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Abstract
Objective
Pre-specification of statistical methods in clinical trial protocols and Statistical Analysis Plans
(SAPs) can help to deter bias from p-hacking, but is only effective if the pre-specified
approach is made available.

Study Design and Setting
For 100 randomised trials published in 2018 and indexed in PubMed we evaluated how often
a pre-specified statistical analysis approach for the trial’s primary outcome was publicly
available. For each trial with an available pre-specified analysis, we compared this to the trial
publication to identify whether there were unexplained discrepancies.

Results
Only 12 of 100 trials (12%) had a publicly available pre-specified analysis approach for their
primary outcome; this document was dated before recruitment began for only two trials. Of
the 12 trials with an available pre-specified analysis approach, 11 (92%) had one or more
unexplained discrepancies. Only 4/100 trials (4%) stated that the statistician was blinded
until the SAP was signed off and only 10/100 (10%) stated the statistician was blinded until
the database was locked.

Conclusion
For most published trials, there is insufficient information available to determine whether
results may be subject to p-hacking. Where information was available, there were often
unexplained discrepancies between the pre-specified and final analysis methods.
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What is new?


Few trials made their pre-specified analysis approach publicly available, making it
difficult to verify methods were not changed based on trial data (p-hacking)



Most of the available protocols and Statistical Analysis Plans were dated after
recruitment began, so earlier changes could not be ruled out



Most trials for which it could be assessed had one or more unexplained discrepancy
in the statistical methods between the protocol/Statistical Analysis Plan and
publication



Resolution of these issues will require greater emphasis on making protocols and
Statistical Analysis Plans publicly available.
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Introduction
The statistical methods used to analyse a randomised trial can affect the results; for
instance, excluding different participants or using different statistical models can change the
size of the estimated treatment effect or p-value (1-14). Selective reporting of results is
problematic in randomised trials (4, 6, 7, 13, 15), and, choosing or modifying the planned
analysis approach after seeing the trial data to obtain a more favourable result can introduce
bias; this is commonly referred to as ”p-hacking” (1-5, 11, 12, 15). Pre-specification of
statistical methods is recommended, both to act as a deterrent and help to identify p-hacking
(1-5, 11, 12, 15). However, in order for pre-specification to be an effective tool to prevent and
identify p-hacking, the pre-specified analysis approach must be publicly accessible;
otherwise there is no way for people who are not involved in the trial to verify whether
investigators followed their pre-specified approach.

Previous reviews have looked at how often protocols and Statistical Analysis Plans (SAPs)
are available for trials published in high-impact general medical journals (15, 16). However,
these results are unlikely to be generalizable across all trials; for instance, some high-impact
medical journals have policies requiring investigators to include protocols and SAPs as
supplementary material alongside the trial publication, which is not the policy at most
medical journals. We therefore undertook this study to evaluate, in a random sample of trials
published in all journals indexed in PubMed, how often a pre-specified analysis approach
was publicly available for the trial’s primary outcome, and how often this approach was
modified without explanation.

Methods
We followed the same protocol as a previous review which focussed on trials published in
high-impact general medical journals (15), although we used different inclusion/exclusion
criteria and used a different search strategy (described below). The protocol is available in
the supplementary material.
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Search strategy and eligibility criteria
We searched PubMed for randomised trials published in June 2018. Articles were eligible for
inclusion if they reported results from a phase 2-4 randomised trial in humans. Exclusion
criteria were pilot or feasibility, phase 1, or non-randomised study, secondary analysis of
previously published trial, cost-effectiveness as the primary outcome, more than one trial
reported in the article, results of an interim analysis, or if the protocol or SAP was not in
English. The full search strategy is shown in the supplementary material.
We then randomly selected 100 eligible articles for inclusion in our review. This was
achieved by sorting all articles identified from our search into a random order, using a
random number generator. One author then screened articles until 100 eligible trials were
identified. The list of the 100 included trials is available in the supplementary material.

Data extraction
For each eligible trial, we evaluated whether there was a pre-specified statistical analysis
approach for the trial’s primary outcome in a publicly available protocol or SAP (i.e. a
protocol or SAP that had been published as a peer-reviewed journal article, was included
with the trial publication as part of the supplementary material, or was available on the trial’s
website).
For trials that had an available pre-specified analysis approach, two authors independently
assessed whether there were any discrepancies between the pre-specified approach and
the trial publication for (i) the analysis population (which participants were included in the
analysis, and whether they were analysed according to their allocated treatment arm or not);
(ii) the statistical model used for analysis (e.g. a logistic regression model, a mixed-effects
linear regression model, or a non-parametric test such as the Wilcoxon test); (iii) any
adjustment of baseline covariates; and (iv) how missing data was handled (1, 4).

