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Abstract
Rationale, aims and objectives Systematic reviews, meta-analyses and clinical guidelines
(reviews) are intended to inform clinical practice, and in this sense can be thought of as
scientific truthmakers. High-quality controlled trials should align to this truth, and method
quality markers should predict truth status. We sought to determine in what way controlled
trial quality relates to scientific truth, and to determine predictive utility of trial quality and
bibliographic markers.
Method A sample of reviews in rehabilitation medicine was examined. Two scientific truth
dimensions were established based on review outcomes. Quality and bibliographic markers
were extracted from associated trials for use in a regression analysis of their predictive
utility for trial truth status. Probability analysis was undertaken to examine judgments of
future trial truth status.
Results Of the 93 trials included in contemporaneous reviews, overall, n = 45 (48%) were
true. Randomization was found more in true trials than false trials in one truth dimension
(P = 0.03). Intention-to-treat analysis was close to significant in one truth dimension
(P = 0.058), being more commonly used in false trials. There were no other significant
differences in quality or bibliographic variables between true and false trials. Regression
analysis revealed no significant predictors of trial truth status. Probability analysis reported
that the reasonable chance of future trials being true was between 2 and 5%, based on a
uniform prior.
Conclusions The findings are at odds with what is considered gold-standard research
methods, but in line with previous reports. Further work should focus on scientific dynam-
ics within healthcare research and evidence-based practice constructs.

Introduction
Contradictory research findings from randomized controlled trials
have previously been reported [1]. Further, models demonstrating
that most claimed research findings are false have been given [2].
Such models claim that falsity may simply be a measure of pre-
vailing study bias. Judgment of trial quality is made based on
indicators of bias control: journals demand adherence of trials to
accepted quality criteria (e.g. CONSORT [3]); reviewers score
trials based on accepted quality criteria (e.g. Cochrane [4]); and
consumer cognizance of trial quality is encouraged [5]. Ioannidis
reported that the effect of contradicted findings was seen most

clearly in studies without randomization or homogeneous group-
ing [1]. Despite this apparent importance on trial quality variables,
there is some concern over whether or not high-quality trials
(defined by its considered ability to control for bias) do actually
produce the most truthful findings [6–9]. More broadly, there has
been increasing concern about the nature and trajectory of science
within health research and evidence-based practice, for example,
see Fallis, Mittra, Tonelli, and Cartwright and Munro [10–13].

This paper adapts Ioannidis’ approach of comparing trials to
each other singularly, to compare individual trial findings with
those of their parent systematic reviews. A function of systematic
reviewing is to tolerate variance of trial findings and account for
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discrepancies by considering the methodological qualities of indi-
vidual trials. Thus, a systematic review should produce a form of
quality-weighted outcome consistent with the outcomes of the
best-quality trials. A clinically meaningful truth can be established
(systematic review outcome) to which individual trials may be
compared. We refer to this truth as a scientific truth. Although this
definition may be contentious, it is presented as nothing more than
an indication of knowledge status at a single time point which
represents the current state of scientific knowledge – that is, that
knowledge which is a result of scientific investigation. This in turn
aligns well with the principles of evidence-based practice which
attributes a strong level of evidence to high-quality reviewing of
primary data, the overall intent being that such findings should
influence clinical decision making.

This study was conducted to identify truth status of published
trials, and report differences in quality variables between true and
false trials. We hypothesized that better quality trials are more
likely to be true, and quality variables should predict truth status of
trials. Further, we report on probabilistic judgments of the likeli-
hood of future trials being true. The analysis is of existing data
which have been established and utilized through existing research
methods. No claims or comments are made on these methods. The
aims of the study were to merely map out decisions and commit-
ments which have already been established within the science, for
example, trial quality has already been scored and implemented
within a review. The present study is simply tracking relationships
of trial and review outcomes within the existing science. The study
is based on an existing protocol [1].

