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Background
The inclusion of an unbiased sample of relevant
studies is central to the validity of systematic reviews
and meta-analyses. Time-consuming and costly
literature searches, which cover the grey literature
and all relevant languages and databases, are
normally recommended to prevent reporting biases.
However, the size and direction of these effects is
unclear at present. There may be trade-offs between
timeliness, cost and the quality of systematic reviews. 

Objectives

• To examine the characteristics of clinical trials
that are difficult to locate (unpublished trials,
trials published in languages other than English,
trials published in journals not indexed in the
MEDLINE database) and of trials of lower
quality (inadequate/unclear concealment of
treatment allocation, not double-blind).

• To compare within meta-analyses the treatment
effects reported in trials that are difficult to
locate with trials that are more accessible, and 
of trials of lower with trials of higher quality.

• To assess the impact of excluding trials that are
difficult to locate and of trials of lower quality
on pooled effect estimates, p-values and the
shape of funnel plots.

Methods

Data sources
The following sources were searched for relevant
meta-analyses:

• eight medical journals that regularly publish
systematic reviews (handsearch)

• systematic reviews published in the Cochrane
Database of Systematic Reviews 

• systematic reviews included in the Database 
of Abstracts of Reviews of Effectiveness 

• Health Technology Assessment (handsearch).

Study selection
Meta-analyses of therapeutic or preventive
interventions that were based on comprehensive
literature searches and which combined the binary

outcomes of at least five controlled clinical trials
were included. Comprehensive literature searches
were defined as follows: 

• the search was not restricted to the English
language literature

• the Cochrane Controlled Trials Register or at
least two other electronic databases (such as
MEDLINE or EMBASE) had been searched

• at least one indicator of searches for
unpublished trials was present (e.g. searches 
of conference proceedings or contacts with
licensing bodies).

Data extraction
Trial reports were classified as published journal
articles if they had been published as full or 
short reports, editorials or letters in a regular or
supplementary issue of a journal. Language was
assessed using the SERLINE journals database, 
and published trials were classified according 
to whether or not they had been published in a
MEDLINE-indexed journal. Quality assessment was
restricted to trials included in Cochrane reviews.

Data synthesis
Meta-analyses that were able to contribute to the
analysis in question were included. For example,
only meta-analyses that contained both published
and unpublished trials were included in the analyses
addressing the impact of publication bias. Within
each meta-analysis pooled effect estimates were
calculated separately for the trials that are difficult
to locate and the remaining trials, applying the
same statistical model used by the original authors.
For each meta-analysis a ratio of the pooled estim-
ates was derived. A weighted average for all these
ratios was calculated using random-effects meta-
analysis. The percentage change in the pooled
effect estimate which occurred when trials that are
difficult to locate were excluded, was also calculated
and changes in p-values and the impact on the
shape of the funnel plot (using a regression method
to measure funnel plot asymmetry) were examined.

Results 

• A total of 159 systematic reviews met the inclu-
sion criteria but not all included trials that are
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difficult to locate. Comparisons of treatment
effects were based on the following:
– unpublished versus published 

(60 meta-analyses)
– other languages versus English 

(50 meta-analyses)
– non-indexed versus MEDLINE-indexed 

(66 meta-analyses).
Analyses of trial quality were based on:
– inadequately concealed/unclear versus

adequately concealed (39 meta-analyses)
– not double-blind versus double-blind 

(45 meta-analyses).
• The importance of trials that are difficult to

locate appears to vary across medical specialities.
For example, unpublished trials are particularly
prevalent in oncology whereas trials published
in languages other than English and trials
published in sources not indexed in MEDLINE
are important in psychiatry, rheumatology and
orthopaedics. A large proportion of trials of
complementary medicine are difficult to locate.

• Unpublished trials show less beneficial effects
than published trials whereas non-English
language trials and non-indexed trials tend 
to show larger treatment effects. 

• Trials that are difficult to locate tend to be
smaller and of lower methodological quality
than trials that are easily accessible and
published in English.

• Trials with inadequate or unclear concealment
of allocation show more beneficial effects than
adequately concealed trials. Similarly, open 
trials tend to be more beneficial than double-
blind trials.

• In the majority of meta-analyses exclusion of
trials with inadequate or unclear concealment
and trials without double-blinding led to a
change towards less beneficial treatment 
effects, which was often substantial.

• Including unpublished trials reduces funnel 
plot asymmetry whereas the inclusion of trials
published in languages other than English and
of non-indexed trials increases the degree of
asymmetry in the funnel plot. The impact of
trials of lower methodological quality on the
funnel plot is substantial for trials with in-
adequate or unclear concealment of allocation.

Conclusions
Systematic reviews that are based on a search of
English language literature that is accessible in the
major bibliographic databases will often produce
results that are close to those obtained from
reviews based on more comprehensive searches
that are free of language restrictions. We recom-
mend that when planning a review, investigators
should consider the type of literature search and
the degree of comprehensiveness that are appro-
priate for the review in question, taking into
account budgetary and time constraints. 

The finding that trials which are difficult to 
locate are often of lower quality raises the 
worrying possibility that rather than preventing
bias through extensive literature searches, bias
could be introduced by including trials of low
methodological quality. We believe that in
situations where resources are limited, thorough
quality assessments should take precedence over
extensive literature searches and translations 
of articles. 

Our results confirm that the funnel plot and the
regression method to assess funnel plot asymmetry
are useful to detect ‘small-study effects’, the
tendency for smaller studies in a meta-analysis 
to show larger treatment effects.

Recommendations for future research
• The importance of trials that are difficult to

locate appears to vary not only between con-
ventional and complementary medicine but 
also within conventional medicine. Further
research is required to clarify this issue. 

• Future studies should prospectively compare 
the results from rapid reviews that are 
restricted to the English language with 
meta-analyses based on extensive searches
without language restrictions.

• The inclusion or exclusion of trials of low
methodological quality has a substantial impact
on results and conclusions from systematic
reviews and meta-analyses. Further methodo-
logical research into markers of trial quality in
different areas of medicine is required.



Systematic, continuously updated reviews of the
best evidence that is available on the benefits

and risks of medical interventions can valuably
inform decision-making in clinical practice and
public health medicine, identify areas in which
further research is needed and guide allocation 
of resources.1 The term ‘systematic review’ denotes
any type of review that has been prepared using
strategies to avoid bias and that includes a material
and methods section. A systematic review may or
may not include meta-analysis, “… a statistical
analysis which combines or integrates the results 
of several independent clinical trials considered 
by the analyst to be ‘combinable’”.2 The best
evidence is provided by randomised controlled
trials (RCTs), and important additional insights 
are often gained when results from individual 
trials are combined.

Meta-analysis is not an infallible tool, however, 
and several examples exist of meta-analyses where
the findings were later contradicted by large
randomised trials (Figure 1).3,4 Also, systematic
reviews addressing the same issue have reached

opposite conclusions.13 For example, one 
group reviewing trials comparing low molecular
weight (LMW) heparins and standard heparin in
the prevention of thrombosis following surgery
concluded that “LMW heparins seem to have a
higher benefit to risk ratio than unfractionated
heparin in preventing perioperative thrombosis”,14

while another group of reviewers considered 
that “there is at present no convincing evidence
that in general surgery patients LMW heparins,
compared with standard heparin, generate a
clinically important improvement in the benefit 
to risk ratio”.15 Contrary to one of the central
objectives of systematic reviews, to reduce un-
certainty, such contradictory reports may
contribute to the confusion, a situation that 
has arisen in other fields, for example when
assessing calcium antagonists or cholesterol-
lowering interventions in hypertension and
coronary heart disease, or mammography for
breast cancer screening.16–18

Two factors are considered to be central to the
validity of meta-analyses and systematic reviews:
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Chapter 1

Introduction

Nitrates in myocardial infarction

Magnesium in myocardial infarction

Inpatient geriatric assessment

Aspirin for prevention of pre-eclampsia

0.2 0.4 0.6 0.8 1.0 2.0

OR
(95% CIs)

FIGURE 1 Results from discordant pairs of meta-analyses of small trials and single large trials: Effect of nitrates5,6 and magnesium7,8

on mortality in acute myocardial infarction, effect of inpatient geriatric assessment on mortality in the elderly,9,10 and effect of aspirin on
the risk of pre-eclampsia.11,12 Reproduced from Egger et al.22 by permission of BMJ Books (●, meta-analysis; ▲▲, single large trial)
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• the inclusion of all relevant studies or 
of an unbiased sample of relevant studies

• the methodological quality of component
studies.

The dissemination of 
research findings 
The dissemination of research findings is not 
a dichotomous event but a continuum ranging
from the sharing of draft papers among colleagues,
presentations at meetings, and published abstracts
to papers in journals that are indexed in the major
bibliographic databases.19 It has long been recog-
nised that only a proportion of research projects
ultimately reach publication in an indexed journal
thus becoming easily identifiable for systematic
reviews.20 Scherer and co-workers21 showed that
only about half of abstracts presented at con-
ferences are later published in full. Dickersin and
Meinert examined the fate of doctoral theses from
the Department of Epidemiology at Johns Hopkins
University School of Hygiene and Public Health
and found that one-third of graduates had not
published a single article from their thesis.22

Similar results were found for trainees in public
health in the UK.23 Four separate studies followed
up research proposals approved by ethics commit-
tees or institutional review boards in Oxford,24

Sydney,25 and at the Johns Hopkins School of
Medicine26 and School of Hygiene and Public
Health in Baltimore.26 For each cohort of research
proposals the principal investigators were con-
tacted several years later in order to determine the
publication status of each completed study. The
rates of full publication as journal articles ranged
from 49% to 67%. Similarly, 20% of trials funded

by the National Institutes of Health and 45% of
trials on HIV infection funded by the National
Institute of Allergy and Infectious Diseases were
still unpublished several years after completion.27–29

The fact that a substantial proportion of studies
remains unpublished even a decade after the 
study had been completed and analysed must 
be of concern as potentially important information
remains hidden from reviewers. Worse, the dis-
semination of research findings is not a random
process; rather it is strongly influenced by the
nature and direction of results. Statistically
significant, ‘positive’ results that indicate that a
treatment works are not only more likely to be
published, but also more likely to be published
rapidly, more likely to be published in English,
more likely to be published more than once, and
more likely to be cited by others. The different
types of reporting biases are defined in Table 1.
The importance of publication, language and
database bias is the focus of the present report and
these biases are discussed in more detail below. 

Publication bias
In a 1979 article on The ‘file drawer problem’ and
tolerance for null results, Rosenthal described a
gloomy scenario where “the journals are filled 
with the 5% of the studies that show Type I errors,
while the file drawers back at the lab are filled with
the 95% of the studies that show non-significant
(e.g. p > 0.05) results.”30 The file drawer problem
has long been recognised in the social sciences: 
a review of psychology journals found that of 294
studies published in the 1950s, 97.3% rejected the
null hypothesis at the 5% level.31 The study was
recently updated and complemented with three
medical journals (New England Journal of Medicine,

TABLE 1 Reporting biases: definitions. Reproduced from Egger et al.22 by permission of BMJ Books

Type of reporting bias Definition

Publication bias* The publication or non-publication of research findings, depending on the nature and 
direction of the results

Multiple (duplicate) The multiple or singular publication of research findings, depending on the nature and
publication bias direction of the results

Language bias* The publication of research findings in a particular language, depending on the nature 
and direction of the results

Database bias* The inclusion or exclusion of research findings from widely used bibliographic databases 
such as MEDLINE, depending on the nature and direction of the results

Citation bias The citation or non-citation of research findings, depending on the nature and direction 
of the results

Outcome reporting bias The selective reporting of some outcomes but not others, depending on the nature and 
direction of the results

* Biases examined in the present research project
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American Journal of Epidemiology and the American
Journal of Public Health).32 Little had changed 
in the psychology journals (95.6% reported
significant results) and a high proportion of
statistically significant results (85.4%) was also
found in the general medical and public health
journals. Similar results have been reported for
emergency medicine33 and, more recently, in the
area of alternative and complementary medi-
cine.34,35 It is thus possible that studies which
suggest a beneficial treatment effect are 
published, while a mass of data pointing the 
other way remains unpublished. In this situation, 
a systematic review of the published trials could
identify a spurious beneficial treatment effect, 
or miss an important adverse effect of a treat-
ment. In the field of cancer chemotherapy 
such publication bias has been demonstrated 
by comparing the results from studies identified 
in a literature search with those contained in 
an international trials registry.36,37 In cardio-
vascular medicine, investigators, who in 1980
found an increased death rate among patients 
with acute myocardial infarction treated with a
class I anti-arrhythmic drug, dismissed it as a
chance finding and did not publish their 
trial at the time.38 Their findings would have
contributed to a more timely detection of the
increased mortality that has since become 
known to be associated with the use of 
class I anti-arrhythmic agents.39

The proportion of all hypotheses tested for which
the null hypothesis is truly false is of course un-

known and surveys of published results can there-
fore only provide indirect evidence of publication
bias. Convincing, direct evidence is available from
the four cohort studies of proposals submitted to
ethics committees mentioned earlier,24–26 from
cohorts of trials funded by the National Institutes 
of Health,27 trials submitted to licensing auth-
orities,40 trials conducted by multicentre trial
groups in the domain of HIV infection28 and 
from analyses of trial registries.36 In all these
studies publication was more likely if effects were
large and statistically significant. A meta-analysis 
of the four ethics committee cohorts is shown in
Figure 2. The odds of publication were 2.4 times
greater if results were statistically significant. 
Other factors such as the design of the study, its
methodological quality, study size and number 
of study centres, were not consistently associated
with the probability of publication.29

Studies continued to appear in print many years
after approval by the ethics committee. Among
proposals submitted to the Royal Prince Alfred
Hospital Ethics Committee in Sydney, an estimated
85% of studies with significant results compared
with 65% of studies with null results had been
published after 10 years.25 The median time to
publication was 4.8 years for studies with signifi-
cant results and 8.0 years for studies with null
results. Similarly, trials conducted by multicentre
trial groups in the field of HIV infection in the
USA appeared on average 4.2 years after the start
of patient enrolment if results were statistically
significant but took 6.4 years to be published 

© Queen’s Printer and Controller of HMSO 2003. All rights reserved.

Baltimore:
Medicine

Public health

Oxford

Sydney

Combined

0.1 0.5 1.0 2.0 10.0

OR

2.43 (1.82 to 3.24)

FIGURE 2 Meta-analysis of six studies examining the association of the statistical significance of results (p < 0.05 versus other) with
the probability of publication among research proposals submitted to ethics committees. Meta-analysis was by fixed effects model.
Adapted from Egger et al.22
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if the results were negative.28 These findings
indicate that time-lag bias,28 may be introduced 
in systematic reviews even in situations when 
most or all trials will eventually be published. 
Trials with positive results will dominate the
literature and introduce bias for several years 
until the negative, but equally important, 
results finally appear.

Language bias
Reviews are often exclusively based on trials
published in English. For example, among 
36 meta-analyses reported in leading English
language general medical journals from 1991 to
1993, 26 (72%) had restricted their search to
studies reported in English.41 Investigators working
in a non-English speaking country will, however,
publish some of their work in local journals.42

It is conceivable that authors are more likely to
report in an international, English language
journal if results are positive whereas negative
findings are published in a local journal. This 
has been demonstrated for the German language
literature.43 When comparing pairs of articles
published by the same first author, 63% of trials
published in English had produced significant 
(p < 0.05) results compared with 35% of trials
published in German (Figure 3). Bias could 
thus be introduced in meta-analyses exclusively
based on English language reports.41,44

MEDLINE bias
A substantial proportion of journals are not
indexed in MEDLINE, the most widely used

bibliographic database. Studies that are published
in non-indexed journals are therefore to some
extent hidden from reviewers and meta-analysts.
This is of particular importance for the dis-
semination of the findings from research in less-
developed countries. Whereas most of the major
west-European journals that are published in
languages other than English are indexed, this is
not the case for journals published in the less-
developed countries. Among the 3000–4000
journals indexed in major databases, only about
2% are from less-developed countries.45 For
example, one survey46 found that only 30 journals
(0.8%) out of a total of 3861 journals indexed in
MEDLINE are published in India, despite the fact
that India is the developing country with the
largest research output and that the medical
research is published in English.47 A minority 
of trials will be published in indexed local or
international journals but it is likely that results
and other characteristics differ between these 
two groups. For example, it is possible that trials
with statistically significant results are more likely
to be published in an indexed journal whereas
trials with null results are published in non-
indexed journals.

