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WHAT'S NEW?

Corrections and changes in version 4.2.1 (December 2003) of the
Handbook

‘About the Handbook’ has been updated to reflect changes to the editorial team, and
changes in the Cochrane Collaboration’s publishers.

Section 8 has been substantially revised and updated. This is the first half of what will be
the new section 8 and covers core material. The second half is planned for late 2004. In
the meantime, two sections from the old version of section 8 have been retained.
Appendix 8a Effect measures for dichotomous data has been removed as it is now covered
in Section 8.

A new Appendix 8a has been added, covering advice on graphical presentation of results.
Appendix 2a.1 has been updated to clarify whose contact details should be entered if none
of the reviewers will be a contact reviewer.

Appendix 2a.3 has been updated to make clear that links to additional figures should not
be included in an abstract.

Text in section 2.0 and Appendix 2a.2 has been revised to reflect current arrangements for
preparing synopses.

In appendix 5b.1 and 5b.2, search strategies for SilverPlatter-MEDLINE and Ovid-
MEDLINE have been corrected.

The URL for the Cochrane Collaboration site has been corrected in the Glossary.

Corrections and changes in version 4.2.0 (March 2003) of the
Handbook

Major corrections and changes:

Section 5 and Appendices 5: these have been revised and updated.
Section 8: this has been amended slightly to mention the addition of the generic inverse
variance method to RevMan 4.2 and the ability to include additional figures.

Minor corrections:

Acknowledgements: the help of additional people in the preparation of this version of the
Handbook has been acknowledged.

Additional figures: relevant sections have been amended to note the ability to include
additional figures in Cochrane reviews (using RevMan 4.2).

Appendix 2a, section 2a.1: the categories for sources of support have been changed to
‘internal’ and ‘external’.

Appendix 2a, section 2a.3: the way to describe a search of the ‘Cochrane Central Register
of Controlled Trials (CENTRAL)’ in the abstract for a Cochrane review has been
clarified.

Appendix 2c: the permission to publish form has been removed while it is being revised
(this has also led to a change in section 2.2.3).

Some typographical mistakes have been corrected.
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Corrections and changes in version 4.1.6 (January 2003) of the
Handbook

Major corrections and changes:

Section 1: this has been updated and information has been added on The Cochrane
Collaboration Open Learning Material for Cochrane Reviewers.

Section 3.2: the policy on the withdrawal of protocols has been updated.

Section 10.10: the policy on the withdrawal of reviews has been added.

Appendix 1: this has been added to provide information on The Cochrane Collaboration
Open Learning Material for Cochrane Reviewers.

Minor corrections:

Some typographical corrections have been made.

The name for the ‘Cochrane Controlled Trials Register (CENTRAL/CCTR)’ has been
changed to the ‘Cochrane Central Register of Controlled Trials (CENTRAL)’.

Sources of support: this has been updated to reflect the support from the National Health
Service Research & Development Programme, UK and the Health Research Board,
Ireland.

Acknowledgements: the help of additional people in the preparation of this version of the
Handbook has been acknowledged.

Section 4.5: an additional example (children versus adults) has been added of why
separate reviews might be done.

Section 9.7: this has been amended to clarify the distinction between ‘no evidence of an
effect’ and ‘no evidence of effect’.

Appendix 2a, 2a.4 Text, Results: this has been amended to clarify the distinction between
‘no evidence of an effect’ and ‘evidence of no effect’.

Appendix 2a, 2a.5 Conflict of interest: suggested wording if there no known conflicts of
interest has been changed to ‘None known’.

Corrections and changes in version 4.1.5 (April 2002) of the
Handbook

Internet addresses: the list of Internet addresses has been reduced to the three official
Cochrane Collaboration sites that are mirrors of each other (i.e. www.cochrane.de,
www.cochrane.org and www.update-software.com/ccweb).

Appendix 2a, Section 2a.2: it has been clarified that help with synopses should be sought
directly from the Cochrane Consumer Network, rather than the Australasian Cochrane
Centre.
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Corrections and changes in version 4.1.4 (October 2001) of the
Handbook

Major corrections:

Section 2.3: the suggested wording to use when versions of Cochrane reviews are
published in paper journals has been revised.

Minor corrections:

Section 9.7: advice has been added on the balanced interpretation of analyses when the
confidence interval for the effect estimate overlaps the null value.
Section 10.11: the address of the Comments and Criticisms web page has been updated.

Corrections and changes in version 4.1.3 (June 2001) of the
Handbook

Minor corrections:

Section 9.7: this has been expanded to include more discussion of the interpretation of
results that are not statistically significant.

Appendix 5a: a contact address has been added for the International Register of Clinical
Trials Registers.

Corrections and changes in version 4.1.2 (March 2001) of the
Handbook

Major corrections:

Appendix 6: this has been replaced with an updated version.

Minor corrections:

Section 1.0: the new name (Cochrane Methodology Register) has replaced "Cochrane
Review Methodology Database".

Glossary: Three terms have been added: inter-rater reliability, intra-rater reliability and N
of 1 randomised trial.
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Corrections and changes in version 4.1.1 (December 2000) of the
Handbook

Major corrections:

Section 10.10: the revised Cochrane Collaboration policy that reviews should be updated
at least every 2 years (instead of every year) has been added. This policy was agreed by
the Steering Group in October 2000.

Minor corrections:

Section 10.10: The Collaboration policy that protocols that have not been converted into
full reviews within two years should generally be withdrawn from the CDSR (stated in
section 3.2) has been restated here.

Section 10.11: the mention that software is being developed to help Criticism Editors to
coordinate the reviewers' responses to comments and criticisms has been deleted.
Appendix 5a: The list of registers has been replaced by the URLSs for online registers of
registers

Corrections and changes in version 4.1.0 (June 2000) of the
Handbook

Major corrections and changes

Chapter 2: additional guidance has been added on the publication of Cochrane Reviews in
journals.

Chapter 5: this has been updated.

Chapter 6: this has been updated.

Chapter 11: a new section (11.6) has been added on the conversion of reviews that used
individual patient data into Cochrane Reviews

Appendix 2a, synopses: The guidance on preparing synopses has been changed to reflect
the new policy that responsibility for the approval of the synopsis to be included in a
Cochrane review rests solely with the relevant review group.

Appendix 2a: a section has been added to show the elements of Cochrane protocols and
reviews that should be published.

Minor corrections

Acknowledgements: the help of additional people in the preparation of this version of the
Handbook has been acknowledged.

Appendix 2a, Text: The importance of keeping searches up-to-date has been added to the
guidance on the content of the Search strategy section of the text of a Cochrane Review.
Appendix 2a, references: the title of the Flanagin 1998 reference has been corrected.
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Corrections and changes in Version 4.0.0 (July 1999) of the
Handbook

The Handbook has been thoroughly revised to take account of the changes in RevMan.
We have also taken the opportunity to update several other sections of the Handbook.

Corrections and changes in Version 3.0.2 (September 1997) of
the Handbook (Cochrane Library 1997, Issue 4)

Major corrections and changes

1. In appendix 2c, ‘Conditions of publication’, it has now been specified that a new
‘Conditions of publication' form should be filled out with each substantive revision of a
review.

2. In order to keep version numbers of the Handbook consistent with version numbers of
RevMan, the Handbook will now make use of three digits:

o the first digit indicates a new release of RevMan and the Handbook,

o the second digit indicates an interim release of RevMan and the Handbook,

o the third digit indicates changes to the Handbook only.

Minor corrections and changes

1.Section 5.5 on handsearching has been updated to take account of the development of
the control register on studies that might be relevant for inclusion in Cochrane Reviews
(CENTRAL).

2. The glossary has four additions; CENTRAL, trend, Trials Register Development Group
and peer review. The terms Handsearching and Cochrane Controlled Trials Register
(CCTR) have been updated.

3. Synapse Publishing Inc. have put a version of the Handbook on the WWW at the
following address: hhtp://www.medlib.com/cochranehandbook/.

4. Corrections have been made to the references in appendix 2a.6.

5. The list of handbook versions and related resources has been updated.

6. About the Handbook and What's New have been updated.

Corrections and changes in Version 3.0.1 (December 1996) of the
Handbook (Cochrane Library 1997, Issue 3)

Major corrections and changes

1. Appendix 11a, 'Practical methodology of meta-analyses (overviews) using updated
individual patient data’, was added to the Handbook.
2. Appendix 5a, 'Registers of clinical trials', was updated.
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Minor corrections and changes

1. All references to publications included in the Cochrane Library were updated (‘(How to
cite the Handbook’; references: section 1; references: section 3; references: section 4;
references: section 6; references: section 8; Appendix 5b; Appendix 5c.).

Corrections and changes in Version 3.0.0 (October 1996) of the
Handbook (Cochrane Library, Issue 1)

1. Editorial responsibility

Responsibility for maintaining material formerly contained in Sections | to V of The
Cochrane Collaboration Handbook was devolved as described below. The Handbook now
consists solely of what was formerly Section VI: Preparing and Maintaining Systematic
Reviews (Oxman, 1995). Cynthia Mulrow, director of the San Antonio Cochrane Center,
joined Andy Oxman as co-editor. The entire Handbook was revised in response to
suggestions we have received regarding the previous edition of the Handbook and the
Training Manual prepared by the San Antonio Cochrane Center.

Editorial responsibilities for written material prepared on behalf of the Cochrane
Collaboration has been evolving and it became clear in 1995 that new arrangements were
required to deal with new circumstances. At its meeting 27 February 1996 in San
Francisco the Steering Group established an Editorial Board to oversee the preparation of
written material prepared on behalf of the Collaboration. This is one of five groups
responsible for core functions that report directly to the Steering Group. The other groups
responsible for core functions are the Software Development Group, the Trials Registers
Development Group, a group responsible for forthcoming Colloquia, and the editorial
team for the Handbook.

Further changes in editorial responsibility were proposed by lain Chalmers and Andy
Oxman to accommodate several developments, including:

¢ potential duplication of effort, and confusion regarding the roles of the Editorial Board
and the Handbook editorial team

¢ the availability of CDSR and the development of modules in CDSR for Cochrane
Centres, Fields, MGs and the Consumer Network as well as for CRGs

e the establishment of an elected Steering Group with representatives for each type of
entity and the formation of groups responsible for core functions, which are directly
responsible to the Steering Group

The proposed changes were circulated to all registered groups and approved by the
Steering Group at its meeting 19 August 1996. The new arrangements are as follows:

Material about Responsible group Current co-ordinator
The Collaboration  Editorial Board Jos Kleijnen

Core Functions:
Handbook Handbook Advisory Group Andy Oxman &
Cynthia Mulrow
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Software Software Development Group Monica Fischer
Trials registers Trials Registers Development Group Kay Dickersin &
Jean-Pierre Boissel

Registered groups:

CRGs CRG reps on Steering Group CRG reps to decide
Cochrane Centres Centre directors on Steering Group Peter Ggtzsche

Fields Field rep on Steering Group Field rep to decide
Consumer Network  Consumer reps on Steering Group ~ Consumer reps to decide
MGs MG rep on Steering Group Andy Oxman

2. Abstracts

Abstracts are no longer optional and the subheadings used in abstracts have been changed
to:

Obijectives

Search strategy

Selection criteria

Data collection & analysis

Main results

(see section 2a.2 in appendix 2a .)

3. Descriptions of methods used by Collaborative Review Groups

All reviews should state specifically when the register of trials maintained by the CRG
responsible for the review was last searched for relevant studies. Descriptions of the
methods used to develop and maintain CRG registers of trials are included in CRG
modules published in the Cochrane Database of Systematic Reviews (CDSR). Other
standardised methods used by a CRG should also be described in the group's module.
Reviewers should state explicitly that they have used these methods and when they have
used methods that differ from the standard methods used by a group.

4. Reviews of non-experimental evidence

Some CRGs, Fields and Methods Groups (MGs) have begun to explore ways of
incorporating non-experimental evidence in reviews when this is appropriate. These
developments are reflected in changing the terminology from ‘trials' to 'studies' and adding
‘Types of studies' as a new subheading under 'Selection criteria'.

5. Links between the Handbook and related resources

The Handbook is being linked to several related resources (see 'About the Handbook).
These include: the Cochrane Review Methodology Database, the San Antonio Cochrane
Center's Training Manual, Review Manager, a glossary, a frequently asked questions
(FAQ) list, a library of examples, a library of slides, a register of empirical
methodological studies, systematic reviews of those studies, and modules prepared by
MGs for inclusion in CDSR.
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6. Conflict of interest

A conflict of interest statement will be included in all Cochrane Reviews beginning with
the second issue of the Cochrane Library in 1997 (see section 2a.2 and section 2a.4 in
appendix 2a).

