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Abstract
Objective
To assess the design and statistical methods used in cluster randomised crossover trials (CRXO).
Study design and setting
We undertook a systematic review of CRXO trials. Searches of MEDLINE, EMBASE, and CINAHL Plus; and citation searches of CRXO methodological articles were conducted to December 2014. We extracted data on design characteristics, and statistical methods for sample size, data analysis, and handling of missing data.
Results
Ninety-one trials including 139 endpoint analyses met the inclusion criteria. Trials had a median of nine clusters (IQR 4-21); median cluster-period size of 30 individuals (IQR 14-77); 58 (69%) trials had two periods; and 27 trials (30%) included the same individuals in all periods. A rationale for the design was reported in only 25 trials (27%). A sample size justification was provided in 53 (58%) trials. Only nine (10%) trials accounted appropriately for the design in their sample size calculation. Ten of the 12 cluster-level analyses used a method that accounted for the clustering and multiple-period aspects of the design. In contrast, only 4 of the 127 individual-level analyses used a potentially appropriate method. 
Conclusions
There is a need for improved application of appropriate analysis and sample size methods, and reporting, in CRXO trials.
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What is new?
Key findings
· Reporting of the rationale for using CRXO trials was uncommon, despite this being a recommended reporting item for cluster randomised trials[1]. Sample size calculations were commonly not reported, and only a minority of CRXO trials used sample size methods that appropriately accounted for the design. 
· Only rarely did the employed statistical methods account for the design; that is, adjust for the clustering and multiple period aspects.
What this adds to what is known
· This is the first systematic review of CRXO trials. The results of this review provide a comprehensive assessment of the design characteristics, statistical methods for sample size, data analysis, and handling of missing data in CRXO trials.
What is the implication, what should be changed
· Trialists need to account for both the cluster randomisation and multiple period aspects of the design in sample size calculations and statistical analyses. Methods and assumptions need to be clearly reported and justified.
· The development of reporting guidelines for CRXO trials is needed to facilitate clearer and complete reporting.


1. Introduction
The cluster randomised crossover (CRXO) design is gaining popularity in settings where cluster randomisation is required, but the parallel group cluster randomised design is not feasible because the required number of clusters is prohibitively large[2, 3]. In the CRXO design, hospitals, schools or other groups of people (“clusters”) are randomly assigned to a sequence of interventions. Each cluster receives each intervention at least once in a separate period of time, leading to the formation of “cluster-periods” [4, 5]. Within each cluster, each cluster-period may contain a repeated-cross-section of different individuals, a cohort of the same individuals who are followed over time, or a mixture of the same and different individuals [6]. 
This design differs from the parallel group cluster randomized design and the individually randomized crossover design. In the parallel group cluster randomised design [7], each cluster is assigned only a single intervention, rather than a sequence of interventions. Each cluster therefore contains a single cross-section of different individuals. In the individually randomised crossover design [8], a cohort of individuals, rather than a series of clusters of individuals, are randomly assigned to a sequence of interventions. We refer the reader to Hooper & Bourke (2015) for examples of other cluster designs conducted over multiple periods [9].
In both the individually randomised crossover design and CRXO design, randomisation of the intervention sequence serves to control for period effects (i.e. changes that occur over time that are unrelated to the intervention); and a key requirement of the two period design is that the effect of an intervention given in one period does not carry over into the next period [5, 8]. In CRXO designs where cluster-periods contain different individuals, the potential for carryover is limited because any carryover can only take place at the cluster level. However in CRXO designs where the same individuals are followed over time, carryover can also take place at individual subject level, and therefore its potential is similar to that in individually randomized crossover designs.
The efficiency of a CRXO trial relative to an individually randomised trial or a parallel group cluster randomised trial depends on the relationship between the outcomes from individuals within and between each cluster-period [6]. Individuals within a cluster tend to have more similar outcomes than individuals across clusters[7]. For example, due to differences in case-mix between patients presenting to different hospitals, patients in the same hospital may have more similar outcomes than patients in other hospitals. Likewise, individuals within a cluster-period tend to have more similar outcomes than individuals in different clusters. This similarity is typically measured by the within-cluster within-period intracluster correlation (ICC) [3-6, 10]. This tendency for similar outcomes increases the uncertainty in the estimation of the effect of each intervention compared to outcomes that are independent.
If the environment of the cluster remains similar over time, then the outcomes of individuals within each cluster across different cluster-periods tend to be similar also. This tendency is typically measured by the within-cluster between-period ICC[3, 5, 6, 10]. By comparing the interventions within-cluster, the cluster specific variation is removed from the comparison, and the uncertainty of the difference between interventions is decreased when there is a positive within-cluster between-period ICC [5]. Therefore the crossover element of the design can offset the loss of precision arising from cluster randomisation. 
In the analysis of data from a parallel group cluster randomised trial, it is recognised that the analysis must account for the correlation within clusters to correctly estimate the uncertainty in the intervention effect, for example, by including the cluster unit of randomisation as a random effect in a generalised linear model (GLM) (e.g. Eldridge 2012). However it is unclear whether trialists recognise that both the within-cluster within-period and the within-cluster between-period ICCs must be appropriately incorporated into sample size calculations and analyses to yield appropriate sample sizes and intervention effects with the correct standard errors in CRXO trials.
There have only been limited reviews examining the application and use of analytical methods for CRXO trials. These reviews have taken place in the introductory sections of methodological papers with the purpose of illustrating the design and highlighting the need for appropriate methods of analysis[4, 5, 10, 11]. Therefore we used systematic review methodology to examine the settings, design characteristics, justifications for using the design, quality of reporting, and sample size and analysis methods of trials that have used the CRXO design[12]. In this paper, we focus on the design characteristics; statistical methods for sample size and data analysis, and the appropriateness of those methods; and the completeness of reporting of the statistical methods.
We begin with a brief review of recommended sample size and analysis methods for CRXO trials in Section 2. In Section 3 we outline the systematic review methods. Results are presented in Section 4, and discussed in Section 5.
2. Brief review of sample size and analysis methods for CRXO trials
Only limited methodological research has been published to guide trialists in performing sample size calculations for CRXO trials. Giraudeau et al. and Donner et al. derived an inflation factor for a two-period two-group CRXO trial relative to an individually randomised trial, when the cluster-period sizes are assumed to be equal, and this was extended to incorporate period effects and unequal cluster-period sizes by Forbes et. al[3, 10, 13].
CRXO trials can be analysed at the level of the individual or at the level of the cluster. The statistical challenges for the analysis of CRXO trials differ according to whether an individual-level or cluster-level analysis method is chosen, however, the target parameter of the analysis remains the intervention effect at the individual-level [4, 14].
 For individual-level analyses, the use of mixed effects models with continuous outcomes that include random or fixed effects for cluster and cluster-by-period effects have been shown to generally perform well in numerical simulations[4]. The performance of logistic mixed models for binary outcomes has only recently received attention with initial results indicating that poor performance may occur even with 50 or more clusters depending on the ICC values (Morgan et al., unpublished result). Other outcome types, including count and time-to-event data, have not been explored. Generalised estimating equations (GEE) are also used to analyse clustered data[15]. In CRXO trials, accounting for both ICCs requires the inclusion of robust standard errors (possibly with adjustments for small sample variance estimation[16]), or extensions which model the patterned correlation structure within clusters across multiple periods explicitly[3].
Turner et al. recommended a simple approach using a cluster-level analysis for continuous outcomes collected at the individual-level, however this method can also be applied to other outcome types[4]. In a cluster-level analysis, the available data on each individual from each cluster-period are aggregated into a single measure, and for each cluster, the relevant difference between interventions is constructed. Aggregating the data in each  cluster-period  accounts for the within-cluster within-period ICC, and comparing the cluster-period summaries within-cluster accounts for the within-cluster between-period ICC. This method has been evaluated by both Turner et al. and Forbes et al. and performs well[3, 4].
3. Systematic review methods 
The protocol for the review has been published[12]. We provide a brief overview of the methods, along with deviations from the planned methods.
3.1. Literature search
The following sources were searched (to December 2014) for CRXO trials: MEDLINE, PubMed, EMBASE and CINAHL Plus. In addition, CRXO methodology articles were searched to identify further references to CRXO trials. We searched for methodology articles in PubMed using the following search strategy: ((cluster[tiab] AND cross*over[tiab]) OR cluster-crossover[tiab]) AND (method*[tiab] OR design [tiab] OR calcul*[tiab] OR analy*[tiab]). A citation search of all identified methodology articles was performed in Web of Science. Finally the references of all eligible articles were screened for CRXO trials. No restriction was applied to the publication date.
3.2. Trial inclusion criteria
Trials and protocols for trials that met the following inclusion criteria were included in the review: the trial was undertaken in humans; the trial was reported in English; the allocation of the intervention was to clusters of individuals rather than individuals themselves; each cluster received each intervention in a sequence over time (conventional crossover design), or at least some clusters crossed over from one intervention to another (such as two- treatment-four-sequence designs AA, AB, BA, and BB); at least some clusters crossed each way between at least two interventions (e.g. one cluster received AB and one cluster received BA); and the intervention given in the one period was not deliberately intended by design to affect individuals in subsequent periods (e.g. interventions intended to change the prescribing behaviour of health care provider, where patients form the cluster). Two criteria were added to the planned criteria; see Table S1 for further details on changes to the published protocol.
3.3. Selection of trials for inclusion in the review
One author (SA) screened all titles and abstracts using the predefined eligibility criteria and 50% of the titles and abstracts were screened independently by at least one co-author. Full articles were then screened by one author (SA) using the predefined eligibility criteria. All eligible articles were double screened along with 20% of articles that were initially determined to be ineligible by SA. Differences were resolved by discussion or by referral to a third author. No ineligible articles were subsequently found to be eligible.
3.4. Data extraction
The data extraction form incorporated items from the CONSORT extension to cluster randomised trials [1] and systematic reviews of the design, reporting and methodological aspects of stepped wedge [17], individual crossover [18], and parallel group cluster randomised trials [19, 20] The data extraction form was piloted on five trials by each author. This resulted in modifications and clarifications to the form (see Additional file 1). Data were entered into a database (Microsoft Access 2010, Redmond, Washington, USA). The extracted information included identification of the design in the title or abstract, justification for using the design, acknowledgement of the underlying assumptions of the design, demographic details (country, setting, unit of clustering, type of intervention, and control), design characteristics, methods used in the trial (recruitment, randomisation, allocation, and blinding), reporting of baseline characteristics of the trial design, and statistical analysis (methods to estimate intervention effects and adjustment for covariates). The extracted design characteristics included: number of clusters, number of periods, number of cluster-periods (clusters × periods), number of individuals in the trial, number of interventions and the allocation of interventions to cluster-periods, the variability of the number of individuals between cluster-periods, the reported measure of similarity between the outcomes of individuals within a cluster within a given period, and the reported measure of similarity between outcomes of individuals within a cluster between different periods.
We wished to collect information on the range of statistical methods used within the trials, so implemented the following process to select outcomes and their associated statistical methods. We collected information on the primary outcome, where we defined primary using the following hierarchy: the first eligible primary outcome in the protocol document or first published paper for the study if there is no protocol document; the outcome used for the sample size calculation; or the first outcome listed in the methods section of the abstract. We then collected information on multiple secondary outcomes, selected using the following process: the outcome was reported in the abstract and of a different data type to the primary outcome; the outcome was reported in the abstract and of the same data type as the previously included outcomes but analysed by a different method; the outcome was reported in the article and of different data type or analysed by a different method as the previously included outcomes.
One author (SA) extracted data from all trials, and data from 20% of the trials was independently double data extracted by the co-authors. Three of the five authors (SA, JM, AF) reviewed the discrepancies arising from the double data extraction, and discussed processes for further reviewing items where there was inconsistency. We re-reviewed the following items for all trials: contamination as a justification for using the design; use of a washout period; blinding of the deliverers of the intervention; mean cluster-period size. The sample size outcome scale was reviewed in all trials that used a count analysis.  The scale of the outcome measure used in the sample size calculation was reviewed in all trials that were initially classified as count or binary. Any binary outcome that can occur multiple times per person in the time period of measurement was classified as a count outcome. We classified binary outcomes that are associated with a time period separately to binary outcomes measured over a fixed time period, since the statistical and sample size issues for these outcomes need to be considered separately. SA reviewed the following fields again in ten randomly selected trials: method of recruitment, allocation and blinding; reporting of baseline characteristics; sample size outcome scale; and, use of covariates in analysis. AF and JM reviewed the mean cluster-period size again in 20 randomly selected trials.
3.5. Defining the appropriateness of sample size and analysis methods used in the CRXO trials
We classified the sample size and analysis methods in each trial as either ‘potentially appropriate’ or ‘inappropriate’. Given there is limited methodological research investigating the performance of sample size and analysis methods (Section 2), it was not possible to classify the methods as definitely ‘appropriate’. We attempted to replicate the sample size calculation to assist in classifying the sample size methodology. Any trial that reported a method which attempted to adjust for both the cluster randomisation and multiple period design aspects, or equivalently the within-cluster within-period and within-cluster between-period ICCs, was considered to use ‘potentially appropriate’ methodology. Methods that aggregated the data in each cluster-period were judged to have accounted for the cluster randomisation design aspect. Trials using either GEE or GLM methodology that reported applying robust standard errors were considered ‘potentially appropriate’ if the number of clusters in a trial was at least 30, based on recommendations for parallel group cluster randomised trials (Hayes, 2009; pg 223) [14].  However, the performance of robust standard errors has not been extensively studied in CRXO trials, and in reality a higher number of clusters may be required (Morgan et al., unpublished result) [7].. Trials that reported using the statistical packages R (R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-project.org/. ) or SAS (Copyright, SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA.) to fit GEEs were assumed to have applied robust standard errors, since robust standard errors are fitted by default in these packages. Methods that did not adjust for both the cluster randomisation and multiple period design aspects, but explicitly stated that the within-cluster within-period and within-cluster between-period ICCs were assumed to be equal were considered also to be ‘potentially appropriate’. 
3.6. Analysis
We present descriptive summary statistics using frequencies and percentages of responses to categorical data. Free text was classified and frequencies and percentages of the categories are presented. For continuous data the range and mean/SD or median/IQR are presented as appropriate. The individual trial data can be made available on request to the corresponding author. 

