
Statistical Multiplicity in Systematic Reviews of
Anaesthesia Interventions: A Quantification and
Comparison between Cochrane and Non-Cochrane
Reviews
Georgina Imberger1,2,3*, Alexandra Damgaard Vejlby3, Sara Bohnstedt Hansen3, Ann M. Møller1,3, Jørn

Wetterslev2

1 Cochrane Anaesthesia Review Group, Rigshospitalet, Copenhagen University Hospital, Copenhagen, Denmark, 2 Copenhagen Trial Unit, Centre for Clinical Intervention

Research, Rigshospitalet, Copenhagen University Hospital, Copenhagen, Denmark, 3 Herlev Hospital, Copenhagen University Hospital, Herlev, Denmark

Abstract

Background: Systematic reviews with meta-analyses often contain many statistical tests. This multiplicity may increase the
risk of type I error. Few attempts have been made to address the problem of statistical multiplicity in systematic reviews.
Before the implications are properly considered, the size of the issue deserves clarification. Because of the emphasis on bias
evaluation and because of the editorial processes involved, Cochrane reviews may contain more multiplicity than their non-
Cochrane counterparts. This study measured the quantity of statistical multiplicity present in a population of systematic
reviews and aimed to assess whether this quantity is different in Cochrane and non-Cochrane reviews.

Methods/Principal Findings: We selected all the systematic reviews published by the Cochrane Anaesthesia Review Group
containing a meta-analysis and matched them with comparable non-Cochrane reviews. We counted the number of
statistical tests done in each systematic review. The median number of tests overall was 10 (interquartile range (IQR) 6 to
18). The median was 12 in Cochrane and 8 in non-Cochrane reviews (difference in medians 4 (95% confidence interval (CI)
2.0–19.0). The proportion that used an assessment of risk of bias as a reason for doing extra analyses was 42% in Cochrane
and 28% in non-Cochrane reviews (difference in proportions 14% (95% CI 28 to 36). The issue of multiplicity was addressed
in 6% of all the reviews.

Conclusion/Significance: Statistical multiplicity in systematic reviews requires attention. We found more multiplicity in
Cochrane reviews than in non-Cochrane reviews. Many of the reasons for the increase in multiplicity may well represent
improved methodological approaches and greater transparency, but multiplicity may also cause an increased risk of
spurious conclusions. Few systematic reviews, whether Cochrane or non-Cochrane, address the issue of multiplicity.
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Introduction

Background
A systematic review aims to collate all the available evidence in

order to answer a specific research question. Meta-analysis refers

to the statistical combining of results. Systematic review with meta-

analysis has the potential to increase the power to assess the

efficacy of an intervention [1]. Anaesthesia is one specialty where

this increase in power may be particularly useful; important

outcomes - such as mortality and severe morbidity - are often rare

[2,3] and increased precision is therefore valuable.

In order to benefit most from this increased precision, we need

to strive to make conclusions in systematic reviews as reliable as

possible. There are many methodological challenges in this

endeavour. For example, consideration must be given to several

types of risk of bias (‘systematic errors’), duplicate publication,

heterogeneity and inclusion of outdated studies [4–6]. ‘Statistical

multiplicity’ refers to the presence of more than one test of a null

hypothesis and it creates another challenge when trying to ensure

the reliability of conclusions.

There are various reasons why multiple statistical tests may be

done in a systematic review: multiple outcomes may be

compared, the same outcome may be measured at different time

points, there may be multiple intervention groups, there may be

analyses made of subgroups, or accumulating data may be

compared repeatedly over time. Statistical multiplicity is a

problem because it increases the risk of type 1 error [7,8]. Type

1 error occurs when the null hypothesis is incorrectly rejected;
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when there is a false positive. We usually accept If there is a

group of two or more statistical tests, and significance is declared

for any one test if the P-value is less than 0.05, then the

probability of making an error overall ends up being higher than

5%. In practical terms, statistical multiplicity increases the risk for

false positive findings [9,10].

The fact that multiple statistical tests increase the risk of type 1

error is clear. The importance of this increase in risk, and whether

adjustments should be made, is far less clear. Published opinions -

in the context of single trials - vary enormously. Some argue that

any adjustment for multiplicity is entirely unnecessary [11,12],

while others contend that adjustments should always be done

when there is more than one test [13–15]. Many suggest a

variation of a middle ground, with various interpretations of when

and how adjustments should be made [9,16].

