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Figure 8.5 Epilepsy Study: Treatment-Arm Specific Evolutions. (a) Evolutions for an ‘average’
person, i.e., with ui = 0. (b) Average evolution as obtained from marginalizing the GLMM

unbalanced longitudinal data in which out-
comes are measured a different number of
times for the various study participants and/or
in which measurements are taken at subject-
specific time-points. We have provided a gen-
eral overview on GLMMs, including model
formulation, parameter interpretation, and
some general issues about model fitting. Start-
ing from the special case of the linear mixed
model (LMM) for Gaussian outcomes, we
have illustrated how latent random effects
imply particular association structures in
the data. Afterwards, the GLMM was intro-
duced in full generality, with a brief dis-
cussion of issues about parameter estimation
and inference. More details can be found in
Chapters 3 and 15. Since the GLMMs are
formulated conditionally on subject-specific
parameters, parameters have, in general, a
subject-specific interpretation rather than a
population average interpretation. This has
been discussed in full detail in the context of
the logistic random-intercepts model. Finally,
two case studies have been presented, in which
a logistic and a Poisson mixed model were
used for the analysis of binary data and
counts, respectively. All statistical analyses
performed in this chapter were performed
using the SAS software, which includes
three procedures (MIXED, GLIMMIX, and
NLMIXED) for the fitting of mixed mod-
els. The GEE results presented in this chapter

(the toenail example in Section 8.5) were per-
formed using the SAS procedure GENMOD.
Programs and outputs can be found in Ver-
beke and Molenberghs (2000) and Molen-
berghs and Verbeke (2005), while datasets
are available through the authors’ web pages:
www.ibiostat.be/software.

(a) (b)

REFERENCES

Böhning, D. (1999) Computer-Assisted Analysis
of Mixtures and Applications: Meta-analysis,
Disease Mapping and Others, Number 81 in
Monographs on Statistics and Applied Probability.
London: Chapman & Hall/CRC.

Breslow, N.E. and Clayton, D.G. (1993) ‘Approximate
Inference in Generalized Linear Mixed Models’,
Journal of the American Statistical Association, 88:
9–25.

De Backer, M., De Keyser, P., De Vroey, C., and
Lesaffre, E. (1996) ‘A 12-week Treatment for Der-
matophyte Toe Onychomycosis: Terbinafine 250
mg/day vs. Itraconazole 200 mg/day – A Double-
blind Comparative Trial’, British Journal of Derma-
tology, 134: 16–17.

De Backer, M., De Vroey, C., Lesaffre, E., Scheys, I.,
and De Keyser, P. (1998) ‘Twelve Weeks of Con-
tinuous Oral Therapy for Toenail Onychomychosis
Caused by Dermatophytes: A Double-blind Com-
parative Trial of Terbinafine 250 mg/day versus Itra-
conazole 200 mg/day’, Journal of the American
Academy of Dermatology, 38: S57–S63.

Dempster, A.P., Laird, N.M., and Rubin, D.B. (1977)
‘Maximum Likelihood from Incomplete Data via
the EM Algorithm’, Journal of the Royal Statistical
Society, Series B, 39: 1–38.