Garbage in – garbage out: the
importance of study quality
The quality of component trials is of crucial
importance: if the ‘raw material’ is flawed, then 
the findings of reviews of this material may also 
be compromised. Clearly, the trials included in
systematic reviews and meta-analyses should 
ideally be of high methodological quality and 
free of bias so that any differences in outcomes
observed between groups of patients can con-
fidently be attributed to the intervention under
investigation. The biases that threaten the 
validity of clinical trials relate to:

• systematic differences in the patients’
characteristics at baseline (selection bias)

• unequal provision of care apart from the
treatment under evaluation (performance bias)

• biased assessment of outcomes (detection bias),
and

• bias due to exclusion of patients after they 
have been allocated to treatment groups
(attrition bias).48

Several studies49—51 have recently attempted to
quantify the impact these biases have on the results
of controlled clinical trials (CCTs). For example,
Schulz and co-workers49 assessed the methodo-

75

50

25

0
German English

Language of publication

%

FIGURE 3 Language bias.The proportion of controlled trial with
statistically significant results was higher among reports published
in English. Analysis based on 40 pairs of trials published by the
same author, with one trial published in English and the other in
German. Reproduced from Egger et al.22 by permission of BMJ
Books ( , non-significant (p ≥ 0.05); , significant (p < 0.05))
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logical quality of 250 trials from 33 meta-analyses
from the Cochrane Pregnancy and Childbirth
Database and examined the association between
dimensions of trial quality and estimated treat-
ment effects. Compared with trials in which
authors reported adequately concealed treatment
allocation, failure to prevent foreknowledge of
treatment allocation or unclear concealment were
associated, on average, with an exaggeration of
treatment effects by 30–40%. Trials that were not
double-blind also yielded larger effects. 

The methodological quality of trials could be
associated with publication status and language 
of publication. If unpublished trials or trials
published in languages other than English are 
of lower quality than trials published in English,
then their inclusion could in fact introduce bias 
in systematic reviews and meta-analyses. Moher 
and co-workers compared the quality of 133 RCTs
published in English with 96 trials published in
French, German, Italian or Spanish and found 
no overall difference using a quality score.44

Examining for bias: funnel plots

The smaller a study, the larger the treatment 
effect necessary for the results to be declared
statistically significant. In addition, the greater
investment of money and time in larger studies
means that they are more likely to be of high
methodological quality and published even if 
their results are negative. Bias in a systematic
review may therefore be evident in an association
between treatment effect and study size, and may
be shown graphically in funnel plots: scatter plots
of the treatment effects estimated from individual
studies on the horizontal axis against study size or
standard error on the vertical axis.3,52,53 The name
‘funnel plot’ is based on the fact that the precision
in the estimation of the underlying treatment
effect will increase as the sample size of com-
ponent studies increases. Effect estimates from
small studies will therefore scatter more widely at
the bottom of the graph, with the spread narrow-
ing among larger studies. In the absence of bias
the plot will resemble a symmetrical inverted
funnel (see Figure 4a).

Bias, for example because smaller studies showing
no statistically significant effects (open circles in
Figure 4a) remain unpublished, will lead to an
asymmetrical appearance of the funnel plot 
with a gap in the right bottom side of the graph
(Figure 4b). In this situation the combined effect
from a meta-analysis will indicate more beneficial
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FIGURE 4 Hypothetical funnel plots: (a) symmetrical plot in 
the absence of bias (open circles indicate smaller studies showing
no beneficial effects); (b) asymmetrical plot in the presence of
publication bias (smaller studies showing no beneficial effects are
missing); (c) asymmetrical plot in the presence of bias due to low
methodological quality of smaller studies (open circles indicate
small studies of inadequate quality whose results are biased
towards more beneficial effects). The solid line is the pooled ORs,
the dotted line is the null effect. The pooled ORs exaggerate 
treatment effects in the presence of bias. Adapted from 
Sterne et al.,54 and reproduced by permission of BMJ Books
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treatment effects. Such asymmetry might also
result from the tendency of smaller studies of
lower methodological quality to show more
beneficial effects (Figure 4c). We discuss methodo-
logical issues relevant to the funnel plot, including
the choice of axes, in detail elsewhere.52,53

Rationale

The inclusion of an unbiased sample of relevant
studies is clearly central to the validity of meta-
analytic research. However, the dissemination 
of medical evidence, including the results from
randomised trials, is influenced by a host of factors
that affect the probability that a given trial is
included in a meta-analysis. Trials with statistically
significant (positive) results have been shown to 
be more likely to be published,24 and more likely 
to be published in English43 than trials with nega-
tive results. Such ‘positive’ trials may also be more
likely to be published in MEDLINE-indexed
journals. To prevent bias in systematic reviews 
and meta-analyses, the Cochrane Collaboration,56

the NHS Centre for Reviews and Dissemination
(CRD) (University of York, UK)57 and other
experts in the field58–60 recommend extensive
literature searches that cover the grey literature
and all relevant languages and databases. This 
may involve time-consuming and costly searches
and the translation of foreign language articles.

Although it seems likely that excluding
unpublished trials and trials reported in languages
other than English will introduce bias and reduce
the precision of estimates of treatment effects, 
the importance and direction of these effects 
is unclear at present. There may be trade-offs
between timeliness, cost and quality of systematic
reviews. We examined this issue in rigorously
conducted systematic reviews by simulating the
effect of less comprehensive literature searches,
taking into account the importance of the
methodological quality of trials.

Objectives

Our objectives are stated below under headings for
the three types of bias that were investigated. All
relate to controlled trials, with binary outcomes,
included in meta-analyses.

Publication bias
• To examine the characteristics (trial size, 

results, conventional level of statistical signifi-
cance, quality) of controlled trials that are

unpublished (trials from the grey literature) 
and compare them with those of controlled
trials that have been published. 

• To compare, within meta-analyses, the treatment
effects reported in grey trials with those
reported in published trials.

• To assess the impact of excluding grey trials on
pooled effect estimates and associated p-values,
and on the shape of funnel plots.

• To evaluate whether it is justified for the authors
of meta-analyses of healthcare interventions to
search only for published trials and thus to
exclude grey trials from their syntheses.

Language bias
• To examine the characteristics (trial size, 

results, conventional level of statistical signifi-
cance, quality) of controlled trials published 
in non-English languages and compare them
with those of controlled trials published 
in English.

• To compare, within meta-analyses, the 
treatment effects reported in non-English
language trials with those reported in 
English language trials.

• To assess the impact of excluding non-English
language trials on pooled effect estimates and
associated p-values, and on the shape of 
funnel plots.

• To evaluate whether it is justified for the authors
of meta-analyses of healthcare interventions to
search only for English language trials and thus
to exclude non-English language trials from
their syntheses. 

MEDLINE bias
• To examine the characteristics (trial size, 

results, conventional level of statistical signifi-
cance, quality) of controlled trials that are
published in journals not indexed in MEDLINE
and compare them with those published in
MEDLINE-indexed sources.

• To compare, within meta-analyses, the treatment
effects reported in trials published in journals
not indexed in MEDLINE with those reported
in indexed journals.

• To assess the impact of excluding trials 
that are published in journals not indexed 
in MEDLINE on pooled effect estimates and
associated p-values, and on the shape of 
funnel plots. 

• To evaluate whether it is justified for the authors
of meta-analyses of healthcare interventions to
search only for trials that are published in
journals indexed in MEDLINE and thus to
exclude reports published in non-indexed
sources from their syntheses. 
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Bias due to inadequate quality of trials
• To examine the characteristics (trial size, 

results, conventional level of statistical signifi-
cance) of controlled trials with inadequate/
unclear concealment of allocation with trials
with adequate concealment and of trials 
with inadequate blinding with double-
blind trials.

• To compare, within meta-analyses, the 
treatment effects reported in trials of 

inadequate or unclear concealment or 
blinding with trials of adequate quality.

• To assess the impact of excluding trials of
inadequate quality on pooled effect estimates 
and associated p-values, and on the shape of
funnel plots. 

• To evaluate whether it is justified for the authors
of meta-analyses of healthcare interventions to
include trials that appear to be of inadequate
quality in their syntheses. 
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Selection of study sample
In a first step we searched four different English
language sources for meta-analyses of therapeutic
or preventive interventions, which combined the
binary outcomes of at least five controlled trials.

1. We conducted a search by hand of all issues of
eight high-impact general and specialist medical
journals for the period 1994 to 1998 inclusive.
These journals were:
• American Journal of Cardiology
• Annals of Internal Medicine
• BMJ
• Cancer
• Circulation
• JAMA
• Lancet
• Obstetrics and Gynecology.
We chose these journals because an initial
MEDLINE search indicated that they publish
many meta-analyses. We checked the complete-
ness of the handsearch in an additional
MEDLINE search using ‘meta-analysis’ as
medical subject heading term and free-text 
word and ‘systematic review’ as free-text word. 

2. We searched every systematic review published
in issue 1/1998 of the Cochrane Database of
Systematic Reviews (CDSR) for relevant 
meta-analyses. 

3. The CRD supplied us with copies of reports of
meta-analyses of at least five controlled trials
published in any journal for the period 1994 to
1998 inclusive and which had been reviewed by
staff at the centre for the Database of Abstracts
of Reviews of Effectiveness (DARE). 

4. We identified all those Health Technology
Assessment reports published up to July 1999 
by the UK NHS R&D Health Technology
Assessment (HTA) Programme that contained
systematic reviews and searched them by hand
for suitable meta-analyses. 

Inclusion criteria 
We included meta-analyses that were based on
comprehensive literature searches and provided
sufficient data and information on techniques 
used to allow us to replicate the meta-analysis. 
We defined a comprehensive literature search 
as follows. 

• The search was not restricted to English
language literature.

• The Cochrane Controlled Trials Register
(CCTR) or at least two other electronic
databases (such as MEDLINE or EMBASE) 
had been searched. 

• At least one of the following indicators of
searches for unpublished trials: 
– search of conference abstracts
– search of theses
– search of a trials register 
– contacts with experts in the field, 

professional bodies, industry, or licensing
bodies to identify unpublished data.

If we identified a report that contained the results
of more than one meta-analytic pooling, we used
the analysis that included the largest number 
of trials.

Definitions

Two of the reviewers independently classified all
component trials from the eligible meta-analyses,
without referring to the trials’ results, and resolved
any disagreements by consensus. Based on the list
of references we classified trial reports as published
journal articles if they had been published as full
or short reports, editorials or letters in a regular or
supplementary issue of a journal. All other reports,
including conference abstracts published in
proceedings or journals, books and book chapters,
unpublished manuscripts and data on file were
classified as unpublished (grey) literature. If more
than one bibliographic reference was provided for
a trial, we gave a reference to a journal article
precedence over references to grey literature and
so classified the trial as published. We checked
references that were unclear using standard
databases (MEDLINE, EMBASE and Science
Citation Index). If a report could not be satis-
factorily classified, we obtained a copy of the
report or contacted the authors of the 
meta-analysis.

We assessed language of publication for published
journal articles. Using SERLINE, the journals
database produced by the National Library of
Medicine (Bethesda, Maryland, USA), we compiled
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a list of journals that only publish articles in the
English language. The language of a journal 
article was classified as English if the journal
publishing a trial report was included in this list.
Articles that had a title in a language other than
English or were described as being non-English
language in the bibliographic details were
classified accordingly. For all other articles we
checked their respective language fields in
MEDLINE or EMBASE. If a report could not be
satisfactorily classified in any of these ways, we
obtained a copy of the report or contacted the
authors of the meta-analysis. If there was more
than one reference to a journal article, we gave 
a reference to an article in English precedence 
over any references to articles in languages 
other than English.

Finally, we classified the published trials according
to whether or not the latter were published in a
MEDLINE-indexed journal. We adopted the rule
that for a trial to be classified as published in an
indexed source, the journal should have a year of
entry into MEDLINE that was prior to the year the
article was published. We did not make any direct
assessment as to how accurately any particular trial
was indexed in MEDLINE in relation to the needs
of reviewers undertaking a literature search. 

Assessment of methodological
quality 
Quality assessment was restricted to trials 
included in meta-analyses published in the 
CDSR (issue 1/1998) as it was based on infor-
mation on concealment of allocation of trial
participants to treatment groups and blinding 
of outcome assessment provided in the reviews. 
All meta-analyses that included five or more 
trials with binary endpoints were considered for
inclusion. Two of the reviewers independently
extracted information on trial quality by referring
to the text of the review but without considering
the trial report or the results of the trial. For
concealment of allocation we distinguished
between adequately concealed trials (central
randomisation, coded drug packs, assignment
envelopes, etc.), and inadequately or unclearly
concealed trials which either reported an
inadequate approach (alternation, open random
number tables, etc.) or lacked a statement on
concealment. For blinding we distinguished
between trials that were described as double-blind
or included blinding of the person assessing
outcomes (assessor-blind), and those that did 
not. Inter-observer reliability for this quality

assessment procedure was determined using the
kappa statistic. 

Data extraction and replication 
of pooled estimates
For each meta-analysis included in our sample, 
we recorded the outcome, the meta-analytical
method used for combining trials, the type of
effect measure used (odds ratio (OR), relative 
risk, or hazard ratio) and the overall pooled effect
estimate with its 95% confidence interval (CI), or
standard error. One of the reviewers abstracted the
raw outcome data for each trial (2 × 2 table) or, if
the raw data were unavailable, the point estimate
and 95% CI. For the meta-analyses published in
the CDSR, Update Software (Oxford, UK)
provided the raw data in electronic form. 

We checked our data by replicating the meta-
analyses, using the original meta-analytical models
and compared the pooled results with those of the
original meta-analyses. See Deeks and co-workers61

for a detailed description of the standard statistical
methods used for meta-analysis, including the 
Peto fixed effects model, the Mantel–Haenzel 
fixed effects model, the inverse variance fixed
effects model and the DerSimonian–Laird random
effects model. In the case of individual participant
data (IPD) reviews we used the results of survival
analyses stratified by trial. The log rank expected
number of deaths and variance were used to
calculate individual and overall pooled hazard
ratios by the fixed effects model, in a similar
manner to that used in the Peto method for 
ORs. If the model used was not specified we used
the inverse variance approach for fixed effects
analyses and the DerSimonian–Laird random
effects model for random effects analyses.

To obtain consistency across the meta-analyses 
in our sample, we re-calculated the pooled effect
estimates, where necessary, so that all results 
were expressed as undesirable results (e.g.
mortality, not survival, presence of symptoms, 
not absence of symptoms). Thus, relative risks 
and ORs of less than 1.0 indicated treatments
providing a beneficial effect whereas values
exceeding 1.0 indicated treatments with 
adverse effects.

Analysis

The same analytic strategy was employed to assess
the impact of the different reporting biases
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(publication, language and MEDLINE bias) and
the impact of the quality of component studies.
First, we restricted the sample to meta-analyses that
were able to contribute to the analysis in question.
For example, only meta-analyses that contained
both published and unpublished trials were
included in the analyses addressing the impact 
of publication bias. Similarly, only meta-analyses
that included trials published in languages other
than English and trials published in English were
included in the analysis of language bias. Meta-
analyses that contained trials published in a 
journal indexed in MEDLINE and trials published
in a non-indexed journal were considered for 
the analysis of MEDLINE bias. Unpublished trials
were excluded from the language and MEDLINE
samples because they could not be classified
regarding the language of publication and were 
by definition not indexed in MEDLINE. For the
analysis of the importance of the methodological
quality of trials we restricted the analysis to the
Cochrane sample and to meta-analyses where
information on quality was available for at least
80% of trials. As above, only meta-analyses that
contained both trials with and without the quality
characteristic (blinding or allocation concealment)
trials were included in the analyses addressing the
influence of methodological quality. We excluded
trials published in languages other than English
from main analyses to prevent confounding
between publication status, language of reporting
and trial quality and to make results comparable
with a previous study.49

The analysis then proceeded in four steps. 
The description below relates to the analysis of
publication status (unpublished versus published)
but identical analyses were performed for language
(non-English versus English), database (not in-
dexed in MEDLINE versus indexed) and methodo-
logical quality (inadequate or unclear concealment
of allocation versus adequate concealment; not
double-blind versus double-blind).

• We ascertained the characteristics of
unpublished trials (year of publication, type 
of intervention and comparison, sample size,
quality and level of statistical significance) 
and compared these characteristics with those 
of published trials. If a trial appeared in more
than one meta-analysis we counted it only 
once. We also calculated the percentage 
weight contributed by unpublished trials 
to individual meta-analyses.

• Within each meta-analysis we calculated pooled
effect estimates separately for the unpublished
and published trials, applying the same meta-

analytical model used by the authors. We then
derived for each meta-analysis a ratio of the
pooled estimate from unpublished trials to the
pooled estimate from published trials. A ratio
below 1.0 would indicate that the unpublished
trials showed a more beneficial treatment effect
than the published trials. A ratio above 1.0
would indicate the opposite. The log of this
ratio is the difference between the log of the
treatment effects in published and unpublished
studies, and the variance of the log of the ratio
was therefore calculated by adding the variance
of the log treatment effects in published and
unpublished studies. We calculated a weighted
average for all these ratios using random effects
meta-analysis, also stratifying by clinical area,
source (meta-analyses published in the CDSR
versus others), type of intervention (drugs 
versus others), type of control (active control
intervention versus others), and complementary
versus conventional medicine. 

