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Abstract
Background and Objectives: In order for authors of systematic reviews to address missing data in randomized controlled trials
(RCTs), they need to first identify the number of trial participants with missing data. The objective of this study was to provide guidance
for authors of systematic reviews on how to identify participants with missing outcome data in reports of RCTs.

Methods: Guidance statements were informed by a review of studies addressing the topic of missing data and an iterative process of
feedback and refinement, through meetings involving experts in health research methodology and authors of systematic reviews.

Results: The proposed guidance includes (1) definitions of key terms, (2) 19 categories of participants described in RCT reports and
who might have missing data, and (3) a flowchart on how to judge the outcome data missingness for each category. The judgment of miss-
ingness relies on how trial authors report on the categories and handle them in their analyses. Practically, for their primary analysis, sys-
tematic review authors should choose how to identify participants with missing outcome data (i.e., use either ‘‘definitely missing data’’ or
‘‘total possible missing data’’), then select a method for handling missing data in meta-analysis. Sensitivity analyses should be undertaken
to explore consistency with competing options for classifying patients as having missing data.

Conclusion: Adopting the proposed guidance will help promote transparency and consistency regarding how missing data are managed
in systematic reviews. � 2019 Elsevier Inc. All rights reserved.
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Box 1 Three main challenges faced by authors of
systematic reviews when identifying
missing outcome data [3]

1. Although systematic reviewers require information about
missing data to be reported by outcome, trialists typically
report the information by participant;

2. It is not always clear whether trialists have successfully
followed participants in certain categories (e.g., those who
withdrew consent); that is, whether some categories of
participants did or did not have missing data;

3. It is not always clear how the trialists dealt with missing
data in their analyses.
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What is new?

Key findings
� Authors of systematic reviews face a number of

challenges when trying to identify the number of
trial participants with missing data.

� We propose a guidance for authors of systematic
reviews on how to identify participants with
missing outcome data in reports of randomized
controlled trials.

What this adds to what was known?
� The judgment of missingness relies on how trial

authors report on categories of participants and
handle them in their analyses.

� The guidance classifies participants as having
either ‘‘definitely missing data’’ or ‘‘potentially
missing data.’’

What is the implication and what should change
now?
� This guidance fits into a larger one that includes

first requesting missing data by outcome from trial
authors and eventually assessing the associated risk
of bias using Grading of Recommendations
Assessment, Development and Evaluation.
1. Introduction

Authors of systematic reviews are frequently confronted
with missing data for one or more outcomes of trial partic-
ipants. Recent studies found that 42% of systematic reviews
[1] and 63% of randomized controlled trials (RCTs) re-
ported on participants with missing data [2]. Missing data
may bias results of RCTs when outcomes of those missing
differ systematically from those who have been followed.
Thus, inferences from reviews of RCTs may be misleading
if trial authors do not handle missing data appropriately
[3e5].

Guidance for authors of systematic reviews on how to
assess the risk of bias associated with missing data in a
meta-analysis and how to handle this is available for both
dichotomous and continuous outcomes [6e14]. However,
to follow this guidance, they first need to identify for every
outcome how many trial participants actually have missing
data. This task can become quite complex, if RCTs do not
clearly report this information.

Identifying missing outcome data in trial reports is asso-
ciated with three main challenges (see Box 1) [3].

As an example of unclear reporting, RCTs do not always
specify whether participants categorized as ‘‘lost to follow-
up’’ actually developed an event for the outcome of interest
before they were lost to follow-up. Although systematic re-
viewers typically consider participants lost to follow-up as
having missing data for all outcomes, this may not be the
case [3]. Ideally, RCTs should report missing data by
outcome, but very few RCTs do so; a methodologic survey
of 638 RCTs found that 0.7% reported missing data by
outcome [2]. Many RCTs do not report the method(s)
used for handling missing data (43% as a conservative
estimate) [2].

Some trialists might assume that participants with
missing data experienced an event for the outcome of inter-
est and include them in the numerator (number of events for
that outcome), but without specifying this approach. This is
a standard approach in tobacco cessation trials. According
to Russell standards, participants who are analyzed are
counted as smokers if their smoking status at final
follow-up cannot be determined [15,16]. Indeed, Foulds
et al. telephoned participants who were lost to follow-up
in a hospital-based smoking cessation trial and reported that
100% of these participants relapsed [17,18]. Similarly, in
mental health research, many experts observed that missing
data are likely not to be missing at random (i.e., the prob-
ability that an observation is missing depends on the unseen
observations themselves); assuming that they developed an
event for the outcome of interest is very plausible [19,20].
If trialists have already included events for some of those
they report to have missing data, and review authors assume
that participants with missing data had an event for the
outcome of interest, the result will be double counting [3].

