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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, so that estimated intervention effects deviate systematically from true values, 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 both on theoretical 

considerations and empirical ‘meta-epidemiological’ bias research conducted over the last 25 years. 

 

Broadly conceived, meta-epidemiology (“studies on studies”) includes 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 October 2018, 117 

studies with the word “meta-epidemiological” in the title or abstract are indexed in PubMed, while a 

search limited to studies published before 2008 yielded only four such studies. However, analyses 

of bias based on meta-epidemiological studies have shown unexpected and considerable variation 

and the interpretation of results has proved challenging.  

 

One example of a potential source of bias in trials that is theoretically well founded and analysed in 

several meta-epidemiological studies is lack of blinding (when patients, trial personnel or outcome 

assessors are aware of the intervention patients received). In an attempt to address the variability of 

previous study results, 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). We were surprised by the largely neutral results, 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. 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 
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Meta-epidemiological studies are based on comparisons of estimated intervention effects between 

trials with and without a certain trial characteristic, within a meta-analysis (see Figure). These 

comparisons are 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 intervention odds ratio (OR) in trials with 

the characteristic thought to cause bias, e.g. lack of blinding, divided by the intervention OR in 

trials without that characteristic (e.g. ROR = ORnon-blinded/ORblinded). RORs from individual meta-

analyses are themselves meta-analysed, to provide an average ROR across the body of evidence 

(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).  

 

It is also possible in meta-epidemiological studies 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).  
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The point estimates from all MetaBLIND main analyses showed little evidence of an impact of lack 

of blinding, 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% confidence 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 was also seen for other aspects 

of trial methodology, notably the impact of inadequate or unclear concealment of the allocation 

sequence (7). Although such variation partly reflects imprecision, it may also imply varying degrees 

of systematic error or heterogeneity caused by differences of approach. 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 think of the question asked in a meta-epidemiological study along the lines of a 

“PICO” model, as used in the framing of clinical questions (population: here population of trials, 

intervention: here the trial characteristic of interest, comparator: here absence of the trial 

characteristic of interest, outcome: here impact of the characteristic on intervention effect estimates 

and/or 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 be a collection of randomized trials assembled regardless of clinical 

area. 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 study 

investigating the impact of concealment of allocation can employ a narrow definition of adequate 

concealment of the allocation sequence (for example that envelopes had to be opaque, sequentially 

numbered and sealed), or a broader definition (for example any sealed envelope) (10, 16). The 

choice of a broad or narrow definition is likely to impact upon results: less pronounced estimates of 

impact of inadequate allocation concealment may be found with a narrow rather than broad 

definition, because some of the trials classified as “inadequately concealed” under the narrow 

definition employed methods that avoided 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 label that is often ambiguous (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 in meta-epidemiological studies that aim to estimate the impact of trial 

characteristics upon effect estimates, 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. This 

labelling will therefore also determine 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 have differing risk of this type of misclassification. Some meta-

epidemiological studies restricted inclusion of meta-analyses to those with interventions clearly 

identifiable as experimental and control (e.g. active intervention versus placebo). Another 

possibility is to additionally 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 in publications how interventions were identified as experimental. 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 the MetaBLIND study we adopted an intensive approach to ensure that interventions labelled as 

experimental in our study had also been considered 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 as the control intervention (usually active intervention vs. 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 publication texts for all 

trials to determine which arm had been considered experimental in the individual trials. 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 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. 



 

6 
 

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.  It is 

important to consider how likely it is that this classification reflects true trial conduct. In most meta-

epidemiological studies the classification is based on researchers’ assessment of information in trial 

publications. The reporting of aspects of methodology in trial publications, such as blinding and 

concealment of allocation, is often unclear (28). In a minority of meta-epidemiological studies 

categorization of trials has been based on contacting trial publication authors, in case of remaining 

doubt after reading trial publications (20). Some meta-epidemiological studies have based the 

categorization on classifications already made by others, e.g. risk of bias scores assigned by authors 

of Cochrane reviews (11, 29), potentially leading to more misclassification errors than if the 

methodological experts do the assessments themselves. 

