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Three challenges described for identifying participants with missing data
in trials reports, and potential solutions suggested to systematic reviewers
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Abstract
Objective: To categorize the challenges in determining the extent of missing participant data in randomized trials and suggest potential
solutions for systematic review authors.

Study Design and Setting: During the process of updating a series of Cochrane systematic reviews on the topic of anticoagulation in
patients with cancer, we identified challenges and used an iterative approach to improve, and a consensus process to agree on the challenges
identified, and to suggest potential ways of dealing with them. The five systematic reviews included 58 trials and 75 meta-analyses for
patient-important dichotomous outcomes with 27,037 randomized participants.

Results: We identified three categories of challenges: (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 the trialists followed up
participants in certain categories (e.g., noncompliers), 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 analysis (e.g., exclusion from the denominator vs. assumptions
made for the numerator). We discuss potential solutions for each one of these challenges and suggest further research work.

Conclusion: Current reporting of missing data is often not explicit and transparent, and although our potential solutions to problems of
suboptimal reporting may be helpful, reliable and valid characterization of the extent and nature of missing data remains elusive. Reporting
of missing data in trials needs further improvement. � 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Missing data for the outcomes of study participantsd
missing participant data (MPD)dis a frequent problem in
clinical trials. Studies addressing the frequency of MPD
found that 87% of trials report on participants for whom
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data for the primary outcome were missing [1], with the
average percentage of participants of MPD ranging from
6% to 32% [1e3]. Moreover, it was unclear in 19% of trials
how MPD was handled in the primary analysis [1].

MPD is not only prevalent, but it represents a serious
potential source of bias [4]. Indeed, applying plausible
assumptions regarding outcomes of participants with
missing data could change the statistical significance of
results of many randomized controlled trials (RCTs)
published in top medical journals [1].

To assess the risk of bias associated with MPD [5e7], sys-
tematic review authors need to, for each outcome, identify
which participants actually have missing data. In spite of
improvements in trial reporting since 2001 (date of publication
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What is new?

Key findings
� Trialists typically report the information about

missing data by participant and not by outcome.

� Trialists do not typically report on whether certain
categories of participants (e.g., noncompliers)
suffer from missing data or not (i.e., were followed
up or not).

� It is not always clear how the trialists dealt with
missing data in their analysis.

What this adds to what was known?
� We suggest pragmatic solutions for systematic

review authors to deal with different challenges
related to identifying and dealing with missing
participant data in trial reports.

What is the implication and what should change
now?
� There is a need for better reporting of trial with

respect to missing participant data, and for vali-
dating our suggested solutions.

� There is a need for making raw data from trials
publicly available.
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of CONSORT statement) [8], reporting of missing data re-
mains suboptimal. Indeed, missing values information is
still not present in one quarter of RCT reports and is more
poorly reported than other items listed in CONSORT [2].

In previous work related to MPD, we noted the limita-
tions in reporting and identified challenges in abstracting
information regarding MPD [1]. Specifically, we found that
13% of trials did not report whether MPD occurred. In
those that did report MPD, a fifth did not report on how
they handled them [1].

A recent methodological survey assessed the reporting
and handling methods of MPD in 190 Cochrane systematic
reviews in the mental health field [9]. The survey found that
only 8% of the systematic reviews clearly reported that the
included trials had no missing outcome data for the primary
outcomes. Although more than half of the trials included in
the meta-analysis had a dropout rate between 10% and
30%, a clear definition of attrition was missing from 97%
of the systematic reviews [9].

During the process of updating a series of Cochrane
systematic reviews on the topic of anticoagulation in
patients with cancer [10e14], we categorized the chal-
lenges with extracting MPD. In this article, we discuss
these challenges and suggest potential strategies to deal
with them for systematic reviewers.
2. Methods

2.1. Development method

In previous work, we had informally noted challenges to
abstracting information regarding MPD [1,15] and devel-
oped initial thoughts regarding categorization and possible
solutions [15]. In this project, we endeavored to formalize
both the categorization and potential solutions. The data ab-
stractors for the five systematic reviews noted the challenges
with abstracting MPD data from the included randomized
clinical trials and sought potential ways of dealing with them
[10e14]. They later discussed those challenges and potential
solutions with other members of the team and refined them
in an iterative manner. The group agreed on the final version
of the challenges and solutions through consensus.

