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Abstract
Objective: To determine how often stepped-wedge cluster randomized controlled trials reach their planned sample size, and what rea-
sons are reported for choosing a stepped-wedge trial design.

Study Design and Setting: We conducted a PubMed literature search (period 2012 to 2017) and included articles describing the results
of a stepped-wedge cluster randomized trial. We calculated the percentage of studies reaching their prespecified number of participants and
clusters, and we summarized the reasons for choosing the stepped-wedge trial design as well as difficulties during enrollment.

Results: Forty-six individual stepped-wedge studies from a total of 53 articles were included in our review. Of the 35 studies, for which
recruitment rate could be calculated, 69% recruited their planned number of participants, with 80% having recruited the planned number of
clusters. Ethical reasons were the most common motivation for choosing the stepped-wedge trial design. Most important difficulties during
study conduct were dropout of clusters and delayed implementation of the intervention.

Conclusion: About half of recently published stepped-wedge trials reached their planned sample size indicating that recruitment is also
a major problem in these trials. Still, the stepped-wedge trial design can yield practical, ethical, and methodological advantages. � 2018
Elsevier Inc. All rights reserved.
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1. Introduction

The stepped-wedge cluster randomized trial design is a
subtype of the parallel cluster design and has first been
introduced about 1987 [1]. In contrast to the parallel cluster
randomized trial design, all clusters in a stepped-wedge
trial will receive the new intervention, yet the moment at
which they do so is determined by chance [2,3].

Over the years, the stepped-wedge cluster randomized
trial design has become popular in various research settings
but mainly for investigating health care interventions [3,4].
Compared to the parallel cluster randomized trial, this
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design is especially attractive when it appears to be imprac-
tical that all clusters receive the intervention
simultaneouslydbecause of logistical issues or because
contamination between both arms may occurdor when it
is unethical to withhold the intervention for some patients
as it has been suggested to be potentially advantageous in
previous studies [2,3,5].

However, it is a well known and common challenge for
all randomized trials to recruit the required number of par-
ticipants within the set time [6e8]. The reasons for this
problem are diverse and include overestimation of the
available number of eligible participants, delayed start of
recruitment, and inadequate planning [6]. Not only for the
study as a whole but also across centers, recruitment may
vary [9]. Furthermore, many physicians underestimate the
time and effort needed for recruitment of their patients into
a trial. Moreover, physicians or patients may refuse to
participate in clinical trials, for instance because of con-
cerns about the randomization and possible side effects
[10,11]. Difficulties in recruiting sufficient participants
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What is new?

� First systematic review to assess recruitment rates
into stepped-wedge cluster randomized trials.

� 80% of the included studies recruited the planned
number of clusters, yet only 69% recruited their
planned number of participants.

� Ethical reasons were the most common reasons to
use a stepped-wedge design.

� Researchers are advised to be conservative when
estimating the available number of patients per
cluster.

� To increase transparency, improved sample size re-
porting in stepped-wedge cluster trials is still
needed.
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Table 1. Search strategy used to identify articles about recruitment
into stepped-wedge cluster randomized controlled trials

Search Query Items
can threaten the power and hence the value of the study,
whereas those who were included in the study were still
exposed to the burdens and potential risks of trial participa-
tion, which is deemed unethical [12].

The stepped-wedge design has the potential advantage
that clusters are not randomized to if they receive the inter-
vention but to when they receive the intervention. This
could lead to a higher willingness of clusters to participate
in the trial and thus improve recruitment rates [5,13]. In
addition, especially in cohort stepped-wedge cluster trials,
thus stepped-wedge trials in which all participants are
exposed to both the control and the intervention, patients
might also be more willing to participate [14].

