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Introduction 

The most reliable estimates of effects of health care interventions are provided by well-performed 
systematic reviews of randomized trials. However, flaws in trial conduct may lead to bias in their 
results potentially leading to inefficient or harmful patient care. Risk of bias in randomized trials is 
therefore a fundamental concern for clinicians, clinical researchers, guideline developers and 
research methodologists. Our understanding of bias in clinical trials is based on both theoretical 
considerations and empirical ‘meta-epidemiological’ bias research conducted over the last 25 years. 
 
Broadly conceived, meta-epidemiology (“studies on studies”) may be taken to include all types of 
studies that collect a number of primary studies (e.g. trials) in order to study their characteristics or 
estimate associations between their characteristics. A particular type of meta-epidemiological study 
collates numerous meta-analyses and, within each, contrasts the results of trials that have a 
potentially biasing characteristic with the results of trials without that characteristic. This provides 
an estimate of the average bias associated with the characteristic, if trials are comparable in other 
regards. This approach, which was introduced in the 1990s in papers by Emerson (1) and, pivotally, 
Schulz (2) may explore the impact of categorical (e.g. lack of blinding) or numerical trial 
characteristics on trial results. Previous empirical analyses had compared trials without accounting 
for the question addressed, thus accepting a considerable risk of confounding as the trials might 
differ for many other reasons than the characteristic studied, in particular the true effect of the 
intervention on the outcomes in the patient groups studied. 
 
Meta-epidemiological studies are published with increasing frequency. As of August 2019, a 
PubMed search for “meta-epidemiolog*” in the title, keywords or abstract provided 166 records, 
while a search limited to studies published before 2010 yielded only 14. However, analyses of bias 
based on meta-epidemiological studies have shown unexpected and considerable variation and the 
interpretation of results has proved challenging.  
 
A standard methodological procedure in trials is blinding of patients, trial personnel or outcome 
assessors, so they are unaware of the intervention patients received. Lack of blinding is an example 
of a potential source of bias that is theoretically well founded and analyzed in several meta-
epidemiological studies. In an attempt to address the variability of previous study results (described 
below), the ambiguity of the term “double-blind”, and the inadequate reporting of blinding in trial 
reports, we designed the MetaBLIND study, a large meta-epidemiological study of blinding in 
randomized clinical trials (3).  
 
In MetaBLIND we sampled 142 meta-analyses (1153 trials) on any topic from Cochrane reviews. 
Data on the blinding status of patients, healthcare providers and outcome assessors was extracted 

This article is protected by copyright. All rights reserved.



3 
 

from trial publications and, when necessary, by contacting trial authors. The main analyses aimed at 
partially disentangling detection bias (i.e. systematic differences in how outcomes are assessed in 
the intervention and comparison groups) and performance bias (i.e. systematic differences between 
the care provided to the participants, or in the behaviour of the participants, in these groups), and 
taking into account who reported the outcome measure. For instance, we studied the impact of lack 
of blinding of patients in trials with patient-reported outcomes, and the impact of lack of blinding of 
healthcare providers in trials where outcomes were reported by blinded outcome assessors (3). We 
were surprised by the largely neutral results of MetaBLIND, and this, in conjunction with our 
observations of variability among other meta-epidemiological results, provided the impetus for 
writing this paper. 
 
In this paper we are concerned specifically with studies based on within-meta-analysis comparisons 
of trials, of the type conducted by Schulz and colleagues, and we restrict the discussion to studies 
exploring the impact of binary trial characteristics. The questions posed in the paper were the result 
of an iterative development process by the authors, all with experience in meta-epidemiological 
investigations. The first and last authors prepared the initial proposal for the core questions to 
consider when interpreting meta-epidemiological studies. The proposal was commented on by 
coauthors, and subsequently revised. The process was then repeated in two further rounds of 
revisions.  
 
We aim to provide accessible guidance on the interpretation of results of such meta-epidemiological 
studies, using the MetaBLIND study as an illustrative case. We outline the rationale for the meta-
epidemiological approach, propose ten questions to consider when interpreting meta-
epidemiological results, and discuss selected themes in more detail. 
 
 
Meta-epidemiological studies: rationale and variation in results 
 
Meta-epidemiological studies compare estimated intervention effects between trials with and 
without a certain trial characteristic, within a meta-analysis (see Figure). This comparison is 
repeated for numerous meta-analyses, and an average estimate of the impact of the trial 
characteristic on effect estimates is calculated. In the absence of confounding, this overall estimate 
can be interpreted as the average magnitude of bias associated with the characteristic. For instance, 
the result of a meta-epidemiological study comparing blinded and non-blinded trials is interpreted 
as an empirical estimate of the average bias associated with lack of blinding. Comparing trials with 
and without the characteristic of interest within meta-analyses utilizes the grouping of trials done by 
the authors of the meta-analyses, so that trials compared have broadly similar types of patients, 
interventions and outcomes. 
 
The impact of the chosen trial characteristic on intervention effect estimates is usually expressed as 
a ratio of odds ratios (ROR) in meta-epidemiological studies with binary outcomes, or as a 
difference in standardized mean differences (dSMD) for numerical outcomes such as measurement 
scales. For binary outcomes, the ROR corresponds to the odds ratio (OR) in trials with the 
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characteristic thought to cause bias (e.g. lack of blinding), divided by the OR in trials without that 
characteristic (i.e. ROR = ORnon-blinded/ORblinded). RORs from individual meta-analyses are 
themselves meta-analysed to provide an average ROR across the included meta-analyses (see 
Figure).  
 
Different statistical approaches to estimating RORs have been proposed (4, 5). Similarly, for 
numerical outcomes the dSMD corresponds to the difference between the standardized mean 
differences (SMD) among trials with and without the characteristic (e.g. dSMD = SMDnon-blinded - 
SMDblinded).  
 
Across meta-analyses it is important to code outcomes so that a smaller (or larger) intervention 
effect has the same implication in every meta-analysis. This is often achieved by focusing on 
unwanted events (e.g. death) or measures of unwanted states (e.g. degree of pain). This means that a 
ROR <1 or a dSMD <0 corresponds to more beneficial effects of intervention in trials with than 
without the characteristic (e.g. lack of blinding).  
 
