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Today

o Recap thresholds

o MV analysis when all Vs have the
same number of thresholds

o MV analysis when all Vs have
different number of thresholds
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MV analysis when all Vs have
the same number of thresholds




Mx Threshold Specification: 3+ Cat.
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OpenMx code

t11 ti2 | zscoreltwinl zscoreltwin?2
to1 99 | |zscore2twinl-zscoreltwinl zscore2 twin2 - zscoreltwin2

mxMatrix{ type="Full", nrow=Z, ncol=2Z, free=TRUE,
values=.5, lbound= ci{-3,0.0001, -3, 0.0001), nam=e="T" ),

The bounds stop the
thresholds going
‘backwards’

le they preserve the
ordering of the data
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OpenMx code

mxMatrix({ type="Lower", nrow=Z, ncol=Z, free=FALSE,
values=1, nam=="L" ),
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OpenMx code

mxAlgebra({ expression= L %*% T, dimnames=11ist {thRows,selVars)
; hame="expThmz"),

LxT = *k

2nd threshold | > tll —|— t21 t12 —I— t22




OpenMx code

mxMatrix( type="Full", nrow=2Z, ncol=2Z, free=TRUE,
wvalues=.5, lbound= ci{-3,0.0001, -3, 0.0001), nam=e="T" ;,

mxMatrix({ type="Lower", nrow=Z, ncol=Z, free=FALSE,
values=1l, name="L" ],

mxAlgebra( expression= L %*% T, dimnames=1ist{thRows,selVars)
; hame="expThmz"),

LxT
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SAME THRESHOrdinalMultivariate.r

FamData <- read.table ("DHEQ bs.dat", header=T, na=-333)

OFamData <-data.frame (FambDatabzygZ, FamDatabgffl, FamDatabgffZ, FambDatafhapl, FambDatabhapZ)
names (OFambData) <- c{"zygZ", "gffl", "gffZ", "hapl"™, "hapZ")

head (OFamData)

OFamDatas0gffl <- as.numeric{cut (OFamDatasgffl, breaks=c{0, 38, &0), labels=c{0,1))])
OFamDatas0gff2 <- as.numeric{cut (OFambDatasgffZ, breaks=c{0, 38, &0), labels=c{0,1)})
OFamDatas0hapl <- as.numeric{cut (OFamDatashapl, breaks=c{0, 22, &0), labels=c{0,1)})
OFamDatas0hap? <- as.numeric{cut (OFamDatashapZ, breaks=c{0, 22, &0), labels=c{0,1)))

head (OFambData)

table (OFamDataz0gffl
table (OFamDataz0gffz
table (OFamDatas0hapl
table (OFamDatas0hap?z

——r e e e



SAME THRESHOrdinalMultivariate.r

Vars <- c({'0ogff', "oOhap')

nyv <— Z

maxthresh <- 1

selVars <- pasteiVars,cirepi(l,nv),repid,nv)),sep="")
thresh «<- c("Thl")

ntv <- nv*Z

mzData <- subset(0Fambata, zygi==1l, selVars)

dzData <- subset (OFambata, zZyvgi==Z, selVars)




SAME THRESHOrdinalMultivariate.r

# Fit Multivariate Saturated Model

multTwinsatModel <- mxModel ("multTwinSat",
mxModel ("MZ",
mxMatrix{ type="S5tand", nrow=ntwv, ncol=ntv, free=TRUE, wvalues=.3, name="expCovMZ" ),
mxMatrix{ type="Full", nrow=1, ncol=ntwv, free=FALSE, values=0, name="expMeanMzZ" ;,

mxMatrix {(type="Full", nrow=maxthresh, ncol=ntv, free=TRUE, wvalues=c{0.l1,-.3,0.1,-.3),
1bound=-4,name="cutpoints"),

mxMatrix{ type="Ilower", nrow=maxthresh, ncol=maxthresh, free=FALSE, values=1, name="Increment" ),
mxAlgebra{ expression= (Increment %*% cutpoints), dimnames=listi{thresh,szselVars), name="expThresh"},

mxData({ observed=mzData, type="raw" ),
mxFIMLObjective (| covariance="expCovME", means="expMeanMz", dimnames=selVars, threszsholds="expThresh")
)y
mx&lgebra{ MZ.objective, name="-Zsumll"™ ),
mxAlgebradbijective ("-2sumll")
)

multTwinSatFit <- mxRun{multTwinSatModel)
multTwinSatsSumm <— summary (multTwinSatFit)
multTwinsatsurmm




