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ABSTRACT 

Background: Stepped-wedge cluster randomized trials (SW-CRTs), which randomize clusters to 

times at which they transition from control to intervention arms, are an increasingly popular 

design for evaluating health system and policy interventions. Reporting of SW-CRTs should 

ideally be guided by the 2018 CONSORT extension for SW-CRTs. Although substantial 

methodological development has taken place in recent years, several gaps remain in our 

knowledge about the best practices for the design, analysis, and reporting of SW-CRTs.  

Objectives: We are undertaking a methodological systematic review of SW-CRTs published 

2016-2022. Our primary objectives are to describe current methods and practices for handling 

covariates (number of and types of covariates) in the design and analysis of SW-CRTs; examine 

adherence to CONSORT guidelines around reporting of covariates including balance at baseline; 

and identify prevalent issues in SW-CRTs and gaps in the methodological literature. 

Methods: We will identify primary reports of SW-CRTs published in English 2016-2022 from 

three sources: a previously published review covering 2020 to 2021, an existing database of 

pragmatic trials published 2014-2019, and an updated search capturing trials up to 2022. A data 

extraction form will be used to standardize the extraction of information about the trials. 

Analyses will be primarily descriptive in nature.   
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BACKGROUND, RATIONALE, AND OBJECTIVES 

The defining feature of a cluster randomized trial (CRT) is that the units of randomization are 

intact groups such as medical practices, hospitals or even entire communities.1 CRTs are 

preferred over individually randomized designs when interventions are delivered at the cluster 

level or when there is a substantial risk of contamination due to individuals in the same cluster 

allocated to different arms interacting.2 Importantly, in this design, outcomes from participants 

within the same cluster are more similar than outcomes obtained from participants in different 

clusters: this reduces the effective sample size and thus, a CRT always requires a larger sample 

size than an individually randomized trial.1  

In recent years, a novel type of CRT design called a stepped-wedge cluster randomized trial 

(SW-CRT) has been gaining in popularity.3 Unlike parallel arm CRTs, in which some clusters 

are randomly allocated to the treatment and the rest to the control, in SW-CRTs all clusters 

typically receive both control and intervention conditions (see Figure 1). Clusters begin in the 

control condition and are randomized to a particular “sequence” which determines the time at 

which they will transition to the intervention condition.4 Thus, observations are repeatedly 

collected from each cluster over time, i.e., in both the control and intervention conditions in each 

“cluster-period”. These assessments may be taken on the same participants across all periods 

(called a “cohort” design, in which the majority (open-cohort) or all (closed-cohort) participants 

are identified at baseline and outcomes are repeatedly assessed on the same individuals) or 

different participants across the periods (a “cross-sectional” design, in which the recruitment of 

new participants occurs in each period, either at a single point or continuously over time, e.g., as 

they arrive at a clinical location).5  
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Figure 1. Diagram of a typical stepped-wedge cluster randomized trial roll out. Each of eight 

clusters is randomly assigned to one of the four “sequences” which determines the time (the 

“step”) at which it will cross over from control (light blue) to intervention (dark blue) condition. 

The trial timeline is delineated into equal-length blocks of time called periods. Here, all clusters 

begin in the control condition and end in the intervention condition although this is not required. 

 

The SW-CRT design is often chosen over a parallel CRT as it is believed to facilitate cluster 

recruitment by allowing eventual intervention exposure in all clusters, when it is viewed as 

beneficial to expose all clusters to the intervention, or for logistical reasons such as the 

practicality of staggered implementation across the clusters. However, the need to carefully 

adhere to the scheduled timing of implementation, along with the need for complex statistical 

analyses, can raise challenges,.33,6,7 Key methodological considerations for SW-CRTs include 

that the analysis must always account for a time effect since the intervention is confounded with 

time, and complex correlation structures.4,8 As in a parallel arm CRT, within-cluster correlation 

(the similarity between participants in the same cluster) must be taken into account in SW-CRTs. 

An additional factor to be considered in SW-CRTs is the possibility of changes in the strength of 

the correlation between participant outcomes over the course of different periods.9 A variety of 
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methods of analysis have been used to account for these complexities, including in generalized 

linear mixed-models (GLMM) and Generalized Estimating Equations (GEE).10  In addition to 

the fixed time effect, these models may include additional effects as covariates, motivated by the 

desire to control for potential confounding or to improve power or efficiency. These covariates 

should include those used in any form of restricted randomization; the choice of all covariates 

should be determined a priori. 