In meta-epidemiological studies it is also possible to examine whether effect estimates from trials 
with the characteristic of interest vary more than estimates from comparable trials without the 
characteristic (2, 6). Such an increase in heterogeneity would imply that the magnitude of bias, 
and/or the direction of bias, associated with the characteristic varies between trials.  
 
Several meta-epidemiological studies have estimated the impact of important aspects of trial 
methodology on intervention effect estimates (7). The impact of no or unclear “double blinding” 
(vs. “double blinding”) was first measured in the pivotal study by Schulz and colleagues (2), which 
reported a ROR of 0.83 (95% confidence interval (CI): 0.71, 0.96), equivalent to a 17% 
exaggeration of odds ratios in the non-blinded trials, for all types of outcomes combined. RORs 
from subsequent studies that estimated the same effect showed noticeable variation: Moher 1998 
1.11 (95% CI 0.76, 1.63) (8), Kjaergaard 2001 1.02 (0.94, 1.11) (9), Balk 2002 0.98 (0.81, 1.27) 
(10), Egger 2003 0.88 (0.75, 1.04) (11), Als-Nielsen 2004 0.92 (0.82, 1.04) (12) and Pildal 2007 
0.94 (0.80, 1.10) (13). The BRANDO study combined data from all these studies (except the study 
by Moher and colleagues), removed overlap of trials between the studies and reported an overall 
ROR of 0.87 (0.79, 0.96) (14).  
 
The point estimates from all MetaBLIND main analyses showed little evidence of an impact of lack 
of blinding (see Appendix), except for lack of blinding of patients in trials with patient reported 
outcomes (ROR 0.91 [0.61, 1.34]) (3). In all analyses the 95% credible intervals were wide, 
consistent with no bias as well as some degree of bias in either direction (3). 
 
Variation between results of different meta-epidemiological studies is also a challenge for other 
aspects of trial methodology, notably the impact of inadequate concealment of allocation (7). 
Although such variation partly reflects imprecision, it may also imply varying degrees of systematic 
error or heterogeneity caused by differences of approach.  
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These aspects are addressed in the following ten questions, which we propose may help 
interpretation of results of meta-epidemiological studies (Table 1). 
 
Q1: What was the question? 
It is useful to frame the question asked in a meta-epidemiological study according to the “PICO” 
model: Population, here population of trials; Intervention, here trial characteristic of interest; 
Comparator, here absence of the trial characteristic of interest; and Outcome, here magnitude of 
intervention effect estimates found in trials and/or degree of heterogeneity among effect estimates. 
 
The population of trials included may be limited to a specific clinical field (e.g. trials and meta-
analyses of physiotherapy), or according to other aspects of the trials, such as outcome type (e.g. 
trials and meta-analyses  assessing all-cause mortality) The trial characteristic of interest may be a 
feature of trial methodology (e.g. blinding or mode of randomization), or some other characteristic 
of trials (e.g. funding source or trial size). A continuous variable such as trial size may be divided 
according to quantiles and two of the quanters compared (15).  
 
As with clinical research designs, the question asked (the PICO of the meta-epidemiological study) 
will have important implications for interpretation of the study, and may be the most important of 
the ten questions to reflect on. 
 
In the MetaBLIND study the overall question may be phrased as: “For clinical trials in general, 
what is the difference, on average, between blinded trials and trials that have not used blinding (or 
where blinding status is unclear), in effect estimates and in degree of heterogeneity?” 
 
Q2: How was the trial characteristic of interest defined? 
The trial characteristic of interest can often be defined in a variety of ways. For instance, a meta-
epidemiological study investigating the impact of concealment of allocation can employ a narrow 
operational definition of adequate concealment (for example that envelopes had to be opaque, 
sequentially numbered and sealed), or a broader definition (for example any sealed envelopes) (10, 
16). The choice of a broad or narrow definition is likely to impact upon results: the impact of 
inadequate allocation concealment may be less pronounced based on a narrow definition, if a 
considerable number of trials classified as “inadequately concealed” under the narrow definition 
used methods that actually avoided bias. A further issue is that meta-epidemiological studies may 
differ in the judgments made, based on the often incomplete information available in publications, 
on whether or not trials used for instance sealed opaque envelopes (see Q4). 

The methodological relevance of the definition of a trial characteristic in a particular meta-
epidemiological study may be contested. For instance, the broad definition of adequate concealment 
is generally considered adequate, but one could argue that only central web-based randomization 
would effectively reduce the risk of bias.  

In the case of blinding, large meta-epidemiological studies have mostly defined blinding as 
reporting of “double blinding” (8, 10-13, 16), a generic and often ambiguous label (17, 18). In 
MetaBLIND, the blinding status of patients, healthcare providers and outcome assessors was 
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determined specifically and analyses aimed to estimate the effect of lack of blinding of the three 
groups separately (3). 

Q3: Was there a well-defined experimental and control arm in all trials? 
It is a prerequisite for a meta-epidemiological study that one of the trial interventions can be 
labelled experimental and the other control. This defines the order of the trial arms for estimation of 
the OR or SMD, determines the calculation of the ROR or dSMD, and therefore the direction of 
bias (over-or underestimation of intervention effect). For trials comparing two experimental 
interventions, the direction of comparison will be arbitrary (19), and reversal of the labelling of 
interventions for some meta-analyses, will reverse the corresponding estimate of the effect of the 
trial characteristic of interest. 

Meta-epidemiological studies may differ in their approach to this type of misclassification. Some 
meta-epidemiological studies may restrict inclusion of meta-analyses to those with interventions 
clearly identifiable as experimental and control (e.g. active intervention versus placebo). Others 
may also include meta-analyses of the type “active intervention A versus active intervention B” 
(e.g. “Benzodiazepines vs. antipsychotics”) in cases where one of the interventions could be 
identified as the established treatment (‘control’) and the other as experimental.  

Meta-epidemiological studies that include meta-analyses comparing two active interventions rarely 
report in detail how the experimental interventions were identified. It may be best practice to check 
correct labelling as experimental and control against information in trial publications in cases of 
doubt (20, 21). Alternatively, inclusion in analyses may be restricted to meta-analyses of active 
intervention versus placebo, although this option will affect applicability of results. 