• For each meta-analysis we calculated the
percentage change in the pooled effect estimate
which occurred when unpublished trials were
excluded from the meta-analysis. We also
examined the changes in p-values and in
precision (defined as the inverse of the standard
error) which occurred when unpublished trials
were excluded from the meta-analyses. 

• Finally, we examined the impact of removing
unpublished trials on the shape of funnel plots,
using the method proposed by Egger and co-
workers.3 The extent of asymmetry is defined 
by assuming a linear relationship between treat-
ment effect (log OR) and its standard error:3,52

log(OR) = adjusted treatment effect 
+ (asymmetry coefficient × standard error 
of log OR)

The ‘adjusted’ treatment effects refers to the
effect in very large trials. In the absence of funnel
plot asymmetry the asymmetry coefficient equals
0.0. Negative asymmetry coefficients indicate 
that treatment effects are more pronounced 
for smaller trials with larger standard errors. 
We calculated an asymmetry coefficient separately
for each meta-analysis and then combined co-
efficients using a fixed effects model. We then
repeated the analysis excluding unpublished trials
and compared combined asymmetry coefficients.

All analyses were performed in Stata version 7.0
(Stata Corporation, College Station, Texas).62

Sensitivity analyses using 
logistic regression
Previous meta-epidemiological studies49,50,63,64

addressing similar questions, including the
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landmark study by Schulz and co-workers,49

used a fixed effects logistic regression approach 
in which the evidence for an interaction between
the effects of trial quality and intervention group 
is examined, having controlled for the interaction
between meta-analysis and treatment group. 
This assumes that the effect of bias is constant
across meta-analyses, which may not be the case 
in practice. If the effect does vary between 
meta-analyses then standard errors of estimated
differences will be too small.65 We therefore 
chose an alternative approach in which we
combine estimated effects in a ‘meta-meta-
analysis’, allowing for between-meta-analysis

variation. We performed sensitivity analyses
comparing results from logistic regression with 
our meta-analytic approach. 

The different biases that affect systematic 
reviews and meta-analyses are unlikely to operate
independently. For example, publication bias may
lead to treatment effect estimates being smaller in
unpublished trials, but such trials may also tend to
be of lower methodological quality and therefore
to overestimate treatment effects. The logistic
regression model can be used to control for such
confounding by including the effects of more 
than one trial characteristic in the model.
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Identification and characteristics 
of eligible meta-analyses
We identified 303 meta-analyses with at least five
trials and a binary outcome, but had to exclude
144 meta-analyses, mostly because no compre-
hensive literature search had been performed. 
A total of 159 meta-analyses, for which compre-
hensive literature searches had been employed,
had usable data (Figure 5). 

The bulk of meta-analyses (116, 73.0%) were
identified from the CDSR, 26 (16.4%) through
handsearching of journals, 12 (7.6%) from DARE
and 5 (3.1%) were found in Health Technology
Assessment. Six meta-analyses had been published
both electronically in the Cochrane database and
as articles published in journals. These were
classified as journal articles but included in the
analysis of the impact of trial quality which was
exclusively based on Cochrane reviews. The
number of trials included in the 159 meta-analyses,
and the proportion of trials that were difficult to
locate, are shown in Table 2.

It is clear from Table 2 that despite comprehensive
literature searches only a relatively small number

of trials that are difficult to locate were identified
for these reviews. The total number of trials
included in the 159 meta-analyses was 1635; 153
(9.4%) of these were unpublished, 115 (7.0%)
were published in languages other than English
and 161 (9.8%) were published in a journal not
indexed in MEDLINE. Sixty meta-analyses (37.7%)
included at least one unpublished trial, 50 (31.4%)
at least one trial published in a language other
than English and 66 (41.5%) at least one trial not
indexed in MEDLINE. Fifteen meta-analyses
(9.4%) included trials from all three categories
and 45 reviews (28.3%) did not include any trial
that was difficult to locate. 

The picture was different for the analyses 
of the impact of trial quality. There were 122 
meta-analyses in the CDSR (issue 1/1998) that
included five or more trials with binary endpoints
(including the six reviews that were also published
in journals). Thirty-nine (32.0%) meta-analyses
could be included in the analyses of the impact 
of concealment of allocation and 45 (36.9%) in
the analyses of blinding. The analysis of the impact
of concealment was based on 304 trials published
in English 186 (61.1%) of which were either
inadequately concealed or concealment was
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No comprehensive literature
search (110 meta-analyses)
Insufficient data for 
re-analysis (34 meta-analyses)

FIGURE 5 Progress through the stages of identifying eligible meta-analyses
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unclear. Similarly, the analysis of blinding was
based on 399 English language trials, 162 (40.6%)
of which were not double-blind. It is clear from
these figures that the impact of trials of lower
quality may well be greater than the impact of 
trials that are difficult to locate. 

There was some variation in outcome measures
and the statistical methods used to combine 
results from individual trials although most
analyses were performed on the OR scale using 
the Peto fixed effects model (Table 3 ). This 
reflects the large number of Cochrane reviews 
in our sample: the Peto method is the default
method in the software used by Cochrane
reviewers and only works on the OR scale. 
Among the 116 Cochrane reviews, 93 (80.2%) 
used the Peto fixed effects model and only 
four (3.4%) used a random effects model. 
Random effects models were more popular in
reviews published elsewhere (10/43, 23.3%). 
See Deeks and co-workers61,66 for a discussion 
of the different statistical models and 
effect measures. 

All but five meta-analyses were replicated using
data from the 2 × 2 table for each trial. There 
were two meta-analyses for which we used point
estimates and 95% CIs, and three IPD meta-
analyses for which we used results of survival
analyses. All reports specified whether a fixed or
random effects model had been used; however, 
in three instances the exact model used was not
described. In these situations we used the inverse
variance or DerSimonian–Laird models. As shown
in Figure 6, we were able to closely reproduce the
pooled estimates reported by reviewers for all 
159 meta-analyses, using the effect measures
chosen by the original reviewers.

A table listing the 133 meta-analyses that were
included in one or several analyses reported in 
the subsequent sections of this report is given in
appendix 1. The bibliographic references of these
meta-analyses can be found in appendix 2. Finally,
the bibliographic references of the 26 meta-
analyses that met inclusion criteria, but lacked
trials with characteristics of interest, are listed in
appendix 3. (NB. Reference numbers in

TABLE 2  The total number of trials included in 159 meta-analyses and the percentage of trials that were difficult to locate.
Medians (ranges) are shown

Source of meta-analysis Total no. of trials Unpublished Published in Published in
(%) language other journal not

than English (%) indexed in
MEDLINE (%) 

CDSR (n = 116) 7 (5–25) 0 (0–80.0) 0 (0–50.0) 0 (0–80.0)

Journals (n = 26) 10 (5–53) 10.4 (0–44.4) 0 (0–61.5) 21.5 (0–69.2)

DARE (n = 12) 10 (6–35) 9.3 (0–40.0) 10.0 (0–33.3) 21.1 (0–50.0)

HTA reports (n = 5) 5 (5–12) 0 (–) 0 (0–50.0) 0 (0–40.0)

All (n = 159) 8 (5–53) 0 (0–80.0) 0 (0–61.5) 0 (4.2–80.0)

TABLE 3  Statistical methods and outcome measures used in 159 meta-analyses

Statistical method used Outcome measure
in meta-analysis

Hazard ratio OR Risk ratio All

Fixed effects models
Peto 0 108 0 108 
Mantel–Haenzel 0 11 17 28 
Inverse variance 0 1 0 1
IPD analysis 3 1 0 4 
Not specified 0 2 2 4 

Random effects models
DerSimonian–Laird 0 6 5 11
Not specified 0 1 2 3 

All 3 130 26 159

Three meta-analyses that reported relative odds reductions are included in the OR category
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appendices 2 and 3 do not relate to reference
numbers in the main report. The reference list for
the main report can be found on page 53.)

The impact of unpublished trials

Inter-observer reliability for the classification of
trials according to publication status was excellent
(kappa = 0.98). Sixty of 159 meta-analyses with
comprehensive literature searches were found to
contain at least one grey trial and were therefore
included in our analyses (Figure 7). Of the 60 meta-
analyses, 18 were from journals, 36 were from the
CDSR and six were from DARE. The 60 meta-
analyses incorporated a total of 783 trials. 

Characteristics of trials
Overall 630 trials were published and 153 
trials were unpublished grey literature. Of the 
153 unpublished trials 69 (45.1%) appeared as
abstracts, 22 (14.4%) were reported in books, 
five (3.3%) appeared in theses, and 57 (37.3%)
were other forms of grey literature such as file-
drawer data, or material from a trials register. 
The source of meta-analyses was similar for
published and unpublished trials (Table 4).
Unpublished trials were less frequently con-
cerned with the evaluation of drugs, had smaller
sample sizes and were less likely to produce
statistically significant results. 

The proportion of published and unpublished
trials varied according to medical speciality, with
oncology and rheumatology/orthopaedics having
the highest and lowest proportion of unpublished
trials, respectively (Table 5). 

Assessments by Cochrane Collaboration reviewers
relating to concealment of allocation were avail-
able for 416 (53.1%) of 783 trials, while assess-
ments relating to double- or assessor-blinding 
were also available for 416 trials, but not all of
these were the same trials. Inter-observer reliability
for extraction of these quality assessments by the
present researchers was high with kappas of 0.96
for concealment of allocation and 0.94 for blind-
ing. With respect to these two central domains of
methodological quality, published trials tended 
to be of higher quality (Table 6).

Estimates of treatment effects from
unpublished and published trials
Figure 8 shows the ratios of pooled treatment
effects from unpublished trials to those from
published trials for all 60 meta-analyses. Pooled
estimates from the grey trials were on average 
7% less beneficial (average ratio 1.07; 95% CI, 
0.98 to 1.18). However, there was notable hetero-
geneity between meta-analyses (p = 0.05) with
pooled effect estimates from grey trials, ranging
from 97% more to 209% less beneficial than 
those from the respective published literature. 
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FIGURE 6  Scatter plot of pooled estimates of treatment effects reported by reviewers against estimates re-calculated in this project
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There was also wide variation between ratios 
for different medical specialities, with a marked
difference (less benefit in unpublished trials) 
in obstetrics and gynaecology, for example, 
while in oncology there was little difference
between the results of unpublished and 
published trials. 

The results of the stratified analyses are presented
in Figure 9. The differences in the results between
unpublished and published trials appeared to be
more pronounced in meta-analyses from the CDSR
compared with those from other sources, and in
meta-analyses with non-active controls compared
with those having active controls, but none of these

159 meta-analyses with comprehensive
literature searches

60 meta-analyses included in main analysis

Excluded:
No unpublished trials
(99 meta-analyses)

Unpublished:
153 trials

Published:
630 trials

FIGURE 7  Progress through the stages of identifying eligible meta-analyses which included unpublished trials

TABLE 4  Characteristics of published and unpublished trials

Published report Unpublished report p
(n = 630) (n = 153)

Source of meta-analysis
CDSR 299 (47.5%) 77 (50.3%) 0.72
General medical journal 257 (40.8%) 61 (39.9%)
Specialist journal 74 (11.8%) 15 (9.8%)

Type of intervention and comparison
Drug intervention 579 (91.9%) 131 (85.6%) 0.016
Complementary medicine 11 (1.8%) 2 (1.3%) 0.70
Active control intervention 157 (24.9%) 36 (23.5%) 0.72

Sample size of trial
Mean (SD) 232 (442) 141 (151) 0.012
Median (range) 102 (8–5042) 91 (9–1012) 0.073

Statistical significance of trial
p < 0.05 187 (29.7%) 29 (19%) 0.008
p < 0.01 100 (15.9%) 18 (11.8%) 0.20

p-values from chi-squared tests, t-tests or Wilcoxon rank sum tests

SD, standard deviation
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differences reached statistical significance in
formal tests of interaction (p > 0.30). The differ-
ence was more pronounced in the numerous drug
meta-analyses. Only one meta-analysis of a comple-
mentary medical intervention was in the sample,
and this showed a substantial effect of 
unpublished trials. 

Impact of unpublished trials on the
results of meta-analyses 
Unpublished trials contributed a mean of 18.2%
(median 14.1%) of the weight in individual 
meta-analyses, with a range extending from less
than 1% to 72.5%. Figure 10 shows the change in
pooled estimates that occurred when grey trials
were removed from the sample of meta-analyses.
The changes ranged from a 28.1% decrease to a
23.6% increase in benefit. The mean and median
changes were –1.40 and –0.84, respectively. In 
43 (71.7%) of the 60 meta-analyses the percentage
changes were less than 5%. In the 17 meta-analyses
in which the change was 5% or more, eight showed
increased and ten showed decreased benefit. The
average precision of pooled estimates decreased
from 9.22 to 8.41 with the removal of grey trials.

Three meta-analyses lost and one gained statistical
significance at the 5% level. 

This analysis is based on the 60 meta-analyses that
included unpublished trials but the total number
of meta-analyses (n = 159) that were based on
comprehensive literature searches is arguably a
more appropriate denominator for this analysis.
Using this denominator the percentage change 
in pooled estimates would be zero or less than 
5% in 142 (89.3%) of 159 meta-analyses.

Impact of unpublished trials on the
shape of funnel plots
This analysis was based on 58 meta-analyses and 
a median of 11 trials (range, 4–53). Two meta-
analyses had to be excluded because the number
of trials remaining after removal of unpublished
trials was too small (less than four) to allow a
meaningful funnel plot analysis. The combined
asymmetry coefficient from meta-analyses includ-
ing all trials was –0.44 (95% CI, –0.60 to –0.28).
There was thus evidence of funnel plot asymmetry
(smaller trials showing larger treatment effects)
even when unpublished trials were included in the
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TABLE 5  Publication status of trials by medical speciality

Medical speciality Published Unpublished
(n = 630) (n = 153)

Cardiology & angiology 116 (80.6%) 28 (19.4%)

Gastroenterology 31 (79.5%) 8 (20.5%)

Infectious diseases 57 (73.1%) 21 (26.9%)

Neonatology 31 (79.5%) 8 (21.5%)

Neurology 40 (76.9%) 12 (23.1%)

Obstetrics & gynaecology 97 (77.6%) 28 (18.4%)

Oncology 35 (64.8%) 19 (35.2%)

Psychiatry 70 (88.6%) 9 (11.4%)

Rheumatology & orthopaedics 57 (90.5%) 6 (9.5%)

Other 96 (87.3%) 14 (12.7)

p = 0.007 by chi-squared test

TABLE 6  Methodological quality of published and unpublished trials included in Cochrane reviews

Published report Unpublished report p

Adequate allocation concealment 0.26
Yes 138/339 (40.7%) 26/77 (33.8%)
No/unclear 201/339 (59.3%) 51/77 (66.2%)

Double- or assessor-blinded 0.001
Yes 227/345 (65.8%) 32/71 (45.1%)
No/unclear 118/345 (34.2%) 39/71 (54.9%)

Probability by chi-squared tests
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0.50 1.0 2.0 4.0

Unpublished trials 
less beneficial

Unpublished trials 
more beneficial

0.250.10

Meta-analyses with ORs and 95% CIs Ratios of estimates with 95% CIs

Cardiology & angiology
Antiplatelet Trialists’ Collaboration, 1994 (21)
Antiplatelet Trialists’ Collaboration, 1994 (20)
Antiplatelet Trialists’ Collaboration, 1994 (26)
Da Costa, 1998 (12)
Koch, 1997 (95)

Subtotal: 0.95 (0.76 to 1.19) 

Gastroenterology
Bernard, 1997 (101)
Laine, 1995 (15)
Sutherland, 1998 (508)
Sutherland, 1998 (509)

Subtotal: 1.19 (0.61 to 2.33)

Infectious diseases
Deaney, 1996 (104)
Douglas, 1998 (520)
Fahey, 1998 (4)
Glasziou, 1998 (228)
Liberati, 1998 (226)
Olliaro, 1998 (216)

Subtotal: 0.87 (0.72 to 1.05)

Neonatology
Barrington, 1998 (511)
Fowlie, 1998 (439)
Soll, 1998 (393)
Soll, 1998 (441)
Tyson, 1998 (389)

Subtotal: 0.99 (0.71 to 1.38)

Neurology
Alderson, 1997 (22)
Bath, 1998 (442)
Bath, 1998 (422)
Counsell, 1998 (232)
Counsell, 1998 (240)
Wardlaw, 1997 (23)

Subtotal: 0.94 (0.67 to 1.32)

Numbers in brackets relate to the full bibliographic 
references as presented in appendix 2