The CONSORT Extension for Stepped-Wedge Trials, published in 2018, contains reporting 

guidelines specific to SW-CRTs.11 In particular, the CONSORT extension emphasizes the clear 

reporting of key design features such as the number of clusters, sequences, and periods; the 

timing of outcome assessments and recruitment; and whether the SW-CRT is a cross-sectional or 

cohort design, as these all have implications for the sample size calculation and analysis. Further, 

the CONSORT extension notes that the method of random allocation, and whether this occurred 

at a single time point or multiple, as well as "details of any constrained randomisation or 

stratification" should be reported.11 It also distinguishes several possible ways of reporting 

balance on baseline characteristics in SW-CRTs, as balance can be presented by condition, by 

sequence/cluster, by period, or by some overlap of these three. The definitions of "baseline" may 

also differ between designs: in a cross-sectional design, it may refer to characteristics of each 

participant included at their time of presentation to the trial; in cohort designs, it may refer 

instead to measures taken pre- or during the first control period on all included participants. Per 

the CONSORT extension, the assumed correlation structures (within-cluster and between-period) 

and whether time effects were adjusted for should also be reported. 

Despite increasing interest in SW-CRTs, methodological gaps remain in designing, conducting, 

and reporting on this design. Previous reviews have been published on many reporting and 
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methodological aspects of SW-CRTs, including their quality of reporting,12Error! Bookmark not d

efined.,13,14 ethical conduct,15,16 rationale for use,6,17 sample size calculation,10 10,12,18 methods 

surrounding unequal cluster sizes,18 use of feasibility studies,19 recruitment and implementation,7 

and statistical methods of analysis.10,14,20 However, few of these have been published since the 

CONSORT extension’s publication in 2018, and to our knowledge, none have examined the use 

of covariates in the design and analysis of SW-CRTs.  

Previous reviews of parallel individual and cluster randomized trials have found marked 

differences between guidance and use of covariates.21,22 In CRTs, methods such as stratification, 

matching, covariate-constrained randomization, or minimization are commonly used,23 but no 

reviews have explicitly examined the extent to which restricted randomization techniques are 

adopted in SW-CRTs, which often have a limited number of clusters.12Error! Bookmark not defined.,20 W

hile some methods of allocation have been evaluated or advocated for in SW-CRTs,24,25 guidance 

is not yet widespread for how to best achieve balance at baseline in this design. Though a review 

by Grayling et al. examined the prevalence of reporting baseline data in SW-CRTs, the ways in 

which this information was presented in the trials was not discussed.13 A previous review noted 

the variety of ways in which baseline data are presented in a small sample of 10 SW-CRTs 

before 2014.14  Further, though the literature has long recommended against significance testing 

of balance at baseline,26 a review of cluster randomized trials has shown that the practice 

continues to be prevalent.27 Finally, though reviews have found marked discrepancies in methods 

of analysis and use of design effects (adjustment for time effects and clustering) in SW-CRTs in 

the past,10,18 information on the use of additional covariates is limited to specific characteristics 

such as cluster size,18 or to a small selection of trials.14 An updated review is needed to inform 

future methodological guidance.  
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Motivated by these gaps in the literature, the primary objectives of this review are to: 

1) Describe current methods to promote balance in the randomization including the specific 

methods used and the number and types of characteristics balanced in the design of SW-

CRTs; 

2) Describe current practices for reporting balance at baseline on both cluster- and 

individual-level characteristics (e.g., by what combination of sequence, period, and 

condition; with or without significance testing) and how this varies across trial designs; 

3) Describe current methods of analysis used in SW-CRTs including how covariates 

restricted in the randomization are accounted for, prevalence of adjustment for 

prespecified covariates in the analysis (individual- and/or cluster-level covariate 

adjustment) and methods for handling missing values on covariates, and compare these to 

existing recommendations.  

 

METHODS 

ELIGIBILITY CRITERIA 

Inclusion criteria:  

▪ Primary reports of completed stepped-wedge CRTs conducted on humans; 

▪ Must have at least five independent clusters randomized;  

▪ Must have a minimum of two sequences and three periods; 

▪ No more than two conditions (but multiple phases are acceptable);  

▪ Published in English between January 2016 and March 2022. 

Exclusion criteria:  
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▪ Individually randomized; 

▪ Protocols, pilot studies, feasibility studies; 

▪ Non-primary reports (e.g., secondary analyses, subgroup analyses, exploratory analyses);  

▪ Wait-list designs with fewer than 2 periods; 

▪ Not involving humans; 

▪ Not health research (e.g., medical education trials); 

▪ Not randomized (although trials that include a small number of non-randomized clusters 

is acceptable (e.g., when a site involved in a pilot study is included)).  

