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Background and objectives 

The concept of optimum information size (OIS) was first proposed by Pogue and Yusuf in a 1997 

article published in Controlled clinical trials, as “the minimum amount of information required in the 

collective literature for reliable conclusions about an intervention to be reached”. OIS estimates, 

which are mainly based on standard sample size calculations, are influenced by several variables, 

including the control event rate (CER), effect size (ES) and heterogeneity. 

The overall aims of this thesis are to provide an accurate overview of OIS as depicted in the 

literature, establish if and how OIS is being used, and assess awareness and perceptions regarding 

OIS estimation from benchmark bodies and authors of systematic reviews with meta-analyses. 
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Methods 

The literature was systematically reviewed in order to investigate what information has been 

published to date on OIS and sequential analyses applied to systematic reviews with meta-analyses. 

Published meta-analyses that included OIS estimates were reviewed in order to establish historical 

use and evolution of OIS in meta-analyses. On a more technical level, key statistical parameters — 

specifically, CER, ES and heterogeneity — were explored in terms of their impact on OIS estimates.   

Finally, surveys were conducted, firstly of Cochrane Review Groups (CRGs), in order to determine 

opinions and policies regarding the OIS methodology, and secondly, of Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) Statement authors and systematic review 

authors, in order to assess level of awareness and perceptions of OIS. 

Results 

Although OIS estimates are increasingly included in meta-analyses, most especially since 2010, only 

a small fraction of all meta-analyses published annually estimate OIS. The use of certain statistical 

parameters, particularly CER, ES and heterogeneity, is arbitrary and there are no guidelines or 

consensus in regard to which values to use. While the number of CRGs that had heard of and were 

considering using OIS estimates was substantially higher in 2016 than in 2010, ultimately only 50% 

of CRGs stated in 2016 that they were considering using OIS. It was found that few recently 

published meta-analyses achieved OIS, which would suggest that statistical power may have been 

inadequate to allow firm conclusions to be drawn. In terms of the range of values used for ES and 

heterogeneity, the results point to wide variability, although this variability is partially explained by 

outcome type. No clear and unequivocal relationship could ultimately be established for CER in 

relation to follow-up duration. While the concept of OIS generates substantial interest among 
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systematic review authors, PRISMA Statement authors tend to be more sceptical, possibly due to 

the lack of methodological development of OIS estimation.  

 Conclusion 

OIS estimates are increasingly being used by authors of systematic reviews, yet there are no clear 

guidelines or consensus regarding the principal statistical assumptions that affect OIS estimates. 

Most PRISMA Statement authors and systematic review authors expressed an interest in knowing 

more about OIS, despite a lack of familiarity with the methodology. 
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Chapter 1. Introduction 

Is one meta-analysis enough? 

1.1. Thesis overview 

This thesis explores the evidence for optimal information size (OIS) and its use in meta-analyses of 

healthcare interventions, in view of the fact that growing numbers of systematic reviews with meta-

analyses are published annually (1). Although it is broadly accepted that systematic reviews with 

meta-analyses provide the most reliable form of evidence for the effects of medical interventions 

(2), a number of studies have pointed to issues that undermine the validity of meta-analyses, mainly: 

that many meta-analyses — including those found in Cochrane reviews — yield false positive results 

due to insufficient information (3); that most meta-analyses do not have sufficient power to identify 

even moderate effects (4); and that statistical multiplicity resulting from repeated updates of meta-

analyses results in unsubstantiated claims (5). The validity of the results reported by meta-analyses 

is thus called into question, which could affect their acceptance as a definitive source of reliable 

information regarding interventions. 

One proposal that could improve the validity of meta-analysis results is to estimate OIS, defined as 

“the minimum amount of information required in the collective literature for reliable conclusions 

about an intervention to be reached” (6). An OIS estimate, which is based on standard sample size 

calculations, requires that the number of participants (information size) for a meta-analysis should 
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match the number of patients required for an adequately powered single randomized controlled 

trial (RCT) (7). 

Sample size calculation and OIS are influenced by several key variables, including alpha and beta 

values (the probabilities of type I and type II error), power, the control event rate (baseline risk), 

homogeneity and effect size. Deciding which values to use for these variables, however, is difficult, 

and little guidance is currently available. Thus, values are typically based on those observed or 

estimated from traditional non-Bayesian meta-analyses. It would also seem relevant to estimate the 

number of randomized controlled trials that would ensure an OIS. 

Further knowledge and debate regarding these issues is necessary to demonstrate the validity of 

OIS estimates and its acceptance by authors of systematic reviews, subject-area experts (like 

members of the Cochrane Collaboration) and authors of the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) Statement (8). 

1.2. Thesis aim 

The overall aim of this thesis is to provide an accurate overview of the OIS concept as described in 

the literature, to determine if and how it is being used and to collate views regarding the OIS 

methodology by authors of meta-analyses and authors of key statements. The thesis sets out to test 

2 main hypotheses: (a) the use of OIS in systematic reviews with meta-analyses remains low; and 

(b) the methods for OIS estimates in meta-analysis, including estimates needed as part of the 

statistical assumptions, have not been broadly agreed by the research community. 

1.3. Research objectives 

The research objectives of this thesis are: 

• To review the literature regarding methods for estimating OIS in meta-analyses. 
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• To review meta-analyses published from 2006 to 2015 that have included OIS estimates. 

• To describe the statistical assumptions currently used to estimate OIS. 

• To determine Cochrane Collaboration perceptions of OIS and the guidance available regarding 

OIS. 

• To assess how different statistical assumptions regarding control event rate, effect size and 

heterogeneity affect OIS estimates. 

• To quantify the number of meta-analyses published by the Cochrane Collaboration and in the 

top 5 medical journals that achieve OIS. 

• To explore the relationship between the control event rate and the duration of follow-up in 

individual RCTs. 

• To determine the level of acceptance of OIS among systematic reviewers and PRISMA 

Statement authors. 

1.4. Overall structure of the thesis 

Chapter 2. Randomized controlled trials, meta-analyses and optimal information size 

Chapter 2 reviews the importance of sample size in RCTs and the implications of an inadequate 

sample size from the protocol stage to the publication of findings. Also discussed are the statistical 

implications — in terms of type I error, lack of power, etc — of inadequate sample size for systematic 

reviews with meta-analyses. Also reviewed is the historical evolution and use of sequential methods 

and their adaptation to the calculation of information size in systematic reviews with meta-analyses. 

Chapter 3. Optimal information size in published meta-analyses 

Chapter 3 reports findings for (a) a systematic review of methods and statistical assumptions used 

for OIS estimates in published meta-analyses (Cochrane and non-Cochrane) that have included this 
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estimate, and (b) a survey addressed to Cochrane Review Groups to collate awareness and 

perceptions of OIS and determine the guidance offered on OIS, if any. 

Chapter 4. Impact of heterogeneity and effect size on optimal information size estimates 

Chapter 4 focuses on effect size and heterogeneity and on understanding how different value 

assumptions regarding these parameters affect OIS estimates. Also quantified is the number of 

meta-analyses published by the Cochrane Collaboration and in the top 5 medical journals that 

achieve OIS. 

Chapter 5. Impact of trial follow-up duration on the control event rate 

Chapter 5 analyses a sample of published meta-analyses and individual RCTs within those meta-

analyses to evaluate the possible impact of RCT follow-up on the control event rate. The control 

event rate is also evaluated for communicable and noncommunicable diseases and for 

pharmacological and non-pharmacological interventions. 

Chapter 6. International survey: awareness and perceptions of optimal information size 

Chapter 6 reports the results of a survey addressed to authors of published meta-analyses and 

authors of the PRISMA Statement. Authors were surveyed regarding their awareness and 

perceptions of OIS and about the possible inclusion of this methodology in the PRISMA Statement. 

Chapter 7. Discussion and conclusions 

Chapter 7 summarizes the findings of the thesis and its contribution to knowledge regarding use of 

OIS estimates in meta-analyses. As well as addressing the methodological strengths and limitations 

of the thesis, the final discussion provides some recommendations on how to improve use of OIS. 
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Chapter 2. Randomized controlled trials, meta-

analyses and optimal information size 

2.1. Aim and objectives 

The aim of this chapter is to review and discuss the literature on sample size, hypothesis testing, 

power, measurement error (random error and bias) and statistical multiplicity as key concepts in 

randomized controlled trials (RCTs) from the perspective of their impact on systematic reviews with 

meta-analyses. Discussed in depth in relation to meta-analyses is the concept of the number of 

patients required to ensure an adequately powered study. 

2.2. Randomized controlled trials 

An RCT is the most rigorous way to determine whether a cause-effect relationship exists between a 

treatment and an outcome. Random allocation ensures that there are no systematic differences — 

in either known or unknown factors — between intervention groups that may affect outcomes. 

Double blinding, in which both the subjects and investigators are unaware of who is getting which 

specific treatment (1), ensures that the preconceived views of trial subjects and clinicians cannot 

systematically bias the assessment of outcomes. Intention-to-treat analyses maintain the 

advantages of random allocation, which may be lost if subjects are excluded through, for example, 

withdrawal or failure to comply (2). 

Provided they are appropriately designed, conducted and reported, RCTs are the gold standard in 

evaluating healthcare interventions (3). However, a number of concerns have been raised regarding 

RCT methods, execution and reporting, with early studies indicating that key issues such as primary 
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outcomes, random sequence generation, allocation concealment and sample size calculation details 

have been inadequately described in more than half of the publications evaluated (4). Efforts to 

improve the reporting of RCTs in the 1990s eventually led to publication of the Consolidated 

Standards of Reporting Trials (CONSORT) Statement, whose most recent version is the CONSORT 

2010 Statement. 

Sample size should be estimated in the planning phase of an RCT and should be included in the study 

protocol. One problem with RCTs is that the samples are often too small for an effect to be detected 

— as was demonstrated more than 30 years ago (5) and again more recently (6). This problem of 

underpowered RCTs can be addressed by systematically reviewing and conducting a meta-analysis 

of the information from multiple RCTs, given that, hypothetically, the power of a meta-analysis will 

be greater than that of any individual study (7). 

Sample size for RCTs is calculated for the outcome that is considered the most relevant — i.e. the 

primary outcome — but also, in many cases, for secondary outcomes. Nonetheless, it has been 

observed that a specified sample size may be inadequate to assess secondary outcomes (8). Proper 

outcome selection is crucial when designing an RCT that aims to compare different interventions (9) 

and may also be useful to ensure that the sample size to evaluate the primary outcome has sufficient 

power. An initiative of the Core Outcome Measures in Effectiveness Trials (COMET) project (10) — 

supported by trialists, systematic reviewers, trial funders, trials registries and policy makers, among 

others — has as its objective to tackle the issue of inconsistency and outcome-reporting bias in RCTs 

by making it easier for results to be compared, contrasted and combined (as appropriate) using an 

agreed standardized set of outcomes. This set consists of the outcomes that should be measured 

and reported in all trials of a specific clinical condition (11). The COMET Core Outcome Set (COS) 

initiative may also help improve sample size estimation for RCTs. 
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2.2.1. Sample size, hypothesis testing and power 

The most common goal of an RCT is to determine whether any difference exists in outcomes 

between an intervention (treatment) group and a control group, although other scenarios might be, 

for instance, confirming the equality or equivalence of intervention and control groups (12). Sample 

size for an RCT is calculated as the number of patients who must participate to obtain a reliable 

estimate of the magnitude of the effect. An RCT based on a small sample, however, lacks statistical 

power, which means that a positive treatment effect may not be found or, if found, be exaggerated 

(13). From a frequentist (as opposed to a Bayesian) perspective, sample size should be large enough 

to ensure that the chance of spurious differences occurring is quantifiably small. Moreover, the less 

dramatic the expected effect, the larger the sample should be to demonstrate a significant 

difference between intervention and control group results. Indeed, studies have demonstrated that 

small studies tend to show greater intervention effects than larger studies (14), although it is not 

entirely clear whether this is due to a true effect or just to random chance combined with 

publication bias. Sample size is crucial, ultimately, because confidence in the results of an RCT is 

directly related to the size of the sample (15). 

Although it is difficult to identify the first clinical trials that included sample size estimates, some 

publications dating back to the 19th and early 20th century refer to the impact of the number of 

observations on confidence in the results of clinical studies (Figures 2.1 and 2.2). 
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Figure 2.1. A publication on medical statistics (1840). 

Gavarret LDJ. Principes généraux de statistique médicale: ou développement des régles qui doivent présider à 
son emploi, Paris: Bechet Jeune & Labé, 1840. 

[Translation: General principles of medical statistics: or the development of rules that must govern their use. 
Proposition VI. To be able to decide in favour of one treatment method over another, it is not enough for 

the method to yield better results; the difference found must also exceed a certain limit, the extent of which 
is a function of the number of observations.] 

Source: James Lind Library (http://www.jameslindlibrary.org/). 
 

 
 

 

Figure 2.2. Discussion of sample size in a publication on psychopharmacology (1959). 
Cole JO, Gerard RW (eds). Psychopharmacology. Problems in Evaluation. National Academy of Sciences, 

Publication 583, Washington DC, 1959, p 371. 
Source: James Lind Library (http://www.jameslindlibrary.org/). 
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Estimating a statistically appropriate sample size is directly related to the concepts of hypothesis 

testing and false positive and false negative results (type I and II errors, respectively) and also to the 

statistical power of an RCT. 

An RCT begins with a hypothesis, which can be either a null hypothesis (H0) or an alternative 

hypothesis (H1). The null hypothesis usually reflects no effect, whereas the alternative hypothesis 

reflects an effect in either direction. When the null hypothesis is true but is rejected, a type I error 

is said to occur, and when the null hypothesis is false but is not rejected, a type II error is said to 

occur. Type I and II errors are also commonly referred to as false positives and false negatives, 

respectively. While trialists compile information and evidence from their study to reject or not reject 

their a priori null hypothesis, they will generally want to observe results that reject their null 

hypothesis. 

Statistical testing is used to quantify whether there is sufficient evidence to refute a null hypothesis 

(16). Different types of statistical tests — e.g. the paired t-test, independent t-test or analysis of 

variance (ANOVA) — are used depending on the type of data in the study (17). Type I and type II 

errors are both quantified as statistical probabilities, as alpha (α) and (β) levels of significance, 

respectively. Typically used alpha values — 0.05 and 0.01 (18) — are deliberately small, to avoid 

false positive findings. The beta level of significance is conventionally set to 0.20 (or sometimes 0.10) 

to reflect a less than 20% (or 10%) chance of a false negative conclusion. By convention, a type I 

error is tolerated less than a type II error, because a false positive inference — i.e. rejecting the null 

hypothesis when it is true — has more serious consequences than a false negative inference (16). 

Statistical power is intimately related to type I and II error, as it reflects the probability of obtaining 

a statistically significant result when there is a genuine difference in treatments (19); in other words, 

power represents the chance of detecting a specified effect if it really does exist. The power of a 
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test, conventionally set to 80%, is the pre-study probability of a test rejecting the null hypothesis 

when it is false (20). Power is therefore inversely related to the probability (i.e. 20%) of making a 

type II error (21). A simple definitional equation is, therefore, power= 1-β. 

The power of a statistical test depends on several factors, some uncontrollable (e.g. effect size (ES) 

and population variance), and others controllable, namely, sample size and the alpha value (16). 

Assuming all other parameters to be constant, lowering the alpha value will decrease the probability 

of a type I error but increase the probability of a type II error. On the other hand, increasing the 

sample size will enhance power and reduce the risk of a type II error (17) — but will also result in a 

costlier RCT. 

2.2.2. Sample size: from protocol to publication 

Sample size calculations are widely recognized to have an important impact on planning, 

interpretation and conclusions for RCTs (22). The CONSORT 2010 Statement indicates that these 

calculations must be reported and justified in published articles. Yet sample size calculations are 

often erroneous, inadequately reported and frequently based on inaccurate assumptions (23). 

Problems with sample size in RCTs frequently start in the planning phase, with estimates as recorded 

in protocols often differing from what actually features in publications. In their classic 2008 study of 

a comprehensive cohort of RCTs, An-Wen Chan et al. (22) compared sample size calculations and 

data analysis methods as described in protocols and the corresponding publications. They identified 

a high frequency of unacknowledged discrepancies and poor reporting, finding that a mere 15.7% 

of trials fully and consistently reported requisite components of sample size calculations in both 

protocols and publications. Charles et al. (24) analysed RCTs reported in 6 general medical journals 

published in 2005 and 2006, finding that only about 34% adequately described sample size 

calculations; they also found, for 62% of the RCTs, that the primary outcome reported in the 
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protocol (on which the sample size calculation was theoretically based) differed from the primary 

outcome referred to in the final report. 

2.2.3. Adaptive designs and truncated trials 

Although sample size is usually estimated before an RCT begins (i.e. the RCT is based on a fixed 

sample size), in some cases an adaptive design is used to allow for a variable sample size. In such 

cases, several interim analyses are performed until a given ES is achieved. 

One form of adaptive design, called sequential design (or sequential analysis), has been used in 

confirmatory RCTs for several decades, as documented in a 25-year review by Todd (25). A 

sequential design provides a hypothesis-testing framework for decision making regarding early 

stoppage of an RCT, whether because a benefit has been identified (26) or because of futility (27). 

This kind of adaptive design has ethical and economic advantages as it means that costly RCTs can 

be stopped as soon as there is enough evidence to answer the research question (26). Such RCTs 

are called ‘truncated trials’ (tRCTs) (26). The interim analyses conducted for this kind of RCT usually 

have built-in statistical stopping rules, with sample size estimated using some kind of sequential 

analysis technique. 

2.2.4. Measurement error and missing data 

A crucial principle in research is to minimize random error and systematic error (also known as bias), 

i.e. increase precision and accuracy, respectively. 

Random (or non-systematic) error is outside the control of the researcher as it is unpredictable and 

unavoidable. Precision is limited by random error and usually may be improved by repeating 

measurements, whose precision reflects the level of agreement between several measurements of 

the same quantity. Increased sample size is the main recommendation to avoid the imprecision 

resulting from random error (28). 
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Systematic error (bias) — often difficult to detect even by experienced researchers — is predictable 

error that is not due to chance but systematically shifts in a single direction from the true value. In 

terms of accuracy, it reflects how close measurements are to the true value of the quantity being 

measured. Systematic error results from flaws in the design, conduct or analysis of a study that may 

lead to underestimation or overestimation of the true intervention effect (29). 

2.3. Systematic reviews with meta-analyses 

Systematic reviews, which are broadly considered to provide the most reliable form of evidence 

regarding the effects of a medical intervention (30), aim to identify all studies answering a particular 

question, appraise their quality and summarize their results using a rigorous scientific methodology. 

Clinicians often use them to keep up to date in their field and they are also essential for the 

development of clinical practice guidelines. Certain funding agencies require systematic reviews to 

be conducted as a justification for additional research (31). 

Meta-analyses are frequently included in systematic reviews as a statistical approach to 

summarizing the results of individual studies (32), with the aim being to combine findings so as to 

increase the statistical power and precision of the effect estimate (33). 

In 1992, Chalmers et al. (34) introduced the term ‘cumulative meta-analysis’ to describe a statistical 

procedure to retrospectively calculate, each time the results of a further trial in a series became 

available, summary estimates for the results of similar trials. Cumulative meta-analyses have 

challenged initially favourable results observed in individual RCTs or earlier meta-analyses. A recent 

work by Clarke et al. (35) highlighted how a cumulative meta-analysis of existing evidence might 

have led to better decision making and choices about new RCTs over decades of research, 

concluding that this would have resulted in “an earlier uptake of effective interventions in practice, 
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less exposure of trial participants to less effective treatments and reduced waste resulting from 

unjustified research”. 

2.3.1. False positives and power 

A growing body of evidence shows that statistically significant results in early meta-analyses had a 

high proportion of type I errors (36). A recent simulation study showed that including primary 

studies with false-significant effects — especially when numerous and large — may bias effect 

estimates in a meta-analysis, resulting in type I error rates failing to meet the pre-specified nominal 

level, usually 5% (37). 

Type I error is typically fixed at 0.05 to ensure a smaller than 5% chance of drawing a false positive 

conclusion. However, only 32% of meta-analyses preserve type I error risk below 5%, according to 

Imberger (38). Furthermore, in underpowered meta-analyses subject to continuous updating, the 

risk of type I error tends to be higher than the conventional probability of 5% (36). 

The problem of sufficient statistical power in meta-analyses may be even greater than suggested 

when power analyses intended for single trials are used. Imberger et al. (38) found that only 12% of 

meta-analyses had power ≥80% and that as many as 50% had power ≤50%. Turner et al. (39) showed 

that underpowered RCTs made up the entirety of the evidence in most Cochrane meta-analyses, 

with 70% of the corresponding studies having less than 50% power to detect a 30% relative risk 

reduction. 

Power is highly correlated with the cumulative number of patients and events, with empirical 

studies suggesting that more evidence accumulated over time may point to many apparently large 

intervention effects being substantially overestimated in early studies (40). Imberger et al. (36), in 

their analysis of 100 meta-analyses (selected from 4,736 Cochrane reviews) meeting specific 

inclusion criteria, demonstrated that the majority of published Cochrane meta-analyses were 
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underpowered. Brok et al. (41) demonstrated that 39% of the meta-analyses published by the 

Cochrane Neonatal Group had statistically significant but potentially false positive results, 

concluding that many of those meta-analyses were substantially underpowered. AlBalawi et al. (42) 

found that 45% of high-quality Cochrane meta-analyses for heart disease were too small to detect 

or reject a 25% relative treatment effect; they also estimated that 17% of meta-analyses with 

apparently statistically significant results reported potentially false positive findings. The same 

authors concluded that a statistically significant or non-significant result — even for a 

methodologically robust high-quality meta-analysis — does not guarantee conclusive findings. In 

their large meta-epidemiological study, Dechartres et al. (43) found smaller trials to have 

significantly larger estimates of treatment effects and also that effect estimates in meta-analyses 

differed solely based on trial sample size, with, on average, stronger effect estimates in small-to-

moderately sized trials than in larger trials. 

2.3.2. Statistical multiplicity 

The more analyses that are done, the more likely it is that some tests will be found to be statistically 

significant even though there may be no true effect (44). Statistical multiplicity, which refers to the 

use of more than one null hypothesis test, increases the risk of false positive findings (45, 46). 

Statistical multiplicity therefore poses a challenge when trying to check the reliability and 

comparability of conclusions in RCTs and in meta-analyses (47). 

Although the concept of statistical multiplicity has been keenly debated in the context of single RCTs, 

it has received little attention in the context of systematic reviews with meta-analyses (47). Meta-

analyses are commonly updated when new trials are published, i.e. analyses are repeated on 

accumulating data and significance testing is repeated, which, if done with the conventional p-value 
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criterion (typically two-sided at the 5% significance level), is prone to exacerbate the risk of type I 

error (48) (Figure 2.3). 

 
Figure 2.3. Significance testing for an RCT and for a meta-analysis. 

In the non-sequential RCT there is a single calculation of alpha at the end of the study. In the meta-analysis 
the calculation of alpha is updated each time a new RCT is included. Because the alpha value is ‘spent’ in 4 

analyses, the final alpha value (type I error) is higher than 0.05. 

 

In 2011, Imberger et al. (47) noted that the issue of statistical multiplicity was largely being ignored 

in both Cochrane and non-Cochrane reviews, which would suggest that apparently conclusive meta-

analysis results may be inconclusive (49). Table 2.1 summarizes the main causes of statistical 

multiplicity in systematic reviews. 

Multiple tests of statistical significance may be performed because multiple outcomes of a meta-

analysis are being evaluated or because a meta-analysis includes newly published RCTs. The higher 

probability of type I error (50) is analogous to the increased risk of error present when interim 

analyses are performed for individual trials. 
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Table 2.1. Some causes of statistical multiplicity in systematic reviews. 
Cause Example 

Multiple outcomes Mortality, cardiac event, cerebrovascular disease 

Multiple time points 1 week, 3 months, 6 months, time to event 

Multiple effect measures Dichotomous, continuous 

Subgroup analyses High-risk patients, low-risk patients 

Multiple looks at accumulating data Updated data 

 

Although research syntheses may combine findings from hundreds of studies, they are not immune 

to inflated type I errors when many statistical tests are conducted without adequate control over 

the error rate (50). Figure 2.4 shows, using a logarithmic representation, how the probability of type 

I error increases as the number of statistical tests increases. 

 
Figure 2.4. Type I error probabilities by the number of statistical tests. 

Source: Adapted from Wetterslev 2017 (72). 

 

Tendal et al. (51) found, for 18 of 19 studied meta-analyses, that there was a multiplicity of data in 

at least one trial report within each meta-analysis that frequently resulted in substantial variations 

in the pooled results. 
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As mentioned, the risk of erroneous results due to repeated analyses of accumulating data are well 

recognized for RCTs, for which reason, the CONSORT Statement recommends methods to minimize 

systematic error, one of which is the use of interim monitoring boundaries. However, the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement (www.prisma-

statement.org) does not include any recommendation about how to account for the increased risk 

of systematic error arising from multiple looks at data, and neither does the Cochrane Handbook for 

Systematic Reviews of Interventions (52) in its current version 5.1.0 which, however, is currently 

undergoing a major update, with version 6 planned for release sometime during 2018. 

2.3.3. Reporting: quality and risk of bias 

A number of tools exist to evaluate the risk of bias and the quality of systematic reviews with meta-

analyses, of which the most important are PRISMA, AMSTAR, ROBIS and GRADE, briefly described 

in turn below. 

The PRISMA Statement, published in 2009 to replace a previous tool called QUORUM, aims to 

improve the reporting and critical appraisal of systematic reviews and meta-analyses, although it is 

not recommended for the actual quality assessment of systematic reviews (53). However, in its 27-

item checklist, even though items #15 and #16 address ‘risk of bias’ (publication bias, selective 

reporting, etc.) and ‘additional analyses’ (sensitivity or subgroup analyses, meta-regression), 

respectively, there is no mention – in any item – of the risk associated with type I and II errors in 

meta-analyses. 

AMSTAR (A MeaSurement Tool to Assess Systematic Reviews) (54, 55), published in 2007, assesses 

the quality of systematic reviews via a checklist of 11 items. It is the most frequently mentioned tool 

for assessing systematic review quality (56) and has also recently been validated specifically to 

perform assessments of the methodological quality of systematic reviews in healthcare (57). Like 
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PRISMA, however, AMSTAR does not address how to assess the risk of bias related to type I and II 

errors in meta-analyses. 

The ROBIS (Risk of Bias in Systematic Reviews) tool (58) published in 2016, is considered the first 

rigorously developed specific tool to assess the risk of bias in systematic reviews. Again, however, 

no item refers to the evaluation of type I and II error risk. 

Finally, GRADE (Grading of Recommendations Assessment, Development and Evaluation) (59) is a 

rating system for the quality of evidence and strength of recommendations in guidelines that uses 

several indicators, among them, study limitations, imprecision, inconsistency of results, indirectness 

of evidence and publication bias (60). GRADE is the first quality rating tool that specifically proposes 

a method to evaluate imprecision, namely, optimal information size (OIS), stating as follows: “If the 

optimal information size criterion is not met, rate down for imprecision, unless the sample size is 

very large.” (61). 

2.3.4. Inclusion of truncated trials in meta-analyses 

It has been suggested that the inclusion of tRCTs in meta-analyses could overestimate ES (62). 

Bassler et al. (63) conducted a systematic review investigating the impact of tRCTs on meta-analyses, 

commenting that, when tRCTs are considered, it should be borne in mind that although meta-

analyses should serve to correct overestimates from individual tRCTs, pooled results from currently 

available trials may tend to overestimation. The risk of overestimation will be particularly high when 

the following 3 conditions co-occur: 

1) The tRCTs have a relatively small number of events (e.g. <200). 

2) There is a substantial difference in relative risk (RR) between the tRCTs and the non-tRCTs (e.g. 

RR<0.7). 

3) The tRCTs account for a substantial proportion (>20%) of studies included in the meta-analysis. 
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When all 3 conditions co-occur, Bassler et al. (63) recommend the use of sensitivity analyses that 

include and that exclude tRCTs. However, a subsequent simulation analysis published in 2016 (64) 

recommended not excluding tRCTs from meta-analyses evaluating treatment effects, concluding 

that: “The pooled effects from meta-analyses that include truncated RCTs do not show a problem 

of upward bias even if the truncated RCT freezes future experiments.” 

2.3.5. Big data and real-world evidence 

An important consideration with RCTs is any potential for significant savings in accrual time and 

financial costs (65). Obtaining data has, to date, been complex from the perspective of including 

patients, whether because of restrictive inclusion criteria, extended inclusion periods, ethical 

dilemmas, high costs or little external validity of the data (66). 

However, new technologies are allowing access to large volumes of real-life data, which, provided 

they are analysed correctly, constitute potentially reliable real-world evidence (67). A big data 

scenario — broadly defined as “a new generation of technologies and architectures, designed to 

extract value from large volumes of a wide variety of data by enabling high-velocity capture, 

discovery and analysis” (68) — is coming to the fore in biomedicine that offers potential for 

complementing data from clinical trials. A related concept is real-world evidence, which refers to 

information on healthcare derived from various sources other than traditional clinical research, 

whether electronic health records, billing data, disease registries or even data gathered through 

personal devices and health applications (69). 

The fact that access to real-world evidence is being made possible by current and potential sources 

of information and new statistical approaches to data analysis (70) would suggest that precise 

calculations of sample size may not be so important in the future (71). However, it needs to be borne 
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in mind that vast datasets would also contain a great deal of noise, and this logically, would reduce 

the validity of the data and any conclusions based on them. 

2.4. Optimal information size and sequential design 

2.4.1. Optimal information size 

As pointed out by Wetterslev et al. (72), “most meta-analyses in systematic reviews, including 

Cochrane ones, do not have sufficient statistical power to detect or refute even large intervention 

effects. This is why a meta-analysis ought to be regarded as an interim analysis on its way towards 

a required information size.” Pogue and Yusuf (73, 74), in their 1998 proposal to apply interim 

analysis techniques to meta-analyses, put forward the concept of OIS, to be estimated in a similar 

way to sample size for comparative RCTs. They defined OIS — using the word ‘optimum’ rather than 

‘optimal’ — as follows: “We propose the concept of optimum information size (OIS) as the minimum 

amount of information required in the collective literature for reliable conclusions about an 

intervention to be reached” (73). Since then, several meta-analyses have been published that use 

this methodology or a modified version of it (see, for instance, 75, 76, 78 and 79). 

2.4.2. Sequential design 

The classic frequentist approach to an RCT — called non-sequential design — is to determine the 

number of participants in a study beforehand (fixed sample size). An alternative approach is 

sequential design, in which the total number of participants is not known a priori but is determined 

as the study progresses. In sequential design, statistical analyses are performed periodically and 

new observations are included or the study is terminated depending on the significance of results 

at each analysis point. Sequential design has ethical and financial advantages over non-sequential 

design, as it rationalizes sample size and study duration and is, therefore, potentially more cost-

effective. 
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Although sequential methods were first used for statistical approaches to quality control in 

manufacturing processes from around the 1920s, modern sequential analysis theory is attributed to 

Abraham Wald, who, in a book published in 1947, defined sequential analysis as follows (80): 

Sequential analysis is a method of statistical inference whose characteristic feature is that the 

number of observations required by the procedure is not determined in advance of the 

experiment. The decision to terminate the experiment depends, at each stage, on the results 

of the observations previously made. A merit of the sequential method, as applied to testing 

statistical hypotheses, is that test procedures can be constructed which require, on the 

average, a substantially smaller number of observations than equally reliable test procedures 

based on a pre-determined number of observations (p.1). 

The innovative statistical inference method developed by Wald — initially restricted to wartime 

research and production but released to the public in 1945 (81) — was the sequential probability 

ratio test. This test proved very useful for hypothesis testing, given that it aimed to mitigate the 

increased risk of type I error resulting from repeated testing of a growing number of observations. 

Since it was only suitable for continuous evaluation as new outcomes resulted (i.e. sample size was 

not bounded), this test was eventually specifically adapted for use in RCTs, as in its original format 

it would have required results to be updated every time a new patient was included (80). 

Sequential methods, based on what is called adaptive sampling, have been used in RCTs for over 50 

years (82). A pioneer in the field, particularly for comparative studies, was Peter Armitage (83) who, 

in 1958, wrote that “the number of published reports of clinical trials involving sequential analysis 

could be counted on the fingers of both hands.” In 1975, Armitage published Sequential Medical 

Trials (83), underpinned by the core notion that if, for a comparative study with 2 arms and a two-

sided significance test, a significant alpha level was obtained after each observation or pair of 
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observations, then the trial could be stopped and the difference between the 2 arms reported. Since 

then, numerous methodological articles on sequential design and sequentially designed RCTs have 

been published. 

Since repeated statistical testing increases the risk of type I error, adjustments must be made to 

ensure that the probability is maintained at a pre-specified level (84). The statistical methods used 

in sequential methods therefore must ensure that interim analyses can be performed without 

increasing type I error. 

2.4.3. Group sequential analysis 

The problem with updating data each time a new patient was included in a study led Pocock (85) to 

propose a method called group sequential analysis, based on recruiting patients into equal-sized 

groups so that the decision to stop or continue the trial would be based on the results of significance 

testing of accumulated data after groups of the same size were evaluated. This approach requires 

pre-determination of a maximum number (K) of interim analyses, in such a way that each analysis 

will be performed as soon as a pre-established quantity of data becomes available. For each interim 

analysis a significance level (α') of less than 0.05 (or a specific value, e.g. 0.01) is set. Thus, if no 

significant differences are found in the first interim analysis, the study continues until another group 

of patients of the same size is accrued and the analysis is repeated. If no significant differences are 

found after completing the pre-determined number of interim analyses, then the study ends with a 

negative result (because the alternative hypothesis (H1) is rejected). This approach provided a great 

impetus to sequential methods, mainly because it provided specific guidelines that met 

requirements regarding type I error and statistical power. 