FIGURE 8 Results from comparisons of treatment effect estimates from unpublished with those from published trials in 60 meta-
analyses, calculating ratios of estimates. Ratios of estimates (grey squares) with 95% CIs of individual meta-analyses are shown.The size
of the square reflects statistical weight in the overall pooled analysis.The meta-analyses are sub-grouped according to clinical topic, and
arranged alphabetically according to the first author.The grey diamonds represent pooled results from clinical sub-groups, the black
diamond overall pooled results. Ratio of estimates were pooled using random effects models. A ratio of estimates above 1.0 indicates 
that grey trials show a less beneficial treatment effect than published trials

continued
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0.50 1.0 2.0 4.0

Unpublished trials less beneficialUnpublished trials more beneficial

0.250.10

Meta-analyses with ORs and 95% CIs Ratios of estimates with 95% CIs

Obstetrics & gynaecology
Crowley, 1998 (287)
Crowther, 1998 (221)
Crowther, 1998 (425)
Daya, 1998 (281)
Hannah, 1998 (443)
Hannah, 1998 (416)
Hannah, 1998 (415)
Hannah, 1998 (414)
Hofmeyr, 1998 (390)
Hofmeyr, 1998 (212)
Neilson, 1998 (299)
Scott, 1998 (351)

Subtotal: 1.34 (1.09 to 1.66)

Oncology
Liver Infusion Meta-analysis Group, 1997 (103)
NSCLCCG, 1995 (18)
PORT Meta-analysis Trialists Group, 1998 (2)
Sarcoma Meta-analysis Collaboration, 1997 (24)

Subtotal: 0.96 (0.86 to 1.09)

Psychiatry
Harrington, 1998 (6)
Linde, 1996 (14)
Song, 1997 (97)
Thornley, 1998 (273)
Wahlbeck, 1998 (278)

Subtotal: 1.61 (0.90 to 2.90)

Rheumatology & orthopaedics
Cameron, 1998 (342)
Handoll, 1998 (291)
Moore, 1998 (3)
Parker, 1998 (328)
Quinn, 1998 (220)

Subtotal: 0.89 (0.52 to 1.51)

Miscellaneous
Cochrane Injuries Group Albumin Reviewers, 1998 (7)
Fiore, 1994 (13)
Plotnick, 1998 (11)
Silagy, 1994 (27)
Simons, 1996 (96)
Vandekerckhove, 1998 (402)
Vandekerckhove, 1998 (404)
Zoritch, 1998 (339)

Subtotal: 1.24 (0.98 to 1.58)

Total: 1.07 (0.98 to 1.15)

Numbers in brackets relate to the full bibliographic 
references as presented in appendix 2

FIGURE 8 contd Results from comparisons of treatment effect estimates from unpublished with those from published trials in 60
meta-analyses, calculating ratios of estimates. Ratios of estimates (grey squares) with 95% CIs of individual meta-analyses are shown.The
size of the square reflects statistical weight in the overall pooled analysis.The meta-analyses are sub-grouped according to clinical topic,
and arranged alphabetically according to the first author.The grey diamonds represent pooled results from clinical sub-groups, the black
diamond overall pooled results. Ratio of estimates were pooled using random effects models. A ratio of estimates above 1.0 indicates that
grey trials show a less beneficial treatment effect than published trials
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0.5 1.0 2.0 4.0 6.0

Unpublished trials
less beneficial

Unpublished trials
more beneficial

Stratified analysis n Ratios of estimates with 95% CIs

Cochrane review
Yes 36 1.14 (0.99 to 1.32)
No 24 1.02 (0.91 to 1.15)

Drug intervention
Yes 49 1.08 (0.97 to 1.20)
No 11 1.04 (0.87 to 1.23)

Complementary medicine
Yes 1 3.09 (1.87 to 5.09)
No 59 1.03 (0.96 to 1.11)

Active control intervention
Yes 17 0.95 (0.80 to 1.14)
No 43 1.10 (0.99 to 1.23)

All reviews 60 1.07 (0.98 to 1.18)

FIGURE 9 Results from stratified analyses comparing treatment effect estimates of unpublished with those of published trials.
Ratios of estimates (circles) with 95% CIs of individual strata are shown.The black diamond represents overall pooled results.
Estimates were pooled using random effects models. A ratio of estimates above 1.0 indicates that grey trials show a less beneficial
treatment effect than published trials

25

20

15

10

5

0
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Percentage change of summary effect estimates
after exclusion of unpublished trials

FIGURE 10 Percentage change of treatment effect estimates of individual meta-analyses after exclusion of grey trials.The histogram
shows the frequency of percentage changes in pooled estimates that occurred when grey trials were removed from meta-analyses
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analysis. As expected, after excluding the
unpublished trials funnel plot asymmetry increased
and the asymmetry coefficient became more
extreme: –0.57 (95% CI, –0.74 to –0.40). 

The impact of trials published in
languages other than English
Fifty (31.4%) of the 159 meta-analyses with com-
prehensive literature searches included at least one
trial published in a language other than English
and were therefore included in the analyses pre-
sented in this section. Figure 11 shows the progress
through the stages of identifying eligible meta-
analyses which included trials published in
languages other than English. 

The number of comprehensive meta-analyses
including non-English language trials was 29
(25.0%) of 116 meta-analyses published in the
CDSR, 12 (46.2%) of 26 meta-analyses published 
in general medical journals and nine (52.9%) of
17 meta-analyses published in specialist journals.
The 50 meta-analyses incorporated 671 trials, but
we excluded 71 unpublished trials for the purpose
of the language analyses. Six hundred trials that
were published in 208 English and 95 non-English
language journals thus formed the basis for the
analyses reported below.

Characteristics of trials 
The language of publication was English in 
485 (80.1%) trials. Of the 115 trials published 

in other languages, 42 (36.5%) were published 
in German, 29 (25.2%) in French, 12 (10.4%) 
in Italian, eight (7.0%) in Japanese, seven 
(6.1%) in Spanish, six (5.2%) in Portuguese, 
eight (7.0%) in four other European languages
and three (2.6%) in Chinese. Characteristics of
trials were similar with respect to the year of
publication and the type of intervention and
comparison. Non-English language trials included
fewer participants but they were more likely to
show statistically significant results compared with
English language trials (Table 7). The proportion 
of trials published in languages other than 
English varied widely across clinical topics, 
from 10.1% in tobacco addiction to 35.7% in
rheumatology and orthopaedics (Table 8). The
proportion was notably greater in complementary
medicine (41.2%) than in conventional medicine
(21.7%). Assessments by Cochrane Collaboration
reviewers of concealment of allocation was avail-
able for 294 trials (49.0%), while their assessment
of blinding was available for 279 (46.5%) trials.
Inter-observer reliability for extraction of these
assessments by the present researchers was high,
with kappas of 0.89 for concealment of allocation
and 0.76 for blinding. As shown in Table 9, 
English language trials tended to be of higher
methodological quality.

Estimates of treatment effects from
trials published in English and trials
published in other languages
Figure 12 shows the ratios of estimates of pooled
treatment effects from non-English language 
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159 meta-analyses with comprehensive
literature searches and adequate data

50 meta-analyses included in main analysis

Excluded:
No trials published in
languages other than English
(109 meta-analyses)

Other language:
115 trials

English:
485 trials

FIGURE 11 Progress through the stages of identifying eligible meta-analyses, which included trials published in languages other 
than English
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TABLE 7  Characteristics of randomised trials published in English and in languages other than English. Reproduced from Jüni et al.75 

by permission of Oxford University Press

English language report Non-English language report p
(n = 485) (n = 115)

Source of meta-analysis 0.85
CDSR 232 (47.8%) 52 (45.2%)
General medical journal 160 (33.0%) 41 (35.7%)
Specialist journal 93 (19.2%) 22 (19.1%)

Year of publication of trial
Mean (SD) 1986 (7) 1986 (6) 0.59
Median (range) 1987 (1955–98) 1987 (1970–96) 0.24

Type of intervention and comparison
Drug intervention 411 (84.7%) 103 (89.6%) 0.19
Complementary medicine 20 (4.1%) 14 (12.2%) 0.001
Active control intervention 117 (24.1%) 31 (27.0) 0.53

Sample size of trial
Mean (SD) 269 (487) 147 (195) 0.009
Median (range) 116 (8–4524) 88 (19–1340) 0.006

Statistical significance of trial
p < 0.05 152 (31.3%) 48 (41.7%) 0.033
p < 0.01 89 (18.4%) 34 (29.6%) 0.007

p-values from chi-squared tests, t-tests or Wilcoxon rank sum tests

TABLE 8  Language of publication of trials by medical speciality. Reproduced from Jüni et al.75 by permission of Oxford University Press

Disease area English-language report Non-English language report
(n = 485) (n = 115)

Tobacco addiction 62 (89.9%) 7  (10.1%)

Obstetrics & gynaecology 64 (87.7%) 9 (12.3%)

Cardiology & angiology 118 (86.8%) 18 (13.2%)

Infectious diseases 109 (79.6%) 28 (20.4%)

Neurology 42 (77.8%) 12 (22.2%)

Psychiatry 26 (65.0%) 14 (35.0%)

Rheumatology & orthopaedics 36 (64.3%) 20 (35.7%)

Miscellaneous 28 (80.0%) 7 (20.0%)

p < 0.001 by chi-squared test

TABLE 9  Methodological quality of trials published in English and trials published in other languages that were included in Cochrane
reviews. Reproduced from Jüni et al.75 by permission of Oxford University Press

English-language report Non-English language report p

Adequate concealment of allocation 0.15
Yes 88/246 (35.7%) 12/48 (25.0%)
No/unclear 158/246 (64.3%) 36/48 (75.0%)

Double- or assessor-blinded 0.016
Yes 153/230 (66.5%) 23/49 (46.9%)
No/unclear 77/230 (33.5%) 26/49 (53.1%)

Denominators differ: information on concealment of allocation was provided more frequently than information on blinding. Probability
by chi-squared tests



Health Technology Assessment 2003; Vol. 7: No. 1

23

© Queen’s Printer and Controller of HMSO 2003. All rights reserved.

0.50 1.0 2.0 4.0

Non-English language trials 
less beneficial

Non-English language trials
more beneficial

0.250.10

Meta-analyses with ORs and 95% CIs Ratios of estimates with 95% CIs

Cardiology & angiology
Antiplatelet Trialists’ Collaboration, 1994 (21)
Antiplatelet Trialists’ Collaboration, 1994 (20)
Antiplatelet Trialists’ Collaboration, 1994 (26)
Da Costa, 1998 (12)
Gadsby, 1998 (488)
Koch, 1997 (95)
Siragusa, 1996 (98)

Subtotal: 0.78 (0.64 to 0.94)

Infectious diseases
Deaney, 1996 (104)
Douglas, 1998 (520)
Gøtzsche, 1998 (235)
Gülmezoglu, 1998 (505)
Liberati, 1998 (226)
McIntosh, 1998 (501)
Olliaro, 1998 (216)
Pignataro, 1996 (100)
Poynard, 1996 (105)
Saconato, 1998 (504)
Song, 1998 (94)
Zaat, 1998 (500)

Subtotal: 0.83 (0.68 to 1.00)

Neurology
a’Rogvi-Hansen, 1998 (331)
Bath, 1998 (442)
Benavente, 1998 (9)
Candelise, 1998 (329)
Counsell, 1998 (232)
Schierhout, 1998 (225)
Wardlaw, 1997 (23)

Subtotal: 0.68 (0.40 to 1.13)

Obstetrics & gynaecology
Bucher, 1996 (16)
Crowley, 1998 (436)
Hodnett, 1998 (476)
Hofmeyr, 1998 (211)
Hofmeyr, 1998 (315)
Kettle, 1998 (481)
Mahomed, 1998 (360)
Mahomed, 1998 (459)

Subtotal: 1.00 (0.61 to 1.65)

Numbers in brackets relate to the full bibliographic 
references as presented in appendix 2

FIGURE 12 Results from comparisons of treatment effect estimates from trials published in languages other than English with English
language trials in 50 meta-analyses. Ratios of estimates (grey squares) with 95% CIs of individual meta-analyses are shown.The size of
the square reflects statistical weight in the overall pooled analysis.The meta-analyses are grouped according to clinical topic, and arranged
alphabetically according to the first author. The grey diamonds represent pooled results from clinical sub-groups, the black diamond
overall pooled results. Ratio of estimates were pooled using random effects models. A ratio of estimates below 1.0 indicates that trials
published in languages other than English show a more beneficial treatment effect than trials published in English. Reproduced from Jüni
et al.75 by permission of Oxford University Press

continued
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trials compared with those from English language
trials for the 50 meta-analyses. Treatment effect
estimates were on average 16% more beneficial 
in non-English language trials (95% CI, 3% to
26%; p = 0.011). However, there was considerable
heterogeneity between meta-analyses (p = 0.003),
with pooled effect estimates of non-English
language trials ranging from 90% more to 147%
less beneficial compared with English language
trials. Results of stratified analyses are presented 
in Figure 13. The effect of language appeared to 
be more pronounced in complementary medicine,

and less pronounced in trials with active control
interventions, but none of the differences between
strata was statistically significant (p > 0.20).

Impact of non-English language trials 
on the results of meta-analyses 
The number of trials published in languages 
other than English ranged from one to 14 trials
and from 4.3% to 72.7% of all trials included. 
Non-English language trials contributed an 
average 17.5% of the weight in individual meta-
analyses (median 10.2%; range, 1.2–81.1%). 

0.50 1.0 2.0 4.0

Non-English language trials 
less beneficial

Non-English language trials
more beneficial

0.250.10

Meta-analyses with ORs and 95% CIs Ratios of estimates with 95% CIs

Psychiatry
Flicker, 1998 (429)
Linde, 1996 (14)
Wahlbeck, 1998 (278)

Subtotal: 0.63 (0.39 to 1.02)

Rheumatology & orthopaedics
McQuay, 1997 (30)
Moore, 1998 (3)
Parker, 1998 (328)
Suarez-Almazor, 1998 (453)

Subtotal: 1.02 (0.80 to 1.30)

Tobacco addiction
Ashenden, 1978 (102)
Silagy, 1998 (427)
Silagy, 1994 (27)
White, 1998 (206)

Subtotal: 0.75 (0.50 to 1.13)

Miscellaneous
Bernard, 1997 (101)
Gøtzsche, 1998 (469)
PORT Meta-analysis Trialists Group, 1998 (2)
Vandekerckhove, 1998 (401)
Wilt, 1998 (1)

Subtotal: 1.00 (0.54 to 1.83)

Total: 0.84 (0.74 to 0.97)

Numbers in brackets relate to the full bibliographic 
references as presented in appendix 2

FIGURE 12 contd Results from comparisons of treatment effect estimates from trials published in languages other than English with
English language trials in 50 meta-analyses. Ratios of estimates (grey squares) with 95% CIs of individual meta-analyses are shown.The
size of the square reflects statistical weight in the overall pooled analysis.The meta-analyses are grouped according to clinical topic, and
arranged alphabetically according to the first author. The grey diamonds represent pooled results from clinical sub-groups, the black
diamond overall pooled results. Ratio of estimates were pooled using random effects models. A ratio of estimates below 1.0 indicates 
that trials published in languages other than English show a more beneficial treatment effect than trials published in English.
Reproduced from Jüni et al.75 by permission of Oxford University Press
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Figure 14 shows the change in pooled estimates 
of individual meta-analyses that occurred when
non-English language trials were excluded from
meta-analyses. The changes ranged from a 42.0%
increase (indicating less benefit) to a 22.7%
decrease (indicating more benefit) of estimates 
of treatment effects. However, in 29 (58.0%) 
meta-analyses the changes were less than 5%.
Among the remaining 21 meta-analyses five 
showed more benefit and 16 less benefit after
exclusion of non-English language trials. When 
the analysis is based on all meta-analyses with
comprehensive literature searches (n = 159) 
then the percentage change in pooled estim-
ates is zero or less than 5% in 138 (86.8%) 
meta-analyses.

The average precision of pooled effect estimates
decreased from 8.34 to 7.68 after exclusion of 
non-English language trials. Significance levels
were affected in nine (18.0%) meta-analyses. In
three cases the p-value increased from less than
0.001 to less than 0.01. In a further four cases 
p increased from less than 0.01 to less than 0.05,
and in two instances p decreased from less 
than 0.05 to less than 0.01. None of the meta-
analyses changed statistical significance at 
the 5% level.

Impact of non-English language trials 
on the shape of funnel plots
This analysis was based on 49 meta-analyses and 
a median of ten trials (range, 4–38). One meta-
analysis had to be excluded because the number 
of trials remaining after removal of unpublished
trials was too small (less than four) to allow a
meaningful funnel plot analysis. The combined
asymmetry coefficient for meta-analyses including
trials published in any language was –0.49 (95%
CI, –0.66 to –0.31). There was thus clear evidence
of funnel plot asymmetry when trials published 
in languages other than English were included 
in the analysis. Interestingly, after excluding 
non-English language trials funnel plots became
symmetrical, with an asymmetry coefficient of 
0.07 (95% CI, –0.09 to 0.24). 

