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Introduction Introduction 

Introductio n n 
Professionalss involved in the delivery of healthcare—at the patient level or 
populationn level—are in a precarious situation, particularl y if they want to base 
theirr  decisions on evidence. For  example, physicians wanting to keep up-to-date 
withh the advances of their  specific medical specialty would need to read close to 
twoo score of articles daily.1 In a culture of "d o more with less/'  it is increasingly 
difficul tt  to get anywhere close to this number. A more efficient use of reading 
timee would be to review a single report that synthesizes the contributions of each 
individuall  study. A systematic review is just that—an explicit protocol details a 
precisee and clear  evidence-based methodology (minimizing and/or  avoiding 
systematicc error) of searching to identify and retrieve the global evidence, 
subjectingg it to specific eligibilit y criteria , appraising and qualitatively 
summarizingg the resulting studies. Should there be sufficiently //similar ,' 
quantitativ ee outcomes across the included studies, meta-analytic techniques can 
bee computed to arriv e at an overall estimate of effectiveness. The latter  is usually 
calledd a meta-analysis. To avoid terminology confusion, the term systematic 
revieww is used throughout this thesis. 

Estimatess varyy on the number  of published systematic reviews. What is clear 
iss that withi n medicine, the number  of systematic reviews of randomized trial s 
hass increased dramatically over  the last 20 years. One of the first  medical 
systematicc reviews was published in 1955 in the Journal of the American Medical 
Association.22 By 1992, this number  had increased to 4353 and by 1999, 
approximatelyy 1,250 publications were identified as systematic reviews withi n 
Medline.4 4 

Severall  reasons might help explain these increased numbers. First, as already 
mentionedd above, is how best to use limited time. Second, is perhaps ethical in 
thatt  governments, and the peer  review granting agencies, are less interested in 
fundingg research for  which there may already be sufficient evidence to inform 
decisionn making. High-qualit y systematic reviews are well positioned to provide 
answerss to such questions. Third , we now have compelling data indicating that 
yearss of experience at the bedside, culminating in the "professor's"  textbook, 
oftenn lags far  behind the evidence, is slow to embrace it, and at times contradicts 
it.55 Forth, and finally , western cultures have embraced evidence-based 
healthcare.. Systematic reviews stand as an important nexus in its development 
andd use. 

Ass the historical origins of systematic reviews are uncovered6 the central role 
off  three "modern"  figures dominates: Archie Cochrane, Gene Glass and Thomas 
C.. Chalmers. Cochrane reminded us that the sum (a systematic review) is better 
thann the individual (a primar y study) parts. This philosophy is now carried 
forwardd through the Cochrane Collaboration. Gene Glass coined the term meta-
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analysiss in the mid 1970s7 and Chalmers provided a powerful early example of 
systematicc reviews applied to medicine.8 

Ann early survey exarnining the quality of reporting of systematic reviews 
suggestedd that only 10% of systematic reviews specified working from a 
protocol.99 Perhaps this was because we had littl e by way of evidence to help 
informm their conduct. For example, many systematic reviewers advocated 
excludingg reports of randomized trials published in languages other than 
English.. Perhaps a well-meaning proposal was based on considerable personal 
experience,, although this view was not informed by evidence i.e., are there 
importantt differences between the quality of reports of randomized trials 
publishedd in English and other languages. 

Thee last decade has witnessed a substantial infusion of methodological data 
too help inform the conduct and reporting of systematic reviews (e.g., reference 4). 
Somee of the evidence is presented in this thesis. 

Considerablee resources are required to help identify literature for 
considerationn in a systematic review. Whether these resources can be sustained 
overr time remains to be seen. At issue is whether systematic reviewers can be 
moree restricted in where they search to identify potentially relevant evidence. 
ForFor example, wil l searching Medline alone, compared with searching Medline 
andd Embase, retrieve similar results and, wil l this retrieval "catch" influence the 
estimatess of an intervention's effectiveness compared to a Medline and Embase 
one?? In many parts of the world this is a pragmatic question because Embase is a 
costlyy database to search, whereas Medline is free of charge. This question is 
addressedd in Chapter 2. The data suggest that without knowledge of the clinical 
contentt area under consideration, it is necessary to search widely to identify 
potentiallyy relevant articles.10 

Shouldd we include only published reports of primary studies into the review 
processs or broaden our interest to including any information, such as grey 
literature,, defined here as studies that are unpublished, have limited 
distribution,, and/or are not included in a bibliographic retrieval system. There is 
aa long tradition of limiting reviews to the published literature only. The logic 
presumablyy stems from the notion mat peer review winnows out lower quality 
andd more biased studies. Leaving the merits of peer review aside, the results 
presentedd in Chapter 3 supports the inclusion of published as well as 
unpublishedd evidence when conducting a systematic review. Excluding grey 
literaturee is likely to introduce considerable bias in the estimates of an 
intervention'ss effectiveness.11 

Aree there differences in the quality of reporting of randomized trials 
publishedd in English and other languages? Inclusion of only a selection of all 
possiblee evidence is likely to introduce biases, thus threatening the validity of the 
systematicc review. Most systematic reviews do not include all potential evidence. 
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Perhapss these language restrictions were applied because of difficultie s in 
identifyin gg trial s published in languages other  then English or  the presumed 
greaterr  importance and quality of English-language publications. The results 
reportedd in Chapter  4 suggest mat the quality of reporting of trial s published in 
Englishh and several other  languages is similar.12 Using the quality of reporting 
criteria ,, there would seem to be littl e evidence to support the exclusion of reports 
off  trial s regardless of their  language of publication. 

Althoughh there may be littl e differences in the quality of reporting across 
languages,, for  most systematic reviewers living in countries where the first , and 
perhapss only language, is English, there are considerable resource implications 
involvedd in obtaining reports and having them translated. At issue is whether 
thee exclusion of these reports introduces bias into the review results. The results 
presentedd in Chapter  5 suggest that excluding reports in languages other  than 
Englishh does not introduce bias into the results.13 

Qualityy is a ubiquitous term but its terminology and use withi n the 
systematicc review community is not without debate. In a review of 25 scales used 
too assess the quality of randomized trials, we noted that about half of the 
assessmentt  developers neglected to define quality as they were using it.14 For 
example,, was interest in internal validity , external validity , both, or  something 
else?? Likewise, there was littl e discussion by way of assessing the quality of how 
thee tria l was conducted, its methodology, or  the quality of reporting, something 
easierr  to obtain and perhaps the only documentation reviewers have concerning 
howw the study was carried out. Uncertainty also existed as to how the quality 
assessmentss should be completed; for  example, with the assessors unaware as to 
whoo the authors and there affiliation s were, as well as the journal it was 
publishedd in (i.e., blind assessment), or  perhaps knowing this information had 
littl ee impact on the quality assigned by the assessor. 

Inn practice, systematic reviewers have used one of two approaches to assess 
thee quality of reports of randomized trials: examining the reporting of a 
particularr  component, such as the adequacy of allocation concealment, or  using a 
summaryy score generated from a scale. Despite intuitio n and several descriptive 
studiess as to the consequences of lower  quality studies in a systematic review, 
theree was littl e empirical data demonstrating the effects of including lower 
qualityy trial s in a systematic review.15 Chapter  6 providess data addressing these 
questions.166 Based on the results of a randomized trial , blind and open quality 
assessmentt  provides similar  estimates of quality. Lower  quality studies 
exaggeratee the estimates of an intervention's effectiveness, compared with higher 
qualityy studies. This is true regardless of whether  the quality assessment is 
completedd using a component approach or  a scale one. 

Systematicc reviews that effectively handle methodological issues are complex 
too conduct. Reviewers need to consider  multipl e issues simultaneously, such as 
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whetherr language restrictions, as described in Chapter 5, should be applied to 
conventionall  interventions and/or complementary and alternative interventions 
(e.g.,, acupuncture) also, and whether the quality of reporting of primary studies 
differss across type of intervention or is similar to that described in Chapter 4. 
Chapterr 7 explores these interactions and presents data indicating the interplay 
off  methodological issues required in the conduct, interpretation and reporting of 
systematicc reviews.17 

Ann interesting social experiment is ongoing within the world of systematic 
reviews.. Developing tools to assess the quality of primary studies included in a 
systematicc review is a cottage industry. There are at least 50 assessment scales, 
andd that is probably only the tip of the iceberg.18 Unfortunately, evidence 
suggestss that most of these scales have been developed in a complete vacuum as 
regardss to appropriate clinimetric development.141920 The consequences of this 
aree obvious, namely, substantial variability and inconsistency in their results. 
Similarly,, at least 30 variance imputation methods have been developed to help 
deall  with missing data from primary studies. Whether these methods are 
appropriatelyy developed, in terms of their mathematical underpinnings, is 
unclear,, and there is littl e evidence to inform whether they behave similarly. 
Recentt efforts are attempting to address these questions.21 

Publicationn bias, the propensity of publishing results of clinical research, 
includingg randomized trials, with statistically positive results, iss endemic.22 In an 
effortt to control this problem, epidemiologists, statisticians, and others have 
developedd an army of methods—more than 30 to detect for the presence of 
publicationn bias, examine thee robustness of the results of systematic reviews, and 
adjustmentt methods in the presence of such reviews.23 Like quality assessment 
andd variance imputation, it is unclear whether these different publication bias 
methodss provide the same estimates. The immediate answer is probably not and 
thiss is further explored in Chapter 8.24 

Whyy all the effort in finding evidence to better inform the conduct of 
systematicc reviews? Aside from direct contact with authors regarding how a 
systematicc review was conducted, and even that approach is not without its 
shortcomings,255 reading the report of a systematic review is the only way of 
knowingg how it was completed and is the only option available for most 
reviewers.. Assessing the quality of reports of systematic reviews provides an 
importantt barometric reading. Annual surveys need to become part of the 
standardd fabric of the world of systematic reviews. 

Thee quality of reporting of systematic reviews is less than perfect, with plenty 
off  room for improvement. Data supporting this point of view is presented in 
Chapterr 9.26 This is true whether the reviews are published in traditional paper-
basedd journals or electronically, such as in the Cochrane library. In general, 
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systematicc reviews achieve about half of their  maximum possible score. This is 
truee across a broad spectrum of clinical content areas and publishing medians. 

Ass the evidence of the consequences of low quality (of reports) of 
randomizedd trial s accumulates, there has been considerable interest in finding 
wayss to help improve the quality of reporting randomized trials. The CONSORT 
statement,, consisting of a 22-item checklist and flow diagram, is a standardized 
wayy for  reporting randomized trials.27 It is endorsed by leading healthcare 
journal ss and international editorial groups. There is growing evidence 
suggestingg that authors who use CONSORT produce higher  quality reports 
comparedd with those not doing so.28-30 

Checklistss have a long tradition . For  example, airlin e pilots go through a 
seriess of checklists prior  to and during flight . They do this repeatedly regardless 
off  how many times they fly. An evidence-based approach to reporting systematic 
reviewss could be based on a checklist, the items of which are evidence-based 
wheneverr  possible. For  example, we could ask systematic reviewers to be explicit 
aboutt  whether  they have included all publication types or  limited the review to 
reportss of published studies. The Quality of reporting of meta-analysis of 
randomizedd trial s (QUOROM), described in Chapter  10, was developed to help 
improvee the quality of reporting systematic reviews.31 This checklist item request 
iss based, in part, on the results reported in several of the chapters presented in 
thiss thesis. 

Thiss thesis provides evidence to help form a more evidence-based approach 
too the conduct of systematic reviews. This is one example of a concerted global 
effortt  to bring evidence to bear  on how best to complete systematic reviews. In 
concertt  with these efforts is a need to develop ways to improve the quality of 
reportin gg these studies. Perhaps this can be best achieved by developing a 
standardizedd way to report a systematic review similar  to the CONSORT 
initiativ ee described above. 

5 5 



ChapterChapter 1 

References s 
1.. Davidoff F, Haynes RB, Sackett D, Smith R. Evidence-based medicine: a new 

journall  to help doctors identify the information they need. BMJ 
1995;310:1085-6. . 

2.. Beecher HK. The powerful placebo. JAMA 1955;159:1602-6. 

3.. Chalmers TC and Lau J. Meta-analytic stimulus for changes in clinical trials. 
Statt Methods Med Res 1993;2:161-72. 

4.. Systematic reviews in health care: meta-analysis in context. Egger M, Davey-
Smithh G, Altman DG, eds. BMJ Books, London 2001. 

5.. Antman EM, Lau J, Kupelnick B, Mosteller F, Chalmers TC. A comparison of 
resultss of meta-analyses of randomized control trials and recommendations 
off  clinical experts. Treatments for myocardial infarction. JAMA. 1992;268:240-
8. . 

6.. Chalmers I, Hedges LV, Cooper H. A brief history of research synthesis. Eval 
Healthh Prof 2002;25:12-37. 

7.. Glass GV. Primary, secondary, and meta-analysis. Educ Res 1976;5:3-8. 

8.. Chalmers TC, Matta RJ, Smith H, Kunzler AM. Evidence favoring the use of 
anticoagulantss in the hospital phase of acute myocardial infarction. N Engl J 
Medd 1977;297:1091-6. 

9.. Sacks HS, J. Berrier, Reitman D, Ancona-Berk VA, and TC Chalmers. Meta-
analysiss of randomized controlled trials. N Engl J Med 1987;316:450-5. 

10.. Sampson M, Barrowman NJ, Moher D, Klassen TP, Pham B, Piatt R, St. John 
PD,, Viola R, Raina P. Should systematic reviewers search Embase in addition 
too Medline? In Press. J Clin Epidemiol. 

11.. McAuley L, Pham B,Tugwell P, Moher D. Does the inclusion of Grey 
literaturee influence the estimates of intervention effectiveness reported in 
meta-analyses?? Lancet 2000;356:1228-31. 

12.. Moher D, Fortin P, Jadad AR, Juni P, Klassen T, Le Lorier J, Liberati A, Linde 
K,, Penna A. Completeness of reporting of trials published in languages other 
thann English: implications for the conduct of systematic reviews. Lancet 
1996;347:363-6. . 

13.. Moher D, Pham B, Klassen TP, Schulz KF, Berlin JA, Jadad AR, Liberati A. 
Whatt contributions do languages other than English make on the results of 
meta-analyses?? J Clin Epidemiol 2000;53:964-72. 

6 6 



Introduction Introduction 

14.. Moher  D, Jadad AR, Tugwell P. Assessing the quality of randomized 
controlledd trials: current issues and futur e directions. Int J Technol Assess 
HealthCare.. 1996;12:195-208. 

15.. Schulz KF, Chalmers I, Hayes RJ, Altman DG. Empirical evidence of bias: 
Dimensionss of methodological quality associated with estimates of treatment 
effectss in controlled trials. JAMA 1995;273:408-12. 

16.. Moher  D,, Pham B, Jones AL, Cook DJ, Jadad AR, Moher  M, Tugwell P, 
Klassenn TP. Does poor  quality of reporting of randomized controlled trial s 
exaggeratee estimates of intervention effectiveness? Lancet 1998;352:609-13. 

17.. Juni P, Altman DG, Egger  M. Systematic reviews in health care: Assessing the 
qualityy of controlled clinical trials. BMJ 2001;323:42-6. 

18.. Moher  D, Pham B, Lawson M, Klassen TP. The inclusion of reports of 
randomizedd trial s published in languages other  than English in systematic 
reviews.. In Press, Health Technol Assess. 

19.. Moher  D, Jadad AR, Nichol G, Penman M, Tugwell P, Walsh S. Assessing the 
qualityy of randomized controlled trials: an annotated bibliography of scales 
andd checklists. Control Clin Trial s 1995;16:62-73. 

20.. Moher  D, Cook DJ, Jadad AR, Tugwell P, Moher  M, Jones A, Pham B, Klassen 
TP.. Assessing the quality of randomized controlled trials: implications for  the 
conductt  of meta-analyses. Health Technol Assess 1999;3(12). 

21.. Wiebe N, Barrowman N, Piatt R, Klassen T. Methods for  variance imputation 
inn meta-analysis: a systematic review. Presented at the XI  Cochrane 
Colloquium,, Barcelona, 26-31 October  2003. 

22.. Krzyzanowska MK, Pintili e M, Tannock IF. Factors associated with failur e to 
publishh large randomized trial s presented at an oncology meeting. JAMA 
2003;290:495-501. . 

23.. Sutton AJ, Song F, Gilbody SM, and Abrams KR. Modelling publication bias 
inn meta-analysis: a review. Stat Methods Med Res 2001;9:421-45. 

24.. Pham B, Piatt R, McAuley L, Klassen TP, Moher  D. Is there a "best"  way to 
detectt  and minimize publication bias: An empirical evaluation. Eval Health 
Proff  2001;24:109-25. 

25.. Hetherington J, Dickersin K, Chalmers I, Meinert CL. Retrospective and 
prospectivee identification of unpublished controlled trials: lessons from a 
surveyy of obstetricians and pediatricians. Pediatrics 1989;84:374-80. 

26.. Shea B, Moher  D, Pham B,Graham I, Tugwell P. The Quality of Reporting of 
Meta-Analyses.. Evaluation &  the Health Professions. 2002,25:116-29. 

7 7 



ChapterChapter 1 

27.. Moher D, Schulz KF, Altman DG, for the CONSORT group. The CONSORT 
statement:: revised recommendations for improving the quality of reports of 
parallell  group randomized trials. Ann Intern Med 2001;134:657-62. 

28.. Moher D, Jones A, Lepage L, for the CONSORT group. Use of the CONSORT 
statementt and quality of reports of randomized trials: a comparative before 
andd after evaluation? JAMA 2001;285:1992-5. 

29.. Egger M, Juni P, Bartlett C for the CONSORT group. The value of CONSORT 
floww charts in reports of randomized controlled trials: bibliographic study. 
JAMAA 2001;285:1996-9. 

30.. Devereaux PJ, Manns BJ, Ghali WA, Quan H, Guyatt GH. The reporting of 
methodologicall  factors in randomized controlled trials and the association 
withh a journal policy to promote adherence to the Consolidated Standards of 
Reportingg Trials (CONSORT) checklist. Control Clin Trials 2002;23:380-8. 

31.. Moher D, Cook DJ, Eastwood S. Olkin I, Rennie D, Stroup D. for the 
QUOROMM group. Improving the quality of reporting of meta-analysis of 
randomizedd controlled trials: the QUOROM statement. Lancet 1999;354:1896-
1900. . 

8 8 



Shouldd meta-analysts search Embase in addition to 
Medline? ? 

Margarett Sampson, Nicholas J. Barrowman, David Moher, Terry P. 
Klassen,, Ba' Pham, Robert Piatt, Philip D. St. John, Raymond Viola, 

Parminderr Raina 

Journall  of Clinical Epidemiology 2003; 56:943-955 

9 9 



ChapterChapter 2 

Abstract t 
Itt is widely accepted that meta-analysts should search multiple databases. The 
selectionn of databases, from among the many available, is ideally based on the 
potentiall  contribution of each database to the project, or conversely, on the 
potentiall  for bias if a database is excluded, as supported by research evidence. 
Wee explore whether searching Embase in particular yields additional trials that 
influencee a meta-analysis. We identified meta-analyses that searched Medline 
andd Embase. A random-effects weighted mean method was used to estimate the 
interventionn effect in articles indexed only in Embase compared with those 
indexedd elsewhere. On average, Embase-unique trials yielded significantly 
smallerr estimates by 29% (ratio of odds ratios = 0.71, 95% CI 0.56-0.90), but 
influencedd the pooled estimate by an average of only 6% (ratio of odds ratios = 
0.94,95%% CI 0.88-0.99). Searching Medline, but not Embase, risks biasing a meta-
analysiss by finding studies that show larger estimates, but their prevalence 
appearss low enough that the risk may be slight, provided the rest of the search is 
comprehensive. . 

10 0 



SearchingSearching Embase in addition to Medline 

Introductio n n 
Comprehensivee searching, when conducting meta-analyses (Mas) of randomized 
controlledd trial s (RCTs), is considered standard practice.13 This entails searching 
multipl ee classes of sources (bibliographic databases, reference lists, trial s 
registries,, hand searching, etc.)/ and all relevant sources within each class. There 
aree any number  of databases that could potentially be searched in the course of a 
meta-analysis.. For  instance, Dialog, an information aggregator, lists more than 20 
bibliographi cc databases and five full text databases in its Medicine collection.4 

Thee typical systematic reviewer  searches a small subset of the available 
databases,, even in an extensive search (the median number  searched in our 
samplee was three, the maximum was seven - certainly not exhaustive given the 
numberr  of databases available). The available resources, both time and financial, 
wil ll  usually impose some limit s on what can reasonably be undertaken.5 The 
professionall  expertise of a research libraria n can guide the choice, but ideally the 
selectionn of databases should be informed by the evidence regarding the 
contributio nn of the source to the validit y of the results of the research to be 
undertaken.. Indeed, Eldredge5 introduces evidence-based librarianshi p as that 
whichh employs the best available evidence based upon librar y science research to 
arriv ee at sound decisions about solving practical problems in librarianship . 

Theree are two prominent bibliographic databases that are relevant for  most 
Mas::  Embase and Medline. One of the most difficul t choices for  reviewers with 
limitedd resources is whether  or  not to search both. Numerous studies have 
examinedd the performance of Embase and Medline as tools to identify RCTs^11 

andd these have clearly established that no single database indexes all RCTs. Both 
containn bibliographic records with citation information, and in many cases 
abstractss of the articles. Both are professionally indexed using a controlled 
vocabulary.. Both are available through several database resellers who apply their 
ownn search interfaces. Access costs vary according to the licensing arrangement 
inn effect, and may be borne by the researcher, or  paid through an institutional or 
consortiumm subscription. Medline is produced by the U.S. National Librar y of 
Medicine.. It includes over  10 million citations since 1966, and more than over 
3,6000 journals are indexed. One version of Medline is available free of charge 
overr  the Internet through the National Librar y of Medicine's PubMed service. 
Embasee is produced by Elsevier  Science. It includes over  3 million citations since 
1980,, and more than 3,600 journals are indexed. 

Evenn though there are strong recommendations to search multipl e databases, 
theree are some disincentives to doing so—additional searches increase the time 
andd costs of searching yet often yield irrelevant trial s or  result in no additional 
trials.122 This may help to explain why over  half of Mas report searching only one 
electronicc database, usually Medline.1314 
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Itt is not clear if limiting the databases searched wil l introduce bias into the 
resultss of Mas. Bias could arise, for example, from differential coverage of 
languages,155 or from North American emphasis.16 In part, bias may depend on 
thee subject of the meta-analysis, for instance Watson and Richardson10 found a 
significantt number of RCTs in a psychiatric topic in the PsycINFO database. 
Regardlesss of the source of bias, the test is not simply whether reports of RCTs 
existt in one database and not another, but whether the articles actually influence 
thee estimate of effect size in a meta-analysis. To have such an influence requires 
thatt the trials meet all inclusion criteria for a meta-analysis and differ 
systematicallyy in effect size from those identified through other sources. Before 
includingg studies in the analysis, meta-analysts wil l impose additional criteria, 
consideringg factors such as the similarity across trials in terms of participant 
populationss and outcome measures. 

Inn this study, we attempt to determine whether Embase plays a useful role in 
identifyingg material that would meet all inclusion criteria for an analysis, and 
wouldd not otherwise be available through a search of the Medline database. That 
is,, does the incremental contribution of Embase influence the findings of a meta-
analysiss such that the decision not to search Embase would potentially introduce 
biass into the results? We thus set off in search of the elusive EMU—Embase 
Uniquee trials—trials that are indexed in Embase, but not in Medline, and are also 
includedd in the estimate of effect in a meta-analysis of RCTs. 

Methods s 

SelectionSelection of Mas 

Medline,, Database of Reviews of Effectiveness (DARE), and Cochrane Database 
off  Systematic Reviews (CDSR) were searched for articles that included the word 
Embasee in their abstract and were published after 1995. For the Medline search, a 
previouslyy published methodological filter designed to detect Mas of RCTs was 
employed.177 Mas published between 1988 and 1995 were identified from an 
existingg database of 455 Mas of RCTs.17 The methods used to build that collection 
aree reported elsewhere.1819 

EligibilityEligibility  criteria 

Too be eligible, a meta-analysis had to report a pooled analysis of two or more 
RCTss using a binary measure of intervention effectiveness. The meta-analysis 
mustt have been published between 1988 and 2000 in any language. In the case of 
Cochranee reports, the date of the most recent substantive amendment was used 
insteadd of publication date. The published report must have indicated that both 
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Medlinee and Embase were searched. When pairs of Mas were found that had 
threee or  more primar y studies in common, we excluded one meta-analysis from 
eachh pair  on a coin toss in order  to avoid giving double weighting to those 
studiess that appeared twice. 

DataData extraction and quality assessment 

Forr  each meta-analysis, a known-item search was undertaken in both Embase 
andd Medline for  each RCT to determine where the tria l was indexed. Searching 
wass completed using the Ovid interface for  Embase 1988-2000 and Medline 1966-
2000.. A single libraria n (MJS) conducted all searches between September  1999 
andd Apri l 2000. The search protocol, search strategies for  the trial s of each MA, 
andd downloaded result sets are available on request. Mas were classified as 
eitherr  containing at least one EMU (YEMU—Yes, EMU RCT present) or  not 
containingg at least one EMU (NEMU—No EMU RCT present) (see Table 1). The 
numberr  of EMUs and Medline-unique trials, as well as the number  of trial s not 
foundd in either  database, was recorded. 

Ann Dmoxicill reviewer  extracted descriptive data. The following elements 
weree recorded: how the meta-analysis was identified, characteristics of the 
literatur ee search, year  of publication, country of corresponding author, funding 
source,, clinical area (according to ICD-9), total number  of RCTs included, 
numberr  of outcome measures assessed and, for  the YEMU group, the outcome of 
interest.. The outcome of interest was determined for  each MA in the following 
orderr  of preference: an outcome that included an EMU trial , one described by the 
investigatorss as the primar y outcome, one we judged to be the most clinically 
relevant,, or  the outcome with the most trials. The number  of trial s pooled in that 
outcomee was recorded. 

Inn addition, for  the YEMU group, outcome data (number  of desirable events 
andd total patients in the treatment and control groups) were extracted for  each 
tria ll  from the published MA or, if necessary, from the published reports of the 
trials.. Four  studies were excluded because it was not possible to determine event 
ratess from the published reports of the meta-analysis or  trials. Outcome data 
weree extracted by MJS, and verified by NJB. 

Unblindedd quality assessment of all Mas was made using the Oxman and 
Guyattt  scale20 by one of two raters (DM or  MJS) after  undertaking a 15-article 
trainin gg exercise and an inter-rater  reliabilit y assessment based on a separate set 
off  ten articles. The trainin g and reliabilit y assessments involved having both 
investigatorss rate the same articles (ones screened and excluded from the study) 
andd comparing results to ensure that they were applying the criteri a in a 
consistentt  manner. 
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Itemm 2 of the Oxman and Guyatt scale evaluates the comprehensiveness of 
thee search. We scored item 2 based on data extracted from the published search 
description.. If three or more categories of sources were searched, one of which 
wass electronic with key words reported, the search was judged to be 
comprehensivee and given a score of 2. Examples of other categories of sources 
includee trial registries, experts, reference lists, hand-searched journals or 
conferencee proceedings. Where the search methods were only partially described 
(aa score of one on item 1 of the Oxman and Guyatt scale), and it was not clear 
thatt all criteria for item 2 had been fulfilled, a score of one (can't tell) was given 
forr item 2. When the criteria for item 2 were not fulfilled and the search was 
judgedd to have been adequately reported (a score of 2 on item 1), item 2 was 
scoredd as zero. 

Forr item 10 of the Oxman and Guyatt scale (an overall assessment of 
scientificc quality), inter-rater variation was assessed using the intra-class 
correlationn coefficient.21 

DataData analyses 

Thee overall scientific quality (item 10 of the Oxman and Guyatt scale) in the three 
groupss of Mas was compared using the Kruskal-Wallis rank sum test. The 
comprehensivenesss of the search (item 2 of the Oxman and Guyatt scale) in the 
threee groups was compared using a two-sided Fisher exact test. 

Inn our analyses, intervention effectiveness was measured using odds ratios 
estimatedd from the number of desirable events and total number of research 
subjectss in the intervention and control arms of each study. Odds ratios greater 
thann one therefore favour the experimental intervention over the control, i.e., a 
largee odds ratio indicates a large intervention effect. Note that some published 
workk uses the opposite convention. 

Twoo distinct questions can be asked about the impact of EMUs. First, do 
EMUss show systematically different intervention effects than non-EMUs, 
adjustingg for the effect of MA? This is an RCT-level question. Second, do pooled 
estimatess in Mas change when EMUs are removed? This is an MA-level question. 

Too assess the impact of EMUs at the RCT level, we used a fixed-effects 
logisticc regression model of the type introduced and described by Schulz et al.22 

andd used by Moher et al.18-23'24 Briefly, this model for the log odds of events in an 
interventionn group includes a main effect for trial, a main effect for intervention, 
ann intervention-by-MA interaction, and an intervention-by-trial-type (EMU 
versuss non-EMU) interaction. The EMU effect from this logistic regression is 
reportedd as a ratio of odds ratios (ROR).22 With our modeling conventions, an 
RORR less than 1.0 would indicate that, on average, estimates of intervention 
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effectt are smaller in EMUs than non-EMUs. ROR and its 95% confidence interval 
weree derived from the fitted model. 

Wee computed a log ROR for each MA, together with its standard error, as 
describedd in Appendix 1. A weighted mean of these MA-specifk estimates yields 
ann approximation to the estimate from the logistic model. In the presence of 
heterogeneityy between the MA-specific estimates, a random effects version of the 
weightedd mean is used (Appendix 1). This approach allows production of a 
graphicall  display to aid understanding of the connection between the overall 
estimatee of the ROR and the individual Mas. 

Thee MA-level impact of EMUs was assessed in three ways. First, within the 
YEMUU group, the pooled log odds ratio with EMUs included was compared with 
thatt obtained when EMUs were excluded from the analysis. The pooling was 
achievedd using the fixed-effect Mantel-Haenszel estimate of a common odds 
ratio.. To summarize these results across Mas, we used a z-test of the null 
hypothesiss that the meann log ratio of odds ratios (including vs. excluding EMUs) 
wass zero. Second, the statistical significance of the pooled odds ratio including 
EMUss was compared with that excluding EMUs and the results were tabulated 
acrosss Mas. The standard error of the log Mantel-Haenszel estimate was 
computedd using the Robins et al.25 estimate. Third, the width of the confidence 
intervall  for the pooled log odds ratio including EMUs was compared with that 
excludingg EMUs. To summarize these results across Mas, we used a Mest of the 
nulll  hypothesis that the mean ratio of confidence interval widths was one. 

Tablee 1. Meaning of terms used to describe trials and groups 
Term m 
EMU U 

YEMU U 

NEMU U 

Meaning g 
Ann Embase Unique trial, one that is indexed in Embase, 
butt not in Medline (it may or may not be indexed in other 
databases). . 
Thee study group consisting of Mas that searched Embase, 
andd included one or more EMU trials in a pooled analysis. 
Thee study group consisting of Mas that searched Embase, 
butt did not include any EMU trials in a pooled analysis. 

Results s 
Onee hundred and forty-one potentially eligible studies were identified. Eight of 
thesee were excluded because they had not been received through normal 
interlibraryy loan channels when data analysis began (January, 2001). One 
hundredd and thirty-three studies were obtained and screened; of these, 28 failed 
too meet all inclusion criteria (see Figure 1 for the primary exclusion reason) and 
sevenn could not be searched. Of the 98 Mas that had all RCTs checked for 
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databasee inclusion, 28 had at least one trial that was indexed in Embase but not 
inn Medline (an EMU), and these made up the YEMU group. For 33 of the Mas, it 
wass possible to definitively conclude that there were no RCTs unique to Embase, 
andd these formed the NEMU group. Thirty-four Mas contained at least one trial 
nott indexed in Medline and published before 1988, but no EMU trials published 
afterr 1987. We were unable to ascertain whether or not any of these pre-1988 
trialss were EMUs because we had access to Embase records only from 1988 
onward.. These 34 Mas were classified as indeterminate and were set aside. Three 
pairss of Mas weree found to have three or more primary studies in common; one 
fromm each of these pairs was excluded based on a coin toss. We were unable to 
replicatee the findings of the originally selected publication from one of the three 
pairs,, so we replaced it with the other of that pair. 
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Figuree 1. Screening outcome and group assignment of Mas. References for  the 
Mass in each group are in Appendix 2. 