Methods

Eligible studies

A sample of recent (2007–2010) systematic reviews associated
with specific areas of rehabilitation medicine was identified
through their inclusion in current clinical guidelines and by
searching: The Database of Abstracts and Reviews of Effects;
Physiotherapy Evidence Database; PubMed; Web of Science;
Cochrane Library. The five most recent systematic reviews with
the largest number of controlled trials were included in this study.
The trials from each of these reviews were used as the base units
for this analysis.

Classification of reviews and trials

In accordance with existing protocol [1], the outcome from each
systematic review was recorded based on the final interpretation by
the authors in the ‘Abstract’ and ‘Discussion’ sections of the
reviews. Outcomes were classified as ‘negative’ if the review
claimed that the experimental intervention was no better than the
control or comparators, and ‘positive’ if the experimental interven-
tion was better than the control or comparators. Outcomes from
each trial were classified in the same way. Truth was then estab-
lished in two ways: first, ultimate truth (ULT) was judged to be the
outcome of the parent systematic review. Real-time truth (RTT)
was established by re-systematically reviewing trials at the time
point of publication of each trial. The re-review process was iden-
tical to the process reported in the final associated published sys-
tematic review. Thus, a different systematic review outcome was

produced at the point of publication of each individual trial. This
was the RTT. The purpose of establishing two truth dimensions
was to allow comparison of individual trials with as much clinical
meaningfulness as possible, and to be inclusive of contradictory
findings: ULT reflects what we know to be true at this moment in
time; RTT reflects the dynamic status of scientific knowledge
which changes in response to scientific evidence over time.

Each trial was then classified as being true or false in two ways:
ULT status was established by the agreement between individual
trial outcome and its parent systematic review outcome. If the
outcomes agreed, the trial was classed as ULT-True, and if the
outcomes differed, the trial was classed as ULT-False. RTT status
was established by similar criteria, but considering the agreement
between individual trial outcome and the re-review outcome at the
point immediately prior to the publication of that particular trial.

Extraction of variables and temporal trends

The dependent variables were the truth status of each trial (ULT
and RTT). In addition to the year of publication, independent
variables were extracted based on the methodological quality cri-
teria used by the parent systematic review. The exact criteria dif-
fered between the reviews. Common quality variables were
randomization, use of intention-to-treat (ITT) analysis, allocation
concealment, sample size, and blinding. Additionally, an overall
quality of method measure was extracted from each review which
was the score given to the trial by the authors of its parent system-
atic review. Bibliometric variables were recorded for each trial
based on data available from Institute of Scientific Information
databases. These were number of citations for each trial and the
impact factor of journal. All variables were categorized into binary
outcomes to reflect clinical interpretation of evidence, that is,
either this is good evidence or it is not. Binary division points were
established relevant to the variable.

Statistical analysis

Outcome prediction analysis was performed using PASW Statis-
tics 18.0 (IBM SPSS Inc, Chicago, IL, USA). Statistical signifi-
cance was considered for P-values <0.05 (two tailed). Temporal
trends were described for truth status and overall quality of trials.
Variable extraction took place and comparisons between true and
false groups were made for each variable using Fisher exact test
for binary variables and Mann–Whitney U-test for continuous
variables. Outcome prediction using binary logistic regression
examined associations between dependent variables (outcomes) of
ULT and RTT, the binary state independent variables (exposures)
of interest based on a priori assumptions (randomization, ITT
analysis and blinding), and other independent variables (other
exposures). A question-led, forced-entry, model-building strategy
was used to establish which model best predicts outcome and best
explains outcome variation. Beta values and standard errors,
regression coefficients, P-values, and odds ratios for exposure
(Expb) with 95% confidence intervals were reported for each
variable. The overall fit of the model was considered by reporting
-2xlog-likelihood (-2LL) and its associated chi-square statistic
(c2). Coefficient of determination (R2) was reported as a measure
of exposure influence on outcome variability.
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Further prediction analysis was performed using WinBUGS
1.4.3 (Imperial College, MRC, UK [14]). A framework was used
with a range of prior beta distributions for model parameters
representing assumed clinical opinions (calculated via a custom-
written function in R [15]). Parameters a and b for beta distribu-
tions that reflect prior probabilities were calculated as a function of
the desired mean and variance using the following formulas:

α μ μ σ μ σ
β μ μ μ σ μ σ σ

= − − ×
= − × + − + ×

( ) /

( ) /

2 3 2 2

2 3 2 2 22
(1)

where m and s were assumed mean and variance reflecting a
theoretical range of clinical beliefs in success of trials: sceptic
m = 0.15, s = 0.1; uniform m = 1, s = 1; enthusiastic m = 0.85,
s = 0.1.

Sampling distribution (number of successes of trials being true
and total number of trials) was informed by the outcomes of the
initial frequency analysis. Modelling was designed to estimate
posterior estimates (predictive distribution) and the probability of
exceeding a critical threshold – that is, the probability of at least
60% of future trials being true. Sixty per cent was chosen to reflect
a conservative majority. Model parameters r and h for binomial
posterior distributions were estimated using Markov chain Monte
Carlo (MCMC) considered by the following model:
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where ~: stochastic (probabilistic) relationship; <-: deterministic
(logical) relationship; y: outcome, that is, number of successes;
Ynew: critical threshold, that is, number of success in a future 93
trials; S: the number of times at least 60% of future trials were
successful; p: prior beta distribution; a and b: beta parameters
derived from (1); n: number of observed trials from data; and y:
number of observed successes from data. Model parameters were
estimated using MCMC as implemented in WinBUGS. Three
chains using randomly generated starting values were run.

Starting values were not found to influence posterior estimates.
Model convergence was examined using informal visual assess-
ment of the chains and a Gelman–Rubin convergence diagnostic
[16]. Analyses used a burn-in of at least 250 iterations. All models
converged well ahead of the end of this burn-in. Analysis was then
based on an additional 1000 iterations.

Results

Eligible studies

Four hundred fourteen published rehabilitation systematic reviews
(with or without meta-analysis) were identified between 2007 and

2010. Less than 100 of these met criteria of either being included
in contemporaneous clinical guidelines and being based predomi-
nantly on controlled trials. Of these, less than half were based on
more than 10 trials. The five reports with the highest number of
associated trials were identified for use as a sample for this study.
Clinical areas, published year range and number of associated
trials (n) were:
Manipulation for neck pain [17], 1977–2009, n = 22 [18–39];
Acupuncture for low back pain [40], 1980–2007, n = 22
[26,34,41–60];
Stroke rehabilitation (differences between approaches) [61],
1970–2005, n = 13 [62–74]
Physiotherapy interventions for carpal tunnel syndrome [75],
2002–2009, n = 26 [76–101]
Manipulation for low back pain [102], 1975–2007, n = 10
[103–112]
These 93 trials formed the base units of analysis.

Classification of reviews and trials

The outcomes of the five systematic reviews/guidelines were clas-
sified as either positive or negative and this classification was
repeated by a blinded second reviewer. All reviews were positive
(i.e. supported the intervention under trial), all reporting similar
small/moderate effect sizes. There was 100% inter-rater agreement
in these judgments. The outcome of each associated trial was
classified and repeated with blinded second reviewer classifica-
tion, again with 100% agreement. ULT and RTT were calculated
with ‘true’ proportions being: manipulation for neck pain ULT
50%, RTT 32%; acupuncture for low back pain ULT 68%, RTT
55%; stroke rehabilitation ULT 54%, RTT 62%; carpal tunnel
syndrome ULT 35%, RTT 46%; manipulation for low back pain
ULT 40%, RTT 50%. The average measures were ULT: 49%; RTT:
47%. That is, just under half of all trials were true, in both truth
dimensions (Table 1).

Extraction of variables, temporal trends and
prediction analysis

Once ULT and RTT status had been established, pooling of data
was permissible as the only relevant characteristic of each trial was
its truth status. Independent variables concerning trial quality and
bibliometrics were recorded and grouped to show proportions
between true and false groups (Table 2).