Identification of interventions as experimental and control is not required when the focus of the 
meta-epidemiological study is to look at the impact of the characteristic on heterogeneity. Indeed, 
an inability to define an experimental intervention may lead investigators to look only at 
heterogeneity (6).  

In MetaBLIND, we adopted an intensive approach to ensure that interventions labelled as 
experimental in our study were experimental in the individual trials. We included, without checking 
individual trial publications for details, all meta-analyses with some active intervention versus 
placebo and for pragmatic reasons also meta-analyses with some intervention versus 
“conventional”, “usual” or “standard” treatment. Meta-analyses of the type “Intervention A” versus 
“Control” were also included, based on verification in a random sample of ten of such meta-
analyses that “Control” did indeed stand for what could be straightforwardly labelled a control 
intervention (usually placebo). 

For meta-analyses extracted from Cochrane reviews with figure headings of the type “Intervention 
A” vs “Intervention B” or “Intervention A” vs “No intervention” we read all trial publications to 
determine which arm had been considered experimental. For the majority this was in accordance 
with the “experimental intervention” and “control intervention” fields in the meta-analysis figure, 
but for a noticeable subgroup the matter was unclear (Table 3). In cases where it could not be 
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determined for one or more trials which intervention had been considered experimental we 
excluded the meta-analysis from our study.  

We also excluded meta-analyses where the trials varied as to which intervention was considered 
experimental. In cases where the meta-analysis labels were inconsistent with all trials within the 
meta-analysis (i.e. labelling as ‘control’ what had been considered experimental in all trials), the 
meta-analysis was included in our study but the order of the labels reversed, to be in accordance 
with the trial publications (Table 2). For instance, a review containing a meta-analysis on food and 
drink intake during labour (22) considered food and drink restriction experimental. However, 
reading of the trial publications revealed that, in all the trials, allowing food and drink had been 
considered experimental (23-27). 

 
Q4: Was there a risk of misclassification of the trial characteristic? 
Trials included in a meta-epidemiological study are classified according to whether they have the 
characteristic of interest or not; e.g. whether the allocation sequence was adequately concealed or 
not. It is important to consider how accurately this classification reflects actual trial conduct. In 
most meta-epidemiological studies, the classification is based on information in trial publications. 
However, the reporting of aspects of methodology in trial publications, such as blinding and 
concealment of allocation, is often unclear (28). Only a minority of meta-epidemiological studies 
have contacted trial authors to qualify this classification (20). Some meta-epidemiological studies 
have reused classifications already made by others, e.g. risk of bias scores assigned by authors of 
Cochrane reviews (11, 29). This saves work but involves a considerable risk of misclassification. 

Determining whether a trial has a certain methodological characteristic or not, based on the often 
incomplete information in the trial publication, requires some degree of judgment. Trial 
methodology may be described in many non-standard ways in publications. Meta-epidemiological 
studies may differ as to which information in a trial publication is judged sufficient to decide that 
the trial had a certain characteristic (as defined in the meta-epidemiological study [Q2]). Meta-
epidemiological studies could, for instance, differ in the exact trial publication phrasing deemed 
necessary to judge that the trial used sequentially numbered, sealed opaque envelopes for allocation.  
The criteria may be difficult to explicate completely, but narrower criteria will cause more trials to 
be classified as “unclear” regarding the characteristic of interest.  

The pattern of any misclassification of trials regarding the characteristic of interest will determine 
the impact on meta-epidemiological results. If misclassification of the trial characteristic of interest 
is non-differential (not related to the size of trial intervention effect estimates or the trial 
characteristic being assessed) the misclassification will tend to bias the results of meta-
epidemiological studies towards the null (30). In the presence of differential misclassification, 
results of the meta-epidemiological study may be biased in either direction (over- or 
underestimation of the average bias). This might occur if researchers interpret the information in 
trial publications in a biased away based on knowledge of effect estimates in the trials. For this 
reason, some meta-epidemiological studies assess the characteristic of interest blinded to trial effect 
estimates (31).  
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In MetaBLIND we primarily classified blinding status based on any explicit descriptions of 
blinding of patients, healthcare providers and outcome assessors in trial publications. In the many 
cases without explicit reporting, we looked for specific combinations of information and judged 
blinding status based on this (inspired by Akl and co-workers (32)). For instance, if a trial was 
described as “double blind”, tested a pharmacological intervention and employed placebo or double 
dummy, patients, healthcare providers and outcome assessors were all classified as blinded (3). In 
all other cases, contact to trial authors was attempted (for trials published after the year 2000).   

 
Q5: What were the main assumptions of the statistical analysis? 
Most meta-epidemiological studies are analyzed using a two-step (meta-meta-analytic) approach 
developed by Sterne and colleagues (4), or a hierarchical bias model developed by Welton and 
colleagues (5). Both approaches allow for variation in the (true) impact of the characteristic of 
interest between meta-analyses, as well as variation in the (true) underlying intervention effects 
between trials, within meta-analyses. It is plausible that the impact of the characteristic of interest 
will vary between meta-analyses, depending on features of interventions and outcome measures.  
 
In the two-step approach, trials with the characteristic of interest are compared to trials without the 
characteristic, within each meta-analysis, and then estimates of the impact of the characteristic from 
individual meta-analyses are meta-analyzed to reach an overall estimate. Random effects meta-
analysis is used to allow for between-meta-analysis variation in (true) impact of the characteristic of 
interest (4). 
 
The hierarchical model proposed by Welton and colleagues may be fitted using a simulation based 
approach (Markov chain Monte Carlo methods). In addition to the two types of heterogeneity 
accounted for by the Sterne model, the Welton model also allows for variation in the impact of the 
trial characteristic of interest between trials (within meta-analyses) (14). The impact of the 
characteristic of interest may, plausibly, vary between trials (within meta-analyses), depending on, 
e.g., the circumstances of the trials. 
 