4. Results
4.1. Results of the search
Figure 1 shows the flow diagram of the CRXO trial selection process. Of the 3425 records identified through database searching, 170 were duplicates and 3046 were ineligible based on screening of abstracts, leaving 209 full-text articles to assess for eligibility. Of these 209 articles, 98 were assessed as eligible. A further four articles were identified through the methodology article reference and citation search, and four articles from the references of eligible articles. In total 106 articles from 91 unique trials were included in the review (see Additional file 2). Seventy-nine trials had only one associated article (eight of which were protocols), nine trials had two associated articles, and three trials had three associated articles.
4.2. Characteristics of the trials
The earliest identified trial was published in 1974. Half of the 91 trials were published after 2006, with nine trials published in 2014 (Figure 2). Most trials were conducted in a developed country (n=86, 95%), and were conducted within only one country (n=86, 95%) (Table S2).
The types of clusters varied. Almost half of the trials (n=45, 49%) randomised hospitals or wards within hospitals, and of these, 19 (21%) randomised intensive care units. Thirteen trials (14%) each randomised individual health care providers and schools or classes (Table S3).
The trials investigated a wide range of diseases and conditions, and health care delivery models. Twenty trials (22%) investigated infection control, 11 (12%) investigated infectious diseases, 11 (12%) investigated cardiovascular disease, and ten (11%) examined the delivery of health services (Table 1). 
4.3. Design characteristics of the trials
The most common trial design included two interventions (n=81, 89%) (Table 2). In 49 (54%) trials, the interventions were delivered directly to the individuals within the clusters. In 22 (24%) trials, the intervention was targeted at the health care provider rather than the individuals under their care, and in 14 (15%) trials the intervention was targeted at the organisation of the health care provider or health service delivery (Table 1).
Trials had a median of nine clusters (IQR: 4 – 21, range: 2 - 268) and had a median cluster-period size of 30 (IQR: 14 – 77, range: 2 - 1319). The majority of trials (69%) used two periods. Trials randomising hospitals used fewer clusters (median: 6, IQR: 2 -10, range: 2 - 46), but were larger in size (median cluster-period size: 57, IQR: 21 – 197, range: 5 - 1319) than trials randomising schools and health care providers. The same participants were included in all periods in 27 (30%) trials, with this occurring more commonly in trials randomising schools (Table 2).
In 45 (49%) trials a washout period was either incorporated into the design or the reason for not using one was explained. Trials randomising health care providers used a washout less frequently (3/13, 23%) than trials randomising hospitals (27/45, 60%) or schools (7/13, 54%) (Table 2).
Of the 91 included trials, 76 (84%) trials stated that clusters were assigned to intervention sequences at random. Only 35 (38%) of these trials provided sufficient detail to replicate the randomisation. Thirty trials (33%) used restricted randomisation to balance covariates between the intervention sequences. Consent to participate was sought from the individuals or those acting on their behalf in 32 trials (35%). In 30 (33%) trials consent to participate was obtained at the cluster level, while in 24 (26%) trials it was unclear how consent was sought. (Table 1).