An improvement on the Pocock (85) approach was developed by O’Brien and Fleming (86), who 

proposed the alpha spending function for interim analyses. This spending function was based on a 
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decreasing sequence of alpha values, so that much stronger evidence of an effect would be required 

to stop a trial early. According to this statistical technique, which results in a monotonic curve, data 

are reviewed periodically and the study is terminated early once a treatment proves superior. The 

types of boundaries produced by this alpha spending function were first proposed for equal 

increments of the information fraction (86,87). However, a major drawback with this method when 

applied to meta-analyses is that the number of tests to be performed and the number of patients 

to be evaluated between any 2 analyses has to be decided at the outset (85). 

To overcome these problems, Lan and DeMets (88) described a procedure to compute a flexible 

discrete boundary for each interim analysis that would allow varying numbers of patients, i.e. 

unequal or even unpredictable group sizes. In this approach, an increasing alpha spending function 

is specified that characterizes the rate at which the total alpha is spent. Boundary values are the 

same for all the interim analyses according to the Pocock (85) method, whereas they are different 

for the O’Brien-Fleming method (86). 

Figure 2.5 illustrates the differences between the Pocock (85) and O’Brien-Fleming (86) methods. 

The methods developed by Pocock (85), O'Brien and Fleming (86) and Lan and DeMets (88) have 

been mainly described and used under the frequentist paradigm, but can also be applied, with some 

adjustments, under a Bayesian paradigm (89). 
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Figure 2.5. Comparison of the Pocock and O’Brien-Fleming interim analysis methods. 

Monitoring boundaries are simulated with Fortran software for the following scenario: interim analyses K = 
5 and monitoring boundaries = two-sided symmetric. Note how boundary values for all interim analyses are 

the same for the Pocock method but different for the O’Brien-Fleming method. 
 

2.4.4. Sequential methods in meta-analyses 

Although the application of sequential methods is well established for individual RCTs, this is much 

less the case for meta-analyses. In cumulative meta-analyses that include new trials as they appear, 

therefore, the fact that the effect estimate is updated potentially increases the risk of type I error. 

Several techniques for applying sequential methods to meta-analyses include frequentist methods, 

such as the alpha spending approach (73), trial sequential analysis (72) and Whitehead’s (89) 

triangular test, not to mention other methods, such as the law of the iterated logarithm, stochastic 

curtailment, the semi-Bayes procedure and Bayesian methods (90). 

Lan and DeMets’s (88) alpha spending function can be readily adapted to yield approximate 

monitoring boundaries for cumulative meta-analyses. The fact that the rate at which alpha is spent 

by past decisions while remaining independent of future decisions makes it possible to adapt this 

method to cumulative meta-analyses, given that the number of new RCTs that may be included in 

the future cannot be predicted. 
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As mentioned earlier, Pogue and Yusuf (73,74) proposed using OIS to calculate the number of 

patients required for an adequately powered meta-analysis. To obtain the OIS they calculated the 

alpha value, power, control event rate (CER, i.e. the proportion of control group patients with the 

outcome of interest) and ES (i.e. the quantified size of the difference between treatment groups) — 

but not heterogeneity (i.e. the variation in outcomes between studies). They then calculated the 

two-sided Lan-DeMets monitoring boundaries to obtain the cumulative test statistic Z. If this 

statistic crossed the upper or lower boundary — as illustrated in Figure 2.6 — then an effect could 

be concluded in favour of or against the intervention, respectively (74). 

 
Figure 2.6. O’Brien-Fleming alpha spending function.  

Two-sided symmetric monitoring boundaries, with interim analyses K=10 and an overall significance level of 
0.05. The cumulative Z score (green line) — calculated after each interim analysis of each RCT — crossing the 

upper monitoring boundary (blue) indicates an effect in favour of the intervention. 

 

Whitehead (91), who described a sequential design using the triangular test method, performed 

multiple simulation analyses using fixed-effects and random-effects models, demonstrating that the 

latter will often require more patients than the former, and most especially if the random 

component is large relative to the treatment difference. However, concluding that heterogeneity 

estimation using this method may not be ideal, Whitehead (91) proposed using more sophisticated 

methods, such as the Bayesian approach and a prior distribution. 
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Wetterslev et al. (92), drawing on previous work by Pogue and Yusuf (73,74), used an approach 

called trial sequential analysis, in which the required number of participants is calculated on the 

basis of pre-specified type I and II errors, power, ES and CER; heterogeneity is also included in order 

to adapt this approach to random-effects meta-analyses and Lan-DeMets (88) boundaries are used, 

also adapted for use in random-effects meta-analyses. Wetterslev et al. (93) also developed a 

diversity measure called D2, intended to be comparatively more conservative and less biased than 

the classic inconsistency measure (I2) of heterogeneity. Note in passing, however, that Kulinskaya 

(94) considered both these measures of heterogeneity to be faulty, suggesting that estimates of 

heterogeneity in a random-effects model cannot be considered reliable when the number of trials 

is small. In the trial sequential analysis approach, the cumulative Z-curve is constructed with each 

cumulative Z-value calculated after including a new RCT and the estimated sample size is achieved 

once the Z-curve crosses the upper monitoring boundary (95), as illustrated in Figure 2.7. 

In reality, it can be difficult to know which assumptions are the most appropriate when making OIS 

estimates for meta-analyses (96). One of the main criticisms of OIS estimation in a cumulative meta-

analysis is that it is a ‘moving target’, in that the inclusion of a new trial changes estimates of the 

key CER and heterogeneity parameters (72). 
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Figure 2.7. Upper half of a two-sided trial sequential analysis. 

The blue curve is the upper monitoring boundary and the green, yellow, orange and red curves are 
cumulative Z-curves from 4 different meta-analyses. The black arrow on the right indicates the OIS point. 
The yellow curve crossing Z=1.96 indicates a ‘traditionally’ significant result. The green curve crossing the 
monitoring boundary before reaching the OIS indicates reliable evidence adjusted for random error. The 

orange curve not crossing Z=1.96 indicates the absence of evidence if the OIS is not achieved. The red curve 
not crossing Z=1.96 indicates no pre-defined intervention effect if the OIS is achieved. The monitoring 

boundary moves upwards and to the right as CER decreases, or ES decreases, or heterogeneity increases. 
Source: Adapted from Brok et al., 2008 (41). 

 

In a 2010 study that compared Wetterslev’s trial sequential analysis approach with Whitehead’s 

boundaries approach, Van der Tweel et al. (97) found that the latter generally requires less 

information than the former and also noted that: “(a) the power can be quantified; (b) stopping for 

futility is an option; (c) no (arbitrary) estimate of total information size is necessary beforehand; (d) 

point and interval estimates are adjusted for the multiple testing; and (e) gains in efficiency can be 

achieved, both for efficacy and for futility, and thus ethical and economic benefits can be obtained.” 

A noteworthy problem with trial sequential analysis is that the heterogeneity value (in this case, D2) 

cannot be considered fully reliable. To estimate heterogeneity more effectively in sequential 

random-effects meta-analyses, Higgins et al. (90) adopted a semi-Bayesian approach and used 

Whitehead’s monitoring boundaries. In a simulation analysis, these authors compared 5 different 

methods for estimating heterogeneity, demonstrating that the most balanced and straightforward 
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approach is to use a prior information distribution of heterogeneity with a semi-Bayesian approach, 

as it offers reasonable false positive and coverage properties. These authors also called for further 

research to characterize the degree of heterogeneity that can be anticipated in meta-analyses with 

particular clinical and methodological features (81). 

Most sequential methods require a lower p-value for earlier analyses than for later analyses. Shuster 

et al. (98) defended — as being relatively more aggressive towards early stopping — using Pocock’s 

(85) approach for sequential meta-analyses, given that the p-value required for stoppage is the same 

for each look if the sequential nature of the looks is ignored. The same authors also argued against 

methods like those of Wetterslev (95) and Higgins et al. (90), because they violated the independent 

increment premise in that a decrease in total information may be observed even as trials are added. 

They concluded in favour of the Pocock (85) approach — with carefully planned increments of 

studies — as a robust method for conducting a prospective group sequential meta-analysis of a 

series of RCTs (98). 

Contrasting with all previous such methods based on frequentist and semi-Bayesian approaches, 

Spence et al. (99) — demonstrating the potential of their approach by conducting a simulation study 

— used a fully Bayesian sequential meta-analysis with a prior information distribution of 

heterogeneity and with ES parameters and stopping decisions or recommendations based on 

posterior probabilities calculated directly from the ES posterior distribution. 

Frequentist methods mainly have limitations regarding the estimation of heterogeneity, especially 

at the outset of the meta-analysis. However, the drawback with fully Bayesian approaches is the 

lack of direct control over type I and II errors that is a feature of traditional frequentist methods. 

Nonetheless, Bayesian treatment of heterogeneity and ES remains a good alternative to balancing 

conclusions regarding effect, futility and the need for further RCTs. 
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2.5. Software 

Many different methods for performing sequential meta-analyses and calculating information size 

are available and, likewise, several different softwares are available that range from specifically 

designed software to standard online sample size calculators (some with no option for including 

heterogeneity as a parameter). 

TSA (Trial Sequential Analysis) is a specific software created by the Copenhagen Trial Unit (CTU). 

Applying the O'Brien-Fleming (95) method, it calculates the required information size for a meta-

analysis based on either a random-effects or fixed-effects model. It allows for inclusion of the 

heterogeneity parameter as either I2 or D2 (93). It also calculates boundaries and produces graphical 

representations as output (Figure 2.8). 

 
Figure 2.8. TSA software output. 

The cumulative Z-curve (indicated in blue) crossing the upper boundary (red) indicates that the meta-
analysis results are conclusive. The boundary below the upper boundary (also red) indicates the futility area. 
The blue line crossing this second boundary indicates that there is sufficient information to confirm that the 
intervention is not effective. The lower part of the graph represents the control group. The blue line crossing 

the boundary (red line) in the futility area indicates that there is sufficient information to confirm that the 
control group intervention is not effective. The blue line crossing the second boundary (red line) in this area 

indicates that there is sufficient information to confirm that the control group intervention is effective. 
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For STATA (www.stata.com), a standard data analysis and statistical software, Miladinovic et al. 

(100) described a new command, metacumbounds, to estimate trial sequential monitoring 

boundaries in cumulative meta-analyses. Their approach is based on the Lan-DeMets method for 

estimating sequential boundaries for individual RCTs and the ldbounds package applied in R 

statistical software. Using the STATA software and the metan command, metacumbounds plots the 

Lan-DeMets bounds, Z-values and p-values obtained from both fixed-effects and random-effects 

cumulative meta-analyses. 
PEST (Planning and Evaluation of Sequential Trials; www.mps-research.com/PEST), developed by 

John Whitehead, simulates sequential RCTs to illustrate how a trial might proceed under various 

user-specified conditions. It calculates stopping rules and performs a series of interim analyses, at 

each of which the trial might be stopped and a conclusion drawn. However, although still available 

for use, updates to this software have been stopped due to a lack of finance for the project. 

R (from the R Project for Statistical Computing; www.r-project.org) is an open-source software 

environment and programming language for statistical computing and graphics that has been used 

for semi-Bayesian and fully Bayesian sequential meta-analyses. Higgins et al. (90) wrote the function 

to perform analyses using the semi-Bayesian approach and Spence et al. (99) wrote the function to 

perform fully Bayesian analyses. 

2.6. Literature gaps and hypothesis generation 

Systematic reviews with meta-analyses are crucial to decision making in healthcare and to suggest 

directions for future research. Nonetheless, the literature review highlights the fact that meta-

analysis results are often inconclusive or even questionable due to problems of power and related 

statistical issues. Although OIS estimation is a possible approach to improving the decision-making 
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value of meta-analyses, there is a substantial evidence gap regarding the most appropriate approach 

to applying this methodology.  

Specific gaps in the current literature addressed in this thesis are listed as follows: 

• There is no agreed, standardized method for calculating sample size for meta-analyses. 

• There is no agreed, standardized method for calculating the statistical parameters with 

dichotomous outcomes necessary to estimate OIS, namely, CER, ES and heterogeneity. 

• The approach to OIS estimation is not well developed for continuous outcomes. 

• Few existing studies evaluate published meta-analyses that include OIS estimates in terms of 

their characteristics and methods. 

• Little is known regarding opinions and perceptions of OIS estimates by systematic review and 

meta-analysis guideline developers. 

The above gaps in knowledge of OIS are addressed in this thesis as follows: 

1.  The lack of knowledge regarding OIS use is addressed by a literature search for Cochrane and 

non-Cochrane systematic reviews with meta-analyses (Chapter 3). 

2.  The lack of knowledge regarding opinions and perceptions of OIS estimates is addressed by 

means of surveys of developers of guidelines for systematic reviews with meta-analyses and 

of systematic review authors (Chapters 3 and 6). 

3.  The lack of information regarding the statistical parameters and values used to calculate OIS 

is addressed by analysing the impact of the 3 main parameters — CER, ES and heterogeneity 

— necessary to calculate OIS in published systematic reviews with meta-analyses (Chapters 4 

and 5). 
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Chapter 3. Optimal information size in published 

meta-analyses 

Overview 

Objectives: To determine the frequency of optimal information size (OIS) estimates in published 

systematic reviews with meta-analyses and Cochrane policy regarding OIS and how this has 

changed over time, to assess awareness and perceptions of Cochrane Review Groups (CRGs) 

regarding OIS estimates and to describe systematic reviews with meta-analyses that include OIS 

estimates. 

Background: No data have been published to date on the number of meta-analyses 

incorporating OIS estimates nor is it known what Cochrane policy is regarding the use of OIS 

estimates. 

Methods: Medline was systematically searched for systematic reviews with meta-analyses 

published between 2006 and 2015 that included OIS estimates and the main statistical 

assumptions used were extracted and analysed. All 53 CRGs were surveyed in 2010 and again in 

2016 and responses were analysed to determine awareness and perceptions of OIS estimation 

in meta-analyses. 

Results: A total of 117 systematic reviews with meta-analyses that included OIS estimates were 

analysed, of which almost half originated in Denmark. Most reported values for type I and II 

errors, power and effect size but fewer than half reported values for the control event rate and 

heterogeneity. Overall, only a small proportion of meta-analyses published annually included 

OIS estimates (0.4%), although recent years have seen a clear upward trend. Regarding the 

survey of CRGs, 53% and 87% of respondents in 2010 and 2016, respectively, stated having heard 

of OIS in a meta-analysis context; however, no increase was observed in absolute terms. Only 

11% and 13% of respondents in 2010 and 2016, respectively, stated that their CRG had a policy 

regarding the inclusion of OIS estimation in their meta-analyses. 
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Conclusion: In meta-analyses that estimate OIS, statistical assumptions used vary greatly, which 

would suggest that consensus or guidelines are necessary regarding these assumptions. Only a 

small number of CRGs have a specific policy regarding OIS estimates and this number has largely 

remained constant over the period of the study. In absolute terms, from the findings of this 

research it cannot be confirmed conclusively that there is a growing interest in the inclusion of 

OIS estimates in meta-analyses. 

 

3.1. Introduction 

In 1997, Pogue and Yusuf (1) proposed adapting classical monitoring boundaries for use in 

cumulative meta-analysis as “guidelines for deciding when accumulating evidence is statistically 

significant and medically convincing”. Two further articles from 2008 — by Wetterslev J et al. 

(2). and Brok J et al. (3) — reinforced that proposal to incorporate OIS estimates in meta-

analyses. In 2011, the GRADE (Grading of Recommendations Assessment, Development and 

Evaluation) Working Group (www.gradeworkinggroup.org) recommended estimating OIS for 

meta-analyses as an additional precision measure to the use of confidence intervals (4). 

The parameters necessary to calculate OIS are similar to those used to calculate sample size for 

a randomized controlled trial (RCT), namely, the alpha, beta and power values, effect size (ES) 

— typically expressed as relative risk reduction (RRR) — and the control event rate (CER). 

However, as documented in Chapter 2, given likely differences in RCTs included in a meta-

analysis, inclusion of the heterogeneity parameter, usually expressed as the inconsistency 

measure I2 or as the diversity measure D2, is also recommended by Wetterslev et al. (5). 

There appears to be an implicit agreement to use the values 5%, 20% and 80% for type I error, 

type II error and power, respectively, for OIS estimates (4,5). However, to my knowledge, no 

consensus document or explicit recommendations have been published regarding numeric 

values for CER, ES and heterogeneity. If meta-analyses include OIS calculations based on 

different sets of, and different values for, statistical assumptions, their reliability and 
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comparability will be undermined. For this reason, it was necessary to explore the literature to 

determine what statistical parameters and numeric values were used for OIS estimates in 

published meta-analyses. 

Cochrane (http://www.cochrane.org), which aims to ensure that existing evidence is reliable 

and up-to-date, has published guidelines regarding the minimization of bias (6). Established in 

1993, Cochrane is the world’s largest organization producing systematic reviews of healthcare 

interventions, which are published in the Cochrane Database of Systematic Reviews, part of the 

Cochrane Library online platform. Cochrane reviews, as they are commonly known, are indexed 

in Medline (7). Cochrane’s benchmark publication, The Cochrane Handbook for Systematic 

Reviews of Interventions (6), disseminates and highlights the importance of systematic reviews 

and meta-analyses in healthcare by including guidelines and methodologies for their 

preparation and performance (8,9). 

Such is the Cochrane reputation — at the forefront as it is of fostering the use of suitable 

methods for conducting systematic reviews — that its opinions and recommendations are 

widely accepted within the systematic reviewer community. However, Cochrane policy 

regarding the use of OIS estimates is unknown. Therefore, identifying trends in Cochrane 

approaches to OIS might help understand how OIS is used at the worldwide level. 

Since no data have been published to date on the number or origin of meta-analyses 

incorporating OIS estimates, the first objective of this chapter is to analyse the frequency of OIS 

estimates in published Cochrane and non-Cochrane reviews. The second objective is to assess 

awareness and perceptions of Cochrane Review Groups (CRGs) regarding OIS estimates in 

Cochrane reviews. A final objective is to describe the published meta-analyses that applied OIS 

estimates. 
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3.2. Methods 

3.2.1. Literature search 

Identification 

Since Cochrane reviews represent but a small proportion of all systematic reviews published (9), 

it was necessary to include other systematic reviews in this analysis in order to accurately 

determine frequency of OIS use in all types of reviews, regardless of origin. 

Medline — a biomedical database of some 24 million journal citations from more than 5,600 

scholarly journals published around the world (10) — was systematically searched electronically 

via PubMed for indexed systematic reviews with meta-analyses that included OIS estimates 

(referred to, in the interest of brevity, as meta-analyses with OIS estimates in what remains of 

this chapter) published in the 10-year period 1 January 2006 to 31 December 2015. The year 

2006 was selected because an article from that year by Bollen et al. (11) seemed to represent a 

reliable reference and starting point, although admittedly, any categorical claim that 2006 was 

the year of publication of the first such meta-analysis is risky, as the fact that previously 

published such articles have not been identified does not mean that they do not exist. 

Used for the search was the Medical Subject Heading (MeSH) ‘meta-analysis [pt]’ and, as free-

text terms, ‘systematic review’ and — reflecting the different terms used for the concept of 

calculating the sample size required for an adequately powered study — ‘trial sequential 

analysis’, ‘optimal information size’, ‘optimum information size’ and ‘required information size’. 

The reference lists of the retrieved articles were further searched manually to identify other 

relevant studies for inclusion in the initial sample. 

In order to be able to calculate frequency of use of OIS estimates, Medline was again 

systematically searched electronically via PubMed for all indexed systematic reviews with meta-
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analyses (with and without OIS estimates) published in the same 10-year period. Two search 

strategies were used: 

(1)  A simple low-sensitivity search strategy using the MESH terms ‘meta-analysis [pt]’ and the 

free-text term ‘systematic review’. 

(2)  An advanced search strategy in the form of a validated high-sensitivity strategy designed 

for PubMed, as reproduced below: 

 
(systematic review [ti] OR meta-analysis [pt] OR meta-analysis [ti] OR 
systematic literature review [ti] OR this systematic review [tw] OR 
pooling project [tw] OR (systematic review [tiab] AND review [pt]) OR meta 
synthesis [ti] OR meta-analy*[ti] OR integrative review [tw] OR 
integrative research review [tw] OR rapid review [tw] OR umbrella review 
[tw] OR consensus development conference [pt] OR practice guideline [pt] 
OR drug class reviews [ti] OR cochrane database syst rev [ta] OR acp 
journal club [ta] OR health technol assess [ta] OR evid rep technol assess 
summ [ta] OR jbi database system rev implement rep [ta]) OR (clinical 
guideline [tw] AND management [tw]) OR ((evidence-based[ti] OR evidence-
based medicine [mh] OR best practice* [ti] OR evidence synthesis [tiab] 
AND 
(review [pt] OR diseases category[mh] OR behaviour and behavior mechanisms 
[mh] OR therapeutics [mh] OR evaluation studies[pt] OR validation 
studies[pt] OR guideline [pt] OR pmcbook)) 
OR 
(systematic [tw] OR systematically [tw] OR critical [tiab] OR (study 
selection [tw]) OR (predetermined [tw] OR inclusion [tw] AND criteri* 
[tw]) OR exclusion criteri* [tw] OR main outcome measures [tw] OR standard 
of care [tw] OR standards of care [tw]) 
AND 
(survey [tiab] OR surveys [tiab] OR overview* [tw] OR review [tiab] OR 
reviews [tiab] OR search* [tw] OR handsearch [tw] OR analysis [ti] OR 
critique [tiab] OR appraisal [tw] OR (reduction [tw]AND (risk [mh] OR risk 
[tw]) AND (death OR recurrence))) 
AND 
(literature [tiab] OR articles [tiab] OR publications [tiab] OR 
publication [tiab] OR bibliography [tiab] OR bibliographies [tiab] OR 
published [tiab] OR pooled data [tw] OR unpublished [tw] OR citation [tw] 
OR citations [tw] OR database [tiab] OR internet [tiab] OR textbooks[tiab] 
OR references [tw] OR scales [tw] OR papers [tw] OR datasets [tw] OR 
trials [tiab] OR meta-analy* [tw] OR(clinical [tiab] AND studies [tiab]) 
OR treatment outcome [mh] OR treatment outcome [tw] OR pmcbook)) 
NOT (letter [pt] OR newspaper article [pt]) 
 
(https://www.nlm.nih.gov/bsd/pubmed_subsets/sysreviews_strategy.html; updated February 2017). 

To identify all exclusively Cochrane reviews (with and without OIS estimates), Medline was again 

systematically searched electronically via PubMed for articles published in the same 10-year 

period, using the journal name, i.e. ‘Cochrane Database Syst Rev [Jour]’. 

The automated online PubMed indexing tool was used to analyse publication trends in terms of 

the number of systematic reviews and meta-analyses published by year (12). 
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Inclusion/exclusion criteria 

Titles and abstracts of the articles in the initial sample were screened according to 3 inclusion 

criteria: meta-analyses or systematic reviews, in any language, that evaluated any medical or 

surgical intervention used for treatment or prevention. Meta-analyses of diagnostic techniques 

were excluded. For articles potentially meeting the inclusion criteria, full texts were retrieved 

and assessed for their eligibility. 

Data extraction 

Apart from the meta-data that identified articles, data were identified by screening the methods 

section and, if necessary, the results section. Extracted data (12 variables) were as follows: 

author(s), country of origin, year of publication, journal title and primary outcome (5 variables); 

statistical assumptions regarding type I error, type II error, power, CER and ES for dichotomous 

outcomes, heterogeneity (6 variables); and, finally, software used to estimate OIS (1 variable). 

The country of origin was defined as the country of residence of the first author. The primary 

outcome (dichotomous or continuous or both) was considered as the outcome described as such 

by the author or, if not stated explicitly, the first-listed outcome in the methods. As for the 

statistical assumptions, identified were whatever parameters were reported and their values, if 

provided; identified specifically in relation to heterogeneity was whether this was reported and 

the measure used (I2 or D2 or another measure). In the case that more than one value was used 

for a variable, the most restrictive value was selected for the analysis (e.g. if alpha values of 1% 

and 5% were used, then 1% was included in the analysis and 5% was ignored). 

Data analysis 

Data for the 12 variables were saved in a customized Microsoft Excel spreadsheet and analysed 

and graphed using Excel and R software. Data were tabulated and frequencies, means and 

standard deviations were calculated. The results were also represented in graphs, mainly bar 

charts. The frequency of OIS estimates was represented in 3 ways: (a) as high-sensitivity 
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frequency, obtained as the number of meta-analyses with OIS estimates divided by the total 

number of candidate reviews identified in the high-sensitivity search; (b) as low-sensitivity 

frequency, obtained as the number of meta-analyses with OIS estimates divided by the total 

number of candidate reviews identified in the low-sensitivity search; and (c) as Cochrane 

frequency, obtained as the number of Cochrane reviews with OIS estimates divided by the total 

number of candidate Cochrane reviews identified. 

3.2.2. Survey 

Study population 

Since the Cochrane Collaboration has led the methodological development of systematic 

reviews, it was considered to be particularly important to obtain the opinions of different CRGs, 

in particular, regarding policy — if any — on the use of OIS estimates for their meta-analyses. 

CRGs support Cochrane’s primary organizational function — the preparation and maintenance 

of systematic reviews — by providing editorial support to authors of Cochrane reviews. 

Cochrane Methods Groups (CMGs) were not consulted in this survey because they do not 

directly provide support to review authors. 

The survey questionnaire, consisting of just 4 questions, was designed to be brief and simple in 

an endeavour to obtain a high response rate. The questions essentially aimed to determine 

whether CRGs were aware of or familiar with the OIS methodology and whether they had any 

specific policy regarding OIS. The survey was designed, tested, piloted, modified and retested 

using a random sample of 5 CRGs. The final questionnaire was sent by email to all CRGs (n=53), 

addressed to the contact person mentioned in the webpage of each CRG 

(www.cochrane.org/contact/review-groups). To compare awareness and perceptions of OIS 

estimates over time, the questionnaire was sent twice, in December 2010 and again in 

December 2016 (the second time using Google Forms, in compliance with new Cochrane 
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Collaboration rules for addressed surveys). An email reminder was sent in March 2011 and 2017 

and again in April 2011 and 2017 to all CRGs that had not responded. 

Ethical approval was not required for an email/online survey limited to CRGs. 

Questionnaire 

The questionnaire consisted of the following 4 questions on OIS (3 dichotomous questions and 

1 multiple-choice question allowing more than one answer): 

Q1. Have you heard or used the terms “trial sequential analysis” or “optimal information size” within the context of a systematic review?  Yes/No 
Q2. Does your CRG consider that this or a similar methodology for determining the required number of participants in a systematic review is appropriate?  

Yes/No 
Q3. Does your CRG have a policy regarding the calculation of a minimal level of information (number of trials/participants) for your systematic reviews?  

Yes/No 
Q4. If your CRG does not use/recommend this methodology to reviewers, what is the reason?  

a. The methodology is poorly developed. b. The reviewers are not familiar with the methodology. c. We are considering using the methodology. d. Other (specify). 
Data extraction 

Data on responses to the survey questionnaire were entered in a Microsoft Excel spreadsheet. 

All responses were coded to ensure confidentiality and that no data could be linked to any 

particular CRG. 

To identify reviews associated with the 53 CRGs, Medline was systematically searched 

electronically via PubMed for Cochrane reviews published in 2010 and in 2016 (the 2 years 

corresponding to the 2 phases of the survey). The following search terms were used: ‘Cochrane 

Database Syst Rev [Jour]’, ‘optimal information size’, ‘trial sequential analysis’ and ‘required 

information size’. 
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Data analysis 

The responses from the survey were analysed descriptively. Frequencies and percentages were 

calculated for the quantitative data and results were tabulated and depicted as graphs (mainly 

bar charts) using Microsoft Excel software. 

3.3. Results 

3.3.1. Literature search 

Meta-analyses with OIS estimates 

A total of 171 potentially relevant meta-analyses were identified in the initial search, of which a 

final set of 117 was selected as meeting the inclusion criteria. Figure 3.1 depicts the 

identification-to-inclusion flowchart. A descriptive list of the 117 included meta-analyses is 

provided in the Appendix (Table A3.1). 

Year of publication and country of origin 

Figure 3.2 depicts year of publication of meta-analyses with OIS estimates, showing a clear 

differentiation between the subperiods 2006-2009 and 2010-2015 within the study period. A 

clear rising trend from 2010 is evident and also notable is the fact that 2015 alone accounts for 

almost a third (31%) of all meta-analyses with OIS estimates published in the 10-year period 

2006-2015. 
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Figure 3.1. Flowchart depicting the literature search. 

 

 
Figure 3.2. Year of publication of meta-analyses with OIS estimates. 
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Table 3.1 shows distribution by country of origin and by year between 2006 and 2015. Denmark 

accounted for almost all meta-analyses with OIS estimates published in the first subperiod 

(2006-2009) and for 43.6% published in the second subperiod (2010-2015). Again, notable is the 

fact that 2015 witnessed a considerable increase in both the publication and internationalization 

of meta-analyses with OIS estimates. In terms of worldwide distribution by country, Denmark 

accounted for nearly half of all meta-analyses with OIS estimates published in the study period 

(n=51; 43.6%), followed by China (n=17; 14.5%) and then by the UK and the USA (each n=6; 

5.1%). 

Table 3.1. Meta-analyses with OIS estimates by country of origin and year. 

Country 2006-09 2010 2011 2012 2013 2014 2015 2010-15 Total 

Denmark 5 7 9 6 10 7 7 46 51 
China - - 1 1 1 4 10 17 17 
UK - - - 1 1 2 2 6 6 
USA - - 2 - 3 - 1 6 6 
Canada - 1 2 - 1 - 1 5 5 
Italy - - - - 2 2 - 4 4 
Netherlands 1 - - - 1 - 2 3 4 
Serbia - - 1 3 - - - 4 4 
Brazil - - - - - 1 2 3 3 
Germany - - - - 1 - 2 3 3 
Venezuela - - - 1 - - 2 3 3 
Australia - - - - - - 2 2 2 
Croatia - - - - - 2 - 2 2 
Ecuador - - - 1 - - 1 2 2 
Chile - - - - - - 1 1 1 
Japan - - - - - - 1 1 1 
Lebanon - 1 - - - - - 1 1 
Mexico - - - - - - 1 1 1 
Norway - - - - - - 1 1 1 
Totals: 
- meta-analyses 
- countries 
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Outcome types 

Primary outcomes were mostly dichotomous outcomes (n=102; 87.2%), followed by continuous 

outcomes (n=14; 12%). Studies that reported both continuous and dichotomous outcomes as 

co-primary outcomes (n=1; 0.8%) were minimally represented. 

Statistical assumptions 

Table 3.2 summarizes the 6 possible statistical assumptions used in the published meta-analyses 

with OIS estimates. Type I and II error, power and ES were reported in most meta-analyses, but 

heterogeneity was only reported in around half (57.3%) and CER in under a quarter (23.5%). The 

value ranges were narrow for the type I and II errors and power assumptions but broad for the 

ES, CER and heterogeneity assumptions. Table 3.3 summarizes the exact values used for type I 

and II errors and power, with most meta-analyses using a type I error of 5% and a power of 80%. 

A small number of meta-analyses (fewer than 10%) did not report the type I error and power 

values. 

Table 3.2. Meta-analyses with OIS estimates reporting specific parameters and values. 

 Reported Value range Mean (SD) 
Type I error 110 (94%) 1-5% - 
Type II error 107 (91.4%) 10-25% - 
Power 107 (91.4%) 75-90% - 
ES* 93 (79.5%) 2.5-90 20 (12.2) 
CERǂ 24 (23.5%) 1-85 29 (23.7) 
Heterogeneity 67 (57.3%) - - 

*ES was recorded only for systematic review with dichotomous outcomes. 
ǂCER can only be calculated when a meta-analysis reports a dichotomous outcome, hence n=102. 

 
Table 3.3. Statistical assumptions reported in meta-analysis with OIS estimates. 

Type I error Power 

1% 5% NR 75% 80% 90% NR  
5 (4.3%) 105 (89.7%) 7 (6%) 1 (0.8%) 92 (78.6%) 14 (12%) 6 (5.1%) 

NR: not reported. 
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Journals 

A total of 37 different scientific journals published the 117 meta-analyses with OIS estimates 

included in the analysis (see Table A3.2 in the Appendix for the full list), with nearly three 

quarters publishing just a single such study (n=25; 67.6%). Cochrane reviews published in the 

Cochrane Database of Systematic Reviews accounted for nearly 40% of these meta-analyses 

(n=43; 36.7%), followed by the BMJ (n=10; 8.5%), PLoS One (n=10; 8.5%) and Intensive Care 

Medicine (n=8; 6.8%).  

A total of 7 different CRGs published the 43 Cochrane reviews (see Table A3.3 in the Appendix 

for the full list). Just 2 CRGs, namely, the Hepato-Biliary Group and Anaesthesia, Critical and 

Emergency Care Group, accounted for three quarters (n=32; 74.5%) of the Cochrane reviews; 

interestingly, both these CRGs are based in Denmark. The remaining 5 CRGs are based in the 

United Kingdom (Heart Group and Injuries Group), Germany (Metabolic and Endocrine Disorders 

Group), Australia (Kidney and Transplant Group) and Canada (Upper Gastrointestinal and 

Pancreatic Diseases Group). 

Software 

A total of 92 (78.6%) meta-analyses reported the software used to estimate OIS, with all those 

reporting this information using TSA, a software developed by the Copenhagen Trial Unit (CTU; 

www.ctu.dk). 

OIS frequency 

Frequency of use of OIS estimates depended on the search strategy — high-sensitivity or low-

sensitivity — used to retrieve systematic reviews with meta-analyses published annually. Thus, 

annual frequency was below 0.1% and below 0.3% according to the high-sensitivity and low-

sensitivity strategies, respectively, except for 2011. As for frequency of OIS use in Cochrane 

reviews, this was below 0.8% except for 2009 (Table 3.4). 
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Table 3.4. OIS frequency in meta-analyses by search strategy 2006-2015. 

