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Abstract
Researchers should consider five questions before starting a stepped wedge trial.
Why are you planning one? Researchers sometimes think that stepped wedge trials are useful when there is little
doubt about the benefit of the intervention being tested. However, if the primary reason for an intervention is to
measure its effect, without equipoise there is no ethical justification for delaying implementation in some clusters.
By contrast, if you are undertaking pragmatic research, where the primary reason for rolling out the intervention is
for it to exert its benefits, and if phased implementation is inevitable, a stepped wedge trial is a valid option and
provides better evidence than most non-randomized evaluations.
What design will you use? Two common stepped wedge designs are based on the recruitment of a closed or open
cohort. In both, individuals may experience both control and intervention conditions and you should be concerned
about carry-over effects. In a third, continuous-recruitment, short-exposure design, individuals are recruited as they
become eligible and experience either control or intervention condition, but not both.
How will you conduct the primary analysis? In stepped wedge trials, control of confounding factors through secular
variation is essential. ‘Vertical’ approaches preserve randomization and compare outcomes between randomized
groups within periods. ‘Horizontal’ approaches compare outcomes before and after crossover to the intervention
condition. Most analysis models used in practice combine both types of comparison. The appropriate analytic
strategy should be considered on a case-by-case basis.
How large will your trial be? Standard sample size calculations for cluster randomized trials do not accommodate the
specific features of stepped wedge trials. Methods exist for many stepped wedge designs, but simulation-based
calculations provide the greatest flexibility. In some scenarios, such as when the intracluster correlation coefficient is
moderate or high, or the cluster size is large, a stepped wedge trial may require fewer clusters than a parallel cluster trial.
How will you report your trial? Stepped wedge trials are currently challenging to report using CONSORT principles.
Researchers should consider how to demonstrate balance achieved by randomization and how to describe trends for
outcomes in both intervention and control clusters.
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Background
In stepped wedge cluster randomized trials (SWTs), clusters
are randomly allocated to crossover to the intervention at
different time-points and all clusters receive the intervention eventually [1, 2]. Stepped wedge trials are used in both
explanatory and pragmatic research [3, 4]. In explanatory
research, the intervention is primarily implemented to
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study its effect. Decisions about whether to roll out the
intervention further are made after research is completed.
By contrast, in pragmatic research, the intervention is primarily offered in order for it to exert its expected benefits;
research insights are a secondary gain. In such situations,
decisions about where and when the intervention is to be
delivered will be influenced by practical concerns, although
randomization may be feasible. In explanatory research, an
SWT may be considered instead of a conventional cluster
randomized trial, if resources are insufficient to offer the
intervention to all intervention clusters simultaneously. In
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pragmatic research, phased introduction may be planned
for logistical reasons. Stepped wedge trials do offer a rigorous research option when phased implementation is
planned, but they also present challenges [5–8].
Recent debates about Phase II and III trials of candidate
Ebola vaccines highlight some of these challenges [9].
Some researchers argued that a SWT should be used rather than a parallel trial, as this would be more appropriate to study the effectiveness of vaccines already tested for
safety and immunogenicity in Phase I trials. Others argued
that the safety of the vaccine should be reassessed, and
that a SWT design would make it more difficult to determine effectiveness because of difficulties in accounting for
time-varying confounding caused by changes in disease incidence and preventive behaviours [10].
These debates and the recent methodological literature
highlight how much remains to be done on the uses,
ethics, conduct and analysis of SWTs. In this commentary, we reflect on findings from articles presented in
this issue of Trials, by considering five questions for researchers to consider if they are planning a SWT.

