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Two general approaches to longitudinal modeling
(not mutually exclusive)

Markov models:
(Vector) autoregressive models for continuous data
(Hidden) Markov transition models discrete data

Growth curve models:
Focus on linear and non-linear growth curves
Typically multilevel or random effects model

Which to use?
Use the model that fit the theory / data / hypotheses



Growth curve modeling ? If you're interested in growth
trajectories. Linear or non-linear:
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Structured latent growth curves for twin data

Michael C Neale' and John J McArdle”

Autoregressive modeling ? If you’re mainly interested in
stability.
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First order autoregression model. A (quasi) simplex model (var(e)>0).
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First order autoregression model. A quasi simplex model (var(e)>0).

var(y,) = var(x,) + var(e,)
Vi = bgy + X + € var(x,) = b, ¢ var(x.,) + var(Cx,)
Xii = Dpq ¢ Xeg + CXii  COV(XyXq) = bt-l,tvar(xt-l)
cov(yyYi.q1) = beqvar(x,,)
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First order autoregression model.

Identification issue: var(e,) and var(e,) are not
identified. Solution set to zero, or equate
var(e,) =var(e,), var(e;) =var(e,)
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var(y,) = var(x,) + var(e,)
var(x,) = b, 2 var(x.,) + var(Cx,)
COV(Xy,Xiq) = by (var(x,q)
cov(yyYi.q) = beqvar(x,,)

Standardized stats part I:

“Reliability” at each t, rel(y,) :
rel(y,) = var(x,) / {var(x,) + var(e,)}
Interpretation: % of variance in y, due to latent x,
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var(y,) = var(x,) + var(e,)
var(x,) = by, 2 var(x,,) + var(Cx,)
COV(Xy, Xy q) = by g var(x, )
coV(YyYeq) = by var(x, q)

Standardized stats part II:

Stability at level of X, stab(X,, X, ,):

b1 2 var(x,) /{b.,*var(x.,) +var(Cx)}
Interpretation: % of the variance in x, due to x, _,
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var(y,) = var(x,) + var(e,)

var(x,) = b,_; * var(x._,) + var(Cx,)
cov(X,Xy.q) = by var(x,,)

cov(Yy Y1) = bt—l,tvar(xt—l)
Standardized stats part lli:

Correlation t,t-1, cor(t,t-1):

b, var(x.,) /{sd(y.,) * sd(y,)}

sd(y,) = V(var(x,) + var(e,))

var(x,) = b, ;var(x.,) + var(Cx,)
Interpretation: strength of linear relationship
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Correlation matrix

1.0000 0.560 0.392 0.2744
0.5600 1.000 0.560 0.3920
0.3920 0.560 1.000 0.5600
0.2744 0.392 0.560 1.0000
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reliability: rel(x,) = var(x,) / {var(x,) + var(e,)}
=1/(1+.25)=1/1.25=.8

R%: b, 2 var(x.,) /{b.,*var(x,,) + var(Cx,)}
= {72*1}/(.72*1+.51) = .49/1 = .49

cor(t,t+1) : by var(x.;) /{sd(y,,) * sd(y,)}
={.7 *1}/{v 1.25*V1.25} = .56
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x1 x2 x3
1 1 1
yl y2 y3 y4

What happens if var(Cxt) = 0?
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Special case: factor model var(Cx,) (t=2,3,4) =0
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Multivariate decomposition of phenotypic
covariance matrix (TxT, say T=4):

2oh=2at 2t 2

thl Zph12
thlz Zph2

Py O Pz O e r®X, + 2.+ 2
TR W e Py Doy W Rm i P
(r=1 or .5)
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2o = Zat Lot X

Estimate 2, using a Cholesky-decomp
2p = ApAp

Ay= 0, O 0 0
Oy 0y, O 0
037 O3 033 0
04 Oy Oy3 Oy
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th=ZA+ZC+ZE
Model X, using a simplex model

£, = (I-B),1 ¥, (I-B),* + ©,
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2p=(-By) ' P, (I-By) 7' + 0,

Y,= wvar(A) O 0 O
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2p=(-Bp) ' YA (I-By) " + 0,

O, = var(a,) O 0O O
0 war(a,) 0 O
0O O wvar(ay) O
0O O 0 wvar(a,)

var(a3) = var(a4)

& ., ., o required:
b1 A2 As3
(P \I/ . var(al) = var(a2)
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The genetic A simplex
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model

Occasion
specific
effects

required:
var(al) = var(a2)
var(a3) = var(a4)

var(el) = var(e2)
var(e3) = var(e4)

var(cl) = var(c2)
var(c3) = var(c4)
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Question: h?, c?, and e? at each time point?

var(y,) =
{var(A,) + var(a,)} + {var(C,) + var(c,)} + {var(E,) + var(e,)}

c?={var(C,) + var(c,)} / var(y,) %
e’={var(E,) + var(e,)} / var(y,) @Xe

7 >
G

[ > o
h?={var(A,) + var(a,)} / var(y,) / %o
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contributions to stability (A,C,E) t-1to t
Ope1e” Var(Ay) /{bag® var(Ay,) + var(CA)}
Oct.1+° Var(Ce ) /{beeq”var(Cyy) + var(CCy)}
01 Var(E.,) /{bg.,*var(E,,) + var(CE,)}
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contributions of A to Phenotypic stability t-1 to t

bAt-1,t2 var(A.,)