 High-sensitivity search Low-sensitivity search Cochrane review search 

Year n With OIS Freq (%) n With OIS Freq (%) n With OIS Freq (%) 
2006 11552 1 0.008656 2338 1 0.04277 578 0 0 

2007 12882 1 0.007762 2596 1 0.03852 750 0 0 

2008  14151 3 0.0211999 2778 3 0.10799 572 1 0.17482 

2009 15263 1 0.0065517 3244 1 0.03082 650 1 1.53846 

2010 17554 9 0.0512703 3934 9 0.22877 779 3 0.38510 

2011 19625 15 0.0764331 486 15 3.08642 757 4 0.52840 

2012 22834 13 0.0569326 6567 13 0.19795 1022 9 0.88062 

2013 25786 20 0.0775614 8207 20 0.24369 1088 9 0.82720 

2014 29456 18 0.0611080 9701 18 0.18554 955 7 0.73298 

2015 32367 36 0.1112243 10717 36 0.33591 1039 9 0.86621 

2006-
2015* 20147 

 
11.7 0.04786 5056.8 

 
11.7 0.44983 

 
693 4.3 0.59338 

*Mean values. 
 



Chapter 3. Optimal information size in published meta-analyses   
 

77 
 

Figures 3.3 and 3.4 show publication trends for the study period (2006-2015) for all meta-

analyses and for Cochrane reviews, respectively, with and without OIS estimates. In both cases, 

the number of published meta-analyses has grown steadily, whereas the number of meta-

analyses with OIS estimates continues to be but a small proportion of all meta-analyses. 

 
Figure 3.3. Meta-analyses with OIS estimates published 2006-2015 by search strategy (ln values). 

 

 

 
Figure 3.4. Cochrane reviews with OIS estimates published 2006-2015. 

n=6930 Cochrane reviews; n=43 Cochrane reviews with OIS estimates (ln values). 
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3.3.2. Survey 

Response rates 

Table 3.5 summarizes response rates for the 2 rounds of the survey (2010 and 2016). For 2010, 

36 of 53 (68%) CRGs completed the questionnaire after 3 contacts. Of the non-responders (n=17; 

32%), 9 (17%) did not respond to any emails, 6 (11.3%) responded but did not return the 

questionnaire and 2 (3.7%) indicated having a non-specific non-response policy regarding non-

Cochrane surveys. For 2016, 15 of 53 (28.3%) CRGs completed the questionnaire after 3 contacts 

and over half (n=38; 67.8%) did not respond to the survey. 

Table 3.5. Response rates from CRGs (n=53) for the 2010 and 2016 surveys. 

Year Contact Total response rate 
1st 2nd 3rd Yes No 

2010 12 16 8 36 (68%) 17 (32%) 
2016 9 6 0 15 (28.3%) 38 (67.8%) 

 

Responses to Q1-Q3 

Response rates for the dichotomous (yes/no) questions (Q1-Q3) are summarized in Figure 3.5. 

Regarding Q1 — “Have you heard or used the terms “trial sequential analysis” or “optimal 

information size” within the context of a systematic review?” — just over half (n=19; 52.8%) of 

CRG respondents for the 2010 survey and over three quarters (n=13; 86.7%) of CRG respondents 

for the 2016 survey responded in the affirmative. 

Regarding Q2 — “Does your CRG consider that this or a similar methodology for determining the 

required number of participants in a systematic review is appropriate?” — 14 (38.9%) CRGs for 

the 2010 survey and 8 (53.3%) CRGs for the 2016 survey answered in the affirmative. Four 

anomalous answers for 2010 that were incorrectly completed, despite a request for clarification, 

were excluded. 
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Finally, Regarding Q3 — “Does your CRG have a policy regarding the calculation of a minimal 

level of information (number of trials/participants) for your systematic reviews?” — the 

proportion of affirmative responses was low: 4 (11.1%) CRGs for the 2010 survey and 2 (13.3·%) 

CRGs for the 2016 survey. No response was received to follow-up email requests for 

documentation on this policy. One anomalous answer for 2010 was excluded. 

 
Figure 3.5. CRG response rates for Q1-Q3 in the 2010 and 2016 surveys. 

Q1: “Have you heard or used the terms “trial sequential analysis” or “optimal information size” within 
the context of a systematic review?” 

Q2: “Does your CRG consider that this or a similar methodology for determining the required number of 
participants in a systematic review is appropriate?” 

Q3: “Does your CRG have a policy regarding the calculation of a minimal level of information (number of 
trials/participants) for your systematic reviews?” 

 

Responses to Q4 

In response to the question (which allowed multiple answers), “If your CRG does not 

use/recommend this methodology to reviewers, what is the reason?” (Table 3.6), for the 2010 

survey there was a total of 28 responses. Single answers (n=28) by CRGs were as follows: 4 

(11.1%) that the methodology was poorly developed (option a), 9 (25%) that reviewers were not 

familiar with the methodology (option b), 1 (2.8%) that the methodology was under consideration 

(option c) and 14 (38.9%) ‘other’ (option d). Multiple answers (n=4) by CRGs were as follows: a+b, 

2 (11.1%); and a+d and b+d, 1 (2.8%) each. Additionally, 4 CRGs that responded to Q1-3 did not 

respond at all to Q4. 
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For the 2016 survey there was a total of 19 responses. Answers were as follows: 2 (15.4%) that 

the methodology was poorly developed, 4 (30.8%) that reviewers were not familiar with the 

methodology, 3 (23.1%) that the methodology was under consideration and, finally, 10 (76.9%) 

‘other’, but without including any comment. As can be observed in Table 3.6, a significantly larger 

proportion of CRGs that responded to the questionnaire were considering using the OIS 

methodology in 2016 compared to 2010 (Q4c). Some pertinent comments in response to why 

CRGs did not use or recommend OIS are reproduced in Table 3.7 (and are discussed in Section 

3.4.2). 

Table 3.6. CRG response rates for the different response options for Q4. 

Response options Q4 2010 2016 
a: the methodology is poorly developed 4 (11%) 2 (15%) 
b: not familiar with the methodology 9 (25%) 4 (31%) 
c: the methodology is under consideration 1 (2.8%) 3 (23.1%) 
d: other 14 (38.9%) 10 (77%) 
Total 28 19 

 
Table 3.7. Comments in response to Q4d. 

Reasons why CRGs do not use/recommend OIS 
“Some of the research in our area involves small samples.” 

“We try not to restrict the review.” 
“We do not require a minimal number of trials/participants; however, reviewers should 

discuss the effect of a possible lack of power.” 
“We are not prescriptive about methodology.” 

“We take what evidence we can find.” 

Referring only to the subset of Cochrane reviews, of 425 and 912 such reviews published in 2010 

and 2016, respectively, just 3 (1%) and 14 (1.5%) reported OIS estimates in the corresponding 

years. 
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3.4. Discussion 

3.4.1. Literature search results 

Although the first article proposing the use of OIS in meta-analyses was published by Pogue and 

Yusuf in 1997 (1), uptake of this methodology was initially slow, as indicated by the fact that 

very few meta-analyses with OIS estimates were published before 2010; there were just 6, for 

instance, in the 4-year period 2006-2009. However, 2010 marked a turning point, as 9 meta-

analyses with OIS estimates were published that year. The period 2011-2015, moreover, was 

marked by a clear upward trend, with a total of 102 such meta-analyses published (ranging from 

13 in 2012 to 36 in 2015). Of the 117 meta-analyses with OIS estimates published between 2006 

and 2015 that were included in this 10-year study, 95% were published in the second half of that 

period and more than a quarter (30.8%) were published in 2015 alone. 

The country of origin was Denmark for nearly half (43.6%) of the 117 meta-analyses with OIS 

estimates included in this study, followed by China (14.5%). In the initial years, in fact, such 

meta-analyses were almost exclusively accounted for by a single research group — CTU — based 

in Denmark; in the period 2006-2009 and in the year 2010, this group accounted for 83.3% and 

almost 87.5% of these meta-analyses, respectively. Thereafter, on average over the 5-year 

period 2011-2014, Denmark accounted for between 40% and 60% of all meta-analyses with OIS 

estimates. By 2015, although Denmark’s share had dropped to 20% (7 studies), it still was a 

predominant publisher of meta-analyses with OIS estimates, but now sharing leadership with 

China (10 studies). Of the remaining 19 studies in 2015, countries accounting for 5 or more 

studies each were the UK, USA and Canada. 

It would appear, therefore, that use of OIS estimates in meta-analyses is becoming more 

internationalized: whereas only 2 countries accounted for such studies in 2006-2009, by 2015, 

15 different countries had produced meta-analyses with OIS estimates, 3 times more than the 

number corresponding to 2011 (5 countries). 
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In a breakdown by CRGs, almost three quarters of Cochrane meta-analyses were published by 

just 2 groups, both based in Denmark: the Hepato-Biliary Group and the Anaesthesia, Critical 

and Emergency Care Group. Particularly prolific and an early adopter of OIS estimation was the 

Hepato-Biliary Group, associated with the researcher Christian Gluud, who, as a member of the 

CTU, actively promotes uses of the TSA software, as does Arash Afshari of the Anaesthesia, 

Critical and Emergency Care Group. Therefore, this suggests that OIS estimation is not widely or 

evenly used by CRGs in their systematic reviews. Furthermore, when we consider the overall 

number of meta-analyses published annually (both Cochrane and non-Cochrane), use of the OIS 

estimation methodology is anecdotal.  

Overall publication frequency of meta-analyses with OIS estimates ranged between just under 

0.1% and 3%, depending on the search strategy used (high-sensitivity and low-sensitivity 

strategies, respectively). As for the subgroup of Cochrane reviews, the estimated frequency was 

under 0.8% except for a single year, 2009, when frequency was 1.5%. 

Regarding the statistical assumptions used to estimate OIS in the meta-analyses included in this 

study, type I and type II error, power and ES (mainly reported as RRR) were reported in about 

90% of the studies, whereas heterogeneity and CER were only reported in around half and under 

a quarter of the studies, respectively. Thus, for a significant proportion of the studies, no explicit 

information has been provided regarding the methods used to calculate CER and heterogeneity, 

and, in some cases, it is not known if heterogeneity was even included as an assumption in 

estimating OIS. However, since some meta-analyses reported having used TSA software, we 

could assume — without being absolutely certain — that heterogeneity was included, given that 

this software, by default, applies a value for I2 or D2. Poor reporting of systematic reviews — 

even when the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; 

www.prisma-statement.org) checklist is used — has been discussed in a recent study (13) and 

in several older studies (14-16), pointing to a situation that obviously limits or renders impossible 

any attempt to replicate the methodology. 
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The range of values used for type I and II errors and power was narrow, with around 90% of the 

studies using a type I error value of 5% and around 80% using a power value of 80%. For CER, ES 

and heterogeneity, the range of values — when reported — was understandably much broader, 

because such parameters are determined for each meta-analysis and not according to a fixed 

and commonly accepted parameter (as happens with type I/II errors and power). 

Nonetheless, greater debate is necessary on how to select appropriate values for CER, ES and 

heterogeneity assumptions. One option is to use mean or median values as reported in the RCTs 

included in the meta-analysis; another option is to use mean values corresponding to only high-

quality RCTs (2,3). Heterogeneity assumptions are especially controversial, first in relation to 

whether this parameter should be included at all in OIS estimates (5,17), but also regarding how 

to determine the heterogeneity level (18) and specific heterogeneity value (19,20). Li et al. have 

reported that the inconsistency measure (I2) may be unstable (21). Other authors propose that 

heterogeneity should be calculated on the basis of only large RCTs with a greater weight in the 

meta-analysis (22). Given such issues, it would seem that a broad scientific discussion about the 

implications and selection of these statistical assumptions is necessary. 

It is interesting to note that just over 50% of the meta-analyses with OIS estimates were 

published in only 3 journals, one of which is rated as among the top 5 medical journals in the 

world, namely, the BMJ. Also noteworthy is the fact that, even though Cochrane Database 

Systematic Reviews accounts for a high proportion of meta-analyses with OIS estimates, no 

explicit guidelines are provided for reviewers regarding OIS calculation. 

3.4.2. Survey results 

As can be observed in the analysis of published meta-analyses with OIS estimates, most (40%) 

were published in Cochrane Database Systematic Reviews. As indicated in Chapter 2, the 

Cochrane Collaboration is an international benchmark in promoting high-quality systematic 

reviews of healthcare interventions and in developing methodologies for inclusion in its 
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reference guide, namely, The Cochrane Handbook for Systematic Reviews of Interventions. For 

this reason, it was considered necessary to consult all 53 CRGs regarding their policy, if any, on 

the use of OIS estimates in their reviews. 

The response rate for the first survey of CRGs, conducted in 2010, was close to 70%, quite a high 

rate for a survey conducted via email (23). The non-response bias was, correspondingly, 30%. 

For the survey conducted in 2016, the response rate, at just over 28%, was much lower, even 

though strategies for improving responses from electronic surveys were used, such as sending 

up to 3 reminders, personalizing emails and stating the average survey completion time (24). 

The reasons for this poor response are possibly related to a new Cochrane Collaboration policy 

that limits direct contact with CRGs. 

Based on the responses to the 4 questions in the survey, the percentage of groups that had 

heard of OIS estimation (Q1) was substantially higher in 2016 than in 2010 (86.7% vs. 52.8%); 

likewise, the percentage of CRGs that were considering using OIS estimates (Q2) was also higher 

in 2016 than in 2010 (53.3% vs. 38.9%). One possible explanation for the increased proportion 

of affirmative responses over time is that the response rate to the second survey was much 

lower, as can be observed in an analysis of absolute numbers rather than percentages.  

Regarding the availability of a policy on OIS estimates (Q3), responses were very similar for 2010 

and 2016 (around 14%). Nonetheless, no CRG has, to date, officially published its policy on OIS 

estimation.  

Finally, as for the reasons why OIS estimates were not used or recommended (Q4), response 

rates were similar for 2010 and 2016. 

Some CRG comments (see Table 3.7 above) clarifying why OIS estimates were not used are 

addressed as follows. The comment that “Some of the research in our area involves small 

samples” may reflect RCTs involving rare diseases. Nonetheless, it may still be of use to have 

information on OIS to contrast with what information is available, even though it should be 
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borne in mind that CER, for instance, could be small. Regarding the comments “We try not to 

restrict the review” and “We take what evidence we can find”, these are more difficult to 

interpret, as having a greater information size is likely to lead to greater precision in estimates. 

A similar, more amplified comment was “We do not require a minimal number of 

trials/participants; however, reviewers should discuss the effect of a possible lack of power”. Yet 

frequently encountered as a conclusion to a review is that there is insufficient evidence to be 

able to make a firm recommendation. The use of OIS, however, by contributing information on 

statistical power could support more precise recommendations regarding the evidence. It could 

also provide information on whether a meta-analysis requires a larger sample size to ensure 

adequate power or could support a conclusion regarding inefficacy for a meta-analysis that 

surpassed OIS. Another comment — “We are not prescriptive about methodology” — reflects 

the fact that CRG recommendations are not mandatory, yet Cochrane Collaboration 

recommendations are adhered to by many review authors. 

3.4.3. Limitations 

Regarding limitations to the literature search, one issue is how meta-analyses that included 

estimates of OIS were identified, as the nature of electronic searching is such that some such 

reviews may not have been detected. It is possible that the various information size search terms 

used may not have identified all studies that included this estimate. That said, the impact is likely 

to be minimal, as the terminology used is probably quite stable within the relatively small OIS 

community. Another possible limitation is that only the Medline database was searched and not 

any other databases, e.g. Embase. Nonetheless, this limitation is not absolute as the evidence 

would suggest that there is a high degree of duplication between these major databases (25). 

Another limitation is in relation to the estimated frequency of use of OIS estimates in meta-

analyses — a limitation, in fact, that is inherent to the sensitivity and precision of electronically 

conducted searches. However, the fact of having conducted a high-sensitivity search and a low-
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sensitivity search may indicate a more precise range for the exact number of meta-analyses 

indexed by Medline in the 10-year study period. 

A limitation regarding the survey was that the questionnaire was not validated but was merely 

tested using a pilot group representing under 10% of CRGs. Another limitation was the poor 

response rate in 2016 (around 28%) compared to 2010 (close to 70%). This is probably explained 

by the introduction, in the intervening years, of a more restrictive policy regarding CRG 

participation in non-Cochrane Collaboration surveys. Thus, in 2010, CRGs were contacted 

directly and responded directly, whereas in 2016, due to the new policy, all contact was through 

a central office, so it was not possible to ascertain whether reminders had been sent to individual 

CRGs. A final limitation regarding the survey was that the fact that responses in 2010 were not 

anonymous and so may have induced bias on the part of the CRGs. 

3.4.4. Implications for research and unanswered questions 

Given the variability that exists in how OIS estimates are arrived at, to ultimately enhance the 

reproducibility and comparability of meta-analysis findings, further research is required into the 

statistical assumptions underlying OIS estimates and into how to determine CER, ES and 

heterogeneity values. 

Regarding the authorship of reviews with OIS estimates (both Cochrane and non-Cochrane), it 

would be useful to conduct an analysis based on the mining of author relationship networks 

(26), so as to verify whether a relevant number of authors belong to a set of closely linked 

research groups.  

Although the use of OIS in relation to the total number of published reviews still remains 

anecdotal, there has been an evident rising trend since 2010, with 2015 alone accounting for 

almost a third (31%) of meta-analyses with OIS estimates published in the 10-year period 2006-

2015. Given the growing interest in OIS, it would seem necessary for a benchmark body like 

Cochrane or PRISMA to provide explicit recommendations on OIS estimates, and more 
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specifically, regarding what statistical parameters to include and how to calculate them. A 

complementary initiative could be to include a description of OIS calculation in PROSPERO 

(International Prospective Register of Systematic Reviews; www.crd.york.ac.uk/prospero), 

which records features from review protocols to be maintained as a permanent record, thereby 

enabling a comparison of completed reviews with what was planned in the corresponding 

protocols. Also useful would be the inclusion of these recommendations in journal editorial 

policies and in instructions for authors. 

Regarding the software used, OIS estimation represents an area to be further developed, given 

that the included meta-analyses mainly used TSA software, developed by the CTU in Denmark, 

which, as the source of many early meta-analyses with OIS estimates, has made an important 

contribution to increasing knowledge and improving understanding of the OIS concept. 

However, TSA adopts a frequentist approach, so it would be of interest to see the development 

of software that could be used for Bayesian and semi-Bayesian approaches. Another important 

consideration is the quality of graphic output, which is a drawback of the TSA software. R, for 

instance, produces excellent graphs and could be adapted to OIS estimation (27). 

In relation to the CRG survey for 2016, it would be useful to re-run it — provided a higher 

response rate could be ensured — for comparison with the results from 2010, for which the 

response rate was close to 70%. This could be done in partnership with the Cochrane 

Collaboration or, preferably, could be promoted to CRGs and run directly by the Cochrane 

Collaboration. It would also be useful to include the CMGs in the survey so as to be able compare 

and analyse differences in responses from CRGs and CMGs. 

3.4.5. Implications for practice 

Despite limitations — such as the ‘moving target’ phenomenon, whereby as a meta-analysis is 

updated with new studies, the number of patients required to obtain a reliable response varies 

— OIS estimation has attracted growing interest in the last decade, as indicated by the growth 
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in the absolute number of published meta-analyses that include OIS estimates. This interest is 

also reflected in the inclusion of OIS estimation as a GRADE recommendation. 

Although OIS will vary depending on the statistical assumptions used, most widely used 

assumptions from published RCTs and reviews can be used, namely, alpha, beta and power 

values of 5%, 20% and 80%, respectively — although there is a case for using more conservative 

values (1%, 10% and 90%, respectively). Regarding CER, ES and heterogeneity values, however, 

it is not possible to make any definitive recommendation. However, it is proposed that 

distinguishing between different scenarios, e.g. between high-quality and low-quality RCTs, 

could be a useful starting point. 

3.5. Conclusions 

Although OIS estimates are increasingly being used in meta-analyses, the number of such meta-

analyses is just a fraction of all meta-analyses published annually (less than 1%). Use of certain 

statistical assumptions, particularly regarding CER, ES and heterogeneity, is arbitrary, for which 

reason, further debate and research in this area is necessary. 

3.6. Chapter summary 

• A growing number of meta-analyses that include OIS estimates have been published in the 

last decade, with 2010, in particular, marking the beginning of a very notable rising trend. 

• Despite the increase in the absolute number of meta-analyses with OIS estimates, 

frequency of OIS use is still very low in both Cochrane reviews and non-Cochrane reviews 

(less than 1%). 

• No consensus exists in the systematic review community regarding the statistical 

assumptions and values to be used in OIS estimates. 

• OIS is a practical approach to sample size calculation that would potentially enhance the 

reliability and comparability of meta-analysis findings. 
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• The proportion of CRGs that have heard of the term OIS is high and has grown between 

2010 and 2016. 
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Chapter 3. Appendix 

 
Table A3.1. Meta-analyses with OIS estimates published 2006-2015 (n=117). Note: For ES, the percentages refer to RRR unless otherwise indicated. 

 
Author, year, journal, 
country 
 

 
Outcome 

 
Type I error Type II error Power 

 
CER ES 

 
Heterogeneity Software 

Phan, 2015, 
International Journal of 
Cardiology, Australia. 
 

Dichotomous 5% 20% 80% - 50.5% - - 

Schwendicke, 2015, 
Journal of Dentistry, 
Denmark. 
 

Dichotomous 5% 20% 80% - 20% D2 TSA v0.9 

Serpa, 2015, Best 
Practice & Research 
Clinical 
Anaesthesiology, 
Brazil. 
 

Dichotomous 1%, 5% 20% 80% - 16.5%, 29.0% - TSA v0.9 

Phan, 2015, 
International Journal of 
Cardiology, Australia. 
 
 

Dichotomous 5% 20% 80% 17.1% 20% - TSA v0.9 
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Claudius, 2015, 
Systematic reviews, 
Denmark. 
 

 
Dichotomous 5% 20% 80% 

 
- 20% D2 

 
TSA v0.9 

Manzano-Robleda, 
2015, Annals of 
hepatology, Mexico. 
 

Dichotomous 5% 20% 80% - 32% - TSA 

Allingstrup, 2015, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% 32% 18% - TSA v0.9 

Kuriyama, 2015, 
Intensive Care Med, 
Japan. 
 

Dichotomous 5% 20% 80% - 20% - TSA v0.9 

Koster, 2015, Intensive 
Care Med, 
Netherlands. 
 

Dichotomous 5% 10% 90% - 10%, 20% D2 TSA v0.9 

Beitland, 2015, 
Intensive Care Med, 
Norway. 
 

Dichotomous 5% 20% 80% 13% 20% - TSA v0.9 

Volbeda, 2015, 
Intensive Care Med, 
Netherlands. 
 

Dichotomous 5% 10% 90%, 80% - 10%, 20% D2 TSA v0.9 

Gu, 2015, Intensive 
Care Med, China. 
 

Dichotomous 5% 20% 80% - 20% D2 TSA v0.9 

Zampieri, 2015, Critical 
care, Brazil. 

Dichotomous 5% 20% 80% 37.5% 20% D2 TSA v0.9 
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Zhang, 2015, Critical 
care, China. 
 

Dichotomous - - - - - - - 

Holst, 2015, BMJ, 
Denmark. 
 

Dichotomous 5% 20% 80% - 15%, 50% D2 TSA v0.9 

Zhang, 2015, BMJ, 
China. 

Dichotomous 
 
 

5% 20% 80% 30% 15% - TSA v0.9 

Ker, 2015, BMJ, United 
Kingdom. 
 

Dichotomous 5% 10% 90% 40% 15% I2 = 75% TSA v0.9 

Rios-Castellanos, 2015, 
Cochrane Database 
Syst Rev, Chile. 
 

Dichotomous 5% 20% 80% - 20% D2 TSA v0.9 

Bangalore, 2015, Circ 
Cardiovasc Interv, USA. 
 

Dichotomous 5% 20% 80% - 25% - TSA v0.9 

Fairfield, 2015, 
Cochrane Database 
Syst Rev, United 
Kingdom. 
 

Dichotomous 5% 20% 80% - 20% D2 TSA v0.9 

Gluud, 2015, Cochrane 
Database Syst Rev, 
Denmark. 
 

Dichotomous 5% 20% 80% 25% 5% I2 = 17% TSA v0.9 

Gu, 2015, Journal of 
Thoracic Disease, 
China. 
 

Dichotomous 5% 20% 80% 7.9% 20% - TSA v0.9 
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Wang, 2015, J Neurol 
Neurosurg Psychiatry, 
China. 

Dichotomous 5% 20% 80% 37.7% - I2 = 23% TSA v0.9 

Zhang, 2015, PLoS
One, China. 
 

Dichotomous - 25% 75% 30% 20% - TSA v0.9 

Schwendicke, 2015, 
PLoS One, Germany. 
 

Dichotomous 5% 20% 80% - 20% - TSA v0.9 

Egerup, 2015, PLoS
One, Denmark. 
 

Dichotomous 5% 20% 80% - 20% D2 TSA v0.9 

Marti-Carvajal, 2015, 
Cochrane Database 
Syst Rev, Venezuela. 
 

Dichotomous 5% 20% 80% - 20% D2 TSA v0.9 

Marti-Carvajal, 2015, 
Cochrane Database 
Syst Rev, Venezuela. 
 

Dichotomous 5% 20% 80% - 20% D2 TSA v0.9 

Wu, 2015, Oncotarget, 
China. 
 

Dichotomous 5% 20% 80% - - - TSA v0.9 

Tian, 2015, Medicine, 
China. 
 

Continuous 5% 20% 80% - - - TSA v0.9 

Isayama, 2015, JAMA 
Pediatr, Canada. 
 

Dichotomous - - - - 20% - - 

Simancas-Racines, 
2015, Cochrane 
Database Syst Rev, 
Ecuador. 
 

Dichotomous 5% 20% 80% 9.3 25% - TSA v0.9 
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Tang, 2015, The 
Pharmacogenomics 
Journal, China. 
 

Continuous 5% 20% 80% - - - TSA v0.9 

Weis, 2015, Cochrane 
Database Syst Rev, 
Germany. 

Dichotomous 5% 20% 80% - 20 D2 TSA v0.9 

Wetterslev, 2015, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% 15.7% 20% D2 TSA v0.9 

Wang, 2015, J Neurol 
Neurosurg Psychiatry, 
China. 
 

Continuous 5% 20% 80% - 10%, 30% - TSAv0.9 

Aranha, 2014, 
Intensive Care Med, 
Brazil. 
 

Dichotomous 1%, 5% 10% 90% 36% 20% - TSA 

Bennett, 2014, 
Cochrane Database 
Syst Rev, 
United Kingdom. 
 

Dichotomous 5% 20% 80% 10% 30% - TSA 

Bjelakovic, 2014, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% - 5% D2 TSA 

Hauser, 2014, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% - 20% D2 TSA 
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Hauser, 2014, 
Cochrane Database 
Syst Rev, Croatia. 
 

Dichotomous 5% 10% 90% 50% 10% D2 TSA 

Imberger, 2014, British 
Journal of Anaesthesia, 
Denmark. 
 

Continuous 5% 10% 90% - 10%, 20% D2 TSAv0.9 

Jiang, 2014, Cancer 
investigation, 
China. 
 

Dichotomous 5% 20% 80% - 20% - - 

Kimer, 2014, Aliment 
Pharmacol Ther, 
Denmark. 
 

Dichotomous 5% 20% 80% - - D2 TSA 

Krag, 2014, Intensive 
Care Med, Denmark. 
 

- - - - - - I2 and D2 TSA 

Li, 2014, PLoS One, 
China. 
 

Dichotomous 
Continuous 

5% 20% 80% - 20% I2 TSAv0.9 

Maratea, 2014, Clinical 
Nutrition, Italy. 
 

Dichotomous 5% 20% 80% - 25% - TSA 

Nikolova, 2014, 
Cochrane Database 
Syst Rev, Denmark. 

Dichotomous 5% 20% 80% - 20% D2 TSA 

Patel, 2014, BMJ,
United Kingdom. 
 

Continuous 5% 20% 80% - 10% D2 TSAv0.9 
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Penninga, 2014, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% - 20% D2 TSA 

Penninga, 2014, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% - 20% D2 TSA 

Piccolo, 2014, PLoS
One, Italy. 
 

Dichotomous 5% 20% 80% - 20%, 35% and 
50% 

- TSAv0.9 

Pin Chen, 2014, J Clin 
Gastroenterol, 
China. 
 

Dichotomous 5% 20% 80% - - - TSA 

Zhu, 2014, Intensive 
Care Med, China. 
 

Dichotomous 5% 20% 80% - 20% I2 and D2 TSA 

 
Albalawi, 2013, 
International Journal of 
Cardiology, Canada. 
 

 
Dichotomous 5% 20% 80% 

 
- 25% 

HAIS, 
multiplying 

the previously 
calculated 
required 

information 
size by 1/(1-

I2), I2 
represent the 

observed 
heterogeneity 
in the meta-

analysis 

TSA v0.9 

Bjelakovic, 2013,
PLoS One, Denmark. 
 

Dichotomous 5% 20% 80% 10% 5% D2 TSA 
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Chiarotti, 2013, Int J 
Cardiol, Italy. 
 

 
Dichotomous 5% 20% 80% 

- 33%, 66% - None 
explained 

Gioia, 2013, Int J 
Cardiol, Italy. 
 

Dichotomous 5% 20% 80% - 20% 0% TSA v0.9 

Gluud, 2013, The 
Journal of Nutrition, 
Denmark. 
 

Dichotomous 5% 20% 80% 27% 65% 51% TSA 

Haase, 2013, BMJ, 
Denmark. 
 

Dichotomous 5% 20% 80% - 11%, 20%, 
35% 

D2 TSA 

Hemmingsen, 2013, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% - 
 

10% and 30% D2 TSA 

Hemmingsen, 2013, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% - 10% D2 TSA 

Koretz, 2013, Cochrane 
Database Syst Rev, 
USA. 
 

Dichotomous 5% 20% 80% 1% - - - 

Koning, 2013, PLoS 
One, Netherlands. 
 

Dichotomous 5% 20% 80% - 20% - TSA 

Krag, 2013, Acta 
Anaesthesiol Scand, 
Denmark. 
 

Dichotomous 5% 20% 80% 16% 30% 16% D2 TSA 
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Miladinovic, 2013, 
Contemporary Clinical 
Trials, USA. 
 

Continuous 5% - - - 10%, 15%, 
20% 

D2 None 
explained 

Miladinovic, 2013, 
Journal of Clinical 
Epidemiology, USA. 
 

Dichotomous 5% 20% 80% - 
 

15% 1/1-D2 None 
explained 

Penninga, 2013, 
Cochrane Database 
Syst Rev, Denmark. 

Dichotomous 5% 20% 80% - 20% included 
studies with 
low risk of 

bias 

I2 TSA 

Penninga, 2013, 
Cochrane Database 
Syst Rev, Denmark. 

Dichotomous 5% 20% 80% - 20% or the 
observed in 
the included 
studies with 
low risk of 

bias 

D2 TSA 

Penninga, 2013, 
Cochrane Database 
Syst Rev, Denmark. 

Dichotomous 5% 20% 80% - 20% or the 
observed in 
the included 
studies with 
low risk of 

bias 

I2 TSA 

Uthman, 2013, BMJ, 
United Kingdom. 
 

Continuous 
 

1% 10% 90% - - D2 TSAv0.9 

Weis, 2013, 
Cochrane Database 
Syst Rev, Germany. 

Dichotomous 5% 20% 80% - 20% or the 
observed in 
the included 

trials with 
low risk of 

bias 

D2 TSA 



Chapter 3. Optimal information size in published meta-analyses   
 

102 
 

Wikkelso, 2013, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% - - - - D2 TSA 

Xia, 2013, Cochrane 
Database Syst Rev, 
China. 

Dichotomous 5% 20% 80% - 10% RRR or 
the observed 

in the 
included 

studies with 
low risk of 

bias 

D2 TSA 

Bjelakovic, 2012, 
Cochrane Database 
Syst Rev, Serbia. 
 

Dichotomous 5% 20% 80% - 5%  D2 TSA 

Fang, 2012, 
Cochrane Database 
Syst Rev, China. 

Dichotomous 5% 20% 80% - 20% - TSAv0.9 

Gluud, 2012, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% - 25%  I2 = 47% - 

Hemmingsen, 2012, 
BMJ, Denmark. 
 

Dichotomous 5% 20% 80% - 30%  D2 TSAv0.8 

Irving, 2012, 
Cochrane Database 
Syst Rev, United 
Kingdom. 
 

Dichotomous 5% 20% 80% - 90%  I2 TSA 
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Jakobsen, 2012, 
Journal of Affective 
Disorders, Denmark. 
 

Continuous 5% 10% 90% - Minimal 
relevant 

difference of 
2 points on 
the HDRS 

- TSA v0.9 

Jakobsen, 2012, 
Psychological 
Medicine, 
Denmark. 

Continuous 5% 20% 80% - Minimal 
relevant 

difference of 
2 points on 
the HDRS or 
4 points on 

the BDI 

- - 

Martí-Carvajal, 2012, 
Cochrane Database 
Syst Rev, Ecuador. 
 

Dichotomous 5% 20% 80% - 20%  D2 TSA 

Martí-Carvajal, 2012, 
Cochrane Database 
Syst Rev, Venezuela. 
 

Dichotomous 5% 20% 80% - 60%  D2 TSA 

Moller, 2012, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% Assum
ed 

propor
tion of 
events 

30%  - TSA 

Rudic, 2012, 
Cochrane Database 
Syst Rev, Serbia. 
 

Dichotomus 5% 20% 80% - 20% D2 TSAv0.9 
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Rudic, 2012, 
Cochrane Database 
Syst Rev, Serbia. 

Continuous 5% 20% 80% - Minimal 
relevant 

difference of 
half a 

standard 
deviation 

D2 TSA 

Thiele, 2012, Aliment 
Pharmacol Ther, 
Denmark. 
 

Dichotomous 5% 20% 80% - - - - 

Afshari, 2011, 
Anesthesia-
Analgesia, 
Denmark. 
 

