Increased transparency was required when reporting imputation of primary outcome data in clinical trials
[bookmark: _GoBack]Anna Kearney1, Anna Rosala-Hallas2, Naomi Rainford2, Jane M Blazeby3 Mike Clarke4, Athene J Lane5, Carrol Gamble1,2

Address: 1 Department of Health Data Science, University of Liverpool, Liverpool, UK, 2Liverpool Clinical Trials Centre, University of Liverpool, Liverpool, UK, 3Bristol Biomedical Research Centre, Population health sciences, University of Bristol, Bristol. UK 4Northern Ireland Methodology Hub, Centre for Public Health, Queen's University Belfast, Belfast, UK. 5 CONDuCTII Hub for Trials Methodology Research, School of Social and Community Medicine, University of Bristol, Bristol, UK  

[bookmark: aff-4]Email: Anna Kearney* - a.kearney@liverpool.ac.uk; 
Anna Rosala-Hallas arosala@liverpool.ac.uk; 
[bookmark: aff-3]Naomi Rainford- nbacon91@gmail.com; 
Jane M Blazeby- J.M.Blazeby@bristol.ac.uk; 
Mike Clarke - m.clarke@qub.ac.uk;  
Athene J Lane- Athene.Lane@bristol.ac.uk;
Carrol Gamble – c.gamble@liverpool.ac.uk 
*Corresponding author




[bookmark: _Hlk89252161]Objective: To explore the transparency of reporting primary outcome data within randomised controlled trials (RCTs) in the presence of missing data.
Study Design/ Setting: A cohort examination of RCTs published in the four major medical journals (NEJM, JAMA, BMJ, Lancet) in 2013 and the first quarter of 2018. Data was extracted on reporting quality, the number of randomised participants and the number of participants included within the primary outcome analysis with observed or imputed data. 
[bookmark: _Hlk94701941]Results:  91/159 (57%) of the studies analysed from 2013 and 19/46 (41%) from 2018 included imputed data within the primary outcome analysis.  Of these, only 13/91 (14%) studies from 2013 and 1/19 (5%) studies from 2018 explicitly reported the number of imputed values in the CONSORT diagram. Results tables included levels of imputed data in 12/91 (13%) studies in 2013 and 4/19 (21%) in 2018. Consequently, identification of imputed data was a time-consuming task requiring extensive cross-referencing of all manuscript elements.
Conclusion: Imputed primary outcome data is poorly reported. Participant flow diagrams frequently reported participant status which does not necessarily correlate to availability of data. We recommended that the number of imputed values are explicitly reported within CONSORT flow diagrams to increase transparency. 
Keywords: Missing data, retention, imputation, reporting transparency, CONSORT
What is New?
· CONSORT diagram and results tables rarely contained explicit information of the levels of imputed data within the primary outcome analysis.
· Many studies reported participant status at relevant time points rather than the availability of data.
· Extensive cross referencing of all aspects of the manuscript and supplementary material was often required to identify levels of imputed data. 
· Further refinement of the CONSORT is recommended to encourage explicit reporting of the number of participants included in the primary analysis with imputed rather than observed data.  