{barq 2 var(A. ) + var(CA)} + {bg, 2 var(C,,) + var(CC,)}
+ {bg.1 2 var(E, ;) + var(CE,)}
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1 584
584 1

h? at t=1? answer: .2 (e?=.8)

h? at t=27? answer: .2 (r?=.8)

correlation between Al and A2? .184 / (V.2*V.2) = .92
correlation between E1 and E2? .4/ (V.8*V.8) = .50
covariance between Y1 and Y27 .584

contribution of A to covariance Y1 and Y2? .184/.584 = .315
contribution of E to covariance Y1 and Y2? .4/.584 = .685
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Nivard et al, 2014

age 3 age 63
wvalue

. 1.00
- 075
0.50

0.25

NA

age 3 age 63 age 3 age 63

Anx/dep stability due to A and E from 3y to 63 years
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Sanja’s Practical: the genetic simplex model applied
to FSIQ at 4 occasions.

But first ....

Variationd en ]w»e ,tkwe



Jouke-Jan Hottenga, Darret |. Boomsama, Mina Kupper, Danielle Posthuma, Harold Snieder, Gonneke Willemsen, and Eco J. C. de Geus

5.59/4.40 9.00/6.96

9.29/7.02 8.04 /6.70

Study 1 Study 2 Study 3

Study 4
SBP / DBP SBP / DBP SBP / DBP SBP / DBP

548 /423 ‘ 8.82/669 9.10/6.76 7.87 /644

Pathway model showing latent genetic and environmental influences on the measured systolic and diastolic blood pressure corrected for sex and
age at measurement.

Figure 1

Mote: A represents the additive genetic factors common to the four measurements. E—E, shows the unique environmental influences ateach
time point/study. Path coefficients are shown. The proportions of measured variance for the latent variables are SBP: A =51%, E = 49%; and
DBP: A =52%, E =48%.

Hottenga, etal. Twin Research and Human Genetics, 2005
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Fig. 3. Specification of the bivanate simplex model for the time course of the observed measurements C. There are 10 time points for breath
and & tme paints for the Bood akohol concentrations. The joint latent genetic {4) (or QTL (£0) proces as sstimated from the covarance
between blood and breath aleohol readings is indicated by O as with labels 1) 5. The symbok, RS ;5 07 L5; 1467 4ng 5 telate to those simplex
processes that are respectively specific to breath or blood measures at the indicated times. Innovations of vanance {Egi- gi0) are shown for the
common genetic (or QTL) covarance, the covarianee specific to blood and that specific breath, are shown as % They are depicted in the
identifisd model in relation to the latent vanables. Transmission paths () for the spectfic process for Hood, breath and those for the prooess
common to both breath and blood are related to the tming of readings by the respective suffixes, { fils, frs, and ) . The transmission paths for
blood readmgs take into account missing time points. Latent or 4 vanables are speafied for the common pathway to enable the relative
coniributions of blood and breath readings in the tme series to be comparad. The model shown in this diagram is fitted for both 4 and . In
addition a Cholesky decomposition of £ is fitted.

Birley et al. BehavGenet 2005/ mode
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“Niche-picking”

During development children seek out and create and
are furnished surrounding (E) that fit their phenotype.

A smart child growing up will pick the niche that fits
her/her phenotypic intelligence.

A anxious child growing up may pick out the niche that
least aggrevates his / her phenotypic anxiety.

Phenotype of twin 1 at time t -> environment of twin 1
at time t+1



Mutual influences

During development children’s behavior may contribute to
the environment of their siblings.

A smart child growing up will pick the niche that fits her/her
phenotypic intelligence and in so doing may influence
(contriibute to) the environment of his or her sibling.

A behavior of an anxious child may be a source of stress for
his or her siblings.

Phenotype of twin 1 at time t -> environment of twin 2 at
time t+1
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ENVIRONMENT PHENOTYPE GENOTYPE

Fig. 1.

The developmental path model for an individual.
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Behavior Genetics, Vol. 18, No. 2, 1988

Resolving Causes of Developmental Continuity or
““Tracking.’’ I. Longitudinal Twin Studies During

Growth
J. K. Hewitt," L. J. Eaves,' M. C. Neale', and J. M. Meyer'
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A progressive approach to non-additivity and genotype-environmental
covariance in the analysis of human differences.

L. J. Eaves, Krystyna Last, N. G. Martin and J. L. Jinks

Environments selected by genotypes (Scarr & McCartny, 1983;

Plomin, DeFries & Loehlin, 1977)
Sibling effects (Carey, 1986, Behav Genet 16:319-341)

Behav Genet (2014) 44:240-253
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ORIGINAL RESEARCH

GE Covariance Through Phenotype to Environment
Transmission: An Assessment in Longitudinal Twin Data
and Application to Childhood Anxiety

Conor V. Dolan * Johanna M. de Kort *
Toos C. E. M. van Beijsterveldt - Meike Bartels -
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