 

SEARCH STRATEGY: 

We aim to achieve a representative, if not comprehensive, sample of SW-CRTs published over 

the past 7 years. We chose 7 years as we aimed to include a reasonably large sample of published 

trials, whilst still keeping the project manageable. This also enables us to consider the reporting 

of trials published both in the years pre- and post- the publication of the CONSORT extension 

for SW-CRTs. To efficiently locate eligible trials for this review, trials were identified from 3 

sources: 

1) SW-CRTs identified in a recently published review of implementation challenges in SW-

CRTs by Agnès Caille and colleagues.7 The search was implemented in PubMed and 

covered January 1, 2019 to September 23, 2020.  

2) An updated search using the same terms used by Caille et al. and implemented in 

PubMed to cover September 24, 2020 to March 4, 2022.  

3) SW-CRTs identified in a previously established database of 4336 primary reports of 

pragmatic trials, covering January 2014 to April 2019.28  This was done to increase the 
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date range of our review to include trials published before the CONSORT extension for 

SW-CRTs. It was also done to improve the efficiency of our searches as the database 

included only primary trial reports. Moreover, there was overlap between the search 

terms used to establish this database29 and the search terms used by Caille et al. 

 

SCREENING: 

The previously published review by Caille et al. identified 55 trials; no screening was required as 

the same inclusion/exclusion criteria applied in our review.  

The updated search yielded 561 potential titles and abstracts for screening. Each title and abstract 

were independently screened by both PN and MT in Covidence,30 resulting in 125 records for 

potential inclusion. Once 8 duplicates with the review by Caille et al. were removed, 117 articles 

were imported into the study database. The full text was screened independently by two 

reviewers (PN and YO). Sixty-five met the criteria for this review based on full text review. 

Within the database of 4336 primary reports of pragmatic trials previously described,28 

application of the search terms by Caille et al. identified 92 potential SW-CRTs. Of these, 9 were 

duplicates with the already identified 55, leaving 83 unique trials. The full text reports were 

screened independently by two reviewers (PN and YO); yielding 66 which fulfilled inclusion 

criteria. To keep the sample size for this review manageable, we excluded trials published in 

2014 or 2015, leaving 46 for an overall total of 166 trials.  
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SAMPLE SIZE 

We aimed to include at least 160 trials in this review. This sample size was considered 

acceptable based on yielding a two-sided 95% confidence interval around an estimated 

proportion with a total width no greater than 0.155 (i.e., in the most conservative case when the 

proportion is 0.5). 

 

DATA EXTRACTION ELEMENTS  

An extraction form was developed to standardize the capture of data elements of interest. Basic 

trial characteristics included identification as a pragmatic trial, region of recruitment (classified 

as North America, South or Central America, Europe, Asia, Middle East, Africa, or 

Australia/Oceania), type of intervention (classified as targeted at the health care organization, 

targeted at health care professionals, participant education/health promotion, or direct participant 

therapeutic intervention), and type of cluster (classified as hospitals or hospital wards, primary 

care, nursing homes, geographical areas, schools or workplaces, or other).  

The data elements pertaining to trial design and statistical methodology were organized in four 

domains. Domain 1 included design characteristics of the SW-CRTs including type of design 

(e.g., cross-sectional, closed cohort, open cohort), size (number of clusters and participants), type 

and number of primary outcomes. Domain 2 included characteristics of randomization, including 

whether any restricted randomization was used, and the type and number of variables used to 

balance characteristics during allocation. Domain 3 included information relating to reporting of 

balance at baseline, in particular how characteristics (either cluster- or individual-level) were 

presented and whether any imbalances were described. Domain 4 included information about the 

analysis, focusing on the primary analysis of the primary outcome: the statistical methods used, 
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whether analysis adjusted for time and types of correlation structures assumed, whether and how 

covariates were handled in the analysis. If a primary outcome was not clearly reported or if 

multiple outcomes were present, reviewers were instructed to choose the outcome in the power 

or sample size calculation, or else the first outcome listed under outcomes or the one presented 

more prominently. If a primary analysis for the primary outcome was not clearly identified, 

reviewers were instructed to choose the main analysis reported in the abstract, or otherwise the 

first analysis presented for the primary outcome.  

The extraction form was pilot tested on eight trials. All nine reviewers completed the pilot test as 

part of calibration and training and participated in consensus discussions to review discrepancies 

and refine the form. 