While the issue of statistical multiplicity has been keenly debated

in the context of single trials, it has received little attention in the

context of systematic reviews. Authors of systematic reviews often

aim to cover a topic thoroughly, sometimes with many planned

outcomes, subgroups and sensitivity analyses. There is therefore

good reason for statistical multiplicity to be common in systematic

reviews. In the reviews themselves, the presence of multiplicity is

rarely mentioned [17]. A recent review on the topic of multiple

comparisons in systematic reviews concluded that the issue

requires recognition and further research is required [10]. The

Cochrane Collaboration (TCC) is an international organization

that prepares, maintains and promotes systematic reviews [18].

From within this organisation, the issue of multiple comparisons in

systematic reviews has begun to receive attention [10,19,20]. But

this attention has so far been limited.

The issue of statistical multiplicity in systematic reviews is

complex and challenging. In a systematic review, a null hypothesis

is tested using meta-analysis. That same null hypothesis may have

been tested previously, individually, in the trials included in the

meta-analysis. In this case, one could argue that the results do not

represent any increased multiplicity. Instead, one might argue that a

meta-analysis provides a summary of the multiplicity that already

existed. Others might consider the meta-analysed comparison as a

new statistical test in its own right. Moreover, the new hypothesis

test could be viewed as a type of sequential multiplicity, where the

comparison represents the first in a potential series of updates of a

systematic review and could therefore be considered analogous to

an added interim analysis in a clinical trial. Aside from these views,

and philosophically more straightforward, a systematic review may

introduce entirely new hypotheses to be tested. For example, new

subgroups may be tested, or the intervention effects were

measured but not tested in the initial trials.

Cochrane systematic reviews may contain more multiplicity

than non-Cochrane systematic reviews. TCC provides guidelines

for the writing of its reviews [18]. The editorial process is

extensive, providing support for authors throughout the develop-

ment of the peer reviewed protocol and the writing of the review.

Statistical editors, peer reviewers and consumers may all provide

input during the development of a protocol. It is possible that this

increased editorial involvement may limit the number of

comparisons planned, in an effort to minimise multiplicity. It is

also possible that intensive editorial involvement may increase the

number of planned comparisons, as the number of ideas for

relevant comparisons and sub-groups is increased. TCC also

encourages the grading of included trials based on their risk of bias

[21]. Many Cochrane authors will then do subgroup analyses

based on bias-control of included trials. Such subgroup analyses do

play an important role in assessing the validity of results, but they

also increase the number of comparisons made.

It seems likely that differences of opinion will exist about the

issue of statistical multiplicity in the context of systematic reviews.

Before the implications are properly considered and any solutions

implemented, the size of multiplicity in systematic reviews

deserves clarification. This study aimed to assist in that

clarification. The presence of multiplicity was quantified in a

population of Cochrane systematic reviews and in a population of

comparable non-Cochrane systematic reviews. The first aim was

to measure the overall quantity of statistical multiplicity within

this population. The second aim was to compare the quantity of

multiplicity in Cochrane reviews with that in comparable non-

Cochrane reviews.

Objectives
Primary outcome. Our primary outcome was the quantity

of statistical tests in systematic reviews and had two components.

First, we measured the quantity of statistical tests overall in our

sample of systematic reviews. Second, we tested the hypothesis that

the number of statistical tests is different in Cochrane and non-

Cochrane systematic reviews.

Secondary outcomes. We investigated four secondary

outcomes. We investigated the quantities overall in our sample

of systematic reviews and tested the hypotheses that the quantities

were different in Cochrane and non-Cochrane systematic reviews.

First, we aimed to quantify the proportion of systematic reviews

that clearly described a primary outcome. Methodological guides

for systematic review recommend selecting outcomes as principal

or primary [10,19,22]. We hypothesised that clear defining of a

primary outcome may be more common in either Cochrane or

non-Cochrane reviews.

Second, we aimed to quantify the number of statistical tests

done as part of a primary outcome in the systematic reviews. We

hypothesised that the quantity of statistical tests was being

controlled somewhat by defining a primary outcome and that

this control may be more evident in either Cochrane or non-

Cochrane reviews. Where no clear primary outcome was defined,

we considered it reasonable to consider all outcomes in a review as

part of the primary outcome.