6

We evaluated two different types of discrepancies. The first was termed a ‘change’, which
meant that investigators had done something differently in the trial publication to what they
had pre-specified; for instance, if they pre-specified an intention-to-treat analysis in the trial
protocol but then used a per-protocol analysis; or said in the protocol they would adjust for
participant age in the analysis but an unadjusted analysis was performed instead.
The second discrepancy was termed an ‘addition’, which occurred if essential details about
how the analysis would be implemented were missing from the pre-specified analysis
approach. ‘Additions’ were considered problematic as it meant the analysis approach was
pre-specified in a manner which still allowed investigators to decide on some details of how
the analysis would be implemented after seeing the trial data, which could allow p-hacking
(11). Additions occurred if the pre-specified analysis approach (1) contained insufficient
information about the proposed analysis; or (2) allowed the investigators to subjectively
choose between multiple different potential analyses. Examples of ‘additions’ are if, in the
pre-specified analysis approach, investigators: (i) did not specify how they would handle
missing data; (ii) pre-specified they would use a per-protocol analysis but did not say which
participants they would exclude; or (iii) specified that they would use either a mixed-effects
logistic regression model or generalised estimating equations, with the final decision being
made after seeing the trial data, but did not specify an objective criteria for deciding between
the two approaches.
We classified each discrepancy as either ‘explained’ or ‘unexplained’. We classified
discrepancies as being ‘explained’ if they were specified in a subsequent, publicly available
version of the protocol or SAP (with or without a justification or rationale for the discrepancy),
or if the discrepancy was mentioned in the trial publication. Otherwise, we classified the
discrepancy as being ’unexplained’.

We extracted data related to the primary analysis of the primary outcome. We identified a
single primary outcome as follows; (a) if one outcome was listed as the primary we used this;
7

(b) if no outcomes or multiple outcomes were listed as being primary we used the outcome
that the sample size calculation was based on; and (c) if no sample size calculation was
performed or sample size was calculated for multiple primary outcomes, we used the first
clinical outcome listed in the objectives/outcomes section. We identified the primary analysis
as follows; (a) if a single analysis strategy was used, or multiple strategies were used with
one being identified as primary, we used this; (b) if multiple strategies were used without one
being identified as primary, we used the first one presented in the results section.

We extracted data onto a pre-piloted standardised data extraction form (available in the
supplementary material). Each trial was evaluated independently by two reviewers, with
disagreements being resolved by discussion, or by a third reviewer where disagreement
could not be resolved. Where the trial publication referred to supplementary material, a SAP
or protocol, the extractor referred to these documents.

Outcomes
Our main outcome measures were (i) the number of trials with a publicly available prespecified analysis approach for the primary outcome; (ii) the number of trials with no
unexplained discrepancies from the publicly available pre-specified analysis approach; and
(iii) the total number of analysis elements with an unexplained discrepancy for each trial.

Secondary outcomes were, for each analysis element described earlier (analysis population,
statistical model, use of covariates, handling of missing data), (i) the number of trials with at
least one unexplained discrepancy (either change or addition); (ii) the number of trials with at
least one unexplained change; and (iii) the number of trials with at least one unexplained
addition.
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Results
Search results and characteristics of included studies
Our search identified 1382 results (figure 1). We then identified 100 eligible trials after
reviewing 327 randomly ordered articles. Trial characteristics are shown in table 1.

Protocols were available for 15 trials (15%) (8 published, 7 as supplementary material with
publication, 1 on a website; one trial had two protocols available from different sources).
SAPs were available for 3 trials (3%) (0 published, 2 as supplementary material with
publication, 1 on a website). The three trials with a SAP also had an available protocol. Of
the 15 trials with an available protocol, the earliest version available was dated before the
start of recruitment for 3 (20%) trials, 7 (47%) were dated after recruitment had begun, and
for 5 (33%) trials this was unclear (three trials had a protocol with no date and two trials did
not report the recruitment start date). Of the three trials with an available SAP, the earliest
version of the SAP was dated after recruitment began for all three (100%) trials (for two trials
it was dated over 1 year after recruitment had ended).

Of the 100 trials included in this review, only 4 (4%) stated in the trial publication, protocol, or
SAP that the statistician was blinded until the SAP was signed off and only 10 (10%) stated
the statistician was blinded until the database was locked.