With regard to ULT, 46 trials were true and 47 trials were false.
The median sample size was larger in the false trials (n = 131
compared to n = 117). Randomization was more common in the
true trials, but only by 1. All other quality and bibliometric vari-
ables were higher in the false trials. None of the differences were
statistically significant. ITT analysis difference was close to sig-
nificant (P = 0.058), with a higher proportion in the false trials.

For RTT, 44 trials were true and 49 trials were false. Median
sample size was greater in the true trials (n = 130 compared to
n = 119). All quality variables other than ITT were higher in the
true trials. All bibliometric variables other than recent publication
were higher in the true trials. The difference in randomization was
the only statistically significant outcome (P = 0.03) in favour of
true trials.

R. Kerry et al. Scientific truth status analysis in trials

© 2012 John Wiley & Sons Ltd 619



Outcome prediction

No statistically significant association between any variable and
truth status was found in either truth dimensions following initial
univariate cross-tabulation. Model building was continued due to
the exploratory nature of the research question. Two-block
forced-entry models were developed using assumed a priori vari-
ables of randomization, ITT analysis, blinding and sample size as
block 1. Final best-fit models provided prediction rates (for true
trials) of 59% (ULT) and 66% (RTT). Final model goodness-to-
fit results indicated good prediction from the model to observed
data: ULT c2 = 8.10, P = 0.42; RTT c2 = 4.93, P = 0.77. R2

ranged from 0.08 to 0.10 for ULT and 0.13 and 0.18 for RTT.
Thus, between about 8 and 10% for ULT and 13 and 18% for
RTT of the outcome variance can be explained by the data. Beta
values, P-values and Expb (odds ratios) for variables are pre-
sented in Tables 3 and 4. For ULT, only ITT was found to be a
statistically significant predictor of outcome of truth status (false)
of a trial (P = 0.05). For RTT, no statistically significant pre-
dictors of truth outcome appear in the final model, although
publication year was near significance (P = 0.06). Expb for
publication year is below one, so a more recent trial may reduce
the odds of it being true by 66%. Odds ratios had wide confi-
dence intervals crossing 1, thus generalization is poor. Analysis
of residuals suggested no undue influence on the model from

aberrant values (no outliers found with predicted probabilities,
Cook’s distance or leverage values).

Prediction of future trials

MCMC outcomes based on 46 true trials out of 93 total (49%) for
ULT, and 44 true trials out of 93 (47%) for RTT are shown in
Table 5.

The probability of at least 60% of all future trials being true
ranged from <1 to 68%. A uniform prior represents no prior view
or opinion as to whether or not the trial intervention could or
should work. Uniform priors resulted in probabilities of at least
60% of future trials being true of 5% (ULT) and 2% (RTT). This
probability was influenced by different priors reflecting either a
sceptic opinion on the efficacy of the intervention: 0.001% both
ULT and RTT; or an enthusiastic view: 66% for ULT and 68% for
RTT.

Discussion
This study hypothesized that although trial truth-status would be
variable, better-quality trials are more likely to be true. Thus,
quality variables could be used to predict trial truth status. Our
findings claim that between 51 and 53% of published trials were
false when judged against two scientific truth dimensions. The

Table 1 Outcome classification of all reviews, re-reviews and truth classification of all trials

Clinical area
Systematic review
and outcome Trials

Outcome
+/n (%)

ULT
T/n (%)

Re-review
outcome +/n (%)

RTT
T/n (%)

Cervical manipulation for neck pain Gross et al. [17]+ n = 22 [18–39] 11/22 (50) 11/22 (50) 10/22 (45) 7/22 (32)
Acupuncture for low back pain Rubinstein et al. [40]+ n = 22 [41–60] 13/22 (59) 15/22 (68) 15/22 (68) 12/22 (55)
Stroke rehabilitation (differences between

approaches)
Pollock et al. [61]+ n = 13 [62–74] 6/13 (46) 7/13 (54) 5/13 (38) 8/13 (62)

