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SESSION PROPOSAL 22
DESIGN AND ANALYSIS OF STEPPED WEDGE CLUSTER RANDOMIZED TRIALS BASED ON
MARGINAL MODELS FOR DISCRETE AND CONTINUOUS OUTCOMES
Fan Li, Biostatistics, Yale University School of Public Health

Description of Session:
Description of Session:
Introduction: Longitudinal cluster randomized designs are increasingly common in pragmatic trials that study the
effectiveness of health care innovations to Inform Public Health Policy with Compelling Evidence. Several recent
longitudinal cluster randomized trials (CRTs) employ stepped wedge designs, which are one-way crossover designs
where all clusters start out in the control condition and transition to the intervention at randomly assigned time points.
Advancing methods and tools for rigorous design and analysis of longitudinal CRTs, with a special focus on
stepped-wedge designs, has become critically important.
Background: Whereas mixed-effects regression has been the dominating approach considered for longitudinal CRTs,
application of such carries caveats. First, with few exceptions (e.g., identity link), the interpretation of the treatment
effect parameter changes according to different specifications of the latent random-effects structure. Second, while
mixed-effects models are flexible insofar as accounting for the dependence of observations within clusters via random
effects, they do not generally describe the pattern and magnitude of intraclass correlation coefficient (ICC) structures
on the natural measurement scale of the discrete outcomes, which are often of interest for future study planning. In
contrast to mixed-effects models, marginal models have recently been demonstrated as a flexible and robust
alternative for longitudinal CRTs, especially in applications where outcomes are discrete in nature (binary or count).
This 90-minute session will present recent advances in marginal models for the design, analysis, and interpretation of
longitudinal and cross-sectional CRTs, with an emphasis on stepped wedge CRTs. Specifically, the session proposes
to have 3 presentations on outstanding challenges and novel methodologies to address current gaps in better practices
for longitudinal CRTs, followed by a discussion knitting the ideas together.
In the first presentation, we will describe an integrated generalized estimating equations (GEE) framework for the
design and analysis of CRTs, with focus on discrete outcomes for incomplete stepped wedge designs. Such designs
have periods without data collection due to logistical, resource and patient-centered considerations, which are not
uncommon for studying health care interventions in the pandemic era. We will introduce a general, fast,
non-simulation-based power procedure for CRTs for a planned analysis based on paired estimating equations with
small-sample bias corrections for variance and ICC estimation. This presentation will also feature new SAS macros
that implement the power and analysis procedures. In the second presentation, we will demystify the impact of
unequal cluster sizes in stepped wedge trials for GEE analysis of such designs with binary outcomes. From a joint
perspective of study design and data analysis, this presentation will articulate the critical need to account for complex
ICC structures, providing rigorous justification for estimating and reporting multilevel ICCs. The final talk will
present a case study of a stepped wedge CRT along with essential considerations for guiding its design and analysis
based on marginal models, drawing upon experience from on-going and completed trials. Common themes shared by
the three presentations include the need to address challenges in accurate trial planning and analysis, emphasis on
marginal models for operationalizing key recommendations from the recent CONSORT extensions to stepped wedge
CRTs, and the introduction of user-friendly statistical software to achieve these important objectives. The three
presentations will be followed by a discussant and Q&A.
Proposed Agenda:
Introduction (4 min) by the Session Chair, Paul Rathouz, PhD. Affiliation: Professor, Department of Population
Health, Director of Biomedical Data Science Hub, Dell Medical School, The University of Texas at Austin
1. First presentation with title (22 min): “Fast power calculation and small sample inferences on (incomplete)
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longitudinal cluster randomized trials based on marginal models”. Speaker: John Preisser, PhD. Affiliation:
Professor, Department of Biostatistics, Gillings School of Global Public Health, University of North Carolina at
Chapel Hill; Deputy Director of Biostatistics, North Carolina Translational & Clinical Sciences Institute (NC TraCS)
2. Second presentation with title (22 min): “The impact of unequal cluster sizes for design and analysis of stepped
wedge trials based on GEE with binary outcomes”. Speaker: Fan Li, PhD Affiliation: Assistant Professor, Department
of Biostatistics, Center for Methods in Implementation and Prevention Science, Yale University School of Public
Health
3. Third presentation with title (22 min): “A case study on the design and analysis of longitudinal stepped wedge
cluster randomized trials based on marginal models.” Speaker: Elizabeth Turner, PhD Affiliation: Associate
Professor, Department of Biostatistics and Bioinformatics, Director of Research Design and Analysis Core, Duke
Global Health Institute, Duke University School of Medicine.
Discussant: (10 min) Speaker: Patrick Heagerty, PhD. Affiliation: Professor, Department of Biostatistics, Director,
Center for Biomedical Statistics, University of Washington, Seattle.
Floor Discussion with Q&A: (10 min) Panelists will engage with the audience addressing questions about the
presentations, gaps identified, and key methodological issues in longitudinal CRTs to be addressed in future research.
Contributors:
John Preisser, Professor, Department of Biostatistics, Gillings School of Global Public Health, University of North
Carolina at Chapel Hill; Deputy Director of Biostatistics, North Carolina Translational & Clinical Sciences Institute
(NC TraCS)
Fan Li, Assistant Professor, Department of Biostatistics, Center for Methods in Implementation and Prevention
Science, Yale University School of Public Health
Elizabeth Turner, Associate Professor, Department of Biostatistics and Bioinformatics, Director of Research Design
and Analysis Core, Duke Global Health Institute, Duke University School of Medicine
Patrick Heagerty, Professor, Department of Biostatistics, Director, Center for Biomedical Statistics, University of
Washington, Seattle
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