Third, we aimed to quantify the proportion of systematic

reviews that used a risk of bias assessment as a reason for subgroup

analyses. We hypothesised that this reason for doing statistical tests

might be common in systematic reviews and that it may be more

common in either Cochrane or non-Cochrane reviews.

Fourth, we aimed to quantify the proportion of systematic

reviews that address the issue of statistical multiplicity in some way.

We hypothesised that few authors of systematic reviews are

currently addressing this issue and that these proportions may be

different in Cochrane and non-Cochrane reviews.

Methods

Selection of Reviews
We chose to examine the population of reviews that were

published in the Cochrane Anaesthesia Review Group (CARG).

We selected all the CARG reviews that that contained a meta-

analysis (as of October 2009). Each selected CARG review was

then matched with a comparable review from a paper journal. In

order to be included, the non-Cochrane review also needed to

contain a meta-analysis. We excluded reviews with any of the same

authors as those for the Cochrane counterpart.

We were conscious that the selection of the matched reviews

represented a potential limitation in our study. In a similar way to

a case-control study, our method for matching the Cochrane

reviews was susceptible to bias. In order to minimise this bias, we
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followed the following defined process for searching and selecting

the non-Cochrane reviews.

We defined the intervention and population of each CARG

review before we commenced the selection process. We used these

definitions as our search terms. We reviewed the following search

engines looking for the best possible match: MEDLINE,

EMBASE, CENTRAL, CINAHL, Web of Science, IndMED

and KoreaMED. We didn’t apply any language restrictions.

Figure 1 shows how we selected the non-Cochrane reviews.

Data Extraction
We extracted the following data from each systematic review:

1. the number of statistical tests performed

2. whether a primary outcome was quoted (defined as a clear

statement in the methods section clarifying that one or more of

the outcomes in the review had been considered as of ‘primary’

importance)

3. the number of statistical tests performed as part of the primary

outcome

4. whether it was clear exactly how many statistical tests had been

done

5. whether subgroup analyses based on risk of bias assessment had

been done

6. whether the issue of statistical multiplicity had been addressed

in some way

In measuring the number of statistical tests done, we aimed to

measure the number of meta-analysed comparisons actually

performed in these reviews. Therefore, the measurements were

taken from the results sections in the papers. We attempted to

clarify the number of statistical tests done based on the

information provided in the published paper. This attempt

included reading any supplementary information referred to in

the text. We did not contact the authors of any reviews. When it

was impossible to clearly measure the number of comparisons,

we made estimates based on the information provided. For

example, when a paper stated that subgroup analyses were done

using four categories of risk of bias in included trials (but gave no

further information), we estimated that an extra two tests were

done for any meta-analysed comparison with greater than four

trials.

Meta-analysts can use either a random-effects or a fixed-effect

model for each statistical test. When both techniques were used

and reported, we did not count these repeated tests as extra tests.

The repeated tests are performed using the same data, and we felt

that it was reasonable to consider this repeat as a re-structure of

the same toss of the dice. Similarly, we did not count different

effect measures (of the same outcome), nor any investigations of

heterogeneity. Our aim was the count the number of statistical

tests done as part of meta-analysis, so we didn’t count any

statistical test results presented from single studies.

Three investigators independently read and examined each

included review. Each investigator made a decision as to how

many comparisons were conducted as part of each systematic

review. The final figure was decided after discussion and consensus

between the three investigators. A full copy of the data that was

extracted for each systematic review can be found in Appendix S1.

Statistical analyses
Primary outcome. To compare whether the number of

statistical tests is different in Cochrane and non-Cochrane

systematic reviews, we presented the respective distributions

using box plots. The medians of the two groups were compared

using the paired Wilcoxin test (two-tailed), with a P-value and an

estimate of the 95% confidence interval for the difference between

medians.

We conducted three sensitivity analyses on the primary outcome,

in order to explore whether the methodology of our own

investigation had affected our result. First, we used only the pairs

of systematic reviews where the number of statistical tests was

assessed as clear by all three investigators. Second, we used only the

pairs that were successfully matched for the same intervention.

Third, we used only the pairs of systematic reviews that were

published within the same three years. The three sensitivity analyses

were performed using the paired Wilcoxin test (two-tailed).