The extent of missing data in RCTs might be larger than
what authors explicitly report. For example, one study
compared ‘‘loss to follow-up rates’’ in published reports
of RCTs of oral antithrombotic agents with loss to
follow-up rates derived from more detailed documents
made available to the FDA for the same RCTs [21]. They
found a large discrepancy between the median published
rate of all ‘‘missing follow-up categories’’ (0.9%) and the
median of the FDA-calculated loss to follow-up rates
(13%). We found similar results in a recently published
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review of 638 RCTs; specifically, the median percentage of
participants who were explicitly not followed-up was 5.8%,
but this increased to 11.7% when considering patients for
whom the follow-up status was unclear [2].

Given the aforementioned challenges, and until report-
ing of missing data becomes more explicit, authors of sys-
tematic reviews require guidance on how to identify
participants with missing outcome data in RCT reports.
We are not aware of any such existing guidance. In partic-
ular, the recent update of the Cochrane handbook does not
address the issue [14].
2. Objective

The objective of this study was to provide guidance for
authors of systematic reviews on how to identify partici-
pants with missing outcome data in reports of RCTs.
Potentially missing data

Definitely missing data

Total possible 
missing data

Fig. 1. Definitions of missing data.
3. Methods

To inform our guidance, we reviewed the following
studies on the topic of missing data:

� Proposed approaches for reporting and handling
missing data in RCTs [22] and in systematic reviews
[23,24];

� Conceptual paper on challenges faced by systematic
reviewers while identifying trial participants with
missing data [3];

� Methodological surveys on the reporting and
handling of missing data in RCTs [2,25] and system-
atic reviews [1,26];

� Impact of missing data on effect estimates in RCTs
[27];

� Impact of missing data on effect estimates in system-
atic reviews (unpublished data);

� Guidance for handling missing data of dichotomous
[6] and continuous outcomes in systematic reviews
[7,28];

� Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) guidance for assess-
ing risk of bias associated with missing data in a
body of evidence [8].

Accordingly, we developed a draft guidance for authors
of systematic reviews on how to identify participants with
missing outcome data in reports of RCTs. Then, we revised
guidance using an iterative process of feedback and refine-
ment through three face-to-face meetings and several tele-
conferences involving experts in health research
methodology, and authors of systematic reviews as the
end users. In addition, we conducted two workshops at Co-
chrane colloquia for further feedback.

This guidance is for meta-analyses of group-level data
from RCTs. It does not address methods for meta-
analyses of individual participant data.
4. Results

We describe below the proposed guidance for identi-
fying missing outcome data which includes the following:
(1) the definitions of key terms, (2) the categories of partic-
ipants described in RCT reports that might be associated
with missing data, and (3) how to judge the outcome data
missingness for these categories.
4.1. Definitions

We used the following definitions (see Fig. 1):

Missing data: outcome data from included RCTs that are
not available to the authors of systematic reviews,
whether from published RCT reports or through contact
with trialists.
Definitely missing data: participants clearly have
missing outcome data based on the RCT reporting.
Potentially missing data: participants potentially have
missing outcome data, but it is not explicitly reported
in the RCT report.
Total possible missing data: participants who either have
definitely or potentially missing outcome data.
4.2. Categories

We developed a draft taxonomy of categories of partic-
ipants described in RCT reports and who might have
missing data. We refined this taxonomy iteratively through
its application to data extraction in a succession of pub-
lished studies: 235 RCTs [27], 202 systematic reviews
[6], 100 systematic reviews [1], 200 RCTs [25], and 638
RCTs [2] (for a total of 1,073 RCTs and 302 systematic re-
views). We labeled categories to reflect wording used in
RCT reports, that is, the presentation that systematic review
authors actually face: we are not suggesting using these cat-
egories when reporting RCTs. Table 1 lists the 19 final cat-
egories of participants that might have missing data along
with their description.

