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Approaches to address multiplicity in pragmatic RCTs: simulation studies to aid with the design and interpretation 

of RCTs with potential multiplicity concerns 

 

Introduction  

We are seeking to determine optimal approaches to address multiplicity in pragmatic RCTs, and whether approaches 

should vary according to research questions and study design. The work reported focuses on simulation studies, with 

the following aims to:   

• Describe how trial design factors affect Type I/II errors when testing hypotheses 

• Recommend when statistical methods to adjust for multiplicity are advised, and the preferred method(s)  

 

Methods 

RCTs were simulated either with multiple primary outcomes or comparing multiple treatments with a control. 

Underlying treatment effects and trial design factors (e.g. correlation, sample size) were varied, and regression 

models fitted for each simulation. We also varied how the multiple comparisons were combined in the overall trial 

interpretation; e.g. trials that define multiple primary outcomes can be designed to require either: a) all primary 

outcomes, or b) at least one primary outcome to meet pre-defined effectiveness criteria for the new treatment to be 

declared effective. Finally, different multiplicity adjustment methods (e.g. single-step, step-up/down, hierarchical) 

were applied. The impact of design factors and adjustment methods on both Type I and Type II error rates is 

described.  

 

Results 

The key trial design factors that impact on Type I/II error rates are: 1) how the multiple comparisons are combined, 

and 2) the correlation/relationship between primary outcomes or treatment comparisons. The impact on overall trial 

Type I and II errors is often conflicting, e.g. if all primary outcomes are required to meet effectiveness criteria then 

Type I errors are low (below 5%), but Type II errors are higher than for each outcome separately. Increases in Type 

I/II errors are greater for weakly correlated outcomes/comparisons. Different adjustment methods also affect Type 

I/II errors variably; simpler adjustment methods can be conservative, particularly when outcomes/comparisons are 

strongly correlated. Definitive results will be presented at the conference. 

 

Discussion 

The next steps are the development of:  

• Succinct guidance from the simulations and earlier literature review and surveys of experts, covering trial 

design factors to consider and recommended approaches in certain situations. 



• R code to directly calculate (without the need for simulation) overall trial Type I/II error rates, according to 

trial design factors. 

This will help statisticians and methodologists designing future pragmatic RCTs, and guide health professionals 

interpreting RCT findings.  
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