Background:
Randomised controlled trials (RCTs) are the gold standard of research evidence due to their potential to limit bias when assessing the effects of treatment. Intention to Treat (ITT) is the recommended approach for analysing RCTs in order to prevent overoptimistic estimates of treatment effect1, 2 and to preserve the balance created at randomisation.3 ITT requires all randomised participants to be included in the analysis, according to the group they were assigned, ignoring any subsequent deviations to the treatment regime or the study protocol.2 However, it is rare that every randomised participant will have outcome data available for analysis requiring these participants with missing data to be excluded entirely from the analysis or included with imputed values.4 Understanding the numbers and reasons why participants are excluded from the analysis or are included with imputed data is essential to assess the reliability of trial results and to support the design of future trials.5-7
Missing data within a clinical trial may introduce bias.  The potential for bias is dependent on the mechanism causing the data to be missing but also the analytical methods applied.8 Prevention of missing data is optimal but where this is not possible various approaches may be used to reduce bias and impute data for unobserved values. Analysis of trial data with missing values requires careful planning and attention.9 To support their evaluation of the evidence being reported, it is important that readers of clinical trials are provided with information regarding how many participants have observed data values and how many have values that have been imputed.10  
In 1996, the CONSORT statement was published to improve reporting standards for RCTs to aid readers in judging the reliability and validity of trial findings. The statement has since undergone revisions in 2001 and 2010 and is now embedded within the clinical trials community, with many journals making the recommendations a mandatory requirement for manuscript submission. A core part of CONSORT is ensuring that readers are able to understand the flow of trial participants from being assessed for eligibility, through randomisation and on to analysis of their outcome data. As such, every manuscript reporting the results of an RCT should include a participant flow diagram. Within this diagram, the numbers of participants who have been excluded from the analysis along with associated reasons should be reported along with the number analysed.11 While CONSORT recommends reporting post randomisation ‘losses’ in the flow diagram and the manuscript, whether this extends to explicit reporting of participants who are included in the analysis with imputed value is unclear.
[bookmark: _Hlk78194691]Studies have looked at the overall levels of missing data within trials10, 12-14, the reporting quality around handling of missing data 10, 15-17 and the appropriateness of imputation models18-20. However, to our knowledge, the transparency of reporting imputed primary outcome data frequency within participant throughput has not been assessed. 
Our aim is to assess the transparency of reporting imputed values within the primary analysis of RCTs published in four major medical journals in 2013 and to compare this to a more recent cohort of publications in 2018.
Methods:
A cohort examination of published randomised control trial reports was undertaken across two time periods. 
Literature search
Primary reports of parallel, two-arm RCTs published in four major medical journals (BMJ, New England Journal of Medicine, The Lancet and JAMA) in 2013 and the first quarter of 2018 were identified using the Cochrane Highly Sensitive RCT search strategy in MEDLINE (Ovid)21 (Supplementary Table 1). Publications from 2013 were originally identified as part of a wider project on missing data. Publications from 2018 were subsequently selected as this represented a five-year gap. Searches were run on the 11/02/2014 and 02/10/2018. Phase 1 and Phase 2 trials were excluded. 
Article abstracts and titles were screened for eligibility by one author (AK). Any uncertainties were discussed with a second reviewer. Full texts were obtained for all potentially eligible articles.  
Data Abstraction.
As part of a wider project on reported reasons for missing data, the CONSORT flow diagram, text, results’ tables and supplementary material of eligible articles were cross-referenced to identify missing data for the main analysis of the primary outcome. Where there were potential discrepancies between different elements of the manuscript, the primary outcome result tables were used if they provided sufficient detail on missing outcome data. 
Data was extracted independently by paired reviewers (AK, NB, ARH). Disagreements were resolved through discussion, or with a third party (CG) where necessary. Authors of eligible articles were not contacted. 
Assessment considered descriptions of the primary outcome, the primary analysis population and the analysis methods in order to determine the use and likely availability of participant outcome data. For each trial, data were extracted on the number of randomised participants that were included in the analysis but their primary outcome data was not available, and the number of participants where it is was uncertain as to whether outcome data were available. 
Data were also extracted on the number of randomised participants who were excluded from the primary analysis population. This was added to the number of participants for whom imputed data had been used to give an overall figure of missing data per trial. 
Data collected from secondary sources (e.g. medical records or sleep diaries when actiograph measures were corrupted) and data missing from participants who did not reach follow-up points due to early study termination were not considered to be imputed.
To simplify data extraction and analysis, the following approaches were adopted:
· Where articles reported co-primary outcomes of safety and efficacy, we used the efficacy outcome only. For other co-primary outcomes, data were extracted on the first outcome mentioned.
· For studies using multiple time points in the primary analysis, we assessed levels of imputation at the final time-point. 
· Manuscripts were searched to ascertain whether participant follow up continued if the trial intervention was either not received or stopped prematurely. Where no contradictory data was available, participants described as ‘withdrawn’ were assumed to have stopped follow up.
· Time to event data that was censored for reasons other than the end of the study, attainment of the primary outcome event or competing risk (as defined in the methods section) were considered to be attrition and were categorised as imputed data for the purposes of this study.
Eligible articles were assessed for compliance with the recommended guidelines for the CONSORT participant flow diagram (reporting of the numbers assessed for eligibility, randomised, receiving and completing treatment, completing follow up and included in the main analysis). The transparency of reporting imputed data was assessed by noting whether information on the number of participants included in the analysis with imputed outcomes was: explicitly reported in the CONSORT flow diagram along with the number analysed; whether it was identified by reviewing all elements of the CONSORT flow diagram; or whether it was identified from the wider article including any supplementary material. Whether a RCT reported levels of imputed data in its results’ tables was also extracted. 
Data collection questions and guidelines were piloted on a small selection of papers (CG, AK) before review from co-authors.
Data was analysed in SAS 9.4 and descriptive statistics were used to report the analysis of cohort characteristics, the level of imputed data across the cohort of trials and reporting quality.  Medians and interquartile ranges were reported for continuous data, proportions and percentages for dichotomous variables. 
Results:
The searches returned 726 articles for 2013 and 168 for 2018, of which 166/726 (23%) and 47/168 (28%) met eligibility criteria. (Figure 1). 
[image: Missing Data RCT 2018 Prisma flow]
Figure 1: Flow diagram of included studies. 
Trials in both cohorts covered a range of health categories with cardiovascular, infection, cancer and respiratory being the most common (Table 1). Most of the trials recruited adults (136/166, 82% in 2013 and 39/47, 83% in 2018) of both sexes (151/166, 91% and 41/47, 87%) and evaluated treatment interventions (140/166, 84% and 39/47, 83%). The median number [IQR] of randomised participants was similar in both cohorts (525 [253, 1374] in 2013 and 570 [254, 1638] in 2018).  74/166 (45%) trials in 2013 and 25/47 (53%) trials in 2018 adjusted their sample size calculations for missing data using predictions of between 3% and 35% and 3% and 25% respectively. 145/166 (87%) studies in 2013 and 39/47(83%) in 2018 described their analysis approach as either ‘Intention to Treat’ or ‘Modified Intention to Treat’.