We considered two additional categories reported in tri-
als (‘‘dead’’ and ‘‘excluded as part of center exclusion’’)
but decided not to consider them as missing data as ex-
plained here:



Table 1. Categories of participants described in RCT reports who might have missing data

Category of participants that might have missing data Description of the category

Explained lost to follow-up Participants described as lost to follow-up, and trialists provided an explanation, e.g.,
relocated to a different country

Unexplained lost to follow-up Participants described as lost to follow-up, and trialists did not provide an explanation

Outcome not assessable Data of a certain outcome for a number of participants are not available because the
outcome adjudicators could not assess their outcome. For example, venography could
not be done for a number of participants

Data not available Participants are still part of the RCT; however, due to incomplete or missing record, the
outcome data of these participants are missing

Ineligible or mistakenly randomized Participants who, subsequent to randomization, are either found not to have the
condition of interest (e.g., are not pregnant in an RCT among pregnant women) or did
not undergo a procedure for which the intervention is intended (e.g., did not undergo
surgery in an RCT of postoperative thromboprophylaxis)

Did not receive first dose/treatment Participants who did not receive the ‘‘first dose’’ of the intervention to which they were
randomized

Ineligible due to early occurrence of outcome Participants who were eligible at baseline then developed the outcome of interest soon
after enrollment. These are considered ineligible if the trialists judge that the
occurrence of the outcome cannot be related to the intervention of interest

Experienced adverse events Participants who developed adverse events but without clear indication whether or not
they discontinued the RCT

Noncompliant Participants who were nonadherent or otherwise violated the protocol

Crossover Participants randomized to one arm, but who received the intervention meant for
another treatment arm

Withdrew consent Participants who withdraw their consent to participate in the RCT

Discontinued due to adverse events Participants who discontinued the RCT due to adverse events

Discontinued trial prematurely Participants who left the RCT but for whom a reason for discontinuation was not
provided

Withdrawn by investigator/clinician Participants who left the RCT through a decision made by the investigator or clinician
(e.g., due to medical necessity)

Unintended protocol violation Participants who left the RCT due a protocol violation for which they are not responsible
(e.g., unavailability of hospital beds)

Lack of efficacy Participants who left the RCT because they perceived no benefits from the intervention
they were randomized to

Protocol violation by investigator/clinician Investigator/clinician violated the protocol (e.g., change the intended intervention) due
to a medical reason

More than one category reported together The number refers to participants belonging to two or more of the aforementioned
categories

Other Reason different from the above

Abbreviations: RCT, randomized controlled trial.
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‘‘Dead’’ category: As ‘‘death’’ is a competing outcome, we
consider that participants described as ‘‘dead’’ to not have
missing data. In other words, the interpretation of the outcome
of interest should consider these participants as ‘‘dead,’’ and
not as having missing data. See Box 2 for example.

‘‘Excluded as part of center exclusion’’ category: In
multicenter trials, individual centers may be excluded from
the study due to a specific reason (e.g., low recruitment,
nonadherence to trial protocol). Participants, who have
been already enrolled by those centers before the decision
of exclusion, will be excluded from the study and not fol-
lowed up. We consider participants belonging to this cate-
gory to not have missing data and to be appropriately
excluded from the denominator of trial participants.
4.3. Judging outcome data missingness

Fig. 2 shows the flowchart illustrating our proposed
guidance on how authors of systematic reviews could judge
the missingness of outcome data in RCT reports.

‘‘Dead’’: As noted earlier, we consider participants
belonging to this category to definitely not have missing
data.
‘‘Excluded as part of center exclusion’’: As noted
earlier, we consider participants belonging to this cate-
gory to definitely not have missing data.
For the first four categories in Table 1 (‘‘explained lost
to follow-up,’’ ‘‘unexplained lost to follow-up,’’
‘‘outcome not assessable,’’ or ‘‘data not available’’),



Box 2 Death as a competing outcome

A competing risk is an event that either prevents the
observation of an event of interest or modifies the
chance that this event occurs [29]. Consider an RCT
comparing a palliative care intervention to standard of
care, showing an increased incidence of death but
improved quality of life among those who survive.
When analyzing the results for the quality of life
outcome, one should not impute data for those who
died before their quality of life could be assessed at the
end of the RCT.

Abbreviations: RCT, randomized controlled trial.
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we consider participants belonging to these categories to
definitely have missing data.
For the remaining 15 categories, the guidance for the re-
maining categories is based on the reporting of the tria-
list on the following:
Fig. 2. How authors of systematic reviews could judge the missingness of o
belonging to these categories not meeting the conditions for appropriate e
protocol analysis are reported, assume that participants belonging to the ca
***Participants for whom the trialists-imputed outcomes could be considered
should not treat them as missing data unless it is possible to obtain the num
double counting. ****When follow-up status is not explicitly reported in the R
have missing data. Abbreviations: FU, follow-up; MD, missing data.
1. How the RCT reported on the follow-up status for
each category;

2. How the RCT handled each category.

Based on these two criteria, authors of systematic re-
views can judge whether participants belonging to each
specific category have (1) definitely missing data; (2);
potentially missing data; or (3) definitely not missing data.

