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The impact of outcome reporting bias in randomised
controlled trials on a cohort of systematic reviews
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Outcome reporting bias in randomised
controlled trials can affect the results of
systematic reviews. Jamie J Kirkham and
colleagues describe and apply a new
classification system to assess the impact
of selective outcome reporting bias on
systematic reviews

The systematic review process has been developed to
minimise biases and random errors in the evaluation
of healthcare interventions." Little is known about the
impact of outcome reporting bias on systematic reviews.
This type of bias can arise if the outcome of interest in the
review had been measured and analysed in a study but
not reported on the basis of the results.

In this paper we report the findings of the Outcome
Reporting Bias In Trials (ORBIT) study, in which we
applied a new classification system for the assessment
of selective outcome reporting and evaluated the validity
of the tool. We used the classification system to estimate
the prevalence of outcome reporting bias and its impact
on an unselected cohort of Cochrane reviews.

Methods

We examined an unselected cohort of new reviews from
50 of the 51 Cochrane collaboration review groups pub-
lished in three issues of the Cochrane Library (Issue 4,
2006, Issue 1, 2007, and Issue 2, 2007). For each review,
two investigators determined the single primary outcome,
contacting the lead reviewer if this was not clear. Where
the reviewer could not be contacted, two investigators
independently agreed upon a single primary outcome
from those listed.

SUMMARY POINTS

Empirical research indicates that statistically significant outcomes are more likely to be fully
reported than non-significant results in published reports of randomised controlled trials

Little is known about the impact of outcome reporting bias in source trial reports on the
conclusions of systematic reviews

Few review authors mentioned the potential problem of outcome reporting bias

Outcome reporting bias was suspected in at least one trialin more than a third of reviews
In a sensitivity analysis, nearly a fifth of statistically significant meta-analyses of the review
primary outcome were affected by outcome reporting bias and a quarterwould have
overestimated the treatment effect by 20% or more
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Assessment of systematic reviews

We first undertook an internal pilot study of 33 reviews
from Issue 4, 2006 to determine the level of agreement
between two investigators on the need for further assess-
ment of outcome reporting bias. Agreement was reached
on all but two reviews.

Each remaining review was then read by only one of
the investigators to check whether all included trials fully
reported the review primary outcome. Any uncertainties
regarding the excluded studies were referred to a third
reviewer.

Classification of randomised controlled trials in
systematic reviews

For each review, an outcome matrix was constructed
showing the reporting of the primary outcome and other
outcomes in each trial included, distinguishing full, par-
tial, or no reporting. The matrix was completed using the
information in the review and revised in light of any extra
information obtained from the trial reports or through
contact with the trialists. Outcomes for which the data
could be included in a meta-analysis were considered to
be fully reported.

A classification system was developed to assess the risk
of bias when a trial was excluded from a meta-analysis
(table 1).

On the basis of all identified publications for a trial,
one investigator and the corresponding review author
independently classified any trial that did not report
or partially reported results for the review primary out-
come (table 1). All trials excluded from the review but
selected for assessment were also classified. Any discrep-
ancies were discussed until a final overall classification
was agreed for each trial and the justification for the
classification documented in full.

To assess how many reviewers had considered the
possibility of outcome reporting bias, we searched the
text of included reviews for the words “selective” and
“reporting.”

Accuracy of classification

For trials for which it was uncertain whether the review
primary outcome had actually been measured and/or
analysed (E, F, G, or H classification; table 1), the trialists
were contacted and asked to confirm whether the review
primary outcome was measured and analysed. If so, the
reason for not reporting the results was requested.
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Table 1| The Outcome Reporting Bias In Trials (ORBIT) study classification system for missing or
incomplete outcome reporting in reports of randomised trials

Level of Risk of
Description reporting  bias*

Clear that the outcome was measured and analysed

A Trialreport states that outcome was analysed but only reports that result wasnot ~ Partial High risk
significant (typically stating P>0.05)

B  Trialreport states that outcome was analysed but only reports that result was Partial No risk
significant (typically stating P<0.05)

C  Trialreport states that outcome was analysed but insufficient data were presented  Partial Low risk
forthe trialto be included in meta-analysis or to be considered to be fully tabulated