4.4. Justification for design
Only 25 (27%) trials provided justification for both the cluster randomisation and crossover aspects of the design, while 42 (46%) trials provided no justification for either design aspect (Table 1). A justification was provided for the cluster randomisation aspect in 36 trials (40%) and a justification for the crossover aspect was provided in 38 trials (42%). Justification for cluster randomisation was given in only three of 13 (23%) of the trials that randomised health care providers, where interventions were primarily targeted at the cluster-level (nine of 13 trials). In contrast justification for cluster randomisation was given in 22 (49%) of hospital trials, where the interventions were more frequently targeted at the individual level (62% of hospital trials) (Table S4).
The main reasons cited for cluster randomisation (n=36) were to avoid contamination between individuals within the cluster by either the individuals themselves (11 trials, 31%) or by those delivering the intervention (11 trials, 31%), and because it wasn't practical to individually randomise (11 trials, 31%). The main reason cited for crossing over the intervention within a cluster (n=38) was to attempt to eliminate differences in cluster-level characteristics between clusters (27 trials, 71% of reasons cited) (Table S4).
4.5. Statistical methods for sample size estimation
Of the 91 trials, 53 provided some detail of a sample size calculation, 35 (38%) did not report a sample size calculation. None of the trials reported using unequal cluster-period sizes (Table 3). 
Only nine trials (10%) used methods that appropriately accounted for both the within-cluster within-period and within-cluster between-period ICCs. Eleven trials (12%) used a method appropriate for a parallel group cluster randomised trial, therefore ignoring the crossover aspect of the design. The remaining 33 trials either assumed the observations were independent (31 trials), or the reporting of sample size methodology was insufficient to make any assessment (two trials).
Trials that used a sample size calculation for a parallel group cluster randomised design almost always reported the value used to account for the non-independence of outcomes within each cluster (10 out of 11 trials). Seven of these values were based on a best guess, two were taken from published research, and one trial quoted the maximum correlation between clusters that would guarantee 80% power for their fixed sample size. Of the nine trials accounting for the CRXO design, five reported the values used to account for the non-independence of outcomes within and between periods within a cluster. In a further one trial: values were not reported; the within-cluster within-period ICC and within-cluster between-period ICC were assumed to cancel such that the sample size calculation assumed the outcomes were independent; the estimated reduction in power through simulation was reported, without reporting the values used within the simulation; and the sample size was inflated by a best guess value. 
4.6. Statistical methods for data analysis 
Across the 91 trials, 175 outcomes (median=2 outcomes per trial, IQR=1 to 2) met our inclusion criteria, from which we assessed the associated analytical methods. We excluded 36 of the analytical methods from further assessment because: the level of analysis was not clear (n=12); the intervention effect was estimated separately in each cluster or the intervention effect was estimated between clusters separately in each period (n=10); no comparison between intervention groups was made (n=9); no information on the method used for comparison was provided (n=3); or only descriptive statistics only were reported (n=2). Of the remaining 139 analyses, 127 (91%) were performed at the individual level and 12 (9%) were performed at the cluster level. Across the 139 analyses, we deemed 14 (10%) to be potentially appropriate. We now detail the methods used by the level at which the analysis was undertaken (Table 4).
Of the 12 cluster-level analyses, 10 (83%) used a method that accounted for the correlation between cluster-period summaries within each cluster and therefore appropriately accounted for both the cluster randomisation and crossover aspects of the design. In one analysis the methodology was judged to be inappropriate and the methodology in the remaining analysis was unclear. 
In the 12 cluster-level analyses the observations were collapsed within cluster-periods to a cluster-period mean in five analyses, to a rate or count in another five analyses, and a log-incidence rate in one analysis. In the remaining analysis the expected rate in each cluster-period was obtained from a GLM fitted with a log-link function and individual-level covariates. The cluster-period summaries were compared using the following methods: paired t-test (seven analyses); permutation test (two analyses); and fitting a GLM with log-link function in two analyses, one applied robust standard errors to the estimate of the intervention effect and one included a random effect for cluster in the model. In the remaining analysis it was unclear whether a paired or unpaired t-test was used.
In contrast, 4 of the 127 individual-level analyses potentially accounted appropriately for both the cluster randomisation and crossover aspects of the design. Fifty-four analyses did not account for either the cluster randomisation or crossover aspects of the design. The cluster unit was accounted for in 52 analyses: 35 analyses fitted a GLM that included a term for the cluster (including eight fixed effects and 27 random effects, three also with robust standard errors); a GEE approach was used in 11 analyses (seven of which were judged to be using robust standard errors); four analyses used a Mantel Haenszel stratified chi-squared test; and two analyses fitted an ANOVA model with cluster as a fixed term. In the ten analyses that applied robust standard errors, four included at least 30 clusters and were therefore classified as potentially appropriate. In 21 analyses insufficient information was provided to determine if either the cluster randomisation or crossover aspects were accounted for. No trials accounted for the crossover as recommended by Turner et al. and Parienti et al. which involved including cluster-by-period random effect terms[4, 5].
4.7. Reporting and handling of missing data
Of 64 (70%) trials that reported missing data, 8 (13%) reported using a method to handle the missing data, including: use of random effects models, adjusted for covariates believed to be associated with missingness; multiple imputation to replace missing outcomes and covariates; and testing the sensitivity of the results to the missing data by substituting the missing values with extreme values.

5. Discussion
We undertook a systematic review to assess the design and statistical methods used in CRXO trials. CRXO trials have become more common over time, and have been conducted within a variety of settings to assess a range of interventions. The methods employed for the sample size calculation and analysis suggest that there was limited understanding of the effect of the cluster randomisation and multiple period aspects of the design. There is a need for improved reporting of CRXO trials: justifications for using the design were rarely reported. 
A key requirement of the CRXO design is that the intervention effect does not carry over from one period to the next [5]. This can be achieved by many methods, for example using different participants in each period; providing an adequate washout time between periods; and blinding of the trialists involved in the delivery of the intervention and collection of outcome data. While it is possible to undertake a statistical test of the interaction between treatment and period, it is not possible from this test to distinguish carryover effects from treatment by period interactions, in two-period two-intervention CRXO trials[21], and altering the analysis based on the results of this test leads to a biased estimate of the intervention effect and inflated type I error[22]. Regardless of the method used to reduce the risk of carryover, clear reporting of the method used is required to allow readers to assess the risk of bias to the intervention effect arising from the potential carryover. 
Although the CRXO design is usually more efficient than parallel group cluster randomisation, an individually randomised trial is usually more efficient than CRXO[3]. In over half of the CRXO trials included in our review, the intervention was delivered to the individual participants, and therefore individual randomisation may have been possible.  Careful consideration should always be given to whether a more complex design is necessary, particularly when the design requires more participants[1].

5.1 Implications of the sample size and analysis methodology
5.1.1. Implications of statistical methods for sample size estimation
Over half (58%) of the trials that provided a sample size estimate reported using a method designed for an individually randomised trial using simple randomisation. This approach is only appropriate for a CRXO trial when both the within-cluster within-period ICC and within-cluster between-period ICC are zero, or the within-cluster between-period ICC is equal to within-cluster within-period ICC. These are strong and optimistic assumptions[3], and if violated, would lead to an underpowered study.
In trials where the sample size was estimated for a parallel group cluster randomised design, the within-cluster between-period ICC is effectively treated as zero. This approach leads to a conservative sample size and as a result, more participants will be included in the trial than are needed to obtain the desired power.
Following a suggestion by Donner et. al, one trial assumed the within-cluster between-period ICC was half the within-cluster within-period ICC, which leads to a sample size estimate that is larger than the requirement for an individually randomised design but smaller than the requirement for an parallel group cluster randomised trial[13]. In the absence of a priori knowledge of the within-cluster between-period ICC, this may be reasonable approach.
Other methods used to account for the CRXO design included inflating the sample size by an arbitrary amount; performing a power calculation using numerical simulation with a model that included both ICCs; basing the estimate on a paired t-test of the cluster-level means; and inflating the estimate from an individual level crossover design with the same participants in both periods by an inflation factor for a parallel group cluster randomised design. The first three methods may be appropriate if representative values of the sample size parameters were used. Further research is required to assess the appropriateness of the last method.
5.1.2. Implications of choice of statistical methods for cluster-level analyses 
We found that when data was aggregated in each cluster-period, the analyses used were usually appropriate. In addition, as noted by Turner et al, such cluster-level analyses are intuitive and easily understandable to health researchers[4]. Therefore, use of such an analysis approach would often seem reasonable.
5.1.3. Implications of choice of statistical methods for individual-level analyses
Analogous to the issues with sample size, individual-level analyses that assume observations within clusters and within cluster-periods are independent, or account only for cluster-level variation, can estimate standard errors that are too small. These analyses can result in inflated type I error rates, and potentially lead to false positive claims regarding the effectiveness of interventions.
5.1.4. Influence of statistical methodology articles on subsequent CRXO trials 
The influence of statistical methodology articles on the use of appropriate sample size and analysis methods in CRXO trials would seem limited. Methods to perform sample size calculations for CRXO trials have been available since 2004[10, 13]; yet, the number of papers including a sample size calculation has remained around 60% to 70% since 2000, and only two CRXO trials cited a methods paper for a CRXO sample size calculation. Methods for analysing binary data in dental split-mouth trials have been available since 2004[13], and in the context of CRXO trials, since 2007[5]. Only four CRXO trials cited a methods paper for analysing CRXO trials, all citing Turner et al[4]. It is unclear whether trialists recognise the need to use specialist methods when designing and analysing these trials. Regardless, however, there is a clear need for development of accessible guidance for health researchers for the design, conduct, and analysis of CRXO trials. 
5.2. Strengths and limitations
A potential limitation of our review was our ability to locate all CRXO trials. Locating CRXO trials is difficult since there is no validated search strategy, and the language used to describe the design is inconsistent. Further, many trialists may be unaware that they have used a CRXO design, and so fail to use key words in the abstract that describe the clustering or crossover aspects. To optimise our yield of CRXO trials, we used a broad search strategy, searched references of all eligible CRXO trials, and undertook citation searches to CRXO trial methodology articles. Although our yield of CRXO trials may be incomplete, it represents the most comprehensive review of this trial design to date. Further, it may be argued that CRXO trials that are better reported, and thus easier to locate, are also more likely to use appropriate statistical methods. Therefore, results from our review may present an optimistic view of the design and statistical methods used in CRXO trials. 
We maintained consistency in the review by having one author perform all screening and data extraction, and verified the results by having a subsample of all reviewed trials independently assessed by at least one other reviewer.