Secondary Outcomes. For the numerical data, we

compared the differences in the medians using the paired

Wilcoxin test (two-tailed). For the categorical data, we compared

the differences in proportion using the Chi Squared test (two

tailed).

Figure 1. Selection of non-Cochrane reviews.
doi:10.1371/journal.pone.0028422.g001
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Results

Selection of Reviews
At the time when we selected the reviews, the Cochrane

Anaesthesia Review Group (CARG) had 58 published systematic

reviews. 43 of these reviews contained a meta-analysis. The search

terms that we used to find the best matches for these 43 reviews are

in Appendix S2. We were able to match 35 (81%) CARG reviews

with non-Cochrane reviews investigating the same intervention.

The remainder (19%) were matched with non-Cochrane reviews

using the same population. For 33 (77%) of the matches, the non-

Cochrane review was published within three years of its Cochrane

counterpart. See Appendix S2 and S3 for the full details of the

selection process and the list of selected systematic reviews.

Primary Outcome 1 – The number of statistical tests in
this population of systematic reviews overall

Overall, the median number of statistical tests in this population

of systematic reviews was 10. The interquartile range was 6 to 18.

The highest number of statistical tests in one systematic review was

1872 [23] and the second highest was 98 [24]. Figure 2 is a box

plot showing the distribution of these data. This box plot excludes

the systematic review with the highest number [23], as it is such an

extreme outlier.

Primary Outcome 2 – The comparison between the
number of statistical tests in Cochrane and
non-Cochrane systematic reviews

Figure 3 compares the distributions of the number of statistical

tests in the Cochrane and non-Cochrane reviews (excluding the

Carlisle 2006). Table 1 shows the results of the statistical

comparison between the number of tests in the Cochrane and

non-Cochrane systematic reviews.

Secondary Outcomes
The results for the four secondary outcomes are summarised in

Table 2.

The two Cochrane reviews that addressed the issue of

multiplicity in some way were Afshari 2006 [25] and Perry 2008

[26]. In the first, trial sequential analysis was used in the analysis of

the primary outcome. This statistical technique aims to correct for

the increased type 1 error caused by the testing of sparse data and

the multiplicity resulting from repeated updates in a cumulative

meta-analysis [27]. In the second, the authors mention multiplicity

as a limitation in their discussion.

The three non-Cochrane reviews that address the issue of

multiplicity in some way were Block 2003 [24], Phan 2008 [28] and

Shah 2005 [29]. A Bonferroni correction was used in the first for a

primary outcome with multiple measurement of pain. In the second,

the authors mentioned in the discussion that if Bonferroni

correction had been used to adjust for multiple comparisons, the

p-values would have been larger. In the third, the effect measures

were combined using an empirical Bayes random-effects estimator.

Discussion

We examined a population of reviews looking at interventions

that fall under the inclusion description of CARG. In this

population, we found an overall median of 10 statistical tests in

each review, with an interquartile range of 6 to 18. Does this

number represent a relevant quantity of statistical multiplicity?

If 10 statistical tests are done, each using a P value of 0.05 (or

corresponding 95% confidence intervals) as the threshold for

Figure 2. Box plot showing the median, interquartile range and range of the distribution of the number of statistical tests in our
population of systematic reviews (excluding Carlisle 2006).
doi:10.1371/journal.pone.0028422.g002
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significance, then the overall risk of type 1 error will be larger than

5%. How much larger depends on the correlation between the

comparisons and the validity of the underlying null hypotheses.

The experimental error rate (EER) = the probability of rejecting at

least one of k independent null hypotheses when in fact all are

true. EER is given by:

EER~1{ 1{að Þk

where k equals the number of independent comparisons and

a= the assigned type I error. The probability of rejecting at least

one of the 10 null hypotheses incorrectly (assuming that they are

all true) is 0.60 (12(120.05)10). Without adjustment, therefore, if

all null hypotheses are in fact ‘true’, and all the comparisons are

independent, there is a 60% probability of finding at least one

falsely significant result in our primary outcome. While it is

possible that a group of 10 null hypotheses in a systematic review

may be in fact ‘true’, it would be rare that they were independent.