Determining whether a trial has a certain methodological characteristic or not, based on the trial 

publication, requires some degree of judgment. The exact information in trial publications that is 

taken as sufficient evidence that a trial had a certain characteristic (as defined in the meta-

epidemiological study [Q2]) may differ between studies. For instance, a meta-epidemiological study 

that defines adequate concealment of the allocation sequence as one of a number of specific modes 

of handling of the allocation sequence may have more or less strict criteria for determining, based 

on the wording of the publications, whether one of these was in fact employed in the trials. The 

criteria may be difficult to explicate completely, since trial methodology may be described in many 

non-standard ways in publications, 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, for instance, trials showing large effect 

estimates or that employed appropriate methods had a tendency to be more fully reported than those 

showing small effect estimates or that used inappropriate methods. Another source of differential 

misclassification could be biased interpretation of information in trial publications by researchers 

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).  

In MetaBLIND blinding status was classified based, in the first instance, on any explicit 

descriptions of blinding status 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 
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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 can 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 et al model , this 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 has been 

proposed where this constraint is avoided, such that there could be either more or less variation 

among studies with versus without the characteristics of interest (33). 

In the MetaBLIND study we analyzed data using the Welton et al model (5).  As well as estimating 

the impact upon trial effect estimates we estimated the increase in between-trial heterogeneity 

associated with lack of each type of blinding. The alternative model which avoids the constraint on 

the possible values of difference in heterogeneity had not yet been developed (33). Although we 

estimated increases in heterogeneity among non-blinded versus blinded trials, with credible 

intervals not including zero (the value consistent with no increase in heterogeneity), these values 

must be interpreted with caution: the lower bounds were close to zero. 

Q6: Was there a notable risk of confounding? 

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 
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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 et al model, 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 in turn for each of: concealment of allocation, 

attrition and trial size, and, when appropriate, blinding status of patients (3). Analyses controlling 

for all of these factors at once proved unfeasible. The results did not change substantially following 

adjustment for any one of these factors (3), but we cannot rule out residual confounding. 

 

Q7: Was there a notable degree of heterogeneity in the impact of the characteristic between 

meta-analyses or trials? 

The impact of the characteristic of interest may differ between the trials and 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.  

 

Were there signs that the true impact of the characteristic differed between meta-analyses? The 

authors of the meta-epidemiological study may have hypothesized this to be the case and have 

conducted subgroup analyses: for instance, according to the 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 greater for meta-analyses assessing outcomes categorized as subjective (6).  

 

Within the overall sample in a meta-epidemiological study, and possibly 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 
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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. 

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 𝜅 (“kappa”). 

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]). 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 was little evidence of between-trial within-meta-analysis heterogeneity of 

impact of lack of blinding, and there appeared to be only limited 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).  

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 (34). 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 (35). 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 (35). 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 (36). 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).  

Representativeness of the samples of trials in meta-epidemiological studies, and therefore 

applicability of results, is likely to be affected by the selection inherent in the meta-epidemiological 

approach. Although meta-analyses/trials may be sampled from collections representative of trials in 

general, the requirement that meta-analyses include at least one trial with the characteristic of 

interest and one trial without entails exclusion of meta-analyses where all trials have the 

characteristic and meta-analyses where none have it. For instance, in a study on the impact of 

blinding, this means that clinical areas are excluded where blinding is always used because it is 

considered of paramount importance, and likewise areas where blinding is not used or not possible.  

It is difficult to predict the net consequence of this selection, but the limitation should be borne in 

mind. 

A general limitation of meta-epidemiological studies is that they tend to include trials published a 

number of years ago, reported according to outdated guidelines. This is an inevitable consequence 

of the time take to identify trials for inclusion in systematic reviews and meta-analyses, and 

assemble collections of meta-analyses into a meta-epidemiological study.  

In the MetaBLIND study a broad cohort of meta-analyses was studied, with no restriction on 

topic/clinical field, aiming for applicability to trials in general. 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. 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? 