Interpretation of estimates of increase in between-trial heterogeneity from meta-epidemiological 
studies is affected by the choice of model used in the one-step approach. The model by Welton and 
colleagues allows the presence of variation in bias between trials within a meta-analysis in addition 
to variation in intervention effects. This means the model assumes that the variability among the 
studies with the characteristic of interest (e.g. inadequate concealment of the allocation sequence) is 
at least as large as that among studies without the characteristic. An alternative model “label 
invariant” has been proposed that avoids this constraint (33). 

In MetaBLIND our primary analyses were based on the Welton model (5). When we planned our 
study, the alternative “label invariant” model had not been developed (33), but we applied it in post-
hoc sensitivity analyses.  

Q6: Was there a notable risk of confounding or impact of non-reporting bias? 
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Meta-epidemiological studies, like all studies of an observational nature, are at risk of confounding. 
An apparent impact of a trial characteristic on effect estimates may be caused by other trial 
characteristics, associated with both the characteristics under study and the trial results. For 
instance, trials with inadequate concealment of the allocation sequence may tend to be the same 
trials that suffer from substantial loss to follow up leading to missing outcome data, such that an 
apparent effect of inadequate concealment of allocation may in fact be caused, partially or fully, by 
missing outcome data.  

Authors should have pre-specified which potential confounders they planned to adjust for and 
clearly presented adjusted analyses. It will usually be relevant to attempt to control for other 
methodological characteristics. Potential confounders may be controlled for in the analysis of a 
meta-epidemiological study through an extension of the Welton model (5), but the feasibility of 
such adjustment is often limited by relatively small numbers of trials within each meta-analysis, 
which means that it is not possible to control for more than a few potential confounding factors at a 
time. Thus, in practice it is prudent to suspect residual confounding in most analyses. 

We adjusted the main analyses in MetaBLIND for concealment of allocation, attrition and trial size, 
and, when appropriate blinding status of patients (3). Analyses controlling for more than one of 
these factors at once proved unfeasible. The results did not change substantially following 
adjustment (3). 

Also, non-reporting bias (34), i.e. the selective non-publication of trials or selective non-reporting 
of outcomes within trials, may have an impact on meta-epidemiological investigations. In general, 
trial results may be less likely to be reported when deemed not interesting (typically not statistically 
significant), and trials may be less likely to be published under such circumstances. In both cases, 
trial results are unavailable for inclusion in meta-analyses.  

For meta-epidemiological investigations, non-reporting  bias in trials is not a problem unless the 
degree of non-reporting bias differs between trials with and without the characteristic of interest. 
However, the probability of reporting of results may be associated with whether or not the trial had 
the methodological characteristic of interest. If, for instance, results of blinded trials are less likely 
to show dramatic results, they may also be less likely to be fully reported, and therefore less likely 
to be included in a meta-analysis.  

At present, there is no easy methodological approach available to assess or counter the impact of 
non-reporting bias on meta-epidemiological studies. Work is ongoing, however, to address the risk 
of non-reporting bias in meta-analyses, which could potentially improve the matter also in the 
context of meta-epidemiological studies (34).     

In MetaBLIND we had no specific procedures to monitor or counter risk of non-reporting bias in 
the meta-analyses we included, but reflected on the risk in our publication (3). 

 
Q7: Was there a notable degree of heterogeneity in the impact of the characteristic between meta-
analyses or trials? 
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The impact of the characteristic of interest may differ between the trials and the meta-analyses 
included in a meta-epidemiological study. If there is large variation in estimated impact of the 
characteristic of interest the overall, average, impact may be applied with less confidence to new 
trials.  
 
The true impact of the trial characteristic may differ between meta-analyses in a meta-
epidemiological study, potentially assessed in subgroup analyses (for instance, according to type of 
outcome measures or control interventions in trials). In the large meta-epidemiological study by 
Savović and colleagues, impact of inadequate or unclear allocation concealment and of lack of or 
unclear double blinding seemed to be more pronounced for meta-analyses assessing subjective 
outcomes (6).  
 
Within the overall sample in a meta-epidemiological study, and also within subgroups, some 
heterogeneity is to be expected. The extent of heterogeneity is reflected in the estimated variation in 
true underlying values of impact.  
 
The nomenclature of the statistics quoted will depend upon the approach used in the statistical 
analyses. If the one-stage hierarchical model approach is used (5) the measure of between-meta-
analysis heterogeneity is usually denoted by φ (”phi”). This is the estimated standard deviation of 
the (true) values of impact of the trial characteristic of interest (measured as dSMD or log(ROR)) 
across meta-analyses. The larger the value of phi, the wider is the estimated underlying distribution 
of (true) values of impact. In the two-step (meta-meta analytic) approach (4), where estimates from 
individual meta-analyses are meta-analyzed, the equivalent to phi is the parameter usually denoted 
by τ (“tau”) from the second stage. The reader may be familiar with this measure of heterogeneity 
from interpretation of conventional meta-analyses of trial effect estimates. Tau has the same 
interpretation as phi. 
 
When the two-step approach is used the I-squared statistic may also be reported. This may also be 
familiar to the reader from interpretation of conventional meta-analyses of trial effect estimates. In 
connection with meta-epidemiological studies the I-squared represents the estimated proportion of 
variation in estimates of impact across individual meta-analyses that is due to true underlying 
differences in impact, rather than sampling variation. It is a measure of inconsistency between 
estimates from individual meta-analyses and depends not only upon the extent of heterogeneity but 
also upon the total variation in these estimates. 
  
When judging whether the reported values of the phi/tau statistic correspond to notable 
heterogeneity, the reader may picture the corresponding estimated distribution of (true) values of 
impact, around the point estimate of the average impact. An approximate 95% range of underlying 
effect can be obtained by creating an interval from the point estimate minus 2 x tau (or phi) to the 
point estimate plus 2 x tau (or phi). It should be remembered that when impact is modelled as 
log(ROR) (binary outcomes) this interval should be centered around the logarithm of the point 
estimate of the ROR, and the obtained limits anti-logged to obtain an interval on the ROR scale. 
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When the one-stage hierarchical model approach is used, not only the variation in impact of the trial 
characteristic across meta-analyses is estimated, but also the variation in impact across trials within 
meta-analyses (5). The estimated standard deviation of the (true) values of impact across trials, 
within meta-analyses, is usually denoted by 𝜅𝜅 (“kappa”). This corresponds to the increase in 
heterogeneity of effect estimates associated with the trial characteristic. 

