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AUTHORS Fiero, Mallorie; Huang, Shuang; Bell, Melanie 

 

VERSION 1 - REVIEW 

REVIEWER Karla DiazOrdaz 
London School of Hygiene and Tropical Medicine  
United Kingdom 

REVIEW RETURNED 03-Feb-2015 

 

GENERAL COMMENTS This systematic review needs further justification and details of data 
extraction.  
 
1. It is not clear to me why a new systematic review of cluster 
randomised trials (CRT) is necessary. The authors claim that the 
main difference with the existing recent systematic review (of which I 
am an author) is that they specifically deal with missing outcomes. 
My question is why are missing outcomes particularly of interest 
here? If there is only missing outcomes, and the analysis model is a 
mixed model, then the analysis of the available cases will be 
unbiased under MAR assumptions, so in a way, missing outcomes 
of CRTs are not so much of a problem for the analyst.  
 
2. If indeed we want to conduct another systematic review of recent 
CRTs to establish the prevalence of missing outcomes of CRTs and 
how these are dealt with in the analysis, the protocol should be 
clearer how, from published reports, the authors would distinguish 
whether the missing data occurred on outcome or other covariates 
included in the analysis models, as missing data reporting by 
authors is often very terse.  
 
Therefore I suggest the authors add to this protocol a strong 
justification to focusing on missing outcomes, and also how exactly 
they will extract from published papers information about missing 
outcomes only, as opposed to observations being left out from the 
analysis because of missing covariates.  
  

 

REVIEWER Matthieu Resche-Rigon 
Service de biostatistique et information medical. 
Paris, France 

REVIEW RETURNED 16-Feb-2015 
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GENERAL COMMENTS Please find my review of the paper BMJopen-2014-007378  
 : “Statistical analysis and handling of missing data in cluster  
randomized trials: protocol for a systematic review  
”.  
 
This manuscript presents the protocol of a review aiming to evaluate 
statistical analysis and  
handling of missing outcome data in CRTs  
. It is well written and seems to respond to usual key point of a 
protocol.  
 
Nevertheless I have several comments.  
 
Comments :  
 
(1) I don't fully agree on the MAR definition ”A more reasonable 
assumption is missing at random  
(MAR), where missingness is independent of the pattern of missing 
values after conditioning on  
fully observed values”.  
I prefer the more general definition “the probability of data being 
missing does not depend on  
the unobserved data, conditional on the observed data  
”.  
 
(2) Authors should give this reference : “A comparison of imputation 
strategies in cluster randomized trials with missing binary 
outcomes”. Caille A1, Leyrat C, Giraudeau B.Stat Methods Med 
Res. 2014 Apr 7. It is at least one attempt to evaluate different 
strategies of analysis in presence of missing data in CRTs. This 
work could be use to complete the data extraction strategy  
 
(3) I am not convinced of the interest to consider also stepped 
wedge designs. Problematic is rather different that classical CRTs. 
Please justify.  
 
(4) I hope that proportion estimated will be given with their 
confidence intervals.  
 
(5) Authors suggested that “ researchers who  
include terms such as „cluster randomized‟ in the title or abstract 
may be more likely to follow  
the CONSORT statement compared to trials that do not include 
these terms.”. Thus test this hypothesis in your review as authors 
will include “commonly used terms for cluster randomization  
” to select articles.  
 
(6) None reference to the PRISMA statement to help the buuild of 
this review  

 

VERSION 1 – AUTHOR RESPONSE 

Responses to Diaz Ordaz  

 

1. It is not clear to me why a new systematic review of cluster randomised trials (CRT) is necessary. 

The authors claim that the main difference with the existing recent systematic review (of which I am 

an author) is that they specifically deal with missing outcomes. My question is why are missing 

outcomes particularly of interest here? If there is only missing outcomes, and the analysis model is a 
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mixed model, then the analysis of the available cases will be unbiased under MAR assumptions, so in 

a way, missing outcomes of CRTs are not so much of a problem for the analyst.  

 

Response: Thank-you for your comment. We have expanded our rationale for our systematic review 

(Introduction, paragraph 4, lines 2 – 12):  

 

One review of CRTs published in 2011 focused on imputation techniques with respect to handling 

missing data and did not discern between missing covariates or outcomes.[23] Modeling approaches 

can differ based on whether outcomes or covariates are missing: if covariates are missing, multiple 

imputation or an unadjusted model can be used. If outcomes are missing, maximum likelihood 

estimation using mixed models, for example, can provide unbiased estimation in certain cases (see 

below). Additionally, there was no distinction of whether trials used a complete case analysis, 

generalized estimating equations, or mixed models with respect to handling missing data in the 

primary analysis. Distinguishing between these methods is important, as they may provide valid 

estimates under certain missing data assumptions. Our objective is to provide a comprehensive 

review of analytical approaches for handling missing outcome data in CRTs.  

