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Model’s presentation

Starting from a collection of individual trajectories, the aim of
group-based trajectory modeling (GBTM) is to divide the
population into a number of homogeneous sub-populations and to
estimate, at the same time, a typical trajectory for each
sub-population



Model’s presentation

Let Y; = i, Yi, .-, Yiy be T measures of the variable Y, taken at
times ti, ..., tT for subject number i.

Denote the probability of a given subject to belong to group
number k by 7 for a number of groups K.

K
P(Yi) = mrgk(yi: Ox)- (1)
k=1

Aim : estimate a set of parameters Q = {K, 7, Ox; k =1, ..., K}.



Model’s presentation

The density gi is influenced by a function of time denoted A; that
are related to the shape of the trajectories with parameters 3, and
sometimes by some covariate denoted W; with parameters Jj.

The membership probability can be influenced by some covariate
denoted X; with parameters 6.



Model’s presentation

Covariate / membership probability
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Time variable Time dependent covariate



Model’s presentation

Nagin proposes 3 different distributions to modelize Y :

e the censored normal distribution ;
e the logistic distribution ;

e the ZIP (Zero Inflated Poisson) distribution.

To fit his model Nagin & Jones have programmed a SAS and Stata
procedure : traj.



We propose a R package to fit this model, like traj for SAS.

A
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trajeR

with 2 methods : Likelihood and EM.



Main function :

trajeR(Y, A, Risk = NULL, TCOV = NULL, ng, degre, degre.nu
= 0, Model, Method = "L", ssigma = FALSE, ymax = max(Y) +
1, ymin = min(Y) - 1, hessian = TRUE, itermax = 100, paraminit
= NULL, EMIRLS = TRUE, refgr = 1, fct = NULL, diffct =
NULL, nbvar = NULL, nls.Imiter)



trajeR - Censored Normal Model

We suppose that the variable Yj; is a censored variable.
We consider a variable Yj; that is normally distributed and such

vit = f(ait; Bi, 0k) + €ir = BiAie + 0 We + €ir (2)

where €y ~ N (0; o), Air = (1, a1, 3%, - ,a;’f*l)t,
Wt — (Wi17 T 7an5)tv Bk = (Bkl) T aﬁknﬁ) and
Ok = (Ok1,- -+ 5 Okns)

Furthermore, we can link y; to the observed and censored data yi;.

Yit = Ymin if Yi#; < Ymin (3)
Yie = Yie if Ymin < Vii < Ymax (4)
Yit = Ymax if Yit > Ymax (5)



trajeR - Censored Normal Model

we simulate 500 trajectories to fit this model
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trajeR - Censored Normal Model

We suppose K = 3 and we search polynomial shapes with degree
0, 3 and 4.

solL = trajeR(Y = data[,2:11], A = data[,12:21], ng = 3, degre =

c(0,3,4), Model = "CNORM", Method = "L", hessian = TRUE,
ssigma = FALSE)
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trajeR - Censored Normal Model

Call TrajeR with 3 groups and a 0,3,4 degrees of polynomial shape of trajectory.
Model : Censored Normal
Method : Likelihood

group  Parameter Estimate . T for He: Probs|T|
param.=8

Intercept 7.84989 . 83.67725

Intercept 19.3642 . 231.96629
Linear -0.89337 .1 . BBOOY 0.37885
Quadratic  -0.45685 . 12.02404 L1}
Cubic 0.82918 . 18.16725 L'}

Intercept 1.66272 5 .55795
Linear .12613 5 -B3353

Quadratic .71001 B .02376
Cubic .53801 5 -2B3E8
Quartic . .35329

sigmal 3.9581 . 2608.08927
sigmaz 4.11623 B 1 239.8676
4.00186

0.45891
0.34B895
0.19214

Likelihood : -14564.35




trajeR - Censored Normal Model

plot(solL)

Values and predicted trajectories for all groups

Value




trajeR - Censored Normal Model

plot(solL, Y = data[,2:11], A = data[,12:21], col = vcol)

Values and predicted trajectories for all groups
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trajeR - Censored Normal Model

adding a covariate influencing group membership
solLRisks = trajeR(Y = data[,2:11], A = data[,12:21], Risk =

data[,42:43], ng = 3, degre = ¢(0,3,4), Model = "CNORM",
Method = "L", ssigma = TRUE, hessian = FALSE)

ii5)



trajeR - Censored Normal Model

Call TrajeR with 3 groups and a 0,3,4 degrees of polynomial shape of trajectory.
Model : Censored Normal
Method : Likelihood

group

Parameter

Intercept

Intercept
Linear
Quadratic
Cubic

Intercept
Linear
Quadratic
Cubic

Quartic

sigmal
sigma2
sigma3

Baseline
Intercept
vaz

V43
Intercept

Likelihood :