Dichotomous 5% 20% 80% - 10% A priori 
heterogeneit

y adjusted 

TSA 

Afshari, 2011, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% - 20%  D2 TSAv0.8 

Bangalore, 2011, 
Arch Neurol, USA. 
 

Dichotomous 5% 20% 80% - 20%  D2 TSA 

Bangalore, 2011, 
BMJ, USA. 
 

Dichotomous 5% 10%-20% 80% - 
90% 

- 2.5%, 7.5%, 
10%, 20% 

D2 TSA 

Hemmingsen, 2011, 
BMJ, 
Denmark. 
 

Dichotomous 5% 20% 80% - 10%  D2 TSA 

Jakobsen, 2011, PLoS 
One, Denmark. 

Continuous 5% 10% 90% - Minimal 
relevant 

- - 
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 difference of 
2 points on 
the HDRS 

Jakobsen, 2011, PLoS 
One, 
Denmark. 
 

Continuous 5% 20% 80% - Minimal 
relevant 

difference of 
2 points on 
the HDRS or 
4 points on 

the BDI 

- - 

Jakobsen, 2011, PLoS 
One, 
Denmark. 

Continuous 
Dichotomous 

5% 10% 90% - Continuous: 
Minimal 
relevant 

difference of 
2 points on 
the HDRS 

Dichotomous
: 30% 

 

- - 

Mills, 2011, 
European Heart 
Journal, Canada. 
 

Dichotomous 1% 20% 80% 5.5% 20% - - 

Nielsen, 2011, 
International Journal 
of Cardiology, 
Denmark. 
 

 
Dichotomous 

- - - - - D2 TSA v0.9 
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Oliveri, 2011, 
Cochrane Database 
Syst Rev, Denmark. 

Dichotomous 5% 20% 80% 80%  10%  D2 TSAv8.03 

Rudic, 2011, 
Cochrane Database 
Syst Rev, Serbia. 
 

Dichotomous 5% 20% 80% - - D2 TSA 

Wells, 2011, CMAJ, 
Canada. 
 

Dichotomous - - - - - - Lan-
DeMets 

Wikkelsoe, 2011, 
Acta Anaesthesiol 
Scand, Denmark. 
 

Continuous 5% 20% 80% - - D2 - 

Xia, 2011, Cochrane 
Database Syst Rev, 
China. 

Dichotomous 5% 20% 80% - 20% or the 
observed in 
the included 
studies with 
low risk of 

bias 

D2 TSA 

Afshari, 2010, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% - 10%  - TSAv0.8 

Afshari, 2010, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% - - - 10%  - TSAv0.8 
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Brok, 2010, Aliment 
Pharmacol Ther, 
Denmark. 
 

Dichotomous 5% 20% 80% 85% 10%  I2 TSAv0.8 

Brok, 2010, 
Cochrane Database 
Syst Rev, Lebanon. 
 

Dichotomous 5% 10% 90% - 10% - - 

Gluud, 2010, Aliment 
Pharmacol Ther, 
Denmark. 
 

Dichotomous 5% 20% 80% - - - - 

Huusom, 2010, 
International Journal 
of Obstetrics and 
Gynaecology, 
Denmark. 
 

Dichotomous 1%, 5% 
 

10% 90% 5% 25%  - - 

Keus, 2010, Journal 
of Clinical 
Epidemiology, 
Denmark. 
 

Dichotomous 5% 20% 80% - 20% - TSA 

Penninga, 2010, Eur J 
Clin Pharmacol, 
Denmark. 
 

Dichotomous 5% 20% 80% - 20%  - - 

Whitfield, 2009, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% - 20%  - TSA 
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Afshari, 2008, 
Cochrane Database 
Syst Rev, Denmark. 
 

Dichotomous 5% 20% 80% - 5%  - - 

Moller, 2008, 
European Heart 
Journal, Denmark. 
 

Dichotomous 5% 20% 80% - 20%  - TSA 

Rambaldi, 2008, 
Aliment Pharmacol 
Ther, 
Denmark. 

Dichotomous 5% - - - 20% or the 
observed in 
trials with 
low risk of 

bias 

- - 

Afshari, 2007, BMJ, 
Denmark. 
 

Dichotomous 5% 20% 80% - 10% - - 

Bollen, 2006, 
Epidemiology, 
Netherlands. 

Dichotomous - - - - - - - 
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Table A3.2. Meta-analyses with OIS estimates published in scientific journals (n=37) 2006-2015. 
Journal n (%) 

1. Cochrane Database Systematic Reviews 43 (36.7) 
2. British Medical Journal (BMJ) 10 (8.5) 
3. PLoS One 10 (8.5) 
4. Intensive Care Medicine 8 (6.8)
5. Alimentary Pharmacology & Therapeutics 5 (4.2) 
6. International Journal of Cardiology 4 (3.4) 
7. Acta Anaesthesiologica Scandinavica 2 (1.7) 
8. Critical Care 2 (1.7) 
9. European Heart Journal 2 (1.7) 
10. International Journal of Cardiology 2 (1.7) 
11. Journal of Clinical Epidemiology 2 (1.7) 
12. Journal of Neurology, Neurosurgery, and Psychiatry | 2 (1.7)
13. Anesthesia & Analgesia 1 (0.85) 
14. Annals of Hepatology 1 (0.85) 
15. Archives of Neurology 1 (0.85) 
16. Best Practice and Research Clinical Anaesthesiology 1 (0.85) 
17. British Journal of Anaesthesia 1 (0.85) 
18. Cancer Investigation 1 (0.85) 
19. Circulation: Cardiovascular Interventions 1 (0.85) 
20. Clinical Epidemiology 1 (0.85) 
21. Clinical Nutrition 1 (0.85) 
22. Canadian Medical Association Journal 1 (0.85) 
23. Contemporary Clinical Trials 1 (0.85) 
24. Epidemiology 1 (0.85) 
25. European Journal of Clinical Pharmacology 1 (0.85) 
26. International Journal of Obstetrics and Gynaecology 1 (0.85) 
27. Journal of Clinical Gastroenterology 1 (0.85)
28. Journal of the American Medical Association Pediatrics 1 (0.85) 
29. Journal of Affective Disorders 1 (0.85) 
30. Journal of Dentistry 1 (0.85) 
31. Journal of Thoracic Disease 1 (0.85) 
32. Medicine 1 (0.85) 
33. Oncotarget 1 (0.85) 
34. Psychological Medicine 1 (0.85) 
35. Systematic Reviews 1 (0.85)
36. Journal of Nutrition 1 (0.85) 
37. Pharmacogenomics Journal 1 (0.85) 
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Table A3.3. CRGs that published systematic reviews with OIS (n=43) 2006-2015. 
Cochrane Review Group n (%) 
Hepato-Biliary Group 24 (55.8) 
Anaesthesia, Critical and Emergency Care Group 8 (18.7) 
Heart Group 3 (7) 
Metabolic and Endocrine Disorders Group 3 (7) 
Injuries Group 2 (4.6) 
Kidney and Transplant Group 2 (4.6) 
Upper Gastrointestinal and Pancreatic Diseases Group 1 (2.3) 
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Chapter 4. Impact of heterogeneity and effect size on 

optimal information size estimates 

Overview 

Objectives: To estimate the proportion of systematic reviews with meta-analyses that meet the 

optimal information size (OIS) and assess the impact of heterogeneity and effect size (ES) on the OIS 

estimate by outcome type (all-cause mortality/semi-objective/subjective). 

Background: OIS estimation is influenced by variables such as the control event rate, ES and 

heterogeneity. However, because there is no consensus regarding these parameters, the 

assumptions are difficult to define in advance. 

Methods: Medline and the Cochrane Collaboration Archie Database were searched to retrieve 

meta-analyses published in systematic reviews from 2010 to 2012. The OIS, estimated using TSA 

v0.9 software, was stratified by Cochrane and non-Cochrane reviews and outcome type for 3 

different heterogeneity scenarios. 

Results: Included were 137 (63%) meta-analyses from 218 potential systematic reviews (one meta-

analysis per systematic review): 83 (61%) Cochrane and 54 (39%) non-Cochrane. The Cochrane and 

non-Cochrane reviews included a mean of 6.5 (SD 6.1) studies and 13.2 (SD 10.2) studies, 

respectively. The mean (SD; median) number of patients was 2619.1 (6245.8; 586.0) in Cochrane 

reviews and 19888.5 (32925.7; 6566.5) in non-Cochrane reviews. The percentage of Cochrane and 

non-Cochrane reviews (respectively) achieving OIS were as follows: 0% and 25% for all-cause 
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mortality; 17% and 46% for semi-objective outcomes; and 45% and 72% for subjective outcomes. 

OIS estimates incorporating heterogeneity could be calculated from the formula for the regression 

line, bearing in mind the outcome type evaluated in the review.  

Conclusions: The results point to wide variability in the range of values for ES and heterogeneity 

that impact on OIS calculation, irrespective of meta-analysis source (Cochrane or non-Cochrane). 

The number of meta-analyses that achieved OIS was low and varied depending on outcome type 

and review type (Cochrane vs non-Cochrane). Fewer than half of the primary outcomes synthesized 

in systematic reviews achieved OIS, which could indicate that their conclusions are subject to 

substantial uncertainty. 

 

Note. An earlier version of this chapter has been published as: Garcia-Alamino JM, Bankhead C, 
Heneghan C, Pidduck N, Perera R. Impact of heterogeneity and effect size on the estimation of the 
optimal information size: analysis of recently published meta-analyses. BMJ Open. 2017 Nov 
8;7(11): e015888. doi: 10.1136/bmjopen-2017-015888. 
 

 

4.1. Introduction 

The concept of optimum information size (OIS) was first proposed in 1997 by Pogue et al. (1,2) as 

“the minimum amount of information required in the collective literature for reliable conclusions 

about an intervention to be reached”. OIS estimates are based on standard sample size calculations. 

Thus, the required number of participants (information size) for a meta-analysis should match the 

number required for any individual adequately powered randomized controlled trial (RCT) (3). 

Although other measures of information size have been proposed (4,5), estimating OIS is relatively 

simple, but, in some scenarios, will underestimate the information required to determine whether 

or not sufficiently firm evidence has been obtained that enable robust conclusions (6). Brok et al. 

demonstrated, for a subset of Cochrane reviews, that many meta-analyses have false positive 
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results due to insufficient information (3), while Turner et al. showed that most meta-analyses do 

not have sufficient power to identify even moderate effects (7,8). 

Sample size and OIS calculation are influenced by variables such as the alpha value and statistical 

power, as well as baseline risk (the control event rate, CER), effect size (ES, usually expressed as 

relative risk (RR) or relative risk reduction (RRR)) and heterogeneity (usually expressed as I2). 

Deciding which values to use can be difficult and is typically based on values observed or estimated 

from the meta-analysis or one of the included RCTs. Increased variation can also affect the OIS 

esimate, and there is currently no consensus about which value of heterogeneity should be used. 

An OIS estimate can help determine the stability of an effect and whether treatment effect 

estimates are likely to differ based on further information. However, it is difficult to define in 

advance and there is no consensus regarding the alpha (significance) or power value to be used at 

the outset. 

Since it is not currently known whether evidence accumulation and the associated OIS depend on 

the type of outcome studied or whether this varies by publication type (Cochrane or non-Cochrane 

review), the objective of this chapter was to estimate the proportion of systematic reviews with 

meta-analyses that meet the optimal information size (OIS) and to assess the impact of 

heterogeneity and ES on the OIS estimate by outcome type (all-cause mortality/semi-

objective/subjective). 

4.2. Methods 

4.2.1. Literature search 

Two sets of systematic reviews with meta-analyses were defined: Cochrane and non-Cochrane. For 

Cochrane reviews, the Archie Database (http://archie.cochrane.org) — which contains all Cochrane 
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published reviews and allows electronic searches — was searched for systematic reviews with meta-

analyses published in the period 2010-2012; the Microsoft Excel random number generation feature 

was then used to select 120 of these reviews for inclusion in the study. For non-Cochrane reviews, 

Medline (PubMed) was searched for all systematic reviews with meta-analyses published in the top 

5 general medical journals in 2010-2012 using the following search strategy: "BMJ"(Journal) OR "Ann 

Intern Med"(Journal) OR "JAMA"(Journal) OR "Lancet"(Journal) OR "N Engl J Med"(Journal) AND 

(systematic review (ti) OR meta-analysis (pt) OR meta-analysis (ti)). 

4.2.2. Inclusion/exclusion criteria 

One meta-analysis per systematic review was included and one outcome — the first outcome based 

on binary data from 2 or more RCTs — was selected for each Cochrane review (e.g. outcome 1.1) 

and each non-Cochrane review. If several outcomes were reported, the first outcome that met the 

inclusion criterion was selected (see Figure A4.1 in the Apprendix). 

Meta-analyses that included observational studies and diagnostic interventions, network meta-

analyses and meta-analyses with no effect (pooled effect = 1) or with no events in all the included 

RCTs were also excluded. 

4.2.3. Data extraction 

Full texts were obtained for meta-analyses whose abstracts met the inclusion criteria after 

assessment for eligibility. One researcher (JMGA) extracted the data into customized Microsoft 

Excel spreadsheets and a second researcher (RP or NP) checked the data. Extracted and calculated 

for each included meta-analysis were the following items: outcome type, comparison, number of 

included patients, number of RCTs, number of events in the control and intervention arms, CER, ES 

(usually RRR) and heterogeneity (usually I2). Outcome types were as defined by Turner et al. (9), 
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namely, all-cause mortality, semi-objective outcome (cause-specific mortality, major morbidity 

event) and subjective outcome (pain, mental health outcomes). 

4.2.4. Data analysis 

Data were extracted from each RCT and the meta-analysis was repeated using a DerSimonian and 

Laird random-effects model to account for potential heterogeneity of effects. Estimates for RCTs 

with only one group and reporting zero events were adjusted with a constant continuity correction 

factor of 0.5 for each arm (as per the default adjustment in the Revman software). The estimates 

obtained for the pooled RRR and I2 were compared with published results to detect differences, and, 

if necessary, the analyses were repeated to identify the source of the difference. Meta-analyses and 

OIS calculation were performed using TSA (v0.9) freeware (10) (www.ctu.dk/tsa). This software is 

designed to perform meta-analyses of dichotomous or continuous data under fixed-effects or 

random-effects models and has options for estimating OIS and stopping boundaries according to 

the O’Brien-Fleming and Lan-DeMets methods. 

To evaluate the impact of changes in heterogeneity (I2) and ES (RRR), OIS was estimated for different 

scenarios. 

For heterogeneity (I2), 3 scenarios were analysed, determined on the basis of estimates of predictive 

distributions published by Rhodes et al. (11): ‘heterogeneity = rep’ (i.e. as reported in the meta-

analysis using a random-effects model or obtained from fitting a random-effects model if a fixed-

effects model was originally used); ‘heterogeneity = 0’; and ‘heterogeneity = Q3’ (upper quartile or 

75th percentile). These last 2 estimates of heterogeneity (=0 and =Q3) were extreme scenarios, 

chosen to evaluate the impact on OIS. In line with Rhodes (11), outcome type (i.e. all-cause 

mortality, semi-objective and subjective) was considered, based, for simplicity sake, on assuming a 

mean study size of 50-200 participants.  
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For RRR, 2 scenarios were defined, namely, the RRR for each meta-analysis and — as an alternative 

more stringent value — an a priori conservative value of 5%, as reported by Djulbegovic et al. (12). 

Relative risk (RR) was transformed to RRR using the formula RRR =1-RR. If RR was >1 the RRR was 

taken to be negative. An alternative estimate for the semi-objective and subjective outcomes was 

not determined, as the distribution of possible effects would make the choice of an ‘average effect’ 

difficult to justify. 

For CER (baseline risk), only one value was used per meta-analysis, namely, the median of the 

proportion of events in the RCTs included in each meta-analysis, as proposed by Hayden et al. (13). 

Descriptive statistics and plots were used to quantify Cochrane review vs non-Cochrane review 

differences in CER, I2 and RRR, stratified by outcome type (6 groups in total). Also determined for 

Cochrane reviews vs non-Cochrane reviews was the proportion of meta-analyses that achieved OIS, 

based on reported results and our 2 extreme scenarios (heterogeneity = 0 and heterogeneity = Q3), 

also stratified by outcome type. 

SPSS v.22 software was used for the descriptive analysis of the characteristics of the included meta-

analyses. 

A simple linear regression analysis was conducted to investigate the correlation between the 

measures obtained for the different heterogeneity scenarios. These analyses were carried out for 

all outcomes combined as well as separately for mortality, semi-objective and subjective outcomes. 

The two scenarios modelled were: ‘zero heterogeneity’ against ‘heterogeneity estimated for the 

review’ and ‘zero heterogeneity’ against ‘heterogeneity for Q3’ as reported by Rhodes (11). The 

focus of these models was to determine if an OIS estimate with zero heterogeneity could provide 

adequate estimates of and OIS with a predefined level of heterogeneity as this would simplify their 

calculation. 
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R software was used for the linear regression analysis. 

4.3. Results 

4.3.1. Literature search 

Figure 4.1 depicts a flow chart of the literature search results. Of the 120 randomly selected 

Cochrane reviews, 24 were excluded and of the 98 non-Cochrane reviews, 34 were excluded. Finally 

included therefore was a total of 137 meta-analyses from 218 potential reviews: 83 (61%) Cochrane 

reviews and 54 (39%) non-Cochrane reviews. 
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Figure 4.1. Flowchart depicting the literature search. 

The mean (SD) of included RCTs was 6.5 (6.1) for the Cochrane reviews and 13.2 (10.2) for the non-

Cochrane reviews. The mean (SD; median) number of included patients was 2619.1 (6245.8; 586.0) 

for the Cochrane reviews and 19888.5 (32925.7; 6566.5) for the non-Cochrane reviews. 

4.3.2. Parameter estimation scenarios 

Table 4.1 summarizes results for outcome types and intervention types (pharmacological and 

nonpharmacological) for the included meta-analyses broken down by review type (Cochrane and 

Records identified in database searches: 
416 Cochrane reviews 

120 randomly selected 

Records identified in database searches: 
98 non-Cochrane reviews 

Included meta-analyses n=83 Included meta-analyses n=54 

Excluded: 

No binary outcomes (n=13) 

No events (n=11) 

Network meta-analysis (n=3) 

No meta-analysis (n=1) 

Diagnostic intervention (n=1) 

Other reasons (n=8) 

Excluded: 

No binary outcome (n=23) 

Network meta-analysis (n=11) 

Diagnostic intervention (n=10) 

Total included meta-analyses n=137 

(61% Cochrane, 39% non-Cochrane) 
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non-Cochrane reviews). The most frequent outcome type was subjective (50.4%) followed by semi-

objective (31%), and the most frequent intervention type was pharmacological (59%). 

Table 4.1. Outcome and intervention types by Cochrane reviews and non-Cochrane reviews. 

 Cochrane 
(n=83) 

Non-Cochrane 
(n=54) 

All reviews 
 (n=137) 

Outcome type  % (n/N) % (n/N) % (n/N) 

All-cause mortality 
Semi-objective 
Subjective 

16.8% (14/83) 
21.7% (18/83) 
61.4% (51/83) 

22.2% (12/54) 
44.4% (24/54) 
33.3% (18/54) 

19% (26/137) 
30.7% (42/137) 
50.4% (69/137) 

Intervention type % (n/N) % (n/N) % (n/N) 

Pharmacological 
Nonpharmacological 

56.6% (47/83)
44.6% (36/83) 

62.9% (34/54)
35.2% (20/54) 

59.1% (81/137) 
40.9% (56/137) 

There were significant differences in the outcome type (χ2=16.881; df=2; p=0.00021) but not in the 

intervention type (χ2=1.4087 df=2; p=0.4944) between the Cochrane and non-Cochrane reviews. 

Table 4.2 shows CER, RRR and I2 values, the number of patients and OIS estimates, overall and by 

review type and broken down by outcome type. There were considerable variations in the data. For 

all outcomes analysed, the number of included patients was higher in the non-Cochrane reviews. 

The lowest mean CER was observed for all-cause mortality, with a distribution that differed 

depending on outcome type. The highest mean RRR and I2 values were observed for subjective 

outcomes. 
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Table 4.2. Descriptive results for statistical assumptions in the included meta-analyses. 

 CER RRR* I2 Patients OIS 
estimate¥ 

All reviews, n=137 

Mean (SD) 26.9 (26.1) 28.2 (31.5) 20.4 (26.1) 9426.0 
(22753.9) 

386441.1 
(1645397.1) 

Cochrane, n=83 
Mean (SD) 24.0 (27.9) 21.0 (36.6) 0.0 (25.5) 586 (6245.8) 2301.0 

(1422086.6) 
Non-Cochrane, n=54 
Mean (SD) 10.0 (21.7) 20.0 (20.6) 14.5 (26.9) 6566.5 

(32925.7) 
7299.5 

(1946750.2) 
All-cause mortality, n=26 
Mean (SD) 12.7 (16.5) 20.3 (22.1) 10.9 (17.6) 14314.6 

(25880.1) 
499090.7 

(1966940.8) 
Cochrane, n=14 
Mean (SD) 10.0 (11.2) 25.5 (27.3) 6.7 (13.7) 6902.5 

(12971.1) 
813301.7 

(2678677.7) 
Non-Cochrane, n=12 
Mean (SD) 15.8 (21.4) 14.3 (12.6) 15.7 (20.8) 22962.1 

(34232.8) 
132511.2 

(201708.8) 
Semi-objective, n=42 
Mean (SD) 17.2 (20.9) 19.0 (18.7) 18.8 (25.9) 18683.5 

(33125.7) 
828450.9 

(2444468.1) 
Cochrane, n=18 
Mean (SD) 18.5 (10.5) 21.7 (24.0) 12.8 (22.7) 3384.8 

(4762.7) 
536616.8 

(1803091.2) 
Non-Cochrane, n=24 
Mean (SD) 16.3 (20.0) 16.9 (13.7) 23.3 (27.5) 30157.0 

(40233.9) 
1047326.5 

(2851698.9) 
Subjective, n=69 
Mean (SD) 38.2 (27.1) 36.8 (37.9) 24.9 (28.1) 1948.9 

(2971.0) 
74944.0 

(406792.0) 
Cochrane, n=51 
Mean (SD) 41.6 (27.9) 36.5 (41.6) 23.5 (27.6) 1173.0 

(2243.3) 
78688.6 

(449189.7) 
Non-Cochrane, n=18 
Mean (SD) 28.5 (22.9) 37.6 (25.3) 28.9 (29.7) 4147.3 

(3683.7) 
64334.2 

(261366.6) 
*All values were considered to be positive. 

¥ Estimate according to scenario 2 (heterogeneity = 0) and alpha 5%. 
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Figures 4.2-4.9 show regression lines fitted to the natural logarithm (ln) for the 2 regression 

scenarios (‘zero heterogeneity’ against ‘heterogeneity estimated for the review’ and ‘heterogeneity 

estimated for the review’ against ‘heterogeneity for Q3’) and for each of the 3 outcomes types 

(mortality, semi-objective and subjective). 

Figure 4.2 depicts the regression line from the ln for OIS assuming ‘zero heterogeneity’ against 

‘heterogeneity estimated for the review’ and Figure 4.3 depicts the regression line from the ln for 

OIS assuming ‘zero heterogeneity’ against ‘heterogeneity for Q3’. In both cases, a strong positive 

linear correlation — y=0.9739x+0.5474; R2=0.9753 in Figure 4.2. and y=0.9566x+0.8297; R2=0.9941 

in Figure 4.3 — can be observed, indicates that 99% of the variation in ln can be predicted by the 

regression line. 

 
Figure 4.2. Correlation between OIS estimates assuming ‘zero heterogeneity’ against ‘heterogeneity for the 

review’: all reviews. 
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Figure 4.3. Correlation between OIS estimates assuming ‘zero heterogeneity’ against ‘heterogeneity for Q3’: 

all reviews. 
 

Figure 4.4 depicts the regression line for the mortality outcome from the ln for OIS assuming ‘zero 

heterogeneity’ against ‘heterogeneity for the review’ and Figure 4.5 depicts the regression line for 

the mortality outcome from the ln for OIS assuming ‘zero heterogeneity’ against ‘heterogeneity for 

Q3’. In both cases, the strong positive linear correlation — y=1.031x-0.1787; R2=0.9918 in Figure 4.4 

and y=0.9995x+0.077; R2=0.9918 in Figure 4.5 — indicates that 99% of the variation in ln can be 

predicted by the regression line. 
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Figure 4.4. Correlation between OIS estimates assuming ‘zero heterogeneity’ against ‘heterogeneity for the 

review’: mortality outcome. 
 

 
Figure 4.5. Correlation between OIS estimates assuming ‘zero heterogeneity’ against ‘heterogeneity for Q3’: 

mortality outcome. 
 

Figure 4.6 depicts the regression line for the semi-objective outcome from the ln for OIS assuming 

‘zero heterogeneity’ against ‘heterogeneity for the review’ and Figure 4.7 depicts the regression line 

for the semi-objective outcome from the ln for OIS assuming ‘zero heterogeneity’ against 

‘heterogeneity for Q3’. In both cases, the strong positive linear correlation — y=0.9746x+0.5401; 
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R2=0.9739 in Figure 4.6 and y=0.9986x+0.327; R2=1 in Figure 4.7 — indicates that 100% of the 

variation in ln can be predicted by the regression line. 

 
Figure 4.6. Correlation between OIS estimates assuming ‘zero heterogeneity’ against ‘heterogeneity for the 

review’: semi-objective outcome. 
 

 
Figure 4.7. Correlation between OIS estimates assuming ‘zero heterogeneity’ against ‘heterogeneity for Q3’: 

semi-objective outcome. 
 

Finally, Figure 4.8 depicts the regression line for the subjective outcome from the ln for OIS assuming 

‘zero heterogeneity’ against ‘heterogeneity for the review’ and Figure 4.9 depicts the regression line 

for the subjective outcome from the ln for OIS assuming ‘zero heterogeneity’ against ‘heterogeneity 



Chapter 4. Impact of heterogeneity and effect size on optimal information size estimates  
 
 

125 
 

for Q3’. In both cases, the strong positive linear correlation — y=0.9801x+0.5539; R2=0.955 in Figure 

4.8 and y=0.9958x+0.7128; R2=1 in Figure 4.9 — indicates that 100% of the variation in ln can be 

predicted by the regression line. 

 
Figure 4.8. Correlation between OIS estimates assuming ‘zero heterogeneity’ against ‘heterogeneity for the 

review’: subjective outcome. 
 
 

 
Figure 4.9. Correlation between OIS estimates assuming ‘zero heterogeneity’ against ‘heterogeneity for Q3’: 

subjective outcome. 
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4.3.3. Meta-analyses that achieved OIS 

Figure 4.10(a) depicts the estimated OIS for each meta-analysis for the extreme scenario of 

heterogeneity = 0. All-cause mortality required the highest OIS in both Cochrane and non-Cochrane 

reviews, although only marginally more so than semi-objective outcomes. For the subjective 

outcomes, OIS estimates were considerably smaller due to higher CER and RRR values. Figure 4.10(b) 

shows the number of meta-analyses that achieved sample sizes equal to or greater than the 

estimated OIS, with — as illustrated in Figure 4.10(c) — more non-Cochrane reviews achieving this 

estimate. 
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a) b) 

  

c) 

 
 
 

Figure 4.10. OIS estimated considering the best-case scenario (‘zero heterogeneity’)  
(a) type of outcome and source, with the y-axis is on the log scale; (b) related to the total number of patients 

included in each review; and (c) proportion of reviews achieving the OIS by type of outcome and source. 

OIS estimates based on reported I2 show that the necessary sample size was only reduced for 

Cochrane reviews reporting subjective outcomes (Table 4.3). Further increasing I2 (worst-case 
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scenario: heterogeneity = Q3) did not substantially change the proportion of meta-analyses 

achieving OIS. 

Table 4.3. Meta-analyses achieving OIS according to assumed I2 for different outcome types. 
 

 All-cause mortality   
% 

(n/N) 
Cochrane Non-Cochrane 95% CI 

OIS achieved 
with I2=rep 

0%
0/14 

25%
3/12 

(-0.074, 0.571) 

OIS achieved 
with I2=0 

0%
0/14 

25%
3/12 

(-0.074, 0.571) 

OIS achieved 
with I2=Q3 

0%
0/14 

16.6%
2/12 

(-0.134, 0.491) 

  
 Semi-objective  

% 
(n/N) 

Cochrane Non-Cochrane 95% CI 

OIS achieved 
with I2=rep 

11.1%
2/18 

37.5%
9/24 

(-0.043, 0.499) 
 

OIS achieved 
with I2=0 

16.6%
3/18 

45.8%
11/24 

(-0.031, 0.534) 

OIS achieved 
with I2=Q3 

11.1%
2/18 

33.3%
8/24 

(-0.079, 0.460) 

  
 Subjective  

% 
(n/N) 

Cochrane Non-Cochrane 95% CI 

OIS achieved 
with I2=rep 

31.4%
16/51 

72.2%
13/18 

(0.111, 0.616) 
 

OIS achieved 
with I2=0 

45.1%
23/51 

72.2%
13/18 

(-0.024, 0.490) 

OIS achieved 
with I2=Q3 

29.4%
15/51 

61.1%
11/18 

(0.027, 0.553) 

  
 

When the more stringent 5% RRR estimate was used for all-cause mortality, no meta-analysis (0/14 

Cochrane and 0/12 non-Cochrane) achieved the sample size necessary to comply with OIS. 
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4.4. Discussion 

4.4.1. Statement of principal findings 

The results point to wide variability in the range of values for RRR, I2 and CER that impact on OIS 

calculation, irrespective of meta-analysis source (Cochrane or non-Cochrane). This variability is 

partially explained by the outcome type (all-cause mortality, semi-objective or subjective). OIS 

estimates could therefore be obtained for different types of outcomes, as previously proposed by 

Turner et al. (9) and Rhodes et al. (11); to my knowledge, this is the first time that accounting for 

outcome type in estimating OIS has been proposed. Also found was that the outcome type impacts 

on the range of I2 levels observed, with this impact being particularly high for subjective outcomes. 

One possible explanation could be a higher number of smaller RCTs. Differences in I2 levels were 

more marked in Cochrane reviews; non-Cochrane reviews showed more similar levels across all 

outcome types. The results show that, overall, few recently published meta-analyses in high-quality 

journals achieved OIS, which would indicate that they did not have adequate statistical power to 

draw firm conclusions. 

As expected, estimating OIS assuming different I2 and alpha values showed a strong correlation. 

Although specialist software can be used to estimate OIS (e.g. TSA v0.9), it is also possible to use any 

software that allows sample size estimates provided the I2 level is assumed to be zero. 

Heterogeneity can also be incorporated using a simple adjustment proposed by Wetterslev et al. 

(5), who proposes using an alternative index to I2, called the diversity statistic (D2). However, there 

is still no consensus on what precise measure of heterogeneity to use in estimating OIS (4,14). 

Published meta-analyses that estimate OIS often use one or more statistical assumptions, such as 

an RRR of 10% or the median RRR for RCTs with low risk of bias (15-17). This analysis shows that the 
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median RRR was 20% for all pooled reviews. However, because the distribution of RRR varies by 

outcome type, in some cases OIS may be either underestimated or overestimated. 

Also observed was strong correlation in estimating OIS assuming ‘zero heterogeneity’ against 

‘heterogeneity for the review’ and ‘heterogeneity for the review’ against ‘heterogeneity for Q3’. 

Given this strong correlation, using the regression line formula makes it possible to estimate OIS, 

according to the outcome type, for the ‘heterogeneity for the review’ or ‘heterogeneity for the Q3’ 

scenarios from an estimate of OIS for ‘zero heterogeneity’. 

4.4.2. Limitations 

Several statistics have been proposed to define a “desirable sample size in terms of numbers of 

participants across all studies” (4). OIS, as described in this chapter, involves relatively simple 

calculations, which, if anything, are likely to underestimate the information required to define 

whether sufficiently firm evidence has been obtained on which to draw robust conclusions (4,14). 

This definition of OIS was used as a measure to estimate what proportion of systematic reviews with 

meta-analyses met this minimum requirement. 

A single threshold was calculated to define when/if a minimum level of evidence had been collected. 

However, retrospective analyses of results from meta-analyses are more commonly used to inform 

prospective studies — for instance, to determine the size of a new RCT aimed at definitively 

answering a question regarding efficacy. The use of trial sequential methods has been proposed to 

identify early signs of effect, with monitoring boundaries defined by frequentist, semi-Bayesian or 

fully Bayesian methods (4,18,19). Although there is still considerable uncertainty about estimates 

and the best method to use, empirical studies have provided examples to suggest that such methods 

could help detect benefit, harm or futility signals from early on (8,20). Note that determining the 



Chapter 4. Impact of heterogeneity and effect size on optimal information size estimates  
 
 

131 
 

sample size required for a new study or studies will depend on the method used in the meta-analysis 

(14). 

Reviews conducted by the Cochrane Collaboration are considered to be of higher quality (21,22) 

and of greater methodological rigour than meta-analyses published in paper-based journals. Since 

this study only included meta-analyses from the top 5 medical journals, our results may not be 

applicable to other meta-analyses published in other journals. Nevertheless, this would bias our 

results towards better evidence being evaluated to what is currently being generated. 

Another limitation is related to having used the values given in the article from Turner (9), as the 

predictive distribution for between-study heterogeneity only included meta-analyses from 

Cochrane reviews, which are not necessarily representative of meta-analyses in general. 

These results, furthermore, cannot be generalized to network meta-analyses, a rapidly growing area 

of evidence synthesis (23). A recently published study demonstrated that substantial variation exists 

in network-based meta-analyses (24); also, the statistical methodology to estimate OIS in network 

meta-analyses is less developed than for traditional meta-analyses, hence our exclusion of these 

studies. 

The use of correlation as a measure of agreement has been shown to be fatally flawed (25). 