The large combined meta-epidemiological study by Savović and colleagues found evidence for 
between-trial within-meta-analysis heterogeneity of impact of lack of or unclear double-blinding 
(kappa, SD, 0.14[0.02 to 0.30], where SD refers to the log(ROR) scale). There was evidence, 
therefore, of an increase in between-trial heterogeneity of effect estimates associated with lack of 
blinding. There was also evidence that the average impact of lack of or unclear double-blinding 
varied between meta-analyses (phi, SD, 0.14 [CrI 0.03 to 0.28]). Both between-trial within-meta-
analysis heterogeneity of impact (kappa, SD, 0.37[0.19 to 0.53]) and between-meta-analysis 
heterogeneity (phi, SD, 0.23[0.04 to 0.44]) appeared more pronounced in the subgroup of meta-
analyses with “subjective” outcomes (14). A meta-epidemiological study on impact of single-center 
status found no evidence of between-meta-analysis heterogeneity (tau, SD, 0.00 and I-squared 0%) 
(20). 

In MetaBLIND there appeared to be modest between–meta analysis heterogeneity in each of the 
main analyses, except in the analysis of blinding of patients in trials with patient-reported outcomes 
(3). The results for between-trial within-meta-analysis variation in impact of lack of blinding were 
unclear, as the main analyses model found some increase in heterogeneity of effect estimates among 
non-blinded trials, while the sensitivity analysis based on the label invariant model indicated a 
possible reduction. The estimates had very low precision, though, and the upper credible limits were 
consistent with significant increase. We interpreted this cautiously, to imply that there was 
insufficient information to determine whether lack of blinding was associated with increased 
between-trial heterogeneity. 

Q8: How applicable were the results to trials of interest to the reader? 
Results of meta-epidemiological studies may depend upon the characteristics of the specific cohort 
of meta-analyses and trials. In some studies, meta-analyses from limited clinical fields have been 
studied, for instance perinatal care (2) or osteoarthritis (35). Applicability of results to other clinical 
areas or to trials in general may depend not so much upon similarity of the clinical fields per se, but 
on the types of interventions tested and outcomes measured in the trials. Theoretically, 
susceptibility to bias is expected to be the largest when there are strong expectations or preferences 
attached to one of the interventions (36). This may be the case when e.g. surgical rather than 
pharmacological interventions are tested, or when an active intervention is compared to placebo/no 
intervention rather than to another active intervention. Susceptibility to bias is also expected to 
depend upon the types of outcomes measured in trials (36). For instance, blinding of outcome 
assessors would be expected to be most important when outcomes are determined based on a large 
degree of judgment. 

Direction of bias may depend on whether outcomes are intended to measure benefit or harm for 
patients. When benefit outcomes are measured, such as the primary outcomes in most trials, biases 
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caused by methodological factors would usually be expected to work in favour of the experimental 
intervention, leading to overestimation of the beneficial effects. However, direction of bias appears 
less predictable when harms outcomes (side effects) are measured. For instance, lack of blinding 
might cause an underestimation of the harmful effects due to the hopes attached to the novel 
intervention. However, it is equally conceivable that the knowledge that an experimental 
intervention is given will cause relatively more side effects to be noticed and reported in the 
experimental arm, leading to an overestimation of the harmful effects. Similar theoretical 
considerations have been raised in connection with blinding in animal studies (37). The average 
impact of a trial characteristic in a cohort of meta-analyses/trials may therefore depend upon the 
proportions of meta-analyses with benefit and harms outcomes.  

The matter is complicated somewhat by the fact that the same outcome, e.g. a visual analogue scale 
for pain, may be measured as a benefit outcome in some trials/meta-analyses and as a harm 
outcome in others. For instance, trials testing a novel analgesic will measure pain as an endpoint 
based on the hope that the trials will find a beneficial effect on pain. Conversely, trials may measure 
pain as a potential side effect of treatment (e.g. surgery). The important point is whether the 
outcome is measured based on a hypothesis of benefit or a hypothesis of harm. It should be noted 
that both benefit and harm outcomes may represent counts of unwanted events/measurements of 
unwanted states or counts of wanted events/measurements of wanted states (see Table 3).  

Results from meta-epidemiological studies, e.g. bias estimates, will often be applied to single trials 
or groups of trials. However, there is no simple relation between the trials sampled into a meta-
epidemiological study and trials in general. The sampling of trials is clearly not random (though the 
initial sampling of meta-analyses may be), but restricted on several levels. First, trials will have to 
be included in a meta-analysis. Second, meta-analyses will have to include trials both with and 
without the characteristic of interest. In addition, the practical sampling of meta-analyses will often 
be limited by e.g. timeframe. This will affect the applicability of meta-epidemiological results, 
which may be less generalizable than often thought. There often is a marked difference between the 
number of potential meta-analyses screened for inclusion in a meta-epidemiological study and the 
number included. 

A main restriction is the exclusion of meta-analyses in which all trials (or none) have the 
characteristic of interest. For instance, in a study on the impact of blinding, some clinical questions 
may be excluded where blinding is always used because it is considered of paramount importance, 
and likewise areas where blinding is not used or not possible.  

A general limitation of meta-epidemiological studies is that they tend to include only trials 
published a number of years ago, reported according to outdated guidelines. This is an inevitable 
consequence of the time taken to identify trials for inclusion in systematic reviews and meta-
analyses, and assemble collections of meta-analyses into a meta-epidemiological study.  

In MetaBLIND we studied a broad cohort of meta-analyses, with no restriction on topic/clinical 
field, aiming for a broad applicability. The individual analyses in MetaBLIND were restricted to 
specific types of outcome measures (patient reported, healthcare provider decision outcomes and 
observer reported outcomes), and are therefore only applicable to trials with same type of outcomes. 
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For instance, we investigated the impact of blinding patients in meta-analyses with patient-reported 
outcomes specifically. We only included data from the “hypothesis of benefit” meta-analyses in the 
main analyses.  