 

Additionally, we feel that replication is important, as it is one of the underpinnings of science. Although 

we are not duplicating your paper, some aspects will be replicated.  

 

2. If indeed we want to conduct another systematic review of recent CRTs to establish the prevalence 

of missing outcomes of CRTs and how these are dealt with in the analysis, the protocol should be 

clearer how, from published reports, the authors would distinguish whether the missing data occurred 

on outcome or other covariates included in the analysis models, as missing data reporting by authors 

is often very terse.  

 

Response: We agree that reporting of missing data can be difficult to extract. In order to clarify how 

the amount of missing outcome data was extracted we included the following sentences (Methods, 

Method of Analysis, paragraph 2, lines 1 – 4):  

 

Our analysis strategy follows closely after reviews by Wood et al.[7] and Bell et al.[10], which both 

assessed missing outcomes in individually randomized trials. We will calculate the proportion of trials 

reporting some missing data at the individual and cluster level. This will be determined from flow 

diagrams or text with respect to follow-up of clusters and individuals.  

 

In our previous experience, CONSORT flow diagrams have reported the number of participants 

analyzed in the primary analysis as well as reasons for why participants were missing. We did not see 

a case where the number analyzed was less because of covariates. Additionally, most trials used 

unadjusted analyses.  

 

If the number of missing clusters/individuals at the primary analysis or method used to handle missing 

data seems unclear to the two independent reviewers, we will identify such items as “unclear” during 

our data extraction process (Methods, Data Extraction Strategy, paragraph 2, lines 12 – 14).  

 

If any of the items were unclear, including the amount of missing data and method used to handle 

missing data, we specified it as “unclear.”  

 

Therefore I suggest the authors add to this protocol a strong justification to focusing on missing 

outcomes, and also how exactly they will extract from published papers information about missing 

outcomes only, as opposed to observations being left out from the analysis because of missing 

covariates.  
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Response: We agree, see above response to comment one.  

 

Responses to Resche-Rigon  

 

1. I don't fully agree on the MAR definition ”A more reasonable assumption is missing at random  

(MAR), where missingness is independent of the pattern of missing values after conditioning on fully 

observed values”. I prefer the more general definition “the probability of data being missing does not 

depend on the unobserved data, conditional on the observed data”.  

 

Response: We have changed the following sentence to the more general definition of MAR 

(Introduction, paragraph 3, lines 8 – 9):  

 

A more reasonable assumption is missing at random (MAR), where missingness does not depend on 

the unobserved data, conditional on the observed data.  

 

2. Authors should give this reference: “A comparison of imputation strategies in cluster randomized 

trials with missing binary outcomes”. Caille A1, Leyrat C, Giraudeau B.Stat Methods Med Res. 2014 

Apr 7. It is at least one attempt to evaluate different strategies of analysis in presence of missing data 

in CRTs. This work could be use to complete the data extraction strategy  

 

Response: We appreciate this valuable reference and have added it to the following sentence 

(Methods, Missing Data Methods in CRTs, line 9):  

 

In multilevel MI, the intracluster correlation can be represented if variability of imputed data reflects 

the multilevel structure of CRTs.[30, 31]  

 

3. I am not convinced of the interest to consider also stepped wedge designs. Problematic is rather 

different that classical CRTs. Please justify.  

 

Response: The stepped wedge design is an increasingly used design in practice. We feel that it is 

important to consider issues with respect to handling of missing data under these designs. However, 

we expect stepped wedge designs to be a small proportion of our total sample.  

 

4. I hope that proportion estimated will be given with their confidence intervals.  

 

Response: We see your point. However, we consider our review to be more of a descriptive study 

than an inferential study.  

 

5. Authors suggested that “ researchers who include terms such as „cluster randomized‟ in the title or 

abstract may be more likely to follow the CONSORT statement compared to trials that do not include 

these terms.” Thus test this hypothesis in your review as authors will include “commonly used terms 

for cluster randomization” to select articles.  

 

Response: This is an interesting idea, but well beyond the scope of the current review which focuses 

on missing data.  

 

6. None reference to the PRISMA statement to help the build of this review  

 

Response: Thank-you for your comment. We have noted reference to the PRISMA statement to help 

build our systematic review in the following sentence (Methods, paragraph 1):  

 

Our systematic review will investigate statistical analyses and missing data strategies used in CRTs. 
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This section contains an introduction of commonly used statistical approaches and missing data 

methods used for analyzing clustered data, followed by a detailed description of our methodological 

strategy based on guidelines from the Preferred Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA) statement.[24] 

VERSION 2 – REVIEW 

REVIEWER Karla DiazOrdaz 
London School of Hygiene and Tropical Medicine 

REVIEW RETURNED 19-Mar-2015 

 

GENERAL COMMENTS The protocol has been substantially strengthen, and I look forward to 
seeing the systematic review in due course.  
However, I have a few comments.  
In my previous review, I expressed my concern about the feasibility 
of extracting numbers of observations with missing outcome data 
from the published reports. The authors respond that they  
“will calculate the proportion of trials reporting some missing data at 
the individual and cluster level. This will be determined from flow 
diagrams or text with respect to follow-up of clusters and individuals.  
 
