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ABSTRACT

Objective To estimate the proportion of systematic
reviews that meet the optimal information size (0IS) 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 19888.5 (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 0IS, 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 al'® 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,

Strengths and limitations of this study

» Toour knowledge, this is the first analysis to estimate
the optimal information size by type of outcome.

» This study includes only systematic reviews from
the Cochrane library and the top five general
medical journals; therefore, our results may not be
generalisable to systematic reviews published in
other journals.

the required number of participants (infor-
mation size) for a meta-analysis should match
those required in an adequately powered
single trial.”> Other measures of information
size have been proposed’’; 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.® Brok et af 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.””

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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The meta-analysis (comparison) include*:

- Observational studies YES
- Diagnostic interventions
- Is a Network meta-analysis

EXCLUDE this
meta-analysis
(comparison)

The meta-analysis include:

- Binary outcome
- Two or more individual studies

YES

INCLUDE this
meta-analysis
(comparison)

Go to the following meta-analysis (comparison)
* Main outcome comparison as described by the authors, if they did not describe as main outcome we selected the first
comparison that appears on the systematic review.

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 (7he New England Journal of Medicine,
Lancet, The Jowrnal 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 ] 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 Turner” (‘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 I* 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)' freely
downloadable at www.ctu.dk/tsa. The TSA software allows
meta-analysis of dichotomous or continuous data under
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Records identified through
database searching
416 Cochrane reviews

120 randomly selected

Reasons and number of
excluded:

No binary outcomes (n=13)

No events (n=11)

Included meta-analyses

n =83

!

Records identified through
database searching
98 non-Cochrane reviews

Reasons and number of
excluded:

No binary outcomes (n=23)

Network meta-analysis (n=11)

Included meta-analyses

n=>54

/

Total number of meta — analyses
included

n=137
(61% Cochrane, 39% non-Cochrane)

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'' These two estimates of
‘heterogeneity=0Q3’ 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.' For the trans-
formation of relative risk (RR) measure to RRR, we used the
following formula RRR=1RR. 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®

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)
21.7 (18/83)

61.4 (51/83)

Semiobjective
Subjective

Type of intervention
Pharmacological 56.6 (47/83)

Non-pharmacological 44.6 (36/83)

22.2 (12/54)
44.4 (24/54)
33.3 (18/54)

19 (26/137)
30.7 (42/137)
50.4 (69/137)

62.9 (34/54)
35.2 (20/54)

59.1 (81/137)
40.9 (56/137)

Table 2 Descriptive results for the statistical assumptions in the included meta-analyses

CER RRR* Heterogeneity (1% Included patients OIS estimatedt

All reviews (n=137)

Mean (SD) 26.9 (26.1) 28.231.5) 20.4(26.1) 9426.0 (22 753.9) 386 441.1 (1 645 397.1)
Cochrane reviews (n=383)

Mean (SD) 24.0(27.9) 21.036.6) 0.0(25.5) 586 (6245.8) 2301.0 (1 422 086.6)
Non-Cochrane reviews (n=54)

Mean (SD) 10.0(21.7) 20.020.6) 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) 20.322.1) 10.9(17.6) 14314.6 (25 880.1) 499 090.7 (1 966 940.8)
Cochrane reviews (n=14)

Mean (SD) 10.0(11.2) 25.527.3) 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) 14.312.6) 15.7(20.8) 22962.1 (34 232.8) 132 511.2 (201 708.8)
Semiobjective (n=42)

Mean (SD) 17.2(20.9) 19.018.7) 18.8(25.9) 18683.5 (33 125.7) 828 450.9 (2 444 468.1)
Cochrane reviews (n=18)

Mean (SD) 18.5(10.5) 21.724.00 12.8(22.7) 3384.8 (4762.7) 536 616.8 (1 803 091.2)
Non-Cochrane reviews (n=24)

Mean (SD) 16.320.00 16.913.7) 23.3(27.5) 30157.0 (40 233.9) 1047 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) 74944.0 (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) 78688.6 (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) 64334.2 (261 366.6)

*For the calculation of this descriptive variable all the values were considered as positive.
TThis 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 19888.5 (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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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
(X2; 2df=11.15, p=0.004) but not in the type of interven-
tion reported (X2; 1df=0.54, p=0.46).

The descriptive analysis of the different parameter esti-
mates (CER, RRR and I?) 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=QQ3) 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 (I?) 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 al’ and Rhodes et al.'' 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

Garcia-Alamino JM, et al. BMJ Open 2017;7:015888. doi:10.1136/bmjopen-2017-015888 5
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Table 3 Percentage of meta-analyses that achieve the OIS by heterogeneity (%) level assumed

All cause mortality Semiobjective Subjective
95% ClI 95% ClI 95% ClI
% (n/N) Coch Non-Coch difference Coch Non-Coch difference Coch Non-Coch difference
(O]1S] (-0.074 (-0.043 (0.111
to 0.571) to 0.499) to 0.616)
Achieved 0 25 111 37.5 31.4 72.2
[>=reported 0/14 3/12 2/18 9/24 16/51 13/18
ols (-0.074 (~0.031 (-0.024
to 0.571) to 0.534) to 0.490)
Achieved 0 25 16.6 45.8 451 72.2
1°=0 0/14 3/12 3/18 11/24 23/51 13/18
(O]} (-0.134 (-0.079 (0.027
to 0.491) to 0.460) to 0.553)
Achieved 0 16.6 11.1 33.3 29.4 61.1
’=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 Example of five meta-analyses with the ‘all cause

mortality’ as the main outcome that do, or do not, achieve
the optimum information size (0IS)

Meta-analysis that meet the 0IS

Weng et al (Annals of Internal Medicinef*®

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)?®

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?’

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 Medicinef®

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 100562
patients.

Rizos et al (The Journal of the American Medical Association)’®

This meta-analysis evaluated the administration of omega-3 fatty
acid supplementation and risk of major cardiovascular disease events
including a total of 125410 patients with a CER of 7%, RRR 4% and
1% heterogeneity reported. For this systematic review assuming a 0%
heterogeneity, the OIS estimated was 255912 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

8 Open Access

heterogeneity can be done using a simple adjustment
proposed by Wetterslev.” This author proposes the use
of an alternative index named the diversity (D?) statistic
as opposed to the I” factor. However, there is currently
no consensus on what measure of heterogeneity to
adopt for the OIS.*'*

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.'*” 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’.* 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
conclusions* 1 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.* '* ' 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) 320 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.'*

Reviews conducted by the Cochrane collaboration are
considered to be higher quality” ** 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 ralpidly.23 A recently published study demon-
strated that substantial variation exists in such network-
based meta-analysis,”* 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 I°) 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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