The impact of trials published in
journals not indexed in MEDLINE
Of the 159 meta-analyses with comprehensive
literature searches 66 (41.5%) included at 
least one trial published in a journal not 
indexed in MEDLINE. Figure 15 shows the 
progress through the stages of identifying 
eligible meta-analyses. 
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0.500.25 1.0 2.0

Non-English language trials 
less beneficial

Non-English language trials 
more beneficial

Stratified analysis n Ratios of estimates with 95% CIs

Cochrane review
Yes 29 0.89 (0.71 to 1.11)
No 21 0.81 (0.69 to 0.95)

Drug intervention
Yes 40 0.82 (0.72 to 0.93)
No 10 0.89 (0.63 to 1.27)

Complementary medicine
Yes 4 0.64 (0.44 to 0.94)
No 46 0.87 (0.76 to 1.00)

Active control intervention
Yes 12 0.94 (0.72 to 1.23)
No 38 0.83 (0.70 to 0.97)

All reviews 50 0.84 (0.74 to 0.97)

FIGURE 13 Results from stratified analyses comparing treatment effect estimates of trials published in languages other than English
with trials published in English. Ratios of estimates (circles) with 95% CIs of individual strata are shown.The black diamond represents
overall pooled results. Estimates were pooled using random effects models. A ratio of estimates below 1.0 indicates that non-English
language trials show a more beneficial treatment effect than English language trials. Reproduced from Jüni et al.75 by permission of
Oxford University Press
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FIGURE 14 Percentage change of treatment effect estimates of individual meta-analyses after exclusion of trials published in languages
other than English.The histogram shows the frequency of percentage changes in pooled estimates that occurred when non-English
language trials were removed from meta-analyses. Reproduced from Jüni et al.75 by permission of Oxford University Press
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FIGURE 15 Progress through the stages of identifying eligible meta-analyses, which included trials published in journals not indexed 
in MEDLINE

159 meta-analyses with comprehensive
literature searches and adequate data

66 meta-analyses included in main analysis

Excluded:
No trials published in journals 
not indexed in MEDLINE
(93 meta-analyses)

Non-MEDLINE:
161 trials

MEDLINE:
580 trials
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The number of comprehensive meta-analyses
including non-indexed trials was 45 (38.8%) 
of 116 meta-analyses published in the CDSR, 
14 (53.8%) of 26 meta-analyses published in
general medical journals and seven (41.2%) 
of 17 meta-analyses published in specialist 
journals. The 66 meta-analyses incorporated 
898 trials, but we excluded 157 unpublished 
trials for the purpose of the MEDLINE analyses. 
A total of 741 trials which were published in 
222 journals that were indexed in MEDLINE
throughout the study period, 86 journals that 
were never indexed and 22 journals that were
indexed at some point during the study period
formed the basis for the analyses reported below. 

Characteristics of trials 
Overall, 580 trials were published in an indexed
journal and 161 trials were published in a journal
not indexed in MEDLINE. There were clear
differences between the two groups (Table 10).
Non-MEDLINE indexed reports were more likely
to be found in Cochrane meta-analyses than in
meta-analyses published in journals, more likely to
be published in earlier years, and more likely to
evaluate complementary medicine. They also
tended to be smaller but were more likely to
produce a statistically significant result. 

The proportion of trials published in journals 
not indexed in MEDLINE varied across clinical

topics, from 7.4% in cardiology and angiology 
to 28.9% in rheumatology and orthopaedics 
(Table 11). The proportion of non-indexed 
trials was greater in complementary medicine
(40.9%) than in conventional medicine 
(20.5%; p = 0.004).

Assessments by Cochrane Collaboration reviewers
of concealment of allocation was available for 339
trials (45.7%), while their assessment of blinding
was available for 329 (44.4%) trials. Inter-observer
reliability for extraction of these assessments by 
the present researchers was high, with kappas of
0.91 for concealment of allocation and 0.85 for
blinding. As shown in Table 12, trials published in
journals not indexed in MEDLINE were less likely
to conceal allocation adequately although this
difference did no reach conventional levels of
statistical significance. There was little differ-
ence in the frequency of reported double- or
assessor-blinding. 

Estimates of treatment effects from
non-indexed and indexed trials 
Figure 16 shows the ratios of estimates of pooled
treatment effects from non-MEDLINE trial 
reports compared with those from trials 
published in MEDLINE-indexed journals.
Treatment effect estimates were on average 
6% more beneficial in non-indexed trials 
(95% CI, 18% more beneficial to 7% less
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TABLE 10  Characteristics of randomised trials indexed in MEDLINE and those not indexed in MEDLINE

MEDLINE report Non-MEDLINE report p
(n = 580) (n = 161)

Source of meta-analysis
CDSR 315 (54.3%) 108 (67.1%) 0.011
General medical journal 194 (33.5%) 42 (26.1%)
Specialist journal 71 (12.2%) 11 (6.8%)

Year of publication of trial
Mean (SD) 1985 (7.91) 1979 (13.27) < 0.0001
Median (range) 1987 (1953–98) 1984 (1950–97) < 0.0001

Type of intervention and comparison
Drug intervention 425 (73.3%) 123 (76.4%) 0.48
Complementary medicine 26 (4.5%) 18 (11.2%) 0.004
Active control intervention 154 (26.6%) 24 (14.9%) 0.002

Sample size of trial
Mean (SD) 257 (492) 232 (468) 0.55
Median (range) 114 (2–4865) 83 (10–3128) 0.006

Statistical significance of trial
p < 0.05 186 (32.1%) 63 (39.1%) 0.11
p < 0.01 112 (19.3%) 45 (28.0%) 0.022

p-values from chi-squared tests, t-tests or Wilcoxon rank sum tests
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beneficial; p = 0.35). However, there was
considerable heterogeneity between meta-analyses
(p < 0.001), with pooled effect estimates of non-
indexed trials ranging from 40% more to 400%
less beneficial compared with indexed trials.

Results of stratified analyses are presented 
in Figure 17. The differences appeared to be 
more pronounced in complementary medicine,
and less pronounced in trials with active control
interventions, but none of the differences between
strata was statistically significant (p > 0.25).

Impact of trials not indexed 
in MEDLINE on the results of 
meta-analyses 
The number of trials per meta-analysis published
in journals not indexed in MEDLINE ranged from
1 to 14 trials and from 3.3% to 77.8% of all trials
included. Non-indexed trials contributed an
average 23.3% of the weight in individual meta-
analyses (median 15.6%; range, 0.5–91.2%). 
Figure 18 shows the change in pooled estimates 
of individual meta-analyses that occurred when

non-indexed trials were excluded from meta-
analyses. The changes ranged from a 59.9%
increase (indicating less benefit) to a 52.1%
decrease (indicating more benefit) of estimates 
of treatment effects. However, in 32 (48%) meta-
analyses the changes were less than 5%. Among
the remaining 34 meta-analyses, 19 showed more
benefit and 15 less benefit after exclusion of 
non-indexed trials. When the analysis is based 
on all meta-analyses with comprehensive literature
searches (n = 159) then the percentage change
in pooled estimates is zero or less than 5% in 
125 (78.6%) meta-analyses.

The average precision of pooled effect estimates
decreased from 7.49 to 6.52 after exclusion of 
trials not indexed in MEDLINE. Significance levels
were affected in nine (14%) meta-analyses. In six
cases p increased from less than 0.01 to less than
0.05, in one case p increased from less than 0.01 
to greater than 0.05, in one instance p decreased
from greater than 0.05 to less than 0.05 and in 
one instance p decreased from less than 0.05 
to less than 0.01. 

TABLE 11 Proportion of trials indexed in MEDLINE and those not indexed in MEDLINE by disease area

Disease area MEDLINE report Non-MEDLINE report
(n = 580) (n = 161)

Cardiology & angiology 113 (92.6%) 9 (7.4%)

Gastroenterology 18 (81.8%) 4 (18.2%)

Infectious diseases 70 (78.7%) 19 (21.4%)

Neonatology 8 (80%) 2 (20%)

Neurology 61 (76.3%) 19 (23.8%)

Obstetrics & gynaecology 87 (74.4%) 30 (25.6%)

Psychiatry 68 (68.0%) 32 (32.0%)

Rheumatology & orthopaedics 43 (70.5%) 18 (29.5%)

Tobacco addiction 80 (84.2%) 15 (15.8%)

Miscellaneous 32 (71.1%) 13 (28.9%)

p = 0.001 by chi-squared test

TABLE 12  Methodological quality of MEDLINE-indexed and non-indexed trials included in Cochrane reviews

MEDLINE report Non-MEDLINE report p

Adequate concealment of allocation 0.17
Yes 76/252 (30.2%) 19/87 (21.8%)
No/unclear 176/252 (69.8%) 68/87 (78.2%)

Double- or assessor-blinded 0.99
Yes 140/249 (56.2%) 45/80 (56.3%)
No/unclear 109/249 (43.8%) 35/80 (43.8%)

Denominators differ: information on concealment of allocation was provided more frequently than information on blinding. Probability
by chi-squared tests
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0.50 1.00 2.00 4.00
Non-MEDLINE trials  

less beneficial
Non-MEDLINE trials 

more beneficial

0.250.10

Meta-analyses with ORs and 95% CIs Ratios of estimates with 95% CIs

Cardiology & angiology
Antiplatelet Trialists’ Collaboration, 1994 (21)
Antiplatelet Trialists’ Collaboration, 1994 (20)
Antiplatelet Trialists’ Collaboration, 1994 (26)
Koch, 1997 (95)
Randolph, 1998 (5)

Subtotal: 0.77 (0.60 to 0.98)

Gastroenterology
Bernard, 1997 (101)
Sutherland, 1998 (508)

Subtotal: 1.41 (0.81 to 2.46)

Infectious diseases
Del Mar, 1998 (230)
Gülmezoglu, 1998 (505)
Liberati, 1998 (226)
McIntosh, 1998 (501)
Olliaro, 1998 (216)
Pignataro, 1996 (100)
Saconato, 1998 (504)
Song, 1998 (94)
Zaat, 1998 (500)

Subtotal: 0.76 (0.54 to 1.07)

Neonatology
Barrington, 1998 (511)
Tyson, 1998 (389)

Subtotal: 0.65 (0.09 to 5.00)

Neurology
Bath, 1998 (422)
Candelise, 1998 (329)
Counsell, 1998 (232)
Liu, 1998 (233)
Schierhout, 1998 (8)
Schierhout, 1998 (225)
Stroke Unit Trialists Collaboration, 1998 (475)
Wardlaw, 1997 (23)

Subtotal: 0.60 (0.36 to 0.99)

Obstetrics & gynaecology
Bucher, 1996 (16)
Crowley, 1998 (436)
Crowther, 1998 (425)
Crowther, 1998 (224)
Hodnett, 1998 (477)
Jewel, 1998 (394)
Johanson, 1998 (516)
Kramer, 1998 (246)
Mahomed, 1998 (360)
Mahomed, 1998 (459)
McDonald, 1998 (482)
Scott, 1998 (351)
Smaill, 1998 (227)

Subtotal: 0.91 (0.63 to 1.31)

Numbers in brackets relate to the full bibliographic 
references as presented in appendix 2

FIGURE 16 Results from comparisons of treatment effect estimates from trials published in journals not indexed in MEDLINE with
trials published in indexed journals in 66 meta-analyses. A ratio of estimates below 1.0 indicates that trials published in journals not
indexed in MEDLINE show a more beneficial treatment effect than trials published in indexed journals

continued
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0.50 1.00 2.00 4.00

Non-MEDLINE trials 
less beneficial

Non-MEDLINE trials
more beneficial

0.250.10

Meta-analyses with ORs and 95% CIs Ratios of estimates with 95% CIs

Psychiatry
Flicker, 1998 (429)
Harrington, 1998 (6)
Hawton, 1998 (10)
Linde, 1996 (14)
Mari, 1998 (323)
Marshall, 1998 (267)
Soares, 1998 (491)
Tharyan, 1998 (303)
Thornley, 1998 (273)
Wahlbeck, 1998 (278)

Subtotal: 1.16 (0.85 to 1.58)

Rheumatology & orthopaedics
Gadsby, 1998 (488)
McQuay, 1997 (30)
Moore, 1998 (3)
Parker, 1998 (328)

Subtotal: 0.92 (0.72 to 1.18)

Tobacco addiction
Ashenden, 1978 (102)
Gourlay, 1998 (277)
Hajek, 1998 (245)
Silagy, 1998 (427)
Silagy, 1994 (27)
White, 1998 (206)

Subtotal: 1.03 (0.77 to 1.37)

Miscellaneous
Cates, 1998 (270)
Hodnett, 1998 (343)
Macleod, 1998 (106)
PORT Meta-analysis Trialists Group, 1998 (2)
Roberts, 1996 (17)
Simons, 1996 (96)
Wilt, 1998 (1)

Subtotal: 1.26 (0.86 to 1.84)

Total: 0.94 (0.82 to 1.07)

Numbers in brackets relate to the full bibliographic 
references as presented in appendix 2

FIGURE 16 contd Results from comparisons of treatment effect estimates from trials published in journals not indexed in MEDLINE
with trials published in indexed journals in 66 meta-analyses. A ratio of estimates below 1.0 indicates that trials published in journals not
indexed in MEDLINE show a more beneficial treatment effect than trials published in indexed journals
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0.5 1.0 1.5

Non-MEDLINE trials 
less beneficial

Non-MEDLINE trials 
more beneficial

Stratified analysis n Ratios of estimates with 95% CIs

Cochrane review
Yes 43 0.95 (0.78 to 1.15)
No 23 0.87 (0.76 to 1.00)

Drug intervention
Yes 44 0.92 (0.78 to 1.08)
No 22 0.99 (0.79 to 1.23)

Complementary medicine
Yes 5 0.90 (0.64 to 1.27)
No 61 0.94 (0.82 to 1.09)

Active control intervention
Yes 16 1.09 (0.81 to 1.46)
No 50 0.90 (0.78 to 1.05)

All reviews 66 0.94 (0.82 to 1.07)

FIGURE 17 Results from stratified analyses comparing treatment effect estimates of trials published in journals not indexed in
MEDLINE with trials published in indexed journals in 66 meta-analyses. Ratios of estimates (circles) with 95% CIs of individual strata 
are shown.The black diamond represents overall pooled results. Estimates were pooled using random effects models. A ratio of 
estimates below 1.0 indicates that trials published in journals not indexed in MEDLINE show a more beneficial treatment effect 
than indexed trials
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Number of meta-analyses
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Percentage change of summary effect estimates
after exclusion of non-MEDLINE trials

FIGURE 18 Percentage change of treatment effect estimates of individual meta-analyses after exclusion of trials published in journals
not indexed in MEDLINE.The histogram shows the frequency of percentage changes in pooled estimates that occurred when non-indexed
trials were removed from meta-analyses



Results

32

Impact of trials not indexed in
MEDLINE on the shape of funnel plots
This analysis was based on 62 meta-analyses 
and a median of 9 trials (range, 5–38). Four meta-
analyses had to be excluded because the number
of trials remaining after removal of unpublished
trials was too small (less than four) to allow a
meaningful funnel plot analysis. The combined
asymmetry coefficient from meta-analyses includ-
ing trials published in journals that are indexed 
in MEDLINE was –0.58 (95% CI, –0.75 to –0.41).
There was thus clear evidence of funnel plot
asymmetry when MEDLINE-indexed trials were
included in the analysis. After excluding non-
indexed trials funnel plots became slightly more
symmetrical, with a combined asymmetry
coefficient of –0.49 (95% CI, –0.63 to –0.36). 

The impact of trial quality:
concealment of allocation
This analysis was based on the 122 meta-analyses
included in the CDSR (issue 1/1998) that in-
cluded five or more trials with binary outcomes.

We had to exclude 83 meta-analyses either because
an assessment of concealment of allocation was 
not available in at least 80% of trials or because 
no differences were noted in the way allocation 
was concealed. Only trials published in English
language journals were considered in this analysis.
Figure 19 shows the progress through the stages 
of identifying eligible meta-analyses and trials: 
39 meta-analyses including 118 trials with adequate
concealment and 186 trials with inadequate or
unclear concealment were analysed.

Characteristics of trials 
There were clear differences between the 
trials with adequate concealment and the other
trials (Table 13). Trials that reported adequate
concealment of allocation were published more
recently and enrolled more participants than 
trials with inadequate or unclear concealment 
of allocation. Interestingly, there was no differ-
ence in the distribution of p-values, despite the
clear difference in sample sizes. 