Proposed changes that have not yet been implemented

Conclusions

Because the results of a review can be interpreted differently depending on one's
perspective and circumstances, the Steering Group decided in 1994 to separate the
conclusions of a review from the rest of the review, and to attach conclusions or
commentaries from Fields and other entities representing different perspectives (along
with the reviewers' conclusions) to reviews in CDSR. However, practical arrangements for
preparing and maintaining these have not yet been developed. Reviewers' conclusions,
including implications for practice and implications for research, are currently maintained
as part of the text of each review.
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1. INTRODUCTION

Healthcare providers, consumers, researchers, and policy makers are inundated with
unmanageable amounts of information. We need systematic reviews to efficiently
integrate valid information and provide a basis for rational decision making (Mulrow
1994). Systematic reviews establish where the effects of healthcare are consistent and
research results can be applied across populations, settings, and differences in treatment
(e.g. dose); and where effects may vary significantly. The use of explicit, systematic
methods in reviews limits bias (systematic errors) and reduces chance effects, thus
providing more reliable results upon which to draw conclusions and make decisions
(Antman 1992, Oxman 1993b). Meta-analysis, the use of statistical methods to summarise
the results of independent studies, can provide more precise estimates of the effects of
healthcare than those derived from the individual studies included in a review (Oxman
1993a, Sacks 1987, L'Abbe 1987, Thacker 1988).

Wider recognition of the key role of reviews in synthesising and disseminating the results
of research has prompted people to consider the validity of reviews. In the 1970s and
early 1980s, psychologists and social scientists drew attention to the systematic steps
needed to minimise bias and random errors in reviews of research (Light 1971, Glass
1976, Rosenthal 1978, Jackson 1980, Cooper 1982). It was not until the late 1980s that
people drew attention to the poor scientific quality of healthcare review articles (Mulrow
1987, Yusuf 1987, Oxman 1988). However, recognition of the need for systematic
reviews of healthcare has grown rapidly and continues to grow, as reflected by the
number of articles about review methods and empirical studies of the methods used in
reviews (CMR 2003), the number of systematic reviews published in healthcare journals
(NHS CRD 2003), and the rapid growth of The Cochrane Collaboration (CDSR 2003).

This Handbook builds on the work of a large number of people, including those
represented in the Cochrane Methodology Register (CMR 2003), input from Cochrane
Methods Groups, practical experience and feedback from Collaborative Review Groups
(which have taken on the daunting task of systematically reviewing the effects of
healthcare within their areas of interest), and Cochrane Centres (which provide training
for reviewers).Whenever possible recommendations made here are based on empirical
evidence and advice from Cochrane Methods Groups.

Our aim is to help reviewers make good decisions about the methods they use, rather than
dictate arbitrary standards. However, where the Cochrane Collaboration has laid down
policy, which must be followed by Cochrane reviewers, this is made clear. The guidelines
provided here are intended to help reviewers to be systematic and explicit (not
mechanistic!) about the questions they pose and how they derive answers to those
questions. These guidelines are not a substitute for good judgement.

The Cochrane Collaboration and the Cochrane Reviewers' Handbook focus particularly on
systematic reviews of randomised controlled trials (RCTs) because they are likely to
provide more reliable information than other sources of evidence on the differential
effects of alternative forms of healthcare (Kunz 2003). Systematic reviews of other types
of evidence can also help those wanting to make better decisions about healthcare,
particularly forms of care where RCTs have not been done and may not be possible or
appropriate. The basic principles of reviewing research are the same, whatever type of
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evidence is being reviewed. Although we focus mainly on systematic reviews of RCTs,
we address issues specific to reviewing other types of evidence when this is relevant.
Fuller guidance on such reviews is being developed.

Cochrane Reviews have a standard format that we describe in the next section (section 2).
Those preparing a review should begin by developing a protocol (Section 3). The seven
succeeding sections are organised according to the steps of preparing and maintaining a
systematic review:

e Formulating the problem

e Locating and selecting studies

e Quality assessment of studies
Collecting data

Analysing and presenting results
Interpreting results

Improving and updating reviews

In the last section we take up specific issues about using individual patient data in
reviews.

In 2002, the Cochrane Collaboration Open Learning Material for Cochrane Reviewers
was prepared to accompany the Cochrane Reviewers’ Handbook in helping people who
are working on a Cochrane Review. It does not replace the Handbook, instead it provides
a framework to progressing through the Handbook, supplementing it with examples and
activities along the way (http://www.cochrane-net.org/openlearning/). More information
on this material is available in Appendix 1.

1.1 References

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

CDSR 2003. Cochrane Database of Systematic Reviews. In: The Cochrane Library, Issue 1, 2003. Oxford:
Update Software. Updated quarterly.

CMR 2003. Cochrane Methodology Register. In: The Cochrane Library, Issue 1, 2003. Oxford: Update
Software. Updated quarterly.

Cooper 1982. Cooper HM. Scientific guidelines for conducting integrative research reviews. Rev Educ Res
1982; 52:291-302.

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

Jackson 1980. Jackson GB. Methods for integrative reviews. Rev Educ Res 1980; 50:438-60.

Kunz 2003. Kunz R, Vist G, Oxman AD. Randomisation to protect against selection bias in healthcare
trials (Cochrane Methodology Review). In: The Cochrane Library, Issue 1, 2003. Oxford: Update Software.

L'Abbe 1987. L'Abbe KA, Detsky AS, O'Rourke K. Meta-analysis in clinical research. Ann Intern Med
1987; 107:224-33.

14
This is an archived version of the Handbook.
For the current version, please go to cochrane.org/handbook


http://www.cochrane-net.org/openlearning/

This is an archived version of the Handbook.

For the current version, please go to cochrane.org/handbook
Cochrane Reviewers’ Handbook 4.2.1

Light 1971. Light RJ, Smith PV. Accumulating evidence: procedures for resolving contradictions among
different research studies. Harv Educ Rev 1971; 41:429-71.

Mulrow 1987. Mulrow CD. The medical review article: state of the science. Ann Intern Med 1987;
106:485-8.

Mulrow 1994. Mulrow CD. Rationale for systematic reviews. BMJ 1994; 309:597-9.

NHS CRD 2003. NHS Centre for Reviews and Dissemination. Database of Abstracts of Reviews of
Effectiveness. In: The Cochrane Library, Issue 1, 2003. Oxford: Update Software. Updated quarterly.

Oxman 1988. Oxman AD, Guyatt GH. Guidelines for reading literature reviews. Can Med Assoc J 1988;
138:697-703.

Oxman 1993a. Oxman AD. Meta-statistics: Help or hindrance? ACP J Club 1993; 118:A-13.

Oxman 1993b. Oxman AD, Guyatt GH. The science of reviewing research. Ann NY Acad Sci 1993;
703:125-33.

Rosenthal 1978. Rosenthal R. Combining results of independent studies. Psychol Bull 1978; 85:185-93.

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

Thacker 1988. Thacker SB. Meta-analysis: a quantitative approach to research integration. JAMA 1988;
259:1685-9.

Yusuf 1987. Yusuf S, Simon R, Ellenberg S (eds). Proceedings of ‘Methodologic issues in overviews of
randomized clinical trials'. Stat Med 1987; 6:217-409.

15
This is an archived version of the Handbook.
For the current version, please go to cochrane.org/handbook



This is an archived version of the Handbook.

For the current version, please go to cochrane.org/handbook
Cochrane Reviewers’ Handbook 4.2.1

2. FORMAT OF A COCHRANE REVIEW

The format of a Cochrane Review has several objectives. It helps readers to find the
results of research quickly and to assess the validity, applicability and implications of
those results. It guides reviewers to report their work explicitly and concisely, and
minimises the effort required to do this. The format is also suited to electronic publication
and updating, and it generates reports that are informative and readable when viewed on a
computer monitor or printed.

Mike Clarke, Murray Enkin, Chris Silagy, and Mark Starr developed the original format
of a Cochrane Review, with input from many others. The format is flexible enough to fit
different types of reviews, including those making a single comparison, those making
multiple comparisons and those prepared using individual patient data. Modifications of
the format of Cochrane Reviews may be desired for a variety of reasons. However,
because of the huge effort it can take to change the structure of reviews in The Cochrane
Database of Systematic Reviews (CDSR), the format must be well defined and fixed.
Some minor changes have been made from the format described in the first (1994) edition
of the Handbook. These changes have been made based on the experience of
Collaborative Review Groups, feedback from users of Cochrane Reviews and suggestions
brought forward through the Review Manager (RevMan) Advisory Group, which has
developed specifications for the software that is used to prepare Cochrane Reviews. The
RevMan software is designed to help reviewers in constructing reviews in the appropriate
format and to prepare files required to transfer reviews electronically.

Each review consists of:

a cover sheet - giving the title, citation details and contact addresses

a synopsis

an abstract - using a structured format

the text of the review - consisting of an introduction (background and objective),

materials (selection criteria and search strategy) and methods, results (description of

studies, methodological quality, and results), discussion and reviewers’ conclusions.

e tables and figures - showing characteristics of the included studies, specification of the
interventions that were compared, the results of the included studies, a log of the
studies that were excluded, and additional figures relevant to the review.

o references

Standard headings and tables guide reviewers when preparing their report and make it
easier for readers to identify information that is of particular interest to them. The
headings are listed below. The content that should follow each heading and the elements
that will be published are described in appendix 2a (Guide to the format of a Cochrane
Review).

2.1 Outline of a Cochrane Review

Cover sheet:
Title
Reviewers
Sources of support
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What’s New

Text of review:
Synopsis
Abstract
Background
Obijectives
Search strategy
Selection criteria
Data collection & analysis
Main results
Reviewers’ conclusions
Background
Objectives
Criteria for selecting studies for this review
Types of studies
Types of participants
Types of interventions
Types of outcome measures
Search strategy for identification of studies
Methods of the review
Description of studies
Methodological quality
Results
Discussion
Reviewers’ conclusions
Implications for practice
Implications for research
Acknowledgements
Conflicts of interest

References:

References to studies
Included studies
Excluded studies
Studies awaiting assessment
Ongoing studies

Other references
Additional references
Other published versions of this review

Tables and figures:
Characteristics of included studies
Characteristics of excluded studies
Characteristics of ongoing studies
Comparisons, data and graphs
Additional tables
Additional figures
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2.2 Conflict of interest

2.2.1 General principle

Cochrane Reviews should be free of any real or perceived bias introduced by the receipt
of any benefit in cash or kind, any hospitality, or any subsidy derived from any source that
may have or be perceived to have an interest in the outcome of the review. It is a matter of
Cochrane Collaboration policy that direct funding from a single source with a vested
interest in the results of the review is not acceptable.

2.2.2 Recommendations

The following recommendations are taken from the Collaboration's Code of Conduct for
Avoiding Potential Financial Conflicts of Interest (see appendix 2b):

e Receipt of benefits from any source of sponsored research must be acknowledged and
conflicts of interest must be disclosed in CDSR and other publications that emanate
from the Collaboration.

e If a proposal raises a question of serious conflict of interest, this should be forwarded
to the local Cochrane Centre for review (and the Steering Group notified accordingly).

e Itis not mandatory to send funding proposals to the local Cochrane Centre or Steering
Group prior to accepting them. However, this would be desirable in the cases of
restricted donations, or any donation that appears to conflict with the general principle
noted above.

2.2.3 Conflict of interest statements in reviews

Under the heading 'Conflict of interest' reviewers should report any conflict of interest
capable of influencing their judgements, including personal, political, academic and other
possible conflicts, as well as financial conflicts. It is impossible to abolish conflict of
interest, since the only person who does not have some vested interest in a subject is
somebody who knows nothing about it (Smith 1994). Financial conflicts of interest cause
the most concern, can and should be avoided, but must be reported if there are any. Any
secondary interest (such as personal conflicts) that might unduly influence judgements
made in a review (concerning, for example, the inclusion or exclusion of studies,
assessments of the validity of included studies or the interpretation of results) should be
reported.

Disclosing a conflict of interest does not necessarily reduce the worth of a review and it
does not imply dishonesty. However, conflicts of interest can influence judgements in
subtle ways. Reviewers should let the editors of their Collaborative Review Group know
of potential conflicts even when they are confident that their judgements were not or will
not be influenced. Editors may decide that disclosure is not warranted or they may decide
that readers should know about such a conflict of interest so that they can make up their
own minds about how important it is. Decisions about whether or not to publish such
information should be made jointly by reviewers and editors.
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To help ensure the integrity and perceived integrity of Cochrane Reviews, all reviewers
must sign the relevant statements in the form giving the Cochrane Collaboration
permission to publish their review in addition to disclosing conflicts of interest.

2.3 Publication of Cochrane Reviews in print journals and books

Reviewers may wish to seek co-publication of Cochrane Reviews in peer-reviewed
medical journals, particularly in those journals that have expressed enthusiasm for co-
publication of Cochrane Reviews. For the Cochrane Collaboration, there is one essential
condition of co-publication: Cochrane Reviews must remain free for dissemination in any
and all media, without restriction from any of them. To ensure this, Cochrane reviewers
grant the Collaboration world-wide licences for these activities, and do not sign over
exclusive copyright to any journal or other publisher. A journal is free to request a non-
exclusive copyright that permits it to publish and re-publish a review, but this cannot
restrict the publication of the review by the Cochrane Collaboration in whatever form the
Collaboration feels appropriate.