However, the focus of the analysis presented in figures 4.2 to 4.9 is on predicting OIS estimates that 

incorporate heterogeneity (for example based on heterogeneity for Q3) from an OIS estimate with 

zero heterogeneity. By providing these regression values, OIS estimates that incorporate 

heterogeneity can be calculated from simple sample size calculators without the need for TSA or 

other specialized packages. 
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4.4.3. Implications for researchers and methodologists 

This study has shown that, when estimating the OIS, outcome type can be used as a proxy for 

defining the basic required parameters, namely, CER, RRR and I2. Systematic reviewers can use these 

results to estimate an OIS value for their primary outcome, independently of their confidence in the 

specific parameters obtained from their review. Reviewers are therefore encouraged to use sample 

size estimation as a measure of likely confidence in their results. The fact that over 50% of primary 

outcomes in recent systematic reviews appear to fall below this minimum requirement points to 

the need for further evidence to reduce uncertainty. 

From the perspective of future research, it would also be interesting to explore the predictive 

distribution for between-study heterogeneity for a sample that also included non-Cochrane meta-

analyses. 

It would also be useful to further explore ES behaviour depending on the quality of individual RCTs 

included in the meta-analysis; this could be done by observing the impact on OIS of estimates for 

high-quality vs poor-quality RCTs, given that it has been clearly documented that the latter 

underestimate ES. 

Another research topic of interest would be to analyse how ES varied as new RCTs are included in a 

meta-analysis, given the observation that ES varies over time in cumulative meta-analyses (26) and 

may decay from a large ES for initial results to a smaller ES for later results reported for a meta-

analysis. Thus, if the ES used to calculate OIS is that for initial results, the OIS estimate may be low, 

with the consequence that further RCTs may not be designed and started, given that the OIS has 

been perceived or understood (erroneously) to be achieved. 
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4.5. Conclusions 

Heterogeneity and ES impact on the OIS, which can be estimated using traditional sample size 

estimation software, with adjustments, if necessary, for heterogeneity. The above results 

demonstrate that outcome type is relevant to OIS estimation as well as to heterogeneity, CER and 

ES estimates. Currently, under half of the meta-analyses published to date in high-quality journals 

have achieved OIS, which would indicate that conclusions based on their results are subject to 

substantial uncertainty. 

4.6. Chapter summary 

• There is great variability in terms of the parameters necessary to calculate OIS according to 

outcome type. 

• Few recently published meta-analyses in high-quality journals achieved OIS. 

• The median ES (RRR) was 20% for all pooled reviews. 

• As expected, OIS estimated assuming different I2 values were strongly correlated. 

• Reviewers are encouraged to use OIS as a measure of likely confidence in their meta-analysis 

results. 
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Chapter 4. Appendix 
 
 

 

 

 - observational study(ies) 
- diagnostic intervention(s) 
- network meta-analysis(es) 

- binary outcomes 
- 2 or more individual studies 

 
The meta-analysis includes/is a(n)*: 

YES 

NO 

EXCLUDE this meta-
analysis  

YES 

The meta-analysis includes: 

INCLUDE this meta-
analysis  

NO 

Go to the next meta-analysis 

* Main outcome comparison as described by the authors. 
If the authors did not describe a main outcome, the first comparison that appeared in the meta-

analysis was used. 
Figure A4.1. Algorithm for meta-analysis selection (main comparison). 
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Chapter 5. Impact of follow-up duration on the 

control event rate 

Overview 

Research objectives: To determine the impact of follow-up duration on the control event rate (CER) 

in randomized controlled trials (RCTs). 

Background: The CER value is necessary to estimate optimum information size (OIS). Chapter 4 

shows that there is an inverse association between CER and OIS levels. Theoretically CER should 

increase with study duration, which should result in longer RCTs requiring smaller numbers of 

participants. However, no empirical research has demonstrated this effect in RCTs summarized as 

part of systematic reviews. 

Methods: A meta-epidemiological study with 2 sets of meta-analyses was defined to evaluate the 

impact of CER. The study combined data from 236 RCTs included in 34 meta-analyses. The impact 

of follow-up duration on CER was evaluated for 2 equal-sized sets of meta-analyses: Cochrane 

reviews from 2012, retrieved from the Archie Database; and non-Cochrane reviews published 

between 2012 and 2014 in the top 5 general medical journals, retrieved from Medline. Studies were 

included if they reported mortality outcome data from 2 or more individual RCTs. Meta-analyses 

that included observational or diagnostic intervention studies, network meta-analyses and meta-

analyses with zero events were excluded. Descriptive analyses were performed for disease class and 

type of intervention for included systematic reviews and individual RCTs. Standardized measures for 

CER and follow-up duration were created based on within-review estimates with a view to reducing 

clinical and methodological variability. Multilevel linear regression analyses were run to quantify the 



Chapter 5. Impact of follow-up duration on the control event rate  
 

 

139 
 

strength of the relationship between CER and follow-up duration and to explore other relationships 

of interest such as sample size and effect size (ES). 

Results: 34 meta-analyses were included — 17 (50%) each representing Cochrane and non-

Cochrane reviews — that included a total of 236 RCTs. Noncommunicable diseases and 

pharmacological interventions represented 79.5% and 73.5% of the sample, respectively. Mean 

follow-up duration was 13.1 months for Cochrane RCTs and 10.7 months for non-Cochrane RCTs. 

Mean CER was considerably higher for the Cochrane group (22.5) than for the non-Cochrane group 

(11.9). Median CER for the Cochrane group (12.7) was double that for the non-Cochrane group (6.3). 

The multilevel linear regression analysis showed no clear correlation between standardized follow-

up duration and standardized CER; what correlation did exist tended to be positive, with larger CER 

values tending to be associated with longer follow-up duration. No correlation was observed 

between standardized CER and standardized sample size or standardized ES. 

Conclusion: The findings do not point to any clear relationship between follow-up duration and CER 

within the context of RCTs included in systematic reviews with meta-analyses. 

 

5.1. Introduction 

Various parameters, including effect size (ES), homogeneity and baseline risk (usually measured as 

the control event rate (CER)), are commonly used in the calculation of optimal information size (OIS), 

yet there is little consensus on how these should be estimated. In addition to being related to ES, 

CER also depends on duration of follow-up, which typically varies across studies (1). 

Baseline risk has been defined as the rate of occurrence of the event of interest when the standard 

treatment is used (2). It needs to be taken into account in calculating OIS, just as is done when 
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calculating sample size for a standard prospective randomized controlled trial (RCT). As mentioned 

above, baseline risk is generally measured in terms of CER, i.e. as the observed risk of an event in 

the control group, whether death, cure, infection, infarction, etc (3). Baseline risk is also related to 

the absolute ES of the intervention. Relative measures of ES — relative risk (RR), odds ratio (OR) or 

hazard ratio (HR) — tend to be consistent across risk groups. As illustrated in the linear regression 

plot in Figure 5.1, there is a weak negative linear relationship between the number of included 

patients in a meta-analysis and CER. 

 

Figure 5.1. Association between CER and the number of patients in a meta-analysis. 
The graph was constructed using data from 137 meta-analyses (those analysed in Chapter 4). CER was 

calculated as the median of the number of events in the control group for all RCTs in the meta-analysis and 
included patients reflects the total number of patients in all the RCTs in the meta-analysis. 

 

As happens with the variability of effect estimates for an intervention, supporting estimates of 

baseline risk can vary, not only by intervention but also by population. The Grading of 

Recommendations Assessment, Development and Evaluation (GRADE) Working Group, in an article 

published in 2011 (4), described several elements that could compromise baseline risk calculations, 

as follows: risk of bias related mainly to the study design (RCTs vs observational studies); publication 

bias (studies with a large number of events are less likely to be published); inconsistency (relevant 
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differences in effect estimates or the number of events between different studies evaluating the 

same intervention); and indirectness (when baseline risk estimates are derived from significantly 

different populations). Although there is obviously a need to ensure confidence in baseline risk 

estimates, there is still controversy on how exactly to make these estimates (5). The GRADE Working 

Group guidelines (6), for instance, indicate that baseline risk should ideally come from well-designed 

observational studies. This, however, is not always feasible, as indicated by the GRADE Working 

Group (6), which proposes a solution as follows: 

If high-quality observational studies are not available, we suggest using the median risk (rather 

than the weighted average) among the control groups in the included studies or, if it is available, 

the control group risk from a single trial with far larger sample size than other available trials. If 

there is important variation in control group risks, authors should consider presenting a range of 

risks within that observed in the included studies (that is, present a range of baseline risks) 

(GRADE Guideline 12). 

The rationale for using the median rather than the weighted average is that baseline risk is likely to 

differ across settings. Thus, if the weighted average for the largest RCT were used, the resulting 

value might be an extreme one. Since no particular setting should be disproportionally represented, 

in choosing a single baseline risk, this should be the most typical for all settings. 

Hayden et al. (7), referring to different approaches to estimating baseline risk, concluded that, 

overall and across all scenarios, a median estimate of baseline risk results in small and stable bias. 

Since all other methods tend to overestimate this risk when small (<0.5) or to underestimate it when 

large (>0.5), the median estimate seems to be the most satisfactory method for estimating baseline 

risk, and so is the main measure that will be used in this chapter. 
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Given that it is not known how CER behaves depending on RCT follow-up duration, the aim of this 

chapter was to analyse what impact, if any, RCT follow-up duration has on CER, first by examining 

median CER values and then by exploring further using regression analyses based on standardized 

within-review measures of CER and follow-up duration. 

5.2. Methods 

5.2.1. Literature search 

To evaluate the impact of follow-up duration on CER, a meta-epidemiological study was conducted 

consisting of 34 systematic reviews with meta-analyses combining data from 236 RCTs and divided 

into 2 sets (Cochrane and non-Cochrane reviews). For definitions of the main concepts referred to 

in what follows, see Section 5.2.4. 

Meta-analyses on noncommunicable and communicable diseases were included if they reported 

mortality outcome data from 2 or more individual RCTs. These disease classes were considered in 

order to analyse whether follow-up duration — which tends to be longer for noncommunicable 

diseases — had an impact on CER that differed according to disease class. Meta-analyses were also 

analysed according to pharmacological or nonpharmacological interventions in order to determine 

whether the intervention type had any impact on CER. 

Excluded were meta-analyses referring to observational studies, diagnostic intervention studies and 

network meta-analyses, as also were meta-analyses with zero events. 

The Archie Database (http://archie.cochrane.org), which contains all Cochrane reviews, was 

searched electronically for Cochrane reviews published in 2012 (the most recent year for which data 

were available at the time of commencing this research). To identify non-Cochrane reviews 

published in the top 5 general medical journals, Medline (PubMed) was electronically searched 
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using the following search strategy: ("BMJ"[Journal] OR "Ann Intern Med"[Journal] OR 

"JAMA"[Journal] OR "Lancet"[Journal] OR "N Engl J Med"[Journal]) AND (systematic review [ti] OR 

meta-analysis [pt] OR meta-analysis [ti]). Although the search was initially confined to 2012, given 

the small number of retrieved meta-analyses fulfilling the inclusion criteria, the search was 

subsequently broadened to include 2103 and 2104 so as to retrieve a similar number of meta-

analyses as included in the Cochrane set. 

5.2.2. Data extraction 

Titles and abstracts of the retrieved studies were initially screened (by JMGA) according to the 

inclusion criteria described above to identify relevant meta-analyses. Full texts for meta-analyses 

that met the inclusion criteria and full texts of the RCTs included in those meta-analyses were further 

assessed for eligibility. Data were extracted into a Microsoft Excel spreadsheet by 2 researchers 

(JMGA and NP) and a consensus was reached with a third researcher (RP) in cases of disagreement. 

5.2.3. Data analysis 

Data for the analysed variables were recorded in tabulated form in a customized Microsoft Excel 

spreadsheet and frequencies, mean, standard deviation (SD), median and interquartile range were 

calculated. The results were also depicted as boxplots. 

The analysis was conducted as follows: for the 34 meta-analyses overall; for the 236 RCTs included 

in those meta-analyses; for Cochrane and non-Cochrane reviews; for 

communicable/noncommunicable diseases; and for pharmacological/nonpharmacological 

interventions. 

For the 34 meta-analyses, reported for Cochrane and non-Cochrane reviews are numbers and 

percentages broken down by noncommunicable/communicable diseases and by 
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pharmacological/nonpharmacological interventions, and means and SDs for events, patients, 

follow-up duration, CER and ES. 

For the 236 individual RCTs included in Cochrane and non-Cochrane reviews, reported are numbers 

and percentages for noncommunicable/communicable diseases and 

pharmacological/nonpharmacological interventions, and means, SDs, medians and interquartile 

ranges for intervention and control group patients and events and, for follow-up duration (when 

available), CER and ES broken down by communicable/noncommunicable diseases and 

pharmacological/nonpharmacological interventions. 

Also reported for the individual RCTs included in Cochrane and non-Cochrane reviews are numbers 

and percentages for follow-up in months stratified by duration <1 month or >1 month and numbers 

and percentages for truncated RCTs (tRCTs). 

The above analyses were carried out using R software. 

Simple linear regression analysis, performed using R, was used to model the relationship between 

the dependent variable (CER) and the explanatory variable (follow-up duration) based on the 

assumption of a linear relationship. This regression was performed with standardized variables, 

obtained by taking the value for sample size, ES, CER and follow-up duration for each RCT and 

dividing the value by the corresponding median for all RCTs. 

Given that great CER variability was observed within reviews, to remove the cluster effect, a 

multilevel linear regression model was used to examine correlation between observations within 

clusters (i.e. within the same meta-analysis). As well as removing the cluster effect, multilevel linear 

regression model also enabled associations between dependent (standardized CER) and 

independent (explanatory) variables to be detected across different reviews. 
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Given that a fixed-effects model would be incapable of separating out group effects from covariate 

effects at the group level, a random-effects model was used to estimate the effect of covariates at 

the group level (e.g. according to Cochrane vs non-Cochrane groups). This random-effects multilevel 

linear regression model was used to evaluate the association between standardized CER and 

standardized follow-up duration, with Cochrane/non-Cochrane reviews and 

communicable/noncommunicable diseases as the confounding factors. 

Multilevel analyses were performed with 224 RCTs nested within 33 systematic reviews (clusters). 

The multilevel linear regression analyses were carried out using STATA V.14 software. 

5.2.4. Definitions 

The variables compiled for the RCTs and meta-analyses are listed and defined as follows: 
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A. META-ANALYSES 
 

Variable Definition
ID-review CD number for Cochrane reviews and author-journal-year for non-

Cochrane reviews. 
Disease class 
 

Communicable and noncommunicable diseases (WHO definitions). 
Noncommunicable diseases (mainly cardiovascular diseases, cancers, 
chronic respiratory diseases and diabetes) are not transmitted from 
person to person, are of long duration and generally progress slowly. 
Communicable diseases are spread from one person to another 
through various means (contact with bodily fluids, airborne viruses, 
insect bites). 

Type of intervention Pharmacological and nonpharmacological interventions intended to 
improve health or well-being. 
Pharmacological interventions involve the use of a drug or medicine 
(e.g. chemotherapy for breast cancer). 
Nonpharmacological interventions include interventions classified as 
medical devices, surgical, complex, resources and infrastructure, 
behavioural, psychological, physical, complementary, educational, 
radiotherapy, vaccines, cellular and gene, and screening.  
Source: Turner et al. 2012 (8).  

Year of publication Year of publication of the meta-analysis (2012 for Cochrane reviews and 
2012-2014 for non-Cochrane reviews). 

Median CER Median of the proportion of events in the RCTs included in each meta-
analysis.  

Pooled ES  Pooled relative risk (RR) obtained using either a random-effects or 
fixed-effects model. If the pooled ES was reported as OR or another 
measure, it was transformed to RR. 

Standardized CER CER for individual RCTs divided by the median CER for all RCTs.  
Standardized follow-up 
duration 

Follow-up duration for individual RCTs divided by the median follow-up 
duration for all RCTs, resulting in a person-year follow-up value.  

Standardized ES ES for the individual RCTs divided by the median ES for all RCTs.  
Standardized sample size Number of patients for individual RCTs divided by the median number 

of patients for all RCTs.  
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B. RCTs (one record for each trial included in each meta-analysis) 
 

Variable Definition
ID-RCT (plus ID-review) RCT first author-year.
Year of publication Year of publication.
Intervention group events  Number as reported in the meta-analysis.
Control group events  Number as reported in the meta-analysis.
Intervention group patients Number as reported in the meta-analysis.
Control group patients Number as reported in the meta-analysis.
Follow-up duration  Recorded in months, and if <1 month, recorded as follows: 3 weeks = 

0.75 months; 2 weeks = 0.50 months; 1 week = 0.25 months; hours (1 
hour, 24 hours, 72 hours, etc) = 0.25 months. 

CER Proportion of events in the control group. 
ES  Relative risk (RR). If reported as OR or another measure, it was 

transformed to RR. 
tRCT Yes/no. No, if any of the following words/procedures suggesting early 

termination (truncation) were encountered. 
Words: halted, closed, closure, terminated, stopped, early, 
prematurely. 
Procedures: data and safety monitoring board (DSMB), interim analysis, 
and stopping rules or boundaries and their specific names (O’Brien-
Fleming, Lan-DeMets, spending function(s), Haybittle-Peto boundary, 
Pocock boundary, triangular boundaries, prespecified p-value, spending 
function not reported, other boundaries). 
Source: Adapted from Montori et al. 2005 (9).  

 

5.3. Results 

5.3.1. Literature search 

The initial electronic search strategy identified 446 potentially relevant meta-analyses in Medline 

(PubMed) and 1943 additional studies in the Cochrane Archie Database. After duplicates were 

removed, 1018 records remained for initial screening of titles and abstracts, and a further 945 were 

excluded. A total of 73 meta-analyses were retrieved for full-text review, of which 34 met the 

inclusion criteria: 17 (50%) Cochrane reviews and 17 (50%) non-Cochrane reviews (Figure 5.2). 
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Figure 5.2. Flowchart of search results (PRISMA model). 

 

The 34 meta-analyses included a total of 236 RCTs: mean (SD) 4.7 (3.1) for Cochrane reviews and 

9.2 (5.6) for non-Cochrane reviews. Total included patients were mean (SD; median) 429.8 (1137.3; 

88) for Cochrane reviews and 1142.2 (2859.2; 200) for non-Cochrane reviews. 

The 34 included meta-analyses are listed in Table A5.1 in the Appendix. 

Records identified through 
database searching 

(n=446) 

Additional records identified 
through other sources 

(n=1943) 

Records after duplicates removed 
(n=1018) 

Records screened 
(n=1018) 

Records excluded on the 
basis of titles or abstract  

(n=945) 

Full-text articles assessed 
for eligibility 

(n=73)

Full-text articles excluded 
(n=39) 

-Did not report a mortality 
outcome (n=17) 

-Did not report results for 
individual studies (n=15) 
-Included observational 

studies (n=6) 
-Did not publish during 

the selection period (n=1) Meta-analyses included in 
the analysis  

(n=34) 
Non-Cochrane (n=17) 

Cochrane (n=17) 
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5.3.2. Descriptive results 

Table 5.1 shows results for disease class, intervention type, number of events, number of patients, 

follow-up duration, ES and CER for the 34 included meta-analyses by review type (Cochrane vs non-

Cochrane). The majority of the reviews focused on noncommunicable diseases (79.4%), in similar 

proportions for Cochrane reviews (76.5%) and non-Cochrane reviews (82.4%). Likewise, 

pharmacological interventions were the focus in most reviews (73.5%), but noticeably more so in 

non-Cochrane reviews (88.2%) than Cochrane reviews (58.8%). The mean number of intervention 

and control group events was much greater in the non-Cochrane group (43.7 and 59.4, respectively) 

than in the Cochrane group (29.4 and 30.4, respectively). Mean sample size for non-Cochrane 

reviews was around 3 times greater than for Cochrane reviews (1130 vs 421 patients). Mean follow-

up tended to be longer in Cochrane reviews compared to non-Cochrane reviews (16.6 vs 13.5 

months). Finally, mean ES was considerably smaller for Cochrane reviews (0.82) than for non-

Cochrane reviews (1.2), whereas mean CER for Cochrane reviews (22.5) was around double that for 

non-Cochrane reviews (11.9). 

Table 5.2 shows numbers and percentages for noncommunicable/communicable diseases and 

pharmacological/nonpharmacological interventions for the 236 included RCTs by review type 

(Cochrane vs non-Cochrane). Noncommunicable diseases were the focus of the majority of RCTs 

(80.9%), but substantially less so in the Cochrane group vs the non-Cochrane group (63.8% vs 

89.7%). Pharmacological interventions were also the focus in the majority of RCTs (79.7%), although 

slightly less so in the Cochrane group vs the non-Cochrane group (75% vs 82.1%). 

Table 5.3 summarizes data on follow-up duration and tRCTs. Follow-up lasted >1 month in most 

RCTs (61.1%) — this percentage was lower in Cochrane reviews (52.2%) and higher in non-

Cochrane reviews (65.1%). A higher proportion of non-Cochrane RCTs compared to Cochrane RCTs 
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had follow-up >1 month (65.1% vs 52.2%). There were just 12 trRCTs: 7 (9%) in the Cochrane 

group and 5 (3.2%) in the non-Cochrane group. 

Table 5.1. Main characteristics of the 34 included meta-analyses. 
 
 

Cochrane 
reviews 
(n=17) 

Non-
Cochrane 
reviews 
(n=17) 

All reviews
(n=34) 

Disease class, % (n)
Noncommunicable 76.5 (13) 82.4 (14) 79.4 (27)
Communicable 23.5 (4) 17.6 (3) 20.6 (7)

Intervention type, % (n)
Pharmacological 58.8 (10) 88.2 (15) 73.5 (25)
Nonpharmacological 41.2 (7) 11.8 (2) 26.5 (9)

Events and patients, mean (SD)
Intervention group 
events 

29.4 
(71.7) 

43.7 
(132.6) 

38.9 (115.7)

Control group 
events 

30.4 
(74.6) 

59.4 
(233.7) 

49.6 (195.2)

Patients 421.3 
(1127.5) 

1130 
(2845.7) 

885.3 (2410.3) 

Follow-up duration, ES and CER, mean (SD)
Follow-up (months) 16.6 

(17.9) 
13.5 

(17.6) 
15 (17.5)

ES (RR)  0.82 
(0.22) 

1.2 (1.3) 1 (1.01)

CER (%) 22.5 
(18.7) 

11.9 
(13.0) 

17.2 (16.8)

 

Table 5.2. Disease classes and intervention types. 
 
 

Cochrane RCTs
(n=80) 

Non-Cochrane RCTs
(n=156) 

All RCTs 
(n=236) 

Disease class, % (n)
Noncommunicable 63.8 (51) 89.7 (140) 80.9 (191) 
Communicable 36.2 (29) 10.3 (16) 19.1 (45) 

Intervention type, % (n)
Pharmacological 75 (60) 82.1 (128) 79.7 (188) 
Nonpharmacological 25 (20) 17.9 (28) 20.3 (48) 
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Table 5.3. Follow-up duration and truncated RCTs. 
 

 % (n) % (n) % (n) 

Follow-up (months) Cochrane RCTs
(n=69) 

Non-Cochrane RCTs
(n=152) 

All RCTs 
(n=221)* 

≤ 1 month 47.8 (33) 34.9 (53) 38.9 (86) 
> 1 month 52.2 (36) 65.1 (99) 61.1 (135) 
tRCTs Cochrane RCTs

(n=80) 
Non-Cochrane RCTs

(n=156) 
All RCTs 
(n=236) 

Yes 9 (7) 3.2 (5) 5.1 (12) 
No 91 (73) 96.8 (151) 94.9 (224) 

* Information available only for 221 RCTs. 

Tables 5.4-5.10 show mean, SD, median and interquartile range data for the 236 included RCTs, by 

review type (Cochrane/non-Cochrane), by disease class (noncommunicable/communicable) and by 

intervention type (pharmacological/ nonpharmacological). 

Table 5.4 shows values for intervention group events. The mean number of events overall was 

substantially larger in the non-Cochrane group vs the Cochrane group (43.7 vs 29.4). For 

noncommunicable diseases, the mean event rate was similar for both groups (40.3 vs 44.8), whereas 

for pharmacological interventions, the mean event rate was substantially lower for the Cochrane 

group vs the non-Cochrane group (30.4 vs 49.4). 

Table 5.4. Intervention group events. 

Total Cochrane RCTs 
(n=80) 

Non-Cochrane RCTs 
(n=156) 

All RCTs 
(n=236) 

Mean (SD) 29.4 (71.7) 43.7 (132.6) 38.8 (115.6) 
Median 4 6 5 
Interquartile range 2-15.7 1-20.7 1-18 
Noncommunicable Cochrane RCTs 

(n=51) 
Non-Cochrane RCTs 

(n=140) 
All RCTs 
(n=191) 

Mean (SD) 40.3 (87.4) 44.8 (137.8) 43.6 (126.1) 
Median 4 6 6 
Interquartile range 2-26.5 1-21 1-21 
Communicable Cochrane RCTs 

(n=29) 
Non-Cochrane RCTs 

(n=16) 
All RCTs 
(n=45) 

Mean (SD) 10.3 (16.7) 34.1 (75.3) 18.8 (47.4) 
Median 4 5 5 
Interquartile range 3-10 3-7.7 3-10 
Pharmacological Cochrane RCTs Non-Cochrane RCTs All RCTs 
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(n=60) (n=128) (n=188) 
Mean (SD) 30.4 (79.3) 49.4 (145.6) 43.3 (128.3) 
Median 4 4.5 4 
Interquartile range 2-14.2 1-21 1-17.2 
Nonpharmacological Cochrane RCTs 

(n=20) 
Non-Cochrane RCTs 

(n=28) 
All RCTs 
(n=48) 

Mean (SD) 26.5 (42.6) 17.8 (21.4) 21.4 (31.9) 
Median 6.5 11.5 9.5 
Interquartile range 3-32.7 7-18.5 5.7-20.2 

 

Table 5.5 shows values for intervention group patients. The mean number of patients was around 

double in the non-Cochrane group vs the Cochrane group overall (696.1 vs 258.7), for 

noncommunicable diseases (759.1 vs 348.9) and for pharmacological interventions (815.6 vs 314.3). 

Table 5.5. Intervention group patients. 

Total Cochrane RCTs 
(n=80) 

Non-Cochrane RCTs 
(n=156) 

All RCTs 
(n=236) 

Mean (SD) 258.7 (623.1) 696.1 (1829.1) 547.8 (1542.8) 
Median 56.5 115.5 100 
Interquartile range 30-169.2 48.7-641.7 34.7-340.5 
Noncommunicable Cochrane RCTs 

(n=51) 
Non-Cochrane RCTs 

(n=140) 
All RCTs 
(n=191) 

Mean (SD) 348.9 (765.7) 759.1 (1919.7) 649.6 (1698) 
Median 63 126 104 
Interquartile range 31-187 59-714.7 45.5-510 
Communicable Cochrane RCTs 

(n=29) 
Non-Cochrane RCTs 

(n=16) 
All RCTs 
(n=45) 

Mean (SD) 100.1 (94.3) 144.7 (246.6) 116 (163.8) 
Median 56 20.5 45 
Interquartile range 30-169 13.7-167 25-169 
Pharmacological Cochrane RCTs 

(n=60) 
Non-Cochrane RCTs 

(n=128) 
All RCTs 
(n=188) 

Mean (SD) 314.3 (708.9) 815.6 (1999.8) 655.6 (1711.6) 
Median 72.5 129 104 
Interquartile range 30-198.2 34-1011.2 30.7-542.2 
Nonpharmacological Cochrane RCTs 

(n=20) 
Non-Cochrane RCTs 

(n=28) 
All RCTs 
(n=48) 

Mean (SD) 91.6 (130) 149.5 (135) 125.6 (134.6) 
Median 40.5 104 85 
Interquartile range 28-70.7 72.5-142.5 44-142 
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Table 5.6 shows values for control group events. The mean number of events overall was much 

smaller in the Cochrane group vs the non-Cochrane group (30.4 vs 59.4). For noncommunicable 

diseases, means for both groups were reasonably close to the overall mean (56.9), although higher 

for the non-Cochrane group vs the Cochrane group (62.4 vs 42.1). For pharmacological 

interventions, the mean for the non-Cochrane group was around double that of the Cochrane group 

(67.6 vs 31.1). Table 5.7 shows values for control group patients. The mean number of patients was 

more than double in the non-Cochrane group vs the Cochrane group overall (696 vs 258.8) and this 

difference was similar for noncommunicable diseases (667.7 vs 363). For pharmacological 

interventions, the mean for the non-Cochrane group was nearly triple that of the Cochrane group 

(815.6 vs 314.3). 

Table 5.6. Control group events. 

Total Cochrane RCTs 
(n=80) 

Non-Cochrane RCTs 
(n=156) 

All RCTs 
(n=236) 

Mean (SD) 30.4 (74.6) 59.4 (233.8) 49.6 (195.2) 
Median 4 7 6 
Interquartile range 1-15.7 1-24 1-22 
Noncommunicable Cochrane RCTs 

(n=51) 
Non-Cochrane RCTs 

(n=140) 
All RCTs 
(n=191) 

Mean (SD) 42.1 (90.6) 62.4 (245.7) 56.9 (215.5) 
Median 5 7 6 
Interquartile range 2-26 1-24 1-24 
Communicable Cochrane RCTs 

(n=29) 
Non-Cochrane RCTs 

(n=16) 
All RCTs 
(n=45) 

Mean (SD) 9.9 (19) 32.8 (65.5) 18 (42.6) 
Median 3 8.5 6 
Interquartile range 1-9 5.7-12 2-11 
Pharmacological Cochrane RCTs 

(n=60) 
Non-Cochrane RCTs 

(n=128) 
All RCTs 
(n=188) 

Mean (SD) 31.1 (82.6) 67.6 (257.3) 55.9 (217.7) 
Median 3 6 4.5 
Interquartile range 1-13 0-24 1-21.2 
Nonpharmacological Cochrane RCTs 

(n=20) 
Non-Cochrane RCTs 

(n=28) 
All RCTs 
(n=48) 

Mean (SD) 28.3 (44.2) 21.7 (25.3) 24.5 (34.2) 
Median 6 14.5 11.5 
Interquartile range 3.7-36.2 8.7-20.2 6-24.5 
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Table 5.7. Control group patients. 

Total Cochrane RCTs 
(n=80) 

Non-Cochrane RCTs 
(n=156) 

All RCTs 
(n=236) 

Mean (SD) 258.8 (623.5) 696 (1289.1) 498.7 (1096.2) 
Median 56.5 115.5 101.5 
Interquartile range 30-169.2 48.7-641.7 37-380 
Noncommunicable Cochrane RCTs 

(n=51) 
Non-Cochrane RCTs 

(n=140) 
All RCTs 
(n=191) 

Mean (SD) 363 (762.3) 667.7 (1316) 586. (1199.3) 
Median 75 136 115 
Interquartile range 32-202.5 58.2-683.5 44.5-530 
Communicable Cochrane RCTs 

(n=29) 
Non-Cochrane RCTs 

(n=16) 
All RCTs 
(n=45) 

Mean (SD) 115.1 (131.9) 148.6 (252.3) 127 (181.7) 
Median 56 20 50 
Interquartile range 30-167 12.7-168.5 25-167 
Pharmacological Cochrane RCTs 

(n=60) 
Non-Cochrane RCTs 

(n=128) 
All RCTs 
(n=188) 

Mean (SD) 314.3 (708.9) 815.6 (1999.8) 655.6 (1711.5) 
Median 72.5 129 104 
Interquartile range 30-198.2 34-1011.2 30.7-542.2 
Nonpharmacological Cochrane RCTs 

(n=20) 
Non-Cochrane RCTs 

(n=28) 
All RCTs 
(n=48) 

Mean (SD) 92.1 (130) 149.5 (135) 125.6 (134.6) 
Median 40.5 104 85 
Interquartile range 28-70.7 72.5-142.5 44-142 

 

Table 5.8 shows values for follow-up duration. Mean follow-up duration was longer by about 2 

months for the Cochrane group vs the non-Cochrane group. For noncommunicable diseases, the 

mean for the Cochrane group was almost double that of the non-Cochrane group (19.7 vs 11.6) and, 

for pharmacological interventions, the mean for the Cochrane group was greater than that of the 

non-Cochrane group (15.2 vs 11.8). 

Table 5.9 shows values for ES. Mean ES overall was very similar for the Cochrane group compared 

to the non-Cochrane group (1.3 vs 1.2). For noncommunicable diseases, the mean for the Cochrane 

group was smaller than that of the non-Cochrane group (1.0 vs 1.2) and, for pharmacological 
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interventions, the mean for the Cochrane group was higher than that of the non-Cochrane group 

(1.4 vs 1.2). 

Table 5.8. Follow-up duration for intervention groups. 

Total Cochrane RCTs 
(n=72) 

Non-Cochrane RCTs 
(n=155) 

All RCTs 
(n=227) * 

Mean (SD) 13.1 (21.2) 10.7 (16.8) 11.5 (18.3) 
Median 1.4 4 3 
Interquartile range 1-15.8 1-12 1-12 
Noncommunicable Cochrane RCTs 

(n=45) 
Non-Cochrane RCTs 

(n=139) 
All RCTs 
(n=184)  

Mean (SD) 19.7 (24.4) 11.6 (17.5) 13.6 (19.6) 
Median 6 6 6 
Interquartile range 1-36 1-12 1-13 
Communicable Cochrane RCTs 

(n=27) 
Non-Cochrane RCTs 

(n=16) 
All RCTs 
(n=43)  

Mean (SD) 2.2 (4.9) 2.6 (4) 2.4 (4.5) 
Median 1 0.2 1 
Interquartile range 0.8-1 0.2-3 0.2-1.4 
Pharmacological Cochrane RCTs 

(n=54) 
Non-Cochrane RCTs 

(n=109) 
All RCTs 
(n=181) 

Mean (SD) 15.2 (22.6) 11.8 (18.3) 12.8 (19.7) 
Median 2.2 4 3 
Interquartile range 1-23 1-12 1-12 
Nonpharmacological Cochrane RCTs 

(n=18) 
Non-Cochrane RCTs 

(n=28) 
All RCTs 
(n=46) 

Mean (SD) 7.1 (15.1) 5.8 (3.5) 6.3 (9.7) 
Median 1 6 3 
Interquartile range 0.5-3 3-6.5 1-6 

* Information available only for 227 RCTs. 
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Table 5.9. ES values for intervention groups. 