There was also some variation across topics: 
trials with adequate concealment were more 

122 meta-analyses of ≥ five trials
from CDSR

39 meta-analyses

Excluded:
Quality information available for less
than 80% of trials (56 meta-analyses)

No quality differences between 
component trials (27 meta-analyses)

Concealment inadequate
or unclear:
186 trials

Concealment 
adequate:
118 trials

Excluded:
Unpublished (19 trials)

Non-English language (19 trials)

FIGURE 19 Progress through the stages of identifying eligible meta-analyses for analyses of the impact of inadequate concealment 
of allocation



Health Technology Assessment 2003; Vol. 7: No. 1

33

likely to be concerned with infectious diseases 
and neurological conditions than trials with
inadequate or unclear concealment (Table 14).

Estimates of treatment effects from
trials with inadequate/unclear
concealment and trials with adequate
concealment of allocation
Figure 20 shows the ratios of estimates of pooled
treatment effects from adequately concealed trials
compared with those from trials with inadequate 
or unclear concealment of treatment allocation.
Treatment effect estimates were on average 21%
more beneficial in the trials of lower methodo-
logical quality (95% CI, 11% to 30% more bene-
ficial; p < 0.001). There was some evidence for
heterogeneity between meta-analyses (p = 0.01). 

Results of stratified analyses are presented 
in Figure 21. The differences were somewhat 
more pronounced when active control inter-
vention were used but this difference may well
have been produced by chance (p = 0.37).

Impact of trials with inadequate/
unclear concealment of allocation 
on the results of meta-analyses
The proportion of trials with inadequate or
unclear concealment of allocation in individual
meta-analyses ranged from 8.3% to 88.9% with a
median of 66.7%. The weight contributed by
inadequately/unclearly concealed trials ranged
from 1% to 97.7%, with a median of 50.9%. 
Based on these figures a considerable impact 
on pooled estimates is expected. Figure 22 shows
the change in pooled estimates of individual 
meta-analyses that occurred when trials of lower
methodological quality were excluded from 
meta-analyses. The changes ranged from a 
515% increase (indicating less benefit) to a 
86% decrease (indicating more benefit) of
estimates of treatment effects. In the majority 
of meta-analyses (29, 74%) exclusion of trials 
with inadequate/unclear concealment led 
to a change towards less beneficial treatment
effects, which was often substantial (more 
than 10% in 21 or 54% of meta-analyses). 
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TABLE 13  Characteristics of randomised trials with adequate concealment of allocation and trials with inadequate or unclear concealment

Concealment adequate Concealment inadequate p
(n = 118) or unclear (n = 186)

Year of publication of trial
Mean (SD) 1987 (9) 1983 (11) 0.0004
Median (range) 1990 (1951–97) 1986 (1950–97) 0.0002

Type of intervention and comparison
Drug intervention 97 (82.2%) 158 (84.9%) 0.53
Complementary medicine 0 0 –
Active control intervention 30 (25.4%) 70 (37.6%) 0.027

Sample size of trial
Mean (SD) 382 (638) 200 (361) 0.002
Median (range) 154 (15–3510) 97 (2–2844) < 0.0001

Statistical significance of trial
p < 0.05 31 (26.3%) 52 (28.0%) 0.75
p < 0.01 16 (13.6%) 30 (16.1%) 0.54

p-values from chi-squared tests, t-tests or Wilcoxon rank sum tests

TABLE 14  Adequacy of allocation concealment by medical speciality

Disease area Concealment adequate Concealment inadequate
(n = 118) or unclear (n = 186)

Infectious diseases 30 (54.5%) 25 (45.5%)

Neurology 18 (52.9%) 16 (47.1%)

Obstetrics & gynaecology 46 (37.7%) 76 (62.3%)

Other 24 (25.8%) 69 (74.2%)

p = 0.002 by chi-squared test
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0.50 1.00 2.00 4.00 6.00

Trials with inadequate or unclear
concealment less beneficial

Trials with inadequate or unclear
concealment more beneficial

0.250.10

Meta-analyses with ORs and 95% CIs Ratios of estimates with 95% CIs

Infectious diseases
Croft, 1998 (386)
Del Mar, 1998 (230)
Douglas, 1998 (520)
Glasziou, 1998 (228)
Gøtzsche, 1998 (235)
Gülmezoglu, 1998 (505)
Squires, 1998 (503)

Subtotal: 0.94 (0.76 to 1.16)

Neurology
Counsell, 1998 (232)
Flicker, 1998 (429)
Qizilbash, 1998 (286)
Soares, 1998 (491)
Wardlaw, 1998 (498)

Subtotal: 0.44 (0.21 to 0.90)

Obstetrics & gynaecology
Crowley, 1998 (436)
Crowley, 1998 (287)
Crowther, 1998 (425)
Crowther, 1998 (524)
Daya, 1998 (281)
Hodnett, 1998 (476)
Hodnett, 1998 (477)
Hodnett, 1998 (210)
Hofmeyr, 1998 (390)
Hofmeyr, 1998 (317)
Hughes, 1998 (276)
Hughes, 1998 (321)
Hughes, 1998 (412)
Jewel, 1998 (394)
Kettle, 1998 (481)
McDonald, 1998 (482)

Subtotal: 0.79 (0.67 to 0.94)

Miscellaneous
Barrington, 1998 (511)
Barrington, 1998 (513)
Gillespie, 1998 (322)
Gillespie, 1998 (521)
Gøtzsche, 1998 (469)
Handoll, 1998 (291)
Schierhout, 1998 (279)
Vandekerckhove, 1998 (401)
Vandekerckhove, 1998 (402)
Vandekerckhove, 1998 (404)
Wahlbeck, 1998 (278)

Subtotal: 0.68 (0.52 to 0.89)

Total: 0.79 (0.70 to 0.89)

Numbers in brackets relate to the full bibliographic 
references as presented in appendix 2

FIGURE 20 Results from comparisons of treatment effect estimates from trials with inadequate or unclear allocation concealment
with adequately concealed trials in 39 meta-analyses, calculating ratios of estimates. A ratio of estimates below 1.0 indicates that trials
with inadequate or unclear allocation concealment show a more beneficial treatment effect than adequately concealed trials
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0.5 1.0 2.0

Trials with inadequate or
unclear concealment

less beneficial

Trials with inadequate or
unclear concealment

more beneficial

Stratified analysis n Ratios of estimates with 95% CIs

Drug intervention
Yes 32 0.79 (0.69 to 0.91)
No 7 0.79 (0.62 to 1.00)

Active control intervention
Yes 13 0.71 (0.56 to 0.90)
No 26 0.84 (0.74 to 0.97)

All reviews 39 0.79 (0.70 to 0.89)

FIGURE 21 Results from stratified analyses comparing treatment effect estimates of trials with inadequate or unclear concealment
with adequately concealed trials. A ratio of estimates below 1.0 indicates that inadequately concealed trials show a more beneficial
treatment effect than adequately concealed trials
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Number of meta-analyses

–80 –40 –20 0 20 40 140 > 200100

Less beneficial treatment effectMore beneficial 
treatment effect

Percentage change of summary effect estimates after exclusion of trials 
with inadequate or unclear allocation concealment

FIGURE 22 Percentage change of treatment effect estimates of individual meta-analyses after exclusion of trials with inadequate or
unclear allocation concealment.The histogram shows the frequency of percentage changes in pooled estimates that occurred when
inadequately concealed trials were removed from meta-analyses
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The average precision of pooled effect estimates
decreased from 7.09 to 4.97 after exclusion 
of trials with inadequate/unclear concealment.
Statistical significance at the 5% level was 
affected in 16 meta-analyses (41%). In 15 cases 
p increased from less than 0.05 to greater than
0.05, in one case p decreased from greater than
0.05 to less than 0.05. At the 1% level signifi-
cance was affected in 13 meta-analyses (33%): 
in all cases p increased from less than 0.01 to
greater than 0.01.

Impact of trials with inadequate/
unclear allocation concealment on 
the shape of funnel plots
This analysis was based on 18 meta-analyses only.
Twenty-one meta-analyses had to be excluded
because the number of trials remaining after
removal of trials with inadequate or unclear con-
cealment was too small (less than four) to allow 
a meaningful funnel plot analysis. The median
number of trials in the remaining 18 meta-analyses
was 4 (range, 4–11). The combined asymmetry
coefficient including all trials was 0.069 (95% 
CI, –0.27 to 0.41). There was thus little evi-
dence of asymmetry. After excluding the trials 
with inadequate or unclear concealment the 

plot became asymmetrical with a positive asym-
metry coefficient of 0.97 (95% CI, 0.43 to 1.52),
indicating that asymmetry was introduced by the
removal of smaller trials showing relatively large
treatment effects.

The impact of trial quality:
double-blinding
This analysis was again based on the 122 meta-
analyses included in the CDSR (issue 1/1998) 
that included five or more trials. We had to
exclude 77 meta-analyses either because an
assessment of blinding was not available in at 
least 80% of trials or because no differences in
blinding were noted. Only trials published in
English language journals were considered. 
Figure 23 shows the progress through the stages 
of identifying eligible meta-analyses and trials: 
45 meta-analyses including 237 trials described 
as double-blind and 162 trials that were not
described as double-blind were analysed. 

Characteristics of trials 
There were few differences between double-blind
trials and other trials (Table 15). Double-blind trials

122 meta-analyses of ≥ five trials
from CDSR

45 meta-analyses

Excluded:
Quality information available for less
than 80% of trials (19 meta-analyses)

No quality differences between 
component trials (58 meta-analyses)

Not double-blind:
162 trials

Double-blind:
237 trials

Excluded:
Unpublished (40 trials)

Non-English language (38 trials)

FIGURE 23 Progress through the stages of identifying eligible meta-analyses for analyses of the impact of double-blinding



Health Technology Assessment 2003; Vol. 7: No. 1

37

were published more recently but there were 
no clear differences in sample sizes or the
distribution of p-values. 

There was also some variation across topics:
double-blind trials were less likely in obstetrics 
and gynaecology but more likely in psychiatry
(Table 16).

Estimates of treatment effects from
double-blind trials and other trials 
Figure 24 shows the ratios of estimates of pooled
treatment effects from double-blind trials compared
with other trials. Treatment effect estimates were on
average 12% more beneficial in the trials of lower
methodological quality (95% CI, 25% more
beneficial to 4% less beneficial; p = 0.13). There was
some evidence of heterogeneity between meta-
analyses (p = 0.051), with pooled effect estimates of 
open trials ranging from 100% more to 493% less
beneficial compared with double-blind trials.

Results of stratified analyses are presented in 
Figure 25. Interestingly, open trials showed larger
effects for drug trials but produced less beneficial
results for other types of interventions. Discordant
results were also observed for complementary
medicine. These analyses were based on only one
meta-analysis from complementary medicine and
three meta-analyses for non-drug intervention
trials. The p-values from tests of interaction were
0.16 for complementary medicine versus other 
and 0.37 for non-drug interventions versus 
drug interventions. 

Impact on the results of meta-analyses
The proportion of open trials in individual 
meta-analyses ranged from 5.9% to 85.7% with a
median of 33.3%. The weight contributed to the
meta-analysis ranged from 3.2% to 98.8%, with a
median of 40.8%. Figure 26 shows the change in
pooled estimates of individual meta-analyses that
occurred when trials without double-blinding 
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TABLE 15  Characteristics of double-blind trials and other trials

Double-blind Not double-blind p
(n = 237) (n = 162)

Year of publication of trial
Mean (SD) 1986 (10) 1983 (12) 0.005
Median (range) 1989 (1955–98) 1987 (1950–97) 0.005

Type of intervention and comparison
Drug intervention 223 (94.1%) 156 (96.3%) 0.32
Complementary medicine 4 (1.7%) 2 (1.2%) 0.72
Active control intervention 41 (17.3%) 28 (17.3%) 0.99

Sample size of trial
Mean (SD) 217 (545) 273 (539) 0.32
Median (range) 88 (8–4736) 101 (9–5042) 0.06

Statistical significance of trial
p < 0.05 60 (25.3%) 47 (29.0%) 0.41
p < 0.01 37 (15.6%) 30 (18.5%) 0.45

p-values from chi-squared tests, t-tests or Wilcoxon rank sum tests

TABLE 16  Blinding of trials by disease area

Disease area Double-blind Not double-blind
(n = 237) (n = 162)

Infectious diseases 37 (59.7%) 25 (40.3%)

Neonatology 18 (52.9%) 16 (47.1%)

Neurology 33 (57.9%) 24 (42.1%)

Obstetrics & gynaecology 23 (35.4%) 42 (64.6%)

Psychiatry 44 (84.6%) 8 (15.4%)

Other 82 (63.6%) 47 (36.4%)

p < 0.0001 by chi-squared test
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0.50 1.00 2.00 4.00 6.00
Open trials less beneficialOpen trials more beneficial

0.250.10

Meta-analyses with ORs and 95% CIs Ratios of estimates with 95% CIs

Infectious diseases
Croft, 1998 (386)
Del Mar, 1998 (230)
Gøtzsche, 1998 (235)
Gülmezoglu, 1998 (505)
Liberati, 1998 (226)
McIntosh, 1998 (501)
Olliaro, 1998 (216)
Saconato, 1998 (504)
Subtotal: 0.91 (0.39 to 2.17)

Neonatology
Barrington, 1998 (513)
Fowlie, 1998 (439)
Soll, 1998 (393)
Soll, 1998 (441)
Soll, 1998 (478)
Subtotal: 0.88 (0.63 to 1.25)

Neurology
Asplund, 1998 (338)
Candelise, 1998 (329)
Counsell, 1998 (232)
Liu, 1998 (233)
Schierhout, 1998 (225)
Wardlaw, 1998 (498)
Subtotal: 0.90 (0.61 to 1.33)

Obstetrics & gynaecology
a’Rogvi-Hansen, 1998 (331)
Crowther, 1998 (425)
Crowther, 1998 (524)
Daya, 1998 (281)
Hannah, 1998 (443)
Hofmeyr, 1998 (317)
Hughes, 1998 (276)
Hughes, 1998 (321)
Mahomed, 1998 (459)
Scott, 1998 (351)
Smaill, 1998 (227)
Subtotal: 0.96 (0.66 to 1.39)

Psychiatry
Flicker, 1998 (429)
Tharyan, 1998 (303)
Thornley, 1998 (273)
Wahlbeck, 1998 (278)
Subtotal: 0.47 (0.26 to 0.84)

Miscellaneous
Cates, 1998 (270)
Gadsby, 1998 (488)
Gillespie, 1998 (521)
Gøtzsche, 1998 (469)
Handoll, 1998 (291)
Mulrow, 1998 (237)
Rowe, 1998 (472)
Silagy, 1998 (395)
Vandekerckhove, 1998 (401)
Vandekerckhove, 1998 (402)
Vandekerckhove, 1998 (404)
Subtotal: 0.97 (0.79 to 1.20)
Total: 0.88 (0.75 to 1.04)

Numbers in brackets relate to the full bibliographic 
references as presented in appendix 2

FIGURE 24 Results from comparisons of treatment effect estimates from double-blind trials with those from other trials in 45 meta-
analyses, calculating ratios of estimates. A ratio of estimates below 1.0 indicates that open trials show a more beneficial treatment effect
than double-blind trials
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0.500.25 1.00 2.00 4.00

Open trials less beneficialOpen trials more beneficial

Stratified analysis n Ratios of estimates with 95% CIs

Drug intervention
Yes 42 0.87 (0.74 to 1.03)
No 3 1.37 (0.53 to 3.51)

Complementary medicine
Yes 1 2.39 (0.63 to 9.02)
No 44 0.87 (0.75 to 1.03)

Active control intervention
Yes 10 0.81 (0.43 to 1.52)
No 35 0.91 (0.79 to 1.06)

All reviews 45 0.88 (0.75 to 1.04)

FIGURE 25 Results from stratified analyses comparing treatment effect estimates of trials that were not double-blind with double-blind
trials. Ratios of estimates with 95% CIs of individual strata are shown.A ratio of estimates below 1.0 indicates that open trials show a
more beneficial treatment effect than double-blind trials

6

4

2

0

Number of meta-analyses

–80 –40 –20 0 20 160 > 20040

Less beneficial treatment effectMore beneficial treatment effect

Percentage change of summary effect estimates 
after exclusion of open trials

FIGURE 26 Percentage change of treatment effect estimates of individual meta-analyses after exclusion of open trials.The histogram
shows the frequency of percentage changes in pooled estimates that occurred when open trials were removed from meta-analyses
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were excluded from meta-analyses. The changes
ranged from substantial increases (indicating less
benefit) to decreases (indicating more benefit) in
estimates of treatment effects. In the majority of
meta-analyses (26, 58%) exclusion of trials without
double-blinding led to a change towards less bene-
ficial treatment effects, which was often substantial
(more than 10% in 17 or 38% of meta-analyses).
The average precision of pooled effect estimates
decreased from 6.25 to 4.44 after exclusion of 
trials without double-blinding. Statistical signifi-
cance at the 5% level was affected in six meta-
analyses (13%). In all cases p increased from less
than 0.05 to greater than 0.05. At the 1% level
significance was affected in 12 meta-analyses
(27%); in all cases p increased from less than 
0.01 to greater than 0.01.