2.2. Focus of the article

The work presented in this article focuses on dichotomous
outcome data obtained from randomized clinical trials
included in five Cochrane systematic reviews addressing anti-
coagulation in patients with cancer [10e14]. The five system-
atic reviews included 58 trials and 75 meta-analyses for
patient-important dichotomous outcomes with 27,037 ran-
domized participants. This study relates to trial-level data
(i.e., derived from a trial report) and not to participant-level
data (i.e., individual participant data). It relates to participants
with missing data as opposed to missing studies (e.g., unpub-
lished studies), outcomes (e.g., unreported outcomes), or
study-level characteristics (for subgroup or meta-regression
analyses). It addresses the challenges and solutions from
the perspective of the systematic reviewer and not the trialist.
Indeed, although improving trial reporting would prevent
many of the challenges, we discuss only solutions that would
help the systematic reviewer deal with trials with suboptimal
reporting. In addition, the challenges might be less relevant to
meta-analyses pooling effect estimates based on survival
analysis (e.g., hazard ratios), which would have taken into ac-
count, at least to some extent, the issue of MPD.

2.3. Definitions

We distinguish between premature end of follow-up,
which is specific to a participant, and MPD, which is
specific to an outcome. Premature end of follow-up refers
to the cessation of followingup of a specific participant before
the planned end of study follow-up. MPD refers to the
unavailability of data for a specific outcome for a specific
participant. Thus, premature end of follow-up could result
in MPD for a number of outcomes, but not for (1) outcomes
in which an event occurred before the participant being lost
to follow-up or (2) outcomes that had shorter follow-up pe-
riods than the time that the participant was actually followed.

Fig. 1 graphically depicts individual participant data
from a hypothetical example illustrating the relationship
between the two concepts when considering a specific



Fig. 1. A hypothetical example illustrating the relationship between premature end of follow-up and missing participant data when considering a
specific participant. (Left part) Individual participant data showing events and follow-up for trial outcomes, when considering a specific participant.
(Middle part) How a trial would typically report on participant’s events and follow-up. (Right part) The relationship for each outcome between
premature end of follow-up and missing participant data. IPD, individual participant data; RCT, randomized controlled trial.
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participant. For the first outcome, the participant had no
events observed by the time of the premature end of
follow-up. In the trial data set, she would be classified
as having missing data for this outcome for the duration
between her premature end of follow-up and the planned
end of follow-up. For the second outcome, the participant
had an event observed by the time of the premature
end of follow-up. Therefore, she would not be classified
as having missing data for that outcome in the trial
data set.

Fig. 2 graphically depicts individual participant data
from a hypothetical example illustrating the relationship
between the two concepts when considering a specific
outcome. In that example, 10 participants (in blue)
completed the planned duration of follow-up without
any observed events, whereas five participants (in purple)
completed it with an observed event. In the trial data set,
these 15 participants would not be classified as having
missing data for that outcome. Three participants (in
green) had a premature end of follow-up with no event
observed for the outcome of interest. They would be
classified in the trial data set as having missing data for
that outcome for the duration of time between their
premature end of follow-up and the planned end of
follow-up. Two participants (in red) had an event before
their premature end of follow-up. They would not be
classified in the trial data set as having missing data for
that outcome, despite having a subsequent premature
end of follow-up.

Overall, the summary data in the trial report would
include, out of 20 randomized participants, seven with
events and five with premature end of follow-up. Indeed,
the trial report does not distinguish between the three
groups in purple, green, and red. Instead, it reports the
number of participants with events (five in purple þ two
in red), and the number of participants with premature
end of follow-up (three in green þ two in red).

Our discussion focuses on the more common situation in
which the systematic reviewers have access to the trial
report (reporting group level data) but not to the trial data
set (including individual participant data). It also applies
to the more common situation in which authors do not
attempt to obtain full information regarding MPD from trial
authors or, having made the attempt, fail. Indeed, the first
solution to all of the problems we identify is to obtain
additional information from authors. We suggest systematic
review authors do so; our discussion assumes they have
made such attempts but have been unsuccessful.