Reviewers are strongly discouraged from publishing Cochrane Reviews in journals before
they are ready for publication in CDSR. This applies particularly to Centre directors and
editors of Review Groups. However, journals will sometimes insist that the publication of
the review in CDSR should not precede publication in print. When this is the case,
reviewers should submit a review for publication in the journal after agreement from their
CRG editor and before publication in CDSR. Publication in print should not be subject to
lengthy production times, and reviewers should not unduly delay publication of a
Cochrane Review either because of delays from a journal or in order to resubmit their
review to another journal.

Journals can also request revision of a review for editorial or content reasons. External
peer review provided by journals may enhance the value of the review and should be
welcomed.

Journals generally may require shorter reviews than those published in CDSR. Selective
shortening of reviews may be appropriate, but there should not be any substantive
differences between the review as published in the journal and CDSR. If a review is
published in a journal, it should be noted that a fuller and maintained version of the
review is available in CDSR. Typically, this should be done by including a statement such
as the following in the introduction: ‘A more detailed review will be published and
updated in the Cochrane Database of Systematic Reviews.Reference’ The reference
should be to the protocol for the review published in CDSR. A similar statement should
be included in the introduction if a review is published in CDSR prior to publishing a
version of the review in a journal. After a version of a Cochrane Review has been
published in a journal, a reference to the journal publication must be added under the
heading 'Other published versions of this review'. Reviewers are also encouraged to add
the following statement to versions of Cochrane Reviews that are published in journals:
"This paper is based on a Cochrane review published in The Cochrane Library YYYY,
Issue X (see www.CochraneLibrary.net for information). Cochrane reviews are regularly
updated as new evidence emerges and in response to comments and criticisms, and The
Cochrane Library should be consulted for the most recent version of the review." This
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statement should refer to the latest version of The Cochrane Library in which the
Cochrane review appears.

Reviewers whose primary affiliation is a Cochrane entity should include the following
sentence when publishing an article that is not about the Cochrane Collaboration or does
not reflect official policy: “The views expressed in this article represent those of the
authors and are not necessarily the views or the official policy of the Cochrane
Collaboration”. In addition, the following modification of the disclaimer published in The
Cochrane Library should be added to Cochrane Reviews published in journals. “The
results of a Cochrane Review can be interpreted differently, depending on people's
perspectives and circumstances. Please consider the conclusions presented carefully. They
are the opinions of review authors, and are not necessarily shared by the Cochrane
Collaboration.”

The passage below can be provided to journal editors upon submission of a review for
publication, and the letter of submission should be copied to the CRG editors for
information. This policy and procedure may be new to some journal editors and may
require direct discussion with the journal editor. The CRG editors should be informed of
any problems encountered in this process.

The following passage is suggested for inclusion in letters of submission to journal
editors:

This systematic review has been prepared under the aegis of the Cochrane Collaboration,
an international organisation that aims to help people make well-informed decisions
about healthcare by preparing, maintaining and promoting the accessibility of systematic
reviews of the effects of healthcare interventions. The Collaboration's publication policy
permits journals to publish reviews, with priority if required, but permits the Cochrane
Collaboration also to publish and disseminate such reviews. Cochrane Reviews cannot be
subject to the exclusive copyright requested by some journals.

2.4 Publication of previously published reviews as Cochrane
Reviews

Most reviews that have been previously published (referred to as ‘previously published
reviews' here) require substantial additional work before they can be published as a
Cochrane Review in CDSR. In light of this additional work and substantial differences
from the previously published review, the Cochrane Review can be considered a new
publication. The previously published version of the review must be referenced in the
Cochrane Review under the heading 'Other published versions of this review'. However, it
is generally not necessary to seek permission from the publisher of the previously
published review.

Occasionally a Cochrane Review will be similar enough to a previously published review
that the only change is in the formatting of the review. In these cases reviewers should
obtain permission from the publisher of the previously published review prior to
publishing the review in CDSR. If reviewers are in doubt about whether they should
request permission, they are encouraged to do so. This is unlikely to present a problem,
provided it is done well in advance of the planned submission to CDSR. If it is known in
advance that there is interest in publishing a version of a Cochrane Review in a journal,
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reviewers should not assign exclusive copyright to the journal (see section 2.3). The
Cochrane Collaboration does not require exclusive copyright. It is therefore not a problem
to publish a version of a Cochrane Review in a journal after it has been published in
CDSR, provided it is not called a Cochrane Review and that it is acknowledged that it is
based on a Cochrane Review (see section 2.3).

The conversion of individual patient data reviews into Cochrane Review is discussed in
section 11.6.

2.5 References

Smith 1994. Smith R. Conflict of interest and the BMJ. BMJ 1994; 308:4-5.
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3. DEVELOPING A PROTOCOL

3.1 Rationale for protocols

Preparing a review is a complex process that comprises many judgements, as well as
decisions about the process and the resources needed (see appendix 3a). As in any
scientific endeavour, the methods to be used should be established beforehand. However,
reviews are by their nature, retrospective, since the studies included are usually identified
after they have been completed and reported. Therefore, it is important to make the
process as rigorous and well defined as possible (Light 1984b) while maintaining a
practical perspective. The reviewer’s knowledge of the results of the study may influence:
o the definition of a systematic review question

e the criteria for study selection

e the comparisons for analyses

e the outcomes to be reported in the review

Just as protocols for randomised trials must sometimes be changed to adapt to
unanticipated circumstances (such as problems with participant recruitment, data
collection or unexpected event rates), changes in a review protocol are sometimes
necessary. While every effort should be made to adhere to a predetermined protocol, it
should be recognised that this is not always possible or appropriate. Changes in the
protocol should not be made on the basis of how they effect the results of the review. Post
hoc decisions (such as excluding selected studies) that are made when the impact on the
results of the review is known are highly susceptible to bias and should be avoided. As a
rule, changes in the protocol should be documented and reported, and 'sensitivity analyses'
(see section 8.10) of the impact of such decisions on the results of the review should be
made when possible.

The protocol for a Cochrane Review should consist of the following sections:
Cover sheet

Background

Obijectives

Criteria for considering studies for this review
Search strategy for identification of studies
Acknowledgements

Conflict of interest

Methods of the review

Additional references

Additional tables

The content of these sections for a full review is described in the appendix to section 2
(Guide to the format of a Cochrane Review). Guidelines for specific methodological
decisions regarding problem formulation, the identification, selection and assessment of
studies, data collection and analysis are given in section 4, section 5, section 6, section 7
and section 8.
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3.2 The background for a review

Well-formulated questions usually do not appear out of thin air. They occur in the context
of an already formed body of knowledge. This context should be addressed in the
background section of the review. It may include information about the biology,
epidemiology, public health importance, clinical relevance, or current practice regarding
the topic that will be addressed by the review. It should refer to any previously published
systematic reviews that address the same question or to existing controversy. This
background helps set the rationale for the review, and should explain why the questions
being asked are important. The background and objectives along with the proposed search
strategy and plans for collecting and analysing data form the basis of the protocol of a
Cochrane Review. Editors of Collaborative Review Groups appraise and give feedback on
these protocols before actual reviews are conducted. The protocol will also be published
in the Cochrane Database of Systematic Reviews and may be subject to comments and
criticisms from users of this.

Systematic reviews can, in general, be motivated by a number of factors. For example,
they can be conducted in an effort to resolve conflicting evidence, to answer questions
where the answer is uncertain or to explain variations in practice. While Cochrane
Reviews might be motivated by any of these and other factors, their primary aim should
be to summarise and help people to understand the evidence. Reviewers must be careful
not to impose their own values and preferences on others when answering the questions
they pose. They should help people make practical decisions about healthcare. This has
important implications for deciding whether or not to undertake a Cochrane Review, how
to formulate the problem that a review will address, how to develop the protocol and how
to present the results of the review.

e Questions should address the choices (practical options) people face when deciding
about healthcare.

e Reviews should address outcomes that are meaningful to people making decisions
about healthcare.

e Reviewers should describe how they will address adverse effects as well as benefits

e The methods used in a review should be selected to optimise the likelihood that the
results will provide the best current evidence upon which to base decisions.

e Itis important to let people know when there is no reliable evidence, or no evidence
about particular outcomes that are likely to be important to decision makers.

e It is not helpful to include evidence for which there is a high risk of bias in a review,
even if there is no better evidence.

o Similarly, it is not helpful to focus on trivial outcomes simply because those are what
researchers have chosen to measure.

e So far as is possible, it is important to take an international perspective. The evidence
collected should not be restricted by nationality or language without good reason.

When the protocol is converted into a full review, the fact that this review was preceded
by a published protocol should be noted. It is Collaboration policy that protocols that have
not been converted into full reviews within two years should generally be withdrawn from
the CDSR. If a protocol is withdrawn for any reason other than it being superseded by a
review, a withdrawal notice should be published in CDSR for one issue. Thereafter,
information on the withdrawal of the protocol should be noted in the CRG’s module.

23
This is an archived version of the Handbook.
For the current version, please go to cochrane.org/handbook



This is an archived version of the Handbook.

Forthe current version, please go to cochrane.org/handbook
Cochrane Reviewers’ Handbook 4.2.1

3.3 References

Light 1984b. Light RJ, Pillemer DB. Organizing a reviewing strategy. In: Summing Up: The Science of
Reviewing Research. Cambridge, Massachusetts: Harvard University Press, 1984; 13-31.

24
This is an archived version of the Handbook.
For the current version, please go to cochrane.org/handbook



This is an archived version of the Handbook.

For the current version, please go to cochrane.org/handbook
Cochrane Reviewers’ Handbook 4.2.1

4. FORMULATING THE PROBLEM

4.1 Rationale for well-formulated questions

Poorly focused questions lead to unclear decisions about what research to include and
how to summarise it.

As with any research, the first and most important decision in preparing a review is to
determine its focus (Light 1984Db). This is best done by asking clearly framed questions.
Such questions are essential for determining the structure of a review (Jackson 1980,
Cooper 1984, Hedges 1994). Specifically, they will guide much of the review process
including strategies for locating and selecting studies or data, for critically appraising their
relevance and validity, and for analysing variation among their results.

In addition to guiding the review process, a review's questions and objectives are used by
readers in their initial assessments of relevance. The readers use the stated questions and
objectives to judge whether the review is likely to be interesting and directly relevant to
the issues they face.

4.2 Key components of a question

There are several key components to a well-formulated question (Richardson 1995,
Counsell 1997) and these should be set in the Criteria for selecting studies section of the
review. A clearly defined question should specify the types of people (participants), types
of interventions or exposures, and the types of outcomes that are of interest. In addition,
the types of studies that are relevant to answering the question should be specified. In
general the more precise one is in defining components, the more focused the review.
Equal precision in addressing each component is not necessary. For example, one might
wish to concentrate on various treatments for a particular stage of breast cancer, or
alternately to focus on a particular drug for any stage of breast cancer. In the former
example the stage and severity of the disease would be defined very precisely within the
Types of participants. Whereas, in the latter example, the treatment formulation would be
defined very precisely within the Types of intervention.

An overview of the key components follows with examples of useful issues to consider
for each component. Reviewers need to ensure that they understand the terminology used
to describe these components in different places and settings.

4.2.1 What types of people (participants)?

It is often helpful to consider the types of people that are of interest in two steps. First,
define the diseases or conditions that are of interest. Explicit criteria sufficient for
establishing the presence of the disease or condition should be developed. Second,
identify the population and setting of interest. This involves deciding whether one is
interested in a special population group determined on the basis of factors such as age,
sex, race, educational status, or the presence of a particular condition such as angina or
shortness of breath. One might also be interested in a particular setting on the basis of
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factors such as whether people are living in the community; are hospitalised, in nursing
homes or chronic care institutions; or are outpatients.

Any restrictions with respect to specific population characteristics or settings should be
based on sound evidence. For example, focusing a review of the effectiveness of
mammographic screening on women between 40 and 50 years old can be justified on the
basis of biological plausibility, previously published systematic reviews and existing
controversy. On the other hand, focusing a review on a particular subgroup of people on
the basis of their age, sex or astrological birth-sign simply because of personal interests
when there is no underlying biologic or sociological justification for doing so should be
avoided. When there is uncertainty about whether there are important differences in
effects among various subgroups of people, it is probably best to include all of the
relevant subgroups and then test for important and plausible differences in effect in the
analysis (see section 4.5 below and section 8).

4.2.2 What types of comparisons (interventions)?

The next key component of a well-formulated question is to specify the interventions that
are of interest. It is also important to define the interventions against which these will be
compared, such as the types of control groups that are acceptable for the review. Give
thought to whether persons in a control group might receive interventions other than a
placebo, and whether those interventions overlap in any way with the active intervention
being tested. This issue is discussed further in the section on assessing the quality of
studies (section 6).