1411 Meta-analyses identified 

i i r r 
88 Unable to retrieve full article 

1333 Screened 

\ \ r r 

288 Failed to meet inclusion criteria: 
11 Duplicate publication 
11 Did not search Embase 

188 No binary outcome 
55 Did not perform an MA 

77 Not amenable to searching: 
11 No published trials 
44 Most or all trials pre-1988 
22 Trials too numerous (>90 RCTs included) 

988 All RCTs searched in Medline & Embase 

-

-

-

288 Embase Unique Group (YEMU) 

1—

244 Analysis reproduced 

44 Descriptive data only 

333 Embase-No Unique Group (NEMU) 

344 Indeterminate* 

33 Excluded due to overlapping trials 

DescriptiveDescriptive characteristics of the Mas 

Thee Mas were typically recent, with the overall median year  of publication 1998 
(rangee 1988-1999) (Table 2). In the YEMU group, 50% of the Mas were from the 
CDSRR compared with 67% in the NEMU group. (In both cases, the remainder 
wass journal-published.) The median number  of RCTs was somewhat larger  than 
thosee studied in previous works on biases conducted by our  group.23 The Mas in 
thee YEMU group had substantially more RCTs (median=19) than those in the 
NEMUU group (median=7).24 The median number  of outcome measures reported 
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wass seven for both groups. The Mas studied spanned many clinical areas, with 
somee concentration in the area of mental disorders. 
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Tablee 2. Descriptive characteristics of Mas 

Yearr o 
range) ) 
%% that 
(CDSK K 

ff  publication (median, 

aree Cochrane reviews 

RCTss per meta-analysis 
(median,, range) 
## of outcomes measures 
(median,, range) 
RCTss in primary outcome 
(median,, range) 
## of Embase unique RCTs 
(median,, range) 
## of Medline Unique RCTs 
(median,, range) 

YEMU * * 
(Mass containing 

EMUs) ) 
(n=28) ) 
n(% ) ) 

19988 (1994-1999) 

50% % 

199 (5-90) 

77 (1-75) 

8(2-67) ) 

22 (1-12) 

1(0-7) ) 

NEMU* * 
(Mass not containing 

EMUs) ) 
(n=33) ) 
n<%) ) 

19988 (1988-1999) 

66.6% % 

77 (2-36) 

77 (1-39) 

55 (2-36) 

0(0-0) ) 

0(0-3) ) 

ICD-99 Disease Area (n) 
1 1 
2 2 
3 3 

4 4 

5 5 
6 6 

7 7 

8 8 
9 9 
10 0 
11 1 

12 2 

Infectiouss diseases 
Neoplasm m 
Endocrine,, nutritional 
andd metabolic 
diseasess and 
immunityy disorders 
Diseasess of the blood 
andd blood-forming 
organs s 
Mentall  disease 
Nervouss system and 
sensee organs 
Diseasess of the 
circulatoryy system 
Respiratoryy system 
Digestivee system 
Genitourinaryy system 
Comp.. of pregnancy, 
childbirthh and 
puerperium m 
Skinn and 
subcutaneouss tissue 

4 4 
1 1 

1 1 

2 2 
6 6 
2 2 
1 1 

1 1 

1 1 

2 2 

7 7 
2 2 

2 2 

4 4 
1 1 

3 3 
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Tablee 2 (continued). Descriptive characteristics of Mas 

13 3 

14 4 
15 5 

16-19 9 

Musculoskeletal l 
systemm & connective 
tissue e 
Congenitall  anomalies 
Conditions s 
originatingg in the 
perinatall  period 
Other r 

*Seee text for explanation of group 

YEMU * * 
(Mass containing 

EMUs) ) 
(n=28) ) 
nn (%) 

5 5 

1 1 

4 4 
formation n 

NEMU* * 
(Mass not containing 

EMUs) ) 
(n=33) ) 
n(% ) ) 

5 5 

2 2 

4 4 

Quality Quality 

Wee used the Oxman and Guyatt scale to assess the quality of Mas and 
establishedd inter-rater reliability based on item 10 of the scale, overall scientific 
qualityy of the reports. According to the criteria of Landis et al.,26 we achieved 
substantiall  agreement among raters with ICC = 0.63. 

Searchh comprehensiveness (Oxman and Guyatt item 2, Table 3) did not 
appearr to differ across groups (two-sided Fisher exact test p=.62), however, 
statisticall  power to detect a difference was limited by thee quality of reporting—in 
sixx Mas, we were unable to assess the comprehensiveness of the search. The 
YEMUU and NEMU groups showed similar overall scientific quality (mean score 
off  4.4 and 4.9, respectively; two-sample t-test p=0.37). 

Tablee 3. Comprehensiveness of search (item 2 in Oxman and Guyatt scale) in 
Mas. . 

No o 
Can'tt  tell 
Yes s 

YEM U U 
(Mass containing EMUs) 

(n=28) ) 
nn (%) 
7(25) ) 
4(14) ) 
17(61) ) 

NEM U U 
(Mass not containing EMUs) 

(n=33) ) 
nn (%) 
8(24) ) 
2(6) ) 

233 (70) 
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PrevalencePrevalence ofEMUs 

Off  the 968 post-1987 citations of primar y RCTs examined in Medline and Embase 
inn the course of this research, 94 (9.8 %) were found in Embase but not Medline, 
477 (4.94 %) were in Medline but not Embase, 691 (71.9 %) were in both, and 136 
(14.22 %) in neither  database. Roughly half (46%) of the Mas that searched Embase 
includedd one or  more citations found in Embase but not Medline. The number  of 
EMUss in these cases ranged from one to nine, with a median of two. No more 
thann half the trial s in any given MA were EMUs. Thus, the prevalence of EMUs is 
quitee low, and in this sample, lower  than the prevalence of grey literatur e (here 
operationallyy defined as those studies those indexed in neither  database; n=136 
orr  14.2 %). 

CharacteristicsCharacteristics ofEMUs (Table 4) 

Forr  the YEMU group, we found that the EMU RCTs were similar  in size to the 
otherr  RCTs in terms of number  of participants (mean=124 for  EMU trials, 
mean=1300 for  non-EMU trials). They were similar  in terms of year  of publication, 
andd EMU RCTs were somewhat more likely to be published in German, French, 
Italia nn or  Spanish. The corresponding author  was more likely to have a European 
thann North American address, compared with the RCTs indexed in Medline. 
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Tablee 4. Characteristics of RCTs in the YEMU group 
Characteristicss of EMUs 

Yearr of publication 
(median,, range) 

RCTss indexed in Medline* 
n=5311 % 

19911 (1966-2000) 

EMUU RCTs* 
n=944 % 

19922 (198&-1997) 
Languagee of 
publication n 

English h 
German n 
French h 
Italian n 
Spanish h 
Turkish h 
Other: : 

430 0 
21 1 
9 9 
8 8 
2 2 
0 0 
22 Danish, 2 
Dutch, , 
11 Portuguese, 
11 Chinese 

903 3 
4.4 4 
1.9 9 
1.7 7 
0.4 4 
0.0 0 
1.5 5 

74 4 
13 3 
3 3 
3 3 
2 2 
1 1 
0 0 

77.1 1 
13.5 5 
3.1 1 
3.1 1 
2.1 1 
1.0 0 
0.0 0 

Continentt of first author 
Northh America 
Europe e 
Other r 
Missing g 

133 3 
153 3 
41 1 
204 4 

*Mayy or may not also have been indexed 
+Indexedd in Embase, but not in Medline 
tPercentt of non-missing cases 

41* * 
47* * 
13* * 

inn Embase 

23 3 
57 57 
14 4 
0 0 

24 4 
61 1 
15 5 
0 0 

LocationLocation of EMUs 

Thee Embase unique trials came from 54 different journals; 43 journals 
contributedd only one RCT. Six English-language journals contributed 38 of the 97 
EMUs;; they are shown in Table 5. 

Tablee 5. Journals with three or more EMUs 
Journal l Numberr of EMU trials 
Currentt Therapeutic Research, Clinical and Experimental* 
Clinicall  Drug Investigation 
Advancess in Therapy* 
Actaa Therapeutica 
Britishh Journal of Clinical Research 
Today'ss Therapeutic Trends 
Totall  (40.4% of 947 EMUs found from all groups) 

18 8 
6 6 
5 5 
3 3 
3 3 
3 3 

4038 8 
**  At least some publications from these journals are indexed in Medline 
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ReplicationReplication of published estimates 

Wee were able to closely replicate the published estimates of intervention 
effectivenesss in 24 of the 28 Mas in the YEMU group, based on the published 
reportss of the MA or  the original trials. These 24 Mas, and the RCTs included in 
them,, were used in subsequent analyses of EMU effects. 

InterventionIntervention effect in EMU trials compared with non-EMU trials 

Too assess the RCT-level impact of EMU trials, the logistic regression model was 
appliedd to the trial s from all 24 Mas, for  a total of 258 trials. On average, EMUs, 
comparedd with all other  RCTs, yield a 27% smaller  estimate of intervention effect 
(RORR 0.73,95% CI  0.61-0.86, Figure 2). As in other  studies using this technique to 
assesss bias,18'22'23 our  model indicated substantial heterogeneity: the residual 
deviancee was 559.7 on 232 degrees of freedom. The fixed-effect weighted mean 
approachh (Appendix 1) gave very similar  estimates (ROR 0.74, 95% CI  0.63-0.88, 
Figuree 2) and also indicated significant heterogeneity (Q=38.6, df=23, p=0.02). 
Thee random-effect weighted mean (Appendix 1) indicated that, taking 
heterogeneityy into account, EMUs compared with all other  RCTs yield a 29% 
smallerr  estimate of intervention effect (ROR 0.71, 95% CI  0.56-0.90, Figure 2). 
Comparedd with the fixed-effect weighted mean, the random-effect weighted 
meann places substantially less weight on the three most precise ROR estimates 
andd places slightly more weight on all of the other  estimates. 
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Figuree 2. Impact of EMUs at the RCT level: ratios of odds ratios (RORs) with 95% 
confidencee intervals for EMUs versus non-EMUs for each of 24 meta-analyses, 
togetherr with pooled estimates from three different approaches (shown as 
diamonds;; see Appendix 1). The meta-analyses are listed in order of decreasing 
standardd error of the ROR. FE=Fixed Effect; RE=Random Effect. 

Embase-uniquee trials have ... 

non-EMUs s 
trialss n 

Watsonn e ta l. 1996 2 336 

Griffithss eta l . 1995 4 120 
Leee & Done 1999 4 290 

Soaress & McGrath 1999 3 94 
Hawtonn eta l . 1999 1 212 

Pittler&& Ernst 1988 4 198 
Ohlsson&& Lacy 1997 11 4608 

Kellnerr eta l . 1998 6 314 
Steinhartt eta l . 1994 9 956 

Tramer&& Walder1999 1 145 
Lindeetal .. 1996 10 678 

Daya19988 7 888 
Gillespiee eta l . 1997 3 455 
Pharoahh eta l . 1999 7 376 

Crawfordd eta l . 1999 2 133 
Figueredoo & Canosa 1999 16 2964 

Wiltt e ta l . 1998 3 205 
Lindeetal .. 1997 6 458 

Labrecquee et al. 1994 8 717 
Simonss e ta l. 1996 4 907 

Sikorskii & Renfrew 1998 10 2782 
Collinss eta l . 1998 24 2266 

Montgomeryy & Kasper 1995 58 6134 
Williamss e ta l. 1999 6 958 

EMUs s 
trialss n 

57 7 
14 4 

36 6 

33 3 
105 5 
43 3 
80 0 
80 0 
66 6 

100 0 
150 0 
100 0 

86 6 
140 0 
484 4 
135 5 
454 4 
176 6 
232 2 

1593 3 
152 2 
551 1 
716 6 
471 1 

Pooledd estimates according to ... 
logisticc regression 

fixedd effects (FE) weighted mean 
randomm effects (RE) weighted mean 
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1 1 
1 1 
1 1 

2 2 
2 2 
3 3 
3 3 
3 3 
3 3 
3 3 
4 4 
4 4 
5 5 
5 5 
5 5 
5 5 
6 6 
6 6 

12 2 
13 3 
14 4 
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Ratioo of odds ratios (EMUs versus non-EMUs) 

Inn two Mas (Appendix 2, Wilt et al. 1998 and Ohlsson & Lacy 1997), the 
outcomess suitable for analysis were secondary outcomes. When these Mas were 
excludedd from the random-effect weighted mean analysis, the results changed 
onlyy slightly (ROR 0.78, 95% CI 0.63-0.97). 
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ImpactImpact ofEMUs on pooled estimates in Mas 

Inn all but two of the 24 Mas, the Mantel-Haenszel odds ratio favoured the 
intervention.. To assess the MA-level impact of EMUs, estimates were 
recalculatedd excluding EMU trials. In 18 of the Mas, including EMUs resulted in 
aa smaller intervention effect that if EMUs were excluded (Figure 3). On average, 
includingg EMUs decreased the intervention effect by 8% (mean ROR 0.92,95% CI 
0.90-0.99),, however in one case the reduction was approximately 40%. This case 
wass one of the two Mas for which the outcome selected was a secondary 
outcome.. With these two Mas eliminated, including EMUs decreased the 
interventionn effect by 6% (mean ROR 0.94,95% CI 0.88-0.99). 
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Figuree 3. Impact of EMUs at the MA level: ratio of odds ratios (RORs) obtained 
usingg all RCTs versus using only non-EMU RCTs for each of 24 meta-analyses. 
Standardd methods cannot be used to obtain confidence intervals for the RORs 
becausee they involve overlapping groups of RCTs (i.e. those that are not EMUs 
aree included in both the numerator and the denominator). The meta-analyses are 
listedd in order of increasing ROR. 

Wiltt etal. 1998
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Ratioo of odds ratios (including vs. excluding EMUs) 

Inn two Mas, exclusion of the EMUs resulted in a change in the significance of 
thee results: one from non-significant to significantly favouring the intervention, 
andd one from significantly favouring the intervention to non-significant. 
Excludingg EMU trials never resulted in a reversal of the direction of effect. 

Averagingg across Mas, when EMUs were included, the confidence interval 
forr the pooled log odds ratio was 15% smaller than when EMUs were not 
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includedd (mean ratio of confidence interval widths 0.85; 95% CI  0.79-0.91). This 
effectt  was particularl y pronounced when there were few trials: for  Mas with less 
thann five non-EMUs, the addition of the EMUs reduced the width of the 
confidencee interval of the pooled log odds ratio by 22% (mean ratio of confidence 
intervall  widths 0.78; 95% CI  0.66-0.91). 

Discussion n 
Wit hh a multitud e of bibliographic databases available for  searching, meta-
analysiss must make difficul t choices. Because resources are always limited, there 
mayy be opportunity costs associated with these choices. For  example, due to 
financiall  constraints, searching one database may preclude searching another. To 
addresss this issue, we conducted an experiment using the simplified approach of 
examiningg which studies indexed in Embase would be missed by only searching 
Medline.. Our  method provides experimental evidence to inform the literatur e 
search.. One database, Medline, would in no circumstances constitute an 
adequatee search for  the purposes of meta-analysis, nor  indeed, would simply 
searchingg one category of sources be sufficient. 

Whatt  our  results do show is that, on average, RCTs indexed in Embase but 
nott  in Medline (i.e., EMUs) show 29% smaller  treatment effects. This bias occurs 
att  the tria l level, but how does it impact Mas? 

Ourr  study examined Mas that had searched Embase and found additional 
RCTs.. However, our  primar y purpose was to inform the meta-analyst or 
informationn specialist who has identified a number  of RCTs and wonders 
whetherr  to broaden the search to additional databases, such as Embase. Taken 
fromm this perspective, our  results indicate that, provided EMUs are found, 
includingg them wil l decrease pooled estimates of intervention effect by an 
averagee of 6%. Including EMUs rarely changed the significance of the pooled 
estimate,, but did narrow the confidence interval around the estimate by about 
15%. . 

Thee 6% meta-analytic bias is smaller  than the 29% bias found at the trial level 
largelyy because there were few EMUs compared with non-EMUs—only about 
10%%  of RCTs were found in Embase but not Medline. Further, although we have 
shownn that when present, such EMUs can be expected to have some impact on 
thee findings, they wil l not always be present; less than half of the Mas examined 
containedd any EMUs at all. 

Wee report a novel method for  gauging the impact of a potentially biasing 
characteristicc at the MA level. We found a strong effect at the RCT level and a 
modestt  effect at the MA level, due to the low prevalence of the biasing source. 
Thiss disconnect seems to also operate in the case of dissertations. There is a large 
effectt  at the level of the primar y study but the low prevalence of that publication 
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typee attenuates the impact at the level of pooled analysis. Smith27 reports a 
considerablyy smaller effect size in dissertations (.48) compared with journal 
articless (.64). Dissertations made up 1.2% of primary studies in a set of 142 Mas 
examinedd by Cook et al.,28 indicating a low prevalence, similar to EMU RCTs. 
Finally,, Vickers and Smith29 examined 878 Cochrane reviews and concluded that 
inn only one instance did a dissertation have a significant impact on the result of 
thee meta-analysis. However dissertations are only one type of grey literature— 
excludingg all types of grey literature may substantially bias the results of Mas.24 

Reasoningg analogously, we note that Embase is only one of many bibliographic 
databasess and excluding all databases other than Medline could seriously 
compromisee the integrity of a meta-analysis. 

Wee believe that selective publication accounts for our finding that trials 
indexedd in Embase but not in Medline showed consistently smaller estimates of 
treatmentt effect. Generally, selective publication is the greater tendency for 
statisticallyy positive results to be written up, submitted to, and published in more 
prominentt journals—in this case journals indexed in both Medline and Embase. 
McAuleyy et al.24 found a similar effect when grey literature is excluded from a 
meta-analysis,, and note that its inclusion helps overcome the effect of selective 
publication.. No such mechanism is clearly at work here, although it would seem 
thatt the EMU effect is related to selective publication. In North America, Embase 
iss anecdotally thought to have better coverage of non-English language material 
andd to have less of a North American focus. We did find a greater proportion of 
firstt authors based in Europe than in North America among the EMU trials 
(Tablee 4), and relatively more EMU than non-EMU trials published in major 
Europeann languages other than English, a tendency found also by Paul and 
Lefebvre.300 Thus, European authors may have some tendency to publish studies 
withh less compelling results in their native languages, in more local journals.23 

Examiningg the journals that published a number of EMU's (Table 5) we note that 
nonee relate to clinical specialties. We speculate that these EMUs, with their 
smallerr treatment effects, were thought to be of less clinical interest and so were 
eitherr not submitted to, or were not accepted by, specialty clinical journals. 

Theree is no obvious clustering of EMUs in a certain ICD clinical area, nor is 
theree any safe number of trials where the risk of bias diminishes substantially. 
Theree was no dependence of the ROR MA-level bias on the number of non-EMU 
trials. . 

Thiss study has some a number of limitations. First, we examined quality only 
att the MA level. We did not compare the quality of EMU trials with others in the 
Mas,, but the work by Suarez-Almazor et al.11 found no significant differences 
betweenn the quality scores of controlled trials retrieved and missed by Embase 
andd Medline or both. Thus, from a quality perspective, the importance of these 
EMUU trials cannot be discounted. 
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Wee had access to Embase for the years 1988-2000, thus our findings may not 
generalizee to clinical specialties where a great deal of the relevant work was 
publishedd prior to 1988. We did not take into account that the searches of other 
databasess that the meta-analysts made could have resulted in the identification 
off  EMUs—we attribute the whole effect to Embase although we know from the 
reportedd methods that those that searched the authors of the Mas Embase 
reportedd searching searched other databases as well (median=3/ range 2-7). 

Wee identified Mas for our study based on their use of the terms Medline and 
Embasee in the abstract. Thus, our sample is biased towards including those Mas 
thatt provided a structured abstract. This may account for the slightly higher 
qualityy scores seen here than in other work done by our group.23-24 

Ourr findings are based on Mas using binary outcomes, and may or may not 
generalizee to other types of analyses. 

Thee general understanding among meta-analysts and information specialists 
iss that all relevant sources should be searched to identify as many eligible RCTs 
ass possible, and that one goal of broad-based searching is to avoid the possibility 
thatt only a biased subset of all studies be considered for inclusion. We show here 
thatt trials found in a database other than Medline cannot be assumed to be like 
thosee indexed in Medline—our EMU trials showed consistently smaller estimates 
off  intervention effectiveness. This would argue for searching as wide an array of 
bibliographicc databases as possible, since selective publication practices may also 
bee at work in other databases. It may not be necessary to search Embase if the 
searchh is otherwise comprehensive, as it was in the Mas examined here, however 
wee recommend that meta-analysts search as many sources as their resources 
permit. . 

Whilee it may not be necessary to search Embase in particular, some thought 
mustt be given to finding non-Medline trials. Clearly, the six journals producing 
threee or more EMUs (Table 5) are candidates for hand searching if the meta-
analystt does not have access to databases that index them fully. Other major 
bibliographicc databases such Biological Abstracts or Current Contents, as well as 
subject-specificc databases, may usefully complement Medline to ensure 
comprehensivee coverage—indeed many of our EMUs are indexed in those 
databases.. A further advantage of searching multiple databases is that databases 
differr in how they index the same item. We determined whether each trial was 
presentt in the databases by known-item searching, an approach that is clearly 
impossiblee for the meta-analyst. There is no guarantee that an indexed article 
wil ll  be retrieved, as almost all searches have less than perfect sensitivity, and 
indexingg practices have been cited as a limiting factor.31 Searching in multiple 
databasess may increase the chances of finding even those RCTs that are in 
Medline. . 
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Thee Cochrane Library maintains a registry of controlled trials (CCTR) that 
hass been compiled through multiple database searches and an extensive hand-
searchingg initiative.1'32 Indeed, in this instance it proved a useful surrogate to 
searchingg Embase, as 75 of the 94 EMU were also indexed in the CCTR. (It should 
bee noted, however, that we searched some time after the meta-analysts 
conductedd their searches, and some lag is to be expected before trials are located 
throughh other sources and added to the CCTR.32) We note that the Cochrane 
Libraryy appears to be an underused source; only 42% of the Mas studied here 
reportedd searching any aspect of it. 

Inn summary, we conclude that Embase, in the context of a thorough search 
includingg a variety of bibliographic databases and traditional bibliographic 
techniques,, makes a small contribution to the overall estimate of intervention 
effectivenesss in systematic reviews. Of course, this finding can benefit from 
replicationn and is subject to change over time, as bibliographic databases are 
constantlyy evolving products. We hope that this finding wil l become part of the 
bodyy of knowledge used by meta-analysts and practitioners of evidence-based 
librarianshipp in making decisions regarding resource utilization in Mas. The 
strengthh of such an evidence-based approach is that it provides a framework for 
self-correctionn as new information becomes available.5 
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Appendixx 1: An approximate method for  estimating trial-level 
ratioss of odds ratios 
Ann alternative to the logistic regression model of Schulz et al.22 is a weighted 
meann approach introduced below. Sterne et al. have independently developed 
similarr methods.33 This method has several advantages. It is more easily 
understoodd than the logistic regression approach because it parallels 
conventionall  methods for pooling trials using weighted means. The resulting 
weightss provide insight into the contributions of individual Mas to the pooled 
estimate.. Finally, a limitation of the logistic regression approach is that it does 
nott deal with heterogeneity across Mas. A natural extension of our method uses 
aa random effects model to account for this heterogeneity. 

Ourr method begins by computing the log ROR of EMUs versus non-EMUs 
forr each MA, denoted yif as follows. If there was a single EMU, the usual 
estimatee of the log odds ratio was computed along with the usual standard error 
estimate.. Otherwise, a pooled odds ratio was computed for the EMUs using the 
Mantel-Haenszell  procedure and the Robins et al.25 estimate of the standard error 
off  the log Mantel-Haenszel estimate was used. Using the same approach, an 
estimatee of the log odds ratio for the non-EMUs was computed, along with a 
standardd error estimate. The log ratio of the two odds ratio estimates was then 
computed,, and its standard error, sif was obtained as the square root of the sum 
off  the squared standard errors of the two log odds ratios. 

Too pool log ROR estimates across K Mas, a weighted mean d may be used 
wheree each estimate y. is assigned weight wi proportional to the inverse of its 

estimatedd variance sf, i.e. 

KK IK 

&&  = Z w^i  / Z wi  where wt = l/sf

Thiss is analogous to fixed-effect weighted-mean estimators commonly used 
inn meta-analysis, under the assumption of homogeneity of trial effects. To test 
thiss assumption, it is conventional to compute a heterogeneity statistic, 

fi=i>.-(*-£)fi=i>.-(*-£) 22/ / 
J=I I 
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whichh is distributed as chi-square on K-\ degrees of freedom under 
homogeneity.. When homogeneity does not hold, a random effects model may be 
usedd to pool log RORs, e.g., using the DerSimonian and Laird 34 method. 
Itt  might be argued that it is inconsistent to use a random effects approach across 
Mass to combine log RORs obtained using a fixed effects approach withi n Mas. Of 
course,, the within-M A log RORs could themselves be obtained using a random 
effectss (e.g., DerSimonian-Laird) approach. Thus, four  different approaches are 
possible,, depending on the assumptions one makes about heterogeneity within 
andd across Mas (i.e., fixed-fixed, fixed-random, random-fixed, random-random). 
Al ll  these methods can be regarded as approximations to full hierarchical models 
forr  combining information across Mas. Further  theoretical and empirical work is 
neededd to full y assess the relative merits of these different approaches. 
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Appendixx 2: Meta-analyses included in each group 
Notee that for Cochrane reviews, the year stated is the year of the last substantive 
updatee of the version of the review that we used in this study. Some of the 
Cochranee reviews may have been modified since we used them, and title and 
authorshipp may have changed. In most cases, the review we used was from the 
Issuee 3,1999 version of the Cochrane Library. 
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Revv 1999; Issue 2. 
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analysiss of its effectiveness in patients with previous history of postoperative 
nauseaa and vomiting. Acta Anaesthesiol Scand 1999;43:637-44. 

Gaddii  A, Galetti C, Illuminati B, Nascetti S. Meta-analysis of some results of 
clinicall  trials on sulodexide therapy in peripheral occlusive arterial disease. J Int 
Medd Res 1999;24:389-406. 

Gillespiee LD, Gillespie WJ, Robertson MC, Lamb SE, Cumming RG, Rowe BH. 
Interventionss for preventing falls in the elderly. Cochrane Database Syst Rev 
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Griffithss AM, Ohlsson A, Sherman PM, Sutherland LR. Meta-analysis of enteral 
nutritionn as a primary treatment of active Crohn's disease. Gastroenterology 
1995;108:1056-67. . 

Hawtonn K, Townsend E, Arensman E, et al. Psychosocial versus pharmacological 
treatmentss for deliberate self-harm. Cochrane Database Syst Rev 1999; Issue 2. 

Kellnerr JD: Bronchodilators for bronchiolitis. Cochrane Database Syst Rev 1999; 
Issuee 2. 
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Mooree RA, Tramer MR, Carrol l D, Wiffen PJ, McQuay HJ. Quantitative 
systematicc review of topically applied non-steroidal anti-inflammator y drugs. 
BMJJ 1998;316:333-8. 

Ohlssonn A. Intravenous immunoglobulin for  preventing infection in preterm 
and/orr  low-birth-weight infants. Cochrane Database Syst Rev 1999; Issue 2. 
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Summary y 
Backgroundd Including only a subset of all available evidence in meta-analysis 
mayy introduce biases and threaten its validity. This is particularly likely if the 
subsett of included studies differ from those not included, as may be the case for 
publishedd and grey literature. We set out to examine whether exclusion of grey 
literature,, compared to its inclusion in meta-analysis, provides different 
estimatess of the effectiveness of interventions evaluated in randomized trials. 
Methodss From a random sample of 135 meta-analyses, we identified and 
retrievedd 33 publications which included both grey and published primary 
studies.. The 33 publications contributed 41 separate meta-analyses from several 
diseasee areas. General characteristics of the meta-analyses and associated studies 
andd outcome data at the trial level were collected. We explored the effects of the 
inclusionn of grey literature on the quantitative results using logistic regression 
analyses. . 
Findingss Thirty-three percent of the meta-analyses were found to include some 
formm of grey literature. The grey literature, when included, accounts for between 
4.5%% and 75% of the studies in a meta-analysis. On average, the exclusion of grey 
literaturee compared to its inclusion, resulted in a statistically significant 
overestimatee of the estimate of benefit of the effectiveness of an intervention by 
12%% (ROR = 1.12; 95%CI: 1.01,1.23). The exclusion of abstracts from the analysis 
furtherr compounded the exaggeration (ROR = 1.38, 95%CI: 1.15, 1.64). The 
exclusionn of grey literature from meta-analysis also leads to an increased chance 
off  getting a significant result. 
Interpretation ss This study provides evidence that the exclusion of grey literature 
fromm meta-analyses can lead to exaggerated estimates of intervention 
effectiveness.. Efforts must be made by meta-analysts to identify, retrieve and 
includee grey literature when it meets pre-defined inclusion criteria. 
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Introductio n n 
Conductingg a meta-analysis (MA) is multi-factorial. Decisions need to be made 
regardingg how to handle various factors, such as language of publication, quality 
andd publication status, at the individual study level. Within the domain of 
publicationn status, a major factor to consider is the inclusion of grey literature 
(i.e.,, studies that are unpublished, have limited distribution, and/or are not 
includedd in bibliographic retrieval system1). 

Includingg grey literature in a MA may help overcome some of the problems of 
publicationn bias, and provide a more complete and objective answer to the 
questionn under consideration. However, it has been reported that only 31% of 
publishedd MA include grey literature.2 This may be because the nature of grey 
literaturee makes its exclusion more convenient; it is difficult to retrieve, it is often 
incomplete,, and its quality may be difficult to assess. This research aims to 
providee empirical evidence about the impact of excluding grey literature from 
MAA in terms of its impact on the estimate of intervention effectiveness. 

Methods s 

SelectionSelection of meta-analyses 

AA sample of 135 MA were randomly drawn from an existing database of 455 Mas 
off  RCTs.3'4 The database was established in 1996 through MEDLINE searching 
fromm 1966 to 1995 using a detailed search strategy assembled with the aid of a 
librarian. . 

EligibilityEligibility  criteria 

Too be eligible a study had to be deemed a MA, the associated studies had to be 
identifiable,, and at least one item of grey (abstracts, unpublished studies, 
conferencee proceedings, graduate theses, book chapters, company reports and 
applications)) and one item of published literature used in the generation of a 
summaryy statistic of the treatment effect. For reasons of feasibility, only Mas 
whichh included binary outcomes and <100 RCTs were considered. 

DataData abstraction 

Thee following data were extracted using a structured form: the number of 
randomizedd trials; language of publication of these trials; year of publication of 
thee MA and associated trials; number of patients; number and sources of grey 
literature;; clinical area; and outcome data. 
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Outcomee data (i.e. number of unwanted events and total patients in the 
treatmentt and control groups) were extracted from the published MA or from the 
originall  trials, when necessary, by one of us (LM) and a subset was reviewed by 
anotherr (DM). Consensus between the two was achieved for any discrepancies 
beforee data entry. 

Thee main outcome was defined as, the one stated as such by the authors, or if 
theree was no such statement, the most clinically relevant (i.e., mortality would be 
selectedd over morbidity), if there was not one more clinically relevant, then the 
onee contributing the most patients was used.5 

DataData analyses 

Wee replicated the published MA as a quality control measure. After completing 
thee replication, each MA was repeated with all grey items removed. This allowed 
uss to examine the effect of grey literature on estimates of intervention effect. 
Usingg a logistic regression model, the log odds of unwanted events experienced 
byy each treatment group were related to trial, intervention, MA, and grey 
literature.. Differences in the intervention effect across the meta-analyses were 
accountedd for by an interaction effect between intervention and meta-analysis. 
Ann interaction term between grey literature and intervention was included to 
capturee the potential that grey literature could modify estimates of intervention 
effectiveness.. This effect was expressed as a ratio of intervention effect odds 
ratioss (i.e., ratio of odds ratios [ROR]) between grey and published literature.6"8 

Usingg this modeling convention, an odds ratio less than one indicated that the 
interventionn was more effective than the control in preventing an unwanted 
event.. Consequently, an ROR between grey and published literature greater than 
onee indicated that on average, estimates of intervention effectiveness from grey 
literaturee were smaller than their corresponding estimates from published 
literature.. We also completed a sensitivity analysis; relative to published 
literature,, the potential effect of abstracts as the source of grey literature was 
evaluated. . 

Standardd residual diagnostics were used to assess the model's goodness of fit. 
RORR and its 95% confidence intervals were derived from the fitted model. 

Too consider the impact of grey literature on the test statistic of the "no 
interventionn effect" hypothesis, Z scores were derived (i.e., intervention effect 
sizee divided by its standard error) from a MA with and excluding grey literature. 
Thee Z scores were then compared statistically using a paired t-test. 
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Results s 
Fromm the original 135 MA retrieved, it was not possible to determine if grey 
literaturee was included in 12 cases (11 poor referencing, one not retrieved). An 
additionall  eight MA were excluded, as they did not fit the definition of an MA. 
Off  the remaining 115, 38 (33%) were found to contain at least one item of grey 
literature.. Five of these meta-analyses failed to meet the inclusion criteria (non-
binaryy outcomes [two], greater than 100 RCT [two], no published studies 
includedd [one]) or all subsequent investigations, the sample of 33 publications, 
contributingg 41 separate meta-analyses were used (Table 1). 

