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Executive summary

Background

Systematic reviews of randomised controlled trials (RCTs) provide the best evidence for clinical
and policy decision-making about medical interventions. The design of RCTs should incorporate
characteristics (such as concealment of randomised allocation and blinding of participants

and personnel) that avoid biases resulting from lack of comparability of the intervention and
control groups. Empirical evidence suggests that absence of such characteristics, as reported in
trial publications, leads to biased estimates of intervention effects. Collections of meta-analyses
assembled in meta-epidemiological studies are used to study associations of study design
characteristics with intervention effect estimates, but findings vary between studies.

Objectives

m  To combine data from contributing meta-epidemiological studies into a single database, and
derive a harmonised data set in which overlap between meta-analyses was removed.

m  To examine agreement in the assessment of reported study design characteristics in the
subset of trials that was assessed in two or more contributing meta-epidemiological studies.

m  To examine the influence of inadequate or unclear (compared with adequate) random
sequence generation and allocation concealment, and absent or unclear double
blinding (compared with double blinding), on intervention effect estimates and
between-trial heterogeneity.

m  To examine whether or not these influences vary with the type of clinical area, intervention,
comparison and outcome measure.

m  To examine the effects of combinations of characteristics, and to estimate adjusted effects
using multivariable models.

m  To explore the implications of these findings for downweighting of trials whose
characteristics are associated with bias in future meta-analyses.

Methods

We combined data from 10 contributing meta-epidemiological studies into a single database
containing 427 reviews, 454 meta-analyses and 4874 trial results, whose design allowed trials

to be contained in different meta-analyses, multiple meta-analyses in systematic reviews,
overlapping meta-analyses between systematic reviews and multiple references to the same

trial or review. Unique identifiers were used to identify sets of meta-analyses with overlapping
trials: 258 meta-analyses were unique, whereas for 196 at least one trial overlapped with another
meta-analysis. Overlapping meta-analyses and trials were removed according to a pre-specified
protocol. The final database contained 363 meta-analyses and 3477 unique trial results.
Overlapping trials were used to estimate kappa statistics for agreement between assessments of
reported study design characteristics.

Information on outcome measures, interventions and comparisons was extracted from the
included systematic reviews. Interventions were classified as pharmacological; surgical;
psychosocial and behavioural; and all other interventions. Comparison interventions were
classified as inactive (placebo, no intervention, standard care) or active. Outcome measures were
grouped as all-cause mortality; other objectively assessed; and subjectively assessed.
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The main analyses excluded 87 meta-analyses (1093 trials) from four contributing studies that
did not collect data on both study design characteristics and outcome events; 36 meta-analyses
(300 trials) in which it was not possible to classify one intervention as experimental and the
other as control; one meta-analysis (four trials) that had a continuous outcome measure; 45
trials with missing outcome data; and 50 trials in which either no or all subjects experienced the
outcome event.

Statistical methods
Intervention effects were modelled as log-odds ratios; odds ratios < 1 corresponded to beneficial
intervention effects. We fitted Bayesian hierarchical bias models that allowed for random
intervention effects within meta-analyses, with meta-analysis-specific mean p and between-trial
variance 1. Three effects of study design characteristics were modelled. First, mean intervention
effects among trials reported as having a particular study design characteristic may differ from
those among trials without that characteristic: estimated mean differences were exponentiated
and reported as ratios of odds ratios (RORs). Second, variation in bias between trials within
meta-analyses was quantified by standard deviation «; x* corresponds to the average increase
in between-trial heterogeneity in trials with a specified study design characteristic. Third,
variation in mean bias between meta-analyses was quantified by between-meta-analysis standard
deviation ¢. We derived 95% credible intervals (Crls) for each parameter. Bias models were
fitted using WinBUGS Version 1.4 (MRC Biostatistics Unit, Cambridge, UK), using vague prior
distributions. The prior for variance parameters found to give the best overall performance was a
modified Inverse Gamma(0.001, 0.001) prior with increased weight on small values. For location
parameters (overall mean bias, baseline response rates, treatment effects), Normal(0, 1000) priors
were assumed.

We first conducted univariable analyses for each bias domain separately using all informative
meta-analyses (meta-analyses containing trials with and without the characteristic of interest)

for each characteristic. The primary analysis used dichotomised variables for each characteristic
(inadequate or unclear compared with adequate sequence generation and allocation concealment,
and not double blind or unclearly blinded compared with double bind). Analyses were stratified
according to type of outcome measure (all-cause mortality, other objectively assessed and
subjectively assessed). Further univariable analyses (examining the influence of combinations

of design characteristics) and multivariable analyses were conducted using two data subsets:

trials with information on all three characteristics and trials with information on both allocation
concealment and blinding.