6. Conclusions
The CRXO design has been used in a wide range of settings for the past four decades. However, the statistical methods used in the sample size determination and analysis rarely account appropriately for the design aspects. The justifications for using the design are rarely reported. It is unclear whether trialists recognise the need for specialist methods in designing and analysing these trials. There is an urgent need for accessible guidance for health researchers on the design, conduct, analysis, and reporting of the CRXO design.
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3425 records identified through database searching:
· Medline (n=2443)
· PubMed (n=33)
· EMBASE (n=782)
· CINAHL (n=167)




3046 records excluded after abstract screen due to:
· Article not in English (n=3)
· Outcomes not measured on humans or article is not a clinical trial (n=532)
· Trial design (n=2507)
· Individually randomised (n=1627)
· No crossover (n=102)
· Individually randomised and no crossover (n=778)
· Each intervention given concurrently to different parts of the body (n=4)
3255 records after duplicates removed:
· Medline (n=2392)
· PubMed (n=27)
· EMBASE (n=706)
· CINAHL (n=130)








110 full text articles excluded due to: 
· Outcome not measured on humans (n=1)
· Intervention applied to manikin or case study (n=3)
· Individually randomised (n=53)
· Clusters do not crossover (n=10)
· All clusters receive the same sequence of interventions (n=8)
· Not all interventions crossover (n=13)
· Outcomes measured at completion of all periods (n=3)
· Delayed intervention; carry over intended between periods (n=15)
· Carry over suspected; intention to assess effect of order (n=3)
· Each subject in cluster receives intervention for a different length of time (n=1)
209 full text articles assessed for eligibility










4 full text articles identified through methodology reference and citation search


3 full text articles identified from references of included articles

106 eligible articles

91 trials included in the review


Include additional 6 papers they need to be checked
Citation search of (n=4) methods papers and the references within returned an additional 5 papers

Figure 1: Flow of articles through the systematic review.
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Figure 2: Number of cluster randomised crossover publications per five year period.


Table 1: Characteristics of the cluster randomised crossover trials
	Disease or domain under study
	N (%)

	Infection control
	20 (22%)

	Infectious disease
	11 (12%)

	Cardiovascular disease
	11 (12%)

	Health services delivery
	10 (11%)

	General and public health
	6 (7%)

	Medical training
	5 (5%)

	Communication of health information
	4 (4%)

	Pregnancy, childbirth and early childhood
	3 (3%)

	Mental health and behavioural conditions
	3 (3%)

	Respiratory disease
	3 (3%)

	Blood sample contamination
	3 (3%)

	Cognition
	3 (3%)

	Central nervous system and musculoskeletal disease
	2 (2%)

	Urogenital disease
	2 (2%)

	Oral health
	2 (2%)

	Nutritional and metabolic disorders
	1 (1%)

	Digestive disorders
	1 (1%)

	Pain management
	1 (1%)

	Type of intervention
	

	Intervention targeting the individual
	49 (54%)

	Intervention targeting health care provider
	22 (24%)

	Quality improvement intervention
	14 (15%)

	Intervention resulting in change to the participant environment
	6 (7%)

	Justification for design 
	

	Justification for both cluster randomisation & crossover
	25 (27%)

	Justification for neither cluster randomisation or crossover
	42 (46%)

	Justification for cluster randomisation
	36 (40%)

	Justification for crossover
	38 (42%)

	Consent
	

	Individual or those acting on their behalf
	32 (35%)

	Cluster
	30 (33%)

	Opt out
	4 (4%)

	Varied by site1
	1 1%)

	Unclear
	24 (26%)

	Type of consent given by cluster-level decision maker2 (n=34) 
	

	Participation and data collection
	6 (18%)

	Participation, with individual consent for data collection
	23 (68%)

	Not stated who gave consent for data collection
	5 (15%)

	Was the randomisation sequence randomly generated?3
	

	No
	3 (3%)

	Yes - Sufficient information to replicate
	35 (38%)

	Yes - Insufficient information to replicate
	41 (45%)

	Unclear
	12 (13%)

	Covariates were used in the randomisation
	30 (33%)


1Consent was sought from the individuals or was obtained at the cluster level, varying by randomisation site
2Includes consent given by cluster-level decision maker and opt out consent
3A classification of no indicates that the treatment sequences were intentionally assigned to each cluster. The randomisation procedure was judged to be insufficient if reported that the allocation of treatment sequences was randomised, but no further detail on the randomisation was reported. If further details (e.g. toss of coin, computer randomisation program) were provided the procedure was judged to be sufficient.


Table 2: Design characteristics of the cluster randomised crossover trials by type of cluster randomised
	
	All cluster types
	Type of cluster randomised

	
	Total 
N = 91
	Hospital  
N = 45
	School 
N = 13
	Health care provider
N =13
	Other cluster types1
N = 20

	
	n (%)
	n (%)
	n (%)
	n (%)
	n (%)

	Number of interventions

	2
	81 (89%)
	38 (84%)
	12 (92%)
	12 (92%)
	19 (95%)

	3
	9 (10%)
	6 (13%)
	1 (8%)
	1 (8%)
	1 (5%)

	4
	1 (1%)
	1 (2%)
	0
	0
	0

	Number of clusters - Median [IQR]; range
	9 [4 - 21]; 
2- 268
	6 [2 - 10]; 
2 – 46
	17 [9 - 22]; 
4 – 46
	23 [18 - 34]; 
3 – 64
	14 [5 - 40]; 
2 – 268

	Unclear
	4 (4%)
	2 (4%)
	2 (15%)
	0
	0

	Number of periods3
	
	
	
	
	

	2
	58 (69%)
	27 (60%)
	10 (83%)
	8 (73%)
	13 (81%)

	3
	9 (11%)
	7 (16%)
	1 (8%)
	1 (9%)
	0

	4+
	17 (20%)
	11 (24%)
	1 (8%)
	2 (18%)
	3 (19%)

	Unclear
	7 (8%)
	0
	1 (8%)
	2 (15%)
	4 (20%)

	Cluster-period size - Median [IQR]; Range
	30 [14-77]; 
2 - 1319
	57 [21-194]; 
5 - 1319
	23 [17-43]; 
10 - 152
	20 [10-56]:
2 - 82
	12 [6-27]; 
2 -77

	Unclear
	21 (23%)
	9 (20%)
	1 (8%)
	2 (15%)
	8 (40%)

	Same participants in all periods2
	27 (30%)
	3 (7%)
	12 (93%)
	3 (23%)
	9 (45%)

	Washout period or reason for not including washout period explained
	45 (49%)
	27 (60%)
	7 (54%)
	3 (23%)
	8 (40%)


IQR: Interquartile Range
1 Other cluster types include: Aged care facilities, dementia facilities, primary care practices, and outpatient facilities; households and geographic regions; and worksite departments, emergency responder teams, and individual patients (units receiving treatment were individual teeth or muscles).
2 Data was dichotomised into same participants in all periods or no participants in multiple periods and some, but not all participants, in multiple periods .
3 Percentages of non-missing data presented


Table 3: Sample size methods used in the cluster randomised crossover trials
	Trial reported a sample size calculation?
	N=91
n (%)

	No
	35 (38%)

	No - justification for not reporting calculation provided
	3 (3%)

	Yes – sufficient information to replicate calculation
	39 (43%)

	Yes – insufficient information to replicate calculation
	14 (15%)

	Sample size methods
	N=53
n (%)

	Method included covariates in the sample size calculation?1 
	1 (2%)

	Use of unequal cluster-period sizes?2
	0

	
	N=91
n (%)

	Methods appropriate for individually randomised parallel group design (Outcomes assumed to be independent)
	31 (34%)

	Methods appropriate for parallel group cluster randomised design
	11 (12%)

	Cluster accounted for, method unclear
	1

	Sample size inflated by design effect to account for within-cluster correlation
	10