Q9: Was impact of the trial characteristic estimated with sufficient precision? 
 
It is not common for meta-epidemiological studies to be based on power calculations, and such 
calculations are challenging, but possible (38). Statistical power depends not only upon the number 
of included meta-analyses, but also the number of trials per meta-analysis, the proportions of trials 
with the characteristic of interest within meta-analyses, the variation in impact of the trial 
characteristic on effect estimates between meta-analyses, and, if the model by Welton and 
colleagues is to be used (5), the variation in impact between trials within meta-analyses (38). 
 
It is our impression that precision generally tends to be low in meta-epidemiological studies. This 
applies to the estimation of bias (e.g. ROR), as well as the estimation of heterogeneity parameters. 
Estimation of bias may thus quite often be consistent with both a negligible bias associated with a 
trial characteristic and with substantial bias. One way of overcoming this problem is to pool several 
meta-epidemiological studies, either into one overall analysis (as e.g. in the BRANDO study (14)) 
or in a meta-analysis (as e.g. in a systematic review by Page and colleagues (7)). The possibility of 
overlap between the included meta-analyses should be taken into account when pooling meta-
epidemiological studies, however. 
 
In the MetaBLIND study planned sample size was determined loosely based on results of within-
trial comparisons of blinded and non-blinded outcome assessment (39) and of trials randomizing 
participant to blinded and non-blinded sub-studies (40), expecting the mean impact of lack of 
blinding to be similar in the comparable analyses in our study, but the variability larger. 
MetaBLIND provided part of the impetus for derivation of a sample size formula for meta-
epidemiological studies, but the work was not yet published at the time of planning the study (38).  
We ended up excluding a number of meta-analyses/trials, mainly due to unclear status of 
interventions as experimental and control, and the sample size for some of the main analyses ended 
up lower that aimed for (3). In particular, our estimation of the heterogeneity parameters were very 
uncertain. 
 

Q10: What was the theoretical plausibility of the bias investigated? 
If a meta-epidemiological study finds an association between some trial characteristic and effect 
estimates (or heterogeneity of these), the theoretical plausibility of a causal connection should be 
considered (41,42). If a study finds no evidence of an association where one was thought likely, this 
finding must also be squared with theoretical considerations. 
 
Some meta-epidemiological studies have found an association between trial characteristics and trial 
effect estimates, but it is not clear through what exact mechanisms. For instance, trial effect 
estimates have been found to be larger in single-center trials compared to multi-center trials (20, 
21). This association may be confounded, since it is not entirely clear through what mechanisms 
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being conducted in a single center per se should lead to larger effect estimates, in general. 
Adjustment for methodological factors such as blinding or concealment of allocation, did not 
explain the finding of this association (20, 21).  

In some cases, it may still seem reasonable to regard one of the groups of trials as the most 
trustworthy, e.g. multi-center trials vs. single-centre trials. In such cases, it could be argued that the 
characteristic may serve as a marker to identify trials at high risk of bias, although the actual 
mechanism of bias is not clear. 

In MetaBLIND, the association investigated was supported by strong theoretical reasons to expect a 
causal impact of blinding upon trial effect estimates (36). 

 
Discussion  
We have proposed a guide to the interpretation of meta-epidemiological studies in the form of 10 
questions addressing the main issues to consider. Little previous guidance has been published on 
how to interpret meta-epidemiological studies. Meta-epidemiological studies are the main method 
available for empirical investigation of bias in clinical research, but proper interpretation of results 
requires care. In other words, a meta-epidemiological study designed to investigate bias may itself 
produce a result that is biased, imprecise, or not applicable to a typical trial.  
 
We hope that the ten questions provide a reasonably accessible and comprehensive approach for 
readers of meta-epidemiological studies. The questions cover risk of systematic error, risk of 
random error, issues related to applicability and theoretical plausibility, and we have strived to 
provide illustrative examples based on our experience with the MetaBLIND study. We have applied 
generally accepted principles within research methodology to meta-epidemiology. The issues 
covered may also serve to guide researchers planning meta-epidemiological studies, and may 
prompt reporting of key methodological aspects. Following further methodological developments in 
this comparatively new research field, a subsequent update may involve incorporation of any 
comments to this paper. 
 
In 2016 Borges (43) provided a short overview of meta-epidemiological studies and in 2017 Murad 
and Zhang published guidelines for the reporting of meta-epidemiological studies (44). Several 
important statistical papers focus on how best to analyze results of meta-epidemiological studies (4, 
5, 33). However, none of these have attempted to provide guidance to overall interpretation of their 
results. 
 
Assessment of the risk of bias in clinical trials is important, both informally when judging the 
validity of a single trial, and formally for several trials included in a systematic review. If biased 
studies are included in a meta-analysis this may produce more precise but misleading summary 
estimates (45). Empirical evidence of sources of bias from meta-epidemiological studies has fed 
into Cochrane guidance on assessing risk of bias to authors of Cochrane reviews (45). Thus, there is 
a strong link between the interpretation of meta-epidemiological studies and the assessment of risk 
of bias in clinical trials included in meta-analyses or judged in the context of a clinical guideline. 
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In MetaBLIND, we found little evidence of an impact of blinding on effect estimates in randomized 
clinical trials (3). The surprising results prompted a careful reconsideration of the methods of the 
study (see Appendix for a supplemental discussion of the MetaBLIND results). In MetaBLIND we 
restricted the cohort of meta-analyses to those investigating beneficial effects of interventions, 
ascertained labelling of trial intervention arms as experimental and made a painstaking effort to 
correctly classify trials as blinded and non-blinded. However, we cannot rule out that issues to do 
with trial sampling, and other methodological aspects, as addressed in the ten questions above, may 
have impacted on the results.    

The issue of confounding is pivotal when interpreting the results of MetaBLIND, and other meta-
epidemiological studies. For an aspect of trial methodology to mask any true net bias caused by lack 
of blinding, it would have to be associated with blinding and tend to yield less optimistic estimates 
of intervention effects, the impact of the two characteristics thereby cancelling each other. The 
aspects of trial methodology that are usually considered in relation to bias (inadequate 
randomization, inadequate concealment of allocation, lack of blinding of other groups than the one 
being studied, attrition) seem unlikely candidates, since they would be expected to cause net 
overestimation of the (beneficial) effects of intervention. We cannot completely rule out, however, 
that these aspects may under some circumstances tend to cause underestimation of intervention 
effects and that confounding by these aspects could be part of the explanation for our surprising 
results.  

