Abstract: Parameter estimation in the random
effects meta regression model

Meta analysis aims to combine the effect estimates of various related studies, trials,
or experiments. It is a highly important statistical tool with various areas of ap-
plication and has been a field of active research for many years (Hedges and Olkin,
1985), (Whitehead, 2002), (Hartung et al., 2008).

When combining different outcomes into an overall analysis, one cannot expect
that each study specific outcome will be centred around the very same value. Such
differences in location occur due to individual study specific design features. Usually,
such differences get accounted for by including a heterogeneity parameter into the
model. Sometimes, however, these differences can be explained by known study
specific covariates. Additionally to adding another variance component, one can
account for these location differences by including these study specific covariates
into the model. This approach also allows to understand the rationale behind the
observed differences. Berkey et al. (1995) called the resulting model the random
effects meta regression model.

Depending on the underlying scientific question, different model parameters of
the random effects meta regression model are of interest. Either the interest lies in
accessing the amount of heterogeneity itself, as in (Hartung and Knapp, 2005) and
(Knapp et al., 2006), or one is interested in the regression coefficients and, thus, aims
to study the causes that may explain the occurring heterogeneity. The latter has
been studied by Thompson and Sharp (1999) and Knapp and Hartung (2003). One
objective of this dissertation is to test whether a construction based on generalised
inference principles may improve the performance of statistical inference, especially
when dealing with small sample sizes.

Generalised inference principles have already been successfully applied to infer-
ence on the overall treatment effect and between study variance in a meta analysis
setting with Gaussian distributed responses in (Tian, 2008a) and (Tian, 2008b).
The principle was coined under this term by Tsui and Weerahandi (1989). A con-
cise introduction to the generalised inference principle is given in this dissertation.
As a contribution to the theory of generalised inference, an extension of the principle
to higher dimensions is developed which is original and has not been published yet.

The dissertation develops new point and new interval estimators for the hetero-
geneity and the regression coefficients based on generalised inference principles which
are new and genuine. Different approaches and strategies are discussed including
computational issues and generalisations to higher dimensions.

A unifying framework is constructed in which common point and interval esti-
mators are integrated. For multiple point estimators of the heterogeneity parameter



of the random effects meta regression model, this unifying framework allows the
formulation of new iterative procedures that have not been previously studied.

The dissertation is accompanied by a general purpose software package called
metagen, (Mobius, 2014), written for the statistical software environment R, (R De-
velopment Core Team, 2010). The package provides access to the discussed methods
and facilitates the set-up and realisation of large scale simulation studies evaluating
the performance of these methods. It can be used as a statistical software tool for
analysing data in the meta analysis or meta regression framework. Additionally,
the package allows to reproduce the simulation studies and all results presented in
this dissertation. It also allows to set up custom simulation studies including new
methods which have not been coded into the base package of metagen. It, therefore,
establishes a tool box for comparing a variety of different methods in a standardised
way.

The dissertation includes two simulation studies evaluating the performances of
all discussed methods. The specific set-up of the simulation studies has not been
applied to the performance estimation of inferential methods of parametric models
such as the random effects meta regression model, yet. The set-up and the results of
these studies are presented and discussed thoroughly. These studies show that the
new developed methods based on generalised inference perform well, and their per-
formances are on comparable scales to the other presented methods. In particular,
it is shown that the new generalised interval estimator for the regression coefficients
is the second best performing method of all. The results of this dissertation also
suggest which method to use as a default. The only other method that shows better
performances than the new constructed generalised inference method is an interval
estimator by Knapp and Hartung (2003) in conjunction with a heterogeneity esti-
mator by Sidik and Jonkman (2005). The combination of these two constitutes a
surprising result that was unknown prior to this dissertation.

The dissertation concludes with some final remarks and a discussion of open
problems.

Thomas W. D. Mdébius, Dortmund, May 9, 2014
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