	Methods appropriate for CRXO design
	9 (10%)

	Paired cluster-level means
	1

	Sample size inflated by design effect that accounted for within-cluster within-period ICC and within-cluster between-period ICC
	4

	Sample size for individual crossover design inflated by design effect to account for within-cluster ICC
	1

	Sample size for stepped wedge design with verification using simulation 
	1

	Sample size inflated by a best guess to account for CRXO design
	1

	Sample size estimated using simulation for CRXO design
	1

	Methods unclear
	2 (2%)

	Trial reported parameters used to account for correlation between outcomes in sample size calculation
	

	Methods appropriate for parallel group cluster randomised design (n=11)
	10 (91%)

	Methods appropriate for CRXO design (n=9)
	5 (56%)

	
	


CRXO: cluster randomised crossover
ICC: Intracluster correlation
1 Compared to no and unclear combined
2 Compared to equal cluster-period sizes. Cluster-period sizes were judged to be equal if the sample size could be reproduced by assuming equal sizes





10

Table 4: Statistical analysis methods used in the cluster randomised crossover trials

	Method 
	N
	Potentially appropriate?
	Cluster-level paired test
	Permutation test
	Fixed cluster effect6
	Random cluster effect6
	GEE
	Robust standard errors7
	Method did not account for cluster or cluster-period effect 
	Unclear if method accounted for cluster or cluster-period effect

	Cluster level (N=12) 
	
	10 (83%)
	
	
	
	
	
	
	
	

	GLM1 
	2
	1
	
	
	0
	1
	
	1
	0
	0

	ANOVA3
	8
	7
	7
	
	0
	0
	
	0
	0
	1

	Non-parametric methods5
	2
	2 
	0
	2
	0
	0
	
	0
	0
	0

	Individual level (N=127)
	
	4 (3%)
	
	
	
	
	
	
	
	

	GLM1 
	64
	1
	
	
	8
	24
	
	3
	15
	14

	GEE2
	11
	3
	
	
	
	
	4
	7
	
	

	ANOVA3 
	13
	
	
	
	2
	 
	
	 
	7
	4

	Other parametric models4 
	19
	
	
	
	4
	 
	
	 
	13
	2

	Non-parametric methods5
	20
	
	
	
	 
	 
	
	 
	19
	1


Grey cells in the table indicate that the methodology in the column is not applicable to the analysis method in the row
GLM: Generalised Linear Model
ANOVA: Analysis of Variance
GEE: Generalised Estimating Equation
1 Models including linear, logistic, poisson, binomial-identity link, ordinal, proportional hazards, time series regression
 2 Links including normal-identity, binomial-logit, binomial-identity, poisson-log
3 Including ANOVA, repeated measures ANOVA, t-test
4 Including Chi-squared, Mantel Haenszel chi-squared, McNemars test, Wallenstein method
5 Including Kruskal-Wallis, Fisher's exact, Kaplan-Meier curve with log-rank test, Wilcoxon rank sum, exact test for incidence rates, permutation tests
6 Including trials where the either the cluster-period effect was not accounted for in the method or it was unclear if the cluster-period effect was accounted for
7 For GLM a random effect for cluster was also used




Supplementary Tables

Table S1: Summary of changes in methods from protocol methods 

	Protocol method
	Deviation from protocol method
	Justification

	Inclusion criteria
	
	

	The trial was undertaken in humans; the allocation of the intervention was to clusters of individuals rather than individuals themselves; each cluster received each intervention in a sequence over time (conventional crossover design), or at least some clusters crossed over from one intervention to another (such as two- treatment-four-sequence designs AA, AB, BA, and BB)
	At least some clusters crossed each way between at least two interventions.

Type of deviation: Addition
	The intervention sequence in a CRXO design is randomly ordered to control for period effects. Several extracted trials applied a pre-post design to all clusters or applied a pre-post design to some clusters and a control intervention to the remaining clusters in all periods. 

	
	The intervention given in the one period was not deliberately intended by design to affect individuals in subsequent periods.

Type of deviation: Addition
	Several extracted trials used designs where it was intended that the interventions in each intervention sequence would be compared separately, rather than pooled, to evaluate any ordering effects. 

	Full text review
	
	

	Two reviewers will assess the full text articles.
	All eligible articles were double screened along with 20% of articles that were initially determined to be ineligible by SA
Type of deviation: Amendment
	The number of located CRXO trials was much greater than we had anticipated and we did not have the resources available for all full text articles to be double screened. We therefore amended our process to reduce the number full text articles that were double screened, but placed greater emphasis in this process on making the correct decision regarding non-inclusion of ineligible trials.

	Data extraction form
	Changes to data extraction were made after further piloting of the original data extraction form. See additional file 1.
Type of deviation: Amendment
	After piloting the original data extraction form, changes were required to improve the clarity of the questions and to ensure that all data was extracted as intended in the original data extraction form.

	Data extraction
	
	

	Two reviewers will independently extract data using an electronic data extraction form developed for this review

	One author (SA) extracted data from all trials, and data from 20% of the trials was independently double extracted by the co-authors. Three of the five authors (SA, JM, AF) reviewed the discrepancies arising from the double data extraction, and discussed processes for further reviewing items where there was inconsistency.
	The number of located CRXO trials was much greater than we had anticipated and we did not have the resources available for all articles to have double data extraction.





Table S2: Country where the trial was conducted
	Country
	 N = 91
n (%)

	USA
	30 (33%)

	UK
	10 (11%)

	The Netherlands
	9 (10%)

	More than 1 country
	5 (5%)

	Canada
	5 (5%)

	Australia
	4 (4%)

	France
	4 (4%)

	China
	2 (2%)

	Denmark
	2 (2%)

	Germany
	2 (2%)

	Sweden
	2 (2%)

	Thailand
	2 (2%) 

	Austria
	1 (1%)

	Belgium
	1 (1%)

	Estonia
	1 (1%)

	Finland
	1 (1%)

	Greece
	1 (1%)

	Kenya
	1 (1%)

	New Zealand
	1 (1%)

	Pakistan
	1 (1%)

	South Korea
	1 (1%)

	South Africa
	1 (1%)

	Switzerland
	1 (1%)

	Taiwan
	1 (1%)

	Tanzania
	1 (1%)

	Zambia
	1 (1%)





Table S3: Type of randomised cluster
	Randomised cluster type
	 N = 91
n (%)

	Hospital or ward
	45 (49%)

		ICU
	19

		Other wards
	26

	Individual health care provider
	13 (14%)

	School or class
	13 (14%)

		Class or classroom
	7

		School
	5

		Group of students
	1

	Emergency medical team
	6 (7%)

	Primary care practice
	4 (4%)

	Individual (mouth, muscles)
	2 (2%)

	Dementia unit or facility
	2 (2%)

	Aged care facility
	2 (2%)

	Community or geographical area
	1 (1%)

	Household or family group
	1 (1%) 

	Workplace
	1 (1%)

	Outpatient clinic
	1 (1%)


ICU: Intensive care unit


Table S4: Justifications for cluster randomised crossover designs by type of cluster randomised
	
	All cluster types
	Type of cluster randomised

	
	N total

N = 91
	Hospital

N = 45
	School

N = 13
	Health care provider
N=13
	Other1

N=20

	Justifications
	
	
	
	
	

	Justification for cluster randomisation
	36 (40%)
	22 (49%)
	4 (31%)
	3 (23%)
	7 (35%)

	Justification for cross-over
	38 (42%)
	22 (49%)
	5 (39%)
	7 (54%)
	4 (20%)

	Cluster randomisation
	N = 36
	N = 22
	N = 4
	N = 3
	N= 7

	Contamination likely between participants at the level of person/people delivering the intervention 
	11 (31%)
	4 (18%)
	1 (25%)
	3 (100%)
	3 (43%)

	Contamination likely between participants in a cluster
	11 (31%)
	8 (36%)
	2 (50%)
	0
	1 (14%)

	Practical/ethical/cost/administrative difficulties with randomising at an individual level
	11 (31%)
	6 (27%)
	2 (50%)
	1 (33%)
	2 (29%)

	Ensure the intervention is fully delivered 
	5 (14%)
	3 (14%)
	0
	0
	2 (29%)

	Reflective of how the intervention will be applied in practice
	4 (11%)
	3 (14%)
	0
	0
	1 (14%)

	Control for cluster level variation or achieve a balance of cluster covariates across interventions
	3 (8%)
	1 (5%)
	1 (25%)
	0
	1 (14%)

	Intervention only acts at the cluster level, impossible to randomise individually 
	2 (6%)
	2 (9%)
	0
	0
	0

	Maximise the number of participants
	1 (3%)
	1 (5%)
	0
	0
	0

	Ensure blinding of participants is possible 
	1 (3%)
	1 (5%)
	0
	0
	0

	Accepted trial design for school based interventions
	1 (3%)
	0
	1 (25%)
	0
	0

	Cross over
	N = 38
	N = 22
	N = 5
	N = 7
	N = 4

	Clusters expected to have different characteristics or to account for cluster level confounding 
	27 (71%)
	17 (77%)
	4 (80%)
	4 (57%)
	2 (50%)