There could also be other characteristics of trials that could contribute to masking any true net effect 
of lack of blinding. For instance, the more pragmatic trials within a meta-analysis (e.g. those with 
the least restrictive inclusion criteria, least strict control of the intervention given etc. (46)) may 
tend to yield the least optimistic estimates of intervention effect and, at the same time, be less likely 
to have been blinded. We did not attempt to classify how pragmatic were the trials in MetaBLIND 
and so were unable to attempt to control for this factor. 

We believe that MetaBLIND is the most rigorous meta-epidemiological study on the subject to 
date. However, its results should be seen in the context of other empirical evidence, from meta-
epidemiological studies of the type described here, as well as other types of empirical studies. 
Notably, systematic reviews of trials with both blinded and non-blinded assessment of the same 
outcomes (39, 47, 48) and of trials randomizing patients to blinded and non-blinded sub-studies 
(40) have shown a substantial impact of lack of blinding on effect estimates. Our results should also 
be seen in the context of the strong theoretical reasons for expecting bias in non-blinded trials. One 
possibility is that the impact of blinding on trial results is smaller and less stable than often 
believed. Alternatively, the meta-epidemiological approach is less reliable as a method to assess 
bias than often believed. Finally, we cannot rule out that the MetaBLIND results to some extent 
represent random events as credible intervals overlap with those of previous analyses of double-
blinding (6). We suggest it prudent to seek to replicate the Meta-BLIND study, before we 
reconsider standard methodological recommendations.  

Conclusion  
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Meta-epidemiological studies provide estimates of the bias associated with methodological 
characteristics of randomized trials and have proven a valuable tool for an empirical assessment of 
bias. The method is used increasingly but results must be interpreted with caution. In this paper, we 
provide a guide to the main factors, which affect a meta-epidemiological study’s risk of systematic 
and random error, and the applicability and theoretical plausibility of results.  
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Highlights 

What is already known 

- Randomized clinical trials underpin evidence-based clinical practice, but flaws in their 
conduct may lead to biased estimates of intervention effects and hence invalid treatment 
recommendations.  

- Meta-epidemiological studies are the main method available for empirical investigation of 
bias in clinical research, but proper interpretation of results requires care. 

What is new 
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- We propose a guide to the interpretation of meta-epidemiological studies in the form of 10 
questions addressing the main issues to consider. 

Potential impact for RSM readers outside the authors’ field 

- There is a strong link between the interpretation of meta-epidemiological studies and the 
assessment of risk of bias in clinical trials, both informally when judging the validity of a 
single trial, and formally for several trials included in a systematic review. Empirical 
evidence of sources of bias from meta-epidemiological studies feeds into guidance on 
assessing risk of bias in clinical trials included in systematic reviews.   
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Question Rationale and elaboration Example 
Q1: What was the question? 
 

It is useful to spell out the exact 
question asked in the study, and 
the equivalent of a PICO model 
may be used for this purpose 
(population: here population of 
trials, intervention: here the trial 
characteristic of interest, control: 
here absence of the trial 
characteristic of interest, 
outcome: here trial effect 
estimates or degree of 
heterogeneity among effect 
estimates).   Clarity about the 
exact question asked is helpful 
when judging what conclusions 
may be drawn based on the 
study, whether it answers the 
reader’s questions and to what 
extent it is comparable with other 
studies.  

“For trials in general, what is the 
difference, on average, between 
blinded trials and trials that have 
not used blinding or where it is 
unclear if blinding was used, in 
effect estimates and in degree of 
heterogeneity?” 
 

Q2: How was the trial 
characteristic of interest defined? 

This is an elaboration of Q1 
regarding the trial characteristic. 
How exactly the trial 
characteristic of interest is 
defined in a study affects the 
conclusions that may be drawn 
based on the study, comparability 
with other studies and in some 
cases what are the likely 
underlying mechanisms of the 
bias investigated. 

Blinding conceptualized as 
presence or absence of “double-
blinding” versus as blinding of a 
specific trial group (e.g. patients) 

Q3: Was there a well-defined 
experimental and control arm in 
all trials? 

Characterization of trial 
intervention arms as 
experimental and control 
determines the order of the trial 
arms in calculations (odds ratios 
or standardized mean 
differences). Errors in labelling 
trial interventions as 
experimental and control relative 
to what was considered 

Some studies include only 
trials/meta-analyses where some 
intervention is tested against 
placebo/no treatment. Other 
studies (including MetaBLIND) 
include also trials/meta-analyses 
with active control comparisons, 
based on judgment on likely 
experimental intervention arm. 
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experimental when the trials 
were conducted, may affect the 
overall estimate of impact in the 
meta-epidemiological study. This 
includes cases where trials are 
included in the study although 
neither of the arms was in fact 
considered more experimental 
than the other when the trials 
were conducted, as well as cases 
where the opposite trial 
intervention is taken to be 
experimental, compared to what 
was the case when the trials were 
conducted. 

Q4: Was there a risk of 
misclassification of the trial 
characteristic? 

The sources of data on the trial 
characteristics of interest may 
affect risk of error 
(misclassification). Non-
differential misclassification of 
the characteristic of interest will 
bias the estimate of impact 
towards the null. 

Information based on contact to 
authors in cases of doubt on the 
basis of trial publications vs. 
information based on trial 
publications only. 

Q5: What were the main 
assumptions of the statistical 
analysis? 

The statistical model may affect 
how estimates should be 
interpreted and what parameters 
are estimated. 

Only the hierarchical model 
allows for variation in (true) 
degree of bias between trials 
within meta-analyses and enables 
estimation of increase in 
heterogeneity associated with 
the trial characteristic of interest. 

Q6: Was there a notable risk of 
confounding or impact of non-
reporting bias? 