It is unknown whether the potential advantages in
recruitment of stepped-wedge trials are actually utilized
and whether such studies successfully recruit their required
sample size. Although several reviews exist that assess
recruitment rates in parallel randomized trials, no such re-
view exists for the stepped-wedge cluster design. We there-
fore performed a systematic review of stepped-wedge
cluster randomized trials to assess to what extent studies us-
ing this design reached their planned sample size.
#1 random*[tiab] 888,882

#2 (stepped [tiab] AND wedge [tiab]) 349

#3 (stepped [tiab] AND cluster [tiab]) 286

#4 (step [tiab] AND wedge [tiab]) 560

#5 (phased [tiab] AND implementation
[tiab])

388

#6 #2 OR #3 OR #4 OR #5 1338

#7 #1 AND #6 394

#8 NOT review [pt] NOT review [tiab] 343

#9 Publication date from 2012/01/01 to
2017/01/01

277
2. Materials and methods

2.1. Literature search

We searched PubMed on February 14, 2017 to identify
articles published between January 1, 2012 and January
1, 2017. We restricted our search to articles published in
these 5 years as we wanted to include recently performed
trials reflecting recruitment rates that are likely to be com-
parable to trials performed nowadays. No language restric-
tions were applied. We also screened the references of the
identified studies and previously published reviews to iden-
tify additional articles we might have missed in our search.

Articles were included in our review if they had a
sequential rollout of the intervention to all clusters, used
cluster randomization, were conducted in human subjects,
and were original studies. We excluded articles that were
called stepped-wedge trials, but randomized patients on
an individual level.

Our search was based on common descriptions for
stepped-wedge trial designs and randomization (Table 1).
2.2. Selection of articles

Title and abstract of all articles identified by the search
were screened for eligibility by one reviewer, Felizitas A.
Eichner (FAE); any uncertainty was resolved by discussion
with three reviewers FAE, Katrien Oude Rengerink (KOR)
and Rolf H.H. Groenwold (RHHG). Of potentially eligible
articles, the full-text was retrieved and eligibility was as-
sessed by one reviewer (FAE), and any uncertainty or
disagreement was resolved by discussion with three re-
viewers (FAE, KOR, RHHG).
2.3. Data extraction

From the eligible articles, we extracted information on
the type of intervention, the country where the trial was
performed, the planned and final sample size and the argu-
ments for choosing this sample size, the planned and final
number of clusters, the planned and final number of steps,
the planned and final duration of the study, difficulties dur-
ing intervention rollout, and the reasons for choosing the
stepped-wedge trial design. If information was not reported
in the main article, we searched whether a study protocol
was available which obtained the missing information.

The information was extracted by one researcher (FAE);
in case of uncertainty this was discussed with two other re-
searchers (KOR, RHHG).
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2.4. Analysis and synthesis of the results

We defined a sample size being reached if at least 100%
of the planned sample size was included in the study. To
determine whether a study reached their predefined sample
size, we calculated the ratio between the planned and final
sample size. In addition, we categorized the reasons for
choosing the stepped-wedge trial design into ethical rea-
sons, practical reasons, methodological reasons, and other
reasons. Ethical reasons applied when equipoise was
considered not to be sufficiently present or when eventual
withholding the intervention was deemed unethical (all
clusters desired to implement the intervention). Reasons
were categorized as practical when it was impossible or
difficult to introduce the intervention in multiple centers
simultaneously because of logistical or monetary con-
straints, when the number of available staff members to
implement the intervention was limited, and when the step-
ped implementation facilitated the rollout for other reasons.
Reasons categorized as methodological included, among
others, adjustment for time effects, avoidance of contami-
nation bias, the advantage of clusters functioning as their
own controls, higher power, and fewer clusters needed
compared to the parallel trial design. Reasons that did not
fit the classification ethical, practical, or methodological
were classified as other reasons.
3. Results

3.1. Included studies

The PubMed search and reference screening revealed 280
articles. After the selection process, we included 53 articles in
this review describing 46 studies [15e45] [46e67] (Table 2,
Appendix A. Figure 1).

Of the 46 studies, 18 were conducted in Europe
[21,23,28,31,34,35,38,39,41,44,51,54,57,61e63,65,67], 11
in America [25,26,29,32,33,42,47,50,53,55,58], seven in
Africa [15,19,22,27,37,48,49], five in Australia or New
Figure 1. Countries of study conduct of 46 stepped-wedge cluster randomiz
resented in this review in at least one study. The following regions were de
Zealand [17,36,45,56,60], two in Asia [46,64], and two in
the Middle East [16,40] (Figure 1). Lashoher et al. conduct-
ed the only multicountry trial, in which the intervention
was implemented in nine different countries [43].