So, in practice, the risk of making a type 1 error, if 10 tests are

done, lies somewhere between 5% and 60%. For 50% of the

systematic reviews in our study that did more than 10 statistical

tests, the risk of making at least one type 1 error is even higher.

The interpretation of the risk of type 1 error depends, to an

extent, on the intent of the systematic review. If we aim to

maintain a risk of type 1 error of less than 5%, and to interpret

conclusion as definitive and a reason to guide patient treatment,

then the quantity of statistical multiplicity observed in this study is

indeed relevant. Alternatively, if we aim to explore possible effects

of an intervention, with the aim of guiding further discussion and

research, then the quantity of statistical multiplicity observed may

not be considered relevant.

The number of statistical tests was higher in the Cochrane

reviews than in the non-Cochrane reviews. The difference in

medians was 4 (95% CI 2.0–19.0, P-value 0.011). None of the

three sensitivity analyses altered the significance of our finding.

There are many explanations for why Cochrane reviews may have

more multiplicity. Moreover, this increase may represent meth-

odological trends that are positive. It may be that as we improve

Figure 3. Box plot showing the median, interquartile range and range of the distribution of the number of statistical tests in the
Cochrane and non-Cochrane reviews (excluding the Carlisle 2006).
doi:10.1371/journal.pone.0028422.g003

Table 1. Results - Primary Outcome – Number of statistical tests.

Median - Cochrane
reviews

Median - Non-Cochrane
reviews

Difference in median (95%
Confidence Interval) P-value

Total number of statistical tests 12 8 4 (2.0–19.0) 0.011

Sensitivity analysis 11 10.5 7.5 3 (2.0–19.0) 0.006

Sensitivity analysis 22 14 8 6 (2.5–20.5) 0.007

Sensitivity analysis 33 12.5 8.5 4 (2.0–21.0) 0.012

1Using only the reviews where the number of statistical tests was assessed as clear by all investigators involved in data extraction.
2Using only the reviews that were successfully matched for the same intervention.
3Using only the reviews that were matched with a review that was published within the same three years.
doi:10.1371/journal.pone.0028422.t001
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the quality and breadth of systematic reviews, we can’t help but

increase the multiplicity. For example, Cochrane encourages the

investigation of adverse events [30]. Such investigation is clearly

important, but also leads to an increase in the number of

outcomes. Similarly, Cochrane encourages sensitivity analyses

including studies with varying risks of bias [21]. Methodological

flaws in included studies can cause major systematic errors (‘bias’)

in the conclusions of systematic reviews [31,32]. Omitting all

studies with methodological flaws may limit the authors’ ability to

make any conclusion at all. The practice of investigating the effect

of risk of bias on the conclusions represents a good solution. Again,

however, this methodological approach increases the amount of

multiplicity. Our study explored one of these hypotheses as to why

Cochrane reviews may contain more multiplicity. Risk of bias was

used as a reason to conduct extra subgroup analyses in 42% (18/

43) of Cochrane reviews and 12 (28%) of non-Cochrane reviews

(difference in proportion 14% (95% CI28 to 36). These

differences certainly suggest a quantifiable reason as to why

Cochrane reviews contain more multiplicity than their non-

Cochrane counterparts.

Only 6% (5/86) of the systematic reviews addressed the issue of

multiplicity in some way [24–26,28,29], either by just mentioning

the issue or by implementing a statistical methodology that may

adjust for it. The purpose of this study was not to assess the

accuracy or appropriateness of how multiplicity issues are handled

in systematic reviews. That difficult task lies in the future. Rather,

we aimed to assess whether it was being considered at all. Our

finding shows that the issue of multiplicity is currently largely

ignored in systematic reviews of anaesthesiological interventions

and this omission seems equal in Cochrane and non-Cochrane

reviews.

Primary outcomes were clearly defined in 63% (27/43) of the

Cochrane reviews and 51% (22/43) of the non-Cochrane reviews

(difference in proportions 12%, 95% CI 211 to 35). When one or

more outcomes are identified as primary, it seems reasonable that

comparisons done as part of that definition can be considered

confirmatory and all other comparisons as exploratory. When no

primary outcome is defined, it seems reasonable that all

comparisons done are of equal importance and potentially

confirmatory. We therefore considered the quantity of multiplicity

within the primary outcome. When there was no primary outcome

defined, we considered all the comparisons in the review as being

‘part of the primary outcome’. If multiplicity is considered in this

way, then the quantity is predictably less (median of 6 overall, IQR

4 to 13). While not statistically significant, the trend for more

multiplicity in the Cochrane reviews remained, with a difference in

medians of 2, (95% CI 0 to 7.5). The increased use of primary

outcomes in Cochrane reviews did not equate with a decrease in

primary outcome multiplicity.