Why are you planning a SWT?
Interviews with researchers suggest that the primary reasons they choose a SWT design relate to logistic or ethical considerations rather than design advantages [11].
Three scenarios may have particular resonance for researchers thinking of conducting an SWT.
Are you an explanatory researcher thinking that
phased roll-out is the only practical way to implement
your study? We advise caution. Phased implementation
attracts researchers to SWT but brings its own challenges. It can require repeated training activities, sustained engagement with clusters in the control arm to
avoid drop-out, and increasing workload for intervention
teams over time as more clusters initiate the intervention [11]. Further, it may be difficult to ensure that a
randomly determined roll-out is adhered to. These logistic
constraints should be considered before deciding whether
a SWT is the best option. Other variants of the cluster
randomized trial design can accommodate phased implementation and should be considered [6].
Alternatively, are you an explanatory researcher arguing
that a SWT is appropriate, whereas a parallel cluster randomized trial is not, because the potential benefit of the interventions seems clear, at least in principle, and the
research question turns on efficacy or effectiveness in a certain context? If so, you may need to think again. Planning a
SWT requires you to be clear about where the equipoise
lies [12, 13]. It may lie in uncertainty about the effectiveness
of an intervention whose efficacy has been established, or
in uncertainty about potential efficacy in a setting that is
substantially different from those of previous studies. However, the equipoise has to lie somewhere because without it
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there is no ethical justification for delaying implementation
in some clusters [11].
Finally, are you a pragmatic researcher interested in the
effects of an intervention that is being rolled out, but
about which there remains much to learn in a real world
setting, in a new context, or on outcomes for which it has
not previously been considered? Are you working alongside implementers who say that a SWT is an option? We
think that such situations offer the most convincing justifications for conducting a SWT. We reiterate that modified
cluster randomized trial designs can also accommodate
phased implementation [6], but in cases where a wellconducted SWT is undertaken, the design will usually lead
to much stronger evidence than observational studies [14].

What SWT design will you use?
Stepped wedge trials encompass a wide range of specific
designs [15]. Copas et al. [14] outline in this series, for the
first time, a comprehensive taxonomy in which SWTs are
characterized on the basis of (i) when individual-level exposure to the treatment condition starts, (ii) the duration
of exposure, and (iii) the approach to outcome measurement. This taxonomy incorporates two classic designs that
currently appear in the literature: those based on a closed
or an open cohort of participants. These designs can potentially suffer from carry-over effects when many
individuals experience both control and intervention
conditions. We also define a third commonly used design:
the continuous-recruitment, short-exposure design is currently neglected in the methodological SWT literature,
despite being the approach used in the first SWT conducted in the Gambia [2]. Copas et al. [14] discuss the different issues that affect the strengths and weaknesses of
these designs; future methodological research is needed to
flesh out these differences.
Two design decisions are specific to SWTs: the number
of crossover points – times when clusters change from control to intervention conditions – at which the intervention
is introduced, and the times between successive crossover
points. Both decisions may be influenced by research, implementation or logistic concerns. Commonly, clusters are
divided into groups, which are then randomly allocated to
the time point at which the intervention is implemented, so
that the number of groups equals the number of crossover
points in the trial. Researchers need to consider the impact
of different decisions on study power [5, 7] and overall
study length [14]. Sometimes there is a lag between the
time that a cluster crosses over and the time that the intervention can affect the outcome in individuals. In an open
or closed cohort, SWT measures may be taken just before
every crossover point. In this case. the time between successive crossover points can be chosen to be longer than
the length of the lag period [7, 16], though as an alternative,
incomplete SWTs can be used with shorter time between
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successive crossover points but omitting measurement collection during each cluster’s lag period.