The trials included two to 190 clusters, with two to 15
steps (Table 2). The units of randomization (clusters) were
diverse, ranging from health facilities such as hospitals,
intensive care units, and general practices (N 5 27)
[15e17,22,23,25,28,33e35,38,40,42,43,47e50,53e56,58,
60,61,63,65], geographical units of the general population
such as villages and communities (N 5 7)
[19,27,29,32,37,57,62], public institutions such as univer-
sities, children day care centers or prisons (N 5 4)
[21,24,45,46,64], care homes for the elderly (N 5 4)
[39,41,44,67] as well as primary care laboratories
(N 5 1) [26], rehabilitation units (N 5 1) [36], palliative
home care sites (N 5 1) [31] and one study in which clus-
ters were defined as workers in elderly care homes in the
same district (Table 2) [51]. In line with this result, also
the type of study participants was diverse (Appendix B.
Table 1). The type of data collection was cross-sectional
in 20 studies, whereas seven used an open and 16 a closed
cohort design (Appendix B. Table 1). For four studies, the
type of data collection was unclear.

The most often implemented intervention was a health
care intervention (N5 12), implemented either in health fa-
cilities or in nursing homes (Appendix C. Table 2).
3.2. Reasons for choosing the stepped-wedge trial
design

Sixteen studies stated at least one reason for choosing
the stepped-wedge cluster randomized design and 23 stated
two or more reasons, wheres seven studies did not report
their reason. Twenty-two articles stated an ethical reason,
18 a practical one, 16 a methodological one, and 11 a
reason categorized as ‘‘other’’ (Appendix C. Table 2).

For all drug interventions, an ethical reason was stated,
whereas practical reasons were more often found among the
ed trials included in a literature review. All shaded countries were rep-
fined: Europe, America, Africa, Australasia, Asia, and Middle East.
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screening and prevention interventions. No other relevant dif-
ferences between the types of interventions were observed.
3.3. Recruitment achieved in stepped-wedge cluster
randomized trials

Information about recruitment rates was reported for 48
of the 53 studies included in this review (five pairs of pub-
lications reported on the same study, yet answered different
research questions) (Table 3, Appendix B. Table 1).

There was a marked variability in the number of partic-
ipants included in the studies ranging from 16 to 292,000
(median of 1,720 participants) [48,64].

The prespecified sample size was most often based on
formal sample size calculations (N 5 21), in which the pa-
rameters for the calculations were obtained from pilot
studies, simulation studies, or studies conducted by other
researchers
[16e19,23,25,26,34,37,38,41,43,51,53,56e58,60,63,65,67]
(Table 3). Eleven studies based their prespecified sample
size on what was considered feasible given the study setting
[15,28,29,32,35,40,42,47,48,50,55] (Table 3). Seven studies
stated a combination of statistical calculations and
restricted study settings [27,33,36,44,45,49,62]. In eight
studies, the basis for the sample calculation was not re-
ported [21,22,31,39,46,59,61,64]. In 16 of the 48 studies,
the planned sample size was specified as estimated partici-
pants per cluster or per data collection time point without
stating an overall sample size
[16,18,19,21,29,33,38,41,47,49,53,54,56,61,63,67]. In four
studies, the planned sample size could be calculated based
on other parameters [25,57,58,62] (Appendix B. Table 1).

For 36 studies, we could calculate whether the planned
sample size was achieved, from 9 articles the planned
(N 5 7) [22,26,39,43,46,59,64] or final sample size
(N5 2) [26,50] could not be obtained or was not applicable
(Table 3). In two studies, recruitment was performed on
cluster level only [23,28]; in one study, the units of mea-
surement were unequal between the planned (participants)
and final (total tests) sample size [21]; in another study,
the planned sample size was only stated as a range [32].