Total Cochrane RCTs 
(n=76) 

Non-Cochrane RCTs 
(n=137) 

All RCTs 
(n=213) * 

Mean (SD) 1.3 (1.2) 1.2 (1.5) 1.2 (1.4) 
Median 1 0.8 0.9 
Interquartile range 0.6-1.3 0.5-1.2 0.5-1.2 
Noncommunicable Cochrane RCTs 

(n=48) 
Non-Cochrane RCTs 

(n=121) 
All RCTs 
(n=169) 

Mean (SD) 1 (0.8) 1.2 (1.5) 1.2 (1.4) 
Median 0.9 0.8 0.9 
Interquartile range 0.5-1.1 0.5-1.1 0.5-1.1 
Communicable Cochrane RCTs 

(n=28) 
Non-Cochrane RCTs 

(n=16) 
All RCTs 
(n=44) 

Mean (SD) 1.7 (1.7) 0.8 (0.3) 1.4 (1.4) 
Median 1.2 0.9 1 
Interquartile range 0.8-1.9 0.5-1 0.7-1.3 
Pharmacological Cochrane RCTs 

(n=56) 
Non-Cochrane RCTs 

(n=109) 
All RCTs 
(n=165) 

Mean (SD) 1.4 (1.3) 1.2 (1.6) 1.3 (1.5) 
Median 1 0.9 1 
Interquartile range 0.7-1.5 0.5-1.1 0.5-1.2 
Nonpharmacological Cochrane RCTs 

(n=20) 
Non-Cochrane RCTs 

(n=28) 
All RCTs 
(n=48) 

Mean (SD) 0.8 (0.4) 0.9 (0.6) 0.8 (0.5) 
Median 0.9 0.7 0.7 
Interquartile range 0.4-1 0.5-1.1 0.4-1 

* Information available only for 213 RCTs. 

 

Table 5.10 shows values for CER. Mean CER overall was considerably higher for the Cochrane group 

compared to the non-Cochrane group (19 vs 12.2). For noncommunicable diseases the mean for the 

Cochrane group was more than double that of the non-Cochrane group (19.6 vs 8.7) and, for 

pharmacological interventions, the mean for the Cochrane group was also higher than that of the 

non-Cochrane group (14.8 vs 11.8). Given this chapter’s focus on median CER — guided by the 

conclusion of Hayden et al. (7) that a median estimate of baseline risk results in small and stable 

bias overall and across all scenarios — highlighted are median CER values. Thus, comparing the 

Cochrane group vs the non-Cochrane group, median CER was double (12.7 vs 6.3) overall, was more 
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than double (14 vs 5.8) for noncommunicable diseases and was slightly higher (7 vs 5) for 

pharmacological interventions. 

Table 5.10. CER values for intervention groups. 

Total Cochrane RCTs 
(n=69) 

Non-Cochrane RCTs 
(n=125) 

All RCTs 
(n=194) * 

Mean (SD) 19 (20.7) 12.2 (14.3) 14.6 (17.1) 
Median 12.7 6.3 7.4 
Interquartile range 2.5-29 2.8-17.1 2.8-19.6 
Noncommunicable Cochrane RCTs 

(n=45) 
Non-Cochrane RCTs 

(n=109) 
All RCTs 
(n=154) 

Mean (SD) 19.6 (20.6) 8.7 (8.9) 11.9 (14.3) 
Median 14 5.8 6.5 
Interquartile range 4.1-29 2.3-13.2 14.3 
Communicable Cochrane RCTs 

(n=24) 
Non-Cochrane RCTs 

(n=16) 
All RCTs 
(n=40) 

Mean (SD) 17.7 (21.2) 36.2 (20.4) 25.1 (22.6) 
Median 6.1 37.9 21.1 
Interquartile range 1.9-30.2 22.2-54 3.2-39.1 
Pharmacological Cochrane RCTs 

(n=49) 
Non-Cochrane RCTs 

(n=97) 
All RCTs 
(n=146) 

Mean (SD) 14.8 (17.2) 11.8 (15.9) 12.8 (16.4) 
Median 7 5 5.2 
Interquartile range 2-21 2-16 2-17.9 
Nonpharmacological Cochrane RCTs 

(n=20) 
Non-Cochrane RCTs 

(n=28) 
All RCTs 
(n=48) 

Mean (SD) 29.2 (25.1) 13.4 (6.2) 20 (18.4) 
Median 21.1 12.7 14.2 
Interquartile range 12.9-36 8.4-17.2 9.3-22.1 

* Information available only for 194 RCTs. 

 

Figures 5.3–5.10 depict boxplots for median CER values and median follow-up durations for 

Cochrane and non-Cochrane reviews and for noncommunicable and communicable diseases. 

Figures 5.3 and 5.4 show median CER distributions for the 17 Cochrane reviews (ranging from 1.9 to 

63.2) and 17 non-Cochrane reviews (ranging from 0.39 to 40 months), respectively, reflecting great 

variability in follow-up duration for the RCTs in each review. Figures 5.5 and 5.6 show median CER 

distributions for the 27 noncommunicable disease reviews (ranging from 0.39 to 63.2) and 7 
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communicable disease reviews (ranging from 1.9 to 51 months), respectively, again reflecting great 

variability in follow-up duration for the disease classes. 

 
Figure 5.3. Boxplot for CER for Cochrane reviews. 

Ordered (left to right) from smallest to largest median CER values. 

 
Figure 5.4. Boxplot for CER for non-Cochrane reviews. 

Ordered (left to right) from smallest to largest median CER values. 
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Figure 5.5. Boxplot for CER for noncommunicable disease reviews. 
Ordered (left to right) from smallest to largest median CER values. 

 

 
Figure 5.6. Boxplot for CER for communicable disease reviews. 

Ordered (left to right) from smallest to largest median CER values. 
 

Figures 5.7 and 5.8 show median follow-up (months) distributions for the 17 Cochrane reviews and 

17 non-Cochrane reviews, respectively. Figures 5.9 and 5.10 show distributions for median follow-

up duration (in months) for the 27 noncommunicable diseases and 7 noncommunicable disease 

reviews, respectively. In all 4 cases, great variability is again evident in the distributions. 
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Figure 5.7. Boxplot of median follow-up values for Cochrane reviews. 

Ordered (left to right) from smallest to largest median CER values (numbers). 
 

 
Figure 5.8. Boxplot of median follow-up values for non-Cochrane reviews. 

Ordered (left to right) from smallest to largest median CER values (numbers). 
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Figure 5.9. Boxplot of median follow-up values for noncommunicable disease reviews. 

Ordered (left to right) from smallest to largest median CER values (numbers). 

 
Figure 5.10. Boxplot of median follow-up values for communicable disease reviews. 

Ordered (left to right) from smallest to largest median CER values (numbers). 
 

Figures 5.11 and 5.12 show standardized CER distributions for the 17 Cochrane reviews and 17 non-

Cochrane reviews, respectively. Figures 5.13 and 5.14 show standardized CER distributions for the 
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27 noncommunicable diseases and 7 noncommunicable disease reviews, respectively. It can be 

observed that standardization achieves a similar median of values between the different reviews. 

 
Figure 5.11. Boxplot of standardized CER for Cochrane reviews. 

Ordered (left to right) from smallest to largest median CER values. 
 

 
Figure 5.12. Boxplot of standardized CER for non- Cochrane reviews. 

Ordered (left to right) from smallest to largest median CER values. 
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Figure 5.13. Boxplot of standardized CER for noncommunicable disease reviews. 

Ordered (left to right) from smallest to largest median CER values. 
 

 
Figure 5.14. Boxplot of standardized CER for communicable disease reviews. 

Ordered (left to right) from smallest to largest median CER values. 
 

Figures 5.15 and 5.16 show standardized follow-up duration distributions for the 17 Cochrane 

reviews and 17 non-Cochrane reviews, respectively. Figures 5.17 and 5.18 show standardized 



Chapter 5. Impact of follow-up duration on the control event rate  
 

 

164 
 

follow-up duration distributions for the 27 noncommunicable diseases and 7 noncommunicable 

disease reviews, respectively. It can be observed that standardization achieves a similar median of 

values between the different reviews. 

 
Figure 5.15. Boxplot of standardized follow-up duration for Cochrane reviews. 

Ordered (left to right) from smallest to largest median CER values. 
 

 
Figure 5.16. Boxplot of standardized follow-up duration for non-Cochrane reviews. 

Ordered (left to right) from smallest to largest median CER values. 
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Figure 5.17. Boxplot of standardized follow-up duration for noncommunicable disease reviews. 

Ordered (left to right) from smallest to largest median CER values. 
 

 
Figure 5.18. Boxplot of standardized follow-up duration for communicable disease reviews. 

Ordered (left to right) from smallest to largest median CER values. 
 

5.3.3. Linear regression analysis 

Figures 5.19-5.21, which depict regression lines for the standardized CER against standardized 

follow-up duration, standardized sample size (log number of patients) and standardized ES 
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(expressed as RR) for the 236 RCTs, respectively, show that these relationships were not linear. 

Regression for standardized CER against standardized follow-up duration (person-year follow-up) 

showed that CER increased as follow-up duration increased (y=0.0097x+1.0643; R²=0.0052), with 

only 0.5% of standardized CER variation predicted by the regression line (Figure 5.19). Regression 

for standardized CER against standardized sample size showed that CER decreased as sample size 

increased (y=-0.0094x+1.0357; R²=0.0036), with only just over 3% of CER variation predicted by the 

regression line (Figure 5.20). Finally, regarding standardized CER and standardized ES (RR), the 

regression analysis showed that standardized CER increased as ES increased (y=0.0315x+0.9783; 

R²=0.0015), with just 0.1% of standardized CER variation predicted by the regression line (Figure 

5.21). 

Figure 5.19. Nonlinear correlation between standardized follow-up duration and CER values for RCTs. 
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Figure 5.20. Nonlinear correlation between standardized sample size and CER values for RCTs. 

 

 
Figure 5.21. Nonlinear correlation between standardized ES and CER values for RCTs. 
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The great variability in CER and follow-up duration values observed in the RCTs, which reflect the 

descriptive results (mean, SD and interquartile range), however, meant that simple linear regression 

analysis was unable to detect any cluster effect. 

5.3.4. Multilevel linear regression analysis 

Since the simple linear regression was unable to detect correlations — because of highly variable 

follow-up duration and CER values for RCTs within meta-analyses (as indicated by Figures 5.3-5.6 for 

CER and Figures 5.7-5.10 for follow-up duration) — multilevel linear regression analysis, using the 

reviews as the index factor, was applied in an attempt to identify correlations for subgroups that 

were not identified using simple linear regression. 

The multilevel linear regression output (Table 5.11) suggests that there was no direct association 

between standardized follow-up duration and standardized CER. 

Table 5.11. Multilevel linear regression analysis output. 

R2 overall = 0.0296    
Standardized follow-up  Coeff. Std. Err. z P>(z) [95% CI] 
Standardized CER .495237 .3238697 1.53 0.126 -.139536 1.13001 
Cochrane 1.165755 .7376957 1.58 0.114 -.2801022 2.611612 
Communicable diseases .123519 .8855748 0.14 0.889 -1.612176 1.859214 
_Cons 1.207933 .538873 2.24 0.025 .1517614 2.264105 
Sigma_u .97474593      

The direction of the association, however, did show a very slight tendency for larger CER values to 

be associated with greater follow-up duration; nonetheless, this result, even if slightly positive, has 

to be interpreted with care. 
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5.4. Discussion 

5.4.1. Statement of principal findings 

The highest proportion of the 34 analysed meta-analyses (79.4%) corresponded to 

noncommunicable diseases, which was only to be expected, as these conditions are generally 

chronic and so have a longer follow-up to outcome (mortality). Pharmacological interventions 

(73.5%) were predominant in both the Cochrane and non-Cochrane reviews, although substantially 

less so in the Cochrane group (58.8%). The number of control group events was much greater in the 

non-Cochrane group (59.4) than in the Cochrane group (30.4). The mean number of patients per 

review was 885, and non-Cochrane reviews on average tripled Cochrane reviews in terms of sample 

size. 

Mean follow-up was 15 months (slightly longer for the Cochrane group) and lasted >1 month in 

61.1% of all reviews. The fact that the percentage of tRCTs was under 10% in both the Cochrane and 

non-Cochrane groups meant that a differentiated analysis for this subgroup was not possible. 

Mean CER in the Cochrane reviews was almost double that of the non-Cochrane reviews (22.5 vs 

11.9), which would indicate that – despite a higher number of patients in the non-Cochrane group 

(n=1130) than in the Cochrane group (421.3) — if the statistical parameters had the same value, 

then non-Cochrane reviews would require a larger number of patients to achieve OIS. 

No correlation was initially observed between standardized CER and standardized follow-up 

duration, sample size or ES. It was observed, however, that CER seemed to decline as follow-up 

duration increased. This may be due, however, to the ecological fallacy, i.e. drawing conclusions 

about individuals based on analyses of group data; alternatively, it may be due to the great 

variability in the reviews, both in terms of follow-up duration and CER values. Furthermore, as 
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sample size increased, CER tended to decrease, indicating that larger RCTs would have a lower CER 

value. From an OIS estimation perspective, this issue may represent a penalization of larger meta-

analyses, as demonstrated in Chaper 4 of this thesis: meta-analyses with larger samples (e.g. >10000 

included patients) associated with small CER values did not achieve OIS. In contrast, as ES increased, 

CER tended to decrease. 

Although CER seemed to decline as follow-up duration increased, when these parameters were 

standardized according to sample size, an opposite correlation trend was observed, i.e. CER seemed 

to increase as follow-up duration increased. 

5.4.2. Limitations 

A limitation in relation to sample size is that, despite the inclusion of over 200 RCTs, the overall 

number of 34 meta-analyses was small, which would suggest a lack of representativeness. Regarding 

the disease class variable, around 80% of reviews covered noncommunicable diseases. This fact 

could introduce bias, given that mean CER was more than double for communicable diseases 

compared to noncommunicable diseases. This difference was also observed for mean follow-up 

duration, which was, logically, longer for noncommunicable diseases than for communicable 

diseases. Regarding type of intervention, nearly three quarters of the reviews covered 

pharmacological interventions. Mean CER for nonpharmacological interventions was nearly double 

that for pharmacological interventions. These imbalances would suggest that the inclusion of more 

meta-analyses that evaluated communicable diseases and nonpharmacological interventions would 

improve the representativeness of the sample. 

Another issue related to representativeness was that a differentiated analysis of tRCTs was not 

possible, as 95% of the included RCTs were non-truncated. It would have been useful to have been 

able to evaluate the impact of early stopping on CER and the number of outcomes. 
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Another limitation was that only RCTs were included, despite recommendations regarding the 

usefulness of observational studies for estimating baseline risk (10,11). It would therefore be useful 

to analyse possible difference in baseline risk for RCTs in comparison to observational studies. 

Yet another limitation regarding the sample is that the only outcome type evaluated was mortality. 

Indeed, this issue limited the possibility of locating a larger number of meta-analyses, as a significant 

proportion of meta-analyses corresponding to the period analysed did not include the mortality 

outcome. On the basis that possible differences may exist in the number of events, baseline risk is 

likely to vary and follow-up duration may be prolonged until the outcome of interest is achieved. 

Assuming possible differences in the number of events, the baseline risk is likely to vary and follow-

up duration may be prolonged until the outcome of interest is achieved. For this reason, the results 

of this analysis cannot be extrapolated to outcomes other than mortality. 

5.4.3. Implications for research and unanswered questions 

The results obtained do not point to any clear relationship between tCER and follow-up duration. 

One reason why this relationship is difficult to demonstrate is because of the way RCTs are run, and, 

although standardization is of some help, the power of the sample to detect a linear association is 

poor. 

From the perspective of estimating OIS, one important issue regarding CER is the ‘moving target 

phenomenon’ affecting the values used for OIS estimation; these values change as new RCTs are 

included in a cumulative meta-analysis. CER is therefore affected because its value will vary as data 

from new patients are incorporated. 

While the use of informative priors is useful for establishing heterogeneity values (whose behaviour 

is covered in Chapter 4 of this thesis) for OIS estimation, this is not the case for CER. On the basis of 
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the results obtained here, it is difficult to consider how to develop informative priors for CER, e.g. 

according to disease classes or follow-up duration. 

Given the great variability in CER values in the RCTs within meta-analyses, as demonstrated in the 

results obtained here, it is also necessary to consider what other variables (e.g. population 

characteristics, outcome type or disease stage) could explain CER behaviour in individual RCTs and 

in meta-analyses. It would also be potentially useful to analyse large observational studies in order 

to compare their CER values with those for RCTs. 

In conclusion, based on these findings, no clear recommendation on how to estimate CER for OIS 

calculations is possible. This conclusion would indicate the need to further investigate this issue for 

a larger sample of RCTs. A larger sample would enable an analysis of the impact of stopping RCTs 

early on CER estimation. Another benefit of a larger sample of RCTs would be the possibility of 

exploring, using multilevel linear regression analysis, other independent variables (different types 

of outcomes and diseases, types of outcome reporting and analyses) that might explain CER 

behaviour. 

5.5. Conclusions 

Despite the fact that CER is an essential parameter in estimating OIS, there is no consensus regarding 

how to calculate it. Using the median value, rather than the mean value, would appear to be the 

most recommended approach. The CER value appears to vary depending on whether the 

intervention is pharmacological or nonpharmacological and also according to whether the disease 

is communicable or noncommunicable. As for a possible relationship between CER and follow-up, 

no clear association is evident, although multilevel linear regression suggests that CER increases as 

follow-up duration increases. 
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5.6. Chapter summary 

• A difference in CER was observed between Cochrane reviews and non-Cochrane reviews that 

could potentially affect OIS calculations. 

• The great variability in CER and follow-up duration values within reviews would suggest that 

the ecological fallacy plays a role. 

• Multilevel linear regression and use of standardized CER and follow-up duration values would 

seem to indicate that CER tends to increase as follow-up duration increases. 

• No clear recommendation is possible regarding how to estimate CER for the purpose of 

calculating OIS. 
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Chapter 5. Appendix 
Table A5.1. Descriptive characteristics of the 34 meta-analyses. 

 
Author, year, journal, 
country. 
 

 
Disease class 

 

 
Intervention type 

 
Included RCTs 

 
Included patients 

 
Median CER  

Rojas-Reyes MX, 2012, 
Cochrane Database 
Syst Rev, Colombia. 
 

Noncommunicable Pharmacological 4 2571 19 

Rudic JS, 2012, 
Cochrane Database 
Syst, Serbia.  

Noncommunicable Pharmacological 7 829 4.3 

Bahadue FL, 2012, 
Cochrane Database 
Syst, USA. 

Noncommunicable Pharmacological 5 3845 25 

Heran BS, 2012, 
Cochrane Database 
Syst, Canada.  

Noncommunicable Pharmacological 6 9926 3 

Jamal SA, 2013, 
Lancet, USA. 

Noncommunicable Pharmacological 10 2913 16 

Lv J, 2012, Cochrane 
Database Syst, 
Australia 

Noncommunicable Pharmacological 4 9227 2.5 

Eliakim-Raz N, 2012, 
Cochrane Database 
Syst, Israel. 

Communicable Pharmacological 14 4180 1.9 

Fang Y, 2012, 
Cochrane Database 
Syst, China. 

Noncommunicable Non-pharmacological 5 675 13 
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Sajid MS, 2012, 
Cochrane Database 
Syst, UK. 

Noncommunicable Non-pharmacological 3 245 2.2 

Masters B, 2012, 
Cochrane Database 
Syst, UK.  

Noncommunicable Non-pharmacological 2 108 27.6 

Berton DC, 2012, 
Cochrane Database 
Syst, Brasil.  

Communicable Non-pharmacological 3 1541 20.9 

Zhang Y, 2012, 
Cochrane Database 
Syst, China.  

Communicable Non-pharmacological 2 155 51 

Szakmany T, 2012, 
Cochrane Database 
Syst, 
UK. 

Communicable Pharmacological 10 953 31.6 

Diao D, 2012, 
Cochrane Database 
Syst, Canada. 

Noncommunicable Pharmacological 3 9072 1.9 

Chaudhari T, 2012, 
Cochrane Database 
Syst, UK. 

Noncommunicable Pharmacological 3 151 54.5 

Jun M, 2012, Cochrane 
Database Syst, 
Australia. 

Noncommunicable Pharmacological 4 1817 20 

Ricci S, 2012, 
Cochrane Database 
Syst, Italy. 

Noncommunicable Non-pharmacological 3 268 63.2 

McCarthy K, 2012, 
Cochrane Database 
Syst, UK. 

Noncommunicable Non-pharmacological 2 1779 34.3 
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Bellemain-Appaix A, 
2012, JAMA, France. 

Noncommunicable Pharmacological 7 8759 2 

Fox BD, 2012, BMJ, 
Canada. 

Noncommunicable Pharmacological 8 14545 2.8 

Hemmingsen B, 2012, 
BMJ, Denmark. 

Noncommunicable Pharmacological 16 1552 5.3 

Neumann I, 2012, Ann 
Intern Med, Canada. 

Noncommunicable Pharmacological 10 21462 0.39 

Palmer SC, 2012, Ann 
Intern Med, Italy. 

Noncommunicable Pharmacological 7 6093 5.5 

Rothwell PM, 2012, 
Lancet, UK. 

Noncommunicable Pharmacological 7 42364 3.3 

Silvain J, 2012, BMJ, 
France. 

Noncommunicable Pharmacological 18 30188 4.7 

Al-khatib SM, 2014, 
Ann Intern Med, USA. 

Noncommunicable Pharmacological 6 7254 15.4 

Feltner C, 2014, Ann 
Intern Med, USA. 

Noncommunicable Non-pharmacological 24 6177 12.7 

Makani H, 2013, BMJ, 
USA. 

Noncommunicable Pharmacological 7 65475 19.4 

Haase N, 2013, BMJ, 
Denmark. 

Communicable Pharmacological 6 4070 38.1 

Schmolzer, 2013, BMJ, 
Canada. 

Noncommunicable Non-pharmacological 4 3083 12 

Ford AC, 2014, BMJ, 
UK. 

Noncommunicable Pharmacological 3 3063 1.5 

Patel A, 2014, BMJ, 
UK. 

Communicable Pharmacological 7 261 40 

Udell JA, 2013, JAMA, 
Canada. 

Communicable Pharmacological 3 1434 5.5 

Chatterjee S, 2014, 
JAMA, USA. 

Noncommunicable Pharmacological 13 1841 3.3 
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Chapter 6. International survey: awareness and 

perceptions of optimal information size 

Overview 

Research objectives: To determine awareness and perceptions of optimal information size (OIS) 

among authors of systematic reviews and authors of the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) Statement (non-PRISMA and PRISMA authors, respectively). 

Background: A number of published studies recommend using OIS estimates in all published 

systematic reviews and meta-analyses. However, it is not known to what extent authors are aware 

of OIS or how it is perceived. 

Methods: A total of 500 authors of published meta-analysis and 32 PRISMA Statement authors were 

surveyed by means of a questionnaire consisting of 10 questions designed to compile data on 

awareness and perceptions of OIS estimation. 

Results: A total of 88 responses were received (71 non-PRISMA and 17 PRISMA). Response rates for 

the 500 non-PRISMA authors and the 32 PRISMA authors contacted were 14.2% and 53.1%, 

respectively. High proportions of authors from both groups agreed that meta-analyses may 

overestimate treatments or falsely identify false positive results (non-PRISMA 80.6% vs PRISMA 

93.8%). The main view regarding whether meta-analysis results were conclusive was neutral (non-

PRISMA 66.7% vs PRISMA 42.1%). As for wanting to know more about OIS, the strongest position 

was affirmative (non-PRISMA 75% vs PRISMA 60%). Similar percentages also responded that OIS 

would be useful or necessary (non-PRISMA 72.8% vs PRISMA 64.7%). As for possible reasons for not 

using OIS, the majority response for non-PRISMA authors (over 40%) was a lack of familiarity with 
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OIS; PRISMA authors also mentioned a lack of familiarity with OIS (30%) but also stated that OIS 

would not add further to a review (30%). Non-PRISMA and PRISMA authors tended to diverge more 

when it came to responses that reflected methodological knowledge. Thus, more non-PRISMA 

authors compared to PRISMA authors would consider using OIS (80.5% vs 47.1%), but were less 

familiar with statistical procedures, including those necessary to calculate OIS (37.1% vs 52.9%). 

Finally, divergence was also evident in responses in favour of inclusion of OIS in PRISMA 

recommendations (non-PRISMA 47.1% vs PRISMA 35.3%) and whether OIS would be used if 

recommended (non-PRISMA 55.7% vs PRISMA 29.4%). 

Conclusion: While the concept of OIS is of substantial interest to both non-PRISMA and PRISMA 

authors, the latter tend to be less enthusiastic, possibly due to the lack of methodological 

development of the technique. 

 

6.1. Introduction 

The number of systematic reviews and meta-analyses published each year is growing (1), as is the 

number of reviews that incorporate OIS estimates, although these are still a tiny proportion of all 

reviews with meta-analyses. 

First published in 2009 (2), the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) Statements consists of a checklist and flow diagram aimed at helping authors improve 

how they report systematic reviews and meta-analyses. Although not intended as an instrument for 

quality assessment of systematic reviews, they may be useful for their critical appraisal. PRISMA has 

also developed several extensions, for instance, PRISMA-P for systematic review protocols (3), for 

other methodological designs such as network meta-analysis (4) and for other outcomes such as 

harms (5). Many indexed journals now require adherence to PRISMA by authors of systematic 
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reviews and meta-analyses. Given the impact and influence of PRISMA and its extensions, the 

opinions of PRISMA Statement authors are likely to have a bearing on the inclusion of OIS estimation 

in PRISMA recommendations and, therefore, on its subsequent inclusion in systematic reviews and 

meta-analyses. 

Furthermore, although a number of authors recommend the use of OIS in all published meta-

analyses (6-8), no data are available on awareness and perceptions regarding this recommendation 

by systematic review authors and methodologists. 

The objective of this chapter was to determine awareness and perceptions of OIS estimation among 

PRISMA Statement authors and among a sample of authors of meta-analyses. 

6.2. Methods 

6.2.1. Description 

The survey consisted of a questionnaire addressed to authors of meta-analyses published in 2015 

and current authors of the PRISMA Statement (non-PRISMA authors and PRISMA authors, 

respectively). The data were collected using an anonymous online Google Forms survey created 

specifically for this study. The questionnaire was sent to 500 non-PRISMA authors and 32 PRISMA 

authors (total n=532). 

6.2.2. Participants 

Randomly selected were 500 potential authors of systematic reviews with meta-analyses as well as 

all 32 members of the PRISMA group that drew up the PRISMA Statement according to a BMJ 

publication from 2009 (9). For the non-PRISMA authors, using simple random sampling and the term 

‘meta-analysis [pt]’, 500 names and emails were extracted from abstracts indexed in 2015 in 
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Medline (PubMed). For the PRISMA authors, name and email details were obtained from the 

corresponding author of the PRISMA Statement (David Moher). 

The introductory email to authors consisted of an explanation of the purpose of the research and 

the survey and an invitation to participate in the online survey. Those who agreed to participate 

were informed that participation was voluntary, that they could withdraw at any time and that their 

information would be treated as confidential. Completion and submission of the online 

questionnaire was considered to be adequate evidence of consent. 

6.2.3. Pilot survey 

The questionnaire, consisting of 6 main questions, was designed to assess author perceptions 

regarding use of OIS estimates in meta-analyses. The questions covered general awareness of OIS, 

prevalence of OIS use and rationale for incorporating the OIS methodology in meta-analyses. 

To fully test the questionnaire before carrying out the definitive survey, 8 researchers attached to 

the University of Oxford’s Nuffield Department of Primary Care Health Sciences were invited via 

email to participate in a pilot study. These researchers, all of whom agreed to participate, had 

different levels of experience and expertise regarding systematic reviews and meta-analyses. Five 

of the 8 researchers were initially selected to complete the survey and provide feedback on each 

question. The questionnaire was then further revised and sent to all 8 piloting researchers, who also 

provided feedback on the basis of which the definitive questionnaire was drawn up. 

The pilot survey was designed and conducted using the Google Forms online survey tool. 

6.2.4. Questionnaire 

The final Google Forms survey, reproduced in full in Table A6.1 in the Appendix, is briefly described 

below in terms of its key sections. 
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Introductory text: An introduction to OIS consisting of a brief explanation and an example. 

Information for participants: A brief explanation of the research and of the purpose of the survey, 

details of how the invited participant was selected and details of ethical and legal aspects of data 

processing and information confidentiality. 

Questionnaire: 6 questions with 4 sub-questions, equivalent to 10 questions as follows: general 

awareness of OIS and specific meta-analysis concepts (4 questions); perceptions of OIS by the 

participants (3 questions); technical aspects of OIS calculation (1 question); and reactions to a 

possible recommendation regarding OIS in future PRISMA Statement updates (2 questions). 

6.2.5. Survey procedure 

The online questionnaire was initially sent to participants on 11 July 2016. Reminders were sent on 

17 September, 2 October and 1 November 2016. Whenever an automatic reply indicating non-

availability was received, the name and email of a replacement non-PRISMA author was randomly 

selected from the list of authors identified in Medline (PubMed). 

In an endeavour to improve the response rate for non-PRISMA authors, on 11 February 2017, the 

same questionnaire was sent via a single email to 200 further authors of non-PRISMA meta-analyses 

published in 2015, randomly selected, again, from the list of non-PRISMA authors previously 

identified in Medline (PubMed). 

6.2.6 Ethics 

The study was reviewed by and received ethical clearance from the University of Oxford Central 

University Research Ethics Committee (see Table A6.2 in the Appendix). 
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6.2.7. Analysis 

The different sections of the questionnaire were analysed descriptively. The chi-squared test was 

used to compare non-PRISMA and PRISMA groups. Statistical significance was set to p<0.05. All 

statistical analyses were performed using SPSS V.22 for Windows. 

6.3. Results 

6.3.1. Response rate 

A total of 5265 bibliographical references corresponding to possible meta-analyses published in 

2015 were identified through Medline (PubMed). Of the 500 non-PRISMA authors asked to 

participate, 71 (14.2%) responded; of the 200 additional authors invited to participate, although 

11 (5.5%) responded, they were excluded from the analysis due to the low response rate. Finally, 

of the 32 PRISMA authors invited to participate, 17 (53.1%) responded. In total, therefore, 88 

responses were received (17 PRISMA and 71 non-PRISMA). 

6.3.2. Responses 

Question 1 (Figure 6.1) 

Nearly double the proportion of non-PRISMA authors compared to PRISMA authors strongly 

agreed/agreed (53.6% vs 29.4%) that the terms OIS and trial sequential analysis should be used in 

the context of meta-analyses, whereas results for neither agree/disagree were broadly similar, at 

34.9% vs 41.2%, respectively. 
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χ2=8.4291, df=4, p=0.0770 

Figure 6.1. Responses (n=86) to Q1. 
“The following terms should be used in the context of meta-analysis: trial sequential analysis and optimal 

information size.” 
 

Questions 1a, 1b and 1c (Figures 6.2, 6.3 and 6.4) 

Respondents who strongly disagreed/disagreed with the statement in Q1 were asked 3 further 

questions. Regarding opinions as to whether meta-analyses may overestimate treatment effects or 

falsely identify positive results, results were broadly similar for both PRISMA and non-PRISMA 

authors. Very high proportions of non-PRISMA authors (80.6%) but especially of PRISMA authors 

(93.8%) strongly agreed/agreed. No PRISMA authors disagreed with the statement, in contrast with 

8.3% of non-PRISMA authors (Figure 6.2). 

The majority of responses as to whether meta-analysis results are conclusive were neutral for 

authors from both groups: 66.7% for the PRISMA authors and 42.1% for the non-PRISMA authors. 

Of the small proportion of authors who strongly agreed/agreed, the proportion of non-PRISMA 

authors (28.9%) quadrupled PRISMA authors (6.7%). Disagreement levels were broadly similar for 

non-PRISMA authors (29%) and PRISMA authors (26.7%) (Figure 6.3). 
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As for wanting to know more about OIS or trial sequential analysis, the strongest position was 

agreement, with a larger proportion of non-PRISMA authors (75%) compared to PRISMA authors 

(60%) responding that they strongly agreed/agreed (95% CI: -0.2 to 0.3; difference in proportions 

15%). However, within overall agreement, a higher share of non-PRISMA authors (22.5%) compared 

to PRISMA authors (6.7%) strongly agreed (95% CI: -0.1 to 0.2; difference in proportions 15.8%). 

Interestingly, 20% of PRISMA authors strongly disagreed with the statement, whereas the 

corresponding share for non-PRISMA authors was 0% (Figure 6.4). 

 
χ2=5.487, df=4, p=0.2409 

Figure 6.2. Responses (n=52) to Q1a. 
“Meta-analyses may overestimate treatment effects or falsely identify positive results (type I error).” 
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χ2=3.8198, df=4, p=0.4309 

Figure 6.3. Responses (n=54) to Q1b. 
“I consider that the results of meta-analysis are conclusive.” 

 

 
 χ2=3.0164, df=4, p=0.5551 

Figure 6.4. Responses (n=56) to Q1c. 
“I would like to know more about optimal information size or trial sequential analysis before making up my 

mind.” 
 

 

 

Question 2 (Figure 6.5) 
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Regarding opinions as to whether OIS or similar methods would be useful or necessary, the 

strongest position was agreement, with a large proportion of both non-PRISMA authors (72.8%) and 

PRISMA authors (64.7%) responding that they strongly agreed/agreed; within that agreement, just 

over a fifth of non-PRISMA authors (21.4%) responded that they strongly agreed. Nearly a third 

(29.4%) of PRISMA authors responded that they strongly disagreed/disagreed — 3 times the 

proportion of non-PRISMA authors (10.1%). 