Physiotherapy for carpal tunnel syndrome Huisstede et al. [75]+ n = 26 [76–101] 10/26 (39) 9/26 (35) 8/26 (30) 12/26 (46)
Manipulation for low back pain Savigny et al. [102]+ n = 10 [103–112] 4/10 (40) 4/10 (40) 6/10 (60) 5/10 (50)
Total 44/93 (47) 46/93 (49) 44/93 (47) 44/93 (47)

ULT, ultimate truth; RTT, real-time truth; +, outcome supports efficacy of intervention under trial; T, trial reports the same outcome as associated
review.

Table 2 Proportions of True and False trials for each quality variable under each truth dimension

Characteristic

ULT n = 93 RTT n = 93

True n = 46 False n = 47 P-value True n = 44 False n = 49 P-value

Quality variables
Sample size, median (IQR) 117 (28–124) 131 (36–170) 0.81 130 (28–185) 119 (38–115) 0.64
Randomized 31 30 0.82 34 27 0.03
Intention-to-treat 14 24 0.06 17 21 0.83
Double blinding 18 20 0.83 22 16 0.10
Allocation concealment 21 23 0.84 25 19 0.10
High overall quality 11 15 0.49 16 10 0.11

Bibliometric variables
Citations, median (IQR) 26 (21–48) 36 (3–48) 0.72 33 (2–55) 29 (3–46) 0.43
Recent publication 29 33 0.51 27 35 0.38
High-quality journal 17 21 0.53 21 17 0.21

IQR, interquartile range; ULT, ultimate truth; RTT, real-time truth.
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only significantly different variable found between true and false
trials was randomization in the RTT dimension.

The association of truth status and quality was neither consistent
nor positive. When trial outcome was judged against the outcome
of the most contemporary systematic review (ULT), only ITT
analysis showed statistical significance as a predictor of truth
status, but this was as a predictor for a false status (i.e. a trial was
more likely to be false if ITT was used). When trial outcome was

judged against an RTT dimension, no quality variable was shown
to be a significant predictor. No significant associations were
established with any bibliometric variable. Temporal trends sug-
gested that trial truth status was not converging towards truth when
truth is defined as the accumulation of trial findings, at any time
point. Probability analysis demonstrated that the posterior esti-
mates are dramatically influenced by prior beliefs, ranging from
0.001% for sceptic priors to 68% for enthusiastic priors. These
data suggest that caution should be taken with inferences made
without consideration of prior beliefs. It would take a high level of
prior belief to use these data in suggesting that there was a rea-
sonable chance of future trials being true.

Given the wide variance bounds in the significant findings, on
the whole it appears that outcome status relative to a given truth is
not associated with variables of trial quality. These findings are
conceptually comparable with those of previous reports [1], but to
a greater magnitude. Previous reports have shown contradictory or
subsequently weaker findings in around 32% of published medical
studies [1]. The present findings in rehabilitation trials report
around a 50% rate of contradiction, and unlike previous findings
found that better-quality trials were no more likely to be true than
poor-quality trials.

Ioannidis compared a single trial outcome directly against a
subsequently published study. His purpose of analysis was also
slanted more towards considering patterns of truth status and high
citations of papers than this study. The methods used in the present
study do not offer a gold-standard approach to establishing a truth

Table 3 Regression analysis results for predic-
tive value of quality variable for ultimate truth
status

B (SE) Sig (P < 0.05) OR (95% CI)

Randomized 0.51 (0.55) 0.36 1.66 (0.57–4.84)
ITT -0.92 (0.47) 0.05 0.40 (0.16–1.01)
Blinding -0.25 (0.51) 0.63 0.78 (0.29–2.10)
Sample size -0.49 (0.47) 0.30 0.61 (0.24–1.55)
Allocation concealment -0.21 (0.50) 0.68 0.81 (0.31–2.14)
Quality 0.01 (0.56) 0.99 1.0 (0.33–3.04)
Citations 0.06 (0.50) 0.90 1.06 (0.40–2.80)
Journal quality -0.33 (0.47) 0.48 0.72 (0.40–1.79)
Year published -0.30 (0.50) 0.57 0.75 (0.28–2.01)
Constant 0.70 (0.56) 0.22 2.00

c2 = 8.10, P = 0.42 (Hosmer and Lemeshow); R2 = 0.08 (Cox and Snell), 0.10 (Nagelkerke).
OR, odds ratio; SE, standard error; ITT, intention-to-treat.

