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case of multilevel data, where subjects are the
level 2 units, and the repeated measures are
the level 1 units. Longitudinal data share the
common feature of all two-level data structures that measurements on lower-level units
(within a higher-level unit) are more similar
or positively correlated. An important difference is that, with longitudinal data, the measures at the lower level are ordered by time.
This has some important implications in terms
of modeling the covariance structure of the
level 1 units. A related feature of longitudinal studies is the occurrence of missingness
and dropout; with repeated measures, missing
data points and dropout can seriously complicate the analysis.
Designs for longitudinal studies can differ
substantially in terms of number and spacing of repeated measures and their balance
over individuals in the study. With longitudinal data, one can take a multilevel modeling approach via the introduction of random
effects at the higher level, or one can choose
to bypass the 2-level structure of the data and
use a so-called marginal modeling approach.
This is useful when the goal is to study overall
effects, and not within-level effects. In some
cases, the methods and inferences are similar,
but in other settings they are not.
In general, longitudinal studies include two
main types of predictor: predictors whose values do not change throughout the duration of
the study, and predictors whose values change
over time. The former are referred to as timeinvariant predictors and common examples
include gender and fixed experimental treatments or interventions. The latter are referred
to as time-varying predictors and examples
include time since baseline and environmental exposures.
In this chapter we will first consider three
examples of longitudinal studies which illustrate the potential complexities. We then discuss the broad class of linear mixed effects
models which is frequently used to analyze
longitudinal data and show how it relates to
multilevel models. We show how marginal
models are formulated for longitudinal data
and point to other chapters considering related
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Figure 9.1 Mean Blood Lead Levels at
Baseline (Week 0), Week 1, Week 4, and
Week 6 in the Succimer and Placebo Groups

topics. Because the longitudinal data models
we discuss can be viewed as special cases of
the multilevel model, estimation and inference for these models are discussed in other
chapters (see Chapter 3). We also consider
models for longitudinal data when the outcomes are discrete (e.g., binary responses or
counts). Finally, we conclude the chapter with
a brief discussion of issues raised by missing
data in longitudinal studies.

9.1.1

Case Studies

The first example we consider is the Treatment of Lead-Exposed Children (TLC) Trial
(Fitzmaurice et al., 2011). This study was a
randomized controlled trial, typical of many
clinical trials designed to study whether therapeutic agents can effect a change in level of
some health outcome. In the TLC trial, an
oral chelating treatment called Succimer is
compared to placebo in children with high
blood lead levels. A common protocol for
such trials is to take measurements on all subjects at baseline, before randomization, then
at specified intervals following randomization
until the end of specified follow-up. Although
the TLC trial lasted for three years, and
involved repeated treatment interventions, we
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