4.2.3 What types of outcomes?

The third key component of a well-formulated question is the delineation of particular
outcomes that are of interest. While all important outcomes should be included in
Cochrane reviews, trivial outcomes should not be included. Reviewers need to avoid
overwhelming readers with data that is of little or no importance. At the same time that
they must be careful not to leave out important data. If explicit criteria are necessary for
establishing the presence of those outcomes these should be specified. Likewise if
combinations of outcomes will be considered these need to be specified. For example, if a
study only has data on nonfatal and fatal strokes combined, will this be included if the
question specifically relates to stroke death?

In general, Cochrane Reviews should include all reported outcomes that are likely to be
meaningful to people making a decision about the healthcare problem the review
addresses. Beyond this, it may be important to specify outcomes that are important to
decision makers, even when it is unlikely that data will be found. For example, quality of
life is an important outcome, perhaps the most important outcome, for people considering
whether or not to use chemotherapy for advanced cancer, even if the available studies
only report survival data. In addition, reviewers should indicate how they will try to
include data on adverse effects in their review. In regard to this, rather than including an
exhaustive list of adverse outcomes it may be more informative to summarise 'severe’ (e.g.
severe enough to require withdrawal of treatment) and minor adverse outcomes and
include appropriate description of these.
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It is sometimes possible to acquire unpublished data from investigators in order to
disentangle combined outcomes, as well as for other purposes (see section 7). Before
excluding a study that seems to meet criteria for relevance, but has not reported results in
a way that is adequate for the review, it is worth considering trying to obtain the necessary
information from the investigators.

4.2.4 What types of study designs?

Certain study designs are superior to others when answering particular questions.
Randomised controlled trials (RCTs) are considered by many the sine qua non when
addressing questions regarding therapeutic efficacy, whereas other study designs are
appropriate for addressing other types of questions. For example, questions relating to
aetiology or risk factors may be addressed by case-control and cohort studies. Reviewers
should consider up-front what study designs are likely to provide reliable data with which
to answer their questions.

Other aspects relevant to study design that are worth initial consideration are whether to
review studies that: have a placebo comparison group, evaluate outcomes in an unbiased
manner, or have a certain length of follow-up. The more restrictive reviewers are in
matching questions to particular aspects of design, the less likely they are to find data
specific to the restricted question. However, reviewing studies that are unlikely to provide
reliable data with which to answer the question is a poor use of time and can result in
misleading conclusions. If, for example, one is interested in whether a therapy improves
survival in patients with a chronic condition, it might be inappropriate to look at studies of
very short duration, except to make explicit the fact that they cannot address the question
of interest.

Because Cochrane Reviews address questions about the effects of healthcare, they focus
primarily on RCTs. There are two reasons why one should be cautious about including
non-randomised studies in a review of the effects of healthcare, both relating to bias. First,
although it is possible to control for confounders that are known and measured using other
study designs, randomisation is the only way to control for confounders that are not
known or not measured. For clinical interventions, deciding who receives an intervention
and who does not is influenced by many factors, including prognostic factors. Empirical
evidence suggests that, on average, non-randomised studies tend to overestimate the
effects of healthcare (Sacks 1982, Chalmers 1983, Schulz 1995). However, a systematic
methodology review has shown that the extent and even the direction of bias in non-
randomised studies is often impossible to predict (Kunz 1998).

Second, although it is often difficult to locate RCTs (Dickersin 1994) and reviews that fail
to include unpublished trials may be biased towards overestimating the effectiveness of an
intervention (Dickersin 1993). The efforts of the Cochrane Collaboration to identify RCTs
have not been matched for the identification of other types of studies. Consequently,
including studies other than controlled trials in a review may require additional efforts to
identify studies and to keep the review up-to-date, and might increase the risk that the
result of the review will be influenced by publication bias.

Despite the above concerns, it may sometimes be appropriate to conduct a systematic
review of non-randomised studies of the effects of healthcare. For example, occasionally
the course of a disease is so uniform or the effects of an intervention are so dramatic that
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it is unnecessary and unethical to conduct RCTs. Under such circumstances it would be
senseless to restrict a review to RCTs. While attention to the risk of bias should guide
decisions about what types of study designs to include in a review, individual reviewers
and Collaborative Review Groups must decide what types of studies are best suited to
specific questions.

4.3 Using the key components of a question to locate and select
studies

Once one has a well-formulated question, one should determine which key components to
focus on in initial searching strategies. For Cochrane Reviews searching for studies is
greatly facilitated by the availability of specialised registers compiled by CRGs. However,
the extent to which these registers are developed varies and it may be necessary for
reviewers to conduct supplemental searches.

Searches that demand the simultaneous presence of several components or very specific
formulations of certain components are likely to be too specific and miss important
information. For example, if one searches for studies addressing long-term effects of
insulin therapy on renal function in type Il diabetics by demanding that they be indexed as
‘type Il diabetes’, 'insulin’, 'renal function' and 'long-term’, relevant studies are likely to be
missed. On the other hand if 'insulin’ or 'type 1l diabetes' is used alone as a search term,
hundreds of irrelevant reports are likely to be identified.

In general, useful key components to use when searching include the condition or disease
of interest and the intervention or exposure being evaluated. Although one may be
specifically interested in a particular setting, studies are often not indexed by the type of
setting in electronic databases. Also, multiple outcomes may be evaluated in studies, some
of which may be relevant to the review, but not part of the indexing of the article. This
issue is discussed further in the next section on locating and selecting studies (section 5).

Whatever search strategies are used, it will be necessary to go through a number of reports
and decide which ones are relevant and which ones are not relevant. Formulating a
question in terms of the types of participants, interventions, outcomes and study designs
of interest will lead naturally to specifying the criteria that will be used to select studies.
However, some additional effort is often needed to clarify the selection criteria and
develop decision rules that are sensible and reproducible. If, for example, you are
reviewing studies of therapies for constipation, you must decide if you will review studies
addressing acute and/or chronic constipation as well as acceptable criteria for acute and
chronic. Are you interested in the entire spectrum of severity of constipation or only in
severe constipation and how will you define 'severe'? Do you want to review studies that
define constipation on the basis of a certain frequency of bowel movements per week or
limit yourself to studies that define constipation on the basis of symptoms such as
straining and hard stools? Will you only review studies that have determined the
underlying pathophysiologic mechanism of constipation or limit your review to certain
specific pathophysiologic disorders? Will you consider studies that merely state that
participants were ‘constipated'.
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4.4 Using the key components of a question to guide data
collection

Details relevant to key components of questions are what reviewers will be collecting
from individual studies. Thus well-formulated questions are directly linked to the data
collection process because they guide: determination of final criteria that will be used to
select appropriate studies for review, and what data should be abstracted from studies
meeting those selection criteria. Components of questions may also be directly related to
how one chooses to present and analyse data. These issues are discussed further in section
6, section 7 and section 8.

4.5 Broad versus narrow questions

The questions that a review addresses may be broad or narrow in scope. For example, a
review might address a broad question regarding whether antiplatelet agents in general are
effective in preventing thrombotic events in humans. Alternatively, a review might
address whether a particular antiplatelet agent, such as aspirin, is effective in decreasing
the risks of a particular thrombotic event, stroke, in elderly persons with a previous
history of stroke. As another example, separate reviews might be done to investigate the
effectiveness of antibiotics to treat respiratory tract infections in young children and
adults.

Determining the scope of a review question is a decision dependent upon multiple factors
including perspectives regarding a question's relevance and potential impact; supporting
theoretical, biologic and epidemiological information; the potential generalisability and
validity of answers to the questions; and available resources.

There are several advantages and disadvantages to initially asking broad or narrow
questions. Narrowly focused reviews may not be generalisable to multiple settings,
populations and formulations of an intervention. They can also result in spurious or biased
conclusions in the same way that subgroup analyses sometimes do (see section 8.7). For
example, a review of the effectiveness of aspirin for preventing strokes in women could
lead to a false conclusion that aspirin was not effective in women when in truth there were
not enough data to detect any significant difference in effect between men and women. A
narrow focus is at high risk of resulting in biased conclusions when the reviewer is
familiar with the literature in an area and narrows the inclusion criteria in such a way that
one or more studies with results that are in conflict with the reviewer's beliefs are
excluded. There is also a danger that the known results of a series of studies of a class of
interventions might influence the choice of a specific intervention from this class for a
narrow review.

The validity of very broadly defined reviews may be criticised for mixing apples and
oranges, particularly when there is good biologic or sociological evidence to suggest that
various formulations of an intervention behave very differently or that various definitions
of the condition of interest are associated with markedly different effects of the
intervention. It is fine to mix apples and oranges, if your question is about fruit, but not if
your question is about vitamin C and you know that apples and oranges are different with
respect to vitamin C.
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Searches for data relevant to broad questions may be more time-consuming and more
expensive than searches relevant to narrowly defined questions. As broad questions may
be addressed by large sets of heterogeneous studies, the synthesis and interpretation of
data may be particularly challenging. Broadly focused reviews can also become unwieldy
to present, maintain and understand.

One option that has been found useful is to build a broadly focused review on the basis of
a series of more narrowly focused reviews. For example, healthcare providers and
pregnant women who want to quit smoking are likely to want to know which smoking
cessation strategy to use - a broad question. A review that helps them to answer this
question could be built upon a series of more focused reviews that ask what the
effectiveness of a specific strategy, such as behaviour modification, is. Whether it makes
most sense to start with narrower questions and build up to a broader question, or to start
with a broad question and then divide it into a number of smaller questions depends on the
nature of the problem (e.g. how complex it is, how well understood it is, how much
research is available) and the particular circumstances of the reviewers and their CRG
(e.g. how well developed their specialised register is, the availability of resources, time
and interest).

4.6 Changing questions

While questions should be posed in the protocol before initiating the full review, these
questions should not become a straightjacket that prevents exploration of unexpected
issues (NHS CRD 1996). Reviews are analyses of existing data that are constrained by
previously chosen study populations, settings, intervention formulations, outcome
measures and study designs. It is generally not possible to formulate an answerable
question for a review without knowing some of the studies relevant to the question, and it
may become clear that the questions a review addresses need to be modified in light of
evidence accumulated in the process of conducting the review.

Although a certain fluidity and refinement of questions is to be expected in reviews as one
gains a fuller understanding of the problem, it is important to guard against bias in
modifying questions. Post-hoc questions are more susceptible to bias than those asked a
priori, and data-driven questions can generate false conclusions based on spurious results.
Any changes to the protocol that result from revising the question for the review should
be documented. When refining questions it is useful to ask the following questions:

e What is the motivation for the refinement?

e Was it made after you had seen and been influenced by results from a particular study
or was it simply that you had not initially considered alternate but acceptable ways of
defining the participants, interventions or outcomes of interest?

e Are your search strategies appropriate for the refined question (especially any that
have already been undertaken)?

e Is your data collection tailored to the refined question?
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5. LOCATING AND SELECTING STUDIES FOR
REVIEWS

Systematic reviews of the effects of health care interventions generally focus on reports
from randomized controlled trials (RCTSs), when such data are available, because of the
general acceptance that this study design will lead to the most reliable estimates of effects.
A comprehensive search for relevant RCTs, which seeks to minimize bias, is one of the
essential steps in doing a systematic review, and one of the factors that distinguishes a
systematic review from a traditional review.

A ‘quick and dirty’ search of, for example MEDLINE, is generally not considered
adequate. Studies have shown that only 30 - 80% of all known published RCTs were
identifiable using MEDLINE (depending on the area or specific question) (Dickersin
1994). Even if relevant records are in MEDLINE it can be difficult to retrieve them easily.
A comprehensive search is important not only for ensuring that as many studies as
possible are identified but also to minimize selection bias for those that are found. Relying
exclusively on a MEDLINE search may retrieve a set of reports unrepresentative of all
reports that would have been identified through a comprehensive search of several
sources. For example, the majority of the journals indexed in MEDLINE are published in
English. If studies showing an intervention to be effective are more likely to be published
in English, then any summary of only the English language reports retrieved through a
MEDLINE search may result in an overestimate of effectiveness due to a language bias
(Gregoire 1995; Moher 1996; Egger 1997; Juni 2002). In addition, the results of many
studies are never published, and most of these probably remain unknown. If studies
showing an intervention to be effective are more likely to be published, then any summary
of only the published reports may result in an overestimate of effectiveness due to a
publication bias (Simes 1986; Dickersin 1987; Simes 1987; Begg 1988; Hetherington
1989; Easterbrook 1991; Dickersin 1993; Song 2000).

This section contains information about locating and selecting studies for systematic
reviews. The first section describes some of the sources and approaches that can be used.
The second section provides guidance on developing and documenting search strategies
and organizing the records retrieved.

5.1 Searching for studies

5.1.1 Electronic databases

A search for relevant studies generally begins with health-related electronic bibliographic
databases. Searches of electronic databases are generally the easiest and least time-
consuming way to identify an initial set of relevant reports. Some electronic bibliographic
databases, such as MEDLINE and EMBASE, include abstracts for the majority of recent
records. Often a searcher can determine an article’s relevance to a review based on the
abstract, and can thereby avoid retrieving the full journal article, if the reported study is
clearly not eligible for inclusion. Another advantage of these databases is that they can be
searched electronically, for either words in the title and abstract, or using standardized
subject related indexing terms that have been assigned to the record. For example, the
MEDLINE indexing term RANDOMIZED-CONTROLLED-TRIAL (Publication Type)
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was introduced in 1991 and allows a user to search for articles describing individual
randomized trials.