	Cohort Characteristics 
	2013
(n=166)
No. (%)
	2018
(n=47)
No (%)

	Health Category
	
	

	Cardiovascular
	35 (21)
	6 (13)

	Infection
	20 (12)
	6 (13)

	Cancer
	16(10)
	7 (15)

	Respiratory
	14 (8)
	6 (13)

	Reproductive Health and Childbirth
	13 (8)
	4 (9)

	Blood
	12 (7)
	2 (4)

	Metabolic and Endocrine
	8 (5)
	1 (2)

	Mental Health
	7 (4)
	5 (11)

	Stroke
	7 (4)
	3 (6)

	Musculoskeletal
	6 (4)
	3 (6)

	Oral and Gastrointestinal
	6 (4)
	1 (2)

	Inflammatory and immune system
	6 (4)
	0 (0)

	Other
	16 (10)
	3 (6)

	Recruitment Population
	
	

	Adult only
	136 (82)
	39 (83)

	Children only
	17 (10)
	4 (9)

	Adults and children
	7 (4)
	3 (6)

	Pregnant mothers/ in utero
	6 (4)
	1 (2)

	Recruitment Gender
	
	

	Mixed
	151 (91)
	41 (87)

	Female only
	10 (6)
	6 (13)

	Male only
	5 (3)
	0 (0)

