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Abstract

The stepped-wedge cluster randomized trial (SW-CRT) involves the sequential transition

of clusters (such as hospitals, public health units or communities) from control to inter-

vention conditions in a randomized order. The use of the SW-CRT is growing rapidly. Yet

the SW-CRT is at greater risks of bias compared with the conventional parallel cluster

randomized trial (parallel-CRT). For this reason, the CONSORT extension for SW-CRTs

requires that investigators provide a clear justification for the choice of study design. In

this paper, we argue that all other things being equal, the SW-CRT is at greater risk of

bias due to misspecification of the secular trends at the analysis stage. This is particularly

problematic for studies randomizing a small number of heterogeneous clusters. We out-

line the potential conditions under which an SW-CRT might be an appropriate choice.

Potentially appropriate and often overlapping justifications for conducting an SW-CRT in-

clude: (i) the SW-CRT provides a means to conduct a randomized evaluation which other-

wise would not be possible; (ii) the SW-CRT facilitates cluster recruitment as it enhances

the acceptability of a randomized evaluation either to cluster gatekeepers or other stake-

holders; (iii) the SW-CRT is the only feasible design due to pragmatic and logistical con-

straints (for example the roll-out of a scare resource); and (iv) the SW-CRT has increased

statistical power over other study designs (which will include situations with a limited

number of clusters). As the number of arguments in favour of an SW-CRT increases, the

likelihood that the benefits of using the SW-CRT, as opposed to a parallel-CRT, outweigh

its risks also increases. We argue that the mere popularity and novelty of the SW-CRT

should not be a factor in its adoption. In situations when a conventional parallel-CRT is

feasible, it is likely to be the preferred design.
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Background

The cluster randomized trial is a firmly established study

design particularly useful for pragmatic evaluations of

health policy interventions, such as changes to the way

services are delivered, educational interventions or public

health type interventions, to name but a few.1–3 In a paral-

lel cluster randomized trial (parallel-CRT) half the clusters

(such as hospitals, wards or communities) are randomly

assigned to the intervention condition and half to the con-

trol condition (Figure 1a). The stepped-wedge cluster ran-

domized trial (SW-CRT) involves the sequential transition

of clusters from control to intervention conditions in ran-

domized order, until all clusters are exposed (Figure 1b).4

The use of the SW-CRT is growing rapidly, from just a

handful of published reports at the beginning of the cen-

tury to 30 to 40 protocols per year today.5–7 Yet, it is

under-appreciated that the SW-CRT is at greater risks of

bias compared with the conventional parallel-CRT. This is

because in an SW-CRT, observations under the control

condition are collected at a systematically earlier calendar

time compared with those under the intervention condi-

tion. Unlike any other randomized design, which seeks to

minimize confounders, the SW-CRT therefore induces a

confounder by design. Furthermore, the SW-CRT may be

subject to greater risks of other biases compared with a

conventional parallel-CRT.8 For this reason, the

CONSORT extension for SW-CRTs requires that investi-

gators provide a clear justification for using this design.

Unfortunately, despite these increased risks of bias, the

use of the SW-CRT is increasing rapidly and the mere pop-

ularity and novelty of the SW-CRT seems to be a factor in

its adoption. This has potential ramifications for evidence-

based medicine and policy decisions, because the robust-

ness of the evidence base on which these decisions are

made will become questionable should researchers start to

use the SW-CRT when a parallel-CRT would have been a

more robust alternative. This situation has been exacer-

bated by the confusion in the literature as to what are the

appropriate justifications for using this design. Some

authors have attempted to dispel the myths around the ap-

parent benefits of the design, especially those pertaining to

ethics and logistical constraints.9–11 Nonetheless, the most

commonly cited reasons for choosing an SW-CRT are its

perceived logistical, social and ethical benefits.7 In this pa-

per we therefore not only outline the potential conditions

under which an SW-CRT might be an appropriate choice,

but provide a clear narrative on why and how the design is

at risk of bias, as a way of underscoring the importance of

a careful justification for use of the design. Our objectives

are to provide researchers with recommendations for when

the SW-CRT is a good study design. We limit our

consideration to the evaluation of interventions which can-

not easily be withdrawn from practice once implemented:

if withdrawals were possible, many other alternative

designs would have to be considered.