Hundreds of electronic bibliographic databases exist. Some databases, such as
MEDLINE/PubMed and EMBASE, cover all areas of health care and index journals
published from around the world. Other databases, such as the Australasian Medical
Index, the Chinese Biomedical Literature Database, the Latin American Caribbean Health
Sciences Literature (LILACS), and the Japan Information Centre of Science and
Technology File on Science, Technology and Medicine (JICST-E) index journals
published in specific regions of the world. Others, such as the Cumulative Index of
Nursing and Allied Health (CINAHL) and AIDSLINE, focus on specific areas of health.
The Cochrane Collaboration has been developing an electronic database of reports of
controlled trials (“CENTRAL”) that is now the best single source of information about
records that relate to studies, which might be eligible for inclusion in Cochrane Reviews
(Dickersin 2002). Details of other databases that might contain eligible records are
available in the Gale Directory of Online, Portable and Internet databases
(http://www.dialog.com). The three electronic bibliographic databases generally
considered as the richest sources of trials - MEDLINE, EMBASE, and CENTRAL - are
described in more detail below.

5.1.1.1 MEDLINE and EMBASE

Index Medicus (published by the US National Library of Medicine (NLM)) and Excerpta
Medica (published by Elsevier) are indexes of healthcare journals that are available in
electronic form as MEDLINE and EMBASE, respectively. MEDLINE indexes about
4600 journals from the United States and 70 other countries, and in February 2002
contained over 11 million records from 1966 forward. (Some pre-1966 records have been
added recently.) PubMed is a free, online MEDLINE database that also includes up-to-
date citations not yet indexed (http://www.ncbi.nlm.nih.gov). EMBASE, which is often
considered the European counterpart to MEDLINE, indexes nearly 4000 journals from
over 70 countries and, in May 2002, contained approximately 9 million citations.

The overlap in journals covered by MEDLINE and EMBASE has been estimated to be
approximately 34% (Smith 1992). The actual degree of reference overlap depends on the
topic, with reported overlap values in particular areas ranging from 10% to 75% (Kleijnen
1992; Odaka 1992; Smith 1992; Rovers 1993; Ramos-Remus 1994). Studies comparing
searches of the two databases have generally concluded that a comprehensive search
requires that both databases be searched. Although MEDLINE and EMBASE searches
tend not to identify the same sets of references, they have been found to return similar
numbers of relevant references.

MEDLINE and EMBASE can be searched using standardized subject terms assigned by
indexers employed by the publishing organization. Standardized subject terms (as part of
a “controlled vocabulary”) are useful because they provide a way of retrieving articles
that may use different words to describe the same concept and because they provide
information beyond what is simply contained in the words of the title and abstract. Using
the appropriate standardized subject terms, a simple search strategy can quickly identify
articles pertinent to the topic of interest. This approach works well if the goal is to identify
a few good articles on a topic or to identify one particular article. However, when
searching for studies for a systematic review the precision with which subject terms are
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applied to references should be viewed with healthy skepticism. Authors may not describe
their methods or objectives well, indexers are not always expert in the subject area of the
article that they are indexing, and indexers make mistakes, like all people. In addition, the
available indexing terms might not correspond to the terms the searcher wishes to use.
The controlled vocabulary search terms for MEDLINE and EMBASE are not identical.
Search strategies need to be customized for each database. One way to begin to identify
controlled vocabulary terms for a particular database is to retrieve articles from that
database, which meet the inclusion criteria for the review and to note common text words
and the terms the indexers had applied to the articles, which could then be used for a full
search.

Assuming that search results from each database are of approximately equal value, the
choice of which to search first may often be a matter of cost, with MEDLINE typically
being the less costly option. As noted earlier, PubMed provides free online access to
MEDLINE. Other NLM databases, including AIDSLINE, and HealthSTAR are being
phased out and their unique journal citations are migrating to PubMed. PubMed also
provides links to full-text versions of articles on other publishers’ web sites. A particularly
useful feature of PubMed is that a list of ‘Related articles’ can be obtained for each
relevant record identified. The NLM is developing a new database, called the Gateway,
which allows users to search PubMed and multiple other NLM retrieval systems
simultaneously. The current Gateway (http://gateway.nlm.nih.gov/gw/Cmd) searches
PubMED, OLDMEDLINE, LOCATORplus, MEDLINEplus, DIRLINE, AIDS Meetings,
Health Services Research Meetings, Space Life Sciences Meetings, and HSRProj.

5.1.1.2 The Cochrane Central Register of Controlled Trials (CENTRAL)

The Cochrane Central Register of Controlled Trials (CENTRAL) serves as the most
comprehensive source of records related to controlled trials. As of January 2003,
CENTRAL contained just over 350,000 citations to reports of trials and other studies
potentially relevant to Cochrane Reviews. CENTRAL includes citations to reports of
controlled trials that might not indexed in MEDLINE, EMBASE or other bibliographic
databases; citations published in many languages; and citations that are available only in
conference proceedings or other sources that are difficult to access (Dickersin 2002).
Guidance on searching CENTRAL has been prepared as part of the CENTRAL
Management Plan (http://www.cochrane.us/manage.htm). Many of the records in
CENTRAL have been identified through systematic searches of MEDLINE and
EMBASE, as described in the paragraph below.

The US Cochrane Center (as the former New England Cochrane Center, Providence
Office) and the UK Cochrane Centre have searched MEDLINE for publication years
1966-2000 using phases 1 and 2 of the Cochrane highly sensitive search strategy
(Appendix 5b) (Dickersin 1994). Each year, the US Cochrane Center updates this
searching of MEDLINE. Hundreds of thousands of records have been retrieved and
reviewed to date. If, on the basis of their title and abstract, the retrieved citations were
judged to meet the Cochrane definitions for reports of randomized controlled trials
(RCTs) and controlled clinical trials (CCTs), they have been assigned the Publication
Type RANDOMIZED CONTROLLED TRIAL or CONTROLLED CLINCIAL TRIAL
in MEDLINE and also included in CENTRAL (with the permission of the NLM) (see
Appendix 5a.1 for Cochrane and Appendix 5a.2 for NLM definitions of RCT and CCT).
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Similarly, in an ongoing project, the UK Cochrane Centre is retrieving records from
EMBASE, checking their titles and abstracts and submitting these for inclusion in
CENTRAL when appropriate (with the permission of Elsevier). A search of EMBASE
using five free text terms (ie, random™*, crossover™, cross-over*, factorial*, and placebo*),
and covering the years 1974-1999, was run in 1999 to identify reports of trials. The results
of this search are published in each quarterly release of CENTRAL. Additional searching
of EMBASE began in December 2000, and this stage of the project includes searching
using additional free text terms and EMBASE (EMTREE) thesaurus terms (Dickersin
2002).

Other general healthcare databases published in Australia, China, and Brazil are
undergoing similar systematic searches to identify reports of trials for CENTRAL. The
Australasian Cochrane Centre is coordinating the search of the National Library of
Australia’s Australasian Medical Index; the Chinese Cochrane Centre is coordinating the
search of the Chinese Biomedical Literature Database; and the Brazilian Cochrane Centre
is coordinating the search of the Pan American Health Organization’s database LILACS
(Latin American Caribbean Health Sciences Literature).

Each Collaborative Review Group (CRG) is responsible for the development of a subject
specific specialized register of trials, which serves to ensure that individual reviewers
within the CRG have easy and reliable access to the maximum possible number of studies
relevant to their review topic. Typically, the editorial team will assume at least some, if
not all, responsibility for examining new studies and forwarding them to appropriate
reviewers. CRGs use all the methods described in this chapter to identify trials for their
specialized registers, with the exception of generalized searches of MEDLINE and
EMBASE, which, as described above, are performed by the US Cochrane Center and the
United Kingdom Cochrane Centre. Many CRGs also have systems to ensure that reports
identified by reviewers for their review(s) are contributed to the CRG’s specialized
register. The registers should, in turn, be submitted for inclusion in CENTRAL. Thus,
records included in the specialized register of one CRG become accessible to all other
CRGs through CENTRAL.

More detailed information about the development and contents of CENTRAL is included
in a recent article (Dickersin 2002) and The Cochrane Library help file for CENTRAL.

5.1.1.3 SciSearch

SciSearch is an electronic database that lists published “source” articles from 4500 major
scientific and technical journals and the articles that cite them. SciSearch can be used to
identify studies for a review by identifying in the database a known relevant source
article, and checking each of the articles citing the source article, to see if it is also
relevant to the review. It is a way of searching forward in time from the publication of an
important article. SciSearch also includes reference lists for records it indexes.

5.1.2 Handsearching

Handsearching involves a manual page-by-page examination of the entire contents of a
journal issue to identify all eligible reports of trials, whether they appear in articles,
abstracts, news columns, editorials, letters or other text. Handsearching health care
journals is a necessary adjunct to searching electronic databases for at least two reasons:
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1) not all trial reports are included on electronic bibliographic databases, and 2) even
when they are included, they may not be indexed with terms that allow them to be easily
identified as trials. Each journal year should be handsearched thoroughly and competently
by a well-trained handsearcher for all reports of trials so that once a journal year has been
handsearched, it will not need to be searched again. A recent study has found that a
combination of handsearching and electronic searching is necessary for full identification
of relevant reports published in journals that are indexed in MEDLINE, especially for
articles published before 1991 when the NLM system for indexing trial reports was not as
well developed as it is today and for those articles that are in parts of journals (such as
supplements and correspondence) which are not indexed in MEDLINE (Hopewell 2002).

To facilitate the identification of all published trials the Cochrane Collaboration has
organized extensive handsearching efforts. Overall coordination of the Collaboration’s
handsearch of the world’s medical literature is managed by the US Cochrane Center,
which oversees prospective registration of all potential handsearching on the Master List
of Journals being Searched (http://www.cochrane.us/cochranemainpage.asp). Almost
2200 journals have been, or are being, searched within the Collaboration, and are included
in the Master List. “Stand-alone” conference proceedings being searched are also
included. The Master List enables search progress to be recorded and monitored for each
title and also serves to prevent the duplication of effort that might otherwise arise if
journals or conference proceedings in overlapping specialties were to be searched by more
than one group or individual.

Cochrane entities and reviewers can prioritize handseaching based on where they expect
to identify the most trial reports. This prioritization can be informed by searching
CENTRAL, MEDLINE, and EMBASE in a topic area and identifying which journals
appear to be associated with the most retrieved citations. Preliminary evidence suggests
that most of the journals with a high yield of trial reports are indexed in MEDLIINE
(Dickersin 2002), but this may reflect the fact that Cochrane contributors have
concentrated early efforts on searching these journals.

Conference proceedings are important to handsearch because individual conference.
These abstracts are not included on MEDLINE and are not usually included in other
databases. Abstracts and other grey literature have been shown to be sources of
approximately 10% of the studies referenced in Cochrane Reviews (Mallett 2002). Over
one-half of trials reported in conference abstract never reach full publication, and those
that are eventually published in full have been shown to be systematically different than
those that are never published in full (Scherer 2003). In addition, grey literature in general
has been found to be more likely than health care journals to contain ‘negative’ reports
(McAuley 2000). Thus, failure to identify trials reported in conference proceedings might
affect the results or threaten the validity of a systematic review.

Reviewers who wish to handsearch journals or conference proceedings to identify reports
of studies for their review should first consult with the editorial based of their CRG. The
CRG’s Trials Search Coordinator/Review Group Coordinator can determine whether the
journal or conference proceedings has already been searched, and, if it has not, the
Coordinator can register the search on the Master List and provide training in
handsearching. Training material is available on the US Cochrane Center web site
(http://www.cochrane.us/hsmain.htm) All correspondence regarding the initiation of a
journal search, progress of a journal search, status of a search etc needs to be between
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staff at the US Cochrane Center and the Trials Search Coordinator/Review Group
Coordinator.

5.1.3 Checking reference lists

Reviewers should check the reference lists of articles obtained (including those from
previously published systematic reviews) to identify relevant reports. The process of
following up references from one article to another is generally an efficient means of
identifying studies for possible inclusion in a review. Because investigators may
selectively cite studies with positive results (Gotzsche 1987; Ravnskov 1992), reference
lists should never be used as a sole approach to identifying reports for a review, but rather
as an adjunct to other approaches.