	Reduced efficiency in estimating the intervention effect due to a limited number of clusters available for inclusion in the trial
	5 (13%)
	2 (9%)
	1 (20%)
	1 (14%)
	1 (25%)

	Increased efficiency to overcome loss of power through randomising in clusters
	4 (11%)
	2 (9%)
	2 (40%)
	0
	0

	Control period to "act as own control" (with no further justification)
	5 (13%)
	4 (18%)
	0
	1 (14%)
	0

	Allow for within cluster comparison (with no further justification)
	1 (3%)
	1 (5%)
	0
	0
	0

	Increase power or precision (no further justification)
	4 (11%)
	1 (5%)
	0
	2 (29%)
	1 (25%)

	Increase participation
	3 (8%)
	2 (10%)
	1 (20%)
	0
	0

	Reduce bias as each cluster contributes the same number of participants in each period
	2 (5%)
	1 (5%)
	0
	0
	1 (25%)

	Allay ethical concerns by ensuring the intervention is received by all clusters
	1 (3%)
	1 (5%) 
	0
	0
	0

	Allow for blinding of the allocation sequence. Participants would not know when they were in the control period
	1 (3%)
	0
	0
	1 (14%)
	0

	Permit historical and concurrent controls for each cluster
	1 (3%)
	1 (5%) 
	0
	0
	0


1 Other cluster types include: Aged care facilities, dementia facilities, primary care practices, and outpatient facilities; households and geographic regions; and worksite departments, emergency responder teams, and individual patients (units receiving treatment were individual teeth or muscles).



Additional files
Additional file 1: Data extraction form
CRXO systematic review data extraction form
Date: 16 December 2014
Section 1: Study Identifiers
	Study ID 
	(Autocompleted)

	1.1 Is the article a protocol paper?
	0=No, 1=Yes

	1.1b Are there any other papers associated with this study? List references
	String

	1.2 First Author Surname
	String

	1.3 Publication Year
	Integer, 1946 to 2014

	1.5 Reviewer's initials
	Categorical

	1.6 Date of review
	Date

	1.7 Notes
	Not to be analysed



The unit of analysis for the review is study or trial, not article. In many cases a study will be split into multiple articles, i.e. a protocol or design article, an article reporting the primary outcome(s), and many other articles reporting secondary outcomes.
The primary outcome for the study will be defined from the following hierarchy:
· The first primary outcome in the protocol document or first published paper for the study if there is no protocol document.
· The outcome used for the sample size calculation.
· The first outcome listed in the methods section of the abstract.


Section 2: Full Text Screening
Does the article report a research trial that used or planned to use a CRXO design which incorporated the following design elements (The article will only be marked for inclusion if “yes” is answered to all):
	2.1 Outcomes were measured on humans in a study or trial at either cluster or individual level.
	(0=No, 1=Yes, 2=Unclear)

	2.2 Allocation of the intervention was at cluster level (The allocation does not have to be at random).
	(0=No, 1=Yes, 2=Unclear)

	2.3 Each cluster received each intervention, or at least some clusters crossed over from one intervention to another (e.g. two-intervention-four-sequence designs AA, AB, BA, BB).
	(0=No, 1=Yes, 2=Unclear)

	2.4 Each cluster received each intervention in a sequence over time, rather than concurrently in time.
	(0=No, 1=Yes, 2=Unclear)

	2.5 At least some clusters crossed each way between at least two interventions (e.g. one cluster received AB and one cluster received BA)
	(0=No, 1=Yes, 2=Unclear)

	2.6 The intervention given in the one period was not deliberately intended by design to affect individuals in subsequent periods (e.g. interventions intended to change the prescribing behaviour of health care provider, where patients form the cluster)
	(0=No, 1=Yes, 2=Unclear)





Section 3: Title and Abstract 
Rationale: To assess how CRXO trials are identified in the title and abstract.
	Title
	

	Is the trial identified as a cluster randomised crossover trial in title? (note words ‘cluster’ and ‘crossover’ must be used, placement of hyphens is unimportant) 
	(0=No, 1=Yes)

	Abstract 
	

	Is the trial identified as a cluster randomised trial in abstract? (note words ‘cluster’ must be used, placement of hyphens is unimportant) 
	(0=No, 1=Yes)

	If no, copy verbatim from abstract how the unit of randomisation was described in the abstract
	TEXT

	Is the trial identified as a crossover trial in abstract? (note words ‘crossover’ must be used, placement of hyphens is unimportant)
	(0=No, 1=Yes)

	If no, copy verbatim from abstract how the cross over of interventions was described in the abstract
	TEXT





Section 4: Justification for the CRXO design
Rationale: To understand why researchers are using the CRXO design and how they justify that decision.
Why was the CRXO design chosen? For each of the following points enter (0=Not Discussed, 1=Yes, 2=Unclear). Select as many points as apply.
	Justification given by authors for cluster randomisation
	

	Intervention can only act at the cluster level, and therefore impossible to randomise individually (e.g. if the intervention is an educational program for health care practitioners, or a program implemented publicly via radio or newspaper, the intervention will reach a group of people).
	(0=Not Discussed, 1=Yes, 2=Unclear)


	Practical/ethical/cost/administrative difficulties with randomising at an individual level.
	(0=Not Discussed, 1=Yes, 2=Unclear)


	Contamination likely between participants at the level of person/people delivering the intervention (e.g. an educational intervention may be delivered to health care practitioners, and it may impossible for them to only apply the intervention to some individuals in their care and not others. Therefore contamination would occur in an individually randomised trial). 

	(0=Not Discussed, 1=Yes, 2=Unclear)


	Contamination likely between participants in a cluster (e.g. a behavioural intervention may be delivered to schools, and it may be impossible to prevent primary caregivers from exchanging experiences, thereby contaminating each arm of the trial in an individually randomised trial). 
	(0=Not Discussed, 1=Yes, 2=Unclear)


	To ensure intervention is fully delivered (if it is expected that compliance with the trial protocol will be reduced if members of a cluster were individually randomised)
	(0=Not Discussed, 1=Yes, 2=Unclear)


	Outcome data only available at cluster level
	(0=Not Discussed, 1=Yes, 2=Unclear)


	Other, specify
	TEXT

	
	

	Justification given by authors for crossover design
	

	Increased efficiency to overcome loss of power through randomising in clusters (i.e. the authors specifically cite a reduction in precision/power due to cluster randomisation or the ‘design effect’ as the reason for the crossover element). 
	(0=Not Discussed, 1=Yes, 2=Unclear)


	Reduced efficiency in estimating the intervention effect due to a limited number of clusters available for inclusion in the trial (i.e. the authors cite the limited number of clusters as the reason for the crossover element).
	(0=Not Discussed, 1=Yes, 2=Unclear)


	Clusters are expected to have different characteristics from each other or to account for cluster level confounding (i.e. the authors cite that they expect or wish to allow for clusters being very different in characteristics which might affect the outcome, and wish to crossover so that each cluster ‘acts as own control’)
	(0=Not Discussed, 1=Yes, 2=Unclear)

	Other, specify
	TEXT



Section 5: Trial Objectives	
Rationale: What are the levels of the primary objective being addressed with the CRXO trial?
	Copy verbatim objective or hypothesis from Introduction
	TEXT





Section 6: Population Details
Rationale: What settings/conditions are CRXO trials being used in?
	Disease or domain under study 
(can select multiple)
	1. Cancer
2. Cardiovascular
3. Central nervous system/musculoskeletal
4. Digestive/endocrine
5. Nutritional and metabolic
6. Gynaecology
7. Pregnancy and birth and paediatrics
8. Infectious diseases
9. Mental health and behavioural conditions
10. Pathological conditions
11. Symptoms and signs
12. Respiratory disease
13. Urogenital
14. Blood and immune system
15. Ear and nose
16. Eye
17. General health / public health
18. Genetic disorders
19. Injuries
20. Accidents and wounds
21. Mouth and dental
22. Skin
23. Other

	Country of trial (List all if 5 or less, otherwise state multinational)
	TEXT 

	Setting (select one)
	1. Primary care practices/health care clinics
2. Communities/geographical areas
3. Households/families
4. Aged care facility 
5. Hospital
6. Schools
7. Workplaces
8. Other,specify


	List if setting is other
	TEXT

	Do the methods define the cluster unit?
	(0=No, 1=Yes, 2=Description unclear)

	Clusters receiving intervention (select one)
	1. Primary care practices (practice includes multiple health care professionals)
2. Individual health professional
3. Communities/Residential areas
4. Households/families
5. Hospital, specify unit/ward type
6. Nursing home/aged care
7. Schools
8. Worksites
9. Other, specify

	If hospital, specify ward or unit
	TEXT

	If other, specify
	TEXT

	Additional comments about clusters receiving intervention
	TEXT





Section 7: Study Design
Rationale: This section is intended to capture both the key design features of the published CRXO trial and how the design features are reported.
An answer of “yes” means that the design aspect could be reconstructed from the information provided in the article.
	The number of participating clusters
	Integer, 99 = Not reported