Risks of bias in an SW-CRT

Risks of bias in randomized trials have been carefully de-

scribed in the Cochrane Systematic Review Risk of Bias

tool (RoB2),12 and an adaptation of the main guidance has

been made for parallel cluster trials.13 We have mapped

these risks across both parallel-CRT and SW-CRT study

designs, to highlight differences in risks of bias, and we dis-

cuss each of these risks in detail below. Some of these risks

appear likely to be greater in SW-CRTs, and these are sum-

marized in Table 1. Other risks of bias documented in

RoB2, but not considered as important in the differential

choice between the designs, are summarized in

Supplementary Table 1, available as Supplementary data

at IJE online. We have used the terms SW-CRT and

parallel-CRT in a very broad sense, but acknowledge that

these studies can be designed and implemented in very dif-

ferent ways. For example, parallel-CRTs can be conducted

so that individuals are recruited and clusters then random-

ized; or clusters might be randomized and individuals sub-

sequently recruited, possibly extended over long periods3

(Figure 1). Not all parallel-CRTs and SW-CRTs will thus

be at equal risk of bias, and we have highlighted

where necessary when different forms of designs influence

this risk.

Bias arising from the staggered nature of the

roll-out

An important consideration in an SW-CRT is the choice of

analytical approach to ensure unbiased estimates of the in-

tervention effect. Accurate estimates are needed of both

the treatment effect and its standard error. The analysis of

SW-CRTs is complicated by the fact that underlying

changes over time—called secular trends—may be partially

confounded with the intervention effect: thus, an apparent

effect due to the intervention may in fact be due to natural

changes over time. This means that mathematical model-

ling is needed to disentangle changes in outcomes due to

secular trends from changes in outcomes due to the inter-

vention.14 These models often make the assumption that

any underlying secular trends are the same across all clus-

ters.15 Trials conducted across several different countries,

with a few clusters in each country, for example, are un-

likely to meet these assumptions. A parallel-CRT (con-

ducted with a one-off randomization or randomization in
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batches) is not at risk of time-varying confounding because

the design is balanced on time. SW-CRTs randomizing a

large number of clusters are unlikely to be at risk of this bias.

The SW-CRT faces other challenges due to its longitudi-

nal nature. Observations collected under the intervention

condition consist of a mixture of observations collected

shortly after the roll-out of the intervention and observa-

tions collected some time after the roll-out of the interven-

tion. In any analysis, these observations are usually pooled

and so the estimated treatment effect becomes a time-

averaged effect. Furthermore, observations in an SW-CRT

are taken repeatedly through time, so that within-cluster

correlations might take a more complicated form than a

simple exchangeable structure.16–18

There are therefore several assumptions typically made

at the analysis stage: functional form of the time trend, ho-

mogeneity of this time trend across clusters, and estimation

of a time-average treatment effect. Analysis methods that

do not appropriately adjust for secular trends or do not ac-

count for complex within-cluster correlations provide bi-

ased estimates of treatment effects and their standard

errors.19,20 Parallel-CRTs, conducted at a single cross-

section, do not have these additional complexities in the

analysis.

Identification and recruitment biases

Identification and recruitment bias refers to bias arising

from recruiting or obtaining data on selectively different

samples in the intervention and control periods of the

study. Identification and recruitment bias is a particular

concern in those cluster-randomized trials where partici-

pants are identified and recruited after randomization.12,21

This opens up the possibility that identification and re-

cruitment take place with knowledge of the treatment con-

dition to which the cluster has been randomized. In

parallel-CRTs, empirical evidence shows that this can lead

to differential recruitment between study arms.22,23 To our

knowledge, no studies have empirically examined risks of

identification and recruitment bias in SW-CRTs. However,

the implications of these biases in SW-CRTs are more diffi-

cult to assess than in parallel-CRTs, because of the poten-

tial influence of not only the knowledge of the intervention

at the time of recruitment, but the influence of the knowl-

edge of when the transition to the intervention will occur.