Tablee 1. General characteristics of meta-analyses. 
MAA  Level n = 33 
Numberr of RCTs per MA (median) 

Interquartilee range. 
Numberr of Patients per MA (median) 

Interquartilee range. 
Clinicall  area (frequency) (top 5) 

gastrointestinal l 
cardiac c 
infection n 
reproduction n 
circulatory y 

Numberr of sources of grey literature per MA 
(median) ) 

Interquartilee range. 
Numberr of grey items per MA (median) 

Interquartilee range. 
Yearr of publication of MA (median) 

Interquartilee range. 

10 0 
6,19 9 
1463 3 

1120,3163 3 

24.2% % 
21.2% % 
12.1% % 
12.1% % 
9.1% % 

1 1 
1,2 2 

2 2 
1,3 3 
1993 3 

1991,1994 4 

Whenn included, the grey literature accounts for between 4.5% and 75% 
(mediann 25%, interquartile range 16.7% - 33.3%) of the studies in a MA. For the 
samplee as a whole, the grey literature contributed 22% (102/467) of the studies 
andd 10.7% (23,286/217,427) of the patients (Table 2). Grey literature studies tend 
too be smaller than published ones. None of the MA included more than three 
sourcess of grey literature. The majority only included one source, most 
commonlyy abstracts, which comprised 61% of the grey literature. In the sample 
ass a whole, most of the items tended to be English language reports (94.0%), this 
trendd remained when grey and published studies were examined individually. 
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Tablee 2; General characteristics of RCTs included in the meta-analyses. 
RCTT Level Overall Grey Published 
Totall  number of RCTs 
Totall  number of patients 
Numberr of patients per RCT 

Median n 
Interquartilee range 

Numberr with null or negative results 
(%) ) 
Yearr of 'publication'*  (median) 

Interquartilee range 
Languagee of 'publication'* 

English h 
French h 
German n 
Spanish h 
Italian n 
Japanese e 

467 7 
217,427 7 

106 6 
55,223 3 
1577 (34.6%) 

1988 8 
1985,1990 0 

4399 (94.0%) 
111 (2.4%) 
99 (2.0%) 
44 (0.9%) 
33 (0.7%) 
11 (0.2%) 

102 2 
23,286 6 

83.5 5 
48,190 0 
322 (32.0%) 

1989 9 
1986,1990 0 

999 (97.1%) 
22 (2.0%) 
0 0 
11 (1.0%) 
0 0 
0 0 

365 5 
194,141 1 

113 3 
59,228 8 
1255 (35.3%) 

1988 8 
1984,1990 0 

3400 (93.2%) 
99 (2.5%) 
99 (2.5%) 
33 (0.8%) 
33 (0.8%) 
11 (0.3%) 

*Publicationn indicates a prepared report for all grey items 

ReplicationReplication of meta-analyses 

Thee replicated estimates of intervention effectiveness were very similar to 
publishedd ones. Of the 41 MA's, discrepancies of greater than 10% occurred only 
inn one case. In this case the published report9 shows a slightly higher worsening 
off  suicidal ideation, however, both the published and the replicated results are 
significant.. In a MA considering the use of beta-blockers to prevent mortality in 
patientss with cirrhosis and endoscopic varices,10 the replication yielded a 
significantt result in favour of treatment (OR 0.71, 95% CI 0.53, 0.95) when the 
publishedd MA had reported a non-significant result (OR 0.75,95% CI 0.57,1.06). 

ImpactImpact of grey literature 

Inn 14 (34%) of the 41 analyses removal of the grey literature changed the estimate 
off  intervention effectiveness by 10% or more. In nine of these cases, removal 
resultedd in the intervention effect moving away from unity. In three Mas, the 
exclusionn of the grey literature resulted in a change in the statistical significance 
off  the results, from non-significant to statistically significant, in two cases. On 
average,, across 39 meta-analyses (two were excluded as they contained non-
independentt trials), the exclusion of grey literature compared with its inclusion, 
resultedd in a statistically significant overestimate of the intervention effect by 
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12%% (ROR 1.12; 1.01, 1.23 see Figure 1). When abstracts were removed from this 
analysis,, this overestimate increased to 38% (ROR 1.38; 1.15,1.64). 

Figuree 2 demonstrates the general trend towards more significant results after 
thee removal of grey literature. When the Z score calculated with the grey 
literaturee excluded was compared with the Z score of the replicated odds ratios 
(publishedd and grey inclusive) there was a significant decrease in Z scores (t = -
7.257,, p<0.001). The decrease in Z-scores with the inclusion of grey literature 
indicatess a shift toward accepting the null hypothesis when grey literature is 
included,, which means a decreased chance of getting a significant result. 

Figuree 1. Pooled odds ratios with grey literature included (x-axis) are plotted 
againstt the corresponding odds ratios of the same meta-analyses after removal of 
thee grey literature (y-axis). The size of the plotting circles is inversely 
proportionall  to the variance of the "grey literature removed" estimates. 

T T 
0.55 1.0 1.5 

Replicatedd (published + grey) Intervention Effect (Odds Ratio) 
2.0 0 
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Figuree 2. The standardized Z-statistic (log odds ratio divided by its standard 
error)) from the replicated meta-analyses (x-axis) were plotted against the 
standardizedd z-statistic from the same meta-analyses with the grey literature 
removedd (y-axis). The size of the plotting circles is inversely proportional to the 
variancee of the "grey literature removed" estimates. 

-155 -10 -5 0 
Replicatedd (published + grey) Intervention Effect (Z-score) 

Example: : 
Too illustrate the effect grey literature has on the estimate of the effectiveness of an 
interventionn in an individual MA, we examined the treatment of chronic venous 
insufficiencyy with hydroxyethylrutosides to reduce persistent leg pain.11 The 
authorss reported relief in leg pain, as we wanted all outcomes reported as 
negativee events, we inferred lack of relief in leg pain from the presented data (n 
groupp - relief of leg pain = lack of relief). This MA includes 13 RCTs, of which ten 
weree published in journals, two were internal reports, and one was "in 
preparationn for publication." Pooling all 13 studies, the reduction in persistent 
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painn in those patients receiving treatment is 42% (OR 0.58, 95% CI  0.46, 0.72). 
Whenn the three grey items are removed from the analysis, the reduction in pain 
relieff  increases to 61% (OR 0.39, 95% CI: 0.30, 0.52), a 19% "relative "  increase in 
painn relief. 

Discussion n 
Ourr  results provide empirical evidence that the exclusion of grey literatur e from 
MAA results in an overestimate of treatment effect by an average of 12%. In the 
areaa of quinine for  nocturnal leg cramp. Hing et al published a MA using four 
publishedd studies.12 These authors then repeated their  MA with three previously 
unidentifiedd United States Food and Drug Administratio n (FDA) documents. 
Theyy report that the published trials, compared to the FDA documents, 
consistentlyy reported larger  estimates for  the efficacy of quinine by about 50%. 

Inn the sensitivity analysis when we removed abstracts from the sample, the 
overestimatee increased to 38%. Abstracts compared to published literatur e had 
noo impact on the point estimate of treatment effectiveness. This suggests that the 
effectt  of grey literatur e is being muted by the inclusion of abstracts. There are 
strongg arguments for  not including abstracts with the grey literature; they are 
frequentlyy catalogued on electronic databases, they are usually published, at least 
inn conference proceedings, they may be peer-reviewed, and they tend to be 
available.. However, it takes on average, two to eight years for  an abstract to be 
publishedd as a full manuscript, and only about half ever  appear  as full 
manuscripts.13144 Abstracts do not escape publication bias,15 that is, abstracts with 
positivee findings tend to be accepted for  presentation at conferences more 
frequentlyy than those with negative or  null findings. 

Thee general sense among meta-analysts and methodologists is that grey 
literatur ee should be sought and included in scientific reviews. However, 30% of 
editorss surveyed would not publish a review that included unpublished 
material,22 even if it received favorable review. This negative view of grey 
literatur ee may stem from the fact that it has not been peer  reviewed. Although 
thiss perception may be well founded, we are not aware of any strong evidence, 
suchh as randomized trials, indicating the effectiveness of peer  review. 

Thee impact of grey literatur e must be viewed considering other  factors, such 
ass quality of the studies. There is some evidence to suggest that grey literatur e is 
off  lower  quality than published literature.16 

Somee limitation s of this study are actually limitation s or  deficiencies of the 
publishedd meta-analyses. Poor  referencing of included trial s led to the exclusion 
off  eleven Mas from our  sample because it was impossible to determine which 
studiess where used to generate the summary estimates. The inclusion of grey 
literatur ee was biased in at least one of the included Mas. The authors of this MA 
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clearlyy state their inclusion criteria, which although biased in terms of grey 
literature,, allows the reader to judge their decisions. It is impossible to tell if 
similarr conscious or unconscious omissions of grey literature were made from 
otherr Mas in this sample. 

Thiss work does not address the identification and retrieval of grey literature 
forr those wishing to include it in future meta-analyses. It may be that the time, 
effortt and cost involved in identifying, locating, and retrieving the grey literature 
makess its inclusion prohibitive. This is an important future area for inquiry. 
Effortss made by various groups, through trial registries, negative trial journals, 
internett based grey literature resources, and the "open books" policies recently 
adoptedd by several pharmaceutical companies may make the identification 
easier.. If authors are expected to include grey literature, some guidance must be 
availablee on how to identify and retrieve it. 

Thiss work has implications for both meta-analysts and those who use them to 
helpp inform clinical and policy decisions. The meta-analyst must make every 
effortt to ensure a comprehensive literature search to avoid the effects of 
publicationn bias. For those using meta-analyses to assist with clinical and policy 
decisionss if grey literature is not included, healthcare decisions may be based on 
overlyy optimistic estimates of treatment effectiveness. This has direct 
consequencess to patient care. 
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Summary y 
Backgroundd Lately, the number of systematic reviews published has increased 
substantially.. Many systematic reviews exclude trials published in languages 
otherr than English. However, there is littl e empirical evidence to support this 
action.. We looked for differences in the completeness of reporting between trials 
publishedd in other languages and those published in English, to see whether the 
exclusionn of trials published in other languages is justified. 
Methodss We compared completeness of reporting, design characteristics, and 
analyticall  approaches of 133 randomised controlled trials (RCTs) published in 
Englishh between 1989 and 1994 and 96 published in French, German, Italian, or 
Spanishh during the same time. RCTs were identified by hand searching of 
journalss (seven in English and six in the other languages). 
Findingss We found no significant differences between trials published in English 
andd other-language trials for any single item in the completeness of reporting 
scalee (DmoxicillinDa, double-blinding, withdrawals), or for the overall score 
(percentagee of maximum possible score 51.0% for trials in English, 46.2% for 
trialss in other languages; 95% CI for difference-1.1 to 10.5). Other-language trials 
weree more likely than English-language trials to have adult participants, to use 
twoo or more interventions, and to compare two or more active treatments 
withoutt an untreated control group. Trials in other languages were less likely to 
reportt a clearly prespecified primary outcome or any rationale for sample size 
estimation. . 
Interpretatio nn These results provide evidence for inclusion of all trial reports, 
irrespectivee of the language in which they are published, in systematic reviews. 
Theirr inclusion is likely to increase precision and may reduce systematic errors. 
Wee hope that our findings wil l prove useful to those developing guidelines and 
policiess for the conduct of reporting of systematic reviews. 
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Introductio n n 
Evidence-basedd health care ideally involves the systematic collection, synthesis, 
andd application of scientific evidence to guide clinical practice and policy-
making.. Systematic reviews are a key component of evidence-based health care. 
Overr  the past few years the number  of systematic reviews published has 
increasedd substantially.1 

Systematicc performance of a review has the potential advantage of keeping 
biasess to a minimum and improving the precision of its result. Systematic 
reviewerss have littl e control over  random errors but much control over 
systematicc ones. Inclusion of only a selection of all possible evidence is likely to 
introducee systematic errors (biases), thus threatening the validit y of the 
systematicc review-the extent to which its conduct has guarded against these 
biases.. There is evidence that most systematic reviews do not include all 
potentiall  evidence. Grégoire and colleagues reported that 78% of the meta-
analysess they identified had language restrictions.2 Most (93%) of these 
restrictionss led to the exclusion of nmoxicilli controlled trial s (RCTs) reported in 
languagess other  than English. Perhaps these language restrictions were applied 
becausee of difficultie s in identifying trial s published in languages other  then 
Englishh or  the presumed greater  importance and quality of English-language 
publications. . 

Onee way to assess whether  language restrictions are a sensible policy for 
systematicc reviewers is to assess the completeness of reporting of RCTs. 
Languagee restrictions might be appropriate if trial s published in other  languages 
aree reported less completely than those published in English. On the other  hand, 
iff  the completeness of reporting of English-language and other-language trial s is 
similar,, there would be empirical evidence for  the non-a-priori language-based 
exclusionn of RCTs from systematic reviews and for  those developing 
recommendationss and policies on how they are conducted. We set out to assess 
whetherr  the completeness of reporting of trial s differs significantly between 
thosee published in English and those published in other  languages. 

Methods s 
Beforee the start of the project we defined the completeness of a trial report3 as 
providin gg information about the design, conduct, and analysis of the tria l that 
shouldd avoid biases in its treatment comparisons. In this study we limited 
ourselvess to the assessment of completeness of reporting of DmoxicillinDa, 
double-blinding,, and dropouts and withdrawals. This was the a-prior i primar y 
outcomee measure in this study. Our  secondary outcome variable was the 
reportingg of several design characteristics and analytical approaches. 
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Thirteenn journals classified by the Science Citation Index4 as general and 
internall  medicine were selected and searched by hand. Four  English-language 
journal ss were ranked in the top ten according to their  citation impact factor, three 
otherr  English-language journals were ranked within the top 40, and the six 
journal ss published in other  languages were ranked first or  second according to 
languagee (all within the top 90). 

Tablee 1. Completeness-of-reporting scores of trial s 
%%  of maximum possible score*  for  trial s in: 

Otherr  languages English h %%  difference (95% CI) 
Alll  trial s 
Randomization n 
Double-blinding g 
Withdrawal s s 
Totall  score 
Inadequatelyy reported 
trials s 

Randomization n 
Double-blinding g 
Withdrawals s 
Totall  score 
Adequatelyy reported 
trialss (score>2) 

Randomization n 
Double-blinding g 
Withdrawals s 
Totall  score 

(n=96) ) 
23.8 8 

12.1 1 

10.4 4 

46.2 2 

(n=61) ) 
22.3 3 

2.6 6 

7.2 2 

32.1 1 

(n=35) ) 
26.3 3 

28.6 6 

16.0 0 

70.9 9 

(n=133) ) 
23.9 9 

15.6 6 

11.4 4 

51.0 0 

(n=71) ) 
20.6 6 

4.2 2 

8.7 7 

33.5 5 

(n=62) ) 
27.7 7 

28.7 7 

14.5 5 

71.0 0 

0.11 (-2.6 to 2.7) 

3.55 (-0.8 to 7.9) 

1.00 (-1.6 to 3.6) 

4.88 (-1.1 to 10.5) 

1.77 (-1.1 to 4.6) 

1.66 (-1.0 to 4.2) 

1.55 (-1.9 to 4.9) 

1.44 (-2.2 to 5.0) 

1.44 (-2.8 to 5.7) 

0.11 (-5.7 to 6.0) 

1.55 (-2.2 to 5.1) 

0.11 (-5.3 to 5.6) 

*55 points=100%; 40% each for  randomization and double-blinding, and 
20%%  for  withdrawal s 

Too identify trial s published in languages other  than English (French by PF, J 
LeL,, PJ; German by PJ and KL; Italian by AL and TK), hand searching was done 
fromm Dec 31,1993, backwards until 20 RCTs from each journal were identified or 
unti ll  the 1989 publication year. There is evidence that electronic searching is not 
sensitivee enough to identify all relevant RCTs.5 We chose 1989 as the cut-off year 
becausee the quality of reporting of clinical trial s has improved over  time.6 To be 
classifiedd as an RCT the report had to state that the participants were randomly 
assignedd to their  respective intervention groups. 

Completenesss of reporting was assessed on a scale developed with 
appropriat ee rigorous standards.7 Briefly , the report describes how the items were 
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initiall yy selected, how and why the final items were included, how the scale 
discriminatess between trial s of differin g quality, and what ranges of scores were 
identifiedd during its development. The scale consists of three items pertaining to 
descriptionss of DmoxicillinDa, double-blinding, and dropouts and withdrawals 
ass described in the report of an RCT. The scale ranges from zero to five (two 
pointss each for  GmoxicillinGa and double-blinding, and one point for 
withdrawals)) with higher  scores indicating better  reporting. In addition, we 
recordedd whether  the adequacy of allocation concealment was described. 

Oncee RCTs had been identified, information about design characteristics and 
analyticall  approaches was extracted from each tria l report: number  of treatment 
groupss (two or  more), design (parallel group vs other), sex and age range of 
participant ss (adult vs other), type of interventions (pharmacological vs other), 
controll  group comparisons (placebo or  active) and outcomes, sample size and 
rationalee for  its estimation, whether  a primar y outcome was specified (yes/no), 
typee of primar y outcome assessed (mortalit y and/or  morbidit y vs other  specific), 
numberr  and handling of withdrawals, and whether  the tria l was reported as 
statisticallyy positive or  negative. 

Completenesss of reporting and design characteristics and analytical 
approachess were assessed, in the language of the trial report. Informatio n on 
author,, author  affiliation , all journal identifications, references, 
acknowledgements,, and locations in which the tria l had been conducted was 
concealedd from the assessors by means of a black marker. Chalmers et al8 

suggestedd more than ten years ago that the quality of clinical tria l reports should 
bee assessed under  blind conditions. Empirical evidence to support this 
recommendationn has been produced.7 

Beforee the completeness of reporting of the trial s included in this study was 
assessed,, a separate set of ten trial s published in English (language common to all 
investigators)) was sent to each of us for  evaluation. Inter-observer  reliabilit y was 
assessedd with the intraclass correlation coefficient (values above 0.65 indicate 
highh reliability , a priori). 9 We also established criteri a for  adequate (>2 points) 
andd inadequate (̂ 2 points) completeness of reporting. 
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Tablee 2. Design characteristics of RCTs 
%% of maximum possible score* for trials in: 

Demographic c 

Female e 
Adult t 
Descriptive e 
Assessedd change 
inn specific 
outcome* * 
Intervention) ) 
Parallell  groups 
Twoo intervention 
groups s 
Comparisonn group 
receivingg active 
treatment t 
*Forr example: pain-

Otherr languages 
(n=96) ) 

50.8 8 
57.9 9 

36.2 2 

87.5 5 
88.5 5 

59.4 4 

freee walking distance 

English h 
(n=133)% % 

52.6 6 
46.4 4 

59.8 8 

85.6 6 
77.7 77.7 

39.1 1 

inn patients 

%% difference (95% CI) 

2.33 (-7.5 to 12.1) 
11.55 (1.3 to 21.8) 

23.66 (11.0 to 36.3) 

1.99 (-7.0 to 10.8) 
10.88 (1.3 to 20.4) 

20.33 (7.4 to 33.1) 

withh claudication 

Too estimate (a priori) the appropriate sample size, for the primary outcome, 
wee used previously reported date.7 Trials with adequate and inadequate 
completenesss of reporting had mean scores of 3.4 (SD 0.26) and 0.7 (0.24), 
respectively.. We calculated that with the sample size we had we would have 
moree than 95% statistical power to detect mean differences between adequate 
andd inadequate completeness of reporting.10 

Too assess mean differences between trials published in English and those 
publishedd in other languages in their completeness of reporting we used 
independentt t tests (two-sided). Unless otherwise stated, all other outcomes were 
assessedd by t tests of  x

2 analysis. We made no adjustments for multiple 
comparisons.. All outcomes are reported as absolute differences between the two 
typess of trials with 95% CI. 

Results s 
Wee established substantial agreement among ourselves in assessing 
completenesss of reporting of the same set of English-language trials (intraclass 
coefficientt 0.7 [95% CI 0.5-0.8]). We identified 133 RCTs from seven English-
languagee journals-Brt f is/i Medical Journal (20), Canadian Medical Association Journal 
(20),, The Lancet (20), Medical Journal of Australia (20), New England Journal of 
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MedicineMedicine (20), and New Zealand Medical Journal (13)-and 96 RCTs from six journals 
publishedd in other  languages-Dewfec/ie Medizinische Wochenschrift (20, German), 
LaLa Presse Medicate (20, French), Revista Medica de Chile (9, Spanish), Schweizerische 
MedizinischeMedizinische Wochenschrift (20, French/German), Minerva Medica (20, Italian: 
searchedd from March 31,1994), and Revista Clinica Espanola (7, Spanish). 73.8% of 
thee RCTs identified were published between 1992 and 1994 (82.7% English, 61.5% 
otherr  languages); 41.4% of the trial s involved infectious diseases or  diseases of 
thee circulatory or  endocrine systems (36.1% English, 46.9% other  languages). 

Theree were no statistically significant differences in completeness of 
reportin gg of trial s published in languages other  than English and those published 
inn English as regards DmoxicillinOat , double-blinding, dropouts and 
withdrawals,, or  overall total score (table 1). The differences in the completeness 
off  reporting between English-language and other-language trial s ranged from 0 
too 4% for  individual items and 5% in total score. Similarly , we found no 
differencess between the two types of trial s for  any of the items used to assess 
completenesss of reporting when we compared adequately or  inadequately 
reportedd trial s only (Table 1). Fewer  than 7% of trial s reported on allocation 
concealmentt  (4.2% of trial s published in languages other  than English vs 6.8% of 
trial ss published in English; difference 2.6% [95% CI  -1.4 to 77]). 
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Tablee 3. Analytical approaches 

Primaryy outcome 
specified d 
Rationalee for 
samplee size 
estimationn stated 
Trialss in which 
theree were 
withdrawals s 
Participants s 
randomizedd and 
includedd in 
analysis s 
Statistically y 
positivee result 

%% of trial s using approach: 
Other r 

languages s 
(n=96) ) 

38.5 5 

3.2 2 

74.6 6 

92.8 8 

60.0 0 

English h 
(n=133)% % 

56.4 4 

33.3 3 

86.5 5 

93.7 7 

51.9 9 

i i 
%%  difference 

(95%%  CI) 

17.99 (4.8 to 30.8) 

30.11 (21.4 to 39.0) 

11.99 (-0.9 to 24.7) 

0.99 (-55 to 7.2) 

8.11 (-5.0 to 21.1) 

Numberr  of trial s 
forr  which 

approachh could 
nott  be 

ascertained d 

7 7 

2 2 

59 9 

22 2 

3 3 

Theree were differences between trials published in English and those 
publishedd in other languages in demographic and descriptive characteristics 
(Tablee 2). A significantly lower proportion of trials published in languages other 
thann English assessed specific outcomes, and significantly higher proportions 
hadd adult participants, used two or more intervention groups, and compared two 
orr more active therapies without an untreated control group. 

Wee also found some differences in the analytical approaches (Table 3). Trials 
publishedd in languages other than English were significantly less likely than 
thosee published in English to report a clearly prespecihed primary outcome or 
anyy rationale for their sample size estimation. Moreover, we could not ascertain 
whetherr there had been withdrawals in a quarter of all trials (25.8%; English 
16.5%,, other languages 38.5%). 

AA subgroup analysis revealed that amount trials with poor completeness of 
reportingg (<40% of possible maximum) statistically positive trial results were 
significantlyy more likely (odds ration 2.4 [95% CI 1.1-5.2]) to be reported in trials 
publishedd in languages other than English than in those published in English. 
Theree was no such difference for trials with good completeness of reporting (0.8 
[0.3-1.9]). . 
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Discussion n 
Thee results of this study suggest that completeness of reporting about important 
featuress of study design and conduct does not differ  between trial s published in 
Englishh and those published in other  languages. We did observe some 
differencess between the two types of tria l in design characteristics and analytical 
approaches.. More trial s reported in English used a placebo group as the control 
comparison,, had a primar y outcome clearly specified, and had an estimate of the 
samplee size needed to ascertain a given treatment difference. This difference may 
reflectt  more strict regulatory standards particularl y in the USA and Canada, 
wheree 39% of such trial s were done. It is also possible, however, that trial s 
publishedd in English are more methodologically sound and explore questions of 
greaterr  clinical relevance.11 This difference needs further  investigation. 

Systematicc reviews are more likely to reach valid conclusions if their  results 
aree based on all available evidence, not only English-language evidence. Sole 
reliancee on evidence published in English is likely to result in reduced precision 
andd may be a subsequent loss in validity . 

Theree is a common perception that systematic reviews can reasonably be 
limitedd to trial s published in English, because those published in other  languages 
representt  small numbers of trials, have weaker  methods, and report fewer 
significantt  results. Dickersin et al5 used Medline to identify clinical trial s on 
vision.. They reported that 20% of relevant trial s were published in languages 
otherr  than English, but noted that this percentage was likely to be an 
underestimatee of relevant trial s because they did not search Embase, which 
includesincludes several journals published in languages other  than English that are not 
indexedd by Medline. 

Wee identified only very small differences in the completeness of reporting 
betweenn trial s published in English and in other  languages. There is growing 
empiricall  evidence that the items included in our  assessment of completeness of 
reportin gg are important predicators for  biased estimates of treatment effect.12 

Ottenbacherr  and Diffabio13 observed that studies reported in journals 
publishedd in the USA had larger  treatment differences and more positive results 
thann similar  studies published in journals in other  nmoxicill i countries. Our 
resultss show that of trial s with poor  completeness of reporting, those published 
inn languages other  than English are more likely to report statistically positive 
resultss than trial s published in English. These findings suggest that estimates of 
interventionn effects may differ  between the two types of tria l and that trial s 
publishedd in languages other  than English should be considered for  inclusion in 
anyy systematic review. This result also provides further  empirical evidence81314 

off  the need to do sensitivity analysis as part of a systematic review. 
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Ourr study focused on the completeness of reporting of trials. It is possible 
thatt investigators carried out their trials appropriately but did not report the 
relevantt information. In one study15 the internal and external validity of 63 
reportss of RCTs was assessed on a scale with a maximum total score of 100 
points.. The mean score for all trials was 50% (95% CI:46-54). To elaborate on 
variouss features of the trial reports the investigators conducted telephone 
interviewss with 62 (of 63) corresponding authors. This resulted in a 7% (mean) 
improvementt in the quality scores. Systematic reviewers, however, have to rely 
onn trial reports especially if a large number of trials must be considered for 
inclusion.. Telephone costs and other logistical factors could preclude further 
contactt with corresponding authors. 

Wee Gmoxicill that many systematic reviewers may have avoided including 
trialss published in languages other than English in their reviews because of 
anglocentricityy (a minority, we hope), a search strategy that excludes the 
identificationn of such trials, lack of awareness of the evidence about the 
completenesss of reports of trials published in other languages, and the logistical 
andd cost barriers of translation. There are several approaches to examine for 
assistancee in translation and clarification of issues in trials published in 
languagess other than English; many health-care facilities have registers of 
individualss fluent in other languages, students associated with university 
languagess departments, and immigrant community centres. Initial experience 
withh the latter group has proved position. Similarly, international cooperation is 
likelyy to break down perceived language barriers. The Cochrane Collaboration is 
tryingg to involve individuals world wide with the objective of performing, 
maintaining,, updating, and disseminating systematic reviews in all areas of 
healthh care.16 

Wee found few trials reporting on methods of allocation concealment. This 
featuree was reported in much higher frequency in obstetrics and gynaecology 
trials.177 This difference may be due partly to the editorial efforts of at least one 
journal,, which reported more information than any other journal. 

Ourr results also provide further evidence that the overall completeness of 
reportingg of RCTs is poor,1719 irrespective of the language of publication. The 
Standardss of Reporting Trials Group (SORT)20 and the Asilomar group21 have 
madee recommendations about the items, including the primary outcome 
measuress in this study, that should be included in the reporting of RCTs. The 
SORTT group also provided details about why these items should be included 
(i.e.,, evidence that their exclusion leads to biased estimates of intervention 
differences)) and a format for including them. The aim is that such efforts wil l 
ultimatelyy improve the reporting of RCTs and thus help in the conduct of 
systematicc review. 
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Ourr  results suggest that trial s published in languages other  than English, as 
welll  as those published in English, should be included in the conduct of all 
systematicc reviews. We hope these results wil l be useful to groups developing 
guideliness and policy for  the conduct of systematic review. If trial s published in 
otherr  languages are excluded from systematic reviews, this fact and a 
justificatio nn for  the action should be given in the paper. 
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Abstract t 
Includingg only a portion of all available evidence may introduce systematic 
errorss into the meta-analytic process and threaten its validity. We set out to 
examinee whether language restricted meta-analyses, compared to language 
inclusivee meta-analyses, provide different estimates of the effectiveness of 
interventionss evaluated in randomized trials. We identified and retrieved all 79 
meta-analysess from several disease areas in which explicit eligibility criteria 
regardingg trial selection were reported. General characteristics and quality of 
reportingg of the meta-analyses were assessed using a validated instrument. We 
exploredd the effects of language of publication of the randomized trials on the 
quantitativee results using logistic regression analyses. Language restricted meta-
analyses,, compared to language inclusive meta-analyses, did not differ with 
respectt to the estimate of benefit of the effectiveness of an intervention (ROR = 
0.98;; 95%CI: 0.81,1.17). These results were also robust after a series of sensitivity 
analyses.. This study provides no evidence that language restricted meta-analyses 
leadd to biased estimates of intervention effectiveness. We encourage others to 
replicatee this study using different sampling frames, clinical topics and 
interventions. . 
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Introductio n n 
Meta-analystss have littl e control over  random errors but can exert at least some 
controll  over  systematic ones. Including only a portion of all available evidence 
mayy introduce systematic errors into the review process and threaten its validity . 
Gregoiree and colleagues reported that 78% of identified meta-analyses of 
randomizedd trial s had language of publication restrictions.1 The majorit y (93%) of 
thesee restrictions were at the expense of excluding trial s published in languages 
otherr  than English (OEL). 

Onee way to evaluate whether  language restrictions are a sensible policy for 
meta-analystss is to assess the quality of reports of randomized trials. Language 
restrictionss might be appropriate if the quality of reports of OEL were different 
comparedd to English language (EL) trials. In a previous study, members of our 
group22 compared the methodological characteristics and analytical approaches of 
1333 EL randomized trial s published between 1989 and 1994, with reports of 96 
randomizedd trial s published in French, German, Italian, and Spanish over  the 
samee time period and type of journal . Withi n the same language the reports were 
assessedd under  masked conditions, using a scale developed with appropriate 
rigorousrigorous standards.3 

Thee differences found in this study, between OEL and EL trial s in the quality 
off  reporting, with respect to randomization, allocation concealment, double-
blinding,, dropouts and withdrawals, or  overall total score, were neither 
statisticallyy nor  substantively significant. The mean differences in the quality of 
reportin gg between OEL and EL trial s was 5% for  the total score, and ranged from 
0%%  to 4% for  individual items. Similar  results have recently been reported 
elsewhere.44 However, these studies did not address whether  the exclusion of 
OELL  alters the statistical results of a meta-analysis. This study addresses that 
question. . 

Methods s 

SelectionSelection of meta-analyses 

Wee selected our  meta-analyses from a collection of 251 meta-analyses of 
randomizedd trial s from a larger  database (n=455) of such studies.5 The details of 
thee search strategy used to identify and retrieve the meta-analyses included in 
thiss study are reported elsewhere.6'7 Briefly , a refined MEDLIN E search strategy 
identifiedd the meta-analyses. This search was supplemented with a search of the 
Cochranee Database of Systematic Reviews (1996, Issue 1). Meta-analyses were 
eligiblee if they included between 2 and 99 randomized trial s and reported binary 
outcomes.. Three types of meta-analyses were included: those in which OEL were 
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explicitlyy excluded (language restricted meta-analysis), those that explicitly 
permittedd the inclusion of OEL but in which no OEL contributed to the 
quantitativee analysis (language inclusive meta-analysis/EL), and those that 
actuallyy included OEL in the quantitative summary. Identified OEL were 
translated,, as required, within our group (French, Italian, and Spanish), through 
ourr network of personal contacts, or using a professional translation service. 

QualityQuality assessment of meta-analyses 

Oncee all the meta-analyses were retrieved they were masked to author and any 
authorr affiliation, journal, references, and other potential identifiers. The quality 
off  report of each meta-analysis was assessed using a validated scale.8 This 
instrumentt includes nine items pertaining to individual aspects in the reporting 
off  a meta-analysis (e.g., were the search methods used to find evidence on the 
primaryy question stated?). Each item is assessed using a three point scale (i.e., no, 
partially/can'tt tell, or yes). A final question elicits an overall scientific quality of 
thee meta-analysis. The scoring ranges from one to seven with higher scores 
indicatingg superior quality. 

Wee standardized ourselves in using the instrument and pre-tested our 
methodss by completing an inter-observer reliability study.9 Agreement was 
assessedd with the intra-class correlation coefficient (ICC), using a separate set of 
tenn meta-analyses. Values above 0.61 were considered as substantial agreement,10 

basedd on ann a priori decision. 