	The number of periods
	Integer, 99 = Not reported

	The number of interventions
	

		Intervention treatments (active interventions)
	Integer, 99 = Not reported

		Control treatments (e.g. no treatment, usual care. Enter 0 if all interventions are active)
	Integer, 99 = Not reported

	List the different unique intervention sequences, (i.e. AB, BA; or AA, BB, AB, BA.)
	TEXT

	Is a diagram included to describe design?
	(0=No, 1=Yes-complete, 2=Yes-incomplete/unclear)

	Is each period designed to include the same or different participants in each period? (i.e. are measurements repeated or not repeated on participants?) 
	(0=Same participants, 1=Different participants, 2=Mix of same and different participants, 3=Unclear) 

	Do the authors discuss how many interventions each participant can receive, i.e. if the participant can remain in cluster for longer than one period or could be included again in a later period?
	(0=Not Discussed, 1=Yes, 2=Unclear, 3=NA)

	If the study is designed to include different participants in each period, does the study design make it possible for participants to be included in more than one period? 
	(0=No, 1=Yes, 2=Unclear)

	Describe why you think it is possible that participants are in more than one period
	TEXT

	Are there any other relevant design features that may lead to additional correlation within the outcomes? E.g. hierarchical designs where there is clustering at different levels; wards within hospitals, GPs within general practices. (copy verbatim from text)
	TEXT





Section 8: Carry over
Rationale: To describe whether the risk of carry over being is acknowledged and managed.
	Do the authors discuss the possibility of carry over of intervention effects between periods?
	(0=Not Discussed, 1=Yes, 2=Unclear), 
Page and paragraph number

	Is a washout period included?
	(0=No and absence not explained, 1=Yes or absence explained, 2 = Not clear)

	Was carry over managed in any other way?
	(0=None listed, 1=Yes, text copied below)

	Copy verbatim other ways in which carry over was managed
	TEXT

	If carry over possible, assess the risk of carry over effects (select one)

	1=Unlikely
2=Possible
3=Likely
4=Unclear

	Describe your rationale for the assessment of the risk of carry over in above question
	TEXT





Section 9: Blinding, selection bias and consent
Rationale: To understand how randomisation or allocation of interventions was performed, the risk of bias in CRXO trials, and the adequacy of reporting. 
An answer of “yes” means that the design aspect could be reconstructed from the information provided in the article.
	Allocation sequence
	

	Was the allocation sequence randomly generated?
(Where random is taken to mean: random number table, computer random number generator, coin tossing, shuffling cards or envelopes, throwing a dice, drawing of lots, minimisation)
	(0=No, 1=Yes-Sufficient to replicate, 2=Yes-Insufficient to replicate, 3=Unclear) 


	Were any covariates used in the randomisation scheme? (ie stratification, minimisation, matching based on one or more covariates?)
	(0=None listed, 1=Yes, 2=Unclear)

	If yes, complete for each covariate used in sample size calculation
	

	Covariate name:
(seccova_covname)
	Covariate level (1=individual, 2=cluster, 3=both, 4=unclear):
(seccova_level)

	
	

	Selection bias 
	

	Research team
	

	Is the allocation sequence known to the people allocating the intervention sequence to the clusters? I.e. can particular intervention sequences be deliberately matched to the clusters? (Allocation concealment)
	(0=No, 1=Yes, 2=Unclear)


	Do the people recruiting/identifying participants know which intervention sequence has been assigned to the cluster?
	(0=No, 1=Yes, 2=Unclear, 3=NA-All participants recruited/identified before cluster randomisation, 4=NA-no recruitment/identification takes place)

	Can the people recruiting/identifying participants influence which people are recruited/identified for inclusion in the study?
	(0=No, 1=Yes, 2=Unclear)
Provide text to justify judgement – e.g. participants are identified systematically from administrative data so identifier cannot influence inclusion.

	Provide text to justify judgement
	TEXT

	Individual participants 
	

	Who provides consent for the individual participant to receive intervention?


	1. Individual. Consent is given by individual prior to intervention.

2. Cluster level. Individual participant does not give consent for intervention and cannot opt out of intervention. Consent is given by cluster spokesperson. 

3. Opt out. Individual participant does not give consent for intervention. Intervention will be given unless participant opts out of intervention. Consent is given by cluster spokesperson. 

4. Delayed consent. Consent is obtained from individual or their next of kin to continue intervention, but intervention is initiated without individual consent. Initial consent is given by cluster spokesperson. 

5. Other

6. Unclear


	Provide details if 'other' or ‘unclear’ is selected
	TEXT

	If the individual participant (or other person on their behalf) provides consent, does the participant have knowledge of the intervention to be receive first, prior to consenting? I.e. can the participant choose to take part because of the intervention they will receive first?
	(0=No/unlikely, 1=Yes/possible, 2=Unclear, 3=NA (if option 2))


	Is the intervention concealed to participants during the study? (I.e. is the intervention blinded?)
	(0=No, 1=Yes, 2=Unclear)


	
	

	Consent for data collection
	

	If the individual (or person on their behalf) does not provide consent, does consent for data collection occur at the cluster level, individual level, or is not required? 
	(0=Not reported, 1=cluster, 2=individual, 3=not required, 4=Reported but unclear)

	
	

	Performance bias
	

	Was the intervention concealed at cluster level (i.e. were health care professionals delivering intervention blind to the intervention)? 
	(0=No, 1=Yes, 2=Unclear)


	
	

	Detection bias
	

	Were any outcomes reported by the patient or individual collected (e.g. pain, depression)? (e.g. pain, depression)?
	(0=No, 1=Yes, 2=Unclear)

	If yes, list patient or individual level reported outcomes
	TEXT

	Were any subjective outcomes (e.g. clinician rated depression, condition specific mortality) collected by study personnel, clinicians, or outcome assessors (i.e. not reported by the individual level participant)? 
	(0=No, 1=Yes, 2=Unclear)

	If yes, list which outcomes you considered subjective
	TEXT

	If yes, were the study personnel, clinicians, or outcome assessors who were assessing the subjective outcomes blind to the intervention assignment? 
	(0=No, 1=Yes, 2=Unclear)






Section 10: Intervention 
Rationale: To describe the type of interventions being used in CRXO 
Type of experimental intervention (select all that apply. 0=No, 1=Yes, 2 =Unclear)
	Educational interventions that are targeted at health care professionals (e.g., distribution of educational materials, outreach visits, audit and feedback)
	(0=No, 1=Yes, 2 =Unclear)

	Quality improvement interventions targeted at the organisation of health care or health delivery service. The intervention is a new method for delivering or organising an existing health care service (e.g. 2 week vs 4 week attending physician rotation with trainees (change in delivery of medical training), daily vs on demand radiographs for mechanically ventilated patients (change in delivery of routine procedure), rapid detection test vs culture test of screening for MRSA carriage on admission (change in method of performing routine screening), financial, shifting of professional roles, multi-disciplinary teams, integration of services, changes in setting or equipment.) Distinguish from interventions to assess the effectiveness of a method or service that is performed or delivered at the level of the health care provider.
	(0=No, 1=Yes, 2 =Unclear)

	Intervention is targeted at the health care professional to indirectly alter patient outcomes. The intervention involves a change in the practise or behaviour of the health care professional (e.g. gloving procedure during venipuncture, hand and forearm cleaning for surgery.) Distinguish from quality improvement interventions where the intervention is intended to change the process of delivery of an existing health care service.
	

	Intervention is targeted at the cluster environment rather than individuals within the cluster. The intervention indirectly affects the individuals within the cluster through changes in the environment. E.g. ward cleaning regime, air quality maintenance.
	