There are recommended strategies to mitigate identifi-

cation and recruitment biases, and these include minimiz-

ing the number of eligibility criteria and recruitment by

someone independent of the trial, who is blind to cluster

status.24,25 Recruitment biases may be avoided entirely in

(a): Parallel cluster randomised trial  

(parallel-CRT) 

 (b): Stepped-wedge cluster randomised trial  

(SW-CRT) 
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Example includes 20 clusters, 10 allocated to the interven�on 
condi�on and 10 to the control condi�on. 

 Example includes 20 clusters, with 4 clusters allocated to each of the 
5 sequences and measurements taken over 6 �me periods.  

Par�cipants might all be recruited before randomis�on; or 
recruited con�nously throughtout the trial (as intended in this 
depic�on). 

 Par�cipants might be all recruited before randomisa�on and 
repeatedly measured; cross-sec�onal samples might be taken once 
in each measurement period (on different or the same par�cipants); 
or par�cipants might be recruited con�nuously throughout the trial 
(and either measured once or repeatedly). 

Figure 1 Schematic illustration of the parallel cluster randomized trial and the stepped-wedge cluster randomsed trial. (a) Parallel cluster randomized

trial (parallel-CRT); (b) stepped-wedge cluster randomized trial (SW-CRT).
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cases where it is ethically appropriate to include data from

all cluster members without their prospective recruitment

and consent, i.e. when a research ethics committee grants a

waiver of informed consent.26

Within-cluster contamination

Within-cluster contamination refers to biases due to col-

lected data under the control condition becoming contami-

nated by the intervention condition (or vice versa). The

unit of clustering in a parallel-CRT is chosen, in part, so

that observations under the control condition will not

inadvertently be exposed to the intervention condition.

Yet, within-cluster contamination may be more likely to

occur in an SW-CRT since every cluster is exposed to both

control and intervention conditions. For example, a pro-

vider in a site that is still in the control condition may de-

liberately or inadvertently implement the intervention

before the allocated time (control condition is contami-

nated by the intervention condition). Conversely, a pro-

vider in a site that has already crossed to the intervention

condition may deliberately or inadvertently persist in ap-

plying the control intervention (intervention condition is

contaminated by the control condition).27,28

Table 2. Common misconceptions about the pros and cons of a stepped-wedge cluster randomized trial (SW-CRT)