DataData extraction 

Inn addition to quality assessment of each meta-analysis, the following data were 
extractedd using a structured form: the disease category under investigation 
(usingg ICD-10 codes); the number of randomized trials; language of publication 
off  these trials; whether the authors reported assessing the presence of publication 
biass and, if so, the method used; year of publication, funding source, and type of 
journall  (i.e., general and internal medicine, or specialty). We also collected 
informationn about the journal in which the meta-analysis was published, 
includingg its citation impact factor. 

Fromm each language inclusive meta-analysis/OEL we extracted from each 
randomizedd trial the number of events and patients in the control group, and the 
numberr of events and patients in the experimental group. We also collected 
informationn on the year the trial was published, and the disease category under 
investigation.. These data were extracted independently by two research 
coordinators.. Two investigators (DM, BP) independently reviewed the data 
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extractionn and consensus among the four data extractors was achieved for any 
discrepanciess before data entry. 

DataData analyses 

Betweenn meta-analyses comparisons 
Wee used a Fisher's exact test to compare the three types of meta-analyses with 
respectt to the adequate reporting on each of the first nine items of the Oxman-
Guyattt scale. Similarly, the three types of meta-analyses were compared on their 
overalll  scientific quality of reporting using the Kruskal-Wallis test. 

Withi nn language inclusive/OEL meta-analyses comparisons 
Wee used logistic regression to assess the effect of language of publication on the 
estimatess of intervention effect across the included meta-analyses. The details of 
thiss analysis, including model specification, are included in Appendix 1. The 
languagee effect from the logistic regression is reported as a ratio of odds ratios 
(ROR).111 By our modeling convention, an ROR below one, of language inclusive 
meta-analysess compared to language restrictive meta-analyses, indicates that 
OELL report a larger intervention effect. 

Wee also performed sensitivity analyses to further explore whether the results 
remainn robust for meta-analyses that only include one or more OEL, and for 
varyingg sample sizes by setting a range of threshold values for the sample size 
requiredd of a trial for inclusion in the meta-analysis. 

Forr each of the language inclusive/OEL meta-analyses we calculated the 
widthh of the 95% confidence interval of the combined odds ratio on a log scale 
(logg upper confidence limit for the OR - log of lower confidence limit for the OR). 
Thiss calculation was repeated excluding the OEL (i.e., language restricted meta-
analyses).. We compared the average confidence interval width of the language 
inclusivee to that of the language restrictive meta-analyses using a paired t-test. 

Al ll  continuous distributions were summarized by the median (inter-quartile 
range).. For all analyses, 2-sided p values < 5% were considered statistically 
significant. . 

Ass a quality control check to verify the data elements used in our data 
analyses,, we replicated all language inclusive/OEL meta-analyses using the 
samee analytical procedures reported by the authors of the original publication. 
Thiss step was necessary to ensure reliable data elements required for our primary 
analysis. . 
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Results s 

BetweenBetween meta-analyses comparisons 

Off  251 meta-analyses reviewed, 79 met our inclusion criteria (Table 1 and 
Appendixx 2). Only 19 meta-analyses actually included OEL in their quantitative 
analysis.. One of these meta-analyses was dropped from further analysis because 
itt did not report any binary outcomes, leaving 18 for further analyses. The 
remainingg meta-analyses either had no language restrictions but did not 
incorporatee OEL into a quantitative analysis (n=22), or explicitly excluded such 
trialss from their study (n=38). Descriptively the three groups of meta-analyses 
weree similar in terms of their general characteristics, with a couple of exceptions. 
Meta-analysess that included OEL into the quantitative analysis included more 
randomizedd trials compared to language restricted meta-analyses. There were 
alsoo some descriptive differences among the three groups of meta-analyses in 
termss of their disease areas. 

Wee established substantial agreement among members of the research team 
withh respect to assessing the quality of reports of the meta-analyses (ICC=0.63). 
Thee quality of reports was similar across the three groups of meta-analyses 
(Tablee 2). The overall scientific quality of reports of the three groups of meta-
analysess was low (median = 3 of a possible 7; inter quartile range: 3, 5) and 
similarr (2P=0.93). 

WithinWithin  language inclusive/OEL meta-analyses comparisons 

Mostt (68.4%) of the language inclusive meta-analyses only included one OEL 
(Tablee 3). The 33 OEL were published in one of seven languages. There was a 
similarr language distribution across meta-analyses regardless of the number of 
OELL included. Meta-analyses with more than one OEL, compared with those 
withh only one, included more randomized trials although average sample size 
perr trial in meta-analyses with more than one OEL was smaller (Table 3). The 
averagee cumulative sample of a meta-analysis was 908 (inter-quartile range: 612, 
3836)) for meta-analyses with one OEL, compared with 1224 (inter-quartile range: 
1141,1713)) for meta-analyses with more than one OEL. 

Wee were able to replicate closely the results of the published meta-analyses 
forr all 18 language inclusive/OEL meta-analyses. This analysis involved 211 
randomizedd trials. Language restrictions in meta-analyses did not result in a 
significantlyy different estimate in the treatment effect compared with the 
inclusionn of all languages (ROR = 0.98; 95%CI: 0.81, 1.17; Table 4 and Figure 1). 
Thiss result did not change whether the meta-analyses included one (ROR = 0.96; 
95%CI:: 0.78, 1.18) or more (ROR = 1.04; 95%CI: 0.74, 1.47) OEL trials (Table 4). 
Similarly,, the results were consistent whether OEL studies included a small 
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numberr  of participants (ROR = 1.00; 95% CI: 0.83,1.21) or  larger  numbers (ROR = 
1.01;;  95% CI: 0.80,1.26). 

Languagee inclusive meta-analyses had narrower  confidence intervals 
(averagee width = 0.79; 95%CI: 0.51, 1.07) compared with language restricted 
meta-analysess (average width = 0.92; 95%CI: 0.53, 1.32). This represents a 
statisticallyy significant relative difference in precision of 16% (2P= 0.045). 

Too illustrat e the effect of language of publication on an individual meta-
analysis,, we give the example of Poynard and colleagues12 who investigated the 
benefitss of smooth muscle relaxants for  patients with irritabl e bowel syndrome 
usingg 25 trial s of which 6 were OEL. The authors report a 27% (95%CI: 18%, 36%) 
globall  improvement rate in muscle relaxation. Using the same trial s we observed 
similarr  results in our  replication reporting a 26% (95%CI: 16%, 36%) global 
improvement.. Language restricted (English only, n= 19) analysis resulted in a 
correspondingg global improvement rate of 27% (95%CI: 14%, 40%). 
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Tablee 1. General characteristics of language inclusive meta-analyses and 
languagee restricted meta-analyses (see text J 

Diseasee area 
Infectiouss disease 
Circulatoryy disease 
Complicationss in 
pregnancyy and 
childbirth h 
Other r 
Yearr of publication 
Mediann [1st, 3r d 

Quartiles] ] 
Fundingg source 
Singlee pharmaceutical 
company y 
Non-pharmaceutical l 
company y 
Nonee listed/can't tell 
Generall  characteristics 
Numberr of 
randomizedd trials -
mediann [1st, 3r d 

quartiles] ] 
Journal'ss citation 
impact: : 
Mediann [1st, 3r d 

quartiles] ] 
Evaluatedd publication 
bias s 
Typee of journal 

Generall  medical 
Specialty y 

Languagee inclusive 
meta-analyses/OEL L 

[n=19l l 
nn [%] 

11 [5.3] 
33 [15.8] 
22 [10.5] 

133 [68.4] 

19944 [1992,1995] 

0 0 

88 [42.1] 

111 [57.9] 

99 [6.5,18.00] 

3.099 [1.83, 4.94] 

6[27.2] ] 

88 [42.1] 
111 [57.9] 

orr details). 

Language e 
inclusivee meta-

analyses/EL L 
[n=22] ] 
n [%] ] 

77 [31.8] 
77 [31.8] 
44 [18.2] 

44 [18.2] 

19944 [1992,1995] 

0 0 

122 [54.5] 

100 [45.5] 

7.000 [4.75,10.50] 

3.211 [2.40, 8.33] 

2[11.2] ] 

133 [59.1] 
99 [40.9] 

Language e 
restrictedd meta-

analyses s 
[n=38] ] 
nn [%1 

22 [5.3] 
166 [42.1] 
22 [5.3] 

188 [47.4] 

19944 [1992, 
1994] ] 

11 [2.6] 

166 [42.1] 

211 [55.3] 

6.000 [4.0,9.25] 

2.655 [1.54,5.48] 

77 [30.5] 

111 [28.9] 
277 [71.1] 
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Tablee 2. Quality of reports of language inclusive meta-analyses and language 
restrictedd meta-analyses [see text for details]. 

Question n 

Language e 
inclusivee meta-
analyses/OEL L 

[nn = 19l 
n[%l l 

Languagee Language 
inclusivee meta- restricted 

analyses/ELL meta-analyses 
[nn = 221 [n = 38] 
nl% l l n[%l l 

2-sided d 
pp value 

Weree the search 
methodss used to 
findd evidence 
reported? ? 

77 [37] 100 [48] 244 [63] 5 5 

Wass the search for 
evidence e 
reasonable e 
comprehensive? ? 

77 [37] 55 [24] 177 [45] 0.32 2 

Weree the criteria 
forr deciding which 
studiess to include 
inn the overview 
reported? ? 

122 [63] 177 [81] 299 [76] 0.16 6 

Wass bias in the 
selectionn of studies 
avoided? ? 

44 [21] 99 [43] 99 [24] 0.23 3 

Weree the criteria 
usedd for assessing 
thee validity of the 
includedd studies 
reported? ? 

99 [47] 55 [24] 133 [34] 0.29 9 

Wass the validity of 
alll  of the studies 
referredd to in the 
textt assessed using 
appropriate e 
criteria? ? 

99 [47] 66 [29] 100 [26] 0.26 6 

Weree the methods 
too combine the 
findingss of the 
relevantt studies 
reported? ? 

133 [68] 155 [71] 300 [79] 0.63 3 
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Tablee 2 (continued). Quality of reports of language inclusive meta-analyses and 
languagee restricted meta-analyses [see text for details], 

Languagee Language 
inclusivee meta- restricted 

analyses/ELL meta-analyses 
[nn = 221 In = 381 2-sided 

Questionn n [%] n [%] n [%] p value 

Language e 
inclusivee meta-
analyses/OEL L 

[nn = 19] 
nn [%1 

Weree the findings 
off  the relevant 
studiess combined 
appropriately y 
relativee to the 
primaryy question 
thee overview 
addresses? ? 

133 [68] 144 [67] 322 [84] 0.21 1 

Weree the 
conclusionss made 
byy the author(s) 
supportedd by the 
dataa and/or 
analysiss reported 
inn the overview? 

133 [68] 166 [76] 299 [76] 0.79 9 

Howw would you 
ratee the scientific 
qualityy of this 
overview?! ! 

44 [3.0,4.0] 33 [2.5,4.5] 3 [3.0, 5.25] +0.93 

*Fisher'ss Exact test; 
+Kruskal-Walliss test 
iMediann [Interquartile range] 
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Tablee 3. Descriptive characteristics of meta-analyses including one or more 
randomizedd trial published in a language other than English. 

Languagee inclusive meta-
analyses/OEL L 

OELL = l 
N=13 3 

Languagee inclusive meta-
analyses/OELL OEL > 1 

NN = 6 
Language e Dutchh = 1 

Frenchh = 5 
Germann = 5 
Italiann = 1 

Spanishh = 1 

Chinesee = 1 
Frenchh = 7 
Germann = 7 
Italiann = 3 

Spanishh = 1 
Danishh = 1 

Clinicall  area Circulatoryy = 1 
Digestivee = 2 

Genitourinaryy = 2 
Complicationss in pregnancy = 2 

Ill-definedd = 2 
Infectiouss Disease = 1 

Mentall  Disease = 1 
Neoplasmm = 2 

Circulatoryy = 2 
Digestivee = 1 

Genitourinaryy = 1 
Endocrinologyy = 1 

Musculoskeletall  = 1 

Numberr of 
randomizedd trials 
perr meta-analysis 
Numberr of 
participantss per 
study y 
Numberr of 
participantss per 
MA A 

8(6,9)* * 

1088 (61,209)* 

9088 (612,3836)* 

177 (16,22)* 

588 (36,100)* 

12244 (1141,1713)* 

nn (1,3 Q) 

77 77 



ChapterChapter 5 

Tablee 4. The effect of language of publication of randomized trials on the 
estimatess of intervention effectiveness. 

Languagee effect [trials 
publishedd in languages 

otherr than English 
## of meta- compared with English 
analyses/**  language ones only] 

randomizedd ROR [95% Confidence 
Typee of analysis1 trials Interval]2 

Estimated d 
heterogeneity y 
betweenn trials3 

Language e 
restrictivee meta-
analysess compared 
too language 
inclusivee meta-
analysess [Overall]. 

18/211 1 0.988 [0.81,1.17] 3.166 [x2 605.73 with 
1922 df] 

Languagee restricted 
meta-analyses s 
comparedd to 
languagee inclusive 
meta-analysess [> 1 
PEL]. . 

5/85 5 1.011 [0.72,1.43] 2.599 [x2 204.81 with 
799 df] 

Languagee restricted 
meta-analyses s 
comparedd to 
languagee inclusive 
meta-analysess [= 1 
OEL]. . 

13/126 6 0.966 [0.78,1.19] 3.588 [x2 400.84 with 
1122 df] 

Analysiss limited to 
randomizedd trials 
off  sample size > 50. 

14/128 8 1.000 [0.83,1.21] 2.566 [x2 289.54 with 
1133 d.f.] 

Analysiss limited to 
randomizedd trials 
off  sample size > 
100]. . 

5/18 8 1.011 [0.80,1.26] 2.399 [x2 28.67 with 12 
df] ] 

lrThee basic model: logit of events in a treatment arm = a + pi [trial ith indicator] + e 
[treatment]]  + <|>j [treatment * jth meta-analysis] + cp [treatment * language], with * 
denotingg an interaction. The effect of language on treatment effect estimates, the main 
parameterr of interest, was tested using the treatment by language interaction. 
2AA Ratio of Odds Ratios less than 1 implies that language inclusive meta-analyses are 
associatedd with a larger treatment effect compared to language restricted meta-analyses. 
3Meann deviance residual of the fitted models. Values larger than 1 indicates high 
heterogeneityy between trials unexplained by the factors presented in the models. 
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Figuree 1. Test of no intervention effect from language inclusive and language 
restrictedd meta-analyses (n=18). The Z statistic [i.e., log odds ratio divided by its 
standardd error] from language inclusive meta-analyses (X-axis) were plotted 
againstt its corresponding score from the same meta-analyses, with the OEL 
excludedd (Y-axis). The sizes of plotting circles were inversely proportional to the 
variancee of the language restricted meta-analyses estimates. 
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Discussion n 
Ourr primary result indicated only a 2% difference (ROR = 0.98), on average, 
betweenn the treatment estimates with versus without explicit restrictions on the 
languagee of publication of the trials included. Combined with the narrow 
confidencee intervals (0.81, 1.17) and several sensitivity analyses, these results 
suggestt that it is unlikely that any important clinical differences were missed. 
Thesee results provide empirical evidence regarding an important issue that meta-
analysiss and others have attempted to address previously,11314 and add to the 
growingg body of evidence regarding the appropriate conduct of meta-
analysis.3'7-11'15-20 0 

Meta-analystss who have limited their analyses to randomized trials 
publishedd in English might view these results with some comfort. Whereas, 
analystss who have presumably expended additional resources to locate, retrieve 
andd include OEL might question their efforts. In our view the decision as to 
whetherr or not to include OEL is not a simple one but multi-factorial. 

AA small trial (< 50 participants) reported in any language is unlikely to alter 
thee results or influence the precision of a meta-analysis including 1200 
participants.. Yet locating and obtaining the study, having it translated, 
particularlyy if it is an infrequently used language, wil l add cost and time to the 
process,, and may influence the generalizability of the results of the meta-
analysis.. Alternatively, if there are several relevant OEL excluding them might be 
inappropriatee due to their influence on the precision of the result. 

Wee have recently reported the results of a meta-analysis21 whereby the 
exclusionn of OEL made a difference to the magnitude of the results. We examined 
thee effects of pharmacological interventions, compared with placebo, on 
increasingg maximum walking distance, in patients with intermittent claudication. 
Restrictingg the analysis to nine EL reports indicated that therapy extended the 
maximumm walking distance by about 40 meters (WMD = 39.7; 95%CI: 11.3, 68.1). 
However,, three OEL trials, each of which had fewer than 35 patients, reported a 
substantiallyy larger impact of therapy, increasing maximum walking distance to 
aboutt 75 meters (WMD = 74.9; 95%CI: 10.6,139.1). Adding the OEL studies to the 
ELL ones shows a marginal increase, of approximately four meters, in maximum 
walkingg distance (WMD = 43.2; 95%CI: 17.2,69.1). This finding suggests that OEL 
hadd littl e influence on the overall estimate of efficacy primarily because the trials 
aree small. However, their inclusion provided more precise result, due to the 
increasedd sample size. This is a single anecdotal report whereby results from OEL 
influencedd the results. To what extent this result can be generalized is uncertain. 
Thiss example highlights the point that the decision to include OEL is probably 
relatedd to the clinical condition under investigation, the intervention, and the 
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numberr  of randomized trials. Additional research is needed to help clarify these 
issues. . 

Inn our  sample, only 31% (79/251) of the meta-analyses were explicit about the 
languagee of publication eligibility . Clearer  reporting of such methodology details 
wil ll  make it easier  for  replication, minimize bias in the process, and make readers 
moree confident of the results. Perhaps this code of silence is because guides to 
helpp improve the quality of reports of meta-analysis have been inconsistent about 
thee merits of reporting this information.22 

Wee were only able to identify 19 and use 18 meta-analyses out of 79 that 
actuallyy included OEL. Even in those meta-analyses that do include OEL, the 
numberr  of such studies included is low. In our  sample, the majorit y (13/19) 
includedd only one OEL. This finding may reflect the sampling frame we used. 
Alternatively ,, it may indicate that OEL are less of an issue, at least for  reports of 
ELL  meta-analyses, than previously thought. 

Perhapss another  way to address the language question is to identify meta-
analysess that were language restricted from the outset. A comprehensive search 
couldd then be undertaken to identify randomized trial s that could have been 
includedd in the restricted meta-analysis. Such meta-analyses could be replicated 
too include any OEL study. Such an investigation has been reported.1 These 
authorss identified 28 language restricted meta-analyses of which the statistical 
resultss of one meta-analysis,23 of selective decontamination of the digestive tract, 
wherebyy the inclusion of a German article (Odds Ratio = 0.68; 95%CI: 0.32,1.44)2* 
wouldd have changed the results from no statistical effect on mortalit y (Odds 
Ratioo = 0.70,95%CI: 0.45,1.09) to a statistically significant reduction in mortalit y 
(Oddss Ratio=0.67; 95%CI: 0.47, 0.95). However, there has been some debate25 

aboutt  whether  this German study was a randomized trial and should have been 
includedd in the meta-analysis in the first place. 

Thee overall scientific quality of all meta-analyses was low. Similar  results, 
usingg many of the same journals used here, have been reported elsewhere.26'27 As 
such,, we believe that our  results are a representative sample of meta-analyses 
withwith  respect to quality. We did not observe any statistically significant 
differencess among the three groups of meta-analyses included here. The scientific 
qualityy in two of the groups included in our  analysis scored within the "major 
flaws'''  category of the validated instrument we used. Perhaps initiatives, similar 
too those recently developed for  randomized trials,28 wil l help improve the quality 
off  reports of meta-analyses.29 

Thesee results indicate that language inclusive meta-analyses, compared with 
languagee restricted meta-analyses, include more randomized trials, and have 
largerr  cumulative sample sizes. The net effect is to provide to a more precise 
result,, as seen in narrowing, by approximately 16% on average, of the width of 
thee confidence intervals of meta-analyses. 
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Theree are limitations to our study. We did not sample from the largest group 
off  meta-analyses, namely, those in which the language selection criteria were not 
explicit.. It is possible that this group is different from the three groups we did 
sample.. However, the results reported by Jadad and McQuay,26 which included 
alll  four groups, are consistent with what we reported here. 

Ourr analysis is based on a relatively small number of meta-analyses. This 
mightt be due to the limitations of our sampling frame, clinical topics and 
interventions.. Our study included conventional interventions that might be of 
moree interest in "developed" countries where high citation impact factor journals 
aree published. Typically such journals publish English language reports only. 
Thiss might explain why we found so few OEL trials. Perhaps the examination of 
complementaryy and alternative medicine interventions or a different sampling 
framee could provide different results than those we observed here.30-31 We 
encouragee others to replicate our study using different sampling frames, clinical 
areass and interventions. 
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Appendixx 1 
Thee estimate of language effect reported here (i.e., the ratio of odds-ratios of 
treatmentt effects estimated from EL and OEL trials, respectively) was derived 
fromm a logistic regression and verified in a conditional logistic regression to 
conditionn out the trial effect (i.e., treatment groups were matched on trial). The 
binaryy outcomes from the included trials were re-expressed as unwanted 
endpointss (e.g. mortality instead of survival outcomes), if necessary. The main 
modell  was specified as follows: logit of events in a treatment arm = a + pi [trial 
ithh indicator] + e [treatment] + (|>j [treatment * jth meta-analysis] + (p [treatment * 
language],, with * denoting an interaction. The effect of language on treatment 
effectt estimates, the main parameter of interest, was tested using the treatment by 
languagee interaction. Testing this parameter in the model is interpretable in 
termss of simpler analyses. Suppose we looked within a given meta-analysis. If we 
assessedd the treatment effect within that meta-analysis separately from the EL 
trialss and OEL trials, then tested the difference between the treatment effect 
estimates,, that would be equivalent to the interaction test in a logistic regression 
model.. The meta-logistic regression model simply averaged those within-meta-
analysiss interaction tests across all meta-analyses included in the model. 

Thee language effect estimate was unchanged regardless of the variations in 
thee above model specification. In particular, the main effect of language or meta-
analysiss did not explain anything beyond the trial main factor and did not 
changee the language effect estimate. 

Thee inclusion of many indicator variables for the trial factor in this logistic 
regressionn model was a cause for concern. As a sensitivity analysis, we 
performedd a conditional logistic regression matching treatment by trial. Note that 
whenn conditioning on trial, the main effect of language was not meaningful, or at 
leastt its interpretation was problematic. This was however parallel to similar 
considerationss in matched case-control studies. For example, one can match on a 
factorr such as age, and still estimate the age and exposure interactions, even 
thoughh the main effect of age in such a study would not have a meaningful 
clinicall  interpretation. For simplicity, we elected to report our findings from the 
logisticc regression as the inclusion of indicators for trials did not affect the 
languagee effect estimates. 
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Appendixx 2 

LanguageLanguage inclusive - OEL 
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Summary y 
Backgroundd Most meta-analysis of randomized trials do not assess the quality of 
includedd studies. Yet, mere is a growing body of evidence indicating that trial 
qualityy can alter the estimates of intervention effectiveness. We examined this 
issuee evaluating whether different methods of quality assessment provide 
differentt estimates of the effectiveness of interventions evaluated in randomized 
controlledd trials. 
Methodss We randomly selected 11 meta-analyses involving 127 randomized 
controlledd trials evaluating the effectiveness of interventions used for circulatory 
andd digestive diseases, mental health, and pregnancy and childbirth. We 
replicatedd all the meta-analyses using published data from the primary studies. 
Thee quality of reporting of all 127 clinical trials was assessed using component 
andd scale approaches. To explore the effects of quality on the quantitative results, 
wee examined the effects of different methods of incorporating quality scores 
(sensitivityy analysis and quality weights) on the results of the meta-analyses 
Findingss The quality of trials was low. Masked assessments provided 
statisticallyy higher scores (mean=2.74, SD=1.1) compared with unmasked 
assessmentss (mean=2.55, SD=1.2). Low quality trials (<2), compared with high 
qualityy trials (>2), were associated with an increased estimate of benefit by 34% 
(RORR = 0.66; 95%CI: 0.52, 0.83). Trials using inadequate allocation concealment, 
comparedd to those using adequate methods, were also associated with an 
increasedd the estimate of benefit of 37% (ROR = 0.63; 95%CI: 0.45, 0.88). The 
averagee treatment benefit across all trials was 39% (OR = 0.61; 95%CI: 0.57, 0.65). 
Includingg trials with low quality scores (<2) increased this effect to 52% (OR = 
0.48;; 95%CI: 0.43, 0.54). Whereas, including trials with high quality scores (> 2) 
reducedd the effect to 29% (OR = 0.71; 95%CI: 0.65,0.77). Using all the trial scores 
ass quality weights reduced the effect to 35% (OR = 0.65; 95%CI: 0.59, 0.71) and 
resultedd in the least statistical heterogeneity. 
Interpretatio nn Studies of low methodological quality in which the estimate of 
qualityy is incorporated into the meta-analyses can alter the interpretation of the 
benefitt of intervention, whether a scale or component approach is employed in 
thee assessment of trial quality. 
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Introductio n n 
Thee conduct of a meta-analysis is a retrospective scientific exercise1 and, as such, 
iss susceptible to several sources of biases.2 Meta-analyses of randomized 
controlledd trial s (RCTs) predictably include studies of variable methodological 
quality.. Features of randomized trial s that confer  the least biased estimates of 
treatmentt  effect have been studied with intensity lately. Differences in quality 
acrosss trial s may indicate that the results of some trial s are more biased than 
otherr  ones. Meta-analysts need to take this information into consideration in 
orderr  to minimize or  avoid bias whenever  possible. Similarly , there are few data 
too guide reviewers as to whether  any one method of quality assessment provides 
aa more biased estimate than any other  one. In this study, we addressed whether 
thee method of quality assessment of RCTs using a validated scale approach 
comparedd to one involving individual components influences estimates of 
treatmentt  effectiveness. 

SelectionSelection of meta-analyses 

Wee randomly (random numbers table) selected 12 meta-analyses from our  larger 
databasee of 491 meta-analysess of RCTs. Three inclusion criteri a were used: 1) the 
reportt  was published in English, 2) there was no formal incorporation of quality 
scoress in the quantitative analysis, and 3) the outcomes were presented as binary 
data,, reported using an overall quantitative summary result. Meta-analyses were 
excludedd if the report did not provide references for  the included trials. Nine of 
thee meta-analyses were randomly chosen from the three most frequently 
reportedd categories of the International Classification of Disease (CD-9), three 
eachh from digestive diseases,3" 5 circulatory diseases,6" 8 and mental health.911 The 
remainingg three meta-analyses were randomly chosen from the Cochrane 
Databasee of Systematic Reviews (CDSR, 1995 issue 2) one from stroke,12 and two 
fromm pregnancy and childbirth. 1314 

SelectionSelection of RCTs 

Eachh meta-analysis was reviewed by two of us regarding the reported principl e 
outcome(s).. Because most of the meta-analyses did not explicitly report the 
primar yy outcomes,15 these outcomes were selected based on the largest number 
off  RCTs reporting data on that endpoint (e.g., mortality) . One meta-analysis14 

wass excluded from our  study because the data from this study was provided to 
thee principal investigator  solely for  the purposes of his meta-analysis (personal 
communication—Dr.. A. Grant). This resulted in the selection of 22 independent 
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outcomess (due to non-overlapping trials) across 11 meta-analyses from which 127 
RCTss were identified and retrieved. 

QualityQuality assessment 

Thee report of each RCT included in each meta-analysis was photocopied twice. 
Onee copy was masked to authors, their affiliations, any other identifiers, such as 
fundingg sources, and references using a black marker. The quality of reporting of 
eachh of the resulting 254 RCTs was assessed by all of us using an incomplete 
randomizedd Latin square design (i.e., each reviewer was randomized to receive 
bothh masked and unmasked RCTs but never the same one). 

Qualityy assessments were completed using a validated scale16 and individual 
componentss known to affect estimates of intervention effectiveness.17 The scale 
consistss of three items pertaining to descriptions of randomization, masking, and 
dropoutss and withdrawals in the report of an RCT (see Appendix 1 for 
definitionss of terms used). The scale ranges from zero to five with higher scores 
indicatingg superior reporting (see Appendix 1 for complete details). The 
individuall  components assess the adequacy of reporting of randomization, 
allocationn concealment and double-blinding and are described in detail 
elsewhere177 (see Appendix 1 for definitions of terms used). We also recorded 
informationn on trial sponsorship. We pre-tested our methods by completing an 
inter-observerr reliability study, assessed with the intra-class correlation 
coefficientt (ICC), using a separate set of RCTs (values above 0.61 were considered 
ass substantial agreement,18 a priori). 

DataData extraction 

Inn addition to the quality assessment of each RCT the following data were also 
extracted:: the number of events and patients in the control group, and the 
numberr of events and patients in the experimental group. The data were 
extractedd independently by two people (ALJ, DM) and consensus was achieved 
forr any discrepancies before data entry. 

DataData analyses 

Too assess mean differences in quality scores between masked and unmasked 
RCTss we used a paired t-test. To assess differences between masked and 
unmaskedd trials in the proportion with adequately reported components we used 
chi-squaree analysis and logistic regression. 

Thee point estimate and 95% confidence intervals (95%CI) from each meta-
analysiss were replicated using the same analytical procedures reported by the 
authorss of the original publication (see Appendix 2). To examine the impact of 
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qualityy assessment on the combined point estimates we replicated the 
methodologyy used elsewhere.17 Briefly, logistic regression models were used to 
exploree the relationship between a binary outcome of an unwanted event (e.g., 
death)) with several independent factors. The independent variables included an 
overalll  intervention effect, trial indicators to allow for the variation among the 
trials,, modified treatment effects to capture variation among the meta-analyses, 
andd an estimate of quality. Quality scores were incorporated into the analysis in a 
varietyy of ways. As a threshold (see Appendix 2 for details), a quality weight (see 
Appendixx 1 for definition and usage), or individual component (e.g., double-
blinding).. We also performed a sensitivity analysis to further explore the 
relationshipp between a component assessment of quality compared to a scale one. 

Thee results of these analyses are reported in terms of a ratio of odds ratios 
(ROR)) and odds ratios (OR). By our modeling convention, an OR and ROR (see 
appendixx 1 for definition) below one indicates an effective intervention in the 
subgroupss of trials defined in the nominator compared to those in the 
denominator.. The mean residual deviance of the fitted models reflects the degree 
off  heterogeneity between trials after adjusting for the independent factors. As 
suggestedd elsewhere,17 we used an approximate F-test for evaluating the effects 
off  heterogeneity using the models. For all analyses probability values < 5% were 
consideredd statistically significant. 

Results s 
Thee 127 RCTs included in the 11 meta-analyses involved 10,492 patients. The 11 
meta-analysess were published between 1988 and 1995 in 10 journals and the 
CDSR.. The trials they contained were published between 1960 and 1995 and 
publishedd in 57 journals, and three books. One study was unpublished. The 
majorityy of outcomes (15/22, 68%) included can be defined as "objective" (e.g., 
histologicc remission, major amputation, overall mortality, conception rate, 
smokingg cessation assessed biochemically). 

Ann assessment of the quality of reports of RCTs under masked and 
unmaskedd conditions using a scale and component evaluation are presented in 
Tablee 1. The overall quality of reporting of RCTs using a scale assessment was 
2.744 (out of five, SD=1.1) corresponding to 54.8% of the maximum possible value. 
Theree were statistically significant differences in the evaluation of the quality of 
reportingg of RCTs under masked and unmasked conditions (see Table 1). Masked 
assessmentt resulted in statistically higher quality scores 2.74 compared to 
unmaskedd assessments 2.55. This difference corresponds to 3.8%. We have based 
alll  further analyses presented in this paper on masked assessments only. Using a 
componentt approach to quality assessment, few RCTs reported on either the 
methodss used to generate the randomization schedule (15.0%) or the methods 
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usedd to conceal the randomization sequence until the point of randomization 
occurredd (14.3%). When assessed under masked conditions, compared to 
unmaskedd ones, allocation concealment was identified more frequently (14.3% 
vs.. 10.7%) as adequate (see Table 1). Using the scale approach, 121 (95%) trials 
weree described as randomized and/or reported on the methods used to generate 
participantt assignment. Of these trials only 19 (16%) adequately described 
allocationn concealment. 