SAME THRESHOrdinalMultivariate.r

= multTwinSatFitiMZimatrices
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SAME THRESHOrdinalMultivariate.r

# Fit Multivariate ACE Model using Cholesky Decomposition

multACEModel <- mxModel ("multACEY,
mxModel ("ACE",
# Matrices a, c, and e to store a, c, and e path coefficients
mxMatrix( type="Lower", nrow=nv, ncol=nv, free=TRUE, walues=.6,label=c("all", "azl", "azi"),
mxMatrix({ type="Lower", nrow=nv, ncol=nv, free=TRUE, wvalues=.6,label=c({"cll™, "czl", "c2z"M),
mxMatrix( type="Lower", nrow=nv, ncol=nv, free=TRUE, wvalues=.6,label=c("ell", "eZl", "ezi"),
# Matrices A, C, and E compute variance components
mxAlgebra{ expression=a %*% ti{a), name="A" ;,
mxAlgebra{ expression=c %*% t{c), name="C" ),
mx&lgebra({ expression=e %*% ti{e), name="E" ;,
# Algebra to compute total wvariances and standard deviations {diagonal only)
mxAlgebra({ expression=A+C+E, name="V" ),
mxMatrix{ type="Iden", nrow=nv, ncol=nv, name="I"),
# Congtraint on variance of ordinal wvariables
mxConstraint{ algl="v", "=", algZ="I", name="Constrainedv";,

name="g"
name="c¢c"
names="g"



SAME THRESHOrdinalMultivariate.r

## Note that the rest of the mxModel statements do not change for bivariate/multivariate case
# Matrix & Algebra for expected means wvector
mxMatrix{ type="Full", nrow=1, ncol=ntv, free=FALSE, wvalues= 0, name="expMean"),
# Matrix & Algebra for expected thresholds wvector
mxMatrix (type="Full", nrow=maxthresh, ncol=ntv, free=TRUE,
values=c(0.1,-.3,0.1,-.3), lbound=-4,name="cutpoints"),
mxMatrix{ type="Lower", nrow=maxthresh, ncol=maxthresh, free=FALSE,
values=1, name="Increment” 1},
mxAlgebra{ expression= (Increment %*% cutpoints), dimnames=list(thresh,selvars),
name="expThresh"),
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SAME THRESHOrdinalMultivariate.r

# Rlgebra for expected wvariance/covariance matrix in MZ
mxflgebra( expression= rbind { cbhind(&+C+E , A+C),
Vi

chind (B+C ;, A+C+E) ), name="expCovMZ"
# Rlgebra for expected variance/covariance matrix in DZ, note use of 0.5, converted to 1*1 m
mxAlgebra{ expression= rbind { cbind(A+C+E , D.B%x%RA4+C),
chbind (0.5%x%A+C , B+C+E})), name="expCovDZ" j

)y

mxModel ("ME",

mxDatai observed=mzData, type="raw" ),
mxFIMLObjective ( covarlance="ACE.expCovMZ", means="ACE.expMean", dimnames=names (mzData),

thresholds="ACE.expThresh")

)y

mxModel ("DE",

mxDatai observed=dzData, type="raw" ),
mxFIMLObjective ( covarlance="ACE.expCovDZ", means="ACE.expMean", dimnames=names {mzData),

thresholds="ACE.expThresh")

)y
mxAlgebrai{ expression=MZ.objective + DZ.objective, name="-Zsumll" ),
mxAlgebradbjective ("-2sumll")

)
MUltACEFit <- mxRun (multACEModel)

multACESuUmm <- summary (multACEFit)
mul tACESumm




SAME THRESHOrdinalMultivariate.r

mxblgehra 'L mxilgebra 'V
Bformula: & 3%% tia) @formula: A + C + E

fresult: Bresult:
[,1] [.2] [,1] [,2]

[1,] 0.32466579 0.01959946 [1,] 1.00000e+00 -2.6563302-09
[£,] D0.01855946 0.45055750 [2,] -2.68568853e-029 1.000001=e+400
dimnames: HNULL dimnames: NULL

§C

mxilgebra 'C! > maltTwinSatSumm

Bformula: o %%% t(o) natne wmatrix Fow ool Estimate

fresult: 1 <NAi> HME.expCovMzZ Ogffl Ohapl 0.43052990
[,1] [,2] 2 <Nir MZ.expCovMZI Ogffl OgffZ 0.56020748