What analysis strategy will you use?
In SWTs, outcome data under intervention conditions will
be, on average, collected later than control data. Ensuring
that the primary measure of the intervention effect is unconfounded by secular change in the outcome variable is,
therefore, a key challenge. A range of approaches are available [7, 16–18]. Conceptually, these approaches can be
thought of in two ways. Vertical approaches compare outcomes between clusters randomly assigned to either the
intervention or the control condition within the time between successive crossover points. Horizontal approaches
compare outcomes before and after crossing over from
the control to the intervention condition [7]. In practice,
most SWTs are analyzed with cluster-random effects
models and adjusted for time, thereby incorporating information from both vertical and horizontal comparisons in
the intervention effect [16]. An analysis conditional on
time should be most robust to secular trends, but appropriate models are not easily available for all types of outcome or SWT design. Time-varying confounding can
create a situation in which intervention effect estimates
from horizontal and vertical approaches differ [19]. For
this reason, in this collection Davey et al. suggest that randomized, vertical intervention effect estimates within appropriate periods should be presented and compared with
the overall intervention effect from the model [16]. There
remains a need for future research on vertical approaches
to the analysis of SWTs, and guidance on the conditions
under which caution should be taken in interpreting
mixed vertical and horizontal analyses.
Finally, many SWTs include in their primary analysis
data collected before or after all clusters have crossed over
to the intervention condition [15]. Sometimes these data
are collected from much longer periods than the time between crossover points during the trial. However, without
clusters in both conditions, it is difficult to untangle the
secular trends from the intervention effect using such data.
These data can indirectly provide some information on the
intervention effect through assumptions made concerning
secular trends and the correlation of data within clusters
over time, but these assumptions might become less realistic as greater periods before or after roll-out are incorporated and bias could arise in analysis. We recommend that
primary analyses be based mainly on data from those exposed to the intervention or control while clusters are in
both conditions, supplemented, if available, only by data
from immediately before or after the roll-out period [14].
How big should your trial be?
Standard sample size calculations for individually and
cluster randomized trials fail to accommodate the
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specific features of SWTs. Calculations for SWTs using a
design effect or other method have been published and are
suitable for some SWTs [7, 20], and a Stata routine is available for some designs [21]. Baio et al. [22] provide in this
series examples of simulation-based calculations. Though
potentially more complex to implement than current
methods, these provide the greatest flexibility to accommodate the full range of SWT designs and analysis models.
In some situations, for example when the intracluster
correlation coefficient is moderate or high, or the cluster
size is large, SWTs analyzed using mixed models, such
as those already described, provide more power than
parallel cluster randomized trials with the same number
of clusters and cluster size [5, 22, 23].

How will you report the design and profile of
your trial?
There are currently no CONSORT guidelines for reporting SWTs, though work is underway to produce them.
Copas et al. [14] provide a diagram outlining key design
dimensions that should be reported for all SWTs. Davey
et al. [16] identify how trial results are reported in
recent SWTs, noting limitations and substantial heterogeneity in current practice. Researchers should consider
how they will assess and report balance between control
and intervention conditions, since all clusters experience
both conditions. Some, but not all, of the papers we
reviewed attempted to formally assess balance between
randomized groups [24–29]. We also recommend that
SWT reports should describe trends in outcomes for
both the intervention and control clusters over the study
period. Again, some, but not all, of the trials we reviewed
provide examples of such reporting [24–26].
Conclusion
An ethically sound, well-designed and conducted SWT
with appropriate analysis can provide strong evidence of
the effects of an intervention. Such evidence should be
considered of higher quality than that arising from nonrandomized studies. The potential for SWTs to be deployed in pragmatic public health evaluation and to
increase the quality and volume of evidence available to
guide public health decisions means that their appropriate use should be encouraged.
Abbreviations
CONSORT: Consolidated Standards of Reporting Trials; SWT: stepped wedge trial.
Competing interests
AP is an associate editor of Trials. All other authors declare that they have no
competing interests.
Authors’ contributions
JRH and AP wrote the first draft of this commentary and jointly coordinated the
planning and writing of the collection of articles that it summarizes. AJC, EB,
DO, JJL, CD, JAT, GB and KLF all read, commented upon, revised and approved
the final manuscript. All authors have read and approved the final manuscript.