Fig. 2. A hypothetical example illustrating the relationship between premature end of follow-up and missing participant data when considering a
specific outcome. (Left part) Individual participant data showing events and follow-up for trial participants, when considering a specific outcome.
(Middle part) How a trial would typically report on participants’ events and follow-up. (Right part) How the meta-analysis would typically use data
from a trial report to include that trial in a complete case analysis or make an assumption about the outcomes of those with missing data. F/U,
follow-up; IPD, individual participant data; MPD, missing participant data; RCT, randomized controlled trial; SR, systematic review.
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3. Results

We detail below, the following three challenges, along
with potential solutions for addressing them:

� Challenge 1: MPD are not reported by outcome.
� Challenge 2: it is unclear whether some categories of
participants did or did not have MPD.

� Challenge 3: it is unclear how trialists dealt with
MPD.
3.1. Challenge 1: MPD are not reported by outcome

Consider the following scenario (consistent with the one
in Fig. 1): in a clinical trial of a novel antithrombotic with a
60-day planned follow-up, a participant suffers a major
bleeding at day 15 and has premature end of follow-up at
day 30, by which time he has not suffered any thrombotic
event. In the trial report, the investigators will count this
participant as having had a major bleeding event, but not
having had a thrombotic event. At the same time, they
may or may not report this participant as having a prema-
ture end of follow-up.
3.1.1. The challenge
Systematic review authors examining the trial report

would know about that participant only that she had a
premature end of follow-up. The reviewers would have
no information about whether the participant suffered any
of the two outcomes of interest before the premature end
of follow-up. Subsequently, the reviewers would typically
consider that ‘‘premature end of follow-up’’ affects both
outcome equally (i.e., MPD applies to both outcomes).

The previously mentioned scenario would introduce bias
when analyzing an outcome for which a number of partic-
ipants suffered an event before a premature end of follow-
up whether the reviewer runs a complete case analysis or
makes assumptions. The right part of Fig. 2 illustrates the
bias:

1. By running a complete case analysis, the systematic
review authors would exclude the two participants
from the denominator (given they are labeled as
‘‘premature end of follow-up’’). However, these
participants are in fact included in the numerator,
given the trialists would have already included them
in the reported count of events.
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2. By assuming that the total five participants with
premature end of follow-up suffered the outcome of
interest, the reviewer would count them in both the
denominator and the numerator. The five imputed
counts in the numerator are based on all participants
with premature end of follow-up because the reviewer
does not have access to individual participant data of
trial report to tease out the two participants who
actually suffered an event before premature end of
follow-up. This would unintentionally lead to double
counting given the trialists would have already
included those two participants when reporting the
count of events.
3.1.2. Potential solution
Systematic reviewers have limited options when

dealing with participants with premature end of follow-
up, and for whom the trialists do not report detailed infor-
mation about MPD by outcome. Our judgment is that
reviewers assume that participants reported as having
premature termination did not suffer any of the relevant
outcomes before the date of the end of follow-up and be
considered to have MPD for all outcomes. This assump-
tion becomes less problematic with a lower outcome
event rate and a shorter duration between the premature
Fig. 3. Example flow diagram from a published trial. Ag
end of follow-up and the anticipated complete duration
of follow-up.
3.2. Challenge 2: it is unclear whether some categories
of participants did or did not have MPD

3.2.1. Consider the following scenario
Figures 3 and 4 are taken from a published trial and

correspond respectively to the study flow diagram and
the outcomes frequency table. Fig. 3 shows that in the
active treatment group, 12 participants were ‘‘lost to
follow-up’’ and 57 ‘‘withdrew consent.’’ Fig. 4 shows that
all these participants were included in the analyses (see
‘‘N’’ in the top row). So in fact, the trialists included
participants who definitely had premature end of follow-
up (‘‘lost to follow-up’’ in this case) in the analysis. In
the absence of any further clarification (whether in the
table or in the text), it is possible that participants who
‘‘withdrew consent’’ were actually followed up. However,
it is also possible that those who withdrew consent had
premature end of follow-up but the trialists still included
them in the analysis, in the same way they included ‘‘lost
to follow-up participants.’’ This is therefore a case of
different MPD status for different categories of partici-
pants for the same outcome.
nelli et al.: PROTECHT investigators (2009) [19].