Results

There was good agreement between assessments of reported study design characteristics carried
out in the different studies. For sequence generation (two comparisons), the percentages of
studies in which the assessments were in agreement were 81% and 82% and kappa statistics
were 0.56 and 0.64. For allocation concealment (12 comparisons), percentage agreement varied
between 52% and 100% and kappa statistics between 0.19 and 1.00 (median 0.58). Assessments
were most reliable for blinding (nine comparisons): percentage agreement ranged from 80% to
100% (in four comparisons), whereas kappa statistics ranged from 0.55 to 1.00 (median 0.87).

Influence of reported study design characteristics: univariable analyses of

individual characteristics
The main analyses were based on a data set containing 1973 trials included in 234 meta-analyses.
Based on 944 trials from 112 informative meta—analyses, intervention effect estimates were
exaggerated by an average of 11% in trials with inadequate or unclear sequence generation
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(ROR 0.89, 95% CrI 0.82 to 0.96), and between-trial heterogeneity was higher among such trials
(k=0.16, 95% Crl 0.03 to 0.27). When analyses were stratified according to type of outcome
measure, the average effect of bias associated with inadequate or unclear sequence generation was
greatest for subjective outcomes (ROR 0.83, 95% Crl 0.74 to 0.94) and the increase in between-
trial heterogeneity was also greatest for such outcomes (x=0.20, CrI 0.03 to 0.32). There was little
evidence that inadequate or unclear sequence generation was associated with exaggeration of
intervention effects for all-cause mortality (ROR 0.89, 95% CrI 0.75 to 1.05) or for other objective
outcomes (ROR 0.99, 95% CrI 0.84 to 1.16). For all types of outcome, there was only limited
between-meta-analysis heterogeneity in mean bias (estimated ¢ between 0.04 and 0.07).

Based on 1292 trials from 146 informative meta-analyses, intervention effect estimates were
exaggerated by 7% in trials with inadequate or unclear allocation concealment (ROR 0.93, 95%
CrI 0.87 t0 0.99), and between-trial heterogeneity was increased for such studies (x=0.12, 95%
CrI 0.02 to 0.23). The effect of inadequate or unclear allocation concealment was greatest among
meta-analyses with a subjectively assessed outcome measure (ROR 0.85, 95% CrI 0.75 to 0.95;
x=0.20, 95% CrI 0.02 to 0.33). In contrast, the average effect of inadequate or unclear allocation
concealment was close to the null for meta-analyses with a mortality outcome (ROR 0.98, 95%
CrI 0.88 to 1.10) and other objective outcomes (ROR 0.97, 95% CrI 0.85 to 1.10). Estimates

of both between-trial and between-meta-analyses heterogeneity in bias were lower for such
outcomes than for subjectively assessed outcomes.

Based on 1057 trials from 104 informative meta-analyses, lack of, or unclear, double blinding
was associated with an average 13% exaggeration of intervention effects (ROR 0.87, 95% CrI 0.79
to 0.96). Between-trial heterogeneity was higher in such studies (x=0.14, 95% CrI 0.02 to 0.30),
and average bias varied between meta-analyses (¢ =0.14, 95% CrI 0.03 to 0.28). Average bias
(ROR 0.78, 95% CrI 0.65 to 0.92), between-trial heterogeneity (x=0.37, 95% CrI 0.19 to 0.53)
and between-meta-analysis heterogeneity in average bias (¢ =0.23, 95% CrI 0.04 to 0.44) were all
greatest for meta-analyses assessing subjective outcome measures. Among meta-analyses with
subjectively assessed outcome measures, the effect of lack of blinding appeared greater than the
effect of inadequate or unclear sequence generation or allocation concealment.

Influence of reported study design characteristics: univariable analyses of
combinations of characteristics
Estimates of the influence of any risk of selection bias (inadequate or unclear sequence generation
or allocation concealment, compared with other trials) on intervention effects and heterogeneity
were based on 53 informative meta-analyses containing 534 trials, of which 89 (17%) were
assessed as at low risk. Risk of selection bias was associated with an average 11% exaggeration
of intervention effect estimates (ROR 0.89, 95% CrI 0.78 to 1.00) and with increased between-
trial heterogeneity (x=0.12, 95% CrI 0.02 to 0.27). Average effects did not differ substantially
according to type of outcome measure.

Only 37 informative meta-analyses [409 trials, of which 58 (14%) were assessed as being at

low risk of bias] contributed to the analysis of any risk of bias (inadequate or unclear sequence
generation or allocation concealment, or lack of or unclear double blinding, compared with all
other trials). Any risk of bias was associated with an average 21% exaggeration of intervention
effect estimates (ROR 0.79, 95% Crl 0.64 to 0.92). The numbers of informative meta-analyses and
trials included in analyses stratified by type of outcome measure were small, but the influence of
any risk of bias appeared the smallest for all-cause mortality outcomes.