If trialists explicitly reported that these participants were
followed up, then systematic review authors should count
them as definitely not having missing data. If trialists
explicitly reported that participants were not followed up,
then systematic review authors should count them as defi-
nitely having missing data.

When trial authors do not explicitly report follow-up
statusdthe case in 45% of RCTs [2]dsystematic review
authors should check how authors handled these categories.
If such participants were excluded from the trial analysis
(i.e., excluded from the denominator [and numerator]), then
the reviewers should consider them definitely missing. Par-
ticipants for whom the trialists imputed outcomes could be
considered as having definitely missing data. However, the
utcome data in reports of randomized controlled trials. *Participants
xclusion (see text). **When both intention-to-treat analysis and per-
tegories are followed up and consequently do not have missing data.
as having definitely missing data. However, the systematic reviewers

ber of observed/actual events (i.e., excluding imputed events) to avoid
CT report, assume that they were followed up and consequently do not



Table 2. Judging of outcome data missingness based on the reporting
and handling in the trial of categories of participants that might
have missing data

Judging of outcome data
missingness

Categories of participants that might
have missing data

Definitely not missing data
� Participants explicitly reported as
followed up

� Participants who died during the
trial

� Participants belonging to centers
that were excluded

Definitely missing data
� Participants explicitly reported as
not followed up;

� Participants with unclear follow-up
status and

� excluded from the denominator
of the analysis (i.e., complete
case analysis), or

� included in the denominator of
the analysis and their outcomes
were explicitly stated to be
imputed. However, the system-
atic reviewers should not treat
them as missing data unless it is
possible to obtain the number of
observed/actual events (i.e.,
excluding imputed events) to
avoid double counting.

Potentially missing data
� Participants with unclear follow-up
status (e.g., included in the
denominator of the analysis and
their outcomes were not explicitly
stated to be imputed)

Total possibly missing data
� Participants who have either defi-
nite or potential missing data
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systematic reviewers should not treat them as missing data
unless it is possible to obtain the number of observed/actual
events (i.e., excluding imputed events) to avoid double
counting. If it was unclear how primary study investigators
handled participants with unclear follow-up statusdthe
case in 52% of RCTs [2]dthen it would be best to count
them as potentially missing data.

Besides common situation mentioned in Table 1, we
propose specific considerations for the following situations:

Participants who are ‘‘ineligible or mistakenly random-
ized’’ may be considered as appropriately excluded by
the trialists if information about ineligibility was avail-
able at randomization and those making the decision
regarding exclusion were blind to allocation [30]. Simi-
larly, those who ‘‘did not receive first dose/treatment’’ or
who are ‘‘ineligible due to early occurrence of outcome’’
may be considered as appropriately excluded by the tria-
lists. Under these conditions, systematic review authors
should not count such participants as having missing
data. However, if either of these two conditions is not
satisfied, the exclusion is considered inappropriate and
these participants might have missing data, depending
on how trialists report on their follow-up status.
‘‘Experienced adverse events’’: when follow-up status of
participants belonging to this category is not explicitly
reported, we suggest that systematic review authors as-
sume that they were followed up and consequently do
not have missing data.

5. Discussion

5.1. Summary

We present guidance for authors of systematic reviews
on how to identify (and classify) participants with missing
outcome data in reports of RCTs and how to deal with pre-
sentations or descriptions that leave uncertainty as to the
number of patients with missing data. Our approach uses
categories of participants described in RCT reports, and
who might have missing data, and relies on how trial au-
thors report on those categories and handle them in their an-
alyses (Table 2).