Tablee 1. Quality of reporting of 127 randomized controlled trials assessed using a 
scale211 and individual quality components under masked and unmasked 
conditions.3 3 

Qualit yy ratin g scale 

Randomization n 
Double-blinding g 
Withdrawals/drop--
outs s 
Totall  score* 
Componentt  approach 
too qualit y assessment 

Randomization n 
generation n 
Allocation n 
concealment* * 
Double-blinding g 
*Pairedd t-test for scale, p 

Maskedd (n=127) 

Meann (SD) 
1.099 (0.45) 
1.100 (0.84) 

0.599 (0.49) 
2.744 (1.10) 

Percent t 
15.0 0 

14.3 3 

66.4 4 
== 0.005 

^Adequatee allocation concealment (p = 0.004) 

Unmasked d 
(n=127) ) 

Meann (SD) 
1.088 (0.45) 
1.000 (0.79) 

0.50(0.50) ) 
2.555 (1.20) 

Percent t 
14.3 3 

10.7 7 

64.3 3 

%% difference (95% CI) 

0.022 (-0.05,0.08) 
0.100 (0.02,0.18) 

0.099 (-0.002,0.18) 
0.199 (0.006,0.32) 

0.077 (-2.05,3.45) 

3.600 (0.94,6.26) 

2.11 (-1.60,5.80) 

Wee were able to closely replicate the results of the published meta-analyses 
forr all 22 selected outcomes. Evaluating the influence that quality assessments of 
thee primary trials have on the results of the meta-analyses in presented in Table 
2.. Trials with a low quality score (< 2), compared with a high quality score (> 2), 
resultedd in a significantly greater estimate of the treatment effect by 34% (ROR = 
0.66;; 95%CI: 0.52,0.83). The effects of these results on an individual meta-analysis 
aree presented in Table 3. 

Wee conducted a threshold analysis to determine whether the exaggerated 
interventionn effects reported above in relation to the quality scores could be 
explainedd by those RCTs in which allocation concealment was inadequately done 
andd inadequately reported, as has been previously suggested.17 Our analyses (see 

100 0 



InfluenceInfluence of quality ofreports 

Tablee 2) did not result in any meaningful differences in terms of magnitude and 
directionn of bias or  statistical significance than those already reported here. 

Byy incorporating estimates of quality based on individual components, we 
alsoo detected exaggerated estimates of treatment effect (see Table 2). Clinical 
trial ss reporting allocation concealment inadequately, compared to those trial s 
reportin gg it adequately, produced statistically exaggerated estimates of treatment 
effectss of 37% (ROR = 0.63; 95%CI: 0.45, 0.88). We did not find any significant 
differencess in treatment effects for  RCTs whether  or  not their  reports adequately 
describedd how the randomization sequence was generated. Similarly , we did not 
findd an exaggerated treatment effect whether  or  not RCTs adequately described 
howw they achieved double blinding. 
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Tablee 2. Relationship between different methods of incorporation quality 
assessmentt (threshold, statistical weight, and individual components) into meta-
analysiss and the resulting estimates (and measures of precision) of intervention 
effects. . 
Methodd of qualit y 
assessment t 

Interventio nn effect 
modifier * * Assessmentt  of heterogeneity 

Ratioo of odds ratios 
(95%%  CI) 

Ratioo of heterogeneity between trial s 
(p-valuee from a test of similar  degree 

off  heterogeneity between trial s 
Scale e 
Loww (<2) vs high (>iy 
Loww (<2) vs high (>2)2 

Component t 
Randomization n 
generation3 3 

Allocationn concealment3 

Double-blinding3 3 

Mai nn analysis 
Sensitivityy analysis 
Loww quality 
Highh quality 
Qualityy weight 

0.666 (0.52, 0.83) 
0.733 (0.56, 0.94) 

0.899 (0.67,1.20) 
0.633 (0.45, 0.88) 
1.111 (0.76,1.63) 

Interventio nn effect6 

ORR (95% CI) 
0.611 (0.57,0.65) 

0.488 (0.43,0.54) 
0.711 (0.65,0.77) 
0.65(0.59,0.71) ) 

1.066 (F test with 49, 71 df, 2P = 0.41) 
1.011 (F test with 49,51 df, 2P = 0.49) 

1.366 (F test with 102,18 df, 2P = 0.23) 
1.177 (F test with 101,18 df, 2P = 0.36) 
1.022 (F test with 39,81 df, 2P = 0.46) 

Estimatedd heterogeneity between 
trials 7 7 

2.999 (D2 with 121 df) 

2.888 (D2 with 49 df) 
2.733 (D2 with 71 df) 
1.599 (D2 with 121 df) 

*Thee analysis used the convention that treatment was more effective to prevent an adverse outcome. 
Therefore,, an odds ratio (OR) below one indicates an effective intervention. Furthermore, a ratio of 
oddss ratios (ROR) of less than one also indicates an exaggeration of treatment effect. 
11 Allowing for summary OR to vary according to quality (i.e., quality by treatment interaction) in a 
basee model consisting of intervention, trials and modified odds ratios (OR) according to MA's. 
2Sensitivityy analysis only including trials with allocation concealment reported inadequately. 
3Allowingg for summary OR's to vary simultaneously according to the components (i.e. component by 
treatmentt interactions). 
4Thee residual deviance reflects the degree of heterogeneity between trials derived from a base model 
consistingg of intervention and trial factors. 
5Ann approximate F-distribution was assumed for the ratio of residual deviances to compare the 
heterogeneityy between different ways of incorporating quality. A larger degree of heterogeneity 
betweenn trials results in a larger than 1 ratio. 
6Averagee intervention effect estimated from a base model consisting of intervention and trial factors. 
expectedd degree of heterogeneity (i.e. residual deviance) is one. 
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Tablee 3. An illustration of the effect quality assessment, including different 
methodss of assessment and how the resulting scores are incorporated into the 
quantitativee data synthesis/ can have on the results of a meta-analysis. 

Testt for statistical 
Treatmentt effects to prevent deep vein heterogeneity (2P 
thrombosiss related death (n = 5 RCTs) OR (95% CI) values)* 
Mainn analysis 0.53 (0.32,0.90) 0.7135 

Sensitivityy analysis 
Low-qualityy trials (quality score <2, n=2 RCTs) 0.42 (0.15,1.17) 0.5210 
High-qualityy trials (quality score >2, n=3 
RCTs)) 0.57 (0.30,1.10) 0.4725 
Qualityy weight (n=5 RCTs) 0.52 (0.27,0.98) 0.7123 
"Testt for heterogeneity based on Breslow-Day31 

Lensingg and colleagues12 examined the effects of Low-Molecular-Weight Heparins (LMWH) 
onn several outcomes including death. Five RCTs were included in this analysis resulting in a 
statisticallyy beneficial effect of LMWH reducing mortality by 47% (OR=0,53; 95%CI: 0.32, 
0.90).. Two of the trials scored < 2 while the remaining three scored > 2. When quality 
assessmentss were incorporated into the analysis the beneficial effect of LMWH disappeared. 
Usingg low quality trials (< 2) the odds ratio was no longer significant (OR=0.42; 95%CI: 0.15, 
1.17)) although the point estimate suggests a greater effectiveness of LMWH. Similar results 
weree obtained if only high quality trials (> 2) were used (OR=0.57; 95%CI: 0.30,1.10). Using 
aa quality weight resulted in almost no exaggeration of the point estimate while maintaining 
thee precision of the statistical result (OR=0.52; 95%CI: 0.27,0.98). 

Thee average treatment benefit across all trials was 39% (OR = 0.61; 95%CI: 
0.57,, 0.65). Including trials with low-quality scores (< 2), into the quantitative 
analysis,, resulted in an average treatment benefit of 52% (OR = 0.48; 95%CI: 0.43, 
0.54).. Whereas, including trials with high-quality scores (> 2) into the analysis, 
resultedd in an average treatment benefit of 29% (OR = 0.71; 95%CI: 0.65,0.77). 
Usingg all the trial scores as quality weights resulted in an average intervention 
benefitt of 35% (OR = 0.65; 95%CI: 0.59, 0.71). Using a quality weight, compared 
withh low quality scores or high quality ones, to incorporate estimates of quality 
intoo the quantitative analysis also produced the least statistical heterogeneity (see 
Tablee 2). 

Discussion n 
Assessingg the quality of reports of randomized trials included in a meta-analysis 
addss another layer of complexity to the reviewing process. However, our results 
suggestt that incorporating an estimate of the quality of randomized trials is 
important.. We found a clinically important and statistically significant 30%-50% 
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exaggerationn of treatment effectiveness when results of lower quality trials are 
pooled.. Inflated estimates of treatment effectiveness were found whether the trial 
qualityy assessments were made using a scale approach or an individual 
componentt approach. 

Thesee results are consistent with the work of Schulz and colleagues17 who 
examinedd clinical trials in the field of obstetrics and childbirth and found that 
inadequatelyy concealed trials, compared to adequately concealed ones, 
exaggeratedd treatment effectiveness by about 30%-40%. Our work is based on 
analysiss of studies from four clinical topics, and adds to the body of evidence that 
ignoringg trial quality may introduce bias in the results of meta-analysis. This 
effectt is likely to vary somewhat depending on how the treatment effect is 
summarizedd (e.g., relative risk, risk difference) and the control group event rate 
(e.g.,, mortality, quality of life). 

Thee results of our sensitivity analysis indicate that significant exaggeration of 
treatmentt effects, in terms of treatment effect, remain regardless of whether trials 
inn which allocation concealment are adequately reported are removed from the 
analysis.. Unfortunately, our review indicated that few trials report on methods of 
allocationn concealment despite its importance. Hopefully new efforts to help 
improvee the quality of reporting of RCTs wil l better this situation. Reviewers 
shouldd not interpret our results as having to make a choice between using a 
componentt or scale approach to quality assessment. Both approaches offer 
advantages. . 

Wee used both the individual component approach and scale approach for 
qualityy assessment including items derived from empirical studies showing that 
theyy can overestimate the effectiveness of an intervention. Whether these results 
remainn stable, using different criteria is uncertain. We have previously shown19 

thatt different scales when applied to the same RCT can provide markedly 
differentt estimates of quality in terms of absolute scores and rankings. It is 
possiblee that using less empirically based criteria for quality assessment may 
providee different estimates regarding the exaggeration of results than those 
reportedd here. 

Ourr results indicate that using quality as a weight appears to produce less 
statisticall  heterogeneity, a result that may have been statistically expected. It is 
difficult ,, and beyond the scope of this study, to statistically examine whether the 
reductionn in statistical heterogeneity is an artifact or a real effect associated with 
qualityy assessment. It is unlikely that our results could be explained solely on 
artifactt alone. Using only high quality trials or giving more weight to trials of 
higherr quality is likely to result in a higher signal/noise ratio thus reducing 
heterogeneity.. Nonetheless, there may be certain conceptual advantages to using 
aa quality weight rather than a threshold approach. For example, by using a 
qualityy weight it is possible to include all of the trials rather than a selected 
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samplee as would be common when using a threshold approach. Our  study is 
limitedd by not exploring the influence of other  ways to incorporate quality 
weightss into the quantitative analysis.20 

Thee component approach to quality assessment may be advantageous by 
beingg able to incorporate new evidence quicker  than those who are developing 
scaless appropriately using accepted standards.21 Scale developers wil l find it 
difficul tt  to incorporate new evidence into their  tools quickly. For  this reason, 
manyy meta-analysts may prefer  using a component approach to quality 
assessment. . 

Inn using a scale approach to assess quality we found that masked assessments 
providedd statistically higher  scores compared to unmasked assessments. 
Whetherr  this small absolute difference of 3.8% is important , in terms of 
additionall  efforts required by reviewers, is debatable. Many reviewers may see 
thiss difference as too small to be of importance. Several reports have examined 
thee effects of masking on quality assessments of clinical trials.16'22'23 There appears 
too be littl e consistency in these results in terms of their  direction and magnitude. 
Itt  is likely that a systematic review of this literatur e would shed light on this 
issue.. Such a review in beyond the present mandate of our  group. 

Ourr  study is limited in that we did not explore the relationship between 
unmaskedd quality assessments and estimates of treatment effects. In addition, the 
usee of a quality score as a weight is based on an assumption that there is a linear 
relationshipp between the estimates of quality and the weights assigned to the 
responsee options (e.g., 1, 2, or  3). It is possible that the scaling relationship is not 
linearr  and the weighting system is more complex. If data appeared to suggest an 
indirectt  relationship our  results may not be valid. Our  study is also limited in 
thatt  we used an abbreviated two-response option, compared to the three-
responsee one, as reported in Schulz et al,17 to assess allocation concealment. It is 
possiblee that this resulted in the observed differences, in the proportion of trial s 
reportin gg adequate allocation concealment, between masked and open quality 
assessment.. This categorization might also explain less overlap between the 
componentt  approach and the scale one. Despite our  categorization, our  results 
aree remarkably consistent with those reported by Schulz et al.17 

Ourr  results highlight the influence low quality trial s have in the conduct of 
systematicc reviews. This has not gone unnoticed. Recently considerable energies 
havee focused on developing evidence-based methods to help improve the quality 
off  reporting of clinical trials.24-26 Several journals have endorsed these 
approaches27300 and incorporated them into their  "instruction s to authors."  It is 
hopedd that improving the quality of reporting of RCTs wil l also help reduce the 
biass of including such trial s in systematic reviews. 
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Appendixx 1 

DefinitionDefinition of quality 

Thee confidence that the study design, conduct, analysis, and presentation have 
limitedd biased comparisons of the intervention under consideration. 

Randomiztion Randomiztion 

Usingg a sale approach to the assessment of randomization involved. Was the 
studyy described as randomized (this includes the use of words such as randomly, 
random,, and randomization)? An additional point is given if the method to 
generatee the sequence of randomization was described and it was appropriate 
(e.g.,, table of random numbers, computer generated). However, a point was 
deductedd if the method to generate the sequence of randomization was described 
andd it was inappropriate (e.g., date of birth). 

Double-blinding Double-blinding 

Wass the study described as double blind? An additional point is given if the 
methodd of double blinding was described and it was appropriate (e.g., identical 
placebo).. However, a point was deducted if the method of blinding was 
describedd and it was inappropriate (e.g., comparison of tablet versus injection 
withh no double dummy). 

DropoutsDropouts and withdrawals 

Dropoutss and withdrawals are defined, using the scale, as trial participants who 
weree included in the study but did not complete the observation period or who 
weree not included in the analysis [but need to be described]. The number and 
reasonss for withdrawal in each group must be stated for a point to be awarded. If 
theree were no withdrawals, it should be stated in the report. If there is no 
statementt on withdrawals, this item is given no point. 

GenerationGeneration of random numbers 

Clinicall  trials that reported the following methods for generation of their 
allocationn sequence were considered adequate computer, random number table, 
shuffledd cards or tossed coins, and minimization. Inadequate methods included 
alternatee assignment and assignment by odd/even birth date or hospital number. 
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AllocationAllocation concealment 

Wee divided allocation concealment into two categories. Adequately concealed 
trial ss were trial s in which concealment up to the point of treatment (e.g., central 
randomization)) was reported. Unclearly concealed trials, which incorporated 
inadequatelyy (e.g., alternation) concealed trials, were trial s in which allocation 
concealmentt  was not reported. 

Low-qualityLow-quality trials 

Usingg a scale approach to quality assessment low quality trial s were those ones 
scoringg < 2 (out of maximum possible score of 5). This assignment was made 
priorr  to the beginning of the study. 

High-qualityHigh-quality trials 

Usingg a scale approach to quality assessment high quality trial s were those ones 
scoringg > 2 (out of maximum possible score of 5). This assignment was made 
priorr  to the beginning of the study. 

RatioRatio of odds ratios 

Typically,, clinical trial s are conducted such that the experimental intervention, 
comparedd to the standard intervention, prevents an unwanted outcome (e.g., 
mortality) .. Therefore, an odds ratio < 1 favors the intervention under 
consideration.. In the context of this study a ratio of odds ratios (e.g., low quality 
trial ss versus high quality trials) can be interpreted as providing an estimate of the 
effectss of quality on the point estimate and precision of the result. An ROR can be 
interpretedd much the same way as an OR. 

ThresholdThreshold analysis 

Forr  trial s assessed using individual components only those trial s that adequately 
reportt  the characteristic are included in the analysis. Using a scale approach only 
thosee trial s scoring above a pre-specified score are included in the analysis. 

SensitivitySensitivity analysis 

Forr  trial s assessed using individual components two data syntheses are 
completed::  analyzing the results for  those trial s in which the item is adequately 
reported,, and also presenting the results for  those trial s that inadequately report 
thee characteristic. Using a scale approach two analyses are also completed: 
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analyzingg the results for those trials in which the item scores above a pre-
specifiedd score, and presenting the results for those trials scoring below the pre-
specifiedd score. 

QualityQuality weight 

Inn the main meta-analysis, one combines the study estimates weighting 
proportionallyy to their precision to derive the pooled estimate. In the 
correspondingg sensitivity analysis, we advocated the use of a quality weight that 
wass a product of precision and the quality of reporting score. By weighting on 
precisionn and trial quality (in this study scaled by the quality score), we can 
assesss the effect of various bias induced aspects of the trial design and reporting 
onn the pooled estimates of treatment effectiveness. 

Replication Replication 

Forr each meta-analysis, we extracted the statistical methods used to derive the 
combinedd treatment estimates and faithfully replicated these pooled estimates in 
thee main analysis. 

StatisticalStatistical heterogeneity 

Inn the logistic regression analysis, the variation in a clinical outcome was related 
too its systematic sources such as trials and treatment through logistic regression 
models.. For each model, the deviance divided by its degrees of freedom was 
regardedd as an approximate measure of over dispersion, reflecting the degree of 
heterogeneityy between trials. We used approximate F ratio tests to compare the 
heterogeneityy of trials with low quality, high quality and quality weight. 
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Appendixx 2 
Supposee that K independent studies give data as in Table 1, each compares a 
treatmentt and control on a binary outcome with an assessed quality score qk. 

Tablee 1. Observed counts for study k among K 2x2 contingency tables 
Treatmentt Group 
Treated d 
Control l 
Total l 

Success s 
ak k 

Ck k 

tk k 

Failur e e 
bk k 

dk k 

Nk-tk k 

Total l 
mk k 
nk k 
Nk k 

Mantel-Haenszell  method 
Wee define notations that use the counts shown in Table 1. Let 
Rkk = akdk/Nk, R+ = 2k Rk and Sk = bkCk/Nk, S+ = Ek Sk 

Pkk = (ak + dk) /Nk and Qk = (bk + ck)/Nk 

Thee MH estimate 9AMH = R+/S+ is a weighted average of the study specific 
estimatee of the odds ratio Q\ with weight equal to Sic. To account for quality 
assessment,, define S'k = qkSk and S'+ = £kS'k. The weighted average scheme 
imposess that R'k = qkRk and R'+ = 2k R'k, hence the quality-adjusted estimate 0'AMH 

== R+/S+. As a consequence, an appropriate variance for 0'AMH on a log 
scale(Robinn 86) is 
var(logg 9'AMH) = .5 Zk [(PkR'k/R V) + (PkS'k + QkR'k)/(R'+SV) + (QkSk/S'+

2)]. 

Petoo method 
Define e 
Ekk = (ak + bk)(ak + Ck) / Nk [1] 
andd Vk = (ak + ck)(bk + dk)(ak + bk)(ck + dk) / (Nk

A2(Nk -1) ). [2] 
Underr the null hypothesis of no treatment effect and fixed marginal totals of 
Tablee 1, Ek and Vk is respectively the mean and variance of a hypergeometric 
randomm variable Ak (with instance ak). Each study observation ak can be 
weightedd by its quality score qk in the combined estimate A+ - Zk qicaic, 
expectationn E+ = Zk qkEk and variance V+ = Ek qk

2Vk. A quality-adjusted estimate 
off  the common odds ratio 0 (log scale) is (A+-E+)/V+ with variance 1/V+. 

Inverse-variancee weighted method 
Thiss method of combining results is generally applicable to all endpoints (e.g. 
absolutee risk difference, relative risk, and treatment group rates). Let Gk be a 
genericc outcome estimate (e.g. relative risk RR) from study k and Wk = l/var(Gk), 
thee inverse-variance weighted estimate for the K studies is G where G = (Sk 

WkGk)) / (Zk Wk) with variance var(G) = l / (Z k Wk). With the additional 
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adjustmentt by quality assessment, define W'k = qkWk then the combined estimate 
G'' becomes 
G'' = (ZkW'kGk) / (2*  W'k) with variance var(G') = (2*  qkW'k) / (Zk W'k) 2. 

Testt  of no treatment effect 
Underr the null hypothesis, the mean Ek and variance Vk of Ak is given in [1] and 
[2],, respectively. Let the quality adjusted A+ = Ek qkak, expectation E+ = Zk qkEk 
andd variance V+ = Zk qk2Vk, then null hypothesis can be tested (Cochran 1954) by 
thee chi-square statistic 
X 2=(A + -E+ )2 /V + + 

withh 1 degree of freedom. 

Testt  of homogeneity of the odds ratios 
Thee chi-square test of constant odds ratio sums up the squared deviations of 
observedd ak and its expectation E(Ak | 9A), each standardized by its variance 
(Bresloww and Day 1980) 
X22 = Zk [ (ak -E(A k | 9A )] 2/Var(Ak | 9A) [5] 
(K-ll  degree of freedom). This test is affected by the quality adjustment only 
throughh the quality adjusted estimate 9A. In our calculations, we use the Mantel-
Haenszell  estimate 9'AMH/ the asymptotic estimate E(Ak | 9AM-H) arid V(aAk | t k; 
6AM-H)) given in [3] and [4j, respectively. 

Withh respect to quality adjustment, the global statistic in [5] may lack power 
againstt the alternative of a systematic increase or decrease in the observed ak 
withh an increase in quality qk (Breslow and Day 1980). In such situation, a chi-
squaree test (one degree of freedom) for a trend between the observed ak and trial 
qualityy qk can be calculated as follows 
XX22 = [Zkq k(a k-E(A  k 10A))]  2 / [Zkq k 2Var(A  k | 9

A)-[E kq kVar(A  k 19A)]2/[Z kVar(A 
k|9A)]] . . 

Dersimonian-Lair dd method for  random effect model 
Wee refer back to the generic notations used previously in the Inverse-variance 
weightedd method. The Breslow-Day chi-square statistic for homogeneity test [5] 
cann be calculated for any outcome G (Dersimonian and Laird 1986) 
Qbb = ZkUk(Gk-GA)2 

wheree GA is the weighted estimate GA = (Zki>kGk) / (Zk^k) and i)k the inverse of the 
kk within-trial variance. The weighted estimate GA can be adjusted for quality 
assessmentt through x>\ = qk\)k to G'A = (£ku'kGk) / (Zki>'k). However, quality 
assessmentt only affects the statistic Qb and the subsequent estimate At,2 of the 
between-triall  variation through the quality-adjusted estimate G'A. When 
homogeneityy is present, one non-iterative estimate of At,2 is 
Ab22 = max[0, (Qb- (K - 1 ) ] / [Xk\)k - (3*1*  2 / ZkDk)] 
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Underr  a random effect model, a combined estimate GRD can be weighted both 
onn quality score qk and the sum of within - and between-trial variations Wk = 
l / ( l / \ ) kk  + Ab2) 
GRDD = (EkW'kG k) / (X kW'k ) where W'k = qkWk 

andd variance Var(GRD) = (2*qkW'k ) / (EkW'k) 2. 
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Abstract t 
Includingg only a portion of all available evidence in a systematic review may 
introducee bias into the review process and threaten its validity. We set out to 
examinee the extent to which the inclusion of reports of randomized controlled 
trialss (RCTs) in languages other than English (LOE) influences the results of 
systematicc reviews using a broad dataset of 42 language inclusive systematic 
reviews,, involving 662 RCTs, including both conventional medicine (CM) and 
complementaryy and alternative medicine (CAM) interventions. 

Languagee restrictions do not change the results of CM systematic reviews but 
substantiallyy alter the results of CAM systematic reviews. For CM interventions, 
languagee restricted systematic reviews, compared to language inclusive ones, did 
nott introduce biased results, in terms of estimates of intervention effectiveness 
(randomm effects ROR = 1.02; 95%CI: 0.83,1.26). However, for CAM interventions, 
languagee restricted systematic reviews, compared to language inclusive ones , 
resultedd in a 63% smaller protective effect estimate (random effects ROR = 1.63; 
95%% CI: 1.03,2.60). These results are robust even after sensitivity analyses, and do 
nott appear to be influenced by statistical heterogeneity and publication bias. 
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Introductio n n 
Systematicc reviewers have littl e control over  random errors but can exert some 
influencee over  systematic errors (bias). Including only a portion of all available 
evidencee in a systematic review may introduce bias into the review process and 
threatenn its validity . The most comprehensive search strategies would include all 
relevantt  literature , regardless of language of publication. However, identifying, 
obtainingg and translating non-English language reports can significantly increase 
thee time, cost and effort required by the investigators. Grégroire and colleagues1 

reportedd that 78% of identified systematic reviews had language of publication 
restrictions.. The majorit y (93%) of these restrictions where at the expense of 
excludingg reports of randomized controlled trial s (RCTs) published in languages 
otherr  than English (LOE). 

Thee question regarding whether  language restrictions are a sensible policy for 
systematicc reviewers has been explored in two methodological directions. Moher 
andd colleagues set out to address whether  the quality of reporting in LOE, 
comparedd with English language (EL) reports, differs in some meaningful way2. 
Theirr  findings provide littl e ground for  the language restriction policy as there 
weree no differences between LOE and EL reports in the quality of reporting with 
respectt  to randomization, double-blinding, dropouts and withdrawals, and 
allocationn concealment. 

Inn another  methodological direction, several authors have examined the 
impactt  of excluding reports in LOE on the meta-analytical results of systematic 
reviews.reviews. Case studies on the issue result in varying conclusions. The exclusion of 
LOEE reports did not change estimates of the intervention effectiveness in two 
systematicc reviews, one examining the efficacy of beta-blockers and the other 
examiningg the efficacy of intraveneous streptokinase for  actute myocardial 
infarction 34.. The addition of LOE reports in four  language restricted systematic 
reviewss changed the treatment effect estimate in one review1. 

Memberss of our  group have approached this issue in a systematic way. We5 

identifiedd 18 systematic reviews that explicitly stated no language restrictions in 
theirr  search to identify RCTs and included reports in LOE in their  data synthesis 
(i.e.,, language inclusive systematic reviews). Results of each systematic review 
weree examined in which LOE reports were either  included or  excluded from the 
analysis.. Our  review provides no evidence that language restricted systematic 
reviewss lead to different estimates of intervention effectiveness, compared to 
languagee inclusive ones. Most (68%) of the systematic reviews we examined, 
however,, included only one LOE report. We suggested additional research to 
replicatee our  study using different sampling frames, clinical areas and 
interventions. . 
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Wee further report here on the extent to which the inclusion of LOE reports 
influencess the results of systematic reviews using a broad dataset of language 
inclusivee systematic reviews, including both conventional medicine (CM) and 
complementaryy and alternative medicine (CAM) interventions. Using this 
dataset,, we examine whether language restrictions impact the estimates of an 
intervention'ss effectiveness, whether such impact is similar for CM and CAM 
interventions,, and whether the results are influenced by other issues in the 
systematicc review process, including publication bias and statistical 
heterogeneity. . 

Methods s 

SystematicSystematic review eligibility criteria 

AA systematic review was included if it was published in English, if the primary 
dataa sources were reports of RCTs, and if the methodology section of the report 
explicitlyy stated whether only English reports were eligible for inclusion or 
whetherr trials of other languages were considered. In addition, the language 
inclusivee systematic reviews had to include at least one LOE report in the meta-
analyticc outcomes of interest to us. 

SearchSearch strategy 

Thee search strategy aimed to identify systematic reviews of RCTs published in 
Englishh between 1985 and 1999. Eligible reviews were identified from the 
collectionn of systematic reviews already assembled by our research group6, and 
throughh additional searching of Embase and the Centralised Information Service 
forr Complementary Medicine (CISCOM) database. The CISCOM database was 
searchedd for systematic reviews of RCTs published since 1985. This database was 
developedd by the Research Council for Complementary Medicine and contains 
articless on CAM published in the medical literature. Additional details regarding 
thee searching strategy can be found elsewhere7. 

SampleSample size 

Wee estimated that 45-language inclusive systematic reviews would be required 
too detect a 25% difference in the ratio of intervention effect odds-ratios (ROR) 
betweenn LOE and EL trial reports, on a log scale. The sample size calculation was 
derivedd using OR estimates from our previous study5. The median intervention 
effectt OR was 0.5 (i.e., -0.7 with a standard deviation of 1.13 on a log-odd scale) in 
favorr of the intervention. We wished to observe an ROR effect modifier of 0.75 
(i.e.. a 25% reduction on the log-odds ratio scale) associated with language of 
publication,, assuming a random effects model, a two-sided t-test, a false-positive 
errorr of 5% and power of 80%. A total of 484 trials are required under these 
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conditionss or  40 systematic reviews, approximately. Given an estimated 
prevalencee of reports in LOE of approximately 14%, a 10% increase in sample 
sizee was built in to compensate for  the unbalance between the numbers of EL and 
LOEE reports. 

ClassificationClassification of CM and CAM interventions 

Inn categorizing interventions as either  CM or  CAM, a typology proposed by 
Kemper8.. Accordingly, CM interventions included surgical and/or 
pharmaceuticall  products. An intervention was considered CAM if the 
interventionn dealt with biochemical (e.g., herbs), lifestyle (e.g., mind-body), 
biomechanicall  (e.g., chiropractic), or  bioenergetics (e.g., acupuncture). 

LanguageLanguage restriction and estimates of intervention effectiveness 

Forr  each systematic review, the effect of language restriction on the 
estimatess of an intervention' s effectiveness was derived as follows9'10. 
First ,, a pooled odds ratio11 and its standard error 12 were computed for  the 
LOEE trials. If there was a single LOE trial , the odds rati o from a 2x2 table 
wass used13. A similar  approach was used to derive corresponding 
estimatess for  the EL trials. The log rati o of the two odds rati o estimates for 
ELL  versus LOE (i.e., rati o of odds ratios, ROR) was then computed. This 
approachh enables a graphical display of the review specific RORs and aids 
inn the interpretatio n of the pooled ROR9. 
Thee pooled ROR weighted mean of these systematic review specific 
estimatess yields the average effect of language restrictions across all the 
includedd reviews. In addition, a DerSimonian-Laird random effects 
versionn of the weighted mean was derived (including a test for 
heterogeneity14). . 

Inn all analyses, a trial' s odds ratio was calculated from the 2x2 table including 
thee numbers of unwanted events and participants in the intervention and control 
armss of the trial . Odds ratios less than 1.0 therefore favor  the experimental 
interventionn over  the control one, with small odds ratios indicating a large 
protectivee effect associated with the intervention. Using this convention, a pooled 
RORR of EL versus LOE greater  than 1.0 indicates that on average, EL trial s tend 
too report smaller  protective effect compared to LOE trials. 

LanguageLanguage restriction and publication bias 

AA regression approach to funnel plot asymmetry15 was used to evaluate whether 
thee inclusion of LOE trial s in a systematic review induces a different likelihood of 
publicationn bias compared to their  exclusion. Only reviews with 5 or  more trial s 
weree included in this evaluation1617. For  each review, two z-scores testing for  no 

121 1 



ChapterChapter 7 

funnell  plot asymmetry (i.e., the intercept of the fitted regression line is zero) were 
calculatedd including and excluding LOE trials. Z-scores from language restricted 
systematicc reviews were plotted against corresponding values from language 
inclusivee reviews. Potential deviation from the equal line in this plot indicates a 
correlationn between the inclusion of LOE trials in a systematic review and the 
possibilityy of publication bias. 

LanguageLanguage restriction and statistical heterogeneity 

AA summary index for statistical heterogeneity (a statistical heterogeneity 
index,, SHI, the I2 statistic18) was used to evaluate whether the inclusion of 
LOEE trials in a systematic review induces different statistical heterogeneity 
comparedd to their exclusion. The SHI is suitable for comparing the degree 
off  statistical heterogeneity across systematic reviews. It can be interpreted 
ass the proportion of the between-trial variation out of the total variation 
includingg both the between- and within-trial variation in the estimates of 
interventionn effect. SHI values exceeding 0.56 could induce considerable 
cautionn about statistical heterogeneity whereas values less than 0.3 might 
causee littl e concern18. 

Forr each systematic review included in our data analyses, two SHI's were 
derived:: including of LOE trials and excluding them. The indices from language 
restrictedd systematic reviews were plotted against their corresponding values 
fromm language inclusive reviews. Potential deviation from the equal line in this 
plott indicates a correlation between the inclusion of LOE trials in a systematic 
revieww and the degree of statistical heterogeneity. 

Results s 
Descriptivee details regarding the systematic reviews included in these analyses 
aree presented in the second article in this series19. Briefly, the 42 systematic 
reviewss (34 CM and 8 CAM) were published in a variety of paper-based peer-
reviewedd journals and the CDSR between 1984 and 1999 (see Appendix). These 
systematicc reviews included 662 RCTs (120,545 participants), of which 133 were 
LOEE trials (17,810 participants). The trials investigated a broad spectrum of CM 
interventions,, such as pneumococcal vaccination in adults, and CAM 
interventions,, including the effectiveness of St. John's wort. Likewise, the 
outcomess examined varied from being objective (e.g., pregnancy), to more 
subjectivee outcomes, such as the reporting of headache pain. 
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Systematicc reviews excluding LOE trials, compared to their  inclusion, did not 
introducee biased results, in terms of estimates of intervention effectiveness 
(randomm effects ROR = 1.11; 95% CI: 0.92,1.34; Table 1). 