	Intervention Aim
	
	

	Treatment
	140 (84)
	39 (83)

	Prevention
	24 (14)
	8 (17)

	Diagnostic
	1 (1)
	0 (0)

	Other
	1 (1)
	0 (0)

	Intervention Type
	
	

	Drug
	80 (48)
	25 (53)

	Other
	35 (21)
	7 (15)

	Medical device
	28 (17)
	5 (11)

	Surgical
	12 (7)
	8 (17)

	Behavioural/educational
	6 (4)
	2 (4)

	Diagnostic test
	2 (1)
	0 (0)

	No intervention
	2 (1)
	0 (0)

	Physical
	1 (1)
	0 (0)

	Blinding
	
	

	Open
	85 (51)
	29 (62)

	Blinded
	75 (45)
	17 (36)

	Unclear
	6 (4)
	1 (2)

	Primary outcome data 
	
	

	Binary
	61 (37)
	16 (34)

	Time to event
	51 (31)
	15 (32)

	Continuous
	46 (28)
	11 (23)

	Event rate
	6 (4)
	3 (6)

	Unclear
	2 (1)
	2 (4)

	Reporting of primary outcome*
	
	

	Patient
	39 (23)
	2 (4)

	Healthcare/ clinical / research staff
	109 (66)
	39 (83)

	Lab
	52 (31)
	14 (30)

	Technology
	42 (25)
	4 (9)

	Unclear
	2 (1)
	1 (2)

	Other
	0 (0)
	1 (2)

	Location of primary outcome assessment* 
	
	

	Outpatient
	140 (84) 
	42 (89)

	Inpatient
	44 (27)
	9 (19)

	Unclear
	11 (7)
	1 (2)

	Primary analysis populationX
	
	

	Intention to treat
	119 (72)
	30 (64)

	Modified intention to treat
	26 (16)
	9 (19)

	Not specified
	14 (8)
	6 (13)

	Per protocol
	4 (2)
	1 (2)

	Other
	2 (1)
	1 (2)

	Complete case analysis
	1 (1)
	0 (0)


Table 1: Cohort Characteristics 
Notes: * Answers were not mutually exclusive. x This is the primary analysis population as described in the article. We have not attempted to verify the approach or explore definitions. 

Reporting of participant flow within the CONSORT diagram
Only one article in 2013 did not include a CONSORT flow diagram. The number of randomised participants was reported in all diagrams, but only 62/165 (38%) in 2013 and 19/47 (40%) in 2018 reported the numbers completing follow up (Table 2). Whilst the CONSORT flow diagram included the number of participants analysed in 126/165 (77%) and 40/47 (85%) of studies in 2013 and 2018 respectively, this was different to the denominator in the primary outcome results’ tables in 16/165 (10%) studies in 2013 and 3/47 (6%) in 2018 (Supplementary Table 2).
	Recommended elements to be reported in the CONSORT flow diagram 
	No of trials reporting the element (%) 

	
	2013 cohort (n=165) a
	2018 Cohort (n=47)

	
	Yes
	Unclear
	Yes
	Unclear

	Number screened
	117 (71)
	3 (2)
	36 (77)
	-

	Number eligible
	115 (70)
	4 (2)
	34 (72)
	-

	Number randomised
	165 (100)
	-
	47 (100)
	-

	Number received treatment
	111 (67)
	1 (1)
	34 (72)
	-

	Number completed treatment b
	62 (38)
	4 (2)
	19 (40)
	2 (4)

	Number completed follow up 
	103 (62)
	23 (14)
	32 (68)
	6 (13)

	Number analysed
	126 (76) 
	3 (2)
	40 (85)
	-


Table 2:  Frequency of studies reporting different elements of the CONSORT participant flow diagram 
Notes: Data were extracted on inclusion of the key reporting requirements listed in CONSORT. Accuracy and consistency of numbers with the remainder of the manuscript was not assessed in this analysis. a1 study did not include a CONSORT flow diagram. b 22/99 of those not reporting completion of treatment were perceived to have tested a one-off treatment.  