In our previous experience, CONSORT flow diagrams have reported 
the number of participants analyzed in the primary analysis as well 
as reasons for why participants were missing. “  
 
This is exactly the methods we used in our review, and I know from 
first-hand experience, that in many cases, the flow chart did not 
specified if the observations had been dropped from the analyses 
due to missing outcomes or covariates.  
 
They also say that “We did not see a case where the number 
analyzed was less because of covariates. Additionally, most trials 
used unadjusted analyses. “  
In my experience, most trials report analyses adjusting for baseline 
covariates, at least those ones used in stratification for 
randomization, so I remain sceptical that difference in numbers 
analysed and numbers recruited is only because missing outcome 
data. I suggest they note whether the primary analysis was adjusted 
for covariates, and adjust their numbers accordingly or make a note 
about this and report.  
 
In the manuscript, page 4, Section “Missing Data Methods in CRTs”, 
the authors state:  
“Complete case analysis excludes participants with missing data and 
is only valid (produces unbiased estimates) under MCAR.[29]”  
This is a common misconception. The strong MCAR assumption is a 
sufficient, but not necessary condition for CCA to give valid 
inferences. Complete case analysis gives valid inferences provided 
that the probability of being a complete case is independent of the 
outcome in the model of interest, conditional on the model's 
covariates (Little and Rubin, 2002). This condition is not neatly 
expressed in terms of the MCAR/MAR/MNAR classification. For 
example, CCA is valid under missing data mechanisms in which 
missingness in a covariate is dependent on the value of that 
covariate, i.e. a MNAR mechanism, but is conditionally independent 
of outcome, (White and Carlin 2010).  
 
I also think they should explain what they mean by “In multilevel MI, 
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the intracluster correlation can be represented if variability of 
imputed data reflects the multilevel structure of CRTs.[30, 31]”.  
Do they mean the ICC can be “respected” or “preserved” if using a 
multilevel MI strategy? Multilevel MI methods are available for 
categorical data, where the ICC is not defined (at least not the usual 
one), and this is not an obstacle to perform the multilevel imputation.  
My final point in that section is about GEEs. The authors say “GEE 
which is valid under the stronger MCAR assumption as long as there 
are a large number of clusters.[28,32]”.  
In fact, GEE can be adapted to be valid under MAR assumptions by 
re-weighting to adjust for the probability of drop-out (Molenberghs 
and Kenward 2007), so I suggest that if feasible, information on 
whether a weighting scheme had been used should be extracted 
from reports that used GEEs for their analyses.  
 
Little R. J. A., Rubin D. B. Statistical Analysis with Missing Data. 
Chichester: Wiley; 2002. 2nd edition.  
White I. R., Carlin J. B. Bias and efficiency of multiple imputation 
compared with complete-case analysis for missing covariate values. 
Statistics in Medicine 2010  
Molenberghs, G and Kenward, M. Missing Data in Clinical Studies, 
Statistics in Practice, John Wiley & Sons, 2007 

 

 

VERSION 2 – AUTHOR RESPONSE 

Responses to Diaz Ordaz  
 
1. In my previous review, I expressed my concern about the feasibility of extracting numbers of 
observations with missing outcome data from the published reports. The authors respond that they  
“will calculate the proportion of trials reporting some missing data at the individual and cluster level. 
This will be determined from flow diagrams or text with respect to follow-up of clusters and individuals.  
 
In our previous experience, CONSORT flow diagrams have reported the number of participants 
analyzed in the primary analysis as well as reasons for why participants were missing. “  
 
This is exactly the methods we used in our review, and I know from first-hand experience, that in 
many cases, the flow chart did not specified if the observations had been dropped from the analyses 
due to missing outcomes or covariates.  
 
They also say that “We did not see a case where the number analyzed was less because of 
covariates. Additionally, most trials used unadjusted analyses. “  
In my experience, most trials report analyses adjusting for baseline covariates, at least those ones 
used in stratification for randomization, so I remain sceptical that difference in numbers analysed and 
numbers recruited is only because missing outcome data. I suggest they note whether the primary 
analysis was adjusted for covariates, and adjust their numbers accordingly or make a note about this 
and report.  
 