Thee effect was, however, more pronounced and statistically significant when 
thee analysis was repeated separately for  CAM interventions (Table 1). Here, 
excludingg LOE trials, compared to their  inclusion, resulted in a 63% smaller 
protectivee effect (random effects ROR = 1.63; 95% CI: 1.03, 2.60; Table 1 and 
Figuree 1). This was because on average, EL trial s tend to report smaller  protective 
effectss compared to LOE trials. However, when the analysis was limited to CM 
interventions,, no such effect was observed (Table 1). Here, excluding LOE trials, 
comparedd to their  inclusion, did not bias the estimates of an intervention's 
effectivenesss (random effects ROR = 1.02; 95%CI: 0.83,1.26; Table 1 and Figure 2). 

Whenn the data analyses was limited to CM interventions the results did not 
changee whether  the systematic review included one or  more LOE tria l (Table 1). 
Thatt  is, excluding reports of trial s in LOE did not exaggerate the estimates of the 
CMM  intervention's effectiveness. However, excluding even a single report of an 
LOEE trial from a systematic review examining a CAM intervention might result 
inn a significant exaggeration of the estimates of its effectiveness (Table 1). 

Forr  example, White and colleagues20 conducted a systematic review to 
evaluatee the effectiveness of acupuncture, compared with sham acupuncture, for 
participant ss wanting to quit smoking. The authors included 12 trial s (7 EL and 5 
LOE)) in their  quantitative data synthesis. Acupuncture was 21% (OR = 0.79; 95% 
CI::  0.55, 1.11) more effective (although not statistically significant) in producing 
earlyy abstinence, compared with sham acupuncture. Restricting the data 
synthesiss to EL reports resulted in a 7% (OR = 0.93; 95% CI: 0.58, 1.49) 
acupuncturee effect. In contrast, when the analysis was limited to reports in LOE 
thee acupuncture effect was substantially more pronounced at 31% (OR = 0.69; 
95%%  CI: 0.39,1.21). 
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Figuree 1. The effect of language restriction on estimates of intervention 
effectivenesss for the eight CAM systematic reviews. EL trials tend to report 
smallerr protective effect (right of ROR = 1) or larger protective effect (left of ROR 
== 1). 

EL L trialss tend to report smaller protective effect (right of ROR = 1) 
orr larger protective effect (left of ROR = 1) 
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Figuree 2. The effect of language restriction on estimates of intervention 
effectivenesss for the 34 CM systematic reviews. EL trials tend to report smaller 
protectivee effect (right of ROR = 1) or larger protective effect (left of ROR = 1). 
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PublicationPublication bias 

AA total of 31 language restricted systematic reviews had five or more trials. The 
mediann Z-score for funnel plot asymmetry from systematic reviews including 
LOEE trials was -0.50 (inter-quartile range: -1.87, 0.93), the negative value 
indicatingg a large degree of asymmetry. The corresponding median from 
systematicc reviews excluding LOE trials was -0.22 (inter-quartile range : -1.84, 
0.65).. The slight decrease in the median Z-score for funnel plot asymmetry can be 
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inspectedd in Figure 3. We did not observe any significant increase in funnel plot 
asymmetryy associated with language inclusive/LOE systematic reviews, 
comparedd with language restricted ones (Figure 3). In the bottom left quadrant of 
Figuree 3, where funnel plot asymmetry is likely to be associated with publication 
bias,, restricting the systematic reviews to reports of EL trial s might reduce funnel 
plott  asymmetry in approximately three systematic reviews. 
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Figuree 3. Effect of language restriction on funnel plot asymmetry from 31 
languagee inclusive systematic reviews (4 CAM and 27 CM) with at least five 
trials.. A negative Z-score indicates a large protective effect is more likely to be 
reportedd in small trials. Z-scores are displayed proportionally to the number of 
trialss in each systematic review with CM (filled circle) and CAM (open circle). A 
slopedd and dotted line denotes equality of z-scores from reviews including and 
excludingg LOE trials. Vertical and horizontal dotted lines of -1.64 and +1.64 
correspondingg to z-score testing for no funnel plot asymmetry at the significance 
levell  of 0.1. 
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StatisticalStatistical heterogeneity 

Thee statistical heterogeneity indices of language restricted versus language 
inclusivee systematic reviews are displayed in Figure 4. Of the 42 included 
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systematicc reviews, language restriction reduced a noticeable degree of statistical 
heterogeneityy (i.e., SHI  >0.3) to no heterogeneity (SHI  <0.3) in two CM and two 
CAMM  systematic reviews (#2, 4, 7, and 35, respectively - see Appendix). In all 
instances,, language restriction eliminated a relatively large number  of LOE trials. 
Otherwise,, there were no discernible trend in the correlation between language 
publicationn restrictions and statistical heterogeneity. 
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Figuree 4. Effect of language restriction on statistical heterogeneity for 42 
systematicc reviews including LOE trials. Statistical heterogeneity was 
summarizedd using the 12 statistic for reviews including and excluding LOE trials. 
Thee 12 statistics are displayed proportionally to the number of trials in each 
systematicc review with CM (circle) and CAM (triangle) interventions. The dotted 
linee denotes equality of 12 statistics from reviews including and excluding LOE 
trials.. 12 values exceeding 0.56 could induce considerable caution about statistical 
heterogeneityy whereas values less than 0.3 might cause littl e concern. 
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Discussion n 
Ourr  results suggest that limitin g language of publication of tria l reports to 
Englishh in systematic reviews of CM interventions does not change the estimates 
off  an intervention's effectiveness. This is specific to systematic reviews of CM 
interventionss and consistent with those reported previously5. Moher  and 
colleaguess identified 18 systematic reviews that included 178 English language 
tria ll  reports and 33 publications in seven LOE. Excluding these reports, 
comparedd with including them, resulted in a 2% difference in the estimates of the 
interventionn effect at the RCT level. The present results, from a database of 42 
systematicc reviews including 129 reports of RCTs in eight LOE found very 
similarr  results. The change in the estimates of an intervention's effectiveness was 
againn only 2%, on average. Juni and colleagues, using a dataset of similar  size, 
reportedd similar  results21. 

Thee present results, and those previously reported, remained unchanged 
whetherr  one or  more report of a LOE was included in the systematic review. 
Takenn together  they strongly suggest that excluding reports in LOE from the 
meta-analyticc part of a systematic review is a reasonable policy in the conduct of 
systematicc reviews. This recommendation only applies to reviews evaluating CM 
interventions.. It does not imply that systematic reviewers should neglect reports 
inn LOE. We recommend that systematic reviewers search for  reports regardless 
off  the language of publication. There may be merit in including LOE reports in 
somee aspects of the review process although this decision is likely to depend on 
severall  factors, including fiscal and other  resources being available. 

Ourr  results also suggest that the impact of language restrictions depends 
onn the type of intervention under  investigation. Systematic reviews evaluating 
thee effectiveness of CAM interventions produced different estimates of 
interventionn effect when the quantitative data synthesis was limited to trial s 
reportedd in English only. Specifically, the present analysis suggests that 
systematicc reviews of CAM interventions with language restriction produce a 
63%%  smaller  protective effect estimate, on average. This indicates that individual 
tria ll  results in LOE are important and need to be considered, along with English 
languagee ones, in any CAM systematic review. 

Inn this series, we report that systematic reviews evaluating a CAM 
interventionn included more RCTs compared to systematic reviews evaluating a 
CMM  one719. Systematic reviews in CAM generally include smaller  RCTs 
comparedd with those in CM, resulting in CAM systematic reviews included far 
fewerr  participants. If smaller  RCTs are more prone to bias, as has been 
suggestedsuggested2222,, the decision regarding the inclusion or  exclusion of LOE reports in 
CAMM  systematic reviews necessarily entails a number  of methodological 
considerations. . 
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Inn our data, the overall quality of reporting of CAM RCTs is as good as or 
betterr than that for CM interventions7'23. On the other hand, the quality of English 
reportss of CAM interventions was higher than that of the non-English CAM 
reports,, as well as both the English and non-English CM reports. This may 
suggestt that a higher level of quality for CAM RCTs is required for these trials to 
bee published in English language journals. This also explains, in part, the 
conservativee intervention estimates (i.e., smaller protective effect) in CAM 
systematicc reviews when they were limited to trial reports in English only. 
Thee likelihood of "small study" bias24 associated with the inclusion of LOE trials 
inn systematic reviews is another concern, particularly with CAM systematic 
reviews.. Most notably, Vickers and colleagues report that acupuncture research 
conductedd in certain non-English languages was uniformly positive, suggesting 
evidencee of publication bias25. Using data from 42 systematic reviews of both CM 
andd CAM interventions, our results did not suggest any significant association 
betweenn publication bias and the inclusion of reports in LOE. 

Forr both CM and CAM interventions, the inclusion of LOE trials in 
systematicc reviews expectedly resulted in genuine differences in patient 
populations,, interventions and outcome measures. In our sample of systematic 
reviews,, the clinical heterogeneity26 we expected did not translate into any 
consistentt patterns of increasing heterogeneity in the intervention effect 
estimates.. Our results suggest that the increase in generalisability of the review 
findingss from language inclusive systematic reviews is only associated with a 
smalll  increase in statistical heterogeneity. 

Wee noted a difference in the prevalence of LOE trials in language 
inclusivee systematic reviews evaluating interventions in CM and CAM7. With 
respectt to CAM interventions, the number of LOE trials is fairly large relative to 
thee total number of included trials, on average. With respect to CM interventions, 
however,, the number of LOE trials is relatively small. Again, the decision 
regardingg the inclusion of LOE trials should take into account the difference in 
thee prevalence estimates of trial reports in LOE in systematic reviews of CM and 
CAMM interventions. 

Thee LOE trials that were included in the CAM systematic reviews were 
predominantlyy published in German and French23. They were trials with a 
relativelyy high quality of reporting23. On average, they appeared to report larger 
protectivee effect estimates compared with similar trials reporting in EL. Their 
inclusionn led to some inflation in the protective effect estimates of CAM 
interventions.. This is not congruent to at least one other study examining the 
languagee of publication issue. 

Eggerr and colleagues27 examined a similar "language" issue albeit they 
askedd a different question. Here the investigators identified "pairs" of reports 
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fromm investigators that published in both German and English, matching for  first 
authorr  and time of publication, with one report appearing in English while the 
otherr  report was reported in German. Of the 40 pairs of reports analyzed, those 
publishedd in English, compared with German, were nearly four  times more likely 
too be statistically positive. This result might reflect German author  submission 
biass with authors concluding that statistically positive results being of more 
appeall  to the wider  "international "  English reading audience. Alternatively , the 
resultss might reflect a journal bias to publishing statistically positive results. 
Similarr  results have been reported elsewhere28. 

Ourr  findings could be interpreted to be the result of a different set of 
biases.. The possible inflation in the protective effect estimates of CAM 
interventionss from LOE trial s might reflect author  and/or  journal bias. It is 
possiblee that authors would elect to submit their  findings of large protective 
effectt  of CAM intervention to local journals appealing to their  practitioner 
audience.. It is also possible that some journals, particularl y ones with higher 
citationn impact factors, are less predisposed to publish results of CAM trial s 
indicatingg that the CAM interventions are highly effective. This observation has 
recentlyy been reported. 
Pittlerr  and colleagues29 set out to investigate whether  there was a relationship 
betweenn the statistical directions of CAM RCT results and where they were likely 
too be published. These authors classified 352 controlled trials, included in 19 
systematicc reviews from the Cochrane Database of Systematic Reviews, as either 
positivee or  negative. They also categorized journals as either  mainstream medical 
orr  CAM, and each journal' s citation impact factor  (i.e., non-impact factor, impact 
factorr  < 1, and impact factor  > 1). Among their  findings the authors observed that 
mainstreamm medical journals with an impact factor  > 1 published an equal 
numberr  of CAM trial s with positive and negative results. This finding is in 
contrastt  with more CAM positive findings in similar  journals with a lower 
citationn impact factor. 

Journalss may need to take a more explicit stance with regards to their 
vieww of publishing CAM RCTs. This is already starting to happen. Recently, the 
Britishh Medical Journal and the Journal of the American Medical Association 
Journall  have published CAM theme issues30-31. Likewise, authors wil l need to 
revieww their  preconceived notions regarding journals' views of CAM. 

Theree are limitation s to our  study. We were only able to identify and 
includee eight systematic reviews of CAM interventions. This is a relatively small 
samplee size. Nevertheless, the results appear  to be robust and possibly 
generalisable.. The findings of no bias for  CM are in keeping with those already 
reportedd in the literature 5, although the database upon which these results are 
basedd on is considerably larger  than any one used in previous studies. Both CM 
andd CAM findings also appear  robust, based on the reported sensitivity analysis. 
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Ourr data analyses provide average results of the impact of language 
restrictionn on the estimates of intervention effectiveness from systematic reviews. 
Too what extent the average results apply at the level of an individual systematic 
revieww is unknown. Despite this, the data analysis approach we used 
incorporatess current methodology on how to assess the influence of study 
characteristicss in "meta-epidemiological" research910'32'33. 

Inn summary, language restrictions do not change the results of CM 
systematicc reviews but substantially alter the results of CAM systematic reviews. 
Thesee results are robust even after sensitivity analyses, and do not appear to be 
influencedd by statistical heterogeneity and publication bias. 
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Abstract t 
Usingg 14 meta-analyses that included both published (n=199) and unpublished 
(n=50)) randomized trials, we evaluated the utility of different analytical 
approachess to detect, assess robustness, and minimize publication bias in meta-
analysis.. The rank correlation and graphical tests indicated funnel plot 
asymmetryy in 3 and 7 of the 14 meta-analyses, respectively. The file drawer 
numberr estimates using Iyengar-Greenhouse method were between 1.5 and 4.7 
timess smaller compared to Rosenthal's estimates. The median difference between 
thee Trim and Fill estimates and the actual number of missing studies was 1 
(rangee -4 to 6). Weighted estimation methods adjusted for publication bias and 
providedd estimates of intervention effect close to the reference standard, on 
average.. We showed there were differences in the conclusions one would reach 
clinicallyy based on the different analytical approaches dealing with publication 
bias.. Our results also suggest that the appropriate use of these methods improves 
thee reliability and accuracy of meta-analysis. 
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Introductio n n 
Wee have previously reported on a wide variety of methods used to detect and 
minimizee the influence of publication bias in meta-analysis of randomized trials.1 

Thesee techniques vary in their  underlying statistical principles, the ease with 
whichh they can be used, and address different aspects of the same problem. 

Thee fact that there are several different approaches to resolve a dilemma 
withi nn meta-analysis is not unique to publication bias. A similar  phenomenon 
hass been observed in the quality assessment literature.2 Here, a large number  of 
instrumentss have been developed, and evidence has cast doubt on their  validity . 
Applicationn of these different tools to the same data has resulted in widely 
discordantt  results.3 

Wee were interested in examining whether  different approaches to handling 
publicationn bias when applied to the same set of meta-analyses would provide 
concordantt  results. The findings of our  investigation are reported next. 

Methods s 

EmpiricalEmpirical data 

Wee selected 14 meta-analyses,4*16 four  of which13" 16 were from a specialized 
databasee of meta-analyses, including published and unpublished randomized 
trial ss (i.e., trial s that are unpublished, have limited distribution , and/or  are not 
includedd in bibliographic retrieval system)17 according to a set of pre-defined 
selectionn criteria. Each had to include at least five published trial s and one 
unpublishedd trial , report a binary outcome as a primar y measure, and report an 
overalll  statistically significant result. The last selection criterion allowed us to 
examinee the likelihood of false-positive results, as publication bias (i.e., the 
propensityy to publish studies with statistically positive results) is likely to affect 
meta-analysess reporting an overall significant result. 

PublicationPublication bias methods 

AA funnel plot should be symmetrical around an estimate of the "true " 
interventionn effect in the absence of selective publication and other  biases. 
Variouss sources can cause funnel plot asymmetry, including publication bias and 
heterogeneity.188 For  detection, we used the funnel plot,19 the rank correlation 
test,200 the graphical test assessing funnel plot asymmetry18 and the graphical test 
assessingg funnel plot asymmetry allowing for  between-study heterogeneity.21 

Too assess the robustness of the result of a meta-analysis in light of possibly 
unobservedd studies, we used the Rosenthal22 and Iyengar  and Greenhouse23 
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estimatess of the file drawer numbers. In addition, we included estimates of the 
numberr of missing studies from the trim-and-fill24 and Gleser and Olkin25 

methods.. For minimizing the influence of publication bias, we included weighted 
estimationn methods based on the following selection functions: size-biased 
sampling,, truncated sampling, step-weight selection, and step-weight selection 
withh data augmentation.26'27 Technical details are presented in the Appendix. 

Fromm each original meta-analysis including both published and unpublished 
trials,, we removed the unpublished trials and applied the publication methods to 
thee meta-analysis including only published trials. Estimates from the original 
meta-analysiss were considered the reference standard for evaluation. A 
significancee level of 0.05 was used unless specified otherwise. 

TheThe rational examination 

Too help explain the effect of the various publication bias methods on the 
estimatess of intervention effectiveness, we used a single clinical example 
throughout.. This is a report of a meta-analysis evaluating the effect of selective 
decontaminationn of the digestive tract (SDD) to reduce the incidence of 
respiratoryy tract infections and mortality rates in critically il l patients.9 The meta-
analysiss included published (n = 20) and unpublished (n = 4; 2 abstracts, 1 thesis, 
andd 1 in press) randomized trials. It reported a marginal effect of 13% reduction 
onn mortality (relative risk 0.87; 95% CI=0.79, 0.97). We re-examined the effect of 
SDDD on mortality taking the potential of publication bias into account. 

Results s 

Meta-analysisMeta-analysis characteristics 

Thee 14 meta-analyses, including both published (n-199) and unpublished (n=50) 
randomizedd trials, covered several clinical areas, and were published between 
19899 and 1994. On average, these meta-analyses included 10 (range= 5 to 36) 
publishedd trials and 3.5 (range= 1 to 9) unpublished ones. Unpublished trials on 
averagee accounted for 17% (range = 10% to 39%) of all trials and 19% (range= 4% 
too 56%) of the total patients included in these meta-analyses. 

DetectingDetecting publication bias 

Thee rank correlation and the graphical tests indicated funnel plot asymmetry in 3 
andd 7 of the 14 meta-analyses, respectively. However, there was almost no 
agreementt beyond chance between both tests (kappa = 0.14,95% CI = -0.78,0.57). 
AA combination of both tests yielded detection of asymmetry in 8 of the 14 meta-
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analyses.. In these 8 meta-analyses, the median number  of unpublished trial s was 
44 (range = 1 to 9) as compared to the corresponding median of 2.5 (range = 1 to 5) 
forr  the remaining 6. All subsequent analyses were based on these 8 meta-
analyses. . 

Ass true heterogeneity could be another  cause of funnel plot asymmetry, we 
testedd for  such asymmetry in the eight meta-analyses while incorporating an 
estimatee of heterogeneity between tria l results. Funnel plot asymmetry could be 
attributabl ee to publication bias in two/-13 heterogeneity in one,12 and both in 
anotherr  one.8 In the remaining four  meta-analyses, we could not attribut e the 
asymmetryy to a single source, neither  publication bias nor  heterogeneity. 

Usingg the SDD example, a funnel plot of the 20 published randomized trial s 
displayedd a "lef t tail"  asymmetry caused by small trial s reporting large estimates 
off  treatment effect (Figure 1). Using the graphical test, the funnel plot asymmetry 
wass quantified as -1.7 (95% CI  = -2.2, -1.3) (Table 1), with negative values 
indicatingg the left tail we observed (Figure 1). The trim-and-fil l method also 
suggestedd publication bias in the meta-analysis and estimated that the literatur e 
searchh could have missed approximately four  trial s (95% CI  lower  bound, 1) due 
too selective publication. It is also used to estimate and augment to the funnel plot 
thee missing treatment effect estimates of these four  trial s (Figure 1). After 
adjustingg for  funnel plot asymmetry, the method reported a 12% mortalit y 
reductionn with SDD, albeit statistically non-significant (OR = 0.88; 95% CI  = 0.73, 
1.08)) (seeTable 1). 
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Figuree 1. Effect of Selective Decontamination of the Digestive Tract (SDD) on 
mortalityy rates of critically ill patients.8 For the funnel plot, estimates of odds-
ratioo of mortality (log-scale) were plotted against their precision. The estimates 
weree derived from published trials (i.e. solid circle), unpublished trials (i.e. 
diamond).. The "Trim and Fill" method estimated that six trials were missing 
fromm the literature retrieval and augmented their estimated relative risks to the 
funnell  plot (i.e. open circle). The vertical reference line indicates the combined 
estimatess of published trials using a random effect model. Estimates on the left 
indicatess evidence in favor of SDD. 
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Tablee 1. Effect of selective decontamination of the digestive tract (SDD) on 
mortalityy of critically il l patients and the possible influence of publication bias.9 

Method d 
Reportedd in original meta-analysis 

Replicated d 
Publishedd and unpublished trials 
Publishedd trials only 
Unpublishedd trials only 

Detectingg publication bias 
Rankk correlation test20 -

Correlationn p 
Graphicall  test 
Graphicall  test18 

Incorporatingg heterogeneity21 

Evaluatingg robustness 
Filee drawer number 
Rosenthall  method22 

Iyengar-Greenhousee method23 

Numberr of missing study 
Trimm and Fill method24 

Gleser-Olkinn method (ranking of 
p-values)25 5 

Gleser-Olkinn method (weighted 
dist.p p 

## trials Method measure 
24 4 

24 4 
20 0 
4 4 

20 0 

20 0 

20 0 

20 0 
20 0 

20 0 

20 0 

20 0 

Relativee risk (95% 
CI) ) 

Odds-ratioo (95% CI) 
ORR (95% CI) 
ORR (95% CI) 

Correlationn p 

Asymmetry y 
measuree (95% CI) 

AMM (95% CI) 

Filee drawer number 
FDN N 

Numberr of missing 
trialss (95% LB) 
NMSS (95% LB) 

NMSS (95% LB) 

Results s 
0.87(0.79,0.97) ) 

0.833 (0.71. 0.98)1 

0.811 (0.67, 0.97) 
0.966 (0.63,1.47) 

pp = 0.05;p=0.75* 

-1.77 (-2.2, -1.3) 

-0.55 (-1.6,0.7) 
[p=0.40]** * 

26 6 
14 4 

4(1) ) 

21(0) ) 

20(0) ) 

Considerr the reference standard to evaluate other treatment effect estimates derived 
fromm weighted estimation method and the "Trim and Fill" method. *Test for no 
selectivee publication. **Test for homogeneity. 
2"NS""  indicates tine test is not significant at the 5% significance level, inferring from the 
overlappingg in the confidence intervals of probability estimates along the step-weight 
selectionn function. 
'Thee data augmentation method was used with the number of missing studies 
estimatedd from the Trim and Fill method. 
4"S""  indicates the test for selective publication was significant as the lower 95% 
confidencee bound of the estimate of the number of missing studies was greater than 0 
(i.e.. 3). "CI" and "LB" stands for confidence interval and lower bound of the confidence 
interval,, respectively. 
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20 0 

20 0 

20 0 

20 0 

43 3 

20 0 
43 3 

Odds-ratioo (95% CI) 

ORR (95% CI) 

ORR (95% CI) 

ORR (95% CI) 

ORR (95% CI) 
ORR (95% CI) 
ORR (95% CI) 

0.87(0.65,1.17) ) 
[p=0.38]* * 

0.855 (0.68,1.01) 
[p=0.34]* * 

0.877 (0.74,1.09) [NS]*2 

0.799 (0.62,0.99) [NS]*2 

0.811 (0.43,1.54) 
0.888 (0.73,1.08) [S]*4 

2.177 (1.26,3.74) 

Tablee 1 (confd). Effect of selective decontamination of the digestive tract 
(SDD)) on mortality of critically il l patients and the possible influence of 
publicationn bias.9 

Methodd # trials Method measure Results 
Minimizingg publication bias 
Weightedd estimation26 

Truncatedd sampling 

Size-biasedd sampling 

Step-weightt (SW) selection 
function n 
SWW selection with data 

augmentation n 
Dataa augmentation 

Trimm and fil l method24 

Dataa augmentation 
Considerr the reference standard to evaluate other treatment effect estimates derived 
fromm weighted estimation method and the "Trim and Fill" method. Test for no 
selectivee publication. **Test for homogeneity. 
2"NS""  indicates the test is not significant at the 5% significance level, inferring from the 
overlappingg in the confidence intervals of probability estimates along the step-weight 
selectionn function. 
3Thee data augmentation method was used with the number of missing studies 
estimatedd from the Trim and Fill method. 
4"S""  indicates the test for selective publication was significant as the lower 95% 
confidencee bound of the estimate of the number of missing studies was greater than 0 
(i.e.. 3). "CI" and "LB" stands for confidence interval and lower bound of the confidence 
interval,, respectively. 

EvaluatingEvaluating robustness 

Estimatess of the fil e drawer number using Iyengar-Greenhouse's method23 were 
betweenn 1.5 and 4.7 times smaller than Rosenthal estimates (Table 2). The latter 
methodd assumes zero-effect on average for the file-drawer trials, whereas the 
formerr one assumes that these trials were suppressed due to their statistically 
non-significantt results. 

Estimatess of the number of missing studies were derived from their observed 
effectt sizes (trim and fil l method) or p values (Gleser & Olkin methods25). Large 
differencess between the two methods were observed. In the fourth meta-analysis 
fromm Table 2,12 the trim and fil l method indicated no publication bias (i.e., zero 
lowerr bound) whereas Gleser-Olkin methods reported at least 90 studies could 
havee been missing. It was this meta-analysis where the observed funnel plot 
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asymmetryy was fully explained by heterogeneity between tria l results. Overall, 
thee tri m and fill  estimates of the number  of missing trials, compared with the 
Gleser-Olkinn estimates, were at least 4.7 times smaller  and close to the number  of 
unpublishedd trial s we identified. Using the latter  number  as a reference standard, 
thee median difference between observed and estimated numbers of missing 
studiess was 1 (range = -4 to 6) (see Table 2), negative values indicating 
underestimation. . 

Theree is no direct relationship between the file drawer  number  and the 
numberr  of missing studies. In our  example, the published trial s collectively 
reportedd a 19% mortalit y reduction with SDD (OR = 0.87; 95% CI  = 0.67, 0.97) 
(Tablee 1). One would need to add 14 trial s with statistically nonsignificant effect 
too render  the result nonsignificant. In comparison, the trim-and-fil l results 
suggestedd that four  trial s were missing. In reality, four  unpublished trial s were 
identifiedd (Figure 1). Collectively, they reported almost zero-effect of SDD on 
mortalit yy (OR = 0.96; 95% CI  = 0.63,1.47) (Table 1). 
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MinimizingMinimizing publication bias—weighted estimation 

Inn the presence of publication bias, studies yielding large p values and hence 
smalll  effect estimates are less likely to be published, leading to biased estimates. 
Weightedd estimation methods minimize this bias by multiplyin g the contribution 
off  each study by some weight function reflecting the selection probabilities that 
aree giving rise to publication bias. 

Fourr  selection functions assumed to be consistent with the observed SDD 
effectss are discussed. The truncated sampling method, assuming that all trial s 
withh statistically significant SDD effects are published, estimated that trial s with 
nonsignificantt  effects had a 64% (95% CI  = 30%, 85%) chance of being published. 

Thee size-biased sampling method estimated that a tria l reporting an SDD 
effectt  twice as large, compared with one with half its effect (i.e., log odds ratio 
scale),, had a 52% (95% CI  = 23%, 100%) increasing chance of being published. 

Thee SDD meta-analysis contained 2 trial s reporting effects at the < 5% 
significancee level < 5% and 18 above the 5% level. The step-weight selection 
methodss estimated that SDD effects at the significance level of < 5% were likely 
too be observed with 59% chance (95% CI  = 18%, 92%), and those at the > 5% level 
withwith  39% chance (95% CI  = 10%, 79%). The step-weight selection with data 
augmentationn method directly modeled unobserved trial s and their  outcomes. It 
generatedd trial s with either  significant or  non-significant effect and then selected 
themm according to the estimated step-weight selection.26 Accordingly, it 
compensatedd for  the underrepresentation of trial s with significant results (i.e., 
2/18)) and unexpectedly estimated that the four  unobserved trial s could have 
reportedd a relatively large SDD effect on mortalit y reduction of 19% (OR = 0.81; 
95%%  CI  = 0.43,1.54) (Table 1). 

Wee also assessed the utilit y of weighted estimation methods to detect 
publicationn bias. Truncated and size-biased sampling methods could not detect 
publicationn bias in any of the eight meta-analyses. Step-weight selection 
suggestedd the presence of publication bias in two of the eight meta-analyses. 
Here,, treatment effects at the significance level < 1% were estimated to be 
observedd with 75% chance (95 CI% = 30%, 99%), effectively excluding the 
correspondingg 28% chance for  effects at the significance level above 5%. 
Publicationn bias was also indicated in these two meta-analyses by the graphical 
testt  incorporating heterogeneity.21 

Weightedd estimation methods minimize bias in the intervention effect 
estimatess while increasing variance.28 This can lead to overcorrection in the 
estimates,, resulting in a false-negative inference of no intervention effect. The 
referencee standard indicated that the intervention was effective in all eight meta-
analyses.. In contrast, false-negative results were reported in two cases with 
truncatedd sampling5-9 one each with sized-biased sampling9 and step-weight 
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selection,99 and none with step-weight selection and data augmentation. In 
comparison,, the trim and fil l method reported three false-negatives.4'5'9 

Continuingg our SDD example, the reference standard reported a 17% 
mortalityy reduction (OR = 0.83; 95% CI = 0.71, 0.98) (see Table 1 and Figure 2). 
Usingg only published trials resulted in a mortality reduction of 19% (OR = 0.81; 
95%% CI = 0.67, 0.97). Weighted estimation methods with truncated sampling, 
size-biasedd sampling, and step-weight selection reported smaller and 
nonsignificantt mortality reduction as compared to the reference standard (Table 
11 and Figure 2). The step-weight selection with data augmentation method, 
overcompensatingg for the two significant effects (i.e., the two trials on the far left 
off  Figure 1), reported a mortality reduction of 21% (OR = 0.79; 95% CI = 0.62, 
0.99)) (see Table 1). 

AA similar pattern was observed between the adjusted estimates of 
interventionn effect and the reference standard across all eight meta-analyses 
(Figuree 3). On average, meta-analyses of published trials reported 5% larger 
estimatess of intervention effect compared to the reference standard (median 
differencee = -0.05; range = -0.37 to 0.01, log odds-ratio scale). The weighted 
estimationn methods adjusted for publication bias and provided estimates of 
interventionn effect close to the reference standard on average (Figure 3). 
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Figuree 2. Effect of Selective Decontamination of the Digestive Tract (SDD) on 
mortalityy rates of critically ill patients.8 SDD effect estimates were from the 
referencee standard (i.e., meta-analysis including both published and unpublished 
trials),, published trials, and from various methods minimizing potential bias due 
too publication bias applied to meta-analyses of published trials. These include the 
Trimm and Fill method and weighted estimation methods based on truncated 
sampling,, size-biased sampling, step-weight selection, and step-weight selection 
withh data augmentation. The left-reference line (i.e., organe color) corresponds to 
thee reference standard estimate. The right-reference line indicates no treatment 
effect. . 

Goldd Standar d 

Publishe dd Trial s 

Trimm & Fil l 

Truncate dd Samplin g 
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Figuree 3. Potential bias across eight meta-analyses in estimates of intervention 
effectt derived from published trials only; the "Trim & Fill" method; and 
weightedd estimation methods with size-biased sampling, truncated sampling, 
step-weightt selection, and step-weight selection with data augmentation. 
Estimatess from meta-analyses of published and unpublished trials were 
consideredd the reference standard. The dashed, horizontal line indicates no 
differencee between method estimates and the reference standard. The dot in the 
middlee of the boxplots indicates a median of the distribution. 
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Comment t 
Ann important goal for the meta-analyst is to obtain a reliable and accurate 
estimatee of an intervention effect. Biased estimates have been demonstrated in 
thee context of trial quality,2930 language of publication,31 and publication status.17 

Publicationn bias is equally important. Clinicians need to know that the meta-
analystt has taken appropriate steps to guard against the uncertainty induced by 
publicationn bias, both preventive (e.g., using effective search strategies) and 
correctivee (e.g., use of methods for assessment and control). Such assurances 
facilitatee the necessary inferences from the research results to the clinical setting. 
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Thee present results indicate that there are differences in the conclusions one 
wouldd reach clinically based on the different analytical approaches used for 
detecting,, evaluating robustness, and minimizing publication bias. The results 
alsoo indicate that appropriate detection and minimizing publication bias 
improvess the reliabilit y and accuracy of meta-analysis. On average, the number 
off  studies included in a meta-analysis is small, we think that a prudent move is 
forr  meta-analysts to look for  consistency in the effects of publication bias across a 
varietyy of approaches. Our  data provides some support for  this view. 