Fig. 4. Example outcomes frequency table from a published trial.
Agnelli et al.: PROTECHT investigators (2009) [19].
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3.2.2. The challenge
Systematic review authors examining that trial report

would not know whether that group of participants who
‘‘withdrew consent’’ did or did not have premature end of
follow-up. The systematic review author might assume that
they had premature end of follow-up, while actually they
were followed up and some of them were observed to suffer
an event.

The scenario mentioned previously could introduce bias
when analyzing data depending on the assumption made by
the reviewer:

� If the systematic review authors run a complete case
analysis, they would exclude all participants who
‘‘withdrew consent’’ from the denominator, whereas
those that belong to that group and actually suffered
an event are included in the numerator (even count).

� If the systematic review authors decide to make
assumptions about the outcomes of participants with
missing data, they would do the same to those who
withdrew consent, including those who actually
suffered an event (and already included by the RCT
authors in the reported count of events). This would
lead to double counting.

Based on the previously mentioned one, systematic
review authors would need to decide whether premature
end of follow-up applies to those participants who ‘‘with-
drew consent.’’ This situation can apply to different groups
of participants, including those that the trial authors may
describe as ‘‘mistakenly randomized and inappropriately
excluded,’’ ‘‘did not receive any treatment,’’ ‘‘withdrew
consent,’’ ‘‘outcome not assessable,’’ ‘‘dead,’’ ‘‘experienced
adverse events,’’ ‘‘non-compliant,’’ ‘‘discontinued prema-
turely,’’ ‘‘cross-over,’’ ‘‘moved out of country,’’ and ‘‘lost
to follow-up.’’ We refer to these as categories of partici-
pants with potential MPD.
3.2.3. The potential solution
For the categories of participants for whom it is not

always clear whether they were followed up for the
outcomes of interest, we suggest the following approach:

� When the trialists clearly exclude those participants
from the denominator, count as premature end of
follow-up and assume MPD for the outcomes of
interest;

� When the trialists do not clearly exclude those partic-
ipants in the denominator, we suggest making the
assumptions presented in Table 1.

Some trial reports might not use the same terminology
as mentioned previously. Also note, that participants
described as ‘‘mistakenly randomized’’ are typically
excluded from trial analysis and, if the exclusion is appro-
priate [16], do not need to be considered for considerations
of premature end of follow-up.
3.3. Challenge 3: it is unclear how trialists dealt with
MPD

3.3.1. The challenge
There are different ways trialists can deal with partici-

pants who have missing data for a specific outcome. One
approach is to conduct a complete case analysis (i.e., to
exclude them from both numerator and denominator).
Another approach is to include them in the denominator
and for the numerator, impute their status with respect to
the outcomes of interest. Moreover, the trialists might deal
with this issue in different ways for different outcomes.
Here is one example from a trial of bronchodilators in
patients with chronic obstructive pulmonary disease:
‘‘Missing values due to worsening of the disease were
imputed by patient’s least favorable observation while
missing values due to other reasons were imputed by the
last observation carried forward method’’ [17].

Unfortunately, trialists do not typically report how
they dealt in their analysis with participants who have
missing data, specifically whether they made assumptions
or not about their outcomes. For example, in a trial of
anticoagulation in patients with central venous catheter
(with 150 participant in arm A), the trialists clearly report
the number of participants in different categories of MPD
(total of 36 participants). For the death outcome, they
appear to include some but not all categories in the
denominator (n 5 143); for the deep venous thrombosis
outcome, they appear to include some other categories
in the denominator (n 5 114). This leaves us wondering
how they dealt with each category in analysis of each of
the two outcomes [18].

The lack of clear reporting of how the trialists dealt with
participants with missing data, might introduce bias into the
meta-analysis. Consider the case in which the trialists
assume that participants with MPD had the outcome of
interest, and include them in the numerator (number of



Table 1. Suggested assumptions about follow-up and MPD status in specific categories of participants when trialists do not clearly exclude them
from the denominator

Description of participants Assumption about follow-up and MPD status

‘‘Lost to follow-up’’ or ‘‘missing
participants’’ or ‘‘drop out’’

Count as MPD, except for mortality outcome if assessed using death registries

‘‘Dead’’ Mortality outcome: Do not count as MPD
Nonmortality outcomes: Do not count as MPD (mortality considered as competing outcome)