5.1.4 Checking other reviews

Some of the most convenient and obvious sources of references to potentially relevant
studies are existing reviews. Copies of previously published reviews on the topic of
interest should be obtained and checked for references to the original studies. As well as
the Cochrane Database of Systematic Reviews, The Cochrane Library includes the
Database of Abstracts of Reviews of Effects (DARE) a database produced by the NHS
Centre for Reviews and Dissemination in York, UK, that provides information on
previously published reviews of the effects of healthcare. MEDLINE, EMBASE and other
bibliographic databases can also be used to identify review articles. In MEDLINE, the
most appropriate review articles would be indexed under the Publication Type terms
META-ANALYSIS and REVIEW, ACADEMIC. Search strategies have been developed
to enhance identification of these types of publication (Boynton 1998).

5.1.5 Print versions of electronic databases

While MEDLINE and EMBASE include citations from 1966 and 1974 to the present,
respectively, Index Medicus and Excerpta Medica, the print versions of these databases,
include citations from 1879 and 1948, respectively. Searching the earlier printed subject
indexes may be worthwhile, especially if there is reason to believe that there were early
studies of the intervention being reviewed.

Science Citation Index is the print version of SciSearch (see Section 5.1.1.3) and is used
for the same general purpose, i.e. for listings of where a published article was
subsequently cited. Science Citation Index is more comprehensive than SciSearch, which
began in 1974.

5.1.6 Identifying unpublished studies

Some completed studies are never published. If it could be assumed that unpublished
studies of a given intervention were comparable to published studies on the same
intervention, the failure to identify unpublished results would not be an important threat to
the validity of a systematic review. However, an association between significant results
and publication has been documented across a number of studies (Dickersin 1997).
Finding out about unpublished studies, and including them in a systematic review, when
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eligible, may be important to minimizing bias. Unfortunately, there is no easy way to
obtain information about studies that have been completed but never published.

Colleagues can be an important source of information about unpublished studies, and
informal channels of communication can sometimes be the only means of identifying
unpublished data. Formal letters of request for information can also be used to identify
completed but unpublished studies. One way of doing this is to send a comprehensive list
of relevant articles along with the inclusion criteria for the review to the first author of
reports for included studies, asking if they know of any additional studies (published or
unpublished) that might be relevant. It may also be desirable to send the same letter to
other experts and pharmaceutical companies or others with an interest in the area.
However, it should be borne in mind that asking researchers for information about
completed but never published studies has not typically been fruitful (Hetherington 1989;
Horton 1997).

Identifying ongoing studies may also be important so that when a review is later updated,
these can be assessed for possible inclusion. Unfortunately no single, central register of
ongoing randomized trials currently exists and instead there are hundreds of distinct,
predominantly online registers that vary widely in content, quality, and accessibility.
These may have limited use as a means of identifying studies relevant to systematic
reviews. Various efforts have been made by independent groups to begin to provide
central access to ongoing trials, mostly through web sites that provide links to hundreds of
registers of ongoing clinical trials. Two such examples are TrialsCentral™
(www.trialscentral.org) and Current Controlled Trials (www.controlled-trials.com).
Current Controlled Trials also has a searchable database of information about thousands
of ongoing and completed trials, including those registered on ClinicalTrials.gov.

5.1.7 Evidence on adverse effects

The first sources to investigate for information on adverse effects are reports from trials or
other studies included in the systematic review. Excluded reports might also provide some
useful information.

There are a number of sources of information on adverse effects of drugs, including
Current Problems produced by the UK Medicines Control Agency
(http://www.open.gov.uk/mca), MedWatch produced by the US Food and Drug
Administration, and the Australian Adverse Drug Reactions Bulletin
(http://www.health.gov.au/). Other regulatory authorities and the drug manufacturer may
also be able to provide some information. Information on adverse effects might also be
sought from other types of studies than those considered appropriate for the systematic
review (e.g. cohort and case-control studies, uncontrolled trials, case series and case
reports). However, all such studies and reports are subject to bias to a greater extent than
randomized trials, and findings must be interpreted with caution.
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5.2 Developing and documenting a search strategy for studies
and organizing search results

5.2.1 Developing a search strategy

The ultimate goal in developing a specialized register for a CRG is that it can serve as an
all-inclusive source of reports relevant to the CRG’s scope and topic area, such that a
relatively simple search using some key words related to the intervention could be run
against the specialized register to identify all relevant studies. Most CRG specialized
registers have not yet reached this point of comprehensiveness. Nevertheless, for many
CRGs, the specialized register is still the best available source of studies for a given
review. Different CRGs have different systems of ensuring reviewers have access to
reports included in their specialized registers. Many Trials Search Coordinators/Review
Group Coordinators search their CRG’s specialized register for reviewers on request.
Specialized registers can also be searched through CENTRAL, which contains a recent
version of the registers for most CRGs.

It is always necessary to strike a balance between comprehensiveness and precision when
developing a search strategy. Increasing the comprehensiveness of a search entails
reducing its precision and retrieving more non-relevant articles. Developing a search
strategy is an iterative process in which the terms that are used are modified, based on
what has already been retrieved. There are diminishing returns for search efforts; after a
certain stage, each additional unit of time invested in searching returns fewer references
that are relevant to the review. Consequently there comes a point where the rewards of
further searching may not be worth the effort required to identify the additional
references. The decision as to how much to invest in the search process depends on the
question a review addresses, the extent to which the CRG's specialised register is
developed, and the resources that are available.

It is a good idea to search other electronic bibliographic databases regardless of whether
CENTRAL or a CRG’s specialized register is searched. If reviewers wish to conduct their
own additional searches, information specialists with expertise in electronic searching
should be sought to design and run the search strategy. The assistance of an information
specialist should help to avoid many errors, and ensure that database-specific search term
syntax will be appropriate and that advanced searching techniques (e.g. ‘exploding’
controlled vocabulary terms) can be employed where available. If information specialists
are involved in developing the search strategy, they should be made aware of the greater
importance of high recall (i.e. sensitivity) as compared to precision in searching for
studies for systematic reviews. Ideally, reviewers should be present when the search is
done. There are often costs associated with searching each database and with each record
that is downloaded. Therefore, judgments about what to download often need to be made
while the search is being done. The exact search performed and material retrieved for
each search should be recorded in the Search Strategies for Identification of Studies
section of the Cochrane review.

An electronic search strategy should generally have three sets of terms: 1) terms to search
for the health condition of interest; 2) terms to search for the intervention(s) evaluated;
and 3) terms to search for the types of study design to be included (typically randomized
trials). The exception to this is CENTRAL, which aims to contain only reports with study

39
This is an archived version of the Handbook.
For the current version, please go to cochrane.org/handbook



This is an archived version of the Handbook.

For the current version, please go to cochrane.org/handbook
Cochrane Reviewers’ Handbook 4.2.1

designs possibly relevant for inclusion in Cochrane Reviews, so searches of CENTRAL
should be based on health condition and intervention only. A good approach to
developing an electronic search strategy is to begin with multiple terms that describe the
health condition of interest and join these together with the Boolean 'OR' operator. This
means you will retrieve articles containing at least one of these search terms. You can do
likewise for a second set of terms related to the intervention(s) and for a third set of terms
related to the appropriate study design. These three sets of terms can then be joined
together with the ‘AND’ operator. This final step of joining the three sets with the ‘AND’
operator limits the retrieved set to articles of the appropriate study design that address
both the health condition of interest and the intervention(s) to be evaluated. A note of
caution about this approach is warranted however: if an article does not contain at least
one term from each of the three sets, it will not be identified. For example, if an index
term has not been added to the record for the intervention or the intervention is not
mentioned in the title and abstract, the article would be missed. A possible remedy is to
omit one of the three sets of terms and decide which records to check on the basis of the
number retrieved and the time available to check them.

No language restrictions should be included in the search strategy. Date restrictions
should be applied only if it is known for certain that relevant studies could only have been
reported during a specific time period.

A Trials Search Coordinators or information specialist can often be helpful in suggesting
terms for the health condition and intervention. In general, both controlled vocabulary
terms and text words (i.e. those found in the title or abstract) should be used. You should
assume that earlier articles are harder to identify. For example, abstracts are not included
in MEDLINE for most articles published before 1976 and, so, text word searches will
only apply to titles. In addition, few MEDLINE indexing terms relating to study design
were available before the 1990s. In designing a search strategy, it may be helpful to look
at published papers on the same topic and check the controlled vocabulary terms and text
words. Although a research question may address particular populations, settings or
outcomes, these concepts are often not well indexed with controlled vocabulary terms and
generally do not lend themselves well to searching.

The Cochrane highly sensitive search strategy for MEDLINE (Dickersin 1994; Robinson
2002) was developed specifically with the needs of Cochrane reviews in mind. The
earliest version of this search strategy was developed in 1994 and subsequent versions
have been developed, each with a different syntax, specific to the version of MEDLINE
being searched (e.g. Silver Platter MEDLINE, OVID MEDLINE, PubMed) (Appendix
5b).

As noted in Section 5.1.1.2, the first two phases of the strategy have already been applied
to search MEDLINE for all years from 1966 to 2000. Records resulting from the search
were downloaded, printed out, and classified as definite or possible randomized or quasi-
randomized trials, or not using the information in the title and abstract. If no abstract was
available, the decision was based on the title alone. Because identification relied solely on
the titles and, where available, the abstracts, some relevant articles may not have been
identified. Therefore, it may still be worthwhile for reviewers to search MEDLINE using
the Cochrane highly sensitive search strategy and to obtain and check the full reports of
possibly relevant citations.
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None of the terms from phase 3 of the Cochrane highly sensitive search strategy were
used for generalized searching for controlled trial reports on MEDLINE noted above
because of a pilot assessment which showed an unfavorable ratio of effort and expense to
results (Clarke 1999).

CRGs typically use phases 1-3 of the Cochrane highly sensitive search strategy plus
subject matter terms (using the Boolean “AND”) for searching MEDLINE. In developing
a search strategy for other electronic bibliographic databases, the terms used to identify
trials would generally be similar or the same as terms from the Cochrane highly sensitive
search strategy. If an information specialist is assisting with developing a search strategy,
she should be made aware of the Cochrane highly sensitive search strategy and how it is
used.

5.2.2 Documenting a search strategy

5.2.2.1 Electronic databases

The search strategy for electronic databases should be described in sufficient detail in a
review that the process could be replicated. The following information should be included
for each electronic bibliographic database each time it is searched, including CENTRAL
and specialized registers:

Title of database searched (e.g. MEDLINE)

Name of the host (e.g. Silver Platter version 2.0)

Date search was run (month, day, year)

Years covered by the search

Complete search strategy used, including all search terms (preferably cut and

pasted rather than retyped)

e One or two sentence summary of the search strategy indicating which lines of the
search strategy were used to identify records related to the health condition and
intervention, and which lines were used to identify studies of the appropriate
design

e The absence of any language restrictions

A description of a search strategy for electronic databases is included as Appendix 5c.

5.2.2.2 Journal Handsearching

Any journal years searched specifically for the review should be listed in the Search
Strategies for Identification of Studies section of the review, by journal title, in
alphabetical order. Ideally the full titles should be used for the journals. The months and
years searched should be stated.

Example: British Journal of Surgery January 1948 - December 1998

5.2.2.3 Conference Proceedings

Details of the conference proceedings searched for the review should be provided as
follows:

Proceedings with a title in addition to the conference name:
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Child abuse and neglect: a medical community response. 1st AMA National
Conference on Child Abuse and Neglect; 1984 Mar 30-31; Chicago.

Proceedings without a separate title:
Symposium on Nasal Polyp; 1984 Oct 5-6; Tokyo.

Proceedings in a language other than English:
Patologia de cancer de higado. Primera Reunion Germano-Espanola de Anatomia
Patologica [Pathology of liver cancer. 1%t German-Spanish Meeting on
Pathological Anatomy]; 1988 Sep 23-25; Granada, Spain.

Proceedings also published as part of a journal:
Symposium on Vaccination against Hepatitis B; 1990 Sep 9; Goteburg, Sweden.
(Scandinavian Journal of Infectious Diseases.1991 Supplement; 38).

Note whether the printed proceedings were handsearched or an electronic database was
searched.

5.2.2.4 Efforts to identify unpublished studies

Provide a brief summary including databases searched (e.g. SIGLE, National Research
Register, HSRProj), giving database details as described in 5.2.2.1. Include also efforts to
contact investigators for information about unpublished studies.

5.2.2.5 Other sources

Provide a brief summary of other sources searched (e.g. bibliographies, reference lists and
web sites) specifically for the review, giving details of date searched, search terms used,
and web sites if relevant.

The search strategies used to develop the specialized register of a CRG are described in
their module and should not be reported in the text of Cochrane reviews, but it is helpful
to include details of the strategy used to search the specialized register.

5.2.3 Selecting studies

It is generally for reviewers to decide which study design(s) to include in their review.
Most Cochrane reviews include only randomized or quasi-randomized trials (Appendix
5a). Some reviews are more restrictive, and include only randomized trials, while others
are less restrictive, and include other study designs as well, particularly when few
randomized trials addressing the topic of the review are identified. For example, many of
the reviews from the Cochrane Effective Practice and Organization of Care (EPOC)
Collaborative Review Group include before-and-after studies and interrupted time series
in addition to randomized and quasi-randomized trials.