Thee different techniques used to detect publication bias do so by assessing for 
funnell  plot asymmetry.18'32 However, it is important to note that asymmetry can 
bee present for  reasons other  man publication bias.18'32 Most notably, trial s 
displayedd in a funnel plot may not estimate the same underlying intervention 
effect,, and such heterogeneity between results may lead to asymmetry in funnel 
plots.. In addition, the different definitions of precision and effect measures used 
too construct the plot may also influence the possible degree of asymmetry.33 Our 
studyy indicates that the graphical test18 alone or  in combination with the 
correlationn test20 can assess funnel plot asymmetry in a meta-analysis averaging 
100 studies. In this setting, the rank correlation test suffers from a lack of power.34 

Thee assessment of funnel plot asymmetry, however, should be conducted 
routinelyy along with other  diagnostics,35 most notably heterogeneity. 

Rosenthal's222 file drawer  number, a popular  method, is not a sensitive 
measuree of robustness. We found that the Iyengar  and Greenhouse method,23 

slightlyy more elaborate to construct, provides a better  estimate of the file drawer 
problem.. It is also possible to estimate the actual number  of missing studies.24 A 
largee file drawer  number  indicates robustness in a meta-analysis, while a small 
numberr  of missing studies the extent of the file drawer  problem. Our  results 
suggestt  that the trim-and-nl l method24 provides a reasonable approximation of 
thee number  of missing studies. 

Inn the presence of publication bias, the onus is on the meta-analyst to 
minimizee its influence. Typically, this should involve incorporating selective 
publication,, especially when studies are published based on their  outcomes, into 
thee estimate of intervention effectiveness.23-26'29'36-39 Weighted estimation methods 
aree generally complex to perform40 because they must substitute assumptions for 
dataa that are missing.29 Depending on the validit y of our  reference standard, we 
observedd that step-weight selection methods26 provide reasonable intervention 
effectss estimates in terms of magnitude and precision. The circumstances for  their 
usee are not, however, straightforward . When selection is absent, the standard 
errorr  of the intervention effect estimate tends to be too large so that its confidence 
intervall  is slightly conservative.29 When selection is present, the standard error 
tendss to be small, resulting in a liberal confidence interval. 
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Ourr study indicates that weighted estimation methods are not as sensitive to 
detectt publication bias as those based on funnel plot. Our finding is consistent 
withh the findings of others who indicate that significance tests for selection 
performm poorly in this setting.29 

Regardlesss of the methods used to incorporate the influence of publication 
bias,, we observed that they tend to produce smaller intervention effect estimates 
thann the reference standard. Therefore, their use involves the risk of 
overcorrectingg for publication bias, resulting in false-negative inferences. There is 
aa need to balance between obtaining an accurate estimate of intervention 
effectivenesss as close to the "truth" as possible while minimizing the influence of 
publicationn bias. Our results provide no clear winner. This is undoubtedly 
related,, in part, to the small number of meta-analyses included in our study. 

Althoughh these results may be viewed as informative, they are not without 
limitations.. The reference standard, namely, published and unpublished trials, 
cann be faulted as it is possible that there are additional unpublished trials that we 
aree still unaware of. Although we believe the selected methods address major 
analyticall  issues related to publication bias, we did not comprehensively include 
otherr methods, notably weighted estimation methods using maximum 
likelihood.36'38 8 

Too address these issues comprehensively, we believe one option is to conduct 
aa combination of simulation and empirical studies. Simulation studies afford us 
thee opportunity of exarnining the different methods in a controlled environment. 
Thesee simulated results can then be validated against a real-world set of meta-
analysess in an empirical study. Their answers wil l provide a better 
understandingg into the conduct of meta-analysis and their interpretation by 
healthh care providers. 
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Appendix x 

TechnicalTechnical Details 

Unlesss specified otherwise, method implementations were done using Splus 
2000.41 1 

Thee graphical test for  funnel plot asymmetry is a regression analysis of 
standardd normal deviate (i.e., treatment effect estimate divided by its standard 
error )) and precision (i.e., the reciprocal of the standard error  of treatment effect 
estimate).188 This regression analysis can be extended by appropriately allowing 
forr  the possiblity of residual heterogeneity.21 It was performed here in a full 
Bayess analysis using BUGS.42 Estimates of the file drawer  number  were from a 
one-sidedd test at 5% significance level. The iterative "Tri m and Fill "  method24 

wass implemented using all three estimators and the smallest estimate was 
reported.. The number  of missing studies was also estimated using methods 
proposedd by Gleser-Olkin26 based on ranking of the observed p-values, and a 
weightt  function. 

Thee four  weighted estimation methods were implemented according to the 
hierarchicall  selection models.26 Implementations were done using Absoft Fortran 
90.433 Non-informative prior  distribution s were specified for  treatment effect and 
heterogeneity.266 Prior  distributio n indicating a small amount of publication bias 
wass used for  the size-bias sampling and truncated sampling parameters.26 The 
numberr  of missing studies estimated by the Tri m and Fill method24 was used in 
thee data augmentation algorithm.26 For  all Gibbs sampler  runs, we used a 
minimumm of three sequences each with a burn-in of 500 and 4500 additional 
iterations.. We monitored convergence of the entire model distributio n by 
computingg the scale reduction coefficients for  all scalar  estimands of interest.44 

Wee ensured that these scalar  reduction coefficients were between 1.0 to 1.2 by 
increasingg the number  of sequences, or  the sequence length, as appropriate. 
Quantiless and 95% credible intervals were derived from the estimated posterior 
distributions. . 
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Abstract t 
Thiss study set out to compare Cochrane Reviews and reviews published in 
paper-basedd journals. Two assessment tools were used to collect the data: a 23 
itemss checklist developed by Sacks and a nine items scale developed by Oxman. 
Cochranee reviews were found to be better at reporting some items, and paper-
basedd reviews at reporting others. The overall quality was found to be low. This 
representss a serious situation, because clinicians, health policy makers and 
consumerss are often told that systematic reviews represent "the best available 
evidence".. In the period since this study, the Cochrane Collaboration has taken 
stepss to improve the quality of its review, through, for example, more thorough 
pre-publicationn refereeing, developments in the training and support offered to 
reviewerss and improvements in the system for post-publication peer review. In 
addition,, the use of evidence-based criteria (such as the QUOROM statement) for 
reportingg systematic reviews may help further to improve their quality. 
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Introductio n n 
Systematicc reviews that use statistical methods (meta-analysis) to summarize the 
resultss of independent studies can provide more precise estimates of the effects 
off  healthcare than those derived from the individual studies included in a 
review.11 Over the past decade, the number of systematic reviews and meta-
analysess published annually has increased greatly. Several hundred are now 
publishedd each year.2"4 

Despitee the increasing rate at which they are being produced, there is 
relativelyy littl e empirical data on the quality of reporting of systematic reviews 
andd meta-analyses, in comparison to, for example, reports of randomized trials. 
However,, the data that exist suggests the average quality of such reports may be 
low.. A review by Sacks et al5 of 86 meta-analyses published in English between 
19500 and 1986 assessed every report on fourteen items from six content areas, 
whichh the authors believed to be critical to the conduct and reporting of meta-
analyses.. These items included study design, combinability, control of bias, 
statisticall  analysis, sensitivity analysis and problems of applicability. They found 
thatt only 24 of the 86 (28%) meta-analyses addressed all six contents areas. This 
surveyy was updated in 1992, with littl e change in the results.6 Silagy7 evaluated 
288 systematic reviews published in primary care journals during 1991, using 
eightt methodological criteria thought to be important in the reporting of 
systematicc reviews and found that only one-quarter of the articles scored well in 
moree than half of these criteria. Assendelft et al8 used a standard criteria list to 
assesss the quality of 51 systematic reviews of spinal manipulation published 
betweenn 1977-1992. They reported a low median score (23 out of a maximum 
scoree of 100) and found that reviews with statistically "positive" conclusions 
tendedd to have higher quality scores. 

Moree recently, Jadad and McQuay9 reviewed 80 systematic reviews 
publishedd during 1980-1992 using the Oxman and Guyatt instrument (Oxman 
1991).. The scoring range for this instrument was from 1 to 7, with higher scores 
indicatingg superior quality. Studies with a score of 3 to 4 were considered to have 
majorr flaws. The authors reported a median score of 4. In contrast to the findings 
off  Assendelft,8 they found that reviews with positive results were more likely to 
havee lower scores, suggesting a link between poor quality reviews and the 
obtainingg of results in favour of new interventions. Jadad10 found that Cochrane 
reviewss appeared to have greater methodological rigor and were more 
frequentlyy updated than those published in paper-based journals. In a sample of 
500 meta-analyses (38 from paper-based journals and 12 Cochrane reviews) on the 
treatmentt of asthma, Jadad et al11 found that 80% had serious or extensive flaws. 
Thee authors reported that seven of the ten reviews with scores of 4 or more (i.e. 
higherr quality) were Cochrane reviews. Olsen et al12 studied the 53 Cochrane 
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reviewss that were published for the first time at the end of 1998. They found that 
theree were no problems or only minor problems in most reviews. Major 
problemss were identified in 15 (29%), corresponding to the evidence not fully 
supportingg the conclusion in 9 reviews (17%), the conduct or reporting being 
unsatisfactoryy in 12 (23%), and stylistic problems in 12 (23%). 

Studyy Objectives 
Thee purpose of this study was to compare the quality of the reports of Cochrane 
revieww with that of systematic reviews published in paper-based journals. 

Methods s 

SelectionSelection of meta-analyses for quality assessment 

Thee systematic reviews from paper-based journals came from a database of 
knownn systematic reviews of randomised trials developed by Moher13. This 
databasee had been compiled using an extensive search strategy and an electronic 
searchh of MEDLINE (OVID) for the period from January 1 1966 to December 31 
1995.. The MEDLINE search was translated using the appropriate terms to also 
searchh EMBASE (SILVERPLATTER) from January 1 1980 to November 30 1995. 
Bothh search strategies sought meta-analyses and systematic reviews published in 
anyy language.14 Fifty-two systematic reviews that had been published between 
1966-19966 were randomly selected from this database. Fifty-two Cochrane 
reviewss that had been published in issue 3, 1996 of the Cochrane Database of 
Systematicc Reviews15 were also randomly selected. Full copies of all the selected 
systematicc reviews were retrieved, copied and masked using a "China Marker/' 
too conceal author, institution, and journal. Several published empirical studies 
havee addressed this issue of masking.1617 Studies have shown that assessments 
underr masked conditions were more likely to yield lower and more consistent 
scoress than assessments made under open conditions.9 The replication of these 
resultss in another study,3 which also found that lower scores were assigned 
underr masked conditions, gives strong support to the possibility that bias would 
bee introduced in assessments made under open conditions. There are other 
studies,, which suggest the opposite.17 Data collection forms for the extraction of 
dataa included in individual reviews were developed using the scale and the 
checklistt selected for use in this study.519 Additional items were added to the 
dataa collection forms for this study. These included language, year of publication, 
typee of systematic review, number of included subjects, and number of included 
studies. . 
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Systematicc reviews in languages other  then English (i.e., French, German and 
Portuguese)) were translated into English with the assistance of colleagues with 
methodologicall  training. 

Thee two instruments selected to assess the quality of Cochrane and 
traditionall yy published systematic reviews for  this study were chosen following a 
systematicc review of quality assessment instruments for  systematic reviews.20 The 
twoo instruments were the Oxman and Guyatt scale18 and the Sacks checklist.5 

Thee Oxman and Guyatt scale was selected because, among other  things, of its 
strongg face validit y and the availabilit y of a published assessment of its construct 
validity. 188 The validit y of the scale has been thoroughly tested and clearly 
validatedd using a number  of different measures.119 The scale is an instrument 
thatt  measures across a continuum, scoring individual items numerically, and 
combiningg individual numerical scores to generate an overall quality score.1 

Thee Sacks checklist was chosen because it assesses issues not evaluated by the 
Oxmann and Guyatt scale, such as details of the protocol, more extensive details of 
thee statistical components, caveats and economic impacts. Although it is has not 
beenn validated, extensive work has been done in relation to this.5'6 The Sacks 
checklistt  estimates the overall quality of systematic reviews by using itemized 
criteri aa to assess individual reviews and by facilitatin g qualitative comparisons 
betweenn them. Individua l checklist items are not assigned a numerical score. This 
instrumentt  employs 23 questions to measure six key areas. We added an 
additionall  question for  language. 

Analysis Analysis 

Thee percentage of paper-based systematic reviews and Cochrane reviews 
meetingg each of the Oxman and Guyatt and Sacks criteri a was calculated along 
withwith  the associated 95% confidence interval. The paper-based reviews were then 
comparedd with Cochrane reviews with respect to the percentage of "yes"  ratings 
theyy received. Data were analyzed using univariate and multivariat e approaches. 
AA mean difference was calculated for  the overall quality score on the Oxman and 
Guyatt.. The proportion of systematic reviews meeting more than half the criteri a 
wass calculated. 

Results s 
Tablee 1 presents the results of the quality assessment using the Oxman and 
Guyattt  scale. The proportion of Cochrane reviews meeting the nine items on the 
scalee ranged from 25% for  item 4 to 100%. The proportion of paper-based 
systematicc reviews meeting each item ranged from 21% (item 4) to 90% (item 8). 
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Tablee 1. Quality of reports of systematic reviews of randomized trials, as 
assessedd on the Oxman and Guyatt overview quality assessment questionnaire: 
comparisonn of paper-based data published between 1990 and 1995 and Cochrane 
dataa published between 1993 and 1996. 

Item m 
1.. Were the search methods used to 
findd evidence reported? 
2.. Was the search strategy for evidence 
reasonablee comprehensive 
3.. Were the criteria used for deciding 
whichh studies to include in the 
overvieww reported 
4.. Was bias in the selection of studies 
avoided d 
5.. Were the criteria used for assessing 
thee validity of the included studies 
reported d 
6.. Was the validity of all the studies 
referredd to in the text assessed using 
appropriatee criteria (either in selecting 
studiess for inclusion or in analyzing the 
studiess that are cited)? 
7.. Were the methods used to combine 
thee findings of the relevant studies (to 
reachh a conclusion) reported? 
8.. Were the findings of the relevant 
studiess combined appropriately relative 
too the primary question the overview 
addressed? ? 
9.. Were the conclusions made by the 
authorr (s) supported by the data and 
/orr analysis reported in the overview? 
10.. How would you rate the scientific 
qualityy of this overview? 

522 paper-based 
N=yess (%) 

[95%%  confidence 
intervall  of the %] 

355 (67.3) 
[54.1,, 80.5] 
222 (42.3) 

[28.4,56.2] ] 
388 (73.1) 

[60.6,, 85.6] 

111 (21.2) 
[9.7,32.6] ] 
255 (48.1) 

[34.0,, 62.1] 

477 (90.4) 
[82.1,98.7] ] 

455 (86.5) 
[76.9,96.1] ] 

477 (90.4) 
[82.1,, 98.7] 

455 (86.5) 
[76.9,, 96.1] 

3.35 5 
[2.83,3.87] ] 

522 Cochrane 
N=yess (%) 

[95%%  confidence 
intervall  of the %] 

188 (34.6) 
[21.2,48.0] ] 
144 (26.9) 

[14.5,39.4] ] 
522 (100.0) 

133 (25.0) 
[12.8,37.2] ] 
188 (34.6) 

[21.2,48.0] ] 

411 (78.8) 
[67.4,90.3] ] 

322 (61.5) 
[47.9,, 75.2] 

500 (96.2) 
[90.8,102] ] 

433 (82.7) 
[72.1,93.3] ] 

3.42 2 
[2.92,3.93] ] 

SummarySummary of Oxman scale results 

Off  the nine items comprising the scale, the proportion of Cochrane and paper-
basedd systematic reviews differed significantly on two of the items. Cochrane 
reviewss were less likely than paper-based systematic reviews to report, within 
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thee review, the search methods used to find the evidence (item 1: 18/52 
comparedd with 35/52) and whether  the strategy for  the evidence was reasonably 
comprehensivee (item 2: 22/52 compared with 14/52). Cochrane reviews were 
significantlyy more likely than paper-based systematic reviews to report their 
criteri aa used for  deciding which studies to include in the overview (item 3: 52/52 
comparedd with 38/52). There was no significant difference observed with respect 
too the remaining items. More than half of the Cochrane reviews and the paper-
basedd systematic reviews met five and six of the items respectively. When the 
overalll  quality score (possible range 0-7) was considered (item 10), there was no 
significantt  difference between the average value for  Cochrane reviews and that 
forr  paper-based systematic reviews: 3.35 (95% CI  2.83-3.87) compared with 3.42 
(2.92-3.93). . 

SummarySummary of results for the Sacks checklist 

Tablee 2 presents the quality assessments using the Sacks checklists. The 
proportio nn of Cochrane and paper-based systematic reviews that met each of the 
233 items ranged from 1.9% to 98.1% for  Cochrane reviews and 5.8% to 84.6% for 
paper-basedd systematic reviews. Cochrane reviews and paper-based systematic 
reviewss differed on seven of the 23 items. The Cochrane reviews were 
significantlyy more likely than the published systematic reviews to provide a list 
off  trial s that were used in the final analyses (item lc), to describe which treatment 
groupss were assigned along with the various ranges of treatment and diagnosis 
(itemm le, g, h), and to describe the source of support (3d). They were less likely to 
reportt  the extensive literatur e search (item lb). Overall, more than half the 
Cochranee reviews met 10/23 items compared with more than half of the paper-
basedd meeting 9/23. 

Theree was no difference between Cochrane reviews and paper-based 
systematicc reviews in the inclusion of studies in languages other  than English 
(Tablee 2). 
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Tablee 2. Quality of reports of systematic reviews of randomized trials, as 
assessedd on the Sacks quality assessment checklist: comparisons of paper-based 
dataa between 1990 and 1995 and Cochrane data between 1993 and 1996 

Questions s 

522 paper-based 
NN = adequate (%) 

[95%% confidence interval of 
%] ] 

522 Cochrane 
NN = adequate (%) 

[95%% confidence interval of 
%] ] 

1.Prospectivee Design 
a.. Protocol 
b.. Literature search 
c.. Lists of trials 
analyzed d 
d.. Log of rejected trials 
e.. Treatment 
assignment t 
f.. Ranges of patients 
g.. Ranges of treatment 
h.. Ranges of diagnosis 
2.. Combinability 
a.. Criteria 
b.. Measurement 
3.. Control of bias 
a.. Selection bias 
b.. Data-extraction bias 
c.. Inter-observer 
agreement t 
d.. Source of support 
4.. Statistical analysis 
a.. Statistical methods 
b.. Statistical errors 
c.. Confidence intervals 
d.. Subgroup analysis 
5.. Sensitivity analysis 
a.. Quality assessment 
b.. Varying methods 
c.. Publication bias 
6.. Application of 
results s 
a.. Caveats 
b.. Economic Impact 
7.. Language 

33 (5.8) [0.8,12.3] 
333 (63.5) [49.9, 77.0] 
411 (78.8) [67.4,90.3] 

177 (32.7) [19.5,45.9] 
333 (63.5) [49.9, 77.0] 

199 (36.5) [23.0,50.1] 
222 (61.5) [47.9, 75.2] 
222 (42.3) [28.4,56.2] 

155 (28.8) [16.1,41.6] 
344 (65.4) [52.0, 78.8] 

77 (13.5) [3.9,23.1] 
144 (26.9) [14.5,39.4] 
77 (13.5) [3.9,23.1] 

33 (5.8) [-0.8,12.3] 

444 (84.6) [74.5,94.8] 
66 (11.5) [2.6,20.5] 

411 (78.8) [67.4,90.3] 
300 (57.7) [43.8,71.6] 

222 (42.3) [28.4,56.2] 
133 (25.0) [12.8,37.2] 
99 (17.3) [6.7,27.9] 

366 (69.2) [56.3,82.2] 
33 (5.8) [-0.8,12.3] 
22 (3.8) [-1.6,9.3] 

22 (3.8) [1.6,9.3] 
166 (30.8) [17.8,43.7] 
500 (96.2) [90.8,102] 

311 (59.6) [45.8,73.4] 
499 (94.2) [87.7,101] 

177 (32.7) [19.5,45.9] 
500 (96.2) [90.8,102] 
388 (73.1) [60.6,85.6] 

100 (19.2) [08.2,30.3] 
155 (28.8) [16.1,41.6] 

100 (19.2) [8.2,30.3] 
166 (30.8) [17.8,43.8] 

1(1.9)) [1.9,5.8] 

455 (86.5) [76.9,96.1] 

51(98.1)) [94.2,102] 
22 (3.8) [-1.6,9.3] 

488 (92.3) [84.8,99.8] 
399 (75.0) [62.8,87.2] 

211 (40.4) [26.6,54.2] 
55 (9.6) [01.3,17.9] 
44 (7.7) [0.2,15.2] 

277 (51.9) [37.9,66.0] 
1(1.9)) [-1.9,5.8] 
22 (3.8) [-1.6,9.3] 
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Discussionn and Conclusions 
Thee average quality using both assessment tools is low for  both paper-based 
systematicc reviews and Cochrane reviews. This finding is important as it 
indicatess that the quality of systematic reviews published in the time period of 
thiss study might be compromised by major  flaws in their  reporting. This is a 
seriouss situation, because clinicians, health policy makers and consumers are 
oftenn reassured that systematic reviews represent "th e best available evidence." 

Despitee different approaches to refereeing and editorial oversight for 
Cochranee reviews and paper-based systematic reviews, our  results suggest 
similar—albeitt  disappointing—quality of reporting for  both. It is possible that 
theree is a discordance between the conduct of Cochrane reviews and the quality 
off  their  reporting, which might partiall y explain their  low quality scores in this 
study.. For  example, in our  sample only two (4%) of the Cochrane reviews 
explicitlyy mentioned that they were based on an a priori  developed protocol. In 
reality,, almost all Cochrane reviews are based on a completed protocol, which 
wass published beforehand in the Cochrane Database of Systematic Reviews. 
Similarly ,, in our  samples, Cochrane reviews provided significantly less 
informationn regarding the search strategies used to help identify relevant 
literature ,, than did paper-based reviews. This is in contrast to one of the 
recognisedd strengths of Cochrane reviews which is the breath and depth of the 
searchingg that supports them. 

Too improve the concordance between the conduct of Cochrane reviews and 
theirr  reports we would encourage a more proactive explicit approach for  authors 
too follow when reporting their  methodology, perhaps through guidance from the 
Cochranee reviewers' handbook on how to conduct a systematic review.21 

Thee relevance of these issues to paper-based systematic reviews in unclear. 
Evidencee for  paper-based research has suggested that there are only marginal 
differencess between how research studies, specifically clinical trials, are 
conductedd and reported.22 

Inn this study we found that Cochrane reviews were less likely to adequately 
reportt  on their  search methods and methods used to combine findings. However, 
Cochranee reviews were more likely to report appropriately on the following 
issues::  list of trial s analyzed and log of trial s rejected; methods of treatment 
assignment;;  ranges of patients' characteristics; sources of support; and use of 
appropriatee statistical methods and subgroup analysis. 

Cochranee reviews were better  at reporting some items, and paper-based 
reviewss at reporting others. This is similar  to the findings of other  studies. 
Jadad100 found, in a sample of 36 Cochrane systematic reviews published in 1995, 
thatt  Cochrane reviews appeared to have greater  methodological rigor  than a 
samplee of 36 paper  based review published between 1996 and 1997 and were 
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moree frequently updated than those published in paper-based journals. 
Similarly,, Jadad,11 in a sample of 50 systematic reviews (38 paper-based and 12 
Cochrane)) published between 1988 and 1998 on the treatment of asthma, found 
thatt 80% of these systematic reviews were judged to have serious or extensive 
flawss but Cochrane reviews had higher overall quality scores than those 
publishedd in paper based journals. 

WhatWhat can be done to improve the quality of reporting of all systematic reviews? 

Inn the period since this study, the Cochrane Collaboration has taken steps to 
improvee the quality of its review, through, for example, more thorough pre-
publicationn refereeing, developments in the training and support offered to 
reviewerss and improvements in the system for post-publication peer review. The 
usee of evidence-based criteria (such as the QUOROM statement) for reporting 
systematicc reviews may also help further to improve quality of all systematic 
review.23 3 

Thee QUOROM (Quality of Reporting of Meta-analyses) statement is an 
evidence-basedd standard for the reporting of meta-analysis and systematic 
reviews.. It includes an 18 items checklist and a flow chart, which describes the 
floww of studies in the meta-analysis. The checklist includes eight evidence-based 
itemss that address the quality of the abstract, introduction, methods and results 
sectionss of a report of a systematic review of randomized trials. The assessment 
off  the methods and results sections requires information relating to searching, 
studyy selection, quality assessment, data extraction, qualitative and quantitative 
dataa synthesis, and the flow of trials. 

WhyWhy were there differences between the two instruments f or assessing systematic 
reviews? reviews? 

Thee additional information obtained by using two different assessment tools in 
thiss study is important. The Oxman and Guyatt scale gave an overall quality 
scoree which makes it easier to benchmark future work. However, many items 
thatt are important in the reporting of systematic reviews are missing from this 
scale.. In addition, the Sacks checklist provides a clear description of the items to 
bee assessed, in contrast to the Oxman and Guyatt scale which was very difficult 
too administer, mainly because it lacked a clear published set of guidelines for the 
meaningg of each item. Although there were similar items in both of the 
assessmentt tools, the differences make it impossible to compare results between 
thee tools. 

Althoughh Jadad11 reported that Cochrane reviews were of higher quality than 
thosee in paper-based journals, both types of systematic review obtained low 
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qualityy scores overall. It is important to note that the reviews included in that 
studyy were published more recently than those in the study reported here. 
However,, it should also be noted that Sacks checklist used for  this study allows 
forr  a more detailed assessment than is possible with the assessment tool used by 
Jadadd et al. 

StudyStudy limitations 

Perhapss the most important limitatio n of this study is one that it shares with 
mostt  other  assessment of the quality of scientific research: the quality of each 
systematicc review was assessed by examining a published report of the review, 
nott  the conduct of the review itself. It must be accepted that a review's report 
mayy reveal less about how the review was conducted than it does about the 
reviewers''  abilit y to writ e well. However, the sparse research data that has 
addressedd the issue of the quality of reporting versus the quality of conduct has 
foundd that a scientific report is a reasonable indicator  of how the project was 
conducted.22 2 

Anotherr  potential limitatio n is that the lead investigator  in this study and two 
contentt  experts who contributed to the project are all closely involved in the 
Cochranee Collaboration. However, efforts were made to minimize the influence 
off  personal bias when assessing the quality of systematic reviews through, for 
example,, the masking process described above. 

Itt  was unfortunate that the Cochrane reviews assessed for  this study were not 
publishedd concurrently with the paper-based reviews. This restriction arose 
becausee of the sampling frame for  the reviews but because the difference was less 
thann five years it is unlikely to distort the results of this study in any important 
way. . 

Conclusion Conclusion 

Justt  as systematic reviewers have found that the reporting of individual research 
studiess can cause problems when doing their  review, so can poor  reporting of 
systematicc reviews and meta-analyses make it difficul t for  health care 
professionalss to understand and act on the findings of the reviews. Improved 
reportin gg of both clinical studies and the systematic reviews into which they 
incorporatedd wil l be of benefit to all.24 
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Summary y 
Background::  The Quality Of Reporting Of Meta-analyses (QUOROM) 
conferencee was convened to address standards for improving the quality of 
reportingg of meta-analyses of clinical randomized controlled trials (RCTs). 
Methods::  The QUOROM group comprised 30 clinical epidemiologists, clinicians, 
statisticians,, editors and researchers. In conference, the group was asked to 
identifyy items they thought should be included in a checklist of standards. 
Wheneverr possible, checklist items were guided by research evidence suggesting 
thatt failure to adhere to the item proposed could lead to biased results. A 
modifiedd Delphi technique was used in assessing candidate items. 
Findings:: The conference resulted in the QUOROM statement, a checklist and a 
floww diagram. The checklist describes an optimal way to present the Abstract, 
Introduction,, Methods, Results and Discussion sections of a report of a meta-
analysis.. It is organized into 18 headings and subheadings in the Methods section 
regardingg searches, selection, validity assessment, data abstraction, study 
characteristics,, and quantitative data synthesis, and in the Results with study 
characteristicss and quantitative data synthesis; research documentation was 
identifiedd for nine of the 18 items. The flow diagram provides information about 
bothh the number of RCTs identified, included, and excluded and the reasons for 
excludingg trials. 
Interpretation ::  We hope this report wil l generate further thought about ways to 
improvee the quality of reports of meta-analyses of RCTs and that interested 
readers,, reviewers, researchers and editors to use the QUOROM statement and 
generatee ideas for improvement. 
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Introductio n n 
Health-caree providers and other  decision makers now have, among their 
informationn resources, a form of clinical report called the meta-analysis1-4—a 
revieww in which bias has been reduced by the systematic identification, appraisal, 
synthesis,, and, if relevant, statistical aggregation of all relevant studies on a 
specificc topic according to a predetermined and explicit methodology.3 The 
numberr  of published meta-analyses has increased substantially in the past 
decade.55 Not only can these integrative articles be helpful for  clinical decisions, 
butt  they may also serve as the policy foundation for  evidence-based practice 
guidelines,, economic evaluations, and futur e research agendas. The value of 
meta-analysiss is evident in the work of the international Cochrane 
Collaboration,6'77 whose primar y purpose is to generate and disseminate high-
qualityy systematic reviews of health care interventions. 

Lik ee any research enterprise, particularl y one that is observational, the meta-
analysiss of evidence can be flawed. Accordingly, the process by which meta-
analysess are conducted has recently undergone scrutiny. A 1987 survey of 86 
English-languagee meta-analyses8 assessed each publication on 23 items from six 
contentt  areas considered important in the conduct and reporting of a meta-
analysiss of randomized trials: study design, combinability, control of bias, 
statisticall  analysis, sensitivity analysis, and problems of applicability . The survey 
resultss indicated that only 24 (28%) of the 86 meta-analyses reported addressing 
alll  six content areas. The updated survey, which included more recently 
publishedd meta-analyses, showed littl e improvement in the rigour  with which 
theyy were reported.9 

Severall  publications have described the science of reviewing research,1 

differencess among narrativ e reviews, systematic reviews, and meta-analyses,2 

andd how to conduct,3410 criticall y appraise,1115 and apply16 meta-analyses in 
practice.. The burgeoning number  of meta-analyses published has highlighted 
suchh issues as discordant meta-analyses on the same topic17 and discordant meta-
analysess and randomized-trial results on the same question.18 

Ann important consideration in interpretin g and using meta-analyses is to 
ascertainn that the investigators who performed the meta-analysis not only report 
explicitlyy the methods they used to analyze the articles they reviewed, but also 
reportt  the methods used in the research articles they analyzed. The meta-
analyticc review methods used may not be provided in an initia l manuscript 
submission::  even when they are, other  factors such as page limitations, peer 
revieww and editorial decisions, may alter  the content and format of the 
manuscriptt  before publication. 

Severall  authors have suggested guidelines for  reporting meta-analyses.319 

However,, a consensus across disciplines about how meta-analyses should be 
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reportedd has not been developed. Following a recent initiative to improve the 
qualityy of reporting of randomized controlled trials,20"22 we organized the Quality 
Off  Reporting Of Meta-analyses (QUOROM) conference to address these issues as 
theyy relate to meta-analyses of randomized trials. This report summarizes the 
proceedingss of that conference. The issues discussed might also be useful for 
reportingg of systematic reviews (i.e., meta-analysis, as defined above, without 
statisticall  aggregation), particularly of randomized trials. 

Methods s 
Thee QUOROM steering committee began with a comprehensive review of the 
publishedd literature on the conduct and reporting of meta-analyses. The 
databasess searched included MEDLINE and The Cochrane Library,23 which 
consistss of the Cochrane Database of Systematic Reviews (CDSR), the Cochrane 
Controlledd Trials Register (CCTR), the York Database of Abstracts of Reviews of 
Effectivenesss (DARE), and the Cochrane Review Methodology Database 
(CRMD).. We examined reference lists of the retrieved articles and individual 
personall  files. Articles of potential relevance were retrieved and critically 
appraisedd by the QUOROM steering committee. The committee generated a draft 
agendaa for the conference, which included six domains requiring discussion and 
debate.. The content areas were slightly modified during preliminary discussions 
att the conference and are reported as: 1) the search for the evidence; 2) decision 
makingg regarding which evidence to include; 3) description of the characteristics 
off  primary studies; 4) quantitative data synthesis; 5) reliability and issues related 
too internal validity (or quality); and 6) clinical implications related to external 
validity,, (or generalizability) 

Inn planning the QUOROM conference, the steering committee identified 
clinicall  epidemiologists, clinicians, statisticians, and researchers who conduct 
meta-analysiss as well as editors from the United Kingdom and North America 
whoo were interested in meta-analysis. These 30 individuals were invited to a 
two-dayy conference in Chicago on October 2-3,1996. Participants were surveyed 
beforee the meeting to elicit their views regarding current reporting standards of 
meta-analysess and whether reporting standards needed improvement. In 
addition,, they were sent relevant citations for review and were asked to indicate 
inn which of the six groups they wished to participate. 