Estimate

3.95758
4.11182
4.60154

-8.6561
0.19568
0.57614

-1.18333
0.10695

Error

09.04182

0.11615
0.12602
0.04882
0.03002

0.03135
09.08431
0.08324
9.10611
0.03794

0.008287
0.01273
0.02823

0.04437
0.01524
0.01714

09.02341

0.8404
0.13102

T for HO:
param.=60

168. 56007

166.14851
-8.79859
SOERESE
8.97159

53.61591
119.86617
-44, 48605
5.06184
-8.6475

1378.46434
322.85742
141.74385

36.35294
62.79853
63.87678
51.61321

18.63963

Prob>|T|

0.42922
(0]




trajeR - Censored Normal Model

Adding time dependent covariate
solLTCOV2 = trajeR(Y = data[,2:11], A = data[,12:21], TCOV =

data[,22:41], ng = 3, degre = ¢(0,3,4), Model = "CNORM",
Method = "L", ssigma = FALSE, hessian = FALSE)
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trajeR - Censored Normal Model

Call TrajeR with 3 groups and a @,3,4 degrees of polynomial shape of trajectory.
Medel : Censored Normal
Methed : Likelihood

group  Parameter . T for HB:  Prob=|T|

Intercept 6.75745 .08309 B1.32696
TCoV1 -0.00358 .16289 -9.02195
TCovz 0.58151 06557 B.B6B39

Intercept 15.45552 B 249.59559
Linear -0.89592 .1 -8.94628
Quadratic -0.45507 B -12.56502
Cubic 0.0291 B 16.51302
TCovV1 -0.17051 .1 -8.8684 8.38522
TCov2 -0.13303 B -2.48954 0.91601

Intercept 1.79828 B 29.08577
Linear 10.13362 B 270.57751
Quadratic -3.71451 -50.98126
Cubic 0.53887 B 31.189084
Quartic -0.082465 B -23.18069
TCOoV1 0.68064 9.38024 0.70378

sigmal ER-LES LY . 258.26618B
sigma2 4.10%97 B 1: 239.808629
sigma3 4.00024 B 169.98647

22.38634
17.00593
6.708953




trajeR - Zero Inflated Poisson

The ZIP employ two different process : a binary distribution that
generate structural zero, i.e. the excess zeros, and and poisson

distribution that generate the counts.

We have
e - 1 — p; e*/\ikt’ - =0
B (Y = yalWi = wi, G — iy = 4 P ¥ (L= pi)e™5, S
(L= pike) 45—, yie >0
(6)
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trajeR - Zero Inflated Poisson

paraminit = ¢(1,1, -3.066653,0,0, -0.046659,0,0, -3,0, -3,0)
solL = trajeR(Y = data[,2:6], A = data[,7:11], ng = 2,

degre=c(2,2), degre.nu = ¢(1,1), Model="ZIP", Method = "L",
hessian = TRUE, paraminit = paraminit)
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trajeR - Zero Inflated Poisson

Values and predicted trajectories for all groups

Call TrajeR with 2 groups and : ynorial shape of traj

oup Parameter Estimate

Value

Time

21



trajeR - Logistic

Let pixe = P(Yir = 1|W; = w;, C; = k) the probability of y; =1
given membership in group k.

eBrAitt0ik Wit .
Pikt = T B Ao (7)
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trajeR - Logit

solL = trajeR(Y = data[,2:11], A = data[,12:21], ng = 3, degre =
c(0,3,4), Model = "LOGIT", Method = "L", hessian = TRUE,
itermax = 300, paraminit = paraminit)
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trajeR - Logit

Values and predicted trajectories for all groups
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trajeR - Non Linear

We suppose that the variable Yj; is defined by
yie = f(ait; Bk) + €it (8)

where € ~ N (0; o).
In this case, the function fj is not linear in the parameters 3, and

E(Yit:}/it“/vi: W,-,C,-:k): f(ait?ﬁk) (9)
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trajeR - Non Linear

Example with

f(t; Bk) = szklvft

Plot of the individual's trajectories

By analysing the graph above,
we fit initial parmaters as
paraminit=c(0.25,0.25,0.25,0.25,2,
0.1,2.4,0.1,2.8,0.1,3,0.1,0.2,0.2,0.2,0.2)

Values

Times
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trajeR - Non Linear

fct < — function(t, betak, TCOV){ return(
(betak[1]*t)/(betak[2]+t) )

diffct < — function(t, betak, TCOV){ return(c( t/(betak[2]+t),
-(betak[1]*t)/(betak[2]+t)**2))

solEM = trajeR(Y = data[,2:12], A = data[,13:23], ng = 4, nbvar

= 2, Method = "EM"”, Model = "NL", hessian = TRUE, fct =
fct, diffct = diffct, paraminit = paraminit)
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trajeR - Non Linear

Values and predicted trajectories for all groups

Value

Time
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trajeR - Some functions

e Membership's probability — GroupProb(. . .)
e Profiles of group — GroupProfiles(...)
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trajeR - Model performance

e Average Posterior Probability — AvePP(...)
Odds of Correct Classification — 0CC(...)

Estimated group probabilities versus proportion of the sample
assigned to the group — propAssign(...)

Confidence interval — ConfIntT(...)

e Summary — adequacy(...)

Prob. est.
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trajeR - Model selection

o AIC — trajeRAIC(...)
e BIC — trajeRBIC(...)
e Slope Heuristics — trajeRSH(. . .)
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