In eight of the 36 studies, the sample size was not based
on the number of participants but on the number of out-
comes collected (such as survey responses or number of
tests performed) [18,27,29,31,50,57,58,61]. For these
studies, if the planned and final sample size referred to
the same unit of measurement, sample size calculations
for the review were based on the number of outcomes.

Thirty six studies recruited between 48% and 902% of
the planned number of patients [35,51]. The planned num-
ber of patients was included in 69% [24/35] of the studies.
Twenty-three studies recruited more participants than previ-
ously planned, with seven !50% more
[17,18,31,33,44,45,49] and nine O50% more than previ-
ously planned [29,34,37,51,54,55,57,65,67]. For seven
studies, the exact percentage of over-recruitment could
not be calculated, as the planned sample size was rather
an estimation than an exactly calculated number. All these
studies however recruited more participants than the esti-
mated sample size [15,19,25,42,48,53,58]. Of the 12
studies that did not reach the prespecified sample size, only
one study recruited less than 50% of the planned partici-
pants [35]; others recruited between 50 and 99.6% of the
patients [27,36,38,40,41,47,56,60e63]. The median recruit-
ment rate in these 12 studies was 92%.

Recruitment rates on the cluster level could be calcu-
lated for 41 studies only. For seven studies (17%), the
planned number of clusters was missing or unclear
(Table 3).

Of the 41 studies, 31 met (76%) and five exceeded
(12%) their planned number of clusters. The studies did
not report a reason for recruiting more clusters than origi-
nally planned. Five studies (10%) recruited less clusters
than planned, but still recruited at least 80% of the required
sample size [23,29,43,45,60].
3.4. Study duration

The studies lasted 9 days to 4 years (median 20 months).
For one study, duration was not reported [31], and for six
studies, planned study duration was not reported
[16,22,31,43,46,64].

Thirty-five studies (76%) completed their study within
the planned study period (Table 2). Five studies reported
a prolongation of the implementation or follow-up period
with 3 months (N 5 1) [28], 6 months (N 5 2) [25,62],
and 1 year (N 5 1) [21]. In one study, the exact extension
could not be calculated [55].

Although only a small percentage of the studies
extended their planned study duration, difficulties during
the study appeared more frequently. Twenty studies
(43%) reported one or multiple difficulties with the study
rollout, data collection, or data analysis (Appendix C.
Table 2).

Six trials reported the dropout of clusters after randomiza-
tion or after data collection had started [23,47,53,54,60,61].
In three of these studies, it was decided to exclude the data
from these clusters from the final analysis [23,47,60].
Another full cluster was excluded from an analysis as the
intervention was implemented before the randomization date
[53]. Furthermore, the interventions were delayed in four
studies [21,28,42,43]. Also, several clusters or cluster mem-
bers did not receive the intervention at all in five studies
[22,32,37,43,48]. In one study that implemented a safety
checklist for surgeries, the checklist was only applied in
about 75% of the cases [34]. Finally, one study reported a
shortening of the lead-in period by 9 weeks because of a
strike [22] and one study had to send more surveys than
planned to reach a sufficient response rate [57].

The reasons leading to these difficulties were not always
stated but included fluctuations in staffing, retirement of
staff members, delayed or non-approval by the ethical



Table 2. Characteristics of 46 studies included in the review

First author Year Country Setting

Study duration
[months] Final number

of stepsPlanned Final % of planned

Amanyire 2016 Uganda Health facility 28 28 100% 4

Bashour 2013 Syria Maternity hospital NR 10 CBD 4

Bennett 2016 Australia Dialysis clinic 11 11 100% 3

Chinbuah and
Chinbuaha

2012/2013 Ghana Community 48 48 100% 2

Ciss�e and NDiayea 2016 Senegal Health post 36 36 100% 3

Craine 2015 United Kingdom Prison |6 18 |300% 5

Dryden-Peterson 2015 Botswana Antenatal clinic NR 10 CBD 10

Due 2014 Denmark General practice 16 16 100% 2

Duijster and Monsea 2013/2012 Philippines Day care center NR |8 CBD 2

Durovni and Goluba 2013/2015 Brazil HIV clinics 42 48 114% 14

Durovni and Trajmana 2014/2015 Brazil Primary care
laboratories with
serviced clinics