Thee conference format comprised small group and plenary sessions. Each 
smalll  group had a facilitator who was a member of the steering committee and 
responsiblee for ensuring the discussions of as many of the issues relevant to their 
specificc remit as possible. Each small group also had a recorder, who was 
responsiblee for documenting the main points and the consensus regarding each 
issuee discussed during that session; the recorder presented the group's consensus 
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durin gg the plenary sessions. During the plenary sessions, an elected scribe from 
eachh small group was responsible for  recording the principl e points relevant to 
thatt  group's charge that arose during the plenary discussion. 

Thee participants in each small group were asked to identify items that they 
thoughtt  should be included in a checklist of standards that would be useful for 
investigators,, editors, and peer  reviewers. We asked that, whenever  possible, 
itemss included in the checklist be guided by research evidence suggesting that a 
failur ee to adhere to the particular  checklist item proposed could lead to biased 
results.. For  example, a substantial lack of sensitivity and specificity of MEDLIN E 
searchess is evident.24 Therefore, the checklist suggests that investigators explicitly 
describee all search strategies used to locate articles for  inclusion in a meta-
analysis.. In considering whether  candidate items were essential, each subgroup 
usedd a modified Delphi technique25 that was replicated in the plenary sessions. 

Results s 
Thee conference resulted in the QUOROM statement: a checklist (Table 1) and a 
floww diagram (Figure 1). The checklist of standards for  reporting meta-analyses 
describess an optimal way to present the Abstract, Introduction , Methods, Results 
andd Discussion sections of a report of a meta-analysis. The checklist is organized 
intoo 18 headings and subheadings to encourage authors to provide readers with 
informatio nn regarding searches, selection, validit y assessment, data abstraction, 
studyy characteristics, quantitative data synthesis, and tria l flow. For  tria l flow, 
authorss are asked to provide a flow diagram (See Figure 1) providing 
informatio nn about both the number  of randomized trial s identified, included, 
andd excluded along with the reasons for  excluding them.10 
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Tablee 1. Quality of reporting of meta-analyses—QUORUM for clinical 
randomizedd controlled trials (RCTs) 

Heading g 
Title e 

Subheadingg Descriptor 
Identifyy the report as a meta-
analysiss [or systematic 
review1]]  of randomized 
trials(RCTs)26 6 

Reported? ? 
[Y/Nl l 

Page e 
Number r 

Abstractt Use a structured format27 

Describe e 
Objectivess The clinical question 

explicitly. . 
Dataa The databases [i.e., list] and 

sourcess other information sources. 
Revieww The selection criteria [i.e., 
methodss population, intervention, 

outcome,, and study design]; 
methodss for validity 
assessment,, data abstraction, 
andd study characteristics, and 
quantitativee data synthesis] in 
sufficientt detail to permit 
replication. . 

Resultss Characteristics of the 
randomizedd trials included 
andd excluded; qualitative and 
quantitativee findings [Le., 
pointt estimates and 
confidencee intervals]; and 
subgroupp analyses. 

Conclusionn The main results. 
Describe e 
Thee explicit clinical problem, 
biologicc rationale for the 
intervention,, and rationale for 
review. . 

Text t 
Introduction n 
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Tablee 1 (continued). Quality of reporting of meta-analyses—QUORUM for 
clinicall  randomized controlled trials (RCTs) 

Headingg Subheading 
Text t 
Methodss Searching 

Selection n 

Validity y 
assessment t 

Data a 
abstraction n 

Study y 
characteristics s 

Quantitative e 
dataa synthesis 

Reported?? Page 
Descriptorr [Y/N] Number 

Describe e 
Thee information sources, in 
detail288 [e.g., databases, 
registers,, personal files, expert 
informants,, agencies, hand-
searching],, and any restrictions 
[yearss considered, publication 
status,299 language of 
publication.30'31 1 

Thee inclusion andd exclusion 
criteriaa [defining population, 
interventionn principal outcomes, 
andd study design32]. 
Thee criteria and process used 
[e.g.,, masked conditions, quality 
assessmentt and their 
findings.33'34'35'36 6 

Thee process or processes used 
[e.g.,, completed independently, 
inn duplicate].35'36 

Thee type of study design, 
participants'' characteristics, 
detailss of intervention, outcome 
definitions,, etc.,37 and how 
clinicall  heterogeneity was 
assessed. . 
Thee principal measures of effect 
[e.g.,, relative risk], method of 
combiningg results [statistical 
testingg and confidence 
intervals],, handling of missing 
data,, etc.; how statistical 
heterogeneityy was assessed,38 a 
rationalee for any a priori 
sensitivityy and subgroup 
analyses;; and any assessment of 
publicationn bias.39 
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Tablee 1 (continued). Quality of reporting of meta-analyses—QUORUM for 
clinicall  randomized controlled trials (RCTs) 

Heading g 
Results s 

Subheading g 
Triall  flow 

Study y 
characteristics s 

Quantitative e 
dataa synthesis 

Descriptor r 
Providee a meta-analysis 
profilee summarizing trial 
flowflow [see figure]. 
Presentt descriptive data for 
eachh trial [e.g., age, sample 
size,, intervention, dose, 
duration,, follow-up period]. 
Reportt agreement on the 
selectionn and validity 

Reported? ? 
IY/N ] ] 

Page e 
Number r 

assessment;; present simple 
summaryy results [for each 
treatmentt group in each trial, 
forr each primary outcome]; 
presentt data needed to 
calculatee effect sizes and 
confidencee intervals in 
intention-to-treatt analyses 
[e.g.,, 2x2 tables of counts, 
meanss and standard 
deviations,, proportions]. 

Discussion n Summarizee the key findings; 
discusss clinical inferences 
basedd on internal and 
externall  validity; interpret 
thee results in light of the 
totalityy of available evidence; 
describee potential biases in 
thee review process [e.g., 
publicationn bias]; and 
suggestt a future research 
agenda a 
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Figuree 1. Progress through the stages of a meta-analysis, including selection of 
potentiallyy relevant randomized controlled trials [RCTs], included and excluded 
RCTss with a statement of the reasons, RCTs with usable information, and RCTs 
withdrawnn by outcome with a statement of the reasons for the withdrawal. 

Potentiallyy relevant RCTs identified and screened for  retrieval [n = ...] 

RCTss excluded, with reasons [n = ...] 

— X — — 
RCTss retrieved for more detailed evaluation [n=...] 

-1-- ~ 
RCTss excluded, with reasons [n = ... J 

A A 
Potentiallyy appropriate RCTs to be included in the meta-analysis [n=...] 

RCTss included in meta-analysis [n = ...] 

RCTss excluded from the meta-analysis, with reasons [n = ...] 

4 4 
RCTss with usable information, by outcome [n = ...] 
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Pre-testingPre-testing of checklist and flow diagram 

Afterr development of the checklist and flow diagram, two members of the 
steeringg committee (DM, DJC) conducted pre-testing with epidemiology 
graduatee students studying meta-analysis, general internal medicine residents, 
participantss attending a Canadian Cochrane Center workshop, and faculty 
memberss of Departments of Medicine and of Epidemiology and Biostatistics. 
Onee group of candidates for a Master's degree in Epidemiology used the 
checklistt and flow diagram to report their meta-analyses as if their work were 
beingg submitted for publication. Feedback from these four groups was positive, 
mostt users stating that the QUOROM checklist and flow diagram would be likely 
too improve reporting standards. Modifications of the checklist (e.g., inclusion of a 
statementt about major findings) and changes to the flow diagram (e.g., more 
detail)) were incorporated and are reflected in the Table and Figure for this report. 

Discussion n 
Inn developing the checklist, we identified supporting scientific evidence for only 
ninee of 18 items to guide the reporting of meta-analyses of randomized trials.26"39 

Somee of this evidence is indirect. For example, under the "Abstract" heading we 
askk authors to use a structured abstract format. The supporting evidence for this 
itemm was collected by examining abstracts of original reports of individual 
studies277 and may not pertain specifically to the reporting of meta-analyses. 
However,, the QUOROM group considered this a reasonable approach by 
analogyy with other types of research reports and pending further evidence 
regardingg the merits of structured abstracts for meta-analyses. 

Wee have asked authors (under the "Methods" heading and "Validity 
assessment""  subheading) to be explicit in reporting the criteria used when 
assessingg the "quality" of the trials included in their meta-analysis and the 
outcomee of the quality assessment. Direct and compelling evidence does exist to 
supportt recommendations about reporting on the quality of RCTs included in a 
meta-analysis.. A meta-analytic database of 255 obstetric RCTs provided evidence 
thatt randomized trials with inadequate reporting of allocation concealment (i.e., 
keepingg the intervention assignments hidden from all participants in the trial 
untill  the point of allocation) as compared to those trials in which this information 
wass adequately reported resulted in an overestimation of the intervention effect 
byy SOX.33 Similar results across several disease categories and methods of quality 
assessmentt have been reported recently.34 These findings suggest the likelihood 
thatt inclusion of reports of low-quality RCTs in meta-analyses may alter the 
summaryy measures of the intervention effect. 

Wee have asked authors (under the "Methods" heading and "Quantitative 
dataa synthesis" subheading) to be explicit in reporting assessment of publication 
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bias.. Likewise, (under  the "Discussion*' heading) we have recommended 
commentss about whether  the results obtained may have been influenced by 
publicationn bias. Publication bias derives from the selective publishing of studies 
withh statistically significant or  directionally positive results4^42 and it can lead to 
inflatedd estimates of efficacy in the meta-analyses. For  example, trial s of single 
alkylatin gg agents versus multipl e agent cytotoxic chemotherapy in the treatment 
off  ovarian cancer  have been analyzed.39 Published trial s yielded significant 
resultss in favour  of the multiple-agent therapy, but that finding was not 
supportedd when the results of all trials—both those published and those 
registeredd but not published—were analyzed. 

Wee have asked authors (under  the "Methods"  heading and "Searching" 
subheading)) to be explicit about the publication status of reports included in a 
meta-analysis.. Only about one thir d of published meta-analyses report the 
inclusionn of unpublished data.2943 Whereas one study found that there were no 
substantiall  differences in the dimensions of study quality between published and 
unpublishedd clinical research,42 another  study suggested that intervention effects 
reportedd in journals were 33% greater  than those reported in doctoral 
dissertations.444 The role of the grey literatur e (i.e., literatur e that is difficul t to 
locatee and/or  retrieve) was examined in 39 meta-analyses that included 439 
RCTs,, 120 of which were grey literature.29 Meta-analyses limited to published 
trials,, compared with those that included both published and grey literature, 
overestimatedd the treatment effect by an average of 12%. There is still debate 
betweenn editors and investigators concerning the importance of including 
unpublishedd data in a meta-analysis.43 

Wee have asked authors (under  the "Methods"  heading, and "Searching" 
subheading)) to be explicit in reporting whether  they have used any restrictions 
onn language of publication. Approximately one thir d of published meta-analyses 
havee some language restrictions as part of the eligibilit y criteri a for  including 
individuall  trials.30 It is not clear  why, since there is no evidence to support 
differencess in study quality, and there is evidence supporting that language 
restrictionss may result in a biased summary. The reports of 127 RCTs written in 
English,, as compared with those reported in four  other  languages, demonstrated 
minimall  or  no difference in several important methodologie features.45 Similar 
resultss have been reported elsewhere.31 The role of language restrictions has been 
studiedd in 211 RCTs included in 18 meta-analyses in which trial s published in 
languagess other  than English were included in the quantitative summary.30 

Language-restrictedd meta-analyses, as compared with language-inclusive ones, 
overestimatedd the treatment effect by only 2% on average. However, the 
language-inclusivee meta-analyses were more precise.30 
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Reportss of RCTs with statistically positive results are more likely to be 
publishedd in English.31 Likewise, there is emerging evidence to suggest that 
reportss of RCTs from certain countries usually have statistically positive results.46 

Wee used several methods to generate the checklist and flow diagram: a 
systematicc review of the reporting of meta-analyses; focus groups of the steering 
committee;; and a modified Delphi approach during the consensus conference. 
Althoughh we did not involve certain consumers of meta-analyses (e.gv 

policymakerss or patients) we formally pre-tested this document with 
representativess of several constituencies who would use the recommendations, 
afterr which we made modifications accordingly. 

Thee QUOROM group also discussed issues regarding the format of a meta-
analysiss report, how best to evaluate the impact of the QUOROM statement, and 
howw best to disseminate it. The format we recommend includes nine new 
subheadingss that reflect the sequential stages in its conduct, within the text of the 
reportt of a meta-analysis. The checklist included in the statement can also be 
usedd during the planning, performing, and reporting of a meta-analysis and 
duringg peer review of the report after its submission to a journal. 

Wee delayed publication of the QUOROM statement to first evaluate its 
impactt on the editorial process. We conducted a randomized trial, involving 
eightt medical journals, evaluating the impact of applying QUOROM criteria on 
journall  peer review. Accrual is now complete and we wil l report the trial results 
shortly. . 

Afterr approximately five weeks of electronic posting we had received five 
commentss from investigators whom we thank for their thoughtful consideration 
off  the QUOROM statement. Several issues, in particular regarding the use of 
terminology,, cannot be addressed in the statement at present. The QUOROM 
groupp is agreed on the importance of making changes to the checklist in the light 
off  documented evidence and must resist changes based on opinion or anecdotal 
evidencee unless there is a compelling rationale for doing otherwise. Nonetheless, 
thee issues raised have been noted for consideration and discussion in future 
deliberationss of the QUOROM group. 

Severall  queries addressed the distinction between the meta-analysis and 
systematicc review. As is indicated in the introduction, and is now consistent 
throughoutt the statement, the QUOROM group agreed to observe the distinction 
ass defined by the Potsdam consultation on meta-analysis.3 

Wee were also asked to clarify the checklist item asking investigators, under 
thee "Discussion" heading, to interpret their results in light of the totality of 
evidence.. Increasingly, several meta-analyses on the same topic are reported.47-49 

Iff  other similar reports are available, authors should discuss their results as it 
relatess to such evidence. 
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Forr  the QUOROM statement to continue to be useful it must remain evidence 
basedd and up-to date. The QUOROM group needs to survey the literatur e 
continuallyy to help inform themselves about emerging evidence regarding meta-
analysiss reporting. This information needs to be collated and presented annually 
forr  two purposes. One, to decide which checklist items to keep, delete, and/or 
add.. These decisions can be made in a manner  similar  to the selection of the 
originall  items. Two, to deliver  a state of the union address concerning meta-
analysiss reporting. All of these efforts being coordinated through a web site. This 
approachh is similar  to the CONSORT initiative . 

Inn summary, our  choice of items to include in a meta-analysis report was 
basedd on evidence whenever  possible, which implies the need to include items 
thatt  can systematically influence estimates of treatment effects. Currently , we 
lackk a detailed understanding of all the factors leading to bias in the result of a 
meta-analysis.. Clearly, research is required to help improve the quality of 
reportin gg of meta-analyses. Such evidence may also act as a catalyst for 
improvin gg the methods by which meta-analyses are conducted. 

Thee QUOROM checklist and flow diagram is available on this journal ,s web 
sitee (www.thelancet.com). We hope that this document wil l generate further 
interestt  in the field of meta-analysis and that, like the CONSORT initiative , the 
QUOROMM  statement wil l become available in different languages and locations 
ass it is disseminated. We invit e interested readers, reviewers and researchers and 
editorss to use the QUOROM statement and generate ideas for  improvement. 
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Dee voorafgaande negen hoofdstukken van dit proefschrift bevatten resultaten 
diee de uitvoering en de verslaglegging van systematisch literatuuronderzoek 
kunnenn verbeteren, in het bijzonder daar waar het gerandomiseerd 
onderzoekk betreft. 

Hett proefschrift startte met de beginfase van het proces van systematisch 
literatuuronderzoek,, namelijk het zoeken, en eindigde met evidence-based 
instructiess voor het rapporteren van deze vorm van onderzoek. Het 
middendeell  van het proefschrift bundelt de resultaten van empirisch 
onderzoekk naar de tussenliggende stappen in het proces van systematisch 
literatuuronderzoek. . 

Wetenschapperss die gebruik maken van systematisch literatuuronderzoek 
beseffenn nu pas de reikwijdte van de vragen over het bereik dat het 
elektronischee zoeken moet hebben ten einde alle potentieel relevante 
literatuurr in beeld te brengen. Het gaat daarbij beslist om belangrijke vragen, 
omdatt het zoeken naar literatuur om aanzienlijke inspanningen vraagt. De 
resultatenn die in Hoofdstuk 2 zijn samengevat laten zien dat een uitputtende 
zoektochtt in Medline alleen waarschijnlijk niet volstaat. Als niet ook in andere 
bronnenn wordt gezocht, zoals in Embase, ontstaat er waarschijnlijk 
vertekeningg in het verkregen samenvattende beeld over de effectiviteit van 
interventies. . 

Hett is verre van eenvoudig om ook "grijze literatuur" in kaart te brengen, laat 
staann deze samen te vatten. Het is om die reden wellicht efficiënt om deze 
bronnenn niet in het systematisch zoekproces te betrekken, al staat niet vooraf 
vastt wat de gevolgen hiervan zullen zijn. De resultaten in Hoofdstuk 3 laten 
zienn dat weglaten van de "grijze literatuur" tot aanzienlijke vertekening van 
dee schattingen kan leiden. 

Err zijn sterke aanwijzingen dat de kwaliteit van de verslaglegging bij 
gerandomiseerdd onderzoek in Engelstalige bladen vergelijkbaar is met die in 
anderee talen. (Hoofdstuk 4) Dat neemt niet weg dat verschillen in kwaliteit 
well  degelijk bestaan en dat verslagen van een matige kwaliteit, in vergelijking 
mett rapporten van betere kwaliteit, overwegend een vertekend beeld 
voorspiegelen.. Dat was voor Engelstalige publicaties het geval, zoals 
Hoofdstukk 6 liet zien. In dat hoofdstuk werd ook aangetoond dat een reeks 
verschillendee manieren om de kwaliteit te beoordelen desondanks tot 



Samenvatting Samenvatting 

Thee preceding nine chapters of this thesis provide data to better inform the 
conductt and reporting of systematic reviews, particularly of randomized trials. 
Thee thesis starts out near the beginning of the systematic review process, namely, 
searching,, and ends with an evidence-based road map as to how to report one. 
Thee middle chapters bring together the results of empirical studies addressing 
otherr steps involved in the conduct of systematic reviews. 

Systematicc reviewers are only now starting to address questions concerning 
thee breadth of electronic searching required to identify potentially relevant 
literature.. It is an important question, as a multitude of resources are required to 
searchh the literature. Chapter 2 provides data suggesting that a comprehensive 
searchh of Medline alone is probably insufficient, and, if not supplemented with 
additionall  searching, such as Embase, it is likely to introduce bias (systematic 
error)) into the estimates of an intervention's effectiveness. 

Greyy literature is difficult to identify and probably more so to retrieve. 
Excludingg it from the systematic review process would be more efficient 
althoughh the consequences of such actions are unclear. The results from Chapter 
33 suggest that excluding grey literature from the meta-analytic pooling of a 
systematicc review wil l introduce substantial bias into the estimates of an 
intervention'ss effectiveness. 

Theree is good data to support the view that the quality of reports of English 
languagee randomized controlled trials (RCTs) and those published in several 
otherr languages is similar (Chapter 4). Although the quality of their reports is 
similar,, it is also low and Chapter 6 provides data to indicate that low quality 
reports,, compared to higher quality ones, tend to introduce biased estimates of 
ann interventions' effectiveness, at least for English language reports. Chapter 6 
alsoo provides data showing that different ways of assessing quality provide 
similarr results. 

Althoughh the quality of reports of RCTs is similar across languages, locating, 
retrieving,, translating and appraising this information is difficult for systematic 
reviewerss regardless of their language of communication. For those reviewers 
reportingg in English there appears to be littl e bias introduced in the estimates of 
ann intervention's effectiveness if the estimate is based on meta-analytic pooling of 
Englishh language reports only (Chapter 5). There is now strong evidence to 
supportt this perspective if the intervention under consideration is conventional, 
suchh as a pharmacological drug (Chapter 7). There is a strikingly different result 
iff  the focus of attention in a complementary and alternative intervention, such as 
thee herb St. Johns Wort. Here, the exclusion of non-English language publications 
appearss to introduce a considerable amount of bias into the estimates of 
effectivenesss (Chapter 7). 
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Statisticianss have developed a wide variety of methods to deal with a myriad 
seriess of issues when conducting a systematic review, such as how to assess for 
thee presence of publication bias as well as adjusting the meta-analytic result for 
it .. Chapter  8 provides data suggesting that not all of the methods behave in the 
samee manner. 

Thee quality of reporting systematic reviews (of RCTs), like that of RCTs, is 
lesss than ideal, as reported in Chapter  9. As with the development of a checklist 
too help improve the quality of RCTs, the QUOROM statement includes a 
checklistt  of items authors should address when reporting a systematic review 
(Chapterr  10). This is an evidence-based development, namely, mat not reporting 
thee items resulted in bias in the estimates of the effects of interventions. Common 
sensee was used for  those items included for  which there was no empirical 
evidence. . 

Al ll  of the evidence presented in this thesis - and much of it presented in the 
literatur ee - generally pertains almost exclusively to systematic reviews of 
randomizedd controlled trial s (RCTs). For  example, researchers have developed 
sensitivee electronic search filter s to identify potentially relevant RCTs. There is 
littl ee by way of search filter  development for  case-control studies or  other 
observationall  designs. Likewise, the evidence presented in favor  of the similarit y 
inn the quality of reporting of English language reports as well as those in other 
languagess is based exclusively on reports of RCTs. There is littl e data on whether 
thesee findings hold true for  other  study designs. Our  understanding as to how 
bestt  to conduct systematic reviews of observational studies is less clear, partly , 
becausee progress in generating pertinent methodological evidence has been 
slower.. This is ironic given that, at most, reports of RCTs account for  20% of the 
publishedd literature.1 There is an urgent need to redouble our  efforts to better 
understandd how to conduct systematic reviews of observational studies. Such 
reviewss are likely to unlock clinically relevant information.2 

Grantingg agencies and the health care industrial complex can use systematic 
reviewss when developing evidence-based policy making.3 Where systematic 
reviewss provide strong support by way of a confirmatory answer  to a precise 
questionn funding should be withdrawn for  additional research in the specified 
area.. However, when reviews provide information about evidence gaps, such as 
highh utilization but minimal evidence or  visa-a-versa, hinders should see this as 
aa positive result and develop strategies to fil l the evidence gap. 

Sincee Chalmers' publication of the anticoagulant systematic review 
approximatelyy 25 years ago4 we have a wealth of methodological evidence to 
helpp inform the appropriate conduct and reporting of systematic reviews of 
randomizedd trials. Given the development, refinement and acceptance of meta-
epidemiologicall  techniques, the next few years wil l undoubtedly bring additional 
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clarityy to the process of completing systematic reviews of randomized trials and 
observationall  studies. 

Beyondd the narrow focus of completing systematic reviews three structural 
challengess must be resolved if systematic reviews are to gain a broader audience 
andd enhanced utility; shortening the time taken to complete them, keeping them 
up-to-date,, and harnessing the power of their knowledge for different users. 

ShorteningShortening the time taken to complete systematic reviews 

Completingg a systematic review is a rather slow process ranging in time 
anywheree from three to nine months, on average. In most cases there is 
considerablee interest in moving towards the lower end of the time scale. Health 
caree providers and policy makers need information in a timely manner, 
particularlyy for emerging and often costly technologies. Waiting for even three 
monthss can seem like an eternity and possibly render the information of limited 
use. . 

Thee dot.com explosion and resulting information technology (IT) is one-way 
too speed up the systematic review process. Like clinical trials, which are being 
conductedd with increasing frequency using the Internet5 and associated IT 
modalities,, systematic reviewers need to adopt technologies that wil l reduce the 
timee required to complete a systematic review. We also need to generate 
evidence,, along with technology, as to the potential consequences, such as the 
introductionn of bias into the systematic review process, of "cutting corners'' in an 
attemptt to complete reviews in a timelier manner. For example, Chapter 2 of the 
thesiss addressed the question of whether a more circumscribed search of the 
literaturee (i.e., Medline and Embase versus Medline alone) introduces biased 
estimatess of treatment effectiveness. 

Traditionally,, screeners going through hundreds of pages of printouts 
completee the broad screening of citations, such as titles and/or abstracts. 
Technologyy can be used to put electronic search results online along with 
screeningg response options that can be completed by experts regardless of their 
geographicc proximity. Similarly, software can be programmed to reduce 
redundancy,, such that if one screener 'passes' the citation to the next stage of the 
revieww process this citation is not rendered to other screeners. 

Healthh technology assessment groups and others can spend anywhere from 
$USDD 10,000 to $USD 30,000 monthly to monitor the literature in an attempt to 
identifyy new studies. As the weight of new evidence continues its unwieldy 
growthh budget requests are not likely to grow as quickly and large. There is 
likelyy to be an increased need to spread scarce fiscal resources even further. One 
possiblee solution is to use machine-readable language technology to 
continuouslyy monitor the literature. The technology is available and is starting to 

200 0 

http://dot.com


Samenvatting Samenvatting 

bee used in other areas of health care.6 A lateral transfer this technology for 
systematicc reviews should be explored. 

KeepingKeeping systematic reviews up-to-date 

Ann obvious advantage of systematic reviews, and perhaps one reason for their 
increasedd popularity, is that health care providers and decision makers have littl e 
timee to read individual reports of research evidence. Appropriately conducted 
systematicc reviews provide users with a global picture of the totality of evidence. 
Thiss is especially true if the review is up-to-date. What is less clear is when is a 
systematicc review up-to-date? Simply examining the publication date of a 
systematicc review is not a dependable guide. Delays in the editorial process of 
traditionall  print journals can even render a systematic review outdated the day it 
iss published. 

Somee health care specialties evolve rapidly while others progress at a more 
graduall  pace. There is no clear picture as what factors influence the production 
rates,, other than statistical significance. As the body of published systematic 
reviewss grows, the problem of outdatedness and its trajectory is attracting more 
attention.. Several groups require mat systematic reviews be kept up-to-date. 
Reviewss published in the Cochrane Library must be updated at least every two 
years.77 This goal is likely to become more difficult to meet, as the pool of reviews 
growss increasingly larger. 

Ratherr than pre-specifying a fixed updating frequency, some have8 proposed 
continuouss cumulative systematic reviewing when each new piece of evidence is 
produced.. However, in addition to raising statistical issues of multiple testing, 
thiss approach requires continuous monitoring and evaluation of the literature. 
Thee resource implications of either of these approaches are also likely to be 
substantial.. Others9 have developed a conceptual model focusing on the 
combinationn of literature searches together with expert input. 

AA quantitative approach based on the notion that it may be possible to 
predictt the amount of additional information required to change a non-
significantt systematic review to a significant one, has also been recently 
proposed.100 This additional information is measured in terms of the number of 
participantss in primary studies. The prediction can then be used to obtain a 
"diagnosticc test" for out-of-date systematic reviews. 

Somee time wil l elapse before we have more definitive data on the most 
appropriatee ways of keeping systematic reviews up-to-date. The challenge facing 
reviewerss and others is to develop and test new methods now. Until then readers 
needd some way of identifying out-of-date reviews. Most immediately this might 
bee achieved through the development of an algorithm. For example, if there is a 
twoo year time lag between the systematic review publication date and when the 
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lastt electronic search was completed readers might be well advised to cautiously 
interprett the results of the review, particularly if the reader suspects the 
productionn pace of the content area is rapid. 

DifferentDifferent user group needs for knowledge within systematic reviews 

Thee contents of a systematic review are of interest to a broad spectrum of users 
rangingg from health care providers, guideline developers and health policy 
personnell  to consumers. That said, how best and what to bundle for different 
customerss is unclear. Similarly, knowledge has traditionally been disseminated 
inn a rather passive fashion, such as searching specific electronic databases. We 
needd to embark on disseminating systematic reviews more proactively bearing in 
mindd that different users wil l be interested in different aspects of a review's 
results.. For example, health care providers might be interested in the 
generalizabilityy of the results to their specific clinic population. Whereas 
consumerss might be more interested in the safety and harm profile of the 
interventionn considered in the systematic review. 

Healthh policy makers, globally, are faced with having to make health care 
decisionss with increased competition for a smaller budget share. Using 
technologyy to shorten the time required to complete systematic reviews, ensuring 
theyy are always up-to-date and developing specific dissemination messages for 
differentt audiences are important goals facing the review community. Meeting 
thesee challenges wil l ensure the currency of systematic reviews as a centerpiece 
inn the evidence-based health care movement. 
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Thiss thesis would not have been possible without the kindness and support of 
myy promoter, Professor Dr. Patrick Bossuyt. I have thoroughly enjoyed the 
intellectuall  stimulation during the time we have spent discussing the science and 
artt of systematic reviews. His mentorship has been a wonderful experience for 
me.. His style is one that I wil l try and emulate with my own students. My 
deepestt thanks go to him for his continued support and development of my 
career.. I hope our working relationship continues. 

II  would also like to thank the members of my thesis committee: Prof. dr. F. 
vann der Veen, Prof. dr. M. Vermeulen, Prof. dr. M. Offringa, Prof. dr. J. Kleijnen, 
Prof.. dr. HCW de Vet, and Prof. dr. AJPM Overbeke. I have had the privilege of 
theirr guidance for my thesis. 

II  spent the first decade of my life trying to read, write and spell. It was a 
completee mystery to me, and my family, as to why I could not master these skills. 
Car-poolingg with my friends was to the most perplexing, shameful and painful. 
Theyy could all read the various store signs while I sat in utter silence. The world 
cann be a complicated and frightening one for dyslexics. My initial saviors were 
thee wonderful team at the Lucena clinic, St John of Gods, Dublin, Ireland. The 
teacherss and other staff helped unlock the beauty of language through the 
processs of learning how to read and write, a difficult task for an 11 year old! 
Fromm them followed everything. The associated sequelae of dyslexia have been 
moree difficult to overcome and I owe a special thanks to the many people who 
havee helped me along the way. You know who you are. 

Inn the early 1990s I stumbled upon the scientific literature of quality of 
reporting.. Two streams of research have preoccupied me ever since: the methods 
behindd the conduct of systematic reviews, and how to improve the quality of 
reportingg clinical research. By the mid 1980s there were some pretty strong 
indicatorss that we had littl e to no data on how best to conduct systematic 
reviews.. I have spent the last decade completing a variety of studies to help fil l 
thee void. I hope that this line of research has contributed, in some small way, to a 
betterr understanding as to how to conduct and report systematic reviews. 

Thomass C. Chalmers reminded me several times that the whole quality 
problemm would be resolved once we figured out a way to improve how 
randomizedd trials were reported. Thus began the long and exciting road of 
developingg a template for standardized reporting of clinical research, starting 
withh randomized trials, namely, the CONSORT statement. This venture would 
nott have been possible without the tremendous mentorship of Dr. Drummond 
Rennie. . 

CONSORTT has brought me many wonderful collaborations and friendships. 
Thesee relationships are part of my ongoing open university. Special among them 
aree two exceptional people: Doug Altman and Ken Schulz. Our monthly 

206 6 



Dankwoord Dankwoord 

telephonee calls and regular  meetings are pure joy. Thanks to both of you for 
everything.. It continues to be a great ride. 

Myy interest in the quality of reporting led me to the world of biomedical peer 
revieww and publication. This was solidified during the summer of 1996 when I 
hadd the good fortune of spending weekly visits at The Lancet and British Medical 
Journal.. This was made possible through the support of Drs. Richard Horton and 
Richardd Smith. Their  openness and willingness to have a madman wandering 
aroundd their  editorial offices and participate in any and all activities ignited a 
flamee that continues to glow. 

Thankss go to Terry Klassen who helped me fulfil l another  dream in 1998 with 
thee founding of the Thomas C. Chalmers Center  for  Systematic Reviews, named 
afterr  Thomas C. Chalmers whom I had the great fortune of working with in the 
developmentt  of the CONSORT statement. Special thanks go to Frankie Chalmers, 
Thomas'ss widow, and his daughters, for  allowing me to use the Chalmers name. 
Ba''  Pham helped get the center  going with his bottomless energy and 
enthusiasm.. I thank him for  his continued stimulation, collaboration and 
friendship. . 

Thee Thomas. C. Chalmers Center  for  Systematic Reviews and grown into the 
Chalmerss Research Group, Children' s Hospital of Eastern Ontario Research 
Institute.. I have been able to continue my exploration in the world of systematic 
reviewss due to the dedication and support of a wonderful group of scientists and 
staff.. I thank each and every one of them. Similarly , thank you to the many 
friendss and colleagues who have taken a leap of faith and collaborated with me. 

Drs.. Andreas Laupacis and Peter  Tugwell were my first boss and mentor, 
respectively.. Thank you both for  providing me with the freedom to explore. 
Todayy I have two wonderful friends, bosses and mentors in Drs. Alex MacKenzie 
andd Joe Reisman. Likewise, the Children' s Hospital of Eastern Ontario 
communityy has been a wonderful family. 

Myy parents have been on this ride since the beginning. I love you both and 
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