Table 4 Regression analysis results for predic-
tive value of quality variable for real-time truth
status

B (SE) Sig (P < 0.05) OR (95% CI)

Randomized 0.83 (0.56) 0.14 2.28 (0.76–6.86)
ITT -0.41 (0.50) 0.41 0.66 (0.25–1.75)
Blinding 0.38 (0.51) 0.46 1.45 (0.57–3.93)
Sample size 0.66 (0.50) 0.19 1.93 (0.72–5.16)
Allocation concealment 0.32 (0.50) 0.52 1.38 (0.52–3.67)
Quality 0.56 (0.58) 0.33 1.79 (0.57–5.47)
Citations -0.47 (0.52) 0.37 0.63 (0.22–1.75)
Journal quality 0.33 (0.47) 0.49 1.39 (0.55–3.54)
Year published -1.05 (0.56) 0.06 0.35 (0.12–1.04)
Constant 0.47 (0.57) 0.41 0.62

c2 = 4.93, P = 0.77 (Hosmer and Lemeshow); R2 = 0.13 (Cox and Snell), 0.18 (Nagelkerke).
OR, odds ratio; SE, standard error; ITT, intention-to-treat.

Table 5 Descriptions of the prior beta distributions a and b incorporated
into model (1) to represent range and effect of clinical viewpoints on the
probability of future trials being true

Name of prior

Prior distribution

Posterior probability
of exceeding critical
threshold (60%)

Mean (SD) Mean (SD)

ULT
Uniform 0.49 (0.05) 0.08 (0.28)
Sceptic 0.14 (0.10) 0.001 (0.03)
Enthusiastic 0.67 (0.18) 0.66 (0.19)

RTT
Uniform 0.47 (0.05) 0.04 (0.21)
Sceptic 0.14 (0.09) 0.001 (0.002)
Enthusiastic 0.67 (0.18) 0.68 (0.47)

ULT, ultimate truth; RTT, real-time truth.
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by which other outcomes can be judged. They do, however, offer a
pragmatic method of deciding what ought to be accepted as truth by
a healthcare professional whose approach to clinical decision
making is embedded in a model of evidence-based practice. Clini-
cal guidelines are largely informed by systematic reviews of,
ideally, randomized controlled trial-level outcomes. Therefore,
contemporaneous guidelines or reviews are seen as a representation
of a real-world truth, at least in a normative sense. It could be
considered that these methods are as close as we can get to gener-
ating clinical, scientific truth. This aligns to the positivist principles
of clinical science and evidence-based practice. Although truth
variance of meta-analyses of reviews has been shown to be wide
[113], evidence-based practice continues to suggest that policy and
practice should be based on the outcomes of such reviews. Thus,
review outcomes should still be seen as scientific truthmakers.

The observed data are largely underdetermined by any single
theory. The findings might suggest error at any level of the
knowledge-generating process, i.e. trial level, systematic review-
ing or retrospective analysis such as the present study. The inten-
tion of quality variables is one of reducing bias in trial designs.
These data support existing findings which question the utility of
commonly accepted quality variables [8].

These findings contribute to contention and debate regarding the
nature and utility of controlled trials, as well as philosophical
exploration of evidence-based practice [114]. In further agreement
with previous conclusions [1,2], such findings offer a fascinating
look at the process of science. We support the call for continued
inquiry into epistemic risk of health research, and concerns about
integration of evidence into practice [10–13].
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