8 8 100% 7

Fink 2013 Burkina Faso Community 72 72 100% 3

Fuller 2012 United Kingdom Hospital 36 39 108% 5

Golden 2015 United States Local health jurisdiction 22 22 100% 4

Grandeb 2015 United Kingdom Palliative home care site NR NR CBD 4c

Gruber 2013 Mexico Community 17 17 100% 6

Happ 2015 United States Intensive care unit 23 23 100% 6

Haugen 2015 Norway Surgery specialty in
hospital

11 11 100% 5

Hemming 2016 United Kingdom General practice 30 30 100% 15

Hill 2015 Australia Rehabilitation unit 12 12 100% 4

Homan 2016 Kenya Household 35 35 100% 9

Hoogendijk 2015 Netherlands Primary care practice 24 24 100% 4

Horner 2012 United Kingdom Care home 28 28 100% 3

Jeddian 2016 Iran General hospital ward 17 17 100% 6

Jordan 2015 United Kingdom Care home 6 6 100% 5

Karkouti 2016 Canada Hospital 7 7 100% 6

Lashoher 2016 Nine low-, middle- and
high-income
countries

Hospital NR 24 CBD NR

Leontjevas 2013 Netherlands Nursing home 23 23 100% 5

Mhurchu 2013 New Zealand School 12 12 100% 4

Morrison 2015 Canada Hospital 36 36 100% 4

Ononge 2015 Uganda Health facility 12 12 100% 3

Pickering 2015 United States Intensive care unit 2 2 100% |4

Rasmussen and
Rasmussena

2015/2016 Denmark Clusters not based on
institutions, but
workers in elderly
care in the same
district

30 30 100% 4

Rodriguez 2015 Argentina Intensive care unit |9 9 |100% 4

Roy 2013 United Kingdom Clinic 7 7 100% 6

Scales 2016 Canada Hospital |36 37 O100% 4

Schultz 2014 Australia Hospital ward 17 17 100% 3d

(Continued )
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Table 2. Continued

First author Year Country Setting

Study duration
[months] Final number

of stepsPlanned Final % of planned

Solomon 2014 United Kingdom Rural village 20 20 100% 4

Stern 2014 Canada Long-term care facility 17 17 100% 11

Turner 2016 Australia Cancer treatment center 24 24 100% 4d

van de Steeg 2014 Netherlands Hospital 11 11 100% 10d

van den Broek 2012 Netherlands Geographical and
administrative units

26 32 123% 3

van Leeuwen 2015 Netherlands Primary care practice 24 24 100% 4

Wu 2015 Taiwan University building NR 0.3e CBD 2

Zhan 2014 Netherlands Hospital 24 24 100% 5

Zwijsen and Zwijsena 2014/2015 Netherlands Dementia special care
unit

20 20 100% 5

Abbreviations: NR, not reported; CBD, cannot be determined.
a Same studies but different research questions.
b Because of pragmatic constraints, the sequence of sites beginning the intervention was not fully randomized.
c Article states five steps, but one center received intervention not through randomization but because it was estimated to be the most ready

center.
d Only articles which performed one step less than originally planned.
e Experimental period only, full study duration not stated.
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committee, operational difficulties, and other competing
interventions.
4. Discussion

Our systematic literature review of recruitment rates in
stepped-wedge cluster randomized trials showed that about
69% of the 46 included studies reached or even exceeded
their prespecified sample size, with 80% reaching the pre-
specified cluster size. The reason for choosing the stepped-
wedge cluster randomized trial design was most often an
ethical one (N 5 22). Only one study reported explicitly that
this trial design was applied to facilitate the recruitment of
participants [65]. However, description of the planned and
final sample size was lacking or insufficient in many articles,
which shows that improved reporting is needed.