Hargreaves et al. Trials (2015) 16:350

Acknowledgements
DO was supported by the Wellcome Trust (091561). GB has been partly
funded by a Research Methods grant from the National Institute for Health
Research at University College London. JAT was supported by the MRC
Network of Hubs for Trials Methodology Research (MR/L004933/1-P27). KF
receives support from the MRC and DFID (MR/K012126/1). JL was supported
to do this work by funding from both the African Health Initiative of the
Doris Duke Charitable Foundation (Grant # 2009060) for the Better Health
Outcomes through Mentoring and Assessment stepped wedge trial and
from Terre des Hommes for the Integrated e-Diagnosis Assessment stepped
wedge trial. EB is funded by the School for Public Health Research of the
National Institute for Health Research.
The School for Public Health Research is a partnership between the
Universities of Sheffield, Bristol, Cambridge and Exeter; University College
London; the London School for Hygiene and Tropical Medicine; the LiLaC
collaboration between the Universities of Liverpool and Lancaster; and
FUSE (the Centre for Translational Research in Public Health), a
collaboration between the Newcastle, Durham, Northumbria, Sunderland
and Teesside Universities.
The views are those of the authors and not necessarily those of the National
Health Service, the National Institute for Health Research or the Department
of Health.
Contributions from authors at the London School for Hygiene and Tropical
Medicine are part of their work for the Centre for Evaluation, which aims to
improve the design and conduct of public health evaluations through the
development, application and dissemination of rigorous methods, and to
facilitate the use of robust evidence to inform policy and practice decisions.
Author details
1
Department of Social and Environmental Health Research, London School
of Hygiene and Tropical Medicine, London, UK. 2MRC Clinical Trials Unit,
University College London, London, UK. 3Department of Clinical, Educational
and Health Psychology, University College London, London, UK. 4Department
of Epidemiology and Public Health, University College London, London, UK.
5
Institute for Global Health, University College London, London, UK.
6
Department of Infectious Disease Epidemiology, London School of Hygiene
and Tropical Medicine, London, UK. 7Department of Statistical Science,
University College London, London, UK.
Received: 1 March 2015 Accepted: 1 July 2015

References
1. Mdege ND, Man MS, Taylor Nee Brown CA, Torgerson DJ. Systematic review
of stepped wedge cluster randomized trials shows that design is particularly
used to evaluate interventions during routine implementation. J Clin
Epidemiol. 2011;64:936–48.
2. The Gambia Hepatitis Study Group. The Gambia hepatitis intervention
study. Cancer Res. 1987;47:5782–7.
3. Schwartz D, Lellouch J. Explanatory and pragmatic attitudes in therapeutical
trials. J Chronic Dis. 1967;20:637–48.
4. Thorpe KE, Zwarenstein M, Oxman AD, Treweek S, Furberg CD, Altman DG,
et al. A pragmatic–explanatory continuum indicator summary (PRECIS): a
tool to help trial designers. J Clin Epidemiol. 2009;62:464–75.
5. Hemming K, Haines TP, Chilton PJ, Girling AJ, Lilford RJ. The stepped wedge
cluster randomised trial: rationale, design, analysis, and reporting. BMJ.
2015;350:h391.
6. Kotz D, Spigt M, Arts IC, Crutzen R, Viechtbauer W. Use of the stepped
wedge design cannot be recommended: a critical appraisal and
comparison with the classic cluster randomized controlled trial design.
J Clin Epidemiol. 2012;65:1249–52.
7. Hussey MA, Hughes JP. Design and analysis of stepped wedge cluster
randomized trials. Contemp Clin Trials. 2007;28:182–91.
8. Brown CA, Lilford RJ. The stepped wedge trial design: a systematic review.
BMC Med Res Methodol. 2006;6:54.
9. Mohammadi D. Ebola vaccine trials back on track. Lancet. 2015;385:214–5.
10. Butler D, Morella L. WHO plans for millions of doses of Ebola vaccine by
2015. Nature News Blog 2014. http://blogs.nature.com/news/2014/10/
who-plans-for-millions-of-doses-of-ebola-vaccine-by-2015.html.
Accessed 2nd June 2015