Strengths and Limitations
We chose the population of CARG reviews as we felt that

anesthesia research, with its particularly elusive outcome data,

benefits greatly from reliable conclusions in meta-analytic

systematic reviews. The process for matching was carefully

designed, in order to find the best possible match and to minimize

selection bias. Unfortunately, we were not able to match all of the

CARG reviews according to their intervention. Some of the

reviews were matched based on the population investigated. And

in those cases, the interventions were not always anaesthesiologi-

cal. The sensitivity analysis including only the reviews with a good

match did support our overall findings. So the inclusion of non-

anaesthesiological reviews is unlikely to alter the validity of our

conclusion.

The number of statistical tests reported is not necessarily the

same as the number of tests conducted. Unlike non-Cochrane

reviews, Cochrane reviews always have published protocols and no

word limit for the size of the review. It is possible that authors of

non-Cochrane reviews perform more comparisons than they

report. Such selective reporting leaves a reader unable to interpret

the effect of multiplicity. Certainly, the transparent reporting of

many comparisons is more informative than the selective reporting

of few. The transparency of Cochrane protocols may reduce the

risk of selective reporting. In the context of our study, selective

reporting of outcomes may have been greater in the non-

Cochrane reviews, limiting our ability to accurately compare the

quantity of multiplicity. However, with regard to the quantity of

statistical multiplicity overall, hidden selective reporting would

only result in the quantity of the multiplicity present being greater

than what we measured.

We only counted the number of comparisons made within

individual systematic reviews. Repeated looks and repetitive

testing of accumulating data, both from multiple meta-analyses

on the same topic and from updating of reviews, also increases the

risk of type 1 error and may lead to spurious conclusions

[20,27,33,34]. A quantification of sequential multiplicity is

warranted, but it has not been addressed in this study.

There was – of course - statistical multiplicity present in our own

study. We conducted four statistical tests as part of our primary

analysis. We considered the importance of the three sensitivity

analyses when we wrote the protocol for our study and decided

that the value that they added, testing the validity of our primary

outcome, justified the increased risk for type 1 error. Our study

was explorative in nature, and its conclusion will not guide medical

Table 2. Results for the secondary outcomes.

All Reviews
Cochrane
reviews

Non-Cochrane
reviews

Difference in proportions
(95% Confidence Interval) P-value

Proportion of systematic reviews
with a clear primary outcome

57%
(49/86)

63%
(27/43)

51%
(22/43)

Difference in proportions:
12% (211 to 35)

0.365

Number of statistical test done
as part of the primary outcome

median 6
(IQR 4.0 to 13.0)

median 8
(IQR 4.5 to 16.5)

median 6
(IQR 3.5 to 10.8)

Difference in medians:
2 (0 to 7.5)

0.066

Proportion of studies using risk of
bias as a reason for further analyses

35%
(30/86)

42%
(18/43)

28%
(12/43)

Difference in proportions:
14% (28 to 36)

0.256

Proportion of reviews in which
the issue of multiplicity was
addressed in some way

6%
(5/86)

5%
(2/43)

7%
(3/43)

Difference in proportions:
2% (214 to 10)

1.00

doi:10.1371/journal.pone.0028422.t002
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practice directly. We therefore decided that a subjective

consideration of the effect of the multiplicity was most appropriate.

The four comparisons were not independent, and the P-values

were consistent and low. We therefore concluded that statistical

multiplicity is unlikely to have affected the validity of our primary

comparison.

Power, however, may have compromised this validity. With post

hoc review, our study was probably underpowered to discern a

median difference of 4 comparisons given the wide range of

statistical multiplicity found in this population of systematic

reviews. Lack of power can impact on the reliability of a

statistically significant result as much as it can on the reliability

of a non-statistically significant one; in any analysis, a statistically

significant finding before an adequate sample size has been

reached may be a chance finding [35,36]. It is most accurate

therefore to consider our primary outcome as a possible trend,

rather than a definitive difference.

