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Figure 30.5 For Men Born in 1920, Posterior Means of the Probability of Not Being
Disabled Conditional on Being Alive, and no Disability at Age 70. For both education
groups, five survival curves corresponding to the five clusters in the data. The top two
curves at age 90 correspond to the cluster with the lowest frailty

advantage of the ε-approximation is that we
have exactly the same likelihood for the fre-
quentist inference and the Bayesian inference.

Approximating the survival function using
piecewise-constant hazards is an approxima-
tion of an integral. The chosen grid will affect
the performance of the approximation. For
the fixed-effects survival model 3 with the
ε-approximation, we replaced the two-yearly
grid with a series of finer grids. The effect
of the specification of the grid seems limited.
Given a one-yearly grid, for γ we obtain the
estimate (and estimated standard error) 0.07
(0.01), and for the effects of Education and
Year of Birth we get −0.14 (0.05) and −0.02
(0.01), respectively. The advantage of the grid
is that time-dependent covariates can be taken
into account easily. Using a relatively coarse
grid reduces the computations needed to max-
imize the likelihood.

In this chapter, the normal distribution was
chosen for the frailty term. Another com-
mon choice is the gamma distribution. In the
regression equation for the survival model
this would mean hi j (t) = h0(t)w j exp(xi jβ),
where the frailty w j follows a gamma

distribution. For the Weibull model with the
gamma frailty, the likelihood has a closed
form, but for survival models with normal
frailty there is no such closed form and numer-
ical methods are needed to approximate the
integrals in the likelihood (Duchateau and
Janssen, 2008, Sections 2.2 and 4.7). We did
not investigate other distributions besides the
normal. The disadvantage of using the normal
frailty is that taking the mean of the frailty
distribution does not produce the mean trend
in the population due to the non-linearity of
the model for the hazard. However, the advan-
tages are that the modeling structure resem-
bles those of the multilevel models described
elsewhere in this book, and users have, in
general, a basic understanding of the normal
distribution.

30.8 CONCLUSION

In this chapter, frailty models for survival
are applied to longitudinal data from a
population-based multi-centre study of older
men in England and Wales. With regard