‘‘Adverse events’’ ‘‘Adverse events’’ outcome: Do not count as MPD
Non- ‘‘adverse events’’ outcomes: May count as either MPD or not MPD depending on the specific clinical

question. Use the more plausible assumption based on clinical judgment
‘‘Not compliant’’ or ‘‘not adherent’’ If the trialists report using ‘‘per protocol’’ analysis to deal with ‘‘noncompliant’’ or ‘‘nonadherent’’ then

count as MPD
If the trialist report using ‘‘intention to treat analysis’’ or ‘‘as treated’’ then count as not MPD
Otherwise, may count as either MPD or not MPD. Use the more plausible assumption based on clinical

judgment
‘‘No efficacy’’ May count as either MPD or not MPD. Use the more plausible assumption based on clinical judgment
‘‘Withdrew consent’’ Count as MPD

Exception: When the investigator specifically states that participants did not withdraw consent for being
followed up for the outcome(s) of interest

Abbreviation: MPD, missing participant data.
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events for that outcome), but without reporting their
approach. If the review authors conduct a meta-analysis
with assumptions that participants with MPD had the
outcome of interest, this might lead to double counting
given the trialists would have already included them in
the reported count of events.

3.3.2. The potential solution
Systematic reviewers have limited options when dealing

with participants with premature end of follow-up when the
trialists include them in the denominator but do not report
how they dealt with them in numerator (what imputation
methods or assumptions they used). We suggest it is safest
to assume the trialists inferred that participants with MPD
did not have the outcome of interest.

In some cases, the imputation technique might be clear,
but inappropriate. When it is not possible to obtain a defin-
itive assessment of the numbers of participants with
missing data (to run appropriate assumptions), the only
option might be to synthesize study outcomes as reported
by trialists [19].
4. Discussion

Under the current reporting practices, reporting of
MPD is often not explicit and transparent enough for
systematic reviewers to reliably and validly judge what is
actually MPD. Hence, independent systematic reviews
addressing the same research question might report
different findings based on the way they decided to identify
and handle MPD.

We discussed three challenges with identifying partici-
pants with missing data in trials included in systematic
reviews: MPD not reported by outcome, lack of clarity on
whether premature end of follow-up apply, and lack of
clarity on how the trialists dealt with participants with
missing data.

Our suggested potential solutions are based on the
assumption that systematic review authors have attempted,
and failed, to obtain the individual participant data, or at
least the details of the missing information directly from
authors of the individual trials. The suggested solutions
represent only guidance that is based on a logical rationale.
Unfortunately, we are not aware of any empirical evidence
that could support such guidance. Indeed, more research
is needed, for example, to generate more specific guidance
for defining ‘‘more plausible assumption’’ referred to in
Table 1.

Improving the reporting of trials would help prevent all
these challenges. Suggested improvements in trial reporting
include reporting of missing data by outcome; specifying
for each outcome and by study arm the number with
missing data and reasons; explicitly reporting how the trial
analysis dealt with missing data; and making individual
participant data from trial publicly available. A consensus
in the clinical trial community regarding how to categorize
participants with missing data would aid in this process.

One potential solution is for authors to report trial
statistical data, in addition to the narrative reporting in
the results section, in a standardized data file compatible
with meta-analysis software. That file would list at
minimum for each outcome measurement the number of
participants randomized, the number with complete and
the number with incomplete follow-up, and the number of
events. Assuming this, data file was provided to all those
conducting systematic reviews that included the study, such
transparency would facilitate the task of the systematic
reviewer, minimize the risk of bias in the analysis, and help
assess risk of bias associated with missing data. Such a
system would require safeguards against misuse of the data
file provided to systematic review teams.
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Another potential solution to overcome the noted chal-
lenges is to make raw data from clinical trials publically
available [20]. In fact, the International Committee of
Medical Journal Editors proposed to require trialists to
share deidentified individual participant data generated by
interventional clinical trials as a condition of consideration
for publication [21]. In parallel, regulatory authorities such
as the European Medicines Agency and the Food and Drug
Administration can play a role in making trial data,
including missing data, publicly available.

Future research should assess the frequency of the
encountered challenges in a representative sample of trial
reports. There is also a need to assess to assess the validity
of the suggested solutions.
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