The sample size of a meta-epidemiological study, i.e. the number of meta-analyses included and the 

number of trials with and without the characteristic within meta-analyses, will affect the precision 

with which the impact of a trial characteristic is estimated. It is our impression that precision 

generally tends to be low in meta-epidemiological studies, so that estimated effects may be 

consistent with both a negligible impact of the trial characteristic and with impact substantial 
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enough to call into question the suitability of trials with the characteristic for inclusion in the 

evidence base for a clinical question. 

 

It is not common for meta-epidemiological studies to cite power calculations, and such calculations 

are challenging, but possible (37). 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 (37). 

 

In the MetaBLIND study planned sample size was determined loosely based on results of within-

trial comparisons of blinded and non-blinded outcome assessment (38) and of trials randomizing 

participant to blinded and non-blinded sub-studies (39), 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 (37).  

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. We expect this is part of the explanation for the relatively wide credible 

intervals around the estimates of average impact (3). 

 

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 (40). 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 that may plausibly be causal, but where 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 appears likely to be confounded, since 

there is no obvious mechanism through which 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 the absence of 

a credible explanation of the underlying mechanism of bias it may even be unclear whether trials 

with or without the characteristic of interest yield the most trustworthy results (41). 

In some cases where an association is found between a trial characteristic and trial effect estimates 

and where no precise plausible mechanism of impact has been hypothesized, it may still seem 

reasonable to regard one of the groups of trials as the most trustworthy, e.g. trials without industry 

funding versus trials funded by industry. In such cases it could be argued that the characteristic, e.g. 

industry funding, may serve as a marker to identify trials at high risk of bias, although the actual 

mechanism of bias is not clear. 

In the MetaBLIND study the association investigated was supported by strong theoretical reasons to 

expect a causal impact of blinding upon trial effect estimates (35). 
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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 which is biased, imprecise, or not based on a representative sample of trials.  

 

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 heterogeneity 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.  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 (42) provided a short overview of meta-epidemiological studies and in 2017 Murad 

and Zhang published guidelines for the reporting of meta-epidemiological studies (43).  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 (44). 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 (44). 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. 

 

In the MetaBLIND study 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). We 

have been unable to identify an explanation for this result. For example, 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, 
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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. 

(45)) 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 (38, 46, 47) and of trials randomizing patients to blinded and non-blinded sub-studies 

(39) 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  

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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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 
experimental when the trials 
were conducted, may affect the 
overall estimate of impact in the 
meta-epidemiological study. This 
includes cases where trials are 

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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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? 

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. 

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

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

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 other than some 
treatment vs. placebo, “standard treatment”, 
“conventional treatment” or “Control” (i.e. all 
checked at trial level) 

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) 

 

  



 

22 
 

 

 

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.   
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Appendix 

Analysis and discussion of the results of the MetaBLIND study 

 

We conducted a large meta-epidemiological study on the impact of blinding in randomized clinical 

trials (MetaBLIND) (1), seeking to take into account some of the possible causes of instability of 

results from previous studies. The MetaBLIND study reached null results: point estimates from all 

MetaBLIND main analyses showed practically no impact of lack of blinding, except in the case of 

lack of blinding of patients in trials with patient reported outcomes, which indicated a small effect. 

All credible intervals included values corresponding to no impact (1).  

The null results were surprising both when compared with results of previous meta-epidemiological 

studies, as well as other types of empirical studies on blinding, but also theoretical considerations 

regarding the importance of blinding. 

Theoretically, blinding is an important methodological feature of clinical trials, due to its potential 

to protect against performance and detection bias(2, 3). The use of blinding in trials has a long 

history in connection with the testing of treatments(4) and has become a standard methodological 

practice. 

Some meta-epidemiological studies previous to MetaBLIND have estimated separately the effect of 

blinding of patients, healthcare providers and outcome assessors. A 2016 systematic review of 

meta-epidemiological studies by Page and colleagues found a limited number of smaller studies 

making such separate comparisons (5). Four studies estimated the effect of blinding patients: Balk 

2002 (ROR 0.95 [0.70, 1,13]) (6), Bialy 2014 (ROR 0.96 [0.78, 1.19]) (7), Chaimani 2013 (ROR 

0.85 [0.31, 2.13]) (8) and Nuesch 2009 (difference in standardized mean difference -0.15 [-0.39, 

0.09]) (9). Meta-analysis of the three first-mentioned studies yielded an overall ROR of 0.92 (0.81, 

1.04) (5).   