D  Trialreport states that outcome was analysed but no results reported None High risk

Clear that the outcome was measured

E  Clearthat outcome was measured but not necessarily analysed. Judgment sa###ys None High risk
likely to have been analysed but not reported because of non-significant results

F  Clearthat outcome was measured but not necessarily analysed. Judgment says None Low risk
unlikely to have been analysed but not reported because of non-significant results

Unclear whether the outcome was measured

G  Notmentioned but clinical judgment says likely to have been measured and None High risk
analysed but not reported on the basis of non-significant results

H  Notmentioned but clinical judgment says unlikely to have been measured at all None Low risk

Clear that the outcome was not measured

| Clear that outcome was not measured NA No risk

*Risk of bias arising from the lack of inclusion of non-significant results when a trial was excluded from a meta-analysis or
not fully reported in a review because the data were unavailable.
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Two separate sensitivity and specificity analyses were
performed. The first analysis considered only G and H
classifications and aimed to determine how good our
classification system was at judging whether the pri-
mary outcome of interest in the review had been meas-
ured when it was not mentioned in the trial report. For
this analysis only, we incorporated an extra category of
G classification for trials with binary outcomes where we
predicted that the outcome was measured but it was not
reported because there were no events.

The second analysis compared our classifications with
information from the trialists to establish whether we
could predict if biased reporting had occurred. Implic-
itly, E and G classifications suggested that bias was likely
because it was either clear or assumed that the outcome
had been measured and possible that non-reporting could
have been influenced by the non-significance of the result.
These classifications were taken to imply bias on the basis
of the lack of inclusion of non-significant results. The spe-
cificity was calculated taking F and H classifications to
indicate no bias.

Amount and impact of missing trial data

The amount of missing data per review was calculated,
firstly based on trials that omitted data for any reason
and secondly based only on those trials where data omis-
sion was suspected on the basis of the results (that is,
outcome reporting bias was suspected). The maximum
bias bound approach was used in a sensitivity analy-
sis*? to estimate the impact of outcome reporting bias
on the review meta-analysis. See bmj.com. This method
was applied only to reviews that had a single meta-
analysis of the review primary outcome. The impact
was assessed in terms of both the percentage change
in the treatment effect estimate and the change in the
statistical significance of the treatment effect estimate
after adjustment.

Results

Assessments of systematic reviews

The Cochrane Library published 309 new reviews in Issue
4, 2006, Issue 1, 2007, and Issue 2, 2007. After exclu-
sions, 157 reviews requiring further assessment were
left; that is, 55% (157/283) of reviews did not include
full data on the primary outcome of interest from all eli-
gible trials. See bmj.com. By text searching for the words
“selective” and “reporting,” 20 (7%) of the 283 reviews
assessed were found to have mentioned outcome report-
ing bias.

Full reporting of review primary outcomes in trials
Further exclusions left 2486 assessable trials, and 712
trial reports requiring a classification (545 included in
reviews and 167 excluded from reviews; table 2). See
bmj.com.

For 155 (6%) of the 2486 assessable trials, it was clear
that the review primary outcome was measured and ana-
lysed (A, B, C, or D classification), but partial reporting
meant the data could not be included in a meta-analy-
sis. Trials classified as C were grouped according to the
nature of the missing data.

A total of 359 (50%) of the 712 trials with missing data
were under high suspicion for outcome reporting bias
(A, D, E, or G classification; table 2). The prevalence of
reviews containing at least one trial with high outcome
reporting bias suspicion was 34% (96/283).

Accuracy of classification

Information on whether the outcome of interest was
measured and analysed was lacking in 538 trial reports
(E, F, G, or H classification). We found the email addresses
of 167 (31%) authors and contacted these individuals.
Responses were received from 65 authors (39%).

To determine whether the outcome of interest was
measured or not, we compared our assessments against
the trialists’ information for 55 trials for which the out-
come had not been mentioned in the trial report (G or
H classification). The sensitivity for predicting that the
outcome had been measured was 92% (23/25, 95% CI
81% to 100%), whereas the specificity for predicting that
the outcome had not been measured was 77% (23/30,
95% CI 62% to 92%.).