Response: Thank-you for your comment. We have adjusted our data extraction strategy to evaluate 
reasons for why participants were missing and whether covariates were adjusted for in the primary 
analysis (Methods, Data Extraction Strategy):  
 
Extracted information will include: general information (journal, author, date of publication, 
pilot/feasibility study or stepped wedge), characteristics of the primary outcome (type of outcome, how 
often outcome was collected, how outcome was treated in the primary analysis), characteristics of 
study participants (unit or randomization, stratification/matching/minimization used, number of clusters 
randomized, total number of participants randomized, response rate at time period of primary 
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analysis-if survey data), details of sample size calculation (accounted for clustering in calculation, 
reported ICC or coefficient of variation (CV), accounted for missing outcome data in calculation, 
reported attrition rate in sample size calculation), primary analysis (statistical method used in primary 
analysis, adjustment (unadjusted, adjusted for design variables such as stratification, adjusted 
beyond stratification variables), clustering accounted for in analysis, observed ICC or CV, GEE 
correction type), information on missing data (number (and proportion) of clusters with missing 
outcome, number (and proportion) of participants with missing outcome, reasons for missing data, 
method to handle missing data in primary analysis and sensitivity analysis).  
 
2. In the manuscript, page 4, Section “Missing Data Methods in CRTs”, the authors state:  
“Complete case analysis excludes participants with missing data and is only valid (produces unbiased 
estimates) under MCAR.[29]”  
This is a common misconception. The strong MCAR assumption is a sufficient, but not necessary 
condition for CCA to give valid inferences. Complete case analysis gives valid inferences provided 
that the probability of being a complete case is independent of the outcome in the model of interest, 
conditional on the model's covariates (Little and Rubin, 2002). This condition is not neatly expressed 
in terms of the MCAR/MAR/MNAR classification. For example, CCA is valid under missing data 
mechanisms in which missingness in a covariate is dependent on the value of that covariate, i.e. a 
MNAR mechanism, but is conditionally independent of outcome, (White and Carlin 2010).  
 
Response: Covariate-dependent missingness, as Hogan et al. (2004) states, is classified differently 
by different authors. We agree that we did precisely not state the condition for a complete case 
analysis to give valid inferences. We have reworded the following and have included the White and 
Carlin (2010) reference:  
 
Complete case analysis excludes participants with missing data and is valid (produces unbiased 
estimates) if missingness is independent of the outcome given covariates.[29]  
 
3. I also think they should explain what they mean by “In multilevel MI, the intracluster correlation can 
be represented if variability of imputed data reflects the multilevel structure of CRTs.[30, 31]”.  
Do they mean the ICC can be “respected” or “preserved” if using a multilevel MI strategy? Multilevel 
MI methods are available for categorical data, where the ICC is not defined (at least not the usual 
one), and this is not an obstacle to perform the multilevel imputation.  
 
Response: We agree that imprecise language was used with respect to multilevel MI. We have 
changed the following sentence to indicate that multilevel MI reflects the within cluster dependence in 
the hierarchical design of CRTs (Methods, Missing Data Methods in CRTs, line 8):  
 
Multilevel MI reflects the lack of independence found within clusters due to the multilevel structure of 
CRTs.[30, 31]  
 
4. My final point in that section is about GEEs. The authors say “GEE which is valid under the 
stronger MCAR assumption as long as there are a large number of clusters.[28,32]”.  
In fact, GEE can be adapted to be valid under MAR assumptions by re-weighting to adjust for the 
probability of drop-out (Molenberghs and Kenward 2007), so I suggest that if feasible, information on 
whether a weighting scheme had been used should be extracted from reports that used GEEs for 
their analyses.  
 
Little R. J. A., Rubin D. B. Statistical Analysis with Missing Data. Chichester: Wiley; 2002. 2nd edition.  
White I. R., Carlin J. B. Bias and efficiency of multiple imputation compared with complete-case 
analysis for missing covariate values. Statistics in Medicine 2010  
Molenberghs, G and Kenward, M. Missing Data in Clinical Studies, Statistics in Practice, John Wiley 
& Sons, 2007  
 
Response: We appreciate your comment. We agree that inverse probability weighting (IPW) GEE 
should be clarified in the manuscript and will indicate whether un-weighted GEE or IPW GEE was 
performed. Additionally, we have added a few sentences regarding IPW GEE (Methods, Missing Data 
Methods in CRTs, lines 12 – 16):  
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Inverse probability weighting (IPW) is used to make a valid complete case analysis under MAR by 
weighting complete cases with the inverse of their probability of having data observed.[33] The IPW 
approach is relatively simple to carry out when missing values have a monotone pattern and can be 
applied to GEE. However, there is possible instability when weights are extremely large, which can 
lead to biased estimates and high variance in small samples.[6] 
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