Two studies estimated the effect of blinding personnel: Balk 2002 (ROR 0.98 [0.75, 1.20]) (6) and 

Bialy 2014 (ROR 1.01 [0.82, 1.23]) (7), yielding an overall estimated ROR of 1.00 (0.86, 1.16) (5). 

Four studies estimated the effect of blinding outcome assessors: Balk 2002 (ROR 1.02 [0.82, 1.22]), 

Bialy 2014 (ROR 1.08 [0.85, 1.33]), Chaimani 2013 (ROR 0.87 [0.63, 1.20]) and Hartling 2014 

(ROR 1.00 [0.82, 1.22]), with meta-analysis yielding an overall estimate of the ROR of 1.01 (0.9, 

1.13) (5).  

A 2017 meta-epidemiological study looking at physiotherapy trials and analysing separately the 

effect of blinding patients and outcome assessors found estimates of the difference in standardized 

mean difference (dSMD) indicating underestimation of treatment effect associated with lack of 

blinding, but with wide confidence intervals: lack of blinding of patients dSMD 0.12 (-0.06, 0.30) 

and lack of blinding of outcome assessors dSMD 0.07 (-0.08, 0.22) (10). A 2018 study of oral 

health trials (11) found no evidence of an impact of blinding of outcome assessors, though some 

evidence of a moderate impact of patient blinding. Overall, the results from MetaBLIND appear to 

be in accordance with this group of studies. 

Other meta-epidemiological studies have used an operational definition of blinding as presence or 

absence of “double blinding”. A large study by Savovic and colleagues which was itself a combined 

re-analysis of a number of previous studies, found that lack of or unclear double-blinding was 

associated with an average 13% exaggeration of intervention effects (ratio of odds ratios, 0.87 [CrI, 
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0.79 to 0.96], and 22% for trials with outcomes categorized as subjective (ratio of odds ratios, 0.78 

[CrI, 0.65 to 0.92](12). Since blinding is conceptualized differently results of the MetaBLIND main 

analyses are not directly comparable with those from the study by Savovic and colleagues. We may 

consider, however, whether differences in the cohorts of trials studied may contribute to the 

different findings. Bias due to lack of blinding may be expected to be larger when there are strong 

preferences for one of the treatments among patients or staff (3). The preference for the 

experimental intervention over the control intervention may tend to be stronger with e.g. surgical 

experimental interventions, and when an experimental intervention is compared to a non-active 

control (e.g. placebo). Comparison of the cohort of trials in MetaBLIND (overall dataset) with the 

cohort from study by Savovic and colleagues (overall database) shows similar fractions of non-

pharmacological experimental interventions (33% vs. 33%) (1, 12)) and of active control 

interventions (33% vs. 33%) (1, 12)). Nor are there any other obvious differences in the recorded 

descriptive characteristics of the trials that might explain the differences of results (1, 12). 

The main analyses in MetaBLIND focused on meta-analyses with specific types of outcomes 

(patient-reported, healthcare provider decision and observer-reported outcomes). For instance, we 

analyzed the impact of blinding of patients in meta-analyses with patient-reported outcome 

specifically. We expected this restriction to sub-cohorts for our main analyses to yield estimates of 

more pronounced bias, relative to investigating the impact in the overall cohort, but given the null 

results this did not prove to be the case (1).  

For the main analyses we restricted the cohort of meta-analyses to those investigating beneficial 

effects of treatments. This we would also have expected to yield an estimated larger net bias, 

relative to analyzing meta-analyses investigating beneficial and meta-analyses investigating harmful 

effects together, as is usually done (e.g. in the study by Savovic and colleagues(12)). Given our null 

results, this did not prove to be the case (1). 