In this review, the recruitment failure rate in stepped-
wedge cluster randomized trials was estimated to be 31%.
Yet, we based our calculation of planned sample size
reached only on the 35 studies in which both planned and
final sample size were available. If including the missing
and using all 48 studies as the denominator, achieved
recruitment rate would still be at least 50%. We did not
identify other articles that have addressed recruitment rates
in stepped-wedge cluster trials. When compared to parallel
cluster studies, Eldridge et al. (2004) reported low recruit-
ment in 1% of 152 published cluster trials; however, a defi-
nition of low recruitment was lacking and this aspect was
not part of the main research question [68]. Another study
that explored barriers and facilitators for recruitment into
cluster trials reported that only 30% of the participating
general practitioners reached the planned sample size
[69]. Furthermore, it has previously been suggested that
recruitment into stepped-wedge cluster trials might be more
successful compared to traditional randomized trials [2].
Yet different reviews reported that the planned recruitment
goal was achieved in between 30 and 48% of these studies
[7,70], which is comparable to the findings of our review.

Our results could not show recruitment benefit of
stepped-wedge cluster randomized trials over parallel clus-
ter trials or randomized controlled trials. However, it is
difficult to compare stepped-wedge cluster and randomized
trials directly because there are often large differences in
interventions and research settings. The parallel group ran-
domized controlled trial design is most often used for effi-
cacy trials, whereas stepped-wedge cluster trials normally
take place in a real-world setting, which better reflects
effectiveness trials [71,72]. It could be that if the reported
studies had been designed as parallel group trials, recruit-
ment would have been lower.

On the other hand, a more extensive indirect comparison
of recruitment rates between parallel cluster randomized
trials and stepped-wedge cluster trials can only be per-
formed when average recruitment rates of recently pub-
lished parallel cluster randomized trials are known.
However, although several reviews about parallel cluster
trials exist, none of them addressed planned and final
recruitment rates [68,73,74].

Regarding our findings about recruitment rates, a few
other aspects need to be discussed in more detail. Because
more studies (|80%) reached their prespecified number of
clusters than their number of participants in our review, one
must assume that the researchers were overall too



Table 3. Sample size considerations for 48 articles included in a literature review about stepped-wedge cluster randomized trials

First author

Sample size Clusters Rationale of
sample sizePlanned Achieved % of planned Planned Final % of planned

Amanyire |12,000 12,024 O100%a 20 20 100% Practical
limitations

Bashour 2,000 2,000 100% 4 4 100% Statistical

Bennett 180 228 127% 15 15 100% Statistical

Chinbuah 2012b (1) 10,000c

(2) 6,000
12,333 O100%a 60 or 100 114 O100% Statistical

Chinbuah 2013b 5,600 survey
responses

7,794 survey
responses

139% NR 114 CBD Statistical

Ciss�e and
Ndiayed

|75,600
children

|292,000
children
treated

O100%a NR 54 CBD Practical
limitations

Craine 750 participants 2,237 total tests CBD 5 5 100% Unclear

Dryden-Peterson NR 366 CBD NR 20 CBD NR

Due NA (assessment
on cluster level
only)

NA CBD 189 183 96.8% Statistical

Duijster and
Monsed

NR 202 CBD 13 13 100% NR

Durovni and
Golubd

|8,700 12,816 O100%a 29 29 100% Statistical

Durovni 2014b unclear Probably smaller
than planned

CBD 14 14 100% Statistical

Trajman 2015b NR 4,088 enrolled CBD 14 14 100% NR

Fink 990 households 983 households 99.3% 33 33 100% Statistical and
practical

Fuller NA NA CBD 16 16 100% Probably
practical
limitations

Golden 19,440 tests 91,971 tests 473,1% 24 23 95.8% Practical
limitations

Grande 540 survey
responses

681 survey
responses

126.1% 6 6 100% Unclear

Gruber 400-500
households

Note: in the
sample size
calculation,
they assume
4.5 individuals
per household

444 households
Note: based on

444
households,
they state a
max. of 3,108
observations,
which is equal
to 1 individual
per household