 

DATA EXTRACTION 

Basic trial characteristics will be extracted independently by either one or two trained reviewers 

(PN and/or LOR). Journal impact factors in the year of publication of each trial will be obtained 

from Journal Citation Reports;31 or, when unavailable, from the SCImago Journal and Country 

Rank. Nine reviewers (a senior supervisory statistician, 6 PhD-trained statisticians, a PhD 

candidate in biostatistics, and an MSc candidate in biostatistics) will proceed with data extraction 

for the design and statistical methodology domains. Two reviewers will be randomly allocated to 

each trial and will independently extract information from the full text report, any supplementary 

material, and any available trial protocols. Reviewers will proceed in batches of 4 trials per week 

and consensus discussions will be held weekly to rectify any discrepancies between reviewers. 

Two senior supervisory statisticians (FL and AC) will further extract information from 5 trials 
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apiece and hold a consensus discussion with one of the above reviewers who also independently 

extracted for these trials. FL, AC, or MT will be consulted in cases where consensus cannot be 

reached.  

All data will be captured in Airtable, an online collaborative spreadsheeting service.32   

 

ANALYSIS 

The analysis will be primarily descriptive in nature. Counts and frequencies will be presented to 

describe categorical variables. The range, mean and standard deviation, and/or median and 

interquartile range will be used to describe continuous variables. Proposed tables for presenting 

results are summarized as an Appendix, below. Figures may be used in place of tables where 

appropriate. 

We will report results overall and consider variation across types of stepped-wedge design, trial 

size, or journal impact factor. A stratified analysis by year of publication (before or after the 

publication of the 2018 CONSORT extension for stepped-wedge trials) will also be considered 

for relevant items. Analyses will be conducted in R. We will use the results from this review to 

identify prevalent issues in SW-CRTs and gaps in the methodological literature. 

  



 

13 

 

PROJECTED TIMELINE 

▪ Conceptualization and main development of extraction form: February to May 2022 

▪ Extraction form pilot testing: May 2022 

▪ Data extraction: June to August 2022 

▪ Analysis and draft report: August to September 2022 

▪ Final report and submission: by December 2022 

 

ETHICS 

Ethical approval is not required for this review of previously published trials.  

 

FUNDING 

This work was supported by the Canadian Institutes of Health Research through the Project 
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APPENDIX: TABLES 

TABLE 1. GENERAL TRIAL AND PUBLICATION CHARACTERISTICS OF INCLUDED STEPPED-

WEDGE CRTS (N=XX) 

Characteristic Frequency (%) 

Publication Year 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

 

 

Country or region of study recruitment* 

North America 

South and Central America 

Europe 

Asia 

Australia or New Zealand 

Middle East 

Africa 

 

Type of experimental intervention 

Targeted at the healthcare organization 

Targeted at healthcare professionals 

Direct participant therapeutic intervention 

Participant health promotion or educational intervention 

Unclear or Other 

 

Self-identify as pragmatic 

Yes 

No 

 

Journal Impact Factor 

Mean (SD) 

Median (Q1 to Q3) 

Min, Max 

Missing 

 

Type of cluster used in randomization 

Hospitals or hospital wards 

Primary care 

Nursing homes 

Geographical areas 

Schools or Workplaces 

Other 

 

* Multiple selections possible 

  



 

16 

 

TABLE 2. DESIGN CHARACTERISTICS OF INCLUDED STEPPED-WEDGE CRTS (N=XX) 

Characteristic Frequency (%) 

Number of clusters randomized 

Mean (SD) 

Median (Q1 to Q3) 

Min, Max 

Not reported 

 

Number of sequences 

Mean (SD) 

Median (Q1 to Q3) 

Min, Max 

Not reported 

 

Type of stepped-wedge trial 

Cross-sectional with continuous recruitment 

Cross-sectional with fixed time-point recruitment 

Open cohort 

Closed cohort 

 

Complete or incomplete design 

Complete 

Incomplete 

 

Number of primary outcomes 

One primary outcome 

Two or more co-primary outcomes or multivariate outcome subscales 

No outcome defined as primary 

 

Type of primary outcome 

Continuous 

Binary 

Ordinal or multinomial 

Time-to-event 

Count 

Rate 

 

* Multiple selections possible 
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TABLE 3. RANDOMIZATION METHODS USED (N=XX) 

Characteristic Frequency (%) 

Strategy 

Unrestricted 

Stratification 

Matching 

Minimization 

Covariate-constrained randomization 

Other or mixture 

Unclear or not specified 

 