Conclusion
The quantity median number of statistical tests in this sample of

systematic reviews was 10 (IQR 6 to 18). We found a higher

number of statistical tests in the Cochrane systematic reviews

compared with their non-Cochrane counterparts. The difference

in medians was 4 (95% CI 2.0–19.0, P-value 0.011). Many of the

reasons for the increase in multiplicity may be sound and represent

improved methodological approach and greater transparency.

However, an increase in multiplicity may also represent an

increased risk of spurious conclusions. Very few systematic

reviews, whether Cochrane or non-Cochrane, address the issue

of multiplicity. A consideration of this issue is required.

Supporting Information

Appendix S1 Data extracted.

(DOC)

Appendix S2 Matching of reviews.

(DOC)

Appendix S3 Included systematic reviews.

(RTF)

Acknowledgments

We thank Christian Gluud, for his assistance with the manuscript. We also

thank Caroline Cain, for her assistance with translation.

Author Contributions

Conceived and designed the experiments: GI AM JW. Performed the

experiments: GI AV SH. Analyzed the data: GI JW. Wrote the paper: GI

JW.

References

1. Oxman AD, Guyatt GH (1993) The science of reviewing research. Ann N Y Acad

Sci 703: 125–133.
2. Petty WC, Kremer M, Biddle C (2002) A synthesis of the Australian Patient

Safety Foundation Anesthesia Incident Monitoring Study, the American Society

of Anesthesiologists Closed Claims Project, and the American Association of
Nurse Anesthetists Closed Claims Study. AANA J 70: 193–202.

3. Wetterslev J, Møller AM, Lundstrøm LH, Jensen PF Danish Anaesthesia
Database Annual Report 2008.

4. Sharp SJ (2006) Analysing the relationship between treatment benefit and underlying

risk: precaution and recommendations. In: Egger M, Smith GD, Altman DG, eds.
Systematic Reviews in Health Care. London: BMJ Publishing Group.

5. Sterne JA, Egger M, Smith GD (2006) Investigating and dealing with publication
and other biases. In: Egger M, Smith GD, Altman DG, eds. Systematic Reviews

in Health Care. London: BMJ Publishing Group.

6. Myles PS, Gin T (2000) Large trials, meta-analysis, and evidence-based
medicine. In: Myles PS, Gin T, eds. Statistical methods for anaesthesia and

intensive care. London: Butterworth-Heinemann.
7. Tukey JW (1977) Some Thoughts on Clinical-Trials, Especially Problems of

Multiplicity. Science 198: 679–684.
8. Turk DC, Dworkin RH, McDermott MP, Bellamy N, Burke LB, et al. (2008)

Analyzing multiple endpoints in clinical trials of pain treatments: IMMPACT

recommendations. Initiative on Methods, Measurement, and Pain Assessment in
Clinical Trials. Pain 139: 485–493.

9. Bender R, Lange S (2001) Adjusting for multiple testing–when and how? J Clin
Epidemiol 54: 343–349. S0895-4356(00)00314-0 [pii].

10. Bender R, Bunce C, Clarke M, Gates S, Lange S, et al. (2008) Attention should

be given to multiplicity issues in systematic reviews. J Clin Epidemiol 61:
857–865. S0895-4356(08)00093-0 [pii];10.1016/j.jclinepi.2008.03.004 [doi].

11. Rothman KJ (1990) No adjustments are needed for multiple comparisons.
Epidemiology 1: 43–46.

12. Perneger TV (1998) What’s wrong with Bonferroni adjustments. British Medical
Journal 316: 1236–1238.

13. Aickin M, Gensler H (1996) Adjusting for multiple testing when reporting research

results: the Bonferroni vs Holm methods. Am J Public Health 86: 726–728.
14. Gordi T, Khamis H (2004) Simple solution to a common statistical problem:

Interpreting multiple tests. Clinical Therapeutics 26: 780–786.
15. Ottenbacher KJ (1998) Quantitative evaluation of multiplicity in epidemiology

and public health research. Am J Epidemiol 147: 615–619.

16. Proschan MA, Waclawiw MA (2000) Practical guidelines for multiplicity
adjustment in clinical trials. Control Clin Trials 21: 527–539. S0197-

2456(00)00106-9 [pii].
17. Biester K, Lange S (2005) The multiplicity problem in systematic reviews [abstract].