CBD NR 24 CBD Practical
limitations

Happ (1) 300 nurses
(2) 1,440

patients

(1) 323 nurses
(2) 1,440

patients

(1) 107.7%
(2) 100%

|6 6 |100% Statistical and
practical

Haugen 2,220 3,811 171.7% 5 5 100% Statistical

Hemming 6,240 2,969 47.6% 26 26 100% Practical
limitations

Hill (1) 2,409
(2) 3,744

(2) 3,606 96.3% 8 8 100% (1) Statistical
(2) Practical
limitations

Homan 7,914 persons 34,041
participants

430.1% 81 81 100% Statistical

(Continued )
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Table 3. Continued

First author

Sample size Clusters Rationale of
sample sizePlanned Achieved % of planned Planned Final % of planned

Hoogendijk 1,244 1,147 92.2% 35 35 100% Statistical

Horner NR 2,492 CBD NR 68 CBD NR

Jeddian 23,000
admissions

22,919
admissions

99.6% 13 13 100% Practical
limitations

Jordan 50 43 86.0% 5 5 100% Statistical

Karkouti |7,000 7,402 O100%a 12 12 100% Practical
limitations

Lashoher unclear 3,422 patients
enrolled

CBD 13 11 84.6% Statistical

Leontjevas 720 793 110.1% 32 (16 somatic,
16 dementia
units)

33 (17 somatic,
16 dementia
units)

103.1% Statistical and
practical

Mhurchu 400 424 106.0% 16 14 87.5% Statistical and
practical

Morrison 1,020 934 91.6% 32 32 100% Practical
limitations

Ononge 2,400 2,466 102.8% 6 6 100% Statistical and
practical

Pickering 400 survey
responsese

unclear CBD 4 4 100% Practical
limitations

Rasmussen and
Rasmussend

65 participants
for analysis

586 participants
included in
analysis

901.5% 21 21 100% Statistical

Rodriguez 300-330 705 O100%a 10-11 10 |100% Statistical

Roy 800 1,315 164.4% 8 24 300.0% Statistical

Scales 586 in 2 years 905 in 3 years
(whole study
duration)

154.4% 18 18 100% Practical
limitations

Schultz 400 375 93.8% 25 25 100% Statistical

Solomon 6,400 survey
responses

10,412 survey
responses

162.7% 128 128 100% Statistical

Stern |126 ulcers 259 ulcers (137
residents)

O100%a 10 12 120.0% Statistical

Turner 600 469 78.2% 5 4 80.0% Statistical

van de Steeg 3,960 patient
records

3,273 patient
records

82.7% 18 18 100% Unclear

van den Broek 95,191 79,173 83.2% 190 190 100% Statistical and
practical

van Leeuwen 1,155 1,147 99.3% 35 35 100% Statistical

Wu NR 16 CBD 2 2 100% NR

Zhan 1,600f 3,223 201.4% 11 11 100% Statistical

Zwijsen and
Zwijsend

(1) 280
residents

(2) 1,680
measurements

(1) 659
residents

(2) 2,292
measurements

(1) 235.4%
(2) 136.4%

at least 14 17 121.4% Statistical

Abbreviations: NR, not reported; CBD, cannot be determined; NA, not applicable.
a Planned sample size was exceeded, but exact percentage could not be calculated.
b Chinbuah/Chinbuah and Durovni/Trajman are the same studies, but they report different outcomes, hence each specified an individual sample

size to answer their research question.
c Two sample sizes were calculated based on two different effect sizes.
d Same studies but different research questions.
e Sample size calculation states 400 provided responses, but outcome is divided in three survey rounds.
f Sample size was recalculated retrospectively taking into account the design effect; this revealed an actual sample size of 10,285 participants

needed.
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optimistic about the recruitment rates of patients per clus-
ter. Some studies like Roy et al. (2013) have tried to
compensate this by increasing the number of clusters
[54]. However, recruiting more clusters than planned is
not always feasible. Moreover especially in stepped-
wedge cluster randomized trials, it is methodologically
difficult to do so, because additional clusters could also in-
crease the number of required steps and hence prolong the
planned study duration substantially [5].

Another possibility for unsuccessful recruitment of clus-
ters could be that not all planned steps of a trial were
executed. However, unperformed steps rarely occurred in
the studies of this review and were hence no cause for un-
successful recruitment of clusters.