Timing of randomization 

Single time point 

Sequentially or in batches 

 

Number of inherently cluster-level characteristics balanced during 

allocation  

0 

1 

>1 

Unclear 

Range 

 

Type of cluster-level characteristics balanced during allocation* 

Cluster size 

Cluster location 

Other (e.g., …) 

 

Number of inherently individual-level characteristics used in 

randomization 

0 

1 

>1 

Unclear 

Range 

 

Justification provided for restricting randomization by chosen 

variable(s) 

Yes, for at least one 

No 

 

*Multiple selections possible 

  



 

18 

 

TABLE 4. REPORTING OF BALANCE AT BASELINE, OVERALL AND BY SW-CRT DESIGN 

Characteristic Frequency (%) 

 Overall 

(N=XX) 

Cross-

sectional 

Open 

cohort 

Closed 

cohort  

Balance on cluster-level characteristics* 

Not reported 

By condition 

By sequence or cluster 

By period 

By condition and sequence/cluster 

By condition and period 

By sequence/cluster and period 

Other 

    

Balance on individual-level characteristics* 

Not reported 

By condition 

By sequence or cluster 

By period 

By condition and sequence/cluster 

By condition and period 

By sequence/cluster and period 

Other 

    

Balance on baseline value of primary outcome* 

Not reported or not applicable 

By condition 

By sequence or cluster 

By period 

By condition and sequence/cluster 

By condition and period 

By sequence/cluster and period 

Other 

    

Significance testing of baseline balance 

Yes 

Simple test 

Other 

Unclear or not specified 

No 

    

Baseline imbalances identified or reported in 

the text? 

Yes 

No 

    

* Multiple selections possible 
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TABLE 5. CHARACTERISTICS OF THE PRIMARY ANALYSIS OF THE PRIMARY OUTCOME 

(N=XX) 

Characteristic Frequency (%) 

Number of clusters included in analysis 

Mean (SD) 

Median (Q1, Q3) 

Range 

Missing 

 

Sample size 

Mean (SD) 

Median (Q1, Q3) 

Range 

Missing 

 

Statistical method used  

GEE  

GLMM 

Fixed-effects GLM 

Cox or Accelerated failure time model 

Simple/Naïve analysis 

Other 

Unclear 

 

Time or period effects adjusted for? 

Yes 

No 

 

Within-cluster correlation accounted for? 

Yes 

No 

 

Between-period correlation accounted for? 

Yes 

No 

 

Method for degrees of freedom reported? 

Yes 

No 

 

Absolute or relative treatment effects (N=ZZ with non-continuous 

outcome) 

Only absolute 

Only relative 

Both absolute and relative 

 

Primary results 

Positive (i.e., statistically significant) 

Negative 

 

 

  



 

20 

 

TABLE 6. COVARIATE ADJUSTMENT IN ANALYSES OF THE PRIMARY OUTCOME (N=XX) 

Characteristics Frequency (%) 

Covariates included in the analysis 

Yes, primary analysis 

Yes, non-primary analysis 

No, no covariates in any analysis of primary outcome 

 

Treatment-by-covariate interactions included in any analyses? 

Yes 

No 

 

Both adjusted and unadjusted analyses presented 

Yes, and they differ in significance 

Yes, but they do not differ in significance 

No 

 

Number of cluster-level covariates in primary analysis 

0 

1 

>1 

Range 

 

Number of individual-level covariates in primary analysis 

0 

1 

>1 

Range 

 

Covariates used in restricted randomization adjusted in the primary 

analysis? (N=YY with restricted randomization) 

Yes, some or all 

All identical in scale and level 

Change in at least one in terms of scale and/or level 

Unclear 

No, none 

 

Adjustment for baseline measure of primary outcome? 

Yes 

No or not applicable 

 

Handling of continuous covariates* 

Simple linear terms 

Dichotomization or categorization 

Other 

Not specified 

 

Covariates adjusted in the primary analysis prespecified?  

Clearly prespecified and included 

Clearly prespecified, but some omitted 

Clearly chosen post hoc 

Mixture (some prespecified, some post hoc) 

Unclear 

 

Rationale for covariate adjustment?  

Chance imbalance/confounding 

To improve precision of treatment effect 

To account for missing data under MAR assumption 

Other 

No information 
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Method for handling missing data on covariates?  

Complete case analysis or no method specified 

Missing indicator method 

Single imputation 

Multiple imputation 

Other 

No missing data reported 

 

Missing covariates noted as a barrier to adjustment 

Yes 

No 

 

*Multiple selections possible 
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