Question 3 (Figure 6.6) 

As for whether respondents would consider using OIS, while a neutral stance was adopted by 

roughly a quarter of each group, non-PRISMA authors (80.5%) were substantially more in agreement 

than PRISMA authors (47.1%). As for the level of disagreement, that of the PRISMA authors (29.4%) 

was 4 times that of the non-PRISMA authors (7.1%). 

 
χ2=11.077, df=4, p=0.02571 

Figure 6.5. Responses (n=87) to Q2. 
“Using optimal information size or similar methods to determine the required number of participants for a 

meta-analysis is a useful or necessary part of a systematic review.” 
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χ2=9.8003, df=4, p=0.04393 

Figure 6.6. Responses (n=87) to Q3. 
“I would consider using optimal information size in my next systematic review.” 
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PRISMA authors (35.3%) adopted a neutral stance — nearly twice the share of the non-PRISMA 

authors (20%). 

 
χ2=3.0394, df=4, p=0.5513 

Figure 6.7. Responses (n=57) to Q4. 
“If you are not sure whether you would use this method what are the main reasons for this? (Please select 

all the options that apply).” 
 

 
χ2=6.8652, df=4, p=0.1432 

Figure 6.8. Responses (n=87) to Q5. 
“I am familiar with statistical developments in meta-analysis and with methods used to estimate optimal 

information size for meta-analyses.” 
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Question 6 (Figures 6.9 and 6.10) 

As to whether OIS estimation should be included in PRISMA recommendations, 47.1% of PRISMA 

authors strongly disagreed/disagreed; particularly noteworthy was the fact that 17.6% strongly 

disagreed. In contrast, 35.3% of PRISMA authors strongly agreed/agreed and 17.6% adopted a 

neutral stance. Of the non-PRISMA authors, nearly half (47.1%) agreed and just over a fifth (21.4%) 

disagreed (Figure 6.9). 

The final question asked for opinions as to whether it would be easy to apply OIS if it were a PRISMA 

recommendation. For PRISMA authors the majority position was neutral (47.1%), contrasting with 

fairly balanced stances on agreement (29.4%) and disagreement (23.5%). For non-PRISMA authors, 

the majority position was agreement (55.7%), followed by a neutral stance (30%) (Figure 6.10). 

 
χ2=6.0628, df=4, p=0.1945 

Figure 6.9. Responses (n=87) to Q6a. 
“Trial sequential analysis or optimal information size should be included in the PRISMA recommendations.” 
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χ2=4.0363, df=4, p=0.4011 

Figure 6.10. Responses (n=87) to Q6b. 
“If the optimal information size were to be included in the PRISMA recommendations I would find it easy to 

incorporate it into my next review.” 
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respectively) (Figure 6.1). Note that a possible confounding factor in relation to this question is 

discussed as a limitation in Section 6.4.2. 

Terminology issues related to information size were raised by respondents, with one PRISMA author 

indicating that such notions “might better be described as minimum information size and sequential 

meta-analysis” (see Table A6.3 in the Appendix). Alternative terms have also been discussed in the 

literature, e.g. ‘required information size’ (10). The term OIS, initially proposed by Pogue and Yusuf 

(11), is defined as the “minimum amount of information required for reliable conclusions”; 

accordingly, an information size greater than the OIS cannot be perceived as suboptimal. According 

to the survey respondents, more appropriate terminology to designate the statistical approach to 

sample size calculation for meta-analyses still needs to be better defined. 

Although meta-analysis is considered to be an approach that ensures precision in the estimation of 

results (12, 13), a very high proportion of respondents to the survey agreed that meta-analyses can 

overestimate treatment effects (non-PRISMA authors 80.6% and PRISMA authors 93.8%, 

respectively) and only around a third of respondents (non-PRISMA authors 29% and PRISMA authors 

26.7%, respectively) felt that the results of meta-analyses are conclusive (Figures 6.2 and 6.3). This 

would indicate there is a need to improve the level of confidence in the results of meta-analyses. 

One way to do that would be to reach a consensus about OIS and for information to be made 

available regarding certain underlying statistical assumptions for meta-analyses. 

There was an evident general interest in this type of methodology (Figures 6.4, 6.5 and 6.6), as 

indicated by the relatively high proportion of authors wanting to know more about OIS (non-PRISMA 

authors 75% and PRISMA authors 60%), considering OIS to be useful and necessary (non-PRISMA 

authors 72.8% and PRISMA authors 64.7%), and that would consider using OIS in the future (non-

PRISMA authors 80.5% and PRISMA authors 47.1%). 
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Interestingly, but perhaps not surprisingly, the PRISMA authors were more sceptical about OIS thyan 

the non-PRISMA authors, with fewer than half (47.1%) of PRISMA authors in favour of, but nearly a 

third (29.4%) against, using this methodology in the future (Figure 6.6). One possible explanation 

could be their greater methodological or statistical knowledge of meta-analysis procedures and 

their better understanding of the possible statistical weaknesses of the OIS approach. Indeed, a 

number of the PRISMA Statement authors are methodologists (14). Thus, although PRISMA authors 

may acknowledge that it is conceptually important to calculate the number of participants, their 

reservations may be related to the current methodologies available for OIS estimation — a concern 

that is shared elsewhere (15). This conclusion is corroborated by responses regarding the main 

reasons for not using OIS estimates (see Figure 6.7 referring to Q4, which allowed multiple 

responses) — essentially, a general lack of knowledge of the OIS methodology (the responses to 

options a, b and d add up to 60%). Those responses probably explain why 30% of PRISMA authors 

were of the opinion that OIS estimates would not add further information to a review (responses to 

Q4, ‘other’ option). 

Respondents from both groups provided qualitative information that also tended to point to 

technical reservations regarding OIS estimation (Q4, the ‘other’ option; all comments in response 

to this option are reproduced in Table A6.4 in the Appendix): 

“The approach is based on the presumption that one might define what might be 

considered a worthwhile effect. This is specific and cannot be defined in absolute terms.” 

(non-PRISMA author) 

“Meta-analysis is a retrospective investigation. Why should sample size estimation help?” 

(non-PRISMA author) 
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“While I recognise that sequential methods may have a role in prospective meta-analyses, 

they are inappropriate when applied retrospectively.” (PRISMA author) 

“I do not like the focus on statistical significance. I view the meta-analysis as a tool to give 

me prediction interval of the treatment effect. That is all I need to know. OIS would merely 

confuse me.” (PRISMA author) 

Technical aspects were also reflected in responses regarding familiarity with statistical 

developments in meta-analyses and with OIS estimates (Figure 6.8), with the PRISMA authors 

generally acknowledging greater familiarity than the non-PRISMA authors. Indeed, the lack of 

familiarity of nearly half the non-PRISMA authors is relevant, but hardly surprising, given that no 

recommendation as to OIS estimation is included in the PRISMA Statement. 

Obviously, several issues would need to be considered before a recommendation to use OIS 

estimates could be included in the PRISMA Statement, for instance: 

• whether OIS is a statistically sound parameter 

• whether OIS might lead to confusion 

• whether OIS would prevent further investigations that might be useful in the future 

• whether OIS would ultimately enhance the information coming from meta-analyses 

• (and most importantly) whether OIS would ultimately help make more informed clinical or 

health policy decisions. 

Even though Cochrane reviews represent only about 15% of all published meta-analyses (16), a 

methodological recommendation by the Cochrane Collaboration would likely influence meta-

analysis authors and methodologists. Regarding the question as to whether OIS should be a PRISMA 

recommendation (Figure 6.9), the PRISMA authors adopted quite a polarized position, with around 
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a third in favour and nearly half against; for the non-PRISMA authors opinions were more widely 

distributed between the for, against and neutral positions. 

As for whether the OIS would be used if recommended (Figure 6.10), around a third of PRISMA 

authors were in favour, leaving, however, around 70% indifferent or against. As for the non-PRISMA 

authors, these were largely in favour. Again, it may be the case that a drawback to using OIS is its 

lack of methodological development as perceived by PRISMA authors, which, in turn (given the 

absence of a recommendation in the PRISMA Statement), is likely to affect eventual uptake among 

non-PRISMA authors. 

Referring to the PRISMA Statement, OIS estimation methods and results could be included in 

checklist items #16 (currently “Describe methods of additional analyses (e.g. sensitivity or subgroup 

analyses, meta-regression), and if done, indicating which were pre-specified.”) and #23 (currently 

“Give results of additional analyses, if done (e.g. sensitivity or subgroup analyses, meta-

regression)”), respectively (17). The recent PRISMA-P extension — a checklist for evaluating the 

effects of interventions for meta-analysis protocols — could also usefully include a mention of OIS 

estimation (in item #15c: “Describe any proposed additional analyses (such as sensitivity or 

subgroup analyses, meta-regression)”) (18). Including this information in review protocols would 

ensure better adherence by enhancing the description of methodologies and of underlying 

statistical assumptions, including those affecting OIS estimation. 

The GRADE (Grading of Recommendations, Development and Evaluations) Working Group considers 

that OIS estimation is relevant to evaluating quality of evidence, and especially imprecision, in meta-

analysis results. It recommends, for instance, as follows: “If the total number of patients included in 

a review is less than the number of patients generated by a conventional sample size calculation for 

a single adequately powered trial, consider rating down for imprecision” (19). However, it also 
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points out that OIS estimation is not advisable when the outcome refers to a low event rate for a 

large sample size (19).  

Statistical reporting guidelines like SAMPL (Statistical Analyses and Methods in the Published 

Literature) do not as yet include any mention of the OIS (20), nor does the more recent ROBIS (Risk 

of Bias in Systematic Reviews) tool (21). 

6.4.2. Limitations, unanswered questions and future research 

One limitation of the survey was that data were not collected on the profiles of the respondents 

(such as whether they were clinical practitioners, methodologists, etc), on their experience in 

conducting systematic reviews or the number they published per year. Future studies — including 

a qualitative approach based on focus groups — could profile authors and their reviews more clearly 

so as to better understand why they might reject or accept OIS estimation. 

Another limitation was that, although the survey was anonymous, respondents may have thought 

that they could be identified indirectly; consequently, they may not have given accurate or honest 

answers that they felt might have placed them in an unfavourable light. 

Even though the response rates for PRISMA Statement authors and non-PRISMA review authors 

were similar to those of other similar surveys, bias may have arisen due to missing data in relation 

to non-respondents to the survey, as only authors more familiar with the research topic (i.e. OIS) 

may have responded. A more specific area of missing data was the lower response rate observed 

for Q4 (“If you are not sure whether you would use this method what are the main reasons for 

this?”). 

A limitation that affected another question in the survey (referred to in Section 6.4.1) was a 

confounding factor in relation to the phrasing of Q1 (“The following terms should be used in the 
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context of meta-analysis: trial sequential analysis and optimal information size”) — despite the 

survey having been piloted, prior to issue, in 2 phases (first with 5 researchers who were specifically 

asked to provide feedback on content and then with 8 researchers). Since it is not entirely clear 

whether the respondents understood “terms” in the literal sense of ‘terminology’ or in the broader 

sense of ‘concept’, the responses to this question should be interpreted with care. This issue — 

which points to how small variations in the wording of a question may produce ambiguous or even 

unexpected results — would suggest that potential language interference needs to be taken into 

account in the design of international surveys. One way to avoid this problem would be to consult 

a bilingual expert who would ensure that questions were phrased clearly and unambiguously with 

international respondents in mind. 

Finally, although the survey was piloted (with researchers with differing levels of experience of 

systematic reviews and meta-analyses) in order to check understanding of the survey and its 

individual questions, survey validity — i.e. whether the questions genuinely measured what they 

claimed to measure — was not psychometrically or statistically tested. 

Although the above limitations may seem to undermine the absolute validity of the reported results, 

the survey does manage to reflect to what degree PRISMA Statement and review authors are aware 

of, and how they perceive, OIS. 

  



Chapter 6. International survey: awareness and perceptions of optimal information size  
 
 

199 
 

6.5. Conclusions 

A majority of PRISMA and non-PRISMA authors expressed an interest in knowing more about OIS, 

while mainly indicating a lack of familiarity with the methodology as a reason for not using this 

technique. PRISMA authors tended to be rather more sceptical about the benefits of OIS, with a 

third stating that OIS estimates would not add further information to a review. Nonetheless, the 

responses to the survey overall would indicate that the main concern regarding OIS is a perceived 

lack of methodological development of the technique. The fact that high proportions of PRISMA and 

non-PRISMA authors were of the opinion that meta-analyses may overestimate treatments or 

falsely identify false positive results would suggest that several broader issues would also need to 

be considered — most importantly, whether OIS would ultimately help make more informed clinical 

or health policy decisions. 

6.6. Chapter summary 

• There was an evident general interest in the OIS methodology among both PRISMA Statement 

authors and systematic review authors. 

• A very high proportion of respondents were of the opinion that meta-analyses may 

overestimate treatment effects. 

• PRISMA Statement authors were more sceptical about OIS than systematic review authors. 

• The main reservations of PRISMA Statement authors appear to be related to the current 

methodologies available for OIS estimation. 
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Chapter 6. Appendix 

 

Table A6.1. Email and questionnaire 

The use of optimal information size (OIS) in systematic reviews that use meta-analysis: An 
international survey. 

 

Introduction 

As you know, meta-analyses are used to provide more powerful, more precise estimates of the size of 
intervention effects. Optimum information size (OIS) is a concept first described by Pogue et al. in 1998 
(Lancet. 1998; 351:47-52); it is defined as the minimum amount of information required to reach reliable 
conclusions in a meta-analysis. One suggestion is that the OIS is at least equal to the number of participants 
required for a single adequately powered trial. The methods most commonly used to estimate OIS are 
similar to those used for sample size calculation for a single randomized controlled trial, with adjustment for 
the expected heterogeneity of a meta-analysis. 

Estimating the OIS should help to determine when we have sufficient data to draw reliable conclusions. 

 

The above figure shows how evidence for a published meta-analysis accumulates over trials; the cumulative 
Z-curve (blue line) represents. The monitoring boundary (red line) can be used to determine when sufficient 
evidence has been obtained to indicate whether or not an intervention is effective. In this figure the 
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cumulative Z-curve crosses the monitoring boundary at the 8th trial; this indicates that enough evidence has 
been accumulated to conclude that the intervention is effective (the overall risk of type I error is less than 
5%). After nine trials the OIS (1830 patients) has been reached. 

Information sheet for participants 

Project: The use of optimal information size (OIS) in systematic reviews that use meta-analysis: An 
international survey. 

Dear Researcher (Participant) 

If you accept to take part in this international survey, please ensure you have read all of the following 
sections correctly and thoroughly before electing to continue. Thank you for your time and participation. 

This research intends to understand how sample sizes influence systematic reviews and meta-analyses. One 
approach to this is to use trial sequential methods to estimate the optimal information size (the number of 
participants needed to reliably detect an effect in a meta-analysis). 

The aims are to evaluate how well-known these methods are and the reasons for their use or lack of use. 
The value of this research will be to describe the current worldwide knowledge about this methodology and 
the reasons for their use or lack of use in clinical research. 

This research will involve you initially completing this online questionnaire, which will ask you basic 
questions regarding your knowledge and opinion about the optimal information size in a meta-analysis. 

This research has targeted a sample from authors of systematic reviews that published their research on 
Medline during 2015, authors like yourself will have the option to participate in the survey or not. 

As a voluntary participant you do have the right to withdraw at any point during the process. Participants 
may withdraw without penalty. Whether that is now or at a future point. There is no problem if you have a 
sudden change of mind just do not complete the survey. If you have put yourself forward for the interviews, 
then contact the investigator to inform them of your decision. 

As a participant you can leave this research study at any time. As a participant you can provide the research 
team with the reason(s) for leaving this study, but is not required to provide your reason(s). 

To take part all you have to do is complete the online questionnaire. 

You may feel as if the researcher is judging your knowledge or opinions based on the answer you give; that 
is not true and full anonymity and confidentiality is guaranteed. 

Participating in this study is a great chance to understand the knowledge’s, penetration and acceptance of 
the optimal information size in meta-analysis. It is a relatively original study to take part in and the results 
should be very informative. 

Every part of information given throughout this process by you the participant will remain strictly 
confidential, your name will not appear on the survey response and if you do reveal any personal 
information the data will be reviewed and anonymized. Only the investigator team of this research will have 
access to the data. 
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The data of this questionnaire is logically protected in agree with Google Forms privacy. Unauthorized 
parties cannot access this data. All questionnaires are protected by this secure architecture that ensures 
that one participant cannot see another participant's data. For additional details see: 
[https://support.google.com/work/answer/6057301]. 

The findings of this research will be used in a thesis and published as a paper in a journal. After the 
publication of data the results will be stored only for five years. After the publication of data the results will 
be stored only for five years and after this period all data will be destroyed. 

This study has been reviewed by, and received ethics clearance through, the University of Oxford Central 
University Research Ethics Committee. 

Contact information: Josep García (DPhil student) 

 

QUESTIONNAIRE 

Please respond to the items below by selecting the answer that best reflects your position. 

1) The following terms should be used in the context of meta-analysis: trial sequential analysis and 
optimal information size 

o Strongly agree 
o Agree 
o Neither agree nor disagree 
o Disagree 
o Strongly disagree 
If you answered "disagree" or "strongly disagree" please answer the following additional questions: 

1a) Meta-analyses may overestimate treatment effects or falsely identify positive results (type I error) 
o Strongly agree 
o Agree 
o Neither agree nor disagree 
o Disagree 
o Strongly disagree 
1b) I consider that the results of meta-analysis are conclusive 
o Strongly agree 
o Agree 
o Neither agree nor disagree 
o Disagree 
o Strongly disagree 
1c) I would like to know more about optimal information size or trial sequential analysis before making up 

my mind 
o Strongly agree 
o Agree 
o Neither agree nor disagree 
o Disagree 
o Strongly disagree 
 
2) Using optimal information size or similar methods to determine the required number of participants for 

a meta-analysis is a useful or necessary part of a systematic review 

o Strongly agree 
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o Agree 
o Neither agree nor disagree 
o Disagree 
o Strongly disagree 
 
3) I would consider using optimal information size in my next systematic review 

o Strongly agree 
o Agree 
o Neither agree nor disagree 
o Disagree 
o Strongly disagree 
 
4) If you are not sure whether you would use this method what are the main reasons for this? (Please 

select all options that apply) 

o I do not know enough about this statistic 
o I am not confident that I could calculate it 
o I do not think it would add any further information to the review 
o I might consider using it if I knew more about it 
o Other. Please specify 
 
5) I am familiar with statistical developments in meta-analysis and with methods used to estimate optimal 

information size for meta-analyses 

o Strongly agree 
o Agree 
o Neither agree nor disagree 
o Disagree 
o Strongly disagree 
 
6a) Trial sequential analysis or optimal information size should be included in the PRISMA 

recommendations 

o Strongly agree 
o Agree 
o Neither agree nor disagree 
o Disagree 
o Strongly disagree 
 
6b) If the optimal information size were to be included in the PRISMA recommendations I would 

find it easy to incorporate it into my next review 

o Strongly agree 
o Agree 
o Neither agree nor disagree 
o Disagree 
o Strongly disagree 
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Table A6.2. Ethics committee approval 
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Table A6.3. Responses to Question 4e by PRISMA Statement authors 

 
• Requires statement of an MCID [minimum clinically important difference] which we do not 

have good science to do. Similarly, it is restricted by the need to incorporate the observed 
heterogeneity, hence is a (partially) data dependent method. 

• I am not sure how important this might be. 
• While I recognise that sequential methods may have a role in prospective meta-analyses, they 

are inappropriate when applied retrospectively. Also, ‘trial sequential analysis’ and ‘optimal 
information size’ are really stupid terms for notions that might better be described as minimum 
information size and sequential meta-analysis. 

• Generally, my data doesn't permit meta-analysis. I am interested in whether OIS can be used to 
determine when a meta-analysis should be updated. on Question 6, PRISMA is the minimum 
reporting standard. 

 
Table A6.4. Responses to Question 4e by non-PRISMA Statement authors  

 
• Reviewers are not familiar with this method. In my experience, they ask to remove it. 
• Depends on the purpose of the SR [systematic review] – I see it as potentially useful when purpose 

is to determine efficacy/effectiveness of an intervention. 
• My assumption in doing any meta-a/r worth doing would be that there is at least a handful of good 

trials. If one needed to use this then it tells me that the individual trials are small to begin with and 
the quality of the meta is then limited by non-optimal quality of the trials it contains. There are 
other methodological issues that may then be exacerbated – random-effects analysis may not be a 
cure as outlined in Cochrane Handbook. 

• Estimating effect size and thus optimal size from the meta-analysis, where the included studies are 
heterogenous, can be difficult. 

• Even if it may not add further information, it would be worth trying during the review. 
• There are certainly areas where this is useful. But two counterarguments are i) making the best use 

of available evidence, which by definition is always incomplete; ii) problems with rare/niche 
research areas (e.g. uncommon cancers, MND [motor neuron disease], Duchenne’s) where 
interventions are typically very small trials (I work in these areas). 

• The trials included in many/most of my systematic reviews are often at high risk of bias or do not 
answer the question we posed therefore not been at point when can apply this statistic. 

• GRADE has written about this concept, but for me to use it, I would like to see Cochrane endorse it. 
• It depends on the specific objectives of the systematic review and meta-analysis. 
• The approach is based on the presumption that one can define what might be considered a 

worthwhile effect. This is context specific and so cannot be defined in absolute terms. The output 
of interest here should be an estimate of effect size that a) will then b) used by a clinical or 
commissioning decision maker can use to inform their decisions. Thus, setting this in advance is not 
helpful. What may be more helpful is an approach that tells us we have enough information that 
no new trials will change overall conclusions, or where there are insufficient data how much more 
data are needed before results are conclusive; i.e. a post hoc consideration of what might be 
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needed. Finally, of course you cannot make a silk purse out of a sow's ear; if, as is often the case, 
the underlying trials are of very poor quality, it does not matter how clever one’s meta-analytical 
techniques may be – the results still cannot be trusted. 

• I do not like the focus on statistical significance. I view a meta-analysis as a tool to give me prediction 
interval of the treatment effect. That is all I need to know. OIS would merely confuse me and distract 
from the message I can give given the data. It is like performing a sample size calculation after 
performing the trial: bad practice. 

• I do not favour using a single metric such as OIS in determining that a meta-analysis is conclusive. 
• Meta-analysis is a retrospective investigation. Why should sample size estimation help? 
• Aiming for a certain sample size in systematic reviews may cause researchers to be overly strict in 

inclusion, which may introduce bias and/or reduce generalisability. I think study inclusion/selection 
in every analysis should be as broad as possible within the context of that specific analysis in the 
interest of said generalisability and to reduce the risk of selection bias. Thus, all reported pooled 
outcomes should reflect ALL the RELEVANT literature. Reporting results of meta-analysis of a subset 
of the studies relevant to that analysis may be misleading, especially to readers unfamiliar with the 
methodology.
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Chapter 7. Discussion and conclusions 

 

7.1. Summary of research findings 

In the healthcare sector, systematic reviews, which combine and analyse results for available 

randomized controlled trials (RCTs), are theoretically a reliable resource for decision-making 

regarding health interventions. Meta-analyses are frequently included in systematic reviews as a 

statistical approach to summarizing the results of individual RCTs. Nonetheless, as documented in 

the literature review (Chapter 2), their results are increasingly being called into question.  

There is a growing body of evidence that indicates that statistically significant results in early meta-

analyses have a high proportion of type I errors. A main cause of type I error in meta-analyses is 

statistical multiplicity; thus, the more analyses are done in a meta-analysis (each time a further RCT 

is included or another outcome is analysed), the more likely it is that some tests will be found to be 

statistically significant.  

Another issue is statistical power, which is highly correlated with the cumulative number of patients 

and events. Empirical studies suggest that more evidence accumulated over time may point to many 

apparently large intervention effects being substantially overestimated in early studies. Thus, even 

though more RCTs are available and more patients are included, it is not clear that meta-analyses 

have the necessary power to yield conclusive results or to detect or refute even large intervention 

effects. Indeed, the problem of reliability is even acknowledged by authors, who often conclude 
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their systematic review with comments such as ‘further RCTs are required before any 

recommendations can be made for the possible routine use of X intervention in patients with Y’ or 

‘due to the small number of events, we cannot be certain whether X intervention results in a 

clinically important decreased risk of new events’. It is clear that there is a need to remove — or at 

least minimize — uncertainty regarding whether a sample is of a sufficient size to enable reliable 

conclusions to be drawn regarding a health intervention. 

Although sample size calculation is well established for individual RCTs, in relation to meta-analyses 

this issue received little attention until publication of a seminal article by Pogue and Yusuf in 1997, 

proposing and describing the concept of optimal information size (OIS) as the minimum amount of 

information required for reliable conclusions to be drawn about an intervention. From this point, 

the literature has included a growing number of publications on what authors variously refer to as 

‘optimal information size’, ‘optimum information size’, ‘trial sequential analysis’ or ‘required 

information size’. 

The OIS concept in practice has not been widely studied and documented, so little is known about 

it in terms of 2 main issues explored in this thesis. First, while OIS is calculated using 3 main statistical 

parameters — baseline risk (the control event rate, CER), heterogeneity (usually I2 or D2), and effect 

size (ES, usually expressed as relative risk, RR, or relative risk reduction, RRR) — no guidance is 

available regarding what values to use for those primary parameters or how they affect OIS. Second, 

little is known regarding the number of published reviews that include OIS estimates, trends in the 

use of OIS, awareness and perceptions of OIS in organizations that develop methodologies and 

publish guidelines on reviews, or familiarity with the concept among authors of systematic reviews. 

Therefore, following up on Pogue and Yusuf’s seminal publication of 1997, it was considered 

important to review uptake of OIS in published meta-analyses, analyse what methods and statistical 
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assumptions were used, and determine Cochrane Review Group (CRG) opinions regarding OIS 

(Chapter 3). Although only a very small proportion of meta-analyses published annually included 

OIS estimates (0.1%-0.8%), significantly, a very distinctive upward trend is evident from 2010. As for 

the statistical assumptions used for OIS estimates, no explicit information has been provided in 

many reviews regarding the underlying assumptions, nor is there any apparent consensus on which 

parameters or even values to use. Furthermore, although only a small number of CRGs have any 

specific policy regarding OIS estimates, around 40% of the meta-analyses that included OIS 

estimates were Cochrane reviews. However, in absolute terms, no increase was observed in the 

number of CRGs with an interest in OIS, and what interest there existed was concentrated in 2 

specific CRGs and most especially in the Hepato-Biliary Group.  

In order to assess what proportion of meta-analyses achieved OIS, a sample of 137 recently 

published meta-analyses in high-quality journals was investigated, together with the impact of 

heterogeneity and ES on OIS estimates (Chapter 4), broken down by type of systematic review 

(Cochrane review vs non-Cochrane review) and by outcome type (all-cause mortality, semi-objective 

outcome or subjective outcome). The fact that few of these recently published meta-analyses 

achieved OIS might suggest that they did not have adequate statistical power to allow firm 

conclusions to be drawn. Differences in heterogeneity were more marked in Cochrane reviews 

compared to non-Cochrane reviews. Evident also was wide variability — partially explained by 

outcome type — in the range of values used for the statistical parameters that impact on OIS 

estimates, with fewer than half of the primary outcomes synthesized in the meta-analyses achieving 

the OIS. The results demonstrate that — as well as heterogeneity, ES and CER— outcome type is 

also relevant to OIS estimation. To my knowledge, this is the first time that outcome type has been 

accounted for in an analysis of OIS estimates. 
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CER also is fundamental to estimating OIS, yet the literature does not document how this parameter 

might behave depending on RCT follow-up duration, nor is there any consensus regarding how to 

calculate CER for OIS estimation purposes. The impact of CER on follow-up duration was therefore 

analysed via a meta-epidemiological study of 236 RCTs included in 34 meta-analyses (Chapter 5). 

While no correlation was initially observed between standardized CER and standardized follow-up 

duration, sample size or ES, what correlation did exist tended to be positive, with larger CER values 

tending to be associated with longer follow-up durations. No clear and unequivocal relationship 

could ultimately be claimed, however; as happened with effect estimates for interventions, 

supporting estimates of CER varied, not only by intervention but also by population. Although there 

is obviously a need to ensure confidence in CER estimates, how exactly to obtain this estimate 

remains unclear. 

Since the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement 

provides crucial guidance to authors of systematic reviews and meta-analyses, it was considered 

important to determine awareness and perceptions of OIS among PRISMA Statement authors and 

to contrast this with awareness and perceptions of OIS among systematic review authors (Chapter 

6). PRISMA Statement authors, while acknowledging the conceptual importance of calculating OIS, 

were rather sceptical about OIS — perhaps because, as expert methodologists, they may have 

reservations regarding current methods available for OIS estimation. As for the non-PRISMA 

authors, a relatively high proportion wanted to know more about OIS, considered OIS to be useful 

and necessary and would consider using OIS in the future. It may be that these authors (not 

necessarily expert methodologists) objectively perceive the value of OIS or of any procedure that 

might enhance confidence in meta-analysis results. 
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7.2. Strengths and limitations 

Strengths 

The first strength of the thesis is that it is an extensive review of research to date into the relatively 

novel concept of OIS as used for systematic reviews with meta-analyses. Furthermore, the thesis 

analyses an aspect of meta-analyses not previously explored, which is the behaviour of the 3 main 

parameters for OIS estimation — namely, heterogeneity, ES and CER — according to the type of 

outcome analysed in the interventions. This analysis reveals that wide variability in the range of 

values used for the parameters that impact on OIS estimates is largely explained by the type of 

outcome. 

To obtain information on general awareness of OIS and on policy regarding OIS use by benchmark 

bodies, surveys were administered to Cochrane Collaboration CRGs and PRISMA Statement authors. 

The Cochrane Collaboration was surveyed — on 2 different occasions in the last decade (2010 and 

2016) — as the source of reputable systematic reviews, whereas PRISMA Statement authors were 

surveyed because adherence to the PRISMA Statement by authors wishing to publish systematic 

reviews with meta-analyses is prescribed by a growing number of scientific journals. Useful 

information was collected on the perceptions of OIS by these benchmark figures, particularly 

regarding the methodology and possible use of OIS in the future. 

Limitations 

One limitation of the thesis is its focus on a frequentist model of analysis in terms of calculating a 

sample size that would ensure adequate information size (number of patients) for a meta-analysis 

and that would, ultimately, ensure a reliable estimation of the intervention effect. The fact of 

focusing exclusively on OIS is because OIS involves relatively simple calculations and can therefore 

be easily implemented in systematic reviews with meta-analyses. Researchers are also generally 
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more familiar with frequentist approaches. Nonetheless, semi-Bayesian or fully Bayesian methods 

could also contribute useful information. 

Another limitation refers to the survey of CRGs that, in the interest of brevity and of maximizing 

response rates, only included 4 questions. This meant that certain issues of potential interest were 

not analysed, such as the non-availability of guidance regarding how to estimate the OIS, which 

statistical methods to apply or proposals to promote the use of OIS estimation by Cochrane authors. 

Another issue was the poor response in 2016 compared to 2010, attributable to a new Cochrane 

policy that restricted possibilities for making direct contact with individual CRGs. This new policy 

would need to be taken into account in any future surveys of CRGs. 

Another limitation was that the analysis of the impact of heterogeneity and ES on OIS estimates was 

confined to the top 5 medical journals. Reviews conducted by the Cochrane organization are 

considered to be of higher quality (1) and of greater methodological rigour than meta-analyses 

published in paper-based journals, yet Cochrane systematic reviews are not representative of 

systematic reviews published by non-Cochrane journals (2). Since this thesis only included meta-

analyses from the top 5 medical journals, it may not be possible to extrapolate findings to meta-

analyses published in other journals. That said, however, this approach would bias results towards 

better evidence being evaluated to what is currently being generated. The results reported here, 

furthermore, cannot be generalized to the rapidly growing area of evidence synthesis that is 

network meta-analysis (3), for which the statistical methodology to estimate OIS is less developed 

than for traditional meta-analyses (hence our exclusion of these studies from the thesis). 

The fact that the analyses were conducted for binary outcomes (Chapter 4) or for the mortality 

outcome (Chapter 5) meant that a wide range of intervention areas was covered; however, the 
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included meta-analyses obviously may not be representative of all healthcare meta-analyses, so the 

findings may not be generalizable to meta-analyses with continuous outcomes. 

The meta-epidemiological study combined data from 236 RCTs included in 34 meta-analyses. 

However, this small overall number of meta-analyses would suggest a lack of representativeness. 

Furthermore, certain imbalances within the sample also affect its representativeness and potentially 

introduced bias. Regarding the disease class variable, for instance, around 80% of meta-analyses 

referred to noncommunicable diseases, but mean CER for communicable diseases was more than 

double that for noncommunicable diseases. This difference was also observed for mean follow-up 

duration, which was, logically, longer for noncommunicable diseases compared to communicable 

diseases. As for intervention type, nearly three quarters of the reviews covered pharmacological 

interventions, for which mean CER was half that for nonpharmacological interventions. 

Another issue was that a differentiated analysis of truncated RCTs (tRCTs) was not possible, as 95% 

of the included RCTs were non-truncated. It would be useful to evaluate the impact of early stopping 

on CER and the number of outcomes. An additional limitation was that only RCTs were included, 

despite the usefulness of observational studies in estimating baseline risk (4). It would therefore be 

of interest to analyse possible differences in baseline risk for RCTs in comparison to observational 

studies. 

Regarding the survey addressed to PRISMA Statement authors and non-PRISMA authors of reviews, 

data were not collected on the profiles of the respondents (such as whether they were clinical 

practitioners, methodologists, etc), on their experience in conducting systematic reviews or on the 

number of reviews they published per year. Future studies — which could include a qualitative 

approach based on focus groups — could profile authors and their reviews more clearly so as to 

better understand their reasons for rejecting or accepting OIS estimation. Furthermore, although 
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the survey was anonymous, respondents may have thought that they might be identified indirectly 

and so may not have given answers that they felt might have placed them in an unfavourable light. 

