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544 SURVIVAL ANALYSIS AND THE FRAILTY MODEL

Table 30.1 Gompertz Survival Models Fitted to the CFAS Data for Men. Point estimates
and estimated standard errors in parentheses for the effects of the covariates

Year Year Educ. −2×Log-
Model Education of Birth × Time Likelihood

1 18124
2 –0.15 (0.05) 18116
3 –0.14 (0.05) –0.02 (0.01) 18099
4 –0.35 (0.15) –0.03 (0.01) 0.01 (0.01) 18097
5 –0.41 (0.19) –0.03 (0.01) 0.01 (0.01) 18097
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Figure 30.1 Kaplan-Meier Curves on the left-hand side, and Cumulative Hazard Curves
on the right-hand side. Solid line for men with ten or more years of education, dashed
line for those with less than ten years

Next, we estimate the frailty model (30.1)
by maximizing the marginal likelihood. This
is Model 5, with−2Loglik = 18097. In terms
of −2Loglik, introducing the frailty term to
the model does not lead to a statistically sig-
nificant improvement. The standard deviation
σ of the random effect distribution is small
and estimated as 0.024. The corresponding
small random effects u j may not be statisti-
cally significant with regard to mortality, but
these effects may still be relevant and indica-
tive in a comparison of the clusters. We return
to this issue later.

For Model 5, the estimates of the baseline
hazard parameters are β̂0 = −3.18 (0.22),
and γ̂ = 0.06 (0.01), where estimated stan-
dard errors are in parentheses. The estimate of
γ clearly shows the effect of age, leading to
an increased hazard with increasing age.

The negative estimate of the effect of year
of birth means that, for instance, those who are

85 in 2001 have a lower hazard at that age than
those who are 85 in 1991. This is consistent
with the fact that cohort life expectancy in
the UK is increasing (UK Office for Statistics,
www.statistics.gov.uk).

The effect of education is of primary inter-
est. The negative effect on the hazard implies
a positive effect of more education on sur-
vival. Although there is a change of the
main effect of education when going from
Model 4 to Model 5, this change is mini-
mal compared with the estimated standard
errors. The positive coefficient for the inter-
action between education and age means that
the positive effect of more education weak-
ens with increasing age. This is in line with
information from the Kaplan–Meier curves
in Figure 30.1, where the two curves are very
similar for the older ages.

In Section 30.5, the Gompertz frailty
model will be estimated within the Bayesian