Identification of imputed values. 
In 7/166 (4%) articles in 2013 and 1/47 (2%) in 2018, missing data could not be quantified due to conflicting information that could not be resolved from the article and its supplementary materials or because it was not possible to determine which attrition values were relevant for the primary outcome (Supplementary Table 3).  Consequently, we were unable to include these papers in the following analyses.  
Missing primary outcome data were identified in 141 /159 (89%) of the remaining trial reports from 2013 and 38/46 (83%) from 2018. Within these studies the median percentage of randomised participants with missing data was 5.4% [1.5, 10.7] in 2013 and 2.6% [0.3-15.4] in 2018. Only one trial explicitly confirmed there was no missing outcome data.
In the 2013 cohort, 91/159 (57%) trials reported use of imputation to include participants for whom the primary outcome had not been observed. For those 91 studies the median percentage of randomised participants per trial that were included in the analysis with imputed data was 5.4% [IQR 2.4%, 9.9%] (range <0.1%-47.7%). 

A further 7/159 (4%) studies in 2013 may have had imputed data, but it was not clear whether participant outcome data were available or not.  In 9/91 (10%) studies using imputed data, uncertainties remained about the exact numbers of randomised participants that were included in the analysis with imputed data. In those 16 studies the median percentage of participants where it was uncertain whether data was observed or imputed was 4.3% [IQR 1.4%, 5.9%] (range 0.1%-30.8%)

In comparison, 19/46 (41%) trials from 2018 reported including participants in the analysis using imputed data.  The median percentage of participants with imputed data was 8.3% [IQR 1.0%, 20.6%] (range 0.3- 39.5%). A further 3/46 (7%) studies may have had imputed data and in 3/19 (16%) studies only partial extraction of the number of participants with imputed data was possible. For these 6 studies the median percentage of participant where it was unclear whether data was observed or imputed was 9.5% [ IQR 1.6%, 14.6%] (range 1.4-17.1).
 
Reporting of Imputed values within the CONSORT
The number of participants with imputed values for the primary outcome was reported in the results’ tables or graphs in 12/91 (13%) studies using imputation in 2013 and 4/19 (21%) in 2018. Numbers with imputed data were included in the article’s text in 35/91 (38%) of studies in 2013 and 8/19 (42%) in 2018. However, in 52/91 (57%) studies in 2013 and 3/19 (16%) in 2018, the article text gave partial information, such as confirming imputation had been used without reporting for how many participants this applied, or reported some cases where imputed data was used but not all of the cases we identified.
In order to identify imputed data within the CONSORT alone, it was important that publications reported the number analysed within the diagram itself. However, only 64/91 (70%) studies using imputed data in 2013 and 14/19 (74%) studies in 2018 included the number analysed in the CONSORT.  In 2013, 9/64 (14%) of studies explicitly reported the number of participants with imputed outcomes alongside the number analysed in the CONSORT diagram. (Table 3). Footnotes to the CONSORT diagram were used to provide this information in a further three studies in the 2013 cohort and one study from 2018. In addition, one study which did not report the number of participants analysed in the CONSORT diagram did report the number of imputed values within a footnote. 
Imputed values could be identified through the CONSORT in 31/55 (56%) of studies in 2013 and 9/14 (64%) in 2018 where it was not explicitly reported.