Impact of trials that were not double-
blind on the shape of funnel plots
This analysis was based on 30 meta-analyses only.
Fifteen meta-analyses had to be excluded because
the number of trials remaining after removal of
trials that were not double-blind was too small 
(less than four) to allow a meaningful funnel 
plot analysis. The median number of trials in 
the remaining 30 meta-analysis was 8.5 (range,
4–62). The combined asymmetry coefficient
including all trials was negative: –0.16 (95% CI,
–0.40 to 0.07). There was thus weak evidence 
of asymmetry, indicating that smaller trials
produced somewhat larger treatment effects. 
After excluding trials that were not double-
blind asymmetry was reduced: the asymmetry
coefficient became –0.11 (95% CI, –0.32 to 0.10),
indicating that asymmetry was reduced by the
removal of smaller trials showing relative large
treatment effects.

Sensitivity analyses using 
logistic regression
We repeated analyses using logistic regression 
to allow comparison with previous meta-
epidemiological studies,49,50,63,64 and to control
analyses of reporting biases for confounding 
by methodological quality.

To use logistic regression the numbers of patients
and events in each group must be tabulated in 
the report of the meta-analysis. Meta-analyses 
were only included in the sensitivity analyses 
if, in addition, the component trials reported 
at least one event in both the treatment and
control groups in trials with and without the
characteristic. The data set was restricted to 
meta-analyses that employed comprehensive
literature searches and were published either in
the CDSR, or in a medical journal. We omitted
other meta-analyses, because of limitations in the
number of covariates which can be included in
logistic regression models. Multivariate analyses
were restricted to meta-analyses from the CDSR
that included information on the methodological
quality of component trials.

Table 17 compares the effects of publication 
status, language and indexing of trials on
treatment effect estimates, using fixed effects
logistic regression and the meta-analytical
approach used in the main analysis.

Table 18 presents crude estimates of effects of
publication status, language and indexing of 
trials on treatment effects and estimates adjusted
for methodological quality, using fixed effects
logistic regression.

TABLE 17  Comparison of effects of publication status, language and indexing of trials on treatment effect estimates, using fixed effects
logistic regression and the meta-analytical approach used in the main analysis

Fixed effects logistic regression Random effects meta-analysis

Ratio of ORs p Ratio of effect estimates p
(95% CI) (95% CI)

Unpublished vs published 1.11 (1.01 to 1.23) 0.031 1.13 (1.01 to 1.27) 0.035

Non-English vs English 0.81 (0.72 to 0.90) < 0.001 0.82 (0.70 to 0.96) 0.016

Non-indexed vs MEDLINE-indexed 0.94 (0.86 to 1.04) 0.23 0.93 (0.81 to 1.08) 0.35

Analyses based on 49 meta-analyses and 673 trials (unpublished vs published), 36 meta-analyses and 461 trials (non-English vs
English) and 50 meta-analyses and 591 trials (non-indexed vs MEDLINE indexed)
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TABLE 18  Effects of publication status, language and indexing of trials on treatment effect estimates, with and without controlling for
trial quality

Crude Controlled for trial quality*

Ratio of ORs p Ratio of ORs p
(95% CI) (95% CI)

Unpublished vs published 1.12 (0.99 to 1.26) 0.068 1.14 (1.01 to 1.28) 0.035

Non-English vs English 0.78 (0.67 to 0.91) 0.001 0.81 (0.70 to 0.95) 0.010

Non-indexed vs MEDLINE-indexed 0.98 (0.88 to 1.10) 0.75 1.00 (0.89 to1.12) 0.95

* Controlling for concealment of allocation and blinding

Analyses based on 39 meta-analyses and 482 trials (unpublished vs published), 29 meta-analyses and 349 trials (non-English 
vs English) and 42 meta-analyses and 476 trials (non-indexed vs MEDLINE-indexed)
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I t has long been understood that the results of
systematic reviews and meta-analyses may be

undermined by reporting biases and the poor
methodological quality of trials,67,68 but knowledge
of the extent, nature and relative importance of
these biases is still limited. In an ideal world
reviews of medical research would always include
all relevant studies of acceptable quality, indepen-
dent of publication status or language of publi-
cation. However, in the real world unpublished
trials, trials published in languages other than
English and trials published in journals that are
not indexed in MEDLINE are difficult to locate,
and may require translation, which will increase
costs and delay the conclusion of a review.
Although performing reviews that produce
misleading results is never justified, there 
may be trade-offs between the timeliness, 
costs and quality of systematic reviews. 

The effects of bias cannot be estimated precisely 
in individual meta-analyses, which typically contain
only small numbers of trials.52 The imprecision of
estimates from individual meta-analyses, again
illustrated in the present study (see for example
Figure 8) means that it is necessary to combine
evidence from many meta-analyses in order to
estimate the effects of factors such as publication
status or language of publication on treatment
effect estimates. We identified a large number of
state-of-the-art meta-analyses that were based on
comprehensive literature searches and examined
the contribution made by trials that are difficult to
locate, as well as their methodological quality.

Principal findings

The main findings relating to reporting biases can
be summarised as follows.

• A substantial proportion of state-of-the-art
systematic reviews do not actually include trials
that are difficult to locate, despite compre-
hensive literature searches.

• The importance of trials that are difficult to
locate appears to vary across medical specialities.
For example, unpublished trials are particularly
prevalent in oncology, whereas trials published
in languages other than English and trials not

indexed in MEDLINE are important in
psychiatry, rheumatology and orthopaedics.
Trials in complementary medicine are
frequently difficult to locate.

• Unpublished trials are smaller and less likely 
to produce statistically significant results than
published trials. Conversely, non-English
language trials and non-indexed trials are 
more likely to produce statistically significant
results, despite smaller sample sizes.

• Similarly, unpublished trials tend to show less
beneficial effects than published trials, whereas
non-English language trials and non-indexed
trials show larger treatment effects. 

• Trials that are difficult to locate tend to 
be of lower methodological quality than 
trials that are easily accessible and published 
in English.

• Including unpublished trials reduces funnel 
plot asymmetry whereas the inclusion of trials
published in languages other than English 
and of non-indexed trials increases the 
degree of asymmetry in the funnel plot.

• In the majority of meta-analyses excluding trials
that are unpublished, not indexed in MEDLINE
or published in languages other than English
has only relatively small effects on estimates of
treatment effects and the precision of these
estimates, although more substantial changes
were observed in some instances.

Our findings regarding the methodological 
quality of trials were as follows. 

• In only about 40% of trials was it clear that
allocation of participants to treatment groups
was adequately concealed and only about 60%
of trials were double-blind.

• Adequately concealed and double-blind 
trials were published more recently than open
trials and trials with inadequate or unclear
concealment of allocation, indicating that the
quality of trials has improved in recent years.

• Trials with inadequate or unclear concealment
are smaller than adequately concealed trials 
but there was no difference in the proportion 
of trials with statistically significant results. 

• Trials with inadequate or unclear concealment
of allocation show more beneficial effects 
than adequately concealed trials. Similarly, 
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open trials tend to be more beneficial than
double-blind trials.

• In the majority of meta-analyses exclusion of
trials of lower methodological quality led to a
change towards less beneficial treatment effects,
which, unsurprisingly, was often substantial. 
The precision of estimates was also reduced
substantially, reflecting the relatively large
number of trials of doubtful quality included 
in these reviews.

• The impact on the funnel plot was also
substantial, particularly when including or
excluding trials with inadequate or unclear
concealment of allocation.

Strengths and weaknesses

To our knowledge this is the largest and most
comprehensive study to date into the reporting
and dissemination biases that distort the evidence
from RCTs. To increase the generalisability of
results we examined a wide range of sources of
meta-analyses, including the journals that are
known to publish many meta-analyses, the CDSR,
DARE and Health Technology Assessment. Cochrane
reviews dominated analyses, which reflects the fact
that they employ comprehensive literature searches
and therefore met our inclusion criteria whereas
many meta-analyses published in journals had to
be excluded. However, stratified analyses showed
that among included reviews effects were similar
for Cochrane reviews and reviews identified from
other sources. For practical reasons the analyses of
the impact of trial quality were restricted to the
Cochrane sample and based on assessments made
by Cochrane reviewers. This made it possible to
consider both reporting biases and bias associated
with the often inadequate methodological quality
of trials, and to gain an understanding of the
interrelations between different sources of bias.

We stress that our results are applicable only to
meta-analyses where five or more trials have been
located. As recently pointed out by Clarke,69 such
meta-analyses will be more robust to the effects of
removing one or two trials than meta-analyses with
fewer trials. Meta-analyses of few trials are not
uncommon and it might be expected that the
exclusion of, for example, one unpublished trial
from a total of three could have a larger effect.

We were interested in the effect of bias on the
results of meta-analyses as performed by the
original reviewers and restricted our analysis to
systematic reviews with comprehensive literature
searches. In other words, we asked what would

have happened to the results of a meta-analysis,
had the literature search been less comprehensive,
keeping everything else constant. We performed a
‘meta-analysis of meta-analyses’ for this purpose,
which allows the inclusion of all meta-analyses,
independently of whether or not the numbers of
patients and events in each group were reported,
using the same summary statistic chosen by the
original reviewers. The exact replication of the
analyses performed by the original reviewers is
important because it allows an unbiased assess-
ment of the impact of the reviewers’ decision to
perform a comprehensive literature search.
Changing the statistical methods or summary
statistics may introduce bias: reviews that used
random effects models may have done so because
of unexplained between-trial heterogeneity and 
it would be inappropriate in this situation to
analyse the data using a fixed effects model.
Similarly, outcome measures will generally have
been selected because they are most appropriate 
in that particular context, for example in the 
case of the hazard ratio in IPD meta-analyses.

Previous studies49,50,63,64 addressing similar 
questions used a fixed effects logistic regression
model. This approach requires the raw data from
each trial, expresses results on the OR scale only,
and ignores heterogeneity between-trials and
between meta-analyses. Furthermore, the need 
to include an indicator variable for each trial 
and each meta-analysis in the data set means 
that estimation is slow and that the number of
variables required may reach the limits permitted
in standard statistical packages. In sensitivity
analyses we compared the effects of publication
status, language and indexing of trials on
treatment effect estimates, using fixed effects
logistic regression and the meta-meta-analytical
approach used in the main analysis (Table 17). 
It is clear from these comparisons that the logistic
regression analysis will tend to underestimate
standard errors because of the presence of
between-meta-analysis heterogeneity. These
analyses thus support the notion that between-
meta-analysis heterogeneity should be allowed 
for in the analysis of meta-epidemiological 
studies. In a methodological paper65 based on 
data from this and another study49 we discuss 
these statistical issues in more detail and argue 
that too little consideration has so far been given
to appropriate statistical methods for this type of
meta-epidemiological research. An approach
similar to ours has recently been developed by
David Moher’s group (Children’s Hospital of
Eastern Ontario Research Institute: personal
communication, July 2002).
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The different biases that affect systematic reviews
and meta-analyses are unlikely to operate
independently. For example, our findings indicate
that trials published in languages other than
English tend to show more beneficial treatment
effects but such trials also tend to be of lower
methodological quality, which may explain the
larger treatment effects. On the other hand, the
smaller effects observed in unpublished trials may
not be an accurate reflection of the effect of
publication bias considering that unpublished
trials also tend to be of lower methodological
quality. We made an attempt to control for such
confounding by controlling for the effects of trial
quality, using the logistic model described above
(Table 18). We found little differences between
crude and adjusted estimates, possibly because our
assessment of trial quality relied on information
derived by many different Cochrane reviewers.
Such assessments are unlikely to be consistent, or
consistently reliable, across reviews, despite the
standardised guidelines specified in the Cochrane
Reviewers’ Handbook.56 Also, we only selected
Cochrane reviews that reported on the quality of
trials, which may have introduced selection bias.
Despite these shortcomings, the impact of trial
quality on estimates of treatment effects was in 
line with previous studies49,50,70 in which quality 
had consistently been assessed by the same
observers (see also Figure 27 below). Finally,
reporting on important methodological detail is
often incomplete in trial reports. For example, in
many trials it remained unclear whether conceal-
ment of allocation was adequate or inadequate. 
We considered these trials in the same category 
as trials with clearly inadequate concealment,
which, based on Schulz and co-workers’ results,49

is justified. Classification regarding blinding 
relied on description of trials as ‘double-blind’.
This term implies that neither the caregiver nor
the patient knows which treatment was received;
however, it is ambiguous with regard to blinding 
of other persons, including those assessing patient
outcome.71 Misclassification bias may thus have
been introduced in our analysis. Authors should
clearly state who exactly was blinded (participants,
care providers, evaluators, or data analysts) and 
the methods used to achieve blinding.72

A weakness of our study relates to its retrospective
nature and its reliance on what authors described
as comprehensive literature searches. We did not
assess whether the sample of trials identified by
these authors was in fact complete and whether
searches were truly comprehensive. If searches
were inadequate, so that many unpublished trials,
or published trials that were difficult to locate 

were omitted then our results might underestimate
the potential impact of reporting bias. Our sample
was, however, large and our inclusion criteria well
defined and stringent, reflecting current recom-
mendations for comprehensive, state-of-the-art
searches. The results reported here should thus
reflect what is gained or lost by attempts to identify
unpublished trials, trials published in languages
other than English and trials published in journals
not indexed in MEDLINE. 

To our knowledge this is the first study examining
the effects of publication status, language and
indexing of trials on the shape of funnel plots. 
Our results show that the funnel plot is affected in
a manner that is entirely predictable considering
the differences observed in the size and results of
trials. Asymmetry was reduced upon inclusion of
unpublished trials but increased when non-English
language trials or non-indexed trials were added to
the plot. Asymmetry coefficients are, however, not
directly comparable between analyses because
samples differed. For example, unpublished trials
were excluded from the language and MEDLINE
samples because they could not be classified
regarding the language of publication and 
were by definition not indexed in MEDLINE. 

The present study in context 

As mentioned earlier, there are several previous
studies, published and unpublished, that have
examined the influence of unpublished trials, 
trials published in languages other than English,
and of trial quality on the results of systematic
reviews and meta-analyses of RCTs. We performed
a meta-analysis of all studies we are aware of in
order to put our results in context with the existing
evidence. We may have missed some studies: the
conduct of a formal systematic review was outside
the scope of this project. Furthermore, there may
be some overlap in the meta-analyses included in
these studies. The authors of two studies49,70 kindly
provided us with unpublished data, which made
consistent definitions and coding across studies
possible. There were two studies assessing publi-
cation bias (McAuley and co-workers63 and our
study), two studies on language bias (Moher and
co-workers64 and our study), the present study on
MEDLINE bias, and four studies each on the
importance of concealment of allocation and
double-blinding (Schulz and co-workers,49 Moher
and co-workers,50 Kjaergard and co-workers70 and
the present study). As shown in Figure 27 results
were fairly homogeneous (despite the differences
in statistical methodology discussed above) and
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formal tests of heterogeneity were non-significant
(p > 0.10). Combined results indicate that, on
average, unpublished trials will produce 11% 
less beneficial treatment effects, trials published 
in languages other than English will show 12%
more beneficial effects and trials not indexed in
MEDLINE 6% more beneficial effects, although
the latter result did not reach conventional levels
of statistical significance. Effects of trial quality
were more pronounced; trials with inadequate or
unclear concealment of allocation and trials that
are not double-blind produce treatment effects
that on average are 29% and 14% more 
beneficial (Figure 27).

In contrast to Moher and co-workers44 we found
that trials published in languages other than
English tend to be of lower quality than studies
published in English language journals. Moher
compared 133 trials published in English with 
98 trials published in other languages during 
1992 to 1994 and found little differences in
reporting and overall quality. Their study was 
based on 13 selected journals of relatively high
impact whereas our sample included a much 
wider range of journals (208 journals published 
in English and 95 journals published in other
languages). Moher44 used the scale developed 
by Jadad and co-workers73 to gauge quality. 