	Participant health promotion or educational intervention. Intervention is delivered directly to individual. (e.g., promotion of breastfeeding, smoking cessation intervention, decision aid, disease screening promotion)
	(0=No, 1=Yes, 2 =Unclear)

	Intervention is delivered directly to participants in the cluster (e.g. change in drug or drug regime within ward for a given health condition, music therapy, exercise program, vitamin supplementation, insecticide spraying)
Direct participant therapeutic intervention) Distinguish from indirect changes to patient therapies as a result of guideline adherence or changes at level of those delivering the intervention.
	(0=No, 1=Yes, 2 =Unclear)

	Other, specify
	TEXT

	Details of experimental intervention 
	TEXT

	Control intervention (select one)
	1. Not reported
2. No active intervention, i.e. usual care
3. Minimal application for experimental intervention
4. Placebo intervention
5. Other active intervention
6. Other, specify

	Specify if other:
	TEXT

	Details of control intervention 
	TEXT


Section 11: Sample size 
Rationale: To assess how sample size calculations are being performed and justified
Correlation terminology:
Indiviudual i, Cluster j, Period k
Within-cluster within-period correlation: Corr(y_ijk, y_i'jk)
Within-cluster between-period correlation: Corr(y_ijk, y_i'jk')

For the questions which ask for a justification, these are yes/no questions, either a justification was provided or it was not. However the “unclear” option remains because circumstances may arise where it isn’t clear if the question applies.
	Was a sample size/power calculation presented? 
	(0=No, 1=Yes-Sufficient to replicate, 2=Yes-Insufficient to be reproduced, 3=Unclear 4=Reason given for no sample size calculation)

	If a reference or method was provided for the sample size calculation, provide the reference or details of the method (copy verbatim from article)
	TEXT

	Was there a justification for number of periods? Ie did the authors state why they used the number of periods.
	(0=No, 1=Yes, 2=Unclear, 3=Not justified but set by number available)


	Was there a justification for number of clusters? Ie did the authors state why they used the number of clusters, e.g. only 10 clusters available in region
	(0=No, 1=Yes, 2=Unclear, 3=Not justified but set by number available)


	Was there a justification for number of participants per cluster? Ie did the authors state why they used the number of participants, e.g. sample size calculation, all that were available in class.
	(0=No, 1=Yes, 2=Unclear, 3=Not justified but set by number available)


	Which outcome was the sample size calculation based on?
	TEXT

	What was the scale of the outcome?
	1. Continuous
2. Binary
3. Categorical
4. Count
5. Time to event
6. Other, specify

	If "other" provide details
	TEXT

	Were equal (as opposed to unequal) cluster sizes assumed in the calculation? 
	(0=Unequal, 1=Equal, 2=Unclear)

	Was the within-cluster within-period clustering taken into consideration in the calculation? 
	(0=No, 1=Yes, 2=Unclear)

	Please provide additional details about the cluster level clustering if you selected unclear or if you feel that clustering was adequately accounted for but "within-cluster within-period" does not capture the type of clustering
	TEXT

	If yes, what was the scale of the value?
	1=correlation 
2=variance components
3=design effect
4=other, specify

	If other, specify
	TEXT

	If yes, what was the value?
	Float

	If yes, what was the reference or source for the value for the ICC? (e.g. pilot study, previous published research, best guess, unpublished research) 
	TEXT

	Was the within-cluster between-period clustering taken into consideration in the calculation? 
	(0=No, 1=Yes, 2=Unclear)  
TEXT

	Please provide additional details about the period level clustering if "within-cluster between-period" does not capture the type of clustering 
	TEXT

	If yes, what was the scale of the value?
	1=correlation 
2=variance
3=other, specify

	If "other", please specify
	TEXT

	If yes, what was the value?
	Float

	If yes, what was the reference/source of the value for the ICC? (e.g. pilot study, previous published research, best guess, unpublished research)

	TEXT

	Were any covariates included in the sample size calculation? 
	(0=No, 1=Yes, 2=Unclear)

	If yes, complete for each covariate used in sample size calculation
	

	Covariate name:
(seccovc_covname)
	Covariate level (1=individual, 2=cluster, 3=both, 4=unclear):
(seccovc_level)

	Any additional comments?
	TEXT





Section 12: Outcomes and Results
Rationale: To describe the outcome measures being assessed with the CRXO design, and how they were being assessed.
Complete this table for each of the following:
· The primary outcome from the study (or outcome used in sample size or first outcome listed in article abstract methods or otherwise elsewhere in the abstract)
· The first secondary outcome that is reported in the abstract that is of a different data type to the primary outcome
· The first secondary outcome that is reported in the abstract that is of the same data type but analysed by a different method
· The first secondary outcome that is reported in the article that is of a different data type or analysed by a different method
	Specify outcome (copy verbatim from text)
	TEXT

	Classify how the outcome was identified from the study:
	Primary outcome:
1. First primary outcome in the protocol document or published article 
2. The outcome used for the sample size calculation
3. The first outcome listed in the article abstract
Secondary outcomes:
4. First outcome reported in abstract/protocol that is of a different data type to the primary outcome
5. First outcome reported in article that is of different data type or analysis 

	What type of data is the outcome? (select one)
	1=Continuous
2=Binary
3=Categorical
4=Count
5=Time to event
6=Other, specify

	If “other” describe
	TEXT

	How was the statistical analysis concerning the intervention effect performed for the outcome? (copy verbatim from text)
	TEXT

	Was a justification given for the choice of analysis? (E.g. Was a justification given for why they chose a multilevel individual level approach rather than a cluster level approach)
	(0=No, 1=Yes, 2=Unclear)

	What justification was given for the choice of analysis? Copy verbatim:
	TEXT

	What references were provided for the statistical analysis and/or justification of the analysis?
	TEXT

	
	

	Was the within-cluster within-period clustering accounted for in the analysis of the outcome?
	(0=No, 1=Yes, 2=Unclear)


	Please provide additional details about the cluster level clustering if "within-cluster within-period" does not capture the type of clustering 
	TEXT

	If reported, what was the scale of the clustering measure?
	1=ICC
2=variance components
3=coefficient of variation
4=not reported
5=other, specify

	If "other" please specify
	TEXT

	If yes, what was the value of the clustering measure?
	99=Not reported

	Was the within-cluster between-period clustering accounted for in the analysis of the outcome?
	(0=No, 1=Yes, 2=Unclear)

	Please provide additional details about the period level clustering if "within-cluster between-period" does not capture the type of clustering 
	TEXT

	If reported, what was the scale of the clustering measure?
	1=ICC
2=variance components
3=coefficient of variation
4=not reported
5=other, specify

	If "other" please specify
	

	If yes, what was the value of the clustering measure?
	99=Not Reported

	Were any other levels of clustering accounted for in the analysis? (copy verbatim from text, e.g. repeated measurements on the same participant in a period)
	TEXT

	Was the intervention effect adjusted for any covariates?
	(0=No, 1=Yes, 2=Unclear)

	Complete for each covariate used in analysis:
	

	Covariate name:
(seccovb_covname)
	Which level is the covariate measured at: (1=individual, 2=cluster, 3=both, 4=unclear):
(seccova_measlevel)

Which level was the adjustment performed at:(1=individual, 2=cluster, 3=both, 4=unclear):
(seccova_analysislevel)

	Provide details covariate adjustment (copy verbatim from article)
	TEXT

	Were the covariates used in randomisation included in the analysis?
	(0=No, 1=Yes, 2=NA-none used in randomisation, 3=Unclear)

	Any additional comments?
	TEXT



Section 13: Baseline Characteristics (Table 1)
Rationale: To describe how the baseline characteristics were summarised (Table 1). 
In the following table, select all statements that apply.
	By intervention (i.e. separate summaries for the control and the intervention groups)  (NA if same participants are included in both interventions)
	(0=No, 1=Yes, 2=NA)

	By period (i.e. separate summaries for each period for each intervention)  (NA if same participants are included in both periods)
	(0=No, 1=Yes, 2=NA)

	By cluster (I.e. a separate summary for each cluster) 
	(0=No, 1=Yes)

	By intervention sequence (I.e. a separate summary for each unique sequence of interventions)
	(0=No, 1=Yes)

	By total (I.e. a total summary for all participants) 
	(0=No, 1=Yes)

	Other, specify
	TEXT



	Were the covariates used for randomisation reported in Table 1 (or a separate table)?
	0=No, 1=Yes-some, 2=Yes-all, 3=NA, 4=Unclear, 5=No table 1

	Were the covariates used for the sample size reported in Table 1 (or a separate table)?
	0=No, 1=Yes-some, 2=Yes-all, 3=NA, 4=Unclear, 5=No table 1

	Were the covariates used for analysis reported in Table 1 (or a separate table)?
	0=No, 1=Yes-some, 2=Yes-all, 3=NA, 4=Unclear, 5=No table 1



What were the sizes of the analysed clusters? If the values are not reported directly, but can be calculated from the supplied data, then perform the calculation and enter that value. I.e. 834 participants from 18 clusters gives a mean cluster size of 46.
	What was the mean number of participants in the cluster period? If multiple measurements are taken on each participant, report mean number of participants, not measurments.  (99 = Not determinable)
	Float

	Was an indication provided for the variation in cluster size between clusters? 
	(0=No, 1=Yes, 2= No variation)

	If yes – copy text verbatim from article
	TEXT

	Were any other summary statistics of the cluster sizes provided in the article? (Copy text verbatim from article) (e.g. coefficient of variation, harmonic mean)
	TEXT

	Was an indication provided for the variation in cluster size over time? (e.g. between periods)
	(0=No, 1=Yes, 2 = No variation)

	If yes – copy text verbatim from article
	TEXT



Section: Missing data
Rationale: To summarise whether missing data is being reported in the CRXO trials, and how the data is being accounted for in analyses
	Was missing data discussed in the article? 
	(0=No, 1=Yes, 2= Unlikely to be missing data)

	How was missing data reported? (summarize, eg in text, diagram, poorly described, unclear): (copy verbatim from text)
	TEXT

	How did the authors account for missing data in the analysis? (copy verbatim from text)
	TEXT
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