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Figure 8.3 Toenail Data: Treatment-Specific Evolutions. (a) Evolutions for an ‘average’ person,
i.e., with ui = 0. (b) Average evolution as obtained from marginalizing the GLMM.
(c) Average evolution estimated directly from fitting a marginal model using GEE with
unstructured working correlation

(b). Note that the fitted population-average
probabilities are close to the observed pro-
portions of severe infections summarized in
Table 8.1. Note also that, in linear mixed mod-
els, the evolutions of ‘average’subjects would
be equal to the population-average evolutions,
implying identical panels (a) and (b) in the
corresponding graphs.
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Note that, although the sampling-based
approximation to the population-average
trends yields a graphical representation of the
evolution over time of the average probabil-
ity for a severe infection, estimates of the
parameters in the marginal logistic counter-
part of the model can only be obtained from
directly fitting a marginal model, for example,
using generalized estimating equations (GEE,
Liang and Zeger, 1986). As an illustration,
we performed a GEE analysis with unstruc-
tured working correlation assumption, and
with the same logistic model as before but, of

course, with the random effects omitted. The
parameter estimates and associated standard
errors (corrected for possible misspecification
of the association structure) are also included
inTable 8.2.The ratio between each parameter
estimate and its logistic mixed-model coun-
terpart is also presented in the last column
of the table. All ratios are between 2.22 and
2.87, somewhat in the neighborhood of the
predicted approximate ratio 2.56. The fitted
marginal model equals

P(yi j = 1) =


exp(−0.72−0.14ti j )

1+exp(−0.72−0.14ti j )
exp(−0.65−0.25ti j )

1+exp(−0.65−0.25ti j )
,

forTreatmentsA and B, respectively.A graph-
ical representation of these average evolu-
tions is presented in panel (c) of Figure 8.3,
which shows evolutions very similar to those
obtained from marginalizing the fitted logistic
mixed model.