	
	No of trials (%) 

	Reporting of imputed primary outcome within the manuscript
	2013 cohort (n=91)

	2018 Cohort (n=19)

	
	Yes
	No
	 Partial
	Yes
	No
	Partial

	Does the primary outcome results table/ graph show numbers of imputed values? 
	12 (13)
	74 (81)
	5(5)
	4 (21)
	14 (74)
	1 (5)

	Does the manuscript text report imputed values?
	35 (38)
	4 (4)
	52 (57)
	8 (42)
	8 (42)
	3 (16)

	
	No of trials (%)

	
	2013 cohort (n=64)a
		2018 Cohort (n=14)b

	CONSORT reporting of imputed primary outcome data
	Yes
	No
	Unclear
	Yes
	No
	Unclear

	1. Does the CONSORT report the numbers imputed or available primary outcome data below the number analysed?
	9 (14)
	53 (83)$
	2 (3)
	-
	13 (93)$
	1 (7)

	1a. If no or unclear can the reader understand it through the rest of the CONSORT diagram? (n=55)/ (n=14)
	31 (56)
	17 (31)
	7(13)
	9 (64)
	3 (21)
	2 (14)

	1b. If no or unclear can the reader understand it using the text to interpret the CONSORT (n=55)/ (n=14)
	25 (45)
	26 (47)
	4 (7)
	8 (57)
	6 (43)
	-



Table 3: Reporting of imputed primary outcome data
Notes: a Of the 91 trials imputing data 1 had no consort and 26 did not report the number analysed b In 2018 of the 19 studies reporting imputation 5 did not report the number analysed in the CONSORT. .$3/53 in 2013 and 1/18 in 2018 did make an explicit statement about available or imputed data in the flow diagram notes.