A total of 104 informative meta-analyses [990 trials, of which 259 (26%) were assessed as at
low risk of bias] contributed to analyses of the influence of inadequate or unclear allocation
concealment or lack of double blinding (compared with adequate allocation concealment and
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presence of double blinding). Intervention effects from trials at high risk of bias according to this
definition were exaggerated by an average 12% (ROR 0.88, 95% CrI 0.81 to 0.95). The ROR was
smaller for all-cause mortality outcomes than for other objective or subjective outcome measures.
The increase in between-trial heterogeneity appeared greatest for subjective outcome measures
(x=0.17,95% CrI 0.02 to 0.31).

Influence of reported study design characteristics: multivariable analyses
Multivariable analyses of the influence of inadequate or unclear allocation concealment and lack
of or unclear double blinding were based on 169 informative meta-analyses (1456 trials) in which
both characteristics were assessed. Estimated RORs were similar to, or modestly attenuated
compared with, those in the univariable analyses. Estimated influence on heterogeneity was also
modestly attenuated.

Estimated RORs from multivariable analyses of the effects of all three characteristics were of
similar magnitudes to those in the univariable analyses for each characteristic. For inadequate

or unclear sequence generation or allocation concealment, estimated increases in between-trial
heterogeneity (quantified by ) were smaller in multivariable analyses than in the corresponding
univariable analyses. Estimates of between-meta-analysis variability in average bias were changed
little compared with univariable analyses.

Analyses according to type of intervention and clinical area
For pregnancy and childbirth - the clinical area contributing most meta-analyses to the
combined data set - RORs were further from 1 than in the analyses of the whole data set,
whereas estimates of the influence of reported study design characteristics on heterogeneity were
broadly consistent with analyses of the whole data set. For mental health and circulatory system
conditions, RORs were attenuated towards 1. Only small numbers of meta-analyses contributed
to estimation of «, but estimated values of x and ¢ were generally smaller for circulatory system
meta-analyses than for the other two clinical areas.

The majority of meta-analyses included in the full data set addressed pharmacological
interventions; it was therefore unsurprising that overall results restricted to such interventions
were consistent with those from the full data set. For surgical interventions, effects of inadequate
or unclear sequence generation and inadequate or unclear allocation concealment were estimated
from only six and nine meta-analyses respectively; confidence intervals were too wide to allow
substantive conclusions to be drawn.

Downweighting potentially biased evidence in future meta-analyses
We investigated the implications of our results for downweighting of potentially biased evidence
in future meta-analyses. Because estimated values of x and ¢ were greatest for meta-analyses
with subjectively assessed outcomes, the minimum variance of the estimated intervention effect
for a trial at high or unclear risk of bias is greatest for such trials. Across all Bias in Randomised
and Observational studies (BRANDO) trials with inadequate or unclear sequence generation,
bias adjustment led to a median 10% [interquartile range (IQR) 4% to 23%] increase in trial-level
variance. Downweighting based on results specific to type of outcome measure has the greatest
effect in trials with subjectively assessed outcomes [median 20% (IQR 8% to 39%) increase
in variance]. Results were broadly similar for downweighting based on inadequate or unclear
allocation concealment. The median increase in variance for trials with subjectively measured
outcomes that were not double blind or had unclear blinding status was 63% (IQR 22% to 138%).

Downweighting of all trials with inadequate or unclear sequence generation led to a median 13%
(IQR 5% to 32%) increase in the variance of the summary (meta-analytic) intervention effect
estimate among informative meta-analyses in the BRANDO database. This is in contrast to a
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median increase of 217% (IQR 87% to 482%) when such trials are excluded from meta-analyses,
because only 26% of trials were assessed to have adequate sequence generation. Bias adjustment
for meta-analyses with subjectively assessed outcome measures led to a median 31% (IQR 11% to
56%) increase in the variance of the summary intervention effect estimate, which was again small
compared with complete exclusion of such trials. Results were broadly similar for the other study
design characteristics, although differences between the effects of downweighting and excluding
trials at high or unclear risk of bias were smaller for double blinding, because 56% of trials from
informative meta-analyses were double blind.

Conclusions

Bias associated with specific reported study design characteristics of RCTs leads to exaggeration
of intervention effect estimates and increases in between-trial heterogeneity. For each of the
three characteristics assessed, these effects appeared greatest for subjectively assessed outcome
measures. Assessments of the risk of bias in trial results should account for these findings.
Downweighting trials at high risk of bias in future meta-analyses, based on these empirical
findings, could be an alternative to completely excluding such trials from meta-analyses,
resulting in a smaller loss of precision. The strategies used to combine data from several
independent data sources and to remove overlap between meta-analyses may be of use for future
empirical research.

Recommendations for future research

m  Tools for assessing risk of bias in results of RCTs should account for the findings of this study.

m  Practical and acceptable methods for correcting and downweighting the results of trials at
high risk of bias in new meta-analyses should be developed.

m  The influence of further study design characteristics should be explored in new
meta-epidemiological studies.

m  As far as possible, clinical decisions should not be based on trials in which blinding is not
feasible and outcome measures are subjectively assessed.
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