If confounding is likely it reduces 
the credibility of any suggested 
causal connection between the 
trial characteristic of interest and 
trial effect estimates/between-
trial heterogeneity. Potential 
methodological flaws often occur 
together and the apparent effect 
of one methodological 
characteristic may therefore be 
confounded by other 
characteristics. Adjustment for 
likely confounders in analyses 
should be attempted. 

Controlling analyses on the 
impact of blinding for inadequate 
concealment of the allocation 
sequence and degree of attrition. 
If blinding results in smaller effect 
estimates then non-reporting bias 
will impact such trials more than 
non-blinded trials. 
  This may lead to an apparent 
reduced contrast in effect 
estimates between the two types 
of trials. At present no easy 
methodological approach is 
available to assess or counter this 
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If non-reporting bias affects the 
pool of trials with and without 
the characteristic of interest to a 
different extent, this will have an 
impact on meta-epidemiological 
results. 

risk. 

Q7: Was there a notable degree 
of heterogeneity in estimates of 
impact between meta-analyses or 
trials? 

Large heterogeneity between 
meta-analyses in the sample 
affects applicability of overall, 
average estimate to new trials. 
Causes of heterogeneity may be 
explored in sub-group analyses. 

Estimated between-meta-analysis 
heterogeneity in mean bias was 
only limited in an analysis of the 
impact of lack of blinding of the 
outcome assessor on trial effect 
estimates (MetaBLIND study). An 
analysis investigating the 
dependence of mean bias in 
meta-analyses upon degree of 
subjectivity of the outcome 
showed no evidence of an impact 
of outcome subjectivity 
(MetaBLIND study). 

Q8: How applicable were results 
to trials of interest to the reader?  

The specific sample of trials 
studied may affect 
generalizability and applicability 
of results to other clinical fields 

Result of analysis of impact of 
lack of blinding of patients in 
trials with patient-reported 
outcomes applicable only to 
other trials with patient-reported 
outcomes. Applicability may also 
be affected by e.g. the types of 
interventions compared in trials. 

Q9: Was impact of the trial 
characteristic estimated with 
sufficient precision? 

The precision with which the 
impact of the trial characteristic 
of interest is estimated affects 
how useful the results are in 
connection with assessment of 
risk of bias in clinical trials. As 
well as being dependent upon 
the number of included meta-
analyses, precision will also 
depend upon other 
characteristics of the sample. 

Credible intervals (e.g. 95% CrIs) 
around estimates of impact of 
lack of blinding may be so wide as 
to yield only very uncertain 
evidence regarding risk of bias in 
un-blinded trials, for instance 
including values corresponding to 
substantial over-estimation of 
treatment effects as well as no 
impact (or even substantial 
under-estimation). 

Q10: What was the theoretical 
plausibility of the bias 
investigated? 

Any finding of an apparent 
impact of a trial characteristic 
upon trial effect 
estimates/between-trial 
heterogeneity may possibly be 
due to chance, systematic error 

There is a highly plausible and 
well-established theory of how 
lack of blinding may impact 
causally on effect estimates. 

This article is protected by copyright. All rights reserved.



25 
 

or confounding. Belief in a true, 
causal connection is 
strengthened if there is a high 
theoretical plausibility of an 
impact. 

Table 1 Ten questions to consider when interpreting results from a meta-epidemiological study, with the 
rationale for questions and examples of answers. Examples relate to the MetaBLIND study. 
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 Number of meta-analyses 
Excluded because it was unclear in one or more 
trials which arm was considered “experimental” 
and which “control” 

23 

Excluded because of variation in experimental 
intervention between trials in meta-analysis 

5 

Our labelling of ”experimental” and ”control” 
based on information in trial publications reverse 
of that done by author of meta-analysis for all 
trials in meta-analysis 

6 

All trials in meta-analysis with clear experimental 
and in accordance with meta-analysis labels 

55 

Total number of meta-analyses checked at trial 
level due to doubt, based on headings in meta-
analyses, as to which intervention was considered 
experimental in trials (i.e. meta-analyses with 
comparators other than placebo, “standard 
treatment”, “conventional treatment” or 
“Control”)  

89 

Table 2 Meta-analyses in MetaBLIND where there was doubt, based on headings in meta-analyses, as to 
which intervention was considered experimental in trials. We excluded 28 meta-analyses out of 189 
potentially eligible meta-analyses (15%), due to risk of erroneous labelling of trial intervention arms as 
experimental and control, based on information in trial publications. For the six meta-analyses in which all 
trials had the opposite intervention arm as experimental compared to labels in the meta-analyses, labels 
were reversed for our analyses. 
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Hypothesis of trial regarding outcome 

 Benefit Harm 
Quantity measured* Intervention, 

outcome measure 
Expected 
direction of bias 
due to lack of 
blinding 

Intervention, 
outcome measure 

Expected 
direction of 
bias due to lack 
of blinding 

Unwanted Analgesic drug, 
expected decrease 
in degree of pain 
(e.g. VAS) 

Bias towards 
greater lowering 
of pain scores 

Anti-cancer drug, 
expected increase 
in degree of nausea 
(e.g. VAS)  

Unclear 

Wanted Exercise, expected 
effect on degree of 
ability to perform 
activities of daily 
living (e.g. Barthel 
index score)   

Bias towards 
larger increase 
in ability to 
perform 
activities of daily 
living 

Anti-cancer drug, 
expected decrease 
in Quality of Life 
(e.g. EORCT QLQ-
C30 score) during 
treatment  

Unclear 

Table 3 Examples of interventions and outcomes in randomized clinical trials, according to hypothesis 
based on which outcomes are measured and the type of quantities measured. *All examples are 
measurement scale outcomes, but equivalent distinctions can be made for binary outcomes (wanted or 
unwanted events) 
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Figure Overall principle in meta-epidemiological studies. Trials with and without a characteristic of interest 
(usually a potential methodological flaw) are compared within meta-analyses. An overall estimate of the 
impact of the characteristic on effect estimates is calculated and interpreted as an estimate of bias. The 
actual statistical approach to analysis may vary.   

This article is protected by copyright. All rights reserved.



 

This article is protected by copyright. All rights reserved.