Discussion:
This study examined reporting of imputed data for the primary outcome. Analysis of two cohorts of RCTs published in four major medical journals in 2013 and 2018 highlights the continued challenges of identifying whether data were observed and recorded or imputed for primary outcome analyses. There was a lack of clear information in CONSORT flow diagrams and results’ tables meaning extensive cross-checking of the entire article, including any supplementary material, is often needed to assess levels and reasons for imputation. With relatively little improvement in reporting between the two cohorts, it is recommended that the CONSORT guidelines are updated to include these details. Levels of imputed primary outcome data along with associated reasons should be explicitly reported alongside the number analysed (as is currently the case for participant exclusions). 
Reporting of key elements in the CONSORT flow diagram was relatively high in both cohorts of RCTs. Compliance ranged from 67 to 100%, with the exception of reporting treatment completion and follow up, and marginally increased between 2013 and 2018. Whilst all reports included the number of randomised participants, only 76% in 2013 and 85% in 2018 included the number analysed and, in 10% of 2013 studies, this figure was not consistent with the primary outcome results’ tables. Extraction of the levels of imputed primary outcome data from the CONSORT flow diagrams requires knowledge of the numbers randomised and analysed and failure to include this crucial information impeded our data extraction.  
Identification of imputed primary outcome data is intended to be understood through the reporting of ‘participant losses’ within the CONSORT flow diagram.  However, the number completing follow up was only reported in 62% of 2013 studies and 68% from 2018. Even when ‘losses’ were reported within the CONSORT flow diagram, identification of participants with imputed data remained difficult. Several trials excluded some randomised participants from the analysis population whilst also including others by using imputed data. Information from the article’s text was frequently needed to understand how the reported losses had been handled in the analysis. In addition, inconsistencies were identified with some CONSORT flow diagrams reporting that participant losses were included in the analysis population with imputed values, whilst in the results they appeared to have been excluded and vice versa. 
Further problems exist because studies were not clear about the relationship between treatment discontinuation and follow up.22 Whilst these should be reported separately to losses to follow up, several CONSORT flow diagrams reported these together, leaving the reader unclear whether ‘discontinuations’ or ‘withdrawals’ related to treatment, follow up or both.  
However, identification of imputed values was largely impacted by authors’ interpretation of the requirement to report ‘participant losses’. Many CONSORT flow diagrams reported participation status at the relevant time points, which does not necessarily equate to availability of outcome data.18 Participants may cease participation in a RCT but still have achieved an endpoint beforehand and had this recorded, outcomes may continue to be collected from electronic health records and retained participants may fail to provide outcome data. One area where this was especially difficult were participant deaths. Primary outcome descriptions needed careful examination to establish any inclusion of all-cause or cause-specific mortality either explicitly or as part of an assessment scale (such as the five-point Glasgow Outcome Scale where brain injury patients who have died are given a score of 1). For specific-cause mortality outcomes, a breakdown of causes of death was not always reported. 
All the challenges noted above were exacerbated when CONSORT flow diagrams were poorly constructed or tried to communicate information on more than one analysis populations or follow up time-point. Poor reporting meant that imputed data were often identified from only one element of the article or by piecing together partial information, leaving concerns of accuracy over incorrect interpretation by the reader or lack of full disclosure by authors. Verification of imputed data reported in the CONSORT flow diagram was not always possible because 81% of primary outcome results’ tables in 2013 and 74% in 2018 failed to include information on available outcome data and several failed to even include analysis denominators. Whilst some studies using time to event analysis explicitly reported censoring due to non-events in the CONSORT flow diagram, none reported this in the survival graphs and some did not even include numbers ‘at risk’.
[bookmark: _Hlk78194543]Despite many reviewers evaluating missing data in trial reports either to understand the extent of the problem or for bias assessment in systematic reviews, few have discussed the problems with reporting of imputed data. Recently, Akl et al22 highlighted three challenges of identifying missing data similar to those outlined here: reporting of losses rather than available outcome data; reporting missing data by participant rather than outcome; and uncertainty whether participant data was imputed or excluded. Similarly, Hussain et al14 noted the problems associated with the ambiguous terminology of ‘withdrawal’ and ‘loss to follow’, which also fails to report the true nature of the losses. Consequently, it is becoming apparent that missing outcome data may be substantially underestimated within RCTs23 with important implications for their findings and systematic reviews22. 
As statisticians are encouraged to use imputation in the primary trial analysis, rather than a complete case analysis8 it is important that the challenges of reporting imputed data are addressed. As there was little improvement in reporting between the two cohorts over five years, we recommend further refinement of the CONSORT guidance if readers are to be able to reliably assess levels and causes of imputed primary outcome data. The number of participants included in the analysis with imputed data along with reasons should be explicitly reported within the manuscript, along with the number analysed in the CONSORT flow diagram in line with guidance for exclusions. Results’ tables should include information on the number of participants with imputed data at each time point in the analysis. Where this is not feasible, or missing data are complex, additional information should be included in the supplementary material. Importantly, this new guidance should also apply to analysis methods considered to account for missing data, such as survival analysis, where the use of extended risk tables would be beneficial24. 
Limitations
Extraction of imputed data was difficult for this study and authors were not contacted to verify the accuracy so the levels of imputed data within the cohort should be taken with caution. Due to the time-consuming nature of data extraction, we opted to assess papers from the first quarter of 2018 only, thus the cohort was relatively small for analysis. However, it broadly supports the issues identified in the 2013 cohort.   
Data used in this analysis were originally collected for a study designed to assess the levels and reported reasons for missing data. Assumptions were used to aid data extraction in areas known to be problematic, such as the ambiguous reporting of ‘withdrawal’. Consequently, the levels of uncertainty around availability of primary outcome data may be underestimated. The reliance on published reports of RCTs in four major medical journals means that the scale of these problems for other journals is unknown 
Conclusion:
The number of participants included in the primary outcome analysis using imputed rather than observed values is not easily identified from the CONSORT flow diagram and is infrequently reported within results’ tables. CONSORT flow diagrams often report participation status at relevant time points but this does not necessarily correlate to availability of primary outcome data. Authors should be mindful of the issues we have highlighted and seek to improve clarity of reporting imputed values. We recommend changes to the CONSORT guidelines to encourage explicit reporting of imputed values against the analysis population so that readers are able to assess the reliability of trial findings. 
Funding: Medical Research Council Methodology Research Programme (Grant MR/K024310/1)
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