Misconception Description Rebuttal

Pros

The SW-CRT is ethically appro-

priate when the intervention is

expected to do more good than

harm

One justification of the SW-CRT design,

that is often put forward, contends that

the SW-CRT is appropriate when there

is an ethical imperative for all clusters

to receive the intervention, or perhaps

where it is expected that the interven-

tion will likely do more good than

harm7,11

Justification for a randomized evaluation is clearly

necessary when using any form of randomized

trial design, but is actually very important in what

follows. If a randomized evaluation is justified,

i.e. when clinical equipoise holds, then it becomes

reasonable to expose some clusters to the inter-

vention condition but not others, so that robust

evidence can be generated. Likewise, it is also rea-

sonable to withhold the intervention from some

individuals. However, if the intervention is known

to be effective, then there is no ethical justification

for withholding the intervention from some clus-

ters or some individuals. Consequently, if it is ar-

gued that there is an ethical imperative for all

clusters to receive the intervention, the same argu-

ment should mean that there is an ethical impera-

tive for all individuals to receive the intervention

without delay. Yet, in an SW-CRT, only half of

participants (in a cross-sectional design) will re-

ceive the intervention and for many there will be a

delay before receiving it. There is thus no ethical

benefit of using the SW-CRT, although its use can

be ethical in situations of clinical equipoise11,34

Cons

The SW-CRT exposes more clus-

ters or more individuals to an in-

tervention of unknown

effectiveness or potential harm

The SW-CRT is commonly perceived to

increase the number of individuals or

clusters exposed to an intervention of

unknown effectiveness, or even, poten-

tial harm10

In an SW-CRT, all clusters are ultimately exposed to

the intervention condition. However, this does

not necessarily mean that an increased number of

clusters will be exposed compared with how

many would have been exposed under a parallel

CRT. This is because it might be the case that in a

parallel-CRT, more than twice the number of

clusters are needed to achieve the same power.37

In the same way, neither does an SW-CRT neces-

sarily increase the number of individuals exposed

to the intervention.37 For example, a standard

SW-CRT with a cross-sectional design will expose

only half of the participants to the intervention

(see Figure 1 for an explanation)
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Within-cluster contamination might also arise at the

level of the individual. In a setting where participants have

a long exposure to the trial (e.g. patients in intensive care

units where some patients have a prolonged stay and may

still be in the intensive care unit at the time of crossing

over), it is possible that observations from individuals in-

cluded in the control condition become contaminated with

the intervention condition. In trials where participants

have a short exposure to the trial (e.g. in the so-called con-

tinuous recruitment short exposure design), this type of

contamination is unlikely to arise.

There are again strategies to minimize the impact of

within-cluster contamination by design.28 These include

the inclusion of a transition period to allow an intervention

to be fully embedded before data are collected under the

intervention. In other situations, for example where partic-

ipants have a long exposure to the intervention, delayed

assessments of outcomes should be avoided.

Chance imbalances

Although not a bias, chance imbalance in any randomized

trial is important. In a parallel-CRT, randomization of an ad-

equate number of clusters should create a balance in known

and unknown prognostic characteristics across treatment

groups. However in practice, particularly in studies with a

small number of clusters, chance imbalances can occur.

These chance imbalances might mean that it can become dif-

ficult to attribute any differences in the outcome to the treat-

ment and the study might lack face validity. In designs such

as the SW-CRT where every cluster is observed under both

control and intervention conditions, these chance imbalances

are likely to be less important. Yet, SW-CRTs are not im-

mune from these imbalances: the imbalance might exist

across sequences (Figure 1)—so that for example, those clus-

ters randomized to transition early in the study are different

from those which transition late in the study. Constrained

randomization using key cluster-level characteristics can pre-

vent imbalance on cluster-level characteristics;29–31 yet, these

methods require knowledge and availability of important

prognostic factors before study commencement.

Broad justifications for the use of an
SW-CRT design

SW-CRTs are subject to several risks of bias that might chal-

lenge the strength of the evidence generated from this design.

Some of these risks of bias may affect other types of cluster

randomized designs too, but many appear to be greater under

the SW-CRT. We therefore contend that the use of the SW-

CRT must be justified. We outline several situations that

might provide support for undertaking an SW-CRT. It is not

our intention to suggest that these are hard and fast justifica-

tions, but simply that these are considerations which,

especially when taken together, may support adopting an SW-

CRT. In Supplementary Boxes 1 and 2, available as

Supplementary data at IJE online, we consider whether and

how these justifications apply for a recently funded SW-CRT

evaluation of a new health policy intervention in kidney trans-

plantation in the UK, and consider which risks of bias may ap-

ply given that an SW-CRT design was ultimately used.32

Justification 1: the SW-CRT provides a means to

conduct a randomized evaluation

Interventions are frequently rolled out without any robust

randomized evaluation. Sometimes the roll-out might be se-

quential because of a limited resource or capacity to roll out

to the entire health system simultaneously, or because a

gradual implementation allows the possibility to learn from

earlier implementation in such a way that the intervention is

adapted as more is learned. Here, if stakeholders can be con-

vinced to randomize the order of the roll-out, using the

SW-CRT might provide a means to both obtain a robust

evaluation and allow staggering of the roll-out. These might

provide sufficient justifications for using an SW-CRT design

when any alternative evaluation is a non-randomized evalu-

ation (i.e. before and after study) or no evaluation.9

However, if stakeholders can be convinced of the benefits of

randomizing the order of the roll-out to align with an SW-

CRT, then it might also be possible to convince the stake-

holders of the benefits of a parallel-CRT conducted in such

a way so that all of the clusters receive the intervention at

the end of the evaluation (i.e. a waitlist design), if the

parallel-CRT provides evidence of effectiveness.