0.50 1.00 2.00

Ratio of effect estimates (95% CI)

0.750.30

Studies Ratio of effect p from test
estimates (95% CI) of heterogeneity

Reporting bias
Unpublished vs published
McAuley, 200063 1.15 (1.04 to 1.28)

This study 1.07 (0.98 to 1.18)

Combined 1.11 (1.03 to 1.18) 0.31

Other languages vs English
Moher, 200064 0.98 (0.81 to 1.17)

This study 0.84 (0.74 to 0.97)

Combined 0.88 (0.80 to 0.99) 0.19

Not MEDLINE vs indexed
This study 0.94 (0.82 to 1.07)

Trial quality
Inadequate/unclear vs adequate 
concealment of allocation
Schulz, 199549 0.66 (0.59 to 0.73)

Moher, 199850 0.63 (0.45 to 0.88)

Kjaergard, 200170 0.60 (0.31 to 1.15)

This study 0.79 (0.70 to 0.89)

Combined 0.71 (0.66 to 0.77) 0.13

Not double-blind vs double-blind
Schulz, 199549 0.83 (0.71 to 0.96)

Moher, 199850 1.11 (0.76 to 1.63)

Kjaergard, 200170 0.56 (0.33 to 0.98)

This study 0.88 (0.75 to 1.04)

Combined 0.86 (0.77 to 0.95) 0.22

FIGURE 27 Meta-analysis of empirical studies of reporting bias and trial quality. All studies compared estimates of treatment 
effects within a large number of meta-analyses and calculated ratios of effect estimates for this purpose. A ratio of estimates below 
1.0 indicates that trials with the characteristic (e.g published in a language other than English) showed a more beneficial treatment
effect. Adapted from Egger et al.80 by permission of Oxford University Press
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This scale gives more weight to the quality of
reporting, that is the extent to which a report 
of a clinical trial provides adequate information
about the design, conduct, and analysis of the trial
than to actual methodological quality. Further-
more, the Jadad scale addresses the generation 
of allocation sequences, a domain not consistently
related to bias,74 but it does not assess allocation
concealment, which has repeatedly been shown 
to be associated with exaggerated treatment effects
(Figure 27). It thus seems likely that the discrepant
findings are explained by differences in the
samples examined and quality features assessed.75

In an earlier investigation we examined factors
predicting the language of publication for pairs of
reports of RCTs, with one report published by the
same author in German and the other in English.43

A statistically significant result was the only
characteristic that predicted publication in an
English language journal. Based on these findings
we hypothesised that significant findings are over-
represented in the English language literature
whereas more non-significant results would be
found in journals published in other European
languages. The present study not only failed to
confirm this prediction but showed that articles
published in languages other than English were
more likely to report statistically significant find-
ings. Trialists in German-speaking Europe who
publish both in English and German may thus 
not be representative of the majority of authors
publishing clinical trials in languages other 
than English. 

Clarke pointed out that in the present study the
trials published in languages other than English
were all identified for inclusion in meta-analyses
and it is therefore possible that ‘positive’ trials
published in other languages were more likely 
to be identified, for example because these trials
were more widely cited in the English language
literature than ‘negative’ trials.69 Such differential
publication bias could explain the tendency of
trials published in languages other than English 
to report statistically significant findings more
often than trials published in English. As discussed
elsewhere75 an alternative, and perhaps more likely,
explanation lies in the lower methodological
quality of trials published in other languages,
which would be expected, on average, to lead to
more beneficial treatment effects in these trials. 

The proportion of published trials showing
superior efficacy of the experimental treatment 
has been shown to vary from country to country.
Vickers and co-workers examined 252 abstracts of

clinical trials of acupuncture and 405 abstracts
from trials of other interventions.34 They found
unusually high proportions of trials favouring
experimental treatments in some countries, for
example China, Russia and Taiwan. Our sample
included only few reports published in these
countries but our results indicate that journals
published in western Europe may also contain a
relatively high proportion of ‘positive’ trials.

Implications for research

Our findings have important implications for the
conduct of systematic reviews. First, systematic
reviews that are based on a search of the English
language literature that is accessible in the major
bibliographic databases will often produce results
that are close to those obtained from reviews 
based on more comprehensive searches that are
free of language restrictions. This is certainly the
case for specialities where most relevant trials
appear to be published in English, for example
cardiology or obstetrics and gynaecology. On 
the other hand, it is clear that in some areas 
of medicine it is essential to broaden the search 
to include the grey literature and material
published in languages other than English. 
The importance of unpublished trials and trials
published in languages other than English is 
well known in complementary medicine, for
example homoeopathy76,77 or phytotherapy.78

Our results indicate that unpublished trials are 
also important in oncology, whereas non-English
language trials are particularly prevalent in
psychiatry, rheumatology and orthopaedics. 
We stress that in any review it is possible that 
a study which would affect the conclusions is
missed if the search is not comprehensive and 
free of language restrictions, although this 
appears to be a relatively rare situation in 
many areas of conventional medicine. 

We recommend that when planning a review,
investigators should consider the type of literature
search and the degree of comprehensiveness 
that are likely to be appropriate for the review 
in question, taking into account budgetary and
time constraints. Assessments should be based on
preliminary searches, existing reviews and advice
from people with expertise in the area that is
reviewed. Whenever possible, reviewers should
attempt to include all relevant trials of acceptable
quality. The inclusion of unpublished trials and
trials published in different languages will increase
precision, generalisability and applicability of
findings. The exclusion of trials on the grounds

© Queen’s Printer and Controller of HMSO 2003. All rights reserved.



Discussion

48

that they are difficult to locate discriminates
against some investigators and countries and 
will always introduce an element of doubt.
Reviewers should take into account that thanks 
to the CCTR which contains over a quarter of 
a million reports of controlled trials, and registers
of unpublished trials, the identification of all
relevant trials has become an easier task.79 If
literature searches have to be restricted then
reviewers should discuss the possible implications.
The results from the present study should inform
these considerations and facilitate sensitivity 
and scenario analyses. 

Second, the low quality of trials that are difficult 
to locate is an important finding, which raises the
worrying possibility that rather than preventing
bias through extensive literature searches, bias
could be introduced by including trials of low
methodological quality. If all resources are spent
on extensive literature searches and no careful
assessment of the methodological quality of candi-
date trials is performed, then bias may well be
introduced. This happened in a review14 of trials
comparing LMW heparin with standard heparin
for the prevention of postoperative deep vein
thrombosis which erroneously concluded that
LMW heparins have higher benefit to risk ratio in
preventing perioperative thrombosis.22 The results
from the present and other studies (see Figure 27)
underscores the crucial importance of a sound
assessment of trial quality. We believe that in
situations where resources are limited, thorough
quality assessments should take precedence over
extensive literature searches and translations of
articles.80 Two bibliographic studies81,82 have
recently shown that only a minority of meta-
analyses published in medical journals assessed
trial quality whereas Cochrane reviews always
included some form of quality assessment.

There is debate on how trial quality should 
best be assessed.74,83–86 Quality scales combine
information on several features in a single
numerical value whereas the component 
approach examines key dimensions individually,
without calculation of a summary score. Published
scales vary considerably in terms of dimensions
covered, size and complexity and many scales
include items that are not in fact related to the
internal validity of a trial.87 Even when based on
relevant items the interpretation of summary
scores is difficult. In the absence of an association
between treatment effects and the summary score,
associations with one or several components 
may still exist, but these components will often
contribute little weight to the summary score. 

Also, associations between two or more com-
ponents may cancel out. In the presence of 
an association investigators will always have to
identify the component or components that 
are responsible for this association in order 
to interpret this finding. For these reasons 
we recommend an assessment based on 
individual components of study quality, which 
is transparent, avoids the problem of weighting
individual items and takes into account that 
the importance of individual quality domains 
varies between the contexts in which trials 
are performed. 

Independent of the method used, the assess-
ment of trial quality is hampered by the fact 
that reports frequently omit important methodo-
logical detail.44,88–92 This situation has been
improving somewhat in recent years with the
adoption of the CONSORT guidelines.93–97

Special efforts may be needed to improve
reporting of clinical trials in journals 
published in languages other than English.

Third, our results confirm that the funnel 
plot and the regression method to assess funnel
plot asymmetry are potentially useful to detect 
bias in systematic reviews and meta-analyses.3

As mentioned above, the asymmetry coefficients
and changes in coefficients calculated in this 
study cannot directly be compared with each 
other. It is nevertheless noteworthy that the most
pronounced change in the shape of the funnel
plot was not observed when adding unpublished
trials but when including trials with inadequate or
unclear concealment of allocation. These results
lend empirical support to the notion that the
funnel plot should be seen as a generic means of
examining ‘small-study effects’, the tendency for
smaller studies in a meta-analysis to show larger
treatment effects, rather than as a tool to 
diagnose specific types of bias.3,52,54

Recommendations for 
future research
Our study was designed to examine the overall
impact of unpublished trials, trials published in
languages other than English and trials not
indexed in MEDLINE. We found that the import-
ance of trials that are difficult to locate varies not
only between conventional and complementary
medicine but also within conventional medicine.
Further research is required to clarify this issue: 
in what medical specialities and conditions are
trials predominantly published in accessible
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English language journals? In what specialities 
are trials more difficult to locate? For example, 
a manual search of Chinese journals recently
yielded 166 randomised trials in neurology, the
majority of which were in stroke.98

To overcome the limitations associated with the
retrospective design of the present investigation,
future studies should prospectively compare the
results from rapid reviews that are restricted to 
the English language with meta-analyses based on
extensive searches without language restrictions.
To what extent has the CCTR made it possible to
perform searches that are both comprehensive 
and rapid?

Concealment of the process of treatment allo-
cation has consistently been shown to be the
domain of methodological quality that is most
strongly associated with bias in clinical trials. 

The inclusion or exclusion of trials of low
methodological quality has a substantial impact 
on results and conclusions from systematic 
reviews and meta-analyses. We believe that further
methodological research into different markers 
of trial quality is required. To what extent could
the effects of quality be explained by other factors,
for example differences in the proportion of 
high-risk patients, in control treatments or the
thoroughness of the implementation of the
experimental treatment. What are the important
dimensions of quality in placebo-controlled trials,
trials with active control intervention and trials
with ‘hard’ and ‘soft’ endpoints? Are the differ-
ences in trial quality across specialities observed 
in the present study real? What are the problems
and mechanisms leading to erosion of trial quality
as seen from the perspective of trialists, including
investigators, treating clinicians, trial nurses 
and other research staff?
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analyses for which they qualified. Where an author
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Appendix 1

Meta-analyses included in one or more of the
analyses (n = 133)

Author Reference Source Publication Language MEDLINE Concealment Blinding
no.* analysis analysis analysis analysis analysis

Alderson P 22 Journal Yes

a’Rogvi-Hansen B 331 CDSR Yes Yes

Antiplatelet Trialists
a

21 Journal Yes Yes Yes

Antiplatelet Trialist
a

20 Journal Yes Yes Yes

Antiplatelet Trialists
a

26 Journal Yes Yes Yes

Ashenden R 102 DARE Yes Yes

Asplund K 338 CDSR Yes

Barrington K 511 CDSR Yes Yes Yes

Barrington K 513 CDSR Yes Yes

Bath P 442 CDSR Yes Yes

Bath P 422 CDSR Yes Yes

Benavente O 9 Journal Yes

Bernard B 101 CDSR Yes Yes Yes

Bucher H 16 Journal Yes Yes

Cameron I 342 CDSR Yes

Candelise L 329 CDSR Yes Yes Yes

Cates C 270 CDSR Yes Yes

Cochrane Albuminb 7 Journal Yes

Counsell C 232 CDSR Yes Yes Yes Yes Yes

Counsell C 240 CDSR Yes

Croft A 386 CDSR Yes Yes

Crowley P 436 CDSR Yes Yes Yes

Crowley P 287 CDSR Yes Yes

Crowther C 221 CDSR Yes

Crowther C 425 CDSR Yes Yes Yes Yes

Crowther C 224 CDSR Yes

Crowther C 524 CDSR Yes Yes

Da Costa A 12 Journal Yes Yes

Daya S 281 CDSR Yes Yes Yes

Deaney N 104 DARE Yes Yes

Del Mar C 230 CDSR Yes Yes Yes

Douglas R 520 CDSR Yes Yes Yes

Fahey T 4 Journal Yes

Fiore M 13 Journal Yes

Flicker L 429 CDSR Yes Yes Yes Yes

Fowlie P 439 CDSR Yes Yes
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Author Reference Source Publication Language MEDLINE Concealment Blinding
no.* analysis analysis analysis analysis analysis

Gadsby J 488 CDSR Yes Yes

Gillespie L 322 CDSR Yes

Gillespie W 521 CDSR Yes Yes

Glasziou P 228 CDSR Yes Yes

Gøtzsche P 235 CDSR Yes Yes Yes

Gøtzsche P 469 CDSR Yes Yes Yes

Gourlay S 277 CDSR Yes

Gülmezoglu A 505 CDSR Yes Yes Yes Yes

Handoll H 291 CDSR Yes Yes Yes Yes

Hannah M 443 CDSR Yes Yes

Hannah M 416 CDSR Yes

Hannah M 415 CDSR Yes

Hannah M 414 CDSR Yes

Hajek P 245 CDSR Yes

Harrington R 6 Journal Yes Yes

Hawton K 10 Journal Yes

Hodnett E 476 CDSR Yes Yes

Hodnett E 477 CDSR Yes Yes

Hodnett E 343 CDSR Yes

Hodnett E 210 CDSR Yes

Hofmeyr G 211 CDSR Yes

Hofmeyr G 315 CDSR Yes

Hofmeyr G 390 CDSR Yes Yes

Hofmeyr G 212 CDSR Yes

Hofmeyr G 317 CDSR Yes Yes

Hughes E 276 CDSR Yes Yes

Hughes E 321 CDSR Yes Yes

Hughes E 412 CDSR Yes

Jewel D 394 CDSR Yes Yes

Johanson R 516 CDSR Yes

Kettle C 481 CDSR Yes Yes

Koch A 95 DARE Yes Yes Yes

Kramer M 246 CDSR Yes

Laine L 15 Journal Yes

Liberati A 226 CDSR Yes Yes Yes Yes

Linde K 14 Journal Yes Yes Yes

Liu M 233 CDSR Yes Yes

Liver Infusionc 103 DARE Yes

Macleod A 106 HTA Yes

McQuay H 30 HTA Yes Yes

Mahomed K 360 CDSR Yes Yes

Mahomed K 459 CDSR Yes Yes Yes

Mari J 323 CDSR Yes

Marshall M 267 CDSR Yes

McDonald S 482 CDSR Yes Yes

McIntosh H 501 CDSR Yes Yes Yes

Moore R 3 Journal Yes Yes Yes

Mulrow C 237 CDSR Yes

Neilson J 299 CDSR Yes

NSCLCCGd 18 Journal Yes
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Author Reference Source Publication Language MEDLINE Concealment Blinding
no.* analysis analysis analysis analysis analysis

Olliaro P 216 CDSR Yes Yes Yes Yes

Parker M 328 CDSR Yes Yes Yes

Pignataro O 100 DARE Yes Yes

Plotnick L 11 Journal Yes

PORTe 2 Journal Yes Yes Yes

Poynard T 105 DARE Yes

Qizilbash N 286 CDSR Yes

Quinn K 220 CDSR Yes

Randolph A 5 Journal Yes

Roberts I 17 Journal Yes

Rowe B 472 CDSR Yes

Saconato H 504 CDSR Yes Yes Yes

Sarcomaf 24 Journal Yes

Schierhout G 8 CDSR Yes

Schierhout G 225 Journal Yes Yes Yes

Schierhout G 279 CDSR Yes

Scott J 351 CDSR Yes Yes Yes

Silagy C 427 CDSR Yes Yes

Silagy C 27 Journal Yes Yes Yes

Silagy C 395 CDSR Yes

Simons M 96 DARE Yes Yes

Siragusa S 98 DARE Yes

Smaill F 227 CDSR Yes Yes

Soares K 491 CDSR Yes Yes

Soll R 393 CDSR Yes Yes

Soll R 441 CDSR Yes Yes

Soll R 478 CDSR Yes

Song F 94 DARE Yes Yes

Song F 97 DARE Yes

Squires N 503 CDSR Yes

Stroke Trialistsg 475 CDSR Yes

Suarez-Almazor M 453 CDSR Yes

Sutherland L 508 CDSR Yes Yes

Sutherland L 509 CDSR Yes

Tharyan F 303 CDSR Yes Yes

Thornley B 273 CDSR Yes Yes Yes

Tyson J 389 CDSR Yes Yes

Vandekerckhove P 401 CDSR Yes Yes Yes

Vandekerckhove P 402 CDSR Yes Yes Yes

Vanderkerckhove P 404 CDSR Yes Yes Yes

Wahlbeck K 278 CDSR Yes Yes Yes Yes Yes

Wardlaw J 23 Journal Yes Yes Yes

Wardlaw J 498 CDSR Yes Yes

White A 206 CDSR Yes Yes

Wilt T 1 Journal Yes Yes

Zaat J 500 CDSR Yes Yes

Zoritch B 339 CDSR Yes

* See appendix 2
a Antiplatelet Trialists’ Collaboration
b Cochrane Injuries Group Albumin Reviewers
c Liver Infusion Meta-analysis Group
d Non-Small Cell Lung Cancer Collaborative Group
e PORT Meta-analysis Trialists’ Group
f Sarcoma Meta-analysis Collaboration
g Stroke Unit Trialists’ Collaboration
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