XIII Cochrane Colloquium, 2005 Oct 22–26. Melbourne, Australia 153.
18. Higgins JPT, Green S, eds (2009) Cochrane Handbook for Systematic Reviews

of Interventions. The Cochrane Collaboration.

19. Higgins JPT, Deeks JJ, Altman DG (2009) Special topics in statistics. In:
Higgins JPT, Green S, eds. Cochrane Handbook for Systematic Reviews of

Interventions. Chichester (UK): John Wiley & Sons. pp 481–529.

20. Thorlund K, Devereaux PJ, Wetterslev J, Guyatt G, Ioannidis JP, et al. (2009)

Can trial sequential monitoring boundaries reduce spurious inferences from
meta-analyses? Int J Epidemiol 38: 276–286.

21. Higgins JPT, Altman DG (2009) Assessing risk of bias in included studies. In:

Higgins JPT, Green S, eds. Cochrane Handbook for Systematic Reviews of
Interventions. Chichester (UK): John Wiley & Sons. pp 187–242.

22. Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, et al. (2000) Improving the
Quality of Reports of Meta-Analyses of Randomised Controlled Trials: The

QUOROM Statement. Onkologie 23: 597–602.

23. Carlisle JB, Stevenson CA (2006) Drugs for preventing postoperative nausea and
vomiting. Cochrane Database Syst Rev.

24. Block BM, Liu SS, Rowlingson AJ, Cowan AR, Cowan JA, Jr., et al. (2003)
Efficacy of postoperative epidural analgesia: a meta-analysis. JAMA 290:

2455–2463.

25. Afshari A, Wetterslev J, Brok J, Moller AM (2008) Antithrombin III for critically
ill patients. Cochrane Database Syst Rev.

26. Perry JJ, Lee JS, Sillberg VA, Wells GA (2008) Rocuronium versus succinylcholine
for rapid sequence induction intubation. Cochrane Database Syst Rev.

27. Wetterslev J, Thorlund K, Brok J, Gluud C (2008) Trial sequential analysis may
establish when firm evidence is reached in cumulative meta-analysis. J Clin

Epidemiol 61: 64–75.

28. Phan TD, Ismail H, Heriot AG, Ho KM (2008) Improving perioperative
outcomes: fluid optimization with the esophageal Doppler monitor, a

metaanalysis and review. J Am Coll Surg 207: 935–941.
29. Shah MR, Hasselblad V, Stevenson LW, Binanay C, O’Connor CM, et al.

(2005) Impact of the pulmonary artery catheter in critically ill patients: meta-

analysis of randomized clinical trials. JAMA 294: 1664–1670.
30. O’Connor D, Green S, Higgins JPT (2009) Defining the review quiestion and

developing criteria for including studies. In: Higgins JPT, Green S, eds.
Cochrane Handbook for Systematic Reviews of Interventions. Chichester (UK):

John Wiley & Sons.
31. Moher D, Pham B, Jones A, Cook DJ, Jadad AR, et al. (1998) Does quality of

reports of randomised trials affect estimates of intervention efficacy reported in

meta-analyses? Lancet 352: 609–613.
32. Schulz KFC (1995) Empirical evidence of bias: Dimensions of methodological

quality associated with estimates of treatment effects in controlled trials. Journal
of the American Medical Association 273: 408–412.

33. Brok J, Thorlund K, Gluud C, Wetterslev J (2008) Trial sequential analysis

reveals insufficient information size and potentially false positive results in many
meta-analyses. In. pp 763–769.

34. Brok J, Thorlund K, Wetterslev J, Gluud C (2009) Apparently conclusive meta-
analyses may be inconclusive–Trial sequential analysis adjustment of random

error risk due to repetitive testing of accumulating data in apparently conclusive
neonatal meta-analyses. In. pp 287–298.

35. Fleming TRD (1993) Monitoring of clinical trials: Issues and recommendations.

Controlled Clinical Trials 14: 183–197.
36. Pocock SJ (1992) When to stop a clinical trial. British Medical Journal 305:

235–240.

Statistical Multiplicity in Systematic Reviews

PLoS ONE | www.plosone.org 7 December 2011 | Volume 6 | Issue 12 | e28422