Availability of pre-specified analysis approach
Overall, 12 of 100 trials (12%) had a publicly available pre-specified analysis approach for
the primary outcome (table 2). 85 trials did not have an available protocol or SAP, and 3
trials had a protocol with no information on the analysis and no publically available SAP. The
document containing the pre-specified analysis approach was dated before the start of
recruitment for 2 of 12 (17%) trials, during recruitment in 1 (8%) trial (7 months post-
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recruitment beginning), and after the end of recruitment in 5 (42%) trials (median 6 months
post-recruitment completion, IQR 3 to 8). In 4 trials (33%) it was unclear when the document
was dated in relation to the start of the trial (for two trials no date was available for the
protocol; for two trials no date was available for the commencement of recruitment).

Comparison of pre-specified and conducted statistical analysis approach
Of the 12 trials with an available pre-specified analysis approach, only 1 (8%) did not have
any unexplained discrepancies (it had discrepancies, but all were explained) (table 2). A
further 11 trials (92%) had one or more unexplained discrepancies; the total number of
discrepancies across the 11 trials was n=23 (table 3). For 10 of these discrepancies, the
investigators made a change to their pre-specified methods, for 7 discrepancies the
investigators did not provide any information in the protocol for that analysis element, and for
6 discrepancies the investigators pre-specified their methods in a manner which could have
allowed them to choose the analysis method after seeing the trial dataset in order to give a
more favourable result.
Unexplained discrepancies were most common for the use of covariates (n=8/12, 67%) and
the analysis model (n=6/12, 50%), though were also high for the handling of missing data
(n=5/12, 42%) and the analysis population (n=4/12, 33%). The total number of changes and
additions for each analysis element is available in table 4.

Post-hoc analysis of trial registry entries
We performed a post-hoc analysis to evaluate whether any trial registry entries contained
prospective information on the planned statistical analysis approach for the trial’s primary
outcome. We found that 27 trials did not have an evaluable trial registry entry (no registration
number listed [n=20]; listed registration number could not be found on the relevant registry
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website [n=4]; trial registry not in English [n=3]). None of the 73 evaluable trial registry
entries (0/73, 0%) contained any prospective information on the planned analysis approach
for the trial’s primary outcome. Three registry entries contained retrospective information,
added after trial was finished, describing how data had been analysed.

Discussion
In this review of trials indexed in PubMed, we found that very few (12%) had a publicly
available pre-specified analysis approach. Furthermore, because most documents
containing the pre-specified analysis approach were dated after the trial had begun (or, in
some cases, after the trial was completed), it was often difficult to ascertain whether the
analysis approach in these documents had already been modified from the pre-trial protocol.

Of the trials that did have a pre-specified analysis approach available, we found that almost
all of them (92%) had unexplained discrepancies. These typically involved making
undisclosed changes to the pre-planned methods, or pre-specifying the methods in a
manner which allowed p-hacking (11). Because of poor reporting around blinding of
statisticians and access to data, it was often difficult to ascertain whether changes were
made before or after access to the trial data.

Previous reviews evaluating availability of protocols and SAPs in general medical journals
have found much higher rates of availability than we did (16). Spence et al reviewed 364
trials from five high-impact medical journals and found that protocols and SAPs were
available in 82% and 50% of trials respectively (16). In a separate review of 101 trials from
six high-impact medical journals, we found that 88% had a publicly available pre-specified
analysis approach for the primary outcome (15). The reasons for these differences are likely
due in part to differences in policy between some high-impact medical journals vs. other
journals (e.g. the requirement to publish the protocol and SAP alongside the trial). However,
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the rate of unexplained discrepancies we found in this review was broadly in line with
previous reviews (2, 6, 7, 15).

Resolution of these issues will require greater emphasis on making protocols and Statistical
Analysis Plans publicly available, and better reporting around blinding and data access of
statisticians and investigators. Journal editors could require that the first and last version of
the protocol and Statistical Analysis Plan be submitted alongside the trial report and be
published as supplementary material; this is the approach taken by the New England Journal
of Medicine, and it has been shown to be very effective (15). Additionally, trial registries
could require authors to disclose the planned analysis approach for their primary outcome at
the time of registration. This would ensure that most trials could be assessed for
inappropriate changes to the analysis approach. Next, authors could ensure they do not prespecify their analysis approach in a way which allows p-hacking; the Pre-SPEC framework,
which has recently become available, provides guidance on this exact issue (11). Finally,
editors could require that authors report any changes to the pre-specified methods, as well
as disclose the blinding status of investigators at the time of each change (authors could
also do so voluntarily).