The process by which studies will be selected for inclusion in a review should be
described in the review protocol. The selection of studies for consideration for inclusion
in a review is a process that involves several stages. The first stage of checking the results
of an electronic search involves assessing titles and abstracts to determine whether each
article might meet predetermined eligibility criteria. Reviewers must decide if more than
one of them will assess the records retrieved by electronic databases. There is evidence
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that using at least two reviewers has an important effect on reducing the possibility that
relevant reports will be discarded (Edwards 2002). If, given the information available, it
can be determined that an article definitely does not meet inclusion criteria, it can be
rejected. If the title or abstract leave room for doubt that the article cannot definitely be
rejected, the full text of the article should be obtained. Reading the full text may lead the
reviewers to exclude the study because it does not meet inclusion criteria. If the article is
not rejected, information from it may then be formally extracted as described in Section 7.
At all but the last stage of the selection process it is important to err on the side of over-
inclusion because once a study has been excluded from the selection process it is unlikely
to be reconsidered. Articles about which there is some doubt which are included at one
stage can be excluded at a latter stage when more information becomes available.

All reports of studies that are identified as potentially eligible must be assessed to see
whether they meet the inclusion criteria for the review. Reviewers must decide:
e whether more than one reviewer will assess the relevance of each report
e whether the decisions concerning relevance will be made by content area experts,
non-experts, or both
e whether the people assessing the relevance of studies will know the names of the
authors, institutions, journal of publication and results when they apply the
inclusion criteria
¢ how disagreements will be handled if more than one reviewer applies the criteria
to each article

Decisions about which studies to include in a review often involve judgment. To help
ensure that these judgments are reproducible, it is desirable for more than one reviewer to
apply the inclusion criteria to all the potentially relevant reports that are retrieved.
However, the approach used varies from review to review. Whatever the case, the number
of people assessing the relevance of each report should be stated in the Methods section of
the review (if it is not stated in a description of the methods used by all of the reviewers in
a particular CRG).

Experts in a particular area frequently have pre-formed opinions that can bias their
assessments of both the relevance and validity of articles (Cooper 1989; Oxman 1993).
Thus, while it is important that at least one reviewer is knowledgeable in the area under
review, it may be an advantage to have a second reviewer who is not an expert in the area.

Some reviewers may decide that assessments of relevance should be made by people who
are blind or masked to the journal from which the article comes, the authors, the
institution, and the magnitude and direction of the results by editing copies of the articles
(Berlin 1997a; Berlin 1997b). However, this takes much time, and may not be warranted
given the resources required and the uncertain benefit in terms of protecting against bias
(Berlin 1997D).

Disagreements about whether a study should be included can generally be resolved by
discussion. Often the cause of disagreement is a simple oversight on the part of one of the
reviewers. When the disagreement is due to a difference in interpretation, the issue should
be resolved by consensus. Occasionally, it will not be possible to resolve disagreements
about whether to include a study without additional information. In these cases, reviewers
may choose to categorize the study in their review as one that is awaiting assessment until
the additional information is obtained.
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For most reviews it will be worthwhile to pilot test the inclusion criteria on a sample of
articles (say ten to twelve papers, including ones that are thought to be definitely eligible,
definitely not eligible and questionable). The pilot test can be used to refine and clarify
the inclusion criteria, train the people who will be applying them and ensure that the
criteria can be applied consistently by more than one person.

One approach to determining which studies to identify in the review as ‘excluded’ is to
list any studies about which it is plausible to expect that a reader would question why the
study was not included. This covers all studies that apparently meet the selection criteria
but have had to be excluded and also any that do not meet all of the criteria but are well
known, in the same general area as the review and likely to be thought relevant by some
readers. By listing such studies as excluded and giving the reason for exclusion, the
reviewer can show that consideration has been given to these studies.

5.2.4 Keeping track of identified studies

Specially designed reference management systems such as ProCite, Reference Manager,
and EndNote are useful and relatively easy to use to keep track of reports of studies.
ProCite is the most widely used package and the one for which support to editorial bases
is most widely available. It is also the preferred database for submitting controlled trials
and specialized registers to CENTRAL. ProCite eases the work of identifying duplicate
references. In addition, it facilitates storage of information about the methods and process
of a search. For example, separate unused fields in ProCite can be used to store 1) when
and from whom an article was ordered, and the date of article receipt; 2) reasons for
article exclusion; and 3) name of electronic bibliographic database source from which an
article was identified.

General database packages such as Access and FoxPro include powerful query
capabilities and lend themselves well to customisation, but require some programming
and database design skills to set up. An Access-based software (called ‘MeerKat') has
been developed by the UK Cochrane Centre, in association with Update Software, to
address the specific needs of CRGs in managing their specialised registers
(http://www.update-software.com/meerkat/). MeerKat allows for a specialized register to
be organized around studies, instead of the publications or reports generated from these
studies. Each study may have several associated reports. For example, a single
randomized trial may have reports that relate to plans for the trial, baseline characteristics
of the trial participants, initial results from the trial, and final results from the trial. In
MeerKat, each of these reports can be associated with the corresponding study. MeerKat
has also been designed specifically to facilitate the work of the Review Group
Coordinator/Trials Search Coordinator. For example, MeerKat can produce tables to
indicate which records have been assigned to a particular reviewer or topic, and which
records have been submitted to CENTRAL. MeerKat also allows complex database
searches, including wildcard searches, Boolean searches, and searches of only specific
fields. If adopted, MeerKat may ease the task of managing references within a CRG.

5.3 Summary

Conducting a comprehensive, objective, and reproducible search for studies can be the
most time-consuming and challenging task in preparing a systematic review. Yet it is also
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one of the most important. Identifying all relevant studies, and documenting the search for
studies with sufficient detail so that it can be reproduced is, after all, largely what
distinguishes a systematic review from a traditional narrative review. Although currently
it is necessary to search multiple sources to identify relevant published studies, it is
envisioned that CENTRAL will eventually become a comprehensive source for published
studies, thus reducing the searching burden for reviewers. Identifying ongoing studies,
however, will continue to remain a challenge until a comprehensive, searchable, ongoing
trials register is produced to track, organize, and disseminate reports for ongoing studies,
as CENTRAL doing for reports of studies that have been published (Lefebvre 2001).
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6. ASSESSMENT OF STUDY QUALITY

Quality assessment of individual studies that are summarised in systematic reviews is
necessary to limit bias in conducting the systematic review, gain insight into potential
comparisons, and guide interpretation of findings. Factors that warrant assessment are
those related to applicability of findings, validity of individual studies, and certain design
characteristics that affect interpretation of results. Applicability, which is also called
external validity or generalisability by some, is related to the definition of the key
components of well-formulated questions outlined in section 4. Specifically, whether a
review's findings are applicable to a particular population, intervention strategy or
outcome is dependent upon the studies selected for review, and on how the people,
interventions and outcomes of interest were defined by these studies and the reviewers.

Interpretation of results is dependent upon the validity of the included studies and other
characteristics. For example, a review may summarise twenty valid trials that evaluate the
effects of antiischemic agents on symptoms of chest pain in adults with prior myocardial
infarction. However, the trials may examine different preparations and doses of
antiischemic agents and may have varying durations. These latter issues would affect
interpretation though they may not be directly relevant to the internal validity of the trials.
Examples of how to abstract data related to applicability and design factors likely to affect
the interpretation are in section 7. The remainder of this section will focus on assessing
the validity of individual studies included in a systematic review. As most Cochrane
Reviews focus on randomised trials, it concentrates on how to appraise the validity from
these studies.

6.1 Validity

In the context of a systematic review, the validity of a study is the extent to which its
design and conduct are likely to prevent systematic errors, or bias (Moher 1995). An
important issue that should not be confused with validity is precision. Precision is a
measure of the likelihood of chance effects leading to random errors. It is reflected in the
confidence interval around the estimate of effect from each study and the weight given to
the results of each study when an overall estimate of effect or weighted average is
derived. More precise results are given more weight.

Variation in validity can explain variation in the results of the studies included in a
systematic review. More rigorous studies may be more likely to yield results that are
closer to the 'truth’. Quantitative analysis of results from studies of variable validity can
result in 'false positive' conclusions (erroneously concluding an intervention is effective)
if the less rigorous studies are biased toward overestimating an intervention's
effectiveness. They might also come to 'false negative' conclusions (erroneously
concluding no effect) if the less rigorous studies are biased towards underestimating an
intervention's effect (Detsky 1992).

It is important to systematically complete critical appraisal of all studies in a review even
if there is no variability in either the validity or results of the included studies. For
instance, the results may be consistent among studies but all the studies may be flawed. In
this case, the review's conclusions would not be as strong as if a series of rigorous studies
yielded consistent results about an intervention's effect.
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6.2 Sources of hias in trials of healthcare interventions

There are four sources of systematic bias in trials of the effects of healthcare: selection
bias, performance bias, attrition bias and detection bias (see figure below). Unfortunately,
we do not have strong empirical evidence of a relationship between trial outcomes and
specific criteria or sets of criteria used to assess the risk of these biases (Moher 1995,
Moher 1996b). There is, however, a logical basis for suspecting such relationships and
good reason to consider these four potential biases when assessing studies for a review
(Feinstein 1985).
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6.3 Selection bias

One of the most important factors that may lead to bias and distort treatment comparisons
is that which can result from the way that comparison groups are assembled (Kunz 1998).
Using an appropriate method for preventing foreknowledge of treatment assignment is
crucially important in trial design. When assessing a potential participant's eligibility for a
trial, those who are recruiting participants and the participants themselves should remain
unaware of the next assignment in the sequence until after the decision about eligibility
has been made. Then, after assignment has been revealed, they should not be able to alter
the assignment or the decision about eligibility. The ideal is for the process to be
impervious to any influence by the individuals making the allocation. This will be most
securely achieved if an assignment schedule generated using true randomisation is
administered by someone who is not responsible for recruiting subjects, such as someone
based in a central trial office or pharmacy. If such central randomisation cannot be
organised, then other precautions are required to prevent manipulation of the allocation
prosess by those involved in recruitment.

The process of concealing assignment until treatment has been allocated has sometimes
been referred to as 'randomisation blinding' (Chalmers 1983). This term does not clearly
distinguish concealed allocation from blinding of patients, providers, outcome evaluators
and analysts and is unsatisfactory for three reasons. First, the reason for concealing the
assignment schedule is to eliminate selection bias. In contrast, blinding (used after the
allocation of the intervention) reduces performance and detection biases. Second, from a
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practical standpoint, concealing allocation up to the point of assignment is always
possible, regardless of the study question, but blinding after allocation may be impossible,
as in trials comparing surgical with medical treatment. Third, control of selection bias is
relevant to the trial as a whole, and thus to all outcomes being compared. In contrast,
control of detection bias is often outcome-specific and may be accomplished successfully
for some outcomes in a study but not others. Thus, blinding up to allocation and blinding
after allocation are addressing different sources of bias, are inherently different in their
practicability and may apply to different components of a study. To clearly distinguish
these different forms and purposes of ‘blinding’, we will refer to the process of concealing
assignments as allocation concealment and reserve blinding for measures taken to reduce
bias after the intervention has been assigned.

Empirical research has shown that lack of adequate allocation concealment is associated
with bias (Chalmers 1983, Schulz 1995, Moher 1998a). Indeed, concealment has been
found to be more important in preventing bias than other components of allocation, such
as the generation of the allocation sequence (e.g., computer, random number table,
alternation). Thus, studies can be judged on the method of allocation concealment.
Information should be presented that provides some assurance that allocations were not
known until, at least, the point of allocation. The method for assigning participants to
interventions should be robust against patient and clinician bias and its description should
be clear. The following are some approaches that can be used to ensure adequate
concealment schemes.

e centralised (e.g. allocation by a central office unaware of subject characteristics) or
pharmacy-controlled randomisation

e pre-numbered or coded identical containers which are administered serially to
participants

e on-site computer system combined with allocations kept in a locked unreadable
computer file that can be accessed only after the characteristics of an enrolled
participant have been entered

¢ sequentially numbered, sealed, opaque envelopes

Other approaches may include approaches similar to ones listed above, along with
reassurance that the person who generated the allocation scheme did not administer it.
Some schemes may be innovative and not fit any of the approaches above, but still
provide adequate concealment.