Even though the response rates for PRISMA Statement authors and non-PRISMA review authors 

were similar to those of other similar surveys, bias may have arisen due to missing data in relation 

to non-respondents to the survey, as only authors more familiar with the research topic (i.e. OIS) 

may have responded. 

7.3. Implications of findings 

Given the variability that exists in how OIS estimates are arrived at, further research is required into 

the statistical assumptions underlying OIS estimates and into how to determine CER, ES and 

heterogeneity values. 

Although use of OIS in relation to the total number of published reviews remains anecdotal, there 

has been an evident rising trend since 2010, with 2015 alone accounting for almost a third of meta-

analyses with OIS estimates published in the period 2006-2015. Given the growing interest in OIS, it 

would seem necessary for a benchmark body like the Cochrane Collaboration or PRISMA to provide 

explicit recommendations on OIS estimates — specifically regarding what statistical parameters to 

include and on how to calculate them. A complementary initiative could be to include a description 

of OIS calculation in PROSPERO (International Prospective Register of Systematic Reviews; 

www.crd.york.ac.uk/prospero), which, as a permanent register of systematic review protocols, 

allows completed reviews to be compared with their protocols (5). The inclusion of 

recommendations in journal editorial policies and instructions for authors would also be useful. 

Regarding the software used, OIS estimation represents an area to be further developed, given that 

the included meta-analyses mainly used TSA software, developed by the Copenhagen Trial Unit 

(CTU) in Denmark, which has made an important contribution to increasing knowledge and 
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improving understanding of the OIS concept. However, its software adopts a frequentist approach, 

so it would be of interest to see the development of software that could be used for Bayesian and 

semi-Bayesian approaches. Another important consideration with TSA software is the poor quality 

of its graphic output. R, in contrast, produces excellent graphs and could be adapted to OIS 

estimation (6) using either frequentist or Bayesian approaches. It is also suggested that OIS 

calculation could be included in the Cochrane RevMan software 

(http://community.cochrane.org/tools/review-production-tools/revman-5) provided as a tool for 

preparing and maintaining reviews. 

In relation to the CRG survey for 2016, it would be useful to re-run it — provided a higher response 

rate could be ensured — for comparison with the results from the 2010 survey, when the response 

rate was close to 70%. This could be done in partnership with the Cochrane Collaboration or, 

preferably, could be promoted to CRGs and run directly by the Cochrane Collaboration. It would also 

be useful to include the Cochrane Methods Groups (CMGs) in the survey so as to be able compare 

and analyse differences in responses from CRGs and CMGs.  

Another interesting avenue for exploration would be to apply a methodology to mine author 

relationship networks for systematic reviews with OIS estimates (both Cochrane and non-Cochrane) 

so as to study relationships between authors. 

This thesis has shown that outcome type can be used as a proxy to define the basic required 

parameters (CER, ES and heterogeneity) for an estimate of the OIS for the primary outcome, 

independently of the confidence regarding those specific parameters as obtained from the review. 

Reviewers are therefore encouraged to use sample size estimates as a measure of likely confidence 

in their results. The fact that over 50% of primary outcomes in recent systematic reviews appear to 
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fall below this minimum requirement of information points to the need for further evidence aimed 

at reducing uncertainty. 

As future research, it would be of interest to explore predictive distributions for between-study 

heterogeneity for meta-analyses from a broad sample of journals, so as to replicate what has been 

done for Cochrane systematic reviews (7). It would also be useful to further explore ES behaviour 

according to the quality of individual RCTs included in a meta-analysis (high-quality vs low-quality 

RCTs), given that low-quality RCTs have been shown to overestimate ES (8). 

Another research topic of interest would be to analyse how ES varies as new RCTs are included in a 

meta-analysis, given the observation that ES in cumulative meta-analyses varies over time (9) and 

may even decay, i.e. go from a large ES for initial results to a smaller ES for later results. The danger 

of using a low ES based on initial results is that further RCTs may not be implemented because of an 

erroneous perception that OIS has been achieved. 

7.3.1. Sequential methods to estimate sample size for meta-analyses 

While most Cochrane reviews identify residual uncertainty and are a rich source of suggestions for 

further healthcare research (10), only 3.2% of reviews explicitly suggest that no further research is 

necessary or feasible. OIS estimation, however, can contribute information to clarify what further 

research, if any, is needed. 

The current scenario is a challenging one for several reasons: the number of meta-analyses applying 

OIS estimates or using the trial sequential analysis methodology has increased in recent years; the 

Cochrane Collaboration has included a mention of the OIS in the Cochrane Handbook (11); and new 

methods based on semi-Bayesian or Bayesian approaches are being developed (12). The 

information compiled in this thesis would indicate that further research is required into OIS and the 

use of sequential methods for meta-analyses, but also into approaches, given that the problem with 
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frequentist approaches is how to obtain reliable values for CER, ES and heterogeneity. The 

availability of prior distributions of ES and heterogeneity values, for instance, would foster the 

development and extension of semi-Bayesian and Bayesian approaches. 

Another challenge related to OIS estimation is the ‘moving target phenomenon’ (13): since the CER, 

ES and heterogeneity values vary each time a new RCT is included in a meta-analysis, any previously 

calculated OIS has to be modified. Further research is therefore required into how the underlying 

statistical parameters should be calculated (14). In relation to heterogeneity, a recent study has 

reported that around a third of between-trial heterogeneity might be explained by trial design 

characteristics (15). The use of prediction intervals based on outcome type could be a good option 

for estimating heterogeneity that could be applied to OIS calculations. It would also be of interest 

to analyse whether the quality of RCTs as well as outcome type affect heterogeneity calculations. 

Regarding ES, it has been observed that estimates vary due to temporal trends (8,16). This thesis 

has shown that setting a standard ES of 5% is inappropriate (at least for the mortality outcome), as 

it would over- or underestimate the real ES. Finally, regarding CER, it would be interesting to further 

investigate how this parameter behaves according to sample size, in order to establish how baseline 

risk influences estimates of OIS. The most prudent approach to determining CER has been to use 

median CER for all RCTs included in a meta-analysis — as proposed by Hayden (17) — but it could 

be of interest to investigate and compare CER for high-quality vs poor-quality RCTs. 

Other parameters that also need further investigation are the alpha and beta values governing type 

I and II errors. In much clinical research, values of α= 0.05 and β= 0.2 are standard (18,19). However, 

some studies question these values and consider that they should be adapted to take the particular 

characteristics of each RCT into account (20). 
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In light of the results reported in this thesis, it would seem that a prudent approach to OIS estimation 

would be to estimate a higher OIS as a more conservative value, and a lower OIS as a less 

conservative value. 

An interesting alternative that has emerged in recent years is the application of a non-frequentist 

— semi-Bayesian or Bayesian — approach to sequential meta-analysis (6,12). This alternative may 

be especially suitable for meta-analyses with fewer than 300 events. 

Another issue that needs to be debated is whether OIS calculation would be appropriate or useful 

in the case of meta-analyses that report negative results (no effect) for the intervention group. It 

would also be necessary to understand why a meta-analysis failed to report positive results in favour 

of an intervention: was this due to a lack of power or was the intervention genuinely ineffective? To 

rule out the possibility of a lack of power, it would be useful to analyse the power of the meta-

analysis — as described by Imberger et al. (21,22) —  using TSA software, so as to highlight possible 

futility as proposed by Wetterslev et al. (23). 

7.3.2. Acceptability of OIS estimation 

One of the main reasons for not using OIS estimation and for its non-inclusion in the PRISMA 

Statement appears to be non-acceptance of the methodology, as deduced from responses to the 

survey of the CRGs and the survey addressed to PRISMA Statement authors and systematic review 

authors. Yet it is interesting to note a clear upward trend from 2010 — and most especially from 

2015 — in the number of published meta-analyses that include OIS estimates. If this trend is 

maintained, it would seem logical and necessary to establish some guidelines or recommendations 

on how to estimate and report OIS values. 

A recent Cochrane Collaboration development (in June 2017, i.e. after the data for this study was 

compiled) has been the inclusion of a recommendation regarding OIS in the latest version of the 
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Cochrane Handbook (version 5.2.0). The recommendation — similar to that by GRADE (Grading of 

Recommendations Assessment, Development and Evaluation) — is phrased as follows: “Authors can 

use the optimal information size (OIS) to make judgments about imprecision. The OIS is calculated 

on the basis of the number of participants required for an adequately powered individual study”. 

More specific guidelines are as follows: “If the 95% confidence interval (CI) excludes a relative risk 

(RR) of 1.0, and the total number of events exceeds the OIS criterion, precision is adequate. If the 

95% confidence interval includes appreciable benefit or harm (an RR of 0.75 or over 1.25 is often 

suggested as a rough guide), downgrading for imprecision may be appropriate even if OIS criteria 

are met.” (Chapter 11.2.2). However, no explicit guidance is provided regarding how to calculate 

heterogeneity, ES or CER. 

7.4. Conclusions 

The use of OIS in systematic reviews with meta-analyses conceptually seems to be necessary as a 

measure of when sufficient information regarding an intervention has been obtained. Not only 

would this information ensure greater confidence in results, it would also contribute to a more 

rational use of resources and avoid unnecessary interventions in patients by reducing RCT durations. 
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Abstract
Objective  To estimate the proportion of systematic 
reviews that meet the optimal information size (OIS) and 
assess the impact heterogeneity and effect size have 
on the OIS estimate by type of outcome (eg, mortality, 
semiobjective or subjective).
Methods  We carried out searches of Medline and 
Cochrane to retrieve meta-analyses published in 
systematic reviews from 2010 to 2012. We estimated 
the OIS using Trial Sequential Analysis software (TSA 
V.0.9) and based on several heterogeneity and effect 
size scenarios, stratifying by type of outcome (mortality/
semiobjective/subjective) and by Cochrane/non-Cochrane 
reviews.
Results  We included 137 meta-analyses out of 218 (63%) 
potential systematic reviews (one meta-analysis from 
each systematic review). Of these reviews, 83 (61%) were 
Cochrane and 54 (39%) non-Cochrane. The Cochrane 
reviews included a mean of 6.5 (SD 6.1) studies and the 
non-Cochrane included a mean of 13.2 (SD 10.2) studies. 
The mean number of patients was 2619.1 (SD 6245.8 
or median 586.0) for the Cochrane and 19 888.5 (SD 32 
925.7 or median 6566.5) patients for the non-Cochrane 
reviews. The percentage of systematic reviews that 
achieved the OIS for all-cause mortality outcome were 
0% Cochrane and 25% for non-Cochrane reviews; for 
semiobjective outcome 17% for Cochrane and 46% for 
non-Cochrane reviews and for subjective outcome 45% for 
Cochrane and 72% for non-Cochrane reviews.
Conclusions  The number of systematic reviews that meet 
an optimal information size is low and varies depending 
on the type of outcome and the type of publication. Less 
than half of primary outcomes synthesised in systematic 
reviews achieve the OIS, and therefore the conclusions are 
subject to substantial uncertainty.

Introduction
The concept of optimum information size 
(OIS) was first proposed in 1998 by Pogue 
et al1 2 as ‘the minimum amount of information 
required in the collective literature for reli-
able conclusions about an intervention to be 
reached’. This OIS estimate is based on stan-
dard sample size calculations. For example, 

the required number of participants (infor-
mation size) for a meta-analysis should match 
those required in an adequately powered 
single trial.3 Other measures of information 
size have been proposed4 5; however, the OIS 
involves a relatively simple calculation, which 
under some scenarios will underestimate the 
information required to define whether firm 
evidence has been reached to draw robust 
conclusions.6 Brok et al3 demonstrated, in 
a subset of Cochrane reviews, that many 
meta-analyses have false-positive results due 
to insufficient information, and Turner et al 
showed that most meta-analysis do not have 
sufficient power to identify even moderate 
effects.7 8

Sample size calculation and the OIS are 
influenced by several variables such as the 
control event rate (CER) (baseline risk), 
effect size, the power and the alpha value. 
Deciding on which values to use can be diffi-
cult and is typically based on values observed 
or estimated from the meta-analysis or one of 
the included studies. In addition, increased 
variation can also effect the estimate of the 
OIS, and there is currently no consensus 
about which value of heterogeneity should be 
used to calculate the OIS.

The OIS can help determine the stability 
of an effect and whether treatment effect 
estimates are likely to differ based on further 
information. However, they are difficult to 
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Figure 1  Algorithm for the selection of the meta-analysis 
(main comparison) in the systematic review.

define in advance, and there is no consensus regarding 
the alpha (significance) or power value used at the outset.

It is therefore not currently known if evidence accu-
mulation and its associated OIS depend on the type of 
outcome studied and if this varies by publication type 
(Cochrane or non-Cochrane review). Therefore, we set 
out to quantify this by studying systematic reviews (SRs) 
published in the Cochrane Library and the top five 
general medical journals and in the process describe 
the impact that observed variation in heterogeneity and 
effect size (relative risk reduction (RRR)) have on the 
OIS estimation.

Methods
We defined two sets of SRs to evaluate: Cochrane and 
non-Cochrane. We identified all Cochrane SRs published 
during 2010–2012 through the Archie Database (http://​
archie.​cochrane.​org), which contains all Cochrane 
published reviews and allows electronic searching. We 
randomly selected a total of 120 of these based on random 
numbers generated using Microsoft Excel for inclusion.

To search for non-Cochrane reviews, we identified all 
SRs with meta-analyses published in the top five general 
medical journals (The New England Journal of Medicine, 
Lancet, The Journal of the American Medical Association, 
Internal Medicine, Annals of Internal Medicine and British 
Medical Journal) using the following search strategy in 
Medline (PubMed): ‘BMJ’[Journal] OR ‘Ann Intern 
Med’[Journal] OR ‘JAMA’[Journal] OR ‘Lancet’[Journal] 
OR ‘N Engl J Med’[Journal] AND (systematic review [ti] 
OR meta-analysis [pt] OR meta-analysis [ti]) restricted to 
SRs published during 2010–2012.

Inclusion/exclusion criteria
From all the selected Cochrane and non-Cochrane 
reviews, we included one meta-analysis from each. Based 
on the order the outcomes were reported (eg, outcome 
1.1 for Cochrane SRs), we selected the first outcome 
presented in the meta-analysis that was based on: binary 
data from two or more individual studies (clinical trials 
or randomised controlled trials). If the first outcome did 
not meet this inclusion criteria, we continued through 
the listed outcomes until one was identified or we had 
exhausted the list of outcomes reported (figure  1). 
Meta-analyses that included observational studies, of 
diagnostic interventions or that were based on network 
meta-analysis were excluded. Meta-analyses showing no 
effect (pooled effect=1) or meta-analyses with no events 
in all included trials were also excluded.

Data extraction
Full texts were obtained for those abstracts that met the 
inclusion criteria and assessed for eligibility. One reviewer 
JMG-A extracted the data, and a second reviewer (RP or 
NP) checked the data. We developed customised Excel 
spreadsheets for the data extraction process. From each 
included meta-analysis, we extracted and calculated the 
following items: outcome type as defined by Turner9 (‘all 
cause mortality’, ‘semi-objective’ (cause-specific mortality, 
major morbidity event) and ‘subjective’ (pain, mental 
health outcomes)), comparison, number of included 
patients, number of trials, number of events in each arm, 
CER, effect size and heterogeneity.

Analyses
We extracted data from each trial and repeated the 
meta-analysis using random-effects models (DerSimo-
nian and Laird) to account for potential heterogeneity of 
effects. Estimates for trials with only one group reporting 
zero events were adjusted with a constant continuity 
adjustment of 0.5 in each arm (default adjustment in 
Revman). The obtained estimates for the pooled effect 
(eg, RR) and I2 were compared with the published results 
to detect any relevant disagreement, and if required, the 
analyses were repeated to identify the source of the differ-
ence. Meta-analyses and calculation of the OIS were done 
using Trial Sequential Analysis software (TSA V.0.9)10 freely 
downloadable at www.​ctu.​dk/​tsa. The TSA software allows 
meta-analysis of dichotomous or continuous data under 

http://archie.cochrane.org
http://archie.cochrane.org
www.ctu.dk/tsa.
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Figure 2  Flow chart identification of Cochrane and non-Cochrane systematic reviews.

fixed or random-effects models and has the option to 
estimate an information size and the stopping boundary. 
This estimation of the OIS is based on the alpha spending 
method (O’Brien Fleming and Lan-DeMets).

To evaluate the impact of changes in heterogeneity and 
effect size (RRR), we estimated the OIS under different 
scenarios. For heterogeneity, we analysed three values of 
heterogeneity: ‘heterogeneity=rep’ as that reported in the 
meta-analysis using a random-effects model (or obtained 
from fitting a random effects model if a fixed effect model 
was used originally), ‘heterogeneity=0’ and ‘heteroge-
neity=Q3’ (upper quartile or 75th percentile), which was 
determined based on estimates of predictive distribu-
tions published by Rhodes et al.11 These two estimates of 
‘heterogeneity=Q3’ and ‘heterogeneity=0’ were chosen as 
extreme scenarios to evaluate the impact that this param-
eter has on the OIS. Consistent with Rhodes et al, the esti-
mation of the OIS took into account the outcome type: ‘all 
cause mortality’, ‘semiobjective’ (cause-specific mortality 
and major morbidity event) and ‘subjective’ (pain and 
mental health outcomes) and, for simplicity, was based on 
assuming an average mean study size between 50 and 200 
participants.

To evaluate the impact of effect size on the OIS, we used 
two different estimates of the effect size for the meta-anal-
yses with mortality outcome: the RRR obtained in each 
meta-analysis as well as an a priori conservative value of 5% 
for the RRR as reported by Djulbegovic et al.12 For the trans-
formation of relative risk (RR) measure to RRR, we used the 
following formula RRR=1 RR. If the RR was greater than 1, 

we used the RRR as a negative value. We did not determine 
an alternative estimate for the effect size for the other two 
outcomes (semiobjective and subjective) as the distribution 
of possible effects makes the choice of ‘average effect’ diffi-
cult to justify. We used only one value, per meta-analysis, for 
the baseline risk or CER. This was taken to be the median 
of the proportion of events in the included trials in each 
meta-analysis, following the method proposed by Hayden 
et al.13

We used descriptive statistics and plots to quantify 
differences in CER, effect size and heterogeneity between 
Cochrane and non-Cochrane reviews, stratified by type 
of outcome (six groups in total). We also determined 
the proportion of reviews that have achieved the OIS 
based on reported results and our two extreme scenarios 
‘heterogeneity=0’ and ‘heterogeneity=Q3’ comparing 
between Cochrane and non-Cochrane and again strati-
fying by type of outcome (‘all-cause mortality’, ‘semiob-
jective’ and ‘subjective’ outcomes).

The descriptive analysis of the characteristics of 
included meta-analyses was carried out using SPSS V.22 
software.

Results
Search results
Figure 2 presents a flow chart of the results. We excluded 
11 Cochrane SRs due to no events reported in the included 
trials or due to only one study being included in the review. 
We included a total of 137 meta-analyses out of 218 (63%) 
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Table 1  Descriptive results of included meta-analyses by type of outcome and intervention

Cochrane (n=83) Non-Cochrane (n=54) All reviews (n=137)

  % (n/N) % (n/N) % (n/N)

Type of outcome

 � All cause mortality 16.8 (14/83) 22.2 (12/54) 19 (26/137)

 � Semiobjective 21.7 (18/83) 44.4 (24/54) 30.7 (42/137)

 � Subjective 61.4 (51/83) 33.3 (18/54) 50.4 (69/137)

Type of intervention

 � Pharmacological 56.6 (47/83) 62.9 (34/54) 59.1 (81/137)

 � Non-pharmacological 44.6 (36/83) 35.2 (20/54) 40.9 (56/137)

Table 2  Descriptive results for the statistical assumptions in the included meta-analyses

CER RRR* Heterogeneity (I2) Included patients OIS estimated†

All reviews (n=137)

 � Mean (SD) 26.9 (26.1) 28.2 31.5) 20.4 (26.1) 9426.0 (22 753.9) 386 441.1 (1 645 397.1)

Cochrane reviews (n=83)

 � Mean (SD) 24.0 (27.9) 21.0 36.6) 0.0 (25.5) 586 (6245.8) 2301.0 (1 422 086.6)

Non-Cochrane reviews (n=54)

 � Mean (SD) 10.0 (21.7) 20.0 20.6) 14.5 (26.9) 6566.5 (32 925.7) 7299.5 (1 946 750.2)

All cause mortality (n=26)

 � Mean (SD) 12.7 (16.5) 20.3 22.1) 10.9 (17.6) 14 314.6 (25 880.1) 499 090.7 (1 966 940.8)

Cochrane reviews (n=14)

 � Mean (SD) 10.0 (11.2) 25.5 27.3) 6.7 (13.7) 6902.5 (12 971.1) 813 301.7 (2 678 677.7)

Non-Cochrane reviews (n=12)

 � Mean (SD) 15.8 (21.4) 14.3 12.6) 15.7 (20.8) 22 962.1 (34 232.8) 132 511.2 (201 708.8)

Semiobjective (n=42)

 � Mean (SD) 17.2 (20.9) 19.0 18.7) 18.8 (25.9) 18 683.5 (33 125.7) 828 450.9 (2 444 468.1)

Cochrane reviews (n=18)

 � Mean (SD) 18.5 (10.5) 21.7 24.0) 12.8 (22.7) 3384.8 (4762.7) 536 616.8 (1 803 091.2)

Non-Cochrane reviews (n=24)

 � Mean (SD) 16.3 20.0) 16.9 13.7) 23.3 (27.5) 30 157.0 (40 233.9) 1 047 326.5 (2 851 698.9)

Subjective (n=69)

 � Mean (SD) 38.2 (27.1) 36.8 (37.9) 24.9 (28.1) 1948.9 (2971.0) 74 944.0 (406 792.0)

Cochrane reviews (n=51)

 � Mean (SD) 41.6 (27.9) 36.5 (41.6) 23.5 (27.6) 1173.0 (2244.3) 78 688.6 (449 189.7)

Non-Cochrane reviews (n=18)

 � Mean (SD) 28.5 (22.9) 37.6 (25.3) 28.9 (29.7) 4147.3 (3683.7) 64 334.2 (261 366.6)

*For the calculation of this descriptive variable all the values were considered as positive.
†This estimation of the OIS was done under the conditions of the ‘scenario 2’ (heterogeneity=0, alpha 5%).
CER, control event rate; OIS, optimum information size; RRR, relative risk reduction.

potential SRs (figure  2): 83 (61%) were Cochrane SRs 
and 54 (39%) non-Cochrane SRs. The Cochrane reviews 
included a mean of 6.5 (SD 6.1) studies and the non-Co-
chrane included a mean of 13.2 (SD 10.2) studies. The 
number of patients was 2619.1 (SD 6245.8 or median 586.0) 
for the Cochrane and 19 888.5 (SD 32925.7 or median 
6566.5) patients for the non-Cochrane reviews.

Scenarios under different parameter estimates
Table 1 provides results on the types of outcomes and type 
of intervention studied for the included meta-analyses by 
publication type.

Of the included meta-analyses, 26 (19%) used ‘all 
cause mortality’ as an outcome; 42 (31%) were based on 
‘semiobjective’ outcomes and 69 (50%) on a ‘subjective’ 
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Figure 3  Systematic review characteristics stratified by source (Cochrane vs non-Cochrane) and type of outcome. 
CER, control event rate; RRR, relative risk reduction.

outcome. The type of intervention was pharmacological 
in 59% of the meta-analyses. There were significant differ-
ences in the type of outcome reported by publication type 
(χ2; 2df=11.15, p=0.004) but not in the type of interven-
tion reported (χ2; 1df=0.54, p=0.46).

The descriptive analysis of the different parameter esti-
mates (CER, RRR and I2) used in the calculation of the 
OIS showed considerable variation depending on the 
type of outcome (table 2 and figure 3).

The number of included patients was higher in non-Co-
chrane reviews for all outcomes analysed (table 2). The 
CER for ‘all cause mortality’ had the lowest mean value 
and the distribution differed between outcome types. 
For RRR, the highest mean value and heterogeneity was 
observed for ‘subjective’ outcomes (table 2 and figure 3).

Meta-analyses that reached the OIS
Figure 4A presents the estimated OIS for each meta-anal-
ysis in the extreme scenario of no heterogeneity. All-cause 
mortality required the highest OIS for both types of 
reviews. However, this was only marginally higher than 
‘semiobjective’ outcomes. For ‘subjective’ outcomes, OIS 
estimates are considerably smaller due to higher CERs 
and RRR. Figure 4B shows the number of meta-analyses 
that have achieved sample sizes equal or higher to the 
estimated OIS with more non-Cochrane reviews achieving 
this estimate (see figure 4C).

Estimation of the OIS based on reported heteroge-
neity shows that the necessary sample was only reduced 

for Cochrane SR reporting subjective outcomes (table 3). 
Further increasing the level of heterogeneity (worst-case 
scenario: heterogeneity=Q3) did not substantially change 
the proportion of meta-analyses achieving the OIS.

When using a more stringent estimate for the effect size 
(5% RRR) for ‘all cause mortality’, none of the identified 
meta-analyses had achieved the necessary sample size to 
meet the OIS (0/14 Cochrane and 0/12 non-Cochrane). 
Box presents five examples of meta-analyses reporting ‘all 
cause mortality’ as an illustration of SRs where the OIS 
has been reached and where it has not.

Discussion
Our results show that there is wide variability in the range 
of values that impact on the OIS calculation: effect size 
(RRR), heterogeneity (I2) and CER, regardless of source 
(Cochrane or non-Cochrane). This variability is partially 
explained by the type of outcome (‘all cause mortality’, 
‘semiobjective’ or ‘subjective’) evaluated.

OIS estimates could therefore be obtained from 
different types of outcomes, as previously proposed by 
Turner et al9 and Rhodes et al.11 To our knowledge, this 
is the first time that accounting for the type of outcome 
in the estimation of the OIS has been proposed. We also 
found that the type of outcome impacts on the range 
of heterogeneity observed and was particularly high for 
‘subjective’ outcomes. One possible explanation for this 



6 Garcia-Alamino JM, et al. BMJ Open 2017;7:e015888. doi:10.1136/bmjopen-2017-015888

Open Access�

Figure 4  OIS estimated considering best-case scenario (heterogeneity=0) by (A) type of outcome and source; y-axis is on the 
log scale, (B) related to the total number of patients included in each SR and (C) proportion of SRs achieving the OIS by type of 
outcome and source. OIS, optimum information size; SRs, systematic reviews.

Table 3  Percentage of meta-analyses that achieve the OIS by heterogeneity (I2) level assumed

% (n/N)

All cause mortality Semiobjective Subjective

Coch Non-Coch
95% CI 
difference Coch Non-Coch

95% CI 
difference Coch Non-Coch

95% CI 
difference

OIS (−0.074 
to 0.571)

(−0.043 
to 0.499)

(0.111 
to 0.616)

Achieved 0 25 11.1 37.5 31.4 72.2

I2=reported 0/14 3/12 2/18 9/24 16/51 13/18

OIS (−0.074 
to 0.571)

(−0.031 
to 0.534)

(−0.024 
to 0.490)

Achieved 0 25 16.6 45.8 45.1 72.2

I2=0 0/14 3/12 3/18 11/24 23/51 13/18

OIS (−0.134 
to 0.491)

(−0.079 
to 0.460)

(0.027 
to 0.553)

Achieved 0 16.6 11.1 33.3 29.4 61.1

I2=Q3 0/14 2/12 2/18 8/24 15/51 11/18

coch, Cochrane meta-analyses; non-Coch, non-Cochrane meta-analyses; OIS, optimum information size.
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Box E xample of five meta-analyses with the ‘all cause 
mortality’ as the main outcome that do, or do not, achieve 
the optimum information size (OIS)

Meta-analysis that meet the OIS
Weng et al (Annals of Internal Medicine)25

This meta-analysis evaluated the use of a non-pharmacological 
intervention (non-invasive ventilation) to treat patients with acute 
cardiogenic pulmonary oedema including a total of 1369 patients with 
a control event rate (CER) of 23%, relative risk reduction (RRR) 27% 
and 0% heterogeneity. For this systematic review assuming a 0% 
heterogeneity, the OIS estimated was 1296 patients.
 
Gastric team (The Journal of the American Medical Association)26

This meta-analysis evaluated the use of adjuvant chemotherapy for 
resectable gastric cancer including a total of 3781 patients with a CER 
69%, RRR 9% and 24% heterogeneity reported by the meta-analysis. 
For this systematic review assuming a 0% heterogeneity, the OIS 
estimated was 1828 patients.
 
NSCLC meta-analysis (The Lancet)27

This meta-analysis evaluated the use of adjuvant chemotherapy in 
patients with operable non-small cell lung cancer including a total 
of 8447 patients with a CER 49%, RRR 11% and 1% heterogeneity 
reported by the meta-analysis. For this systematic review assuming a 
0% heterogeneity, the OIS estimated was 2686 patients.

 
Meta-analysis with a large number of included patients 
that not meet the OIS
Adam et al (Annals of Internal Medicine)28

This meta-analysis evaluated the use of warfarin versus new oral 
anticoagulants for the management of atrial fibrillation and venous 
thromboembolism including a total of 14 143 patients with a CER of 
2%, RRR 12% and 0% heterogeneity reported. For this systematic 
review assuming a 0% heterogeneity, the OIS estimated was 100 562 
patients.
 
Rizos et al (The Journal of the American Medical Association)29

This meta-analysis evaluated the administration of omega-3 fatty 
acid supplementation and risk of major cardiovascular disease events 
including a total of 125 410 patients with a CER of 7%, RRR 4% and 
1% heterogeneity reported. For this systematic review assuming a 0% 
heterogeneity, the OIS estimated was 255 912 patients.

is the higher number of smaller randomised controlled 
trials. Nevertheless, these differences were more marked 
in Cochrane reviews, while non-Cochrane reviews showed 
more similar levels of heterogeneity across all types of 
outcomes. The obtained results show that globally less 
than half of recent published meta-analysis in high-quality 
journals achieved the OIS and therefore do not have 
appropriate statistical power to draw firm conclusions.

As expected, the estimation of the OIS assuming 
different levels of heterogeneity, and alpha values, 
showed a strong correlation. Although we used 
specialist software for the estimation of the OIS (TSA 
V.0.9), it is possible to estimate this value using any soft-
ware that allows sample size estimation if the hetero-
geneity level is assumed to be zero. Incorporation of 

heterogeneity can be done using a simple adjustment 
proposed by Wetterslev.5 This author proposes the use 
of an alternative index named the diversity (D2) statistic 
as opposed to the I2 factor. However, there is currently 
no consensus on what measure of heterogeneity to 
adopt for the OIS.4 14

Published meta-analyses that estimate optimal informa-
tion size often use one or more statistical assumptions, 
such as a RRR of 10%, or the median RRR of trials with 
low risk of bias.15–17 Our analysis shows that the median of 
the RRR is 20% for all pooled reviews. However, because 
the distribution of RRR varies by outcome type, in some 
cases optimal information size is underestimated, while in 
others it is overestimated.

Limitations
There are several proposed statistics to define a ‘desirable 
sample size in terms of numbers of participants across all 
studies’.4 The OIS as described in this paper involves a 
relatively simple calculation, which if anything is likely 
to underestimate the information required to define 
whether firm evidence has been reached to draw robust 
conclusions4 14 Therefore, we used this definition of OIS 
as a measure to estimate what proportion of SRs meet this 
minimum requirement.

We have focused exclusively on the calculation of a single 
threshold to define when/if a minimum level of evidence 
has been collected. However, retrospective analyses of 
meta-analytical results are more commonly used to inform 
prospective studies. For example, to determine the size of a 
new trial to answer definitively a question around efficacy. 
The use of trial sequential methods has been proposed 
to identify early signals of effect with monitoring bound-
aries being defined by frequentist, semi-Bayesian and fully 
Bayesian methods.4 18 19 Although there is still considerable 
uncertainty about the estimates and the best method to use, 
empirical studies have provided examples to suggest these 
methods could help detect signals early (benefit, harm 
or futility).8 20 Of note, the identification of the sample 
size required in a new study or studies will depend on the 
method used in the meta-analysis.14

Reviews conducted by the Cochrane collaboration are 
considered to be higher quality21 22 and of greater meth-
odological rigour than meta-analyses published in paper-
based journals. Our study only included meta-analyses from 
the top five medical journals, and therefore our results may 
not be applicable to other meta-analyses published in other 
journals. Nevertheless, this would bias our results towards 
better evidence being evaluated to what is currently being 
generated. Also, our results do not generalise to network 
meta-analyses, which is an area of evidence synthesis that 
has grown rapidly.23 A recently published study demon-
strated that substantial variation exists in such network-
based meta-analysis,24 and the statistical methodology to 
estimate the OIS in these meta-analyses is less developed 
than for traditional meta-analysis, hence our exclusion of 
these studies.
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Implications for researchers and methodologists
This study has shown that the type of outcome when esti-
mating the OIS can be used as a proxy for defining the 
basic parameters (CER, RRR and I2) required to perform 
the calculation. Systematic reviewers can use these results 
to calculate an OIS value for their primary outcome inde-
pendently of the confidence they have on the specific 
parameters obtained from their review. Therefore, we 
encourage reviewers to use the estimation of a sample 
size as a measure of the likely confidence in their results. 
Particularly as >50% of the primary outcomes in recent SRs 
appear to fall below this minimum requirement, pointing 
out the need for further evidence to reduce uncertainty.

Conclusions
Heterogeneity and effect size impact on the estimation of 
the OIS. It is however possible to estimate the OIS using 
traditional sample size estimation software and if necessary 
adjust for heterogeneity. Our results demonstrate that the 
type of outcome is relevant to the estimation of the OIS, as 
well as the heterogeneity and the CER and RRR. Currently 
less than half of published meta-analysis in high-quality 
journals have achieved the OIS, and therefore conclusions 
based on such results are subject to substantial uncertainty.
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