Justification 2: the SW-CRT facilitates cluster

recruitment

Cluster randomized trials often obtain permission from indi-

viduals called ‘gatekeepers’ who can allow cluster participa-

tion in the trial.26,33 Examples of gatekeepers are general

practice managers, ward matrons and lead consultants.

These gatekeepers likely have to obtain nominal support

from other cluster stakeholders (such as other nurses, GPs

or consultants or members of society). Sometimes, gatekeep-

ers or stakeholders might be reluctant to participate in a trial

unless they are guaranteed to have the opportunity of receiv-

ing the intervention (which might be a novel programme or

system intervention expected to offer some benefits). This

can arise because of a general awareness of the need for im-

provement and the expectation that the intervention is bet-

ter than no intervention. Even if the intervention is offered

at the end of the trial (i.e. waitlist design), this is often not
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considered as satisfactory as receiving it during the trial, per-

haps because of the effort involved in data collection which

can be offset by the perceived benefit of participating in a

novel intervention. These desires and a priori beliefs might

mean that stakeholders are more likely to participate in the

trial when designed as an SW-CRT. Enhanced cluster re-

cruitment in the SW-CRT is therefore sometimes put for-

ward as a justification for using the SW-CRT over the

parallel-CRT.9,34 To serve as a legitimate justification for

adopting an SW-CRT, researchers could attempt to demon-

strate that clusters are indeed more likely to participate in

an SW-CRT trial after being fully informed about alterna-

tives such as a parallel-CRT and waitlist designs.

Justification 3: the SW-CRT creates a logistically

feasible design

Sometimes the roll-out of an intervention might necessarily

be sequential because of a limited resource or capacity to roll

out to the entire health system simultaneously. In these situa-

tions, the SW-CRT might be feasible and can sometimes be

justified based on needing to stagger the roll-out for logistical

reasons.9,34 However, a parallel-CRT can also be conducted

in a staggered way and so is not necessarily infeasible under

these logistical constraints.35 In a staggered parallel-CRT de-

sign, allocations take place in ‘batches’ or blocks of time. A

parallel-CRT only becomes infeasible if the roll-out of the in-

tervention is constrained to only a couple of clusters simulta-

neously. It should also be noted that the sequential roll-out in

an SW-CRT can bring about its own logistical issues,9,34 for

example organizing research ethics approvals for all centres

in advance of the trial, and ensuring that all centres are ready

to implement the intervention according to the allocated

schedule can be challenging.36

Justification 4: the SW-CRT has increased

statistical power

The number of available clusters may be restricted based

either on availability, willingness to participate or limited

trial budgets. In these circumstances, an SW-CRT may

achieve the desired power with fewer clusters than a paral-

lel-CRT.37 In fact, with a small number of clusters, 80% or

90% power might not even be achievable in a parallel-

CRT, whereas an SW-CRT can achieve 80% or 90%

power with the same number of clusters (see

Supplementary Material 1, available as Supplementary

data at IJE online). This is particularly the case when the

cluster size and/or the intra-cluster correlation is high.38

Whether an SW-CRT is more powerful than a parallel-

CRT needs to be determined on a case-by-case basis con-

sidering the competing requirements of how many clusters

are available, the sizes of the clusters and outcome type.

