe 30| 14499.02|2045| 10409| 136.88| 39| 0
Ind3Ace 48| 14423.01|2027| 10369| 60.87| 21| @
Ind3Ae 36| 14439.73]|2039| 10361| 77.59| 33| @
Ind3Ac3e | 48| 14382.58[2027| 10328| 20.45| 21[0.49
ComAce 33| 14713.00|2043| 10627| 350.86| 37| ©




Standardized Path Coefficients
Common Pathway

[1] "Matrix al" [1] "Matrix iSD %*% as"
stPathAll stPathAsl stPathAs2 stPathAs3 stPathAs4 stPathAs5 stPathAsé
LP1 ©.7208 family ©.5565 0.0000 0.0000 0.0000 0.0000 0.0000
happy 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
RiisgticiE isateit life 0.0000 0.0000 0.1387 0.0000 0.0000 0.0000
stPathCl1 anxdep ©.0000 0.0000 0.0000 0.1707 0.0000 0.0000
LP1 0.3267 somatic 0.0000 0.0000 0.0000 0.0000 0.5050 0.0000
social ©0.0000 0.0000 0.0000 0.0000 0.0000 0.5837
[1] "Matrix el"
stPathEl1l [1] "Matrix iSD %*% cs"
LP1 90.6113 stPathCsl stPathCs2 stPathCs3 stPathCs4 stPathCs5 stPathCsé
family 0.1541 0.0000 0.0000 0.0000 0.0000 0.0000
[1] "Matrix iSD %*% fl" happy 0.0000 0.1247 0.0000 0.0000 0.0000 0.0000
stPathFl1 life 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
family ©0.4768 anxdep ©.0000 0.0000 0.0000 0.3818 0.0000 0.0000
happy 0.8582 somatic ©.0000 0.0000 0.0000 0.0000 0.3064 0.0000
life 0.8228 social ©0.0000 0.0000 0.0000 0.0000 0.0000 0.1828
anxdep -0.6811
somatic -0.4018 [1] "Matrix iSD %*% es"
social -0.3843 stPathEsl stPathEs2 stPathEs3 stPathEs4 stPathEs5 stPathEsé
family 0.6627 0.0000 0.0000 0.0000 0.0000 0.0000
happy 0.0000 0.4979 0.0000 0.0000 0.0000 0.0000
life 0.0000 0.0000 0.5511 0.0000 0.0000 0.0000
anxdep ©.0000 0.0000 0.0000 0.6010 0.0000 0.0000
somatic ©.0000 0.0000 0.0000 0.0000 0.6997 0.0000
social ©0.0000 0.0000 0.0000 0.0000 0.0000 0.6915

80



2 Latent Phenotypes




Model Fitting Results

ep| -2L1 (df | AIC [chi2|df| p
CholAce 69| 14362.14[2006| 10350
CholAe 48| 14379.03|2027| 10325| 16.88| 21/0.72
IndAce 42| 14449.87|2033| 10383 87.73| 27| @
IndAe 30| 14499.02|2045| 10409| 136.88| 39| 0
Ind3Ace 48| 14423.01|2027| 10369| 60.87| 21| @
Ind3Ae 36| 14439.73]|2039| 10361| 77.59| 33| @
Ind3Ac3e | 48| 14382.58[2027| 10328| 20.45| 21[0.49
ComAce 33| 14713.00|2043| 10627| 350.86| 37| ©
ComAce2l. | 44| 14435.88[2033| 10369| 73.74| 27 0




3 Latent Phenotypes

568
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Model Fitting Results

ep| -2L1 (df | AIC [chi2|df| p
CholAce 69| 14362.14[2006| 10350
CholAe 48| 14379.03|2027| 10325| 16.88| 21/0.72
IndAce 42| 14449.87|2033| 10383 87.73| 27| @
IndAe 30| 14499.02|2045| 10409| 136.88| 39| 0
Ind3Ace 48| 14423.01|2027| 10369| 60.87| 21| @
Ind3Ae 36| 14439.73]|2039| 10361| 77.59| 33| @
Ind3Ac3e | 48| 14382.58[2027| 10328| 20.45| 21[0.49
ComAce 33| 14713.00|2043| 10627| 350.86| 37| ©
ComAce2l. | 44| 14435.88[2033| 10369| 73.74| 27 0
ComAce3L | 54| 14404.09[2024| 10356 42.35| 18] @