Page 4 of 4

11. Prost A, Binik A, Abubakar I, Roy A, de Allegri M, Mouchoux, et al. Logistic,
ethical and political dimensions of stepped wedge trials: critical review and
case studies. Trials. 2015.
12. Lilford RJ. Ethics of clinical trials from a Bayesian and decision analytic
perspective: whose equipoise is it anyway? BMJ. 2003;326:980–1.
13. Freedman B. Equipoise and the ethics of clinical research. N Engl J Med.
1987;317:141–5.
14. Copas AJ, Lewis JJ, Thompson JA, Davey C, Baio G, Hargreaves JR.
Designing a stepped wedge trial: three main designs,
carry-over effects and randomisation approaches. Trials. 2015.
15. Beard E, Lewis JJ, Copas AJ, Davey C, Osrin D, Baio G, et al. Stepped wedge
randomised controlled trials: systematic review of studies published
between 2010 and 2014. Trials. 2015.
16. Davey C, Hargreaves JR, Thompson JA, Copas AJ, Beard E, Lewis JJ, et al.
Analysis and reporting of stepped wedge randomised controlled trials:
synthesis and critical appraisal of published studies,
2010–2014. Trials. 2015.
17. Scott JM, deCamp A, Juraska M, Fay MP, Gilbert PB. Finite-sample corrected
generalized estimating equation of population average treatment effects in
stepped wedge cluster randomized trials. Stat Methods Med Res. 2014.
doi:10.1177/0962280214552092.
18. Moulton LH, Golub JE, Durovni B, Cavalcante SC, Pacheco AG, Saraceni V,
et al. Statistical design of THRio: a phased implementation
clinic-randomized study of a tuberculosis preventive therapy intervention.
Clin Trials. 2007;4:190–9.
19. Davey C, Aiken A, Hayes RAJ, Hargreaves JR. Re-analysis of health and
educational impacts of a school-based deworming program in western
Kenya: a statistical replication of a cluster quasi-randomised stepped-wedge
trial. Int J Epidemiol. 2015. In press.
20. Woertman W, de Hoop E, Moerbeek M, Zuidema SU, Gerritsen DL,
Teerenstra S. Stepped wedge designs could reduce the required sample
size in cluster randomized trials. J Clin Epidemiol. 2013;66:752–8.
21. Hemming K, Girling A. A menu-driven facility for power and
detectable-difference calculations in stepped-wedge cluster-randomized
trials. Stata J. 2014;14:363–80.
22. Baio G, Copas AJ, Ambler G, Hargreaves JR, Beard E, Omar RZ. Sample size
calculation for a stepped wedge trial. Trials. 2015.
23. Hemming K, Girling A. The efficiency of stepped wedge vs. cluster
randomized trials: stepped wedge studies do not always require a smaller
sample size. J Clin Epidemiol. 2013;66:1427–8.
24. Bashour HN, Kanaan M, Kharouf MH, Abdulsalam AA, Tabbaa MA, Cheikha SA.
The effect of training doctors in communication skills on women’s satisfaction
with doctor-woman relationship during labour and delivery: a stepped wedge
cluster randomised trial in Damascus. BMJ Open. 2013;3:8.
25. Gruber JS, Reygadas F, Arnold BF, Ray I, Nelson K, Colford Jr JM. A stepped
wedge, cluster-randomized trial of a household UV-disinfection and safe
storage drinking water intervention in rural Baja California Sur, Mexico. Am J
Trop Med Hyg. 2013;89:238–45.
26. Horner C, Wilcox M, Barr B, Hall D, Hodgson G, Parnell P, et al. The
longitudinal prevalence of MRSA in care home residents and the
effectiveness of improving infection prevention knowledge and practice on
colonisation using a stepped wedge study design. BMJ Open. 2012;2,
e000423.
27. Roy A, Anaraki S, Hardelid P, Catchpole M, Rodrigues LC, Lipman M.
Universal HIV testing in London tuberculosis clinics: a cluster randomised
controlled trial. Eur Respir J. 2013;41:627–34.
28. Schultz TJ, Kitson AL, Soenen S, Long L, Shanks A, Wiechula R, et al. Does a
multidisciplinary nutritional intervention prevent nutritional decline in
hospital patients? A stepped wedge randomised cluster trial. Clin Nutr
ESPEN. 2014;9:e84–90.
29. Stern A, Mitsakakis N, Paulden M, Alibhai S, Wong J, Tomlinson G, et al.
Pressure ulcer multidisciplinary teams via telemedicine: a pragmatic cluster
randomized stepped wedge trial in long term care. BMC Health Serv Res.
2014;14:83.