The guidance proposed in this study complements exist-
ing guidance on handling and assessing risk of bias associ-
ated with missing data [6e14,31e34]; however, for their
primary analysis, systematic reviewers must choose be-
tween two options: use either ‘‘definitely missing data’’
or ‘‘total possible missing data.’’ Review authors also need
to choose a method for handling missing data in the meta-
analysis [6]. To test the robustness of the analysis that fol-
lows from these choices, the authors could explore sensi-
tivity analyses using alternatives for identifying
participants with missing outcome data and for handling
missing data. Using the ‘‘total possible missing data’’
(compared with using ‘‘definitely missing data’’) in the pri-
mary analysis will yield a less precise pooled effect that is
also less robust when subjected to sensitivity analyses. The
main advantage of using the ‘‘total possible missing data’’
(compared with using ‘‘definitely missing data’’) is
increased confidence in the results if the pooled effect esti-
mate is found to be robust.
5.2. Strengths and limitations

To our knowledge, this is the first guidance for system-
atic review authors on how to identify participants with
missing outcome data in reports of RCTs. The guidance
is structured, transparent, and hopefully easy to implement.
We labeled the categories to reflect and capture the wording
used in RCT reports with which systematic review authors
have to deal. We built the guidance based on extensive
methodological work on the topic of missing data. We
refined our recommendations using an iterative process
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during which we applied the categorization of participants
who might have missing data to samples of RCTs and sys-
tematic reviews (a total of 1,073 RCTs and 302 systematic
reviews).

One limitation is that our proposed approach to judging
of data missingness did not benefit from as much validation
as did the categorization of participants who might have
missing data. However, our approach to judging of data
missingness is consensus based and builds on the relevant
data on the subject by Marciniak et al. [21]. Marciniak
et al. compared the loss to follow-up rates in published re-
ports of RCTs of oral antithrombotic agents with loss to
follow-up rates calculated based on more detailed docu-
ments made available to the Food and Drug Administration
(FDA) for the same RCTs [21]. They found a large discrep-
ancy between the median of published rate of all ‘‘missing
follow-up categories’’ (0.9%) and the median of the FDA-
calculated loss to follow-up rates (13%). This suggests that
missing data might be more frequent than what is explicitly
reported and published.

5.3. The broader approach to addressing missing data

A broader approach to addressing missing data in trials
includes (in addition to identifying and handling missing
data) the avoidance and better reporting of missing data,
as well as sharing individual participant data. Indeed, the
best way to address missing data in RCTs is to minimize
the extent ofdif not avoiddmissing data. Many strategies
have been suggested to improve retention in RCTs (e.g.,
monetary incentives) [35e38]. Similarly, trial methodolo-
gists have proposed strategies to improve the reporting of
missing data (see Box 3) [3,22,39,40].

If trial authors make individual participant data of their
RCTs publicly available, systematic review authors will no
Box 3 Proposed approaches for reporting missing
data

� Report methods used to prevent missing data;
� Report number of participants with missing data for each

outcome, by study arm, and by time frame if relevant;
� Report rates of missing data by trial arms;
� Report a flow diagram of participants;
� Report any differences between baseline characteristics of

participants with and without missing data;
� Report the reasons for missing data (refrain from reporting

more than one category lumped together and ‘‘other’’ cate-
gory as they create further confusion and uncertainty);

� Report method(s) for handling missing data in analysis;
� Report results of any sensitivity analyses to assess the

associated risk of bias;
� Discuss implication of missing data on interpreting the

results.
longer need to make judgments on the extent of missing
data of participants. Both the World Health Organization
(WHO) and the International Committee of Medical Jour-
nal Editors (ICMJE) have emphasized the importance of
sharing RCT data [41,42]. However, a recent survey of
RCTs published in the BMJ and PLOS Medicine subse-
quent to the adoption of data-sharing policies by these jour-
nals found that less than 50% of RCTs met criteria for data
availability [41].

Improved reporting of group-level data can facilitate
the handling of missing data in meta-analyses. Ideally,
trialists would report, in a standardized data file compat-
ible with meta-analysis software, the number of partici-
pants randomized, the number of participants with
missing data, and the number of events for each outcome.
We acknowledge that trialists are limited by word count in
their journal publications, and that such information may
appear in an appendix.
5.4. Implication for practice

As authors of systematic reviews will always face
missing data in trials included in meta-analyses, we suggest
the following stepwise approach to deal with missing data:

1. If trialists fail to provide the data in their trial report,
request missing data by outcome and information on
how they dealt with them in the analysis;

2. If the trialists do not provide sufficient information,
follow the guidance suggested in this paper to identify
participants who have either definitely or potentially
missing data;

3. Assess risk of bias associated with missing data trial
following GRADE guidance [8];

4. Report on all the aforementioned steps.
5.5. Implications for future research

Because this guidance has not been validated yet, it
would be optimal to verify whether the categories judged
to actually have missing data, for example, by comparing
reported group-level data with individual participant data.
Ultimately, the comparison of the approach against individ-
ual patient data would secure the validity of the approach.
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