To measure our judgment on whether outcome report-
ing bias occurred or not, we compared our assessments
against the trialists’ information for 62 trials for which

Table 2| Trials assessed for outcome reporting bias (n=712)

Number of fully Numberof  Total number of

Classification published trials abstracts trials (%)
A 23 7 30 (4)
B 2 6 8(1)
C 113 4 117 (16)
D 0 0 0(0)
E 113 9 122(17)
F 24 9 33 (5)
G 192 15 207 (29)
H 148 28 176 (25)
I 15 4 19(3)
Total 630 82 712
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the outcome was either clearly measured but not neces-
sarily analysed (E and F classification) or had not been
mentioned in the trial report (G or H classification). The
sensitivity of our classification system for detecting bias
was calculated to be 88% (7/8, 95% CI 65% to 100%),
whereas the specificity was 80% (43/54, 95% CI 69%
to 90%).

Amount and impact of missing trial data

The median amount of review primary outcome data
missing from trials for any reason was 10%. For the 96
reviews that included at least one trial with a high sus-
picion of outcome reporting bias, the median amount of
missing data was 43%.

Of the 283 reviews in our study cohort, 81 included
a single meta-analysis of the review primary outcome
and were included in the assessment of the impact of
outcome reporting bias on the review meta-analysis.

A total of 52 of the 81 reviews included at least one
trial that had a high suspicion of outcome reporting
bias. In 27 of these 52 reviews, no sensitivity analysis
was undertaken because classifications for all trials
with missing data suggested that the review primary
outcome seemed not to have been measured or it was
suspected that there were no events (H and some G clas-
sifications, respectively; 17 reviews), or the reviewer or
review text suggested that the missing studies would not
have been combined with the other trials in the meta-
analysis for reasons not related to outcome reporting
bias (10 reviews). For the other 25 reviews that could be
assessed, the maximum bias bound sensitivity analysis
indicated that the statistically significant conclusions
of eight of these reviews were not robust to outcome
reporting bias; that is, the treatment effect estimate
changed from a significant result favouring treatment
(95% confidence interval excludes the null value) to a
non-significant result.

In a further eight analyses, the result was robust
to outcome reporting bias; that is, the result for the
adjusted pooled estimate was also statistically sig-
nificant (P<0.05). The remaining nine analyses had
non-significant treatment effect estimates for which
the application of the sensitivity analysis produced no
substantial change in three analyses and a change from
favouring one group to moving the effect estimate closer
to the null value of no difference in treatment effect in
six analyses. For all the 25 reviews assessed, the median
percentage change in the treatment effect estimates after
the adjustment based on the maximum bias bound was
39% (IQR 18% to 67%).

Our sensitivity analysis indicates that of the 81
reviews where there was a single meta-analysis of the
review primary outcome, the significance of the results
was not robust to outcome reporting bias in eight (10%)
cases and the treatment effect estimate was reduced
by more than 20% in 19 (23%) reviews. If only the 42
meta-analyses with a statistically significant result are
considered, however, then eight (19%) become non-sig-
nificant after adjustment for outcome reporting bias and
11 (26%) overestimated the treatment effect estimate by
20% or more.

Discussion

Outcome reporting bias was suspected in at least one
randomised controlled trial in more than a third of the
systematic reviews we examined (35%), which is sub-
stantially higher than the number of reviews in which
a reference to the potential for outcome reporting bias
was found (7%), thus demonstrating under-recognition
of the problem. We have also shown through sensitiv-
ity analysis that outcome reporting bias affects the
treatment effect estimate in a substantial proportion of
Cochrane reviews.

Strengths and limitations of the study

We evaluated a large, unselected cohort of reviews,
review authors were involved in the assessment of
outcome reporting bias, and the authors of the trials
included in the reviews were contacted for information.
The textual justification for each trial classification was
checked by a senior investigator.

We undertook an internal pilot study to determine the
level of agreement between two researchers on the need
for further assessment of a review. Given that agreement
was high, a single reviewer assessed the remainder of
the reviews, provided a second reviewer checked where
there was uncertainty.