This review had some limitations. We only identified 12 articles which had a protocol
containing a pre-specified analysis approach, and so our estimates for the rates of
unexplained discrepancies were based on a small number of trials. However, given that
previous reviews have identified similar rates of discrepancies (2, 6, 7, 15), we are confident
that the true rate of unexplained discrepancies is large enough to warrant concern. Second,
we have assumed that the protocols and SAPs made available alongside the published trial
results do represent valid pre-specified analysis approaches. However, this relies on the
assumption that the dates of such documents are accurate, i.e. they were indeed written and
signed off before analysis began. This assumption is unverifiable, and so it is possible that
some of these documents were not in fact written prior to the commencement of final
12

analysis. Third, although we found that most trials did have discrepancies, we were not able
to ascertain whether these discrepancies were due to p-hacking, or whether they occurred
for other reasons. Finally, we included only studies published in English, and so results may
not be generalisable to other settings.

Conclusion
For most published trials there is insufficient information available to determine whether
results may be subject to bias due to p-hacking. Where information was available, there
were often unexplained discrepancies between the pre-specified and final analysis methods.
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Figure 1 – Flow diagram of article selection
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Table 1 – Characteristics of included trials (data are n [%])
Characteristic

Total (N=100)

Funding (n, %)
Pharmaceutical

9 (9%)

Other for profit company

3 (3%)

Government

20 (20%)

Charity sector

5 (5%)

Other

24 (24%)

Multiple funding sources

8 (8%)

Unclear funding source

31 (31%)

Type of intervention (n, %)
Pharmacologic

48 (48%)

Surgical

10 (10%)

Psychosocial/behavioural/educational

12 (12%)

Other

29 (29%)

Multiple intervention types

1 (1%)

Cluster trial (n, %)

2 (2%)

Factorial trial (n, %)

1 (1%)

Crossover trial (n, %)

3 (3%)

Non-inferiority (n, %)

5 (5%)

No. of treatment arms (n, %)
Two

81 (81%)

Three or more

19 (19%)

Sample size (median, IQR)

99.5 (60, 174)

IQR=interquartile range
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Table 2 - Unexplained discrepancies in statistical methods between the pre-specified
approach and the trial publication (data are n [%])
Measure

Total
(N=12)

Unexplained discrepancies
Nonea

1 (8%)

≥1

11 (92%)

Number of unexplained discrepanciesb
0a

1 (8%)

1

3 (25%)

2

4 (33%)

3

4 (33%)

Analysis elements with unexplained discrepancies

ano

Analysis population

4 (33%)

Analysis model

6 (50%)

Use of covariates

8 (67%)

Handling of missing data

5 (42%)

discrepancies (n=0), explained discrepancies only (n=1).

bCalculated

as number of analysis elements with an unexplained discrepancy (analysis

elements are: (i) analysis population; (ii) analysis model; (iii) use of covariates; and (iv)
handling of missing data).
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Table 3 - Description of unexplained discrepancies (n=12) (data are n [%])
Measure

Total
(N=12)

Analysis population
No information given in original analysis approacha

1 (8%)

Changed from pre-specified population by specifying

3 (25%)

additional exclusionsb
Analysis model
No information given in original analysis approacha

2 (17%)

Original analysis approach allowed analyst to

1 (8%)

subjectively choose final model based on trial dataseta
Changed from pre-specified modelb

3 (25%)

Use of covariates
No information given in original analysis approacha

1 (8%)

Original analysis approach allowed analyst to

4 (33%)

subjectively choose covariates based on trial dataseta
Changed from pre-specified approachb*

3 (25%)

Handling of missing data
No information given in original analysis approacha

3 (25%)

Analysis approach allowed analyst to subjectively choose

1 (8%)

final multiple imputation model based on trial dataseta
Changed from imputation to complete caseb
a

Classified as an ‘addition’

b

Classified as a ‘change’

1 (9%)

*N=2 changed from unadjusted (pre-specified) to adjusted analysis; N=1 changed from
adjusted (pre-specified) to unadjusted analysis
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Table 4 – Unexplained changes and additions (N=12)
Characteristic

N (%)

Analysis population
Unexplained discrepancy (change or addition)

4 (33%)

Unexplained addition

1 (8%)

Unexplained change

3 (25
%)

Analysis model
Unexplained discrepancy (change or addition)

6 (50%)

Unexplained additionc

3 (25%)

Unexplained changec

3 (25%)

Covariates
Unexplained discrepancy (change or addition)

8 (67%)

Unexplained addition

5 (42%)

Unexplained change

3 (2%)

Missing data
Unexplained discrepancy (change or addition)

5 (42%)

Unexplained addition

4 (33%)

Unexplained change

1 (8%)
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