[1,] D.21606832 0.04997648 3 <Ni> MZ.expCovMZ Ohapl OgffZz 0.32939782
[2,] 0.04997645 0.01155965 4 <Mi> HMi.expCovMi Ogffl Ohap:z 0.31105425
dirmemes: NULL 5 <MNi» MNZ.expCowMZI Ohapl OhapZ 0.49338270
6§ <NL> MEZ.expCovMZ OgffZ OhapZ 0.42005014

SE 7 <Nir MZ.cutpoints 1 1 -0.06566605
5  <Ni> MZ.cutpoints 1 2 -0.49270273

mxhlgebra 'E 9  <Ni> MZ.cutpoints 1 3 -0.06243746
Bformula: e %% t(e] 10 <MA> MZ.cutpoints 1 4 _0.54130749

dresult:

[,1] [.2]
[1,] 0.45926590 -0.069575594
[2,] -0.06957594 0O,53748367
dimnames: NULL



MV analysis when Vs have
different numbers of thresholds




DIFF THRESHOrdinalMultivariate.r

o THIS SCRIPT IS NOT
GENERALISABLE

o TO CHANGE THE NUMBER OF
VARIABLES OR THRESHOLDS YOU
WILL NEED TO REWRITE THE
MATRIX AND ALGEBRA




DIFF THRESHOrdinalMultivariate.r

FamData <- read.table ("DHEQ bs.dat", header=T, na=-533)

OFamData <-data.frame (FamDataszyg2, FamDatabgffl, FambDatabgffZ, FambDatafhapl, FambDataShapZ)
names (OFambata; <- c("zygz2", "gffl"™, "gffz", "hapl™, "hap:i")

head (OFambData)

OFamDatas0gffl <- as.numeric{cut{OFambatabgffl, breaks=c{0, 38, &60), labels=c{0,1)))
OFamDatas0gffZ <- as.numeric{cut{OFambatabgffZ, breaks=c{0, 38, 60), labels=c{0,1)))
OFamDatas0hapl <- as.numeric{cut{OFambatabhapl, breaks=c{0, 20, 26, &0}, labels cf{0,1,211)
OFamDatas0hapZ <- as.numeric{cut{OFambatabhapZ, breaks=c{0, 20, 26, 60), labels=c(0,1,2)))
head (OFamData)

table (OFamDatab0gffl)

table (OFamDatab0gff2)

table (OFamData$Chapl)

table (OFamData$Chap2)

Vars <— ci{'Oogff', 'Ohap')

nv <-— 2

maxthresh <- 2

selVars <- paste(Vars,cirepi(l,nv),repis,nv)),sep="") #ci'gfflt, ‘hapl','gffiZ' "hapi')

thresh <- c{"Thl","Th2")

ntv <- nv*Z

mzData <- subset (0FambData, zygi==1l, selVars)
dzData <- subset(OFambData, zZygi==Z, selVars)



DIFF THRESHOrdinalMultivariate.r

# Fit Multivariate Saturated Model

multTwinSatModel <- mxModel ("multTwinsat™,
mxModel ("MZ",
mx¥Matrix{ type="5tand", nrow=ntv, ncol=ntv, free=TRUE, values=.5, name="expClovMZ" ;,
mEMatrix{ type="Full", nrow=1l, ncol=ntv, free=FALSE, wvalues=0, name="expMeanMz" },

mxMatrix(type="Full", nrow=maxthresh, ncol=l, free=c(T,F), values=c(.l,NA), name="VI1T"},
mxMatrix{type="Full", nrow=maxthresh, ncol=1l, free=TRUE, wvalues=c{-.3,.6),
lbound=c{-4,0.001),name="va2T"},
mxMatrix{ type="Lower", nrow=maxthresh, ncol=maxthresh, free=FALSE, wvalues=1, name="Increment" ),
mx&lgebra{ expression= cbind{V1T, {Increment %*% V2T),V1T, {Increment %*% VIT)),
dimnames=1ist {thresh,selvars), name="expThresh"},

mxData({ observed=mzData, type="raw" |,
mFIMLOb]ective [ covariance="expCovMZ", means="expMeanMZ", dimnames=gsel¥Vars, thresholds="expThresh");
Yy
mxAlgebra{ MEZ.objective, name="-Zzumll"™ ),
mxAlgebracbhijective ("-Zsumll™)
)

multTwinsatFit <- mxRun{multTwinsSatModel)
multTwinSatsumm <- summary (multTwinSatFit)
multTwinsSatsumm



DIFF THRESHOrdinalMultivariate.r

o Huh what?