Yet, we noticed that some articles also counted the pre-
rollout phase as a step, which is methodologically not cor-
rect. A good summary of the terminology of stepped-wedge
trials is given by Copas et al. [14]. To facilitate the compar-
ison of different articles in the field of stepped-wedge clus-
ter randomized trials, usage of consistent terms is advised.

Besides, many studies of our review did not clearly
report their sample size estimation. This shows that there
is still a need for improved reporting of sample size meth-
odology in stepped-wedge cluster randomized trials. Also,
it is possible that sample size reporting was especially
transparent in the studies where recruitment of participants
was successful. This has also been reported for other study
designs [75]. On the other hand, one should also mention
that we specifically looked into planned and achieved
recruitment rates of stepped-wedge cluster trials without
incorporating the actual results of the studies. We therefore
suggest as future work to investigate what proportion of
studies that did not reach their sample size did eventually
yield clear (significant) results. Vice versa, one must also
note that even studies that achieve their recruitment goal
may present a quite imprecise effect estimation because
of unrealistic assumptions in the sample size calculation.

Regarding the calculation of recruitment rates, it should
be mentioned that our definition of reaching the prespeci-
fied sample size was quite conservative and had to be at
least 100%.

When looking at the reasons for choosing the stepped-
wedge design, most studies were conducted in developed
countries and were aimed at health care improvements. Beard
et al. (2015) have reported a similar finding [4]. We identified
ethical reasons as the most common reasons to use a stepped-
wedge design,whereasBeard et al. (2015) reportedmost often
logistical reasons. Both of our findings are likely to reflect that
stepped-wedge cluster randomized studies are increasingly
applied when testing a health care or quality improvement
intervention in an entire facility, which is to some extent
proven to be beneficial. This was also found by Mdege et al.
(2011)whoconcluded that the design is ‘‘mainly used for eval-
uating interventions during routine implementation’’ [76].

Besides, only one study chose the stepped-wedge design
to facilitate recruitment of participants. However, it is
possible that the expectation of facilitated recruitment
was a minor reason in some studies and therefore not spe-
cifically stated in the article.

Last, many studies included in this review reported dif-
ficulties during the intervention’s rollout or data collec-
tion. This might firstly be explained by the fact that
stepped-wedge cluster trials are often conducted on a
large scale and are therefore sensitive to external chal-
lenges that cannot directly be influenced by the re-
searchers such as change of hospital staff or withdrawal
of full clusters. Similar findings have been reported by
Kotz et al. (2012) [77]. On the other hand, the stepped-
wedge cluster design only exists since the late 1980s
[78]. Since then, about 60 stepped-wedge cluster trials
with results have been published [3,4]. As experience with
the conduct of these studies will grow, more strategies to
prevent difficulties during trial conduct will likely be
developed. Complete and consistent reporting of study re-
sults will be crucial for this process and useful reporting
guidelines have already been published [78].

A possible limitation of our study is that our search was
limited to PubMed and reference screening of previous re-
views. Our review might therefore not include all articles
about stepped-wedge cluster randomized trials that were
published between 2012 and 2017. Still, we assume that
the great majority of articles are listed in PubMed because
most interventions were conducted in a medical setting. In
addition, data extraction was performed by a single reviewer,
which might have caused some errors in interpretation.
However, uncertainties during data extraction were always
resolved together with two other researchers. Last, we must
consider a possible publication bias in the reporting of the
results of stepped-wedge trials, as trials that failed to reach
their planned sample size might be more likely to remain un-
reported. This is unfortunately a common problem in sys-
tematic reviews and our review could nevertheless provide
a firstdprobably optimisticdestimation of overall recruit-
ment rates into stepped-wedge cluster trials.
5. Conclusion

In conclusion, the results of our analyses show that about
31% of recently published stepped-wedge cluster trials do
not reach their planned recruitment, although several design
features could appear appealing for potential participants.
Still, the stepped-wedge trial design may yield practical,
ethical, and methodological advantages. Improved sample
size reporting will be needed for more concrete conclusions.
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