A possible explanation for null results in a meta-epidemiological study would be erroneous 

labelling of trial intervention arms as experimental and control. Differences in how the issue is 

handled may contribute to the variation in results of meta-epidemiological studies, due to 

differences in the frequency of errors. We expect that our efforts to ascertain which interventions 

were considered experimental in the individual trials have been more thorough than in most other 

meta-epidemiological studies (see Q3).  We find it unlikely that the surprising null results in 

MetaBLIND can be explained by insufficient attention to this issue. 

Misclassification of trial blinding status could also affect results. Some such misclassification 

appears likely in MetaBLIND, as in all meta-epidemiological studies on blinding. The general 

impression gained through the data extraction work in MetaBLIND was that the reporting of 

blinding status in trial publications tends to be quite irregular and generally leaves much to be 

desired when the aim is to determine the blinding status of patients, healthcare providers and 

outcome assessors, specifically. We can only speculate that any misclassification may be most 

likely to be non-differential, and this could bias the results towards the null. However, due to our 

efforts to reduce misclassification through use of a specific algorithm and contact with trial authors 

we find it unlikely that misclassification of blinding status should be particularly prevalent in 

MetaBLIND, compared to studies that have found evidence of an impact of lack of blinding, such 

as the study by Savovic and colleagues. Notably, when the MetaBLIND dataset was analyzed 

comparing “double-blind” and non-“double-blind” trials the result indicated no impact of lack of 

blinding, coherent with our main analyses. 
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As discussed in the main text, confounding may be part of the explanation for the surprising results 

of the MetaBLIND study. As mentioned there, a hypothetical confounder could be the degree to 

which included trials were pragmatic. Pragmatic trials (e.g. those with broad patient inclusion 

criteria) could be less likely to have been blinded and could yield less optimistic effect estimates 

than less pragmatic trials.  Such an association could tend to cancel any overestimation associated 

with lack of blinding in the analyses. (This potential confounder could also be hypothesized to 

affect results of other meta-epidemiological studies of blinding, such as the study by Savovic and 

colleagues(12), and therefore may not in itself explain the differences of results.) 

The problem of confounding by other trial characteristics could be avoided altogether if blinded and 

un-blinded assessment of outcomes was conducted within the same trial. Similarly, randomization 

of patients to blinded and un-blinded sub-studies within the same trial set up would enable 

comparison of treatment effect estimates from blinded and un-blinded patients without confounding 

by other trial characteristics. Such trials have in fact been conducted, and results gathered in 

systematic reviews (13-16). Overall, these studies show larger effects of lack of blinding than 

studies using the meta-epidemiological – between-study, within meta-analysis – design. 

The between-meta-analysis heterogeneity in mean bias appeared to be only limited in all but one of 

the main analyses in MetaBLIND, although the credible intervals for the estimates of heterogeneity 

were wide (1). Thus, there is no convincing evidence that the overall null results are due to the 

combination in the cohort of meta-analyses of meta-analyses from trial populations with very 

different underlying bias due to lack of blinding (over- and under-estimation of treatment effect). 

We expected the impact of blinding to differ according to the extent of subjectivity of the outcome 

measures (i.e. dependence upon judgment of the observer). In our analysis of impact of blinding of 

the outcome assessor (i.e. observer) we investigated the dependence of the average bias in each 

meta-analysis upon level of subjectivity. We did not find any evidence, however, of dependence of 

impact of blinding upon degree of subjectivity of outcomes (1). 

In MetaBLIND we estimated not only the impact of blinding on trial effect estimates, but also on 

between-trial heterogeneity. Interpretation of the estimates of increase in heterogeneity was not 

straightforward, however. The values were generally small with wide credible intervals, and the 

lower end of credible intervals close to zero. Due to the model assumption that the variability 

among non-blinded studies was at least as large as that among the blinded studies, the estimates did 

not allow us to conclude that there was evidence of an increase in heterogeneity (1). 

Overall, we have not been able to identify any clear explanation for the surprising null results of the 

MetaBLIND study related to how the study was planned and conducted. Possible confounding by 

unknown or unmeasured trial characteristics remains a central concern when interpreting the results. 
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