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Introduction
In practice, longitudinal data and survival data occur together
mostly.
joint models combine all information simultaneously and provide
valid and efficient results.
joint models include a sub-model for the
• longitudinal measurements process, usually a mixed effects
model
• time-to-event process, usually a proportional hazard model,
and a association structure
shared parameter model and joint latent class model are
used.
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Notation
consider a longitudinal study with n subjects
yij = yi(sij), i = 1, 2, ..., n, j = 1, 2, ..., ni denotes longitudinal
measurements
T ∗
i is the true survival time of subject i

Ci is the randomly censoring time for the ith subject
Ti = min(T ∗

i , Ci) is the observed failure time for the ith subject
δi is the event indicator,

δi =

{
1 T ∗

i ≤ Ci

· T ∗
i > Ci
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Shared Parameter Model(SPM)

a linear mixed effects model for the longitudinal measurements

yij = x
′
ij(sij)β1 + z

′
ij(sij)bi + ϵij , i = 1, 2, ..., n, j = 1, 2, ..., ni, (1)

• bi ∼ Nq(0,D), ϵij
iid∼ N(0, σ2

ϵ ).

a proportional hazard model is considered for the time-to-event process

hi(t) = h0(t) exp{X(2)
′
β2 + αωi(t)}, (2)

With the true unobserved value for ωi(t):

hi(t) = h0(t) exp{X(2)
′
β2 + α(x

′
ij(sij)β1 + z

′
ij(sij)bi)}, (3)
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Joint Latent Class Model(JLCM)
•G is the number of sub-population
•ci = g, g = 1, ..., G is the unobserved (latent) class indicator.
• The conditional independence assumptions:

f(Ti, δi,yi|ci = g, bi;θ) = f(Ti, δi|ci = g;θ)× f(yi|ci = g, bi;θ),

f(yi|ci = g, bi;θ) =
∏
j

f{yi(sij)|ci = g, bi;θ}. (4)
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The sub-models of the joint latent class model

(Yi(s)|ci = g) = X
′
i(s)βg + Z

′
i(s)big + ϵi(s),

ϵi(s) ∼ N(0, σ2)

hi(t|ci = g) = h0g(t)exp(wi
′
γg)

πig = P (ci = g) =
exp(ui

′
λg)∑G

L=1 exp(ui
′λg)

.

(5)

•big = bi|ci=g ∼ Nq(µg, Dg), in which Dg = σ2
gD,

•i.e, bi ∼
∑G

g=1 πigNq(µg, Dg),
• σG = 1 & λG = 0 for identifiability.
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Applications: AIDS dataset
n = 467 patients with advanced (HIV) infection are randomly assigned
to receive the drugs didanosine (ddI) and zalcitabine (ddC). repeated
measures of CD4 cell counts were recorded every 2 months from
the beginning to 20 months. time to death outcome was considered.

SPM (implement by using JM function in package JointModel)

yi(s) = ωi(s) + εi(s)

= β0 + β1s+ β2 {s× ddIi}+ bi0 + bi1s+ εi(s),
(6)

hi(t) = h0(t) exp {γddIi + αωi(t)} . (7)

h0(t) is assumed piecewise-constant with six knots.
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JLCM (implement with package lcmm)

yi(s)|ci=g = β0g + β1gs+ β2gddIi + bi0 + bi1s+ εi(s),

i = 1, ..., n, g = 1, ..., G,
(8)

hi (t | ci = g) = h0g(t) exp (γg ddIi) , (9)

P (ci = g) =
exp (λ0g + λ1g ddIi)∑G
l=1 exp (λ0l + λ1lddIi)

. (10)

The class-specific baseline risk functions with parameters νg are
assumed to be piecewise-constant with six knots

•Four joint models with 2, 3, 4 and 5 latent classes are fitted and
choose the model with 3 latent classes and BIC = 8650.44
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