For the majority of trials that were missing outcome
data, judgment was needed regarding the potential for
outcome reporting bias. We believe we have shown that
sufficiently accurate assessments are possible. This
conclusion rests on the assumption that the trialists we
contacted provided accurate information. A previous
study suggested that trialists may be reluctant to admit
selective reporting.” In our study, the response rate for
those trialists for whom an email address was obtained
was similar in trials with a high risk classification and
those with a low risk classification. If response bias was
operating, we would expect the sensitivity of our clas-
sifications to be underestimated (as a result of trialists
with high risk classifications being less likely to respond
if they have selectively reported outcomes) and the spe-
cificity overestimated (as a result of trialists with low risk
classifications being more likely to respond if they have
not selectively reported outcomes). With such response
bias, the number of selectively reported trials in a review
would be underestimated; thus the impact of outcome
reporting bias on the conclusions of the reviews studied
here may have been underestimated.

Our classifications of trials for outcome reporting
bias facilitated an assessment of the robustness of
review conclusions to such bias.”? The maximum bias
bound approach was the method chosen to examine
this source of bias because it can be applied to any
outcome type. Although only 81 (29%) of the 283
reviews studied comprised a single meta-analysis of
the primary outcome of interest, there is no reason to
believe the results of this assessment would not be gen-
eralisable to those reviews containing multiple meta-
analyses. A limitation of our study is that it has not
examined how the impact of outcome reporting bias
should be assessed in reviews that do not include a
meta-analysis.
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Comparison with other studies

Only one previous study used similar methods to examine
the prevalence of outcome reporting bias and its impact
on systematic reviews.’ The findings were similar to the
current study.

A second study of meta-analyses in Cochrane reviews
demonstrated a weak positive association between the
amount of outcome data missing from the source trial
reports and the treatment effect estimate.® Our study goes
further by reviewing excluded studies and classifying the
likelihood of outcome reporting bias in a review on the
basis of the individual trial reports.

Implications for systematic reviews

Trials should not be excluded because there is “no relevant
outcome data” as the outcome data may be missing as a direct
result of selective outcome reporting. Increasing the accuracy
of data extraction, possibly by involving a second reviewer,
could reduce the amount of missing data. Reviewers should
be encouraged to contact the trialists to confirm whether the
outcome was measured and analysed and obtain the results.
Some review authors did not declare when a trial report stated
that no events were observed in any group. We believe that
reviewers should report all such data in their review.

Review authors will need to use their judgment regarding
the potential for outcome reporting bias. Unfortunately, we
believe there are few practical alternatives to this approach,
since to do nothing is unacceptable and to contact trialists
for the information or data is recommended but is not always
feasible or successful. To support their judgment, reviewers
should justify fully in the text of their report the classification
assigned and should include verbatim quotes from the trial
publication whenever possible.

The classification system that we used has been presented
and applied by participants during workshops. The feed-
back has so far not indicated any major shortcomings of this
classification system or that any additional categories are
required. Adoption of the new Cochrane risk of bias tool,’
which includes a judgment of the risk of selective outcome
reporting, should also help to raise awareness of outcome
reporting bias.

If a sensitivity analysis used to assess the impact of out-
come reporting bias on an individual review shows that the
results are not robust to outcome reporting, the review con-
clusions may need to be amended. Even if the results appear
robust, the reviewer should still consider the potential for
bias caused by unpublished studies.

Implications for trials
Recent long term initiatives could reduce the problem of out-
come reporting bias in trials. For example, registration of
randomised controlled trials before initiation® and advance
publication of detailed protocols document that the trials
exist and ensure their planned outcomes are specified.
Reviewers can search registries to locate unpublished trials
eligible to be included in a systematic review. Trialists should
be encouraged to describe all changes to the outcomes stated
in the protocol.

The standardisation of outcome measures in specific
clinical areas, if implemented, will reduce the potential for
bias.”*° Current recommendations state that all prespecified

primary and secondary outcomes should be fully reported;
any changes to the prespecified outcomes from the protocol
should be explained in the final report; and the choice of
outcomes included in the final report should not be based on
the results."" International organisations also support better
reporting of all trials."

We hope that such strategies and raised awareness will
reduce the prevalence of outcome reporting bias in clinical
research.
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