However, general rules of thumb are that the SW-CRT will

likely require fewer clusters than a parallel-CRT when any

of the following are true: the outcome is such that it has a

high intra-cluster correlation (e.g. the clusters are all very

dissimilar or the outcome is a binary variable with high

prevalence39–41) and the cluster sizes are large. These

increases in power achievable under the SW-CRT (when

the intra-cluster correlations are high) are due to the

within-cluster comparisons inherent in the SW-CRT, and

are related to the benefits that the SW-CRT can provide in

terms of reducing the imbalance on cluster-level character-

istics across treatment conditions. This justification is

strongly related to economic trial cost efficiency and total

study duration (below), and might thus be justified from

the perspective of trial costs rather than power.

Other considerations

Study duration

An additional consideration in choosing between a

parallel-CRT and an SW-CRT is the overall study duration

and whether there is an imperative to provide an evalua-

tion of the intervention’s effectiveness in a shorter amount

of time. Whether the SW-CRT or parallel-CRT will take a

shorter-duration depends on the specific circumstances of

the trial.42 For example, if there is an adequate number of

clusters available and the randomization is once-off rather

than in batches, it is possible that the parallel-CRT can be

completed in a shorter duration, although it might require

a larger number of clusters (see Supplementary Box 2 for

an example, and Supplementary Material 1, available as

Supplementary data at IJE online). Inherently, the SW-

CRT is a repeated measures design and the total study

duration is a function of both the number of steps and the

duration of each step.

Time to realize the effect of intervention

Study designs may need to allow time for the intervention

to start working and affect outcomes.4 In the evaluation of

non-complex interventions, this is usually relatively

straightforward (e.g. a drug is given to a patient and a pa-

tient is thus exposed). However, in the evaluation of com-

plex interventions it might take considerable time for an

intervention to become fully embedded in the setting and

influence outcomes. Transition periods can be incorpo-

rated to allow for this delay. In some settings, transition

periods might need to be quite long which can increase the

duration of the SW-CRT over a parallel-CRT.
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Common myths about the design

There have been several common myths about the SW-

CRT.9–11 Some of these myths suggest positive benefits of

the SW-CRT and others suggest negative benefits or con-

traindications. Those that are often used to suggest that the

SW-CRT brings about positive benefits include that the

SW-CRT is ethically appropriate when the intervention is

expected to do more good than harm. Other myths are re-

lated to why the SW-CRT might not be a good choice and

these include that the SW-CRT will expose more or fewer

participants to an intervention of unknown effectiveness.

These myths are expanded and expelled in Table 2.

Discussion

The SW-CRT is a novel randomized design which has the

potential to facilitate the robust evaluation of health policy

and other interventions. However, the SW-CRT is more

complicated in its design and analysis.27,28 The means that

there is an increased risk that the study might fail to deliver

on its objectives and/or produce misleading conclusions.

For these reasons, the use of the SW-CRT must be carefully

justified and alternative designs considered when they are

both feasible and more robust. There are other factors for

consideration, which we have not touched upon here.

These include the possibility that the SW-CRT can provide

data to examine differential treatment effects across clus-

ters43,44 and investigate if treatment effects change over

time.43

We have considered and commented on various com-

monly proposed justifications for using the SW-CRT.9

These include: (i) the SW-CRT provides a means to con-

duct a randomized evaluation which otherwise would not

be possible; (ii) the SW-CRT facilitates cluster recruitment

as it enhances the acceptability of a randomized evaluation

either to cluster gatekeepers or to other stakeholders; (iii)

the SW-CRT is the only feasible design, due to pragmatic

and logistical constraints (for example the roll-out of a

scare resource); and (iv) the SW-CRT has increased statisti-

cal power over other study designs (which will include sit-

uations with a limited number of clusters). As the number

of arguments in favour of an SW-CRT increases, the likeli-

hood that the benefits of using an SW-CRT, as opposed to

a parallel-CRT, outweigh its risks also increases. We have

also argued that the SW-CRT might increase the overall

duration of the study, and this might be of particular im-

portance when the effect of the intervention is expected to

take some time to materialize.

Supplementary Data

Supplementary data are available at IJE online.
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