mxMatrix (type="Full", nrow=maxthresh, ncol=1, free=c(T,F),
values=ci{.l,NA), name="V1T"),

mxMatrix (type="Full", nrow=maxthresh, ncol=1l, free=TRUE, values=ci{-.3,.6),
lbound=c{-4,0.001) ,name="vV2T") ,

mxMatrix{ type="Lower", nrow=maxthresh, ncol=maxthresh, free=FALSE,

wvalues=1l, name="Incremsent" ),

_.1_

VIT =
_NA_
3] . ~4

V2T = with lower bounds
6 | 001
1

Increment =

_1 1}




DIFF THRESHOrdinalMultivariate.r

mxAlgebra( expression= cbind(V1T, (Increment $*% V2ZT),VLT, (Increment %*% VZT)),
dimnames=1list (thresh, selvars), name="expThresh"},

i 1 -3
V1T = 1 (Increment%*% V2T) = *

NA 11 .6

3] . —4 (— .3
V2T = with lower bounds =

| 6 001 —.3+.6

1 3

Increment = —
1 J I .3}

1 -3 1 -3
cbind(VlT,(Increment%*%VZT),VlT,(Increment%*%VZT))={ N A}{ }{ }{ }



DIFF_ THRESHOTrdinalMultivariate.r

o Wow...
cbind(V1T, (Increment %*% V2T), V1T, (Increment % *% V2T)) = { .IiA}{_ ij{
Vs
1 0| [ #t11 tis
LxT = =
1 1 to1 122
B tll tl2
I t11 + %21 12 + T29

with missing thresholds fixed




DIFF THRESHOrdinalMultivariate.r

o Implications...

: 1 -3 1 |[-.3
cbind(V1T, (Increment % *% V2T), V1T, (Increment % *% V2T)) =
NA| 3| NA| .3

o The code Is not generalisable

o TO CHANGE THE NUMBER OF
VARIABLES OR THRESHOLDS YOU
WILL NEED TO REWRITE THE
MATRIX AND ALGEBRA

o Addition of covariate effects iIs
painfull



DIFF THRESHOrdinalMultivariate.r

Hmm ...

A -3 1 |[-.3
cbind(V1T, (Increment % *% V2T), V1T, (Increment % *% V2T)) =
NA| 3| NA| .3

o This Is temporary solution
o Hopefully get this fixed soon



A couple of words about
Cholesky




André-Louis Cholesky

Note sur une methode de resolution des equation
normales provenant de I'application de la methode
des moindres carrés a un systeme d'equations
lineaires en nombre inferieure a celui des inconnues.
Application de la methode a la resolution d'un systeme
defini d'equations lineaires (Procede du Commandant

Cholesky), published in the Bulletin geodesique in
1924.

André-Louis Cholesky (Cctober 15, 1875 — August 31, 1918) was a French military officer and mathematician, barn in Montguyon,
France.

His paternal family was descendant from the Chalewski family whao emigrated fram Poland at the beginning of XX century. He was
educated at the Ecole palytechnique. He warked in geodesy and map-making, was involved in surveying in Crete and Morth Africa before
World War | But he is primarily remembered for the development of a matrix decamposition known as the Cholesky decomposition which
he used in his surveying wark. He served the French military as engineer afficer and was killed in battle a few months hefore the end of
World War |, his discovery was published posthumously by his fellow officer in the "Bulletin Geodesigue”.



Cholesky Decomposition

o Ambiguous terminology
Problematic in writing up results

o Not a model
Not a structural model
o Data summary
However, the ACE Cholesky is a genetic
model

o Solution

Always refer to it as the Cholesky
decomposition NOT as the Cholesky
model



Cholesky Decomposition

o The Factors within a Cholesky
decomposition are orthogonal

o Implications of having Nvar genetic
factors

Suggesting at a theoretical level that
there are Nvar sets of genes
Influencing the traits

More realistic to think of the genetic
Influence on a factor as the sum of
many small effects that act in similar
fashions than a large single gene effect




Cholesky Decomposition

o Implications of having Nvar
environmental factors
Suggesting at a theoretical level that

there are Nvar sets of hon-genetic
effects influencing the traits

May be large single source effects
o Day/Time of testing effects
o Major Disaster

May be the sum of multiple small
effects

o cumulative consequences of growing up in
an abusive family situation




Cholesky Decomposition

o Theoretically we can test If these
Influences are due to our favourite

genetic or environmental ‘candidate’
effects by

seguentially including the effects as
covariates in the model

examining the change in the factor
structure (or lack there of)

o Proportion of variance explained by the
candidate gene effect
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