Approaches to allocation concealment that should be considered clearly inadequate
include: alternation; the use of case record numbers, dates of birth or day of the week,
and any procedure that is entirely transparent before allocation, such as an open list of
random numbers. When studies do not report any concealment approach, adequacy should
be considered unclear. Examples include merely stating that a list or table was used, only
specifying that sealed envelopes were used and reporting an apparently adequate
concealment scheme in combination with other information that leads the reviewer to be
suspicious. When reviewers enter studies into RevMan they are required to indicate
whether allocation concealment was adequate (A), unclear (B), inadequate (C), or that
allocation concealment was not used (D) as a criterion to assess validity.
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6.4 Performance bias

Performance bias refers to systematic differences in the care provided to the participants
in the comparison groups other than the intervention under investigation. To protect
against unintended differences in care and placebo effects, those providing and receiving
care can be 'blinded' so that they do not know the group to which the recipients of care
have been allocated. Some research suggests that such blinding is important in protecting
against bias (Karlowski 1975, Colditz 1989, Schulz 1995). Studies have shown that
contamination (provision of the intervention to the control group) and cointervention
(provision of unintended additional care to either comparison group) can affect study
results (CCSG 1978, Sackett 1979b ). Furthermore, there is evidence that participants who
are aware of their assignment status report more symptoms, leading to biased results
(Karlowski 1975). For these reasons, reviewers may want to consider the use of ' blinding'
as a criterion for validity. This can be done with the following gquestions: Were the
recipients of care unaware of their assigned intervention? Were those providing care
unaware of the assigned intervention?

A third question addressing blinding and detection bias is often added: Were persons
responsible for assessing outcomes unaware of the assigned intervention? This addresses
detection bias, as noted below.

Reviewers working on topics where blinding is likely to be important may want to
develop specific criteria for judging the appropriateness of the method that was used for
blinding. In some areas it may be desirable to use the same criterion across reviews, in
which case a Collaborative Review Group (CRG) might want to agree to a standard
approach for assessing blinding (Chalmers 1989, Schulz 1995, Jadad 1996, Moher
1996b).

6.5 Attrition bias

Attrition bias refers to systematic differences between the comparison groups in the loss
of participants from the study. It has been called exclusion bias. It is called attrition bias
here to prevent confusion with pre-allocation exclusion and inclusion criteria for enrolling
participants. Because of inadequacies in reporting how losses of participants (e.g.
withdrawals, dropouts, protocol deviations) are handled, reviewers should be cautious
about implicit accounts of follow-up. The approach to handling losses has great potential
for biasing the results and reporting inadequacies cloud this problem. What is reported, or
more frequently implied, in study reports on attrition after allocation has not been found
to be consistently related to bias (Schulz 1995). Thus reviewers should be cautious about
using reported follow-up as a validity criterion, particularly when it is implied rather than
explicitly reported. This is a general recommendation, however, and may not apply to
certain topic areas that have higher quality reporting or where it is possible to obtain
missing information from investigators.

6.6 Detection bias

Detection bias refers to systematic differences between the comparison groups in outcome
assessment. Trials that blind the people who will assess outcomes to the intervention
allocation should logically be less likely to be biased than trials that do not. Blinding is
likely to be particularly important in research with subjective outcome measures such as
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pain (Karlowski 1975, Colditz 1989, Schulz 1995). However, at least two empirical
studies have failed to demonstrate a relationship between blinding of outcome assessment
and study results. This may be due to inadequacies in the reporting of studies (Reitman
1988).

Bias due to the selective reporting of results is different from bias in outcome assessment.
This source of bias may be important in areas where multiple outcome measures are used,
such as evaluations of treatments for rheumatoid arthritis (Gotzsche 1989). Therefore,
reviewers may want to consider specification of predefined primary outcomes and
analyses by the investigators as indicators of validity. Alternatively, selective reporting of
particular outcomes could be taken to suggest the need for better reporting and efforts by
reviewers to obtain missing data.

6.7 Approaches to summarising the validity of studies

6.7.1 Simple approaches

There are several ways to rate validity. One is to rate individual criteria as 'met’, 'unmet’,
or

‘unclear’ and to use individual criteria, such as adequacy of allocation concealment, in
sensitivity analyses (see section 8.10). However, if several explicit criteria are used to
assess validity, it is desirable to summarise these so as to derive an overall assessment of
how valid the results of each study are. A simple approach to doing this is to use three
categories such as the following:

Risk of bias Interpretation Relationship to individual criteria
A Low risk of bias Flausible bias unlikely to Al of the oriteria met

serigusly alter the results
B. Moderate risk of bias | Plausible bias that raises some | Une or maore criteria partly met
doubt about the results
. High risk of bias Flausible bias that seriously One or more criteria not met
weakens confidence inthe
results

The relationships suggested above will most likely be appropriate if only a few
assessment criteria are used and if all the criteria address only substantive, important
threats to the validity of study results. In general and when possible, reviewers should
obtain further information from the authors of a report when it is unclear whether a
criterion was met.

6.7.2 'Quality' scales and checklists

David Moher and his colleagues identified 25 scales and 9 checklists that have been used
to assess the validity and ‘quality’ of randomised controlled trials (Moher 1995, Moher
1996b). These scales and checklists include anywhere from 3 to 57 items and take from
10 to 45 minutes to complete. Almost all of the items in the instruments are based on
suggested or 'generally accepted' criteria that are mentioned in clinical trial textbooks.
Many of the instruments are liable to confuse the quality of reporting with the validity of
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the design and conduct of a trial. Moreover, scoring is based on whether something was
reported (such as how participants were allocated) rather than whether it was done
appropriately in the study. Many also contain items that are not directly related to validity,
such as whether a power calculation was done (an item that relates more to the precision
of the results) or whether the inclusion and exclusion criteria were clearly described (an
item that relates more to applicability than validity).

Because there is no 'gold standard' for the 'true’ validity of a trial, the possibility of
validating any proposed scoring system is limited. While it is possible to apply basic
principles of measurement to the development of a scale for assessing the validity of
randomised trials, the relationship between such a score and the degree to which a study is
free from bias is not obvious. None of the currently available scales for measuring the
validity or 'quality’ of trials can be recommended without reservation. If reviewers or
CRGs choose to use such a scale, it must be with caution.

Most of the available scales for assessing the validity of randomised controlled trials
derive a summary score by adding the scores (with or without differential weights) for
each item. While this approach offers appealing simplicity, it is not supported by
empirical evidence (Emerson 1990, Schulz 1995). Notably, scales with multiple items and
complex scoring systems take more time to complete than simple approaches. They have
not been shown to provide more reliable assessments of validity (Jini 1999). They may
carry a greater risk of confusing the quality of reporting with the validity of the study.
They are more likely to include criteria that do not directly measure internal validity, and
they are less likely to be transparent to users of the review. For these reasons, it is
preferable to use simple approaches for assessing validity that can be fully reported (i.e.
how each trial scored on each criterion).

6.8 Bias in non-experimental studies

The Non-randomised Studies Methods Group are preparing guidance on the use of non-
randomised studies in Cochrane Reviews (appendix 6). In the meantime, this section
describes some issues that should be considered in assessing the validity of non-
randomised studies. The logical reason for focusing on randomised controlled trials in
Cochrane Reviews is that randomisation is the only means of allocation that controls for
unknown and unmeasured confounders as well as those that are known and measured.
Differences between comparison groups in prognosis, responsiveness to treatment or
exposure to other factors that affect outcomes can distort the apparent magnitude of
effects of the intervention of interest. It is possible to control or adjust for confounders
that are known and measured in observational studies, such as case-control and cohort
studies. However, it is not possible to adjust for those factors that are not known to be
confounders or that were not measured. Unfortunately it can rarely, if ever, be assumed
that all important factors relevant to prognosis and responsiveness to treatment are known,
and for those that are known difficulties can arise in measuring and accounting for them
in analyses. Empirical evidence supports these logical concerns (Kunz 1995). Selection
bias can distort effects in either direction, causing them to appear either larger or smaller
than they are. It is generally not possible to predict the magnitude, and often not even the
direction of this bias in specific studies. However, on average, selection bias tends to
make treatment effects appear larger than they are and the size of these distortions can be
as large or larger than the size of the effects that are being measured (Kunz 1995).
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Despite these concerns, there is sometimes good reason to rely on observational studies
for information about the effects of healthcare interventions, and to include such studies in
Cochrane reviews. For example, well designed observational studies have provided useful
data regarding the effects of interventions such as mandatory use of helmets by
motorcyclists, screening for cervical cancer, dissemination of clinical practice guidelines
to change professional practice and rare adverse effects of medication.

Various criteria have been suggested to critically appraise the validity of observational
studies (Horwitz 1979, Feinstein 1982, Levine 1994, Bero 1999). In general, the same
four sources of bias noted above can be applied to other types of comparative studies, as
illustrated below:

gFource of bias Cohort studies Case-control studes
gelection bias Control for confounders Matching

FPerformance bias Measurement of exposure Measurement of exposure
Adtrition bigs Completeness of follow-up | Completeness of follow-up
Detection bias Blinding Case definition

Concerns about attrition bias are similar in randomised trials, cohort studies and case-
control studies and relate to the extent that all participants in a study are appropriately
accounted for in its results. Concerns about detection bias are also similar for cohort
studies, and are related to the case definition that is used in case-control studies (since
people are entered into such studies based on knowledge of the outcome of interest). The
major difference between randomised trials and observational studies has to do with
selection bias and the need to identify and account for potential confounders in
observational studies. To do this reviewers must make judgements about what
confounders are important and the extent to which these were appropriately measured and
controlled for. Assessing 'performance bias' is also more difficult in observational studies
since it is necessary to measure exposure to the intervention of interest and ensure that
there were not differences in the exposure of the comparison groups to other factors that
could affect outcomes. In addition to considerations of blinding, which are similar to
those in randomised trials, it is important to consider whether exposure was measured in a
similar and unbiased way in the groups being compared. So, for example, in addition to
concerns about bias due to confounders in cohort and case control studies of the effects of
post-menopausal hormone replacement therapy, investigators and reviewers must ensure
that use of hormones was measured in an unbiased way.

In summary, a great deal of judgement is necessary in assessing the validity of
observational studies. Judgement is also needed when the validity of randomised trials is
assessed, but the nature of observational studies makes them even more difficult to
critically appraise. This requires a thorough understanding of both the problem that is the
focus of the review and methodological considerations. Caution is needed.

6.9 Application of quality assessment criteria

Several basic decisions must be made regarding the assessment of studies, similar to those
made regarding the process of selecting studies (section 5.7). A prime consideration is the
number of reviewers. Should there be one or more than one? How many are necessary
and how many are too many? Will reviewers review the same articles to maximise
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reliability or mutually exclusive sets of reports to minimise workload? A concomitant
consideration is the backgrounds of the different reviewers and whether previous training
and experience in study design or critical appraisal will be required.

Conducting systematic reviews with multiple reviewers is a two-sided coin. On the one
hand it may limit bias, minimise errors and improve reliability of findings, but having
more than one creates the potential for disagreement among reviewers. When multiple
reviewers will be involved, there should be an explicit procedure or decision rule
identified a priori for identifying and resolving disagreement. As a general rule, we
recommend that at least two reviewers assess information that involves subjective
interpretation and information that is critical to the interpretation of results (e.g., outcome
data). Section 7 describes methods for reaching and monitoring consensus when more
than one reviewer is used.

Regardless of the number of reviewers, it is important to first test any assessment criteria
that are planned using a pilot sample of articles to ensure that the appraisal criteria can be
applied consistently. Three to six papers that span a range of low to high risk bias might
provide a suitable sample for this.

Should reviewers be especially trained in research methods, the content area of a review
or both? Although experts in content areas may have pre-formed opinions that can bias
their assessments (Oxman 1993b), they may nonetheless give more consistent
assessments of the validity of studies than persons without content expertise (Jadad 1996).
They may also have valuable insights that are different than those that someone with
methodological expertise alone would have. It would seem intuitively desirable to use
both content experts and non-experts and to ensure that both have an adequate
understanding of the relevant methodological issues.

Reviewers must also decide whether those assessing study validity will be blinded to the
names of the authors, institutions, journal and results of a study when they assess its
methods. Some empirical evidence suggests that blind assessment of reports might
produce lower and more consistent scores than open assessments (Jadad 1996). Other
empirical evidence suggests little benefits from blind assessments (Berlin 1997).
However, blinded assessments are very time consuming. Reviewers must weigh their
potential benefits against the costs involved when deciding whether or not to blind the
reviewers. Further research is underway comparing blind and open assessments of study
validity and these results may help guide this decision.

6.10 Incorporating assessments of study validity in reviews

There are several ways in which validity assessments can be used in a review:

as a threshold for inclusion of studies

as a possible explanation for differences in results between studies
in sensitivity analyses

as weights in statistical analysis of the study results

Failure to meet one or more validity criteria may indicate such a high risk of bias in some
reviews that it constitutes grounds for exclusion of those studies. For example, for highly
subjective outcomes such as pain, reviewers may decide to include only studies that
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prevent 'performance bias' by blinding participants. The decision about where to set the
cut point for inclusion can be conceptualised as existing on a continuum between ‘free
from bias' and ‘undoubtedly biased" as illustrated below:

“Free from hias”

inciuded fwariation in walidity
studies amona incuded studies)
cut -point - (e g. allrandomised controlled trials or all

double blind randomised controlled trials)

excluded
studies

“Undoubtedy biased”

If reviewers raise the methodological cut-point for including studies, there will be less
variation in validity among the included reports. Assessments of validity would then
categorise studies by the risk of bias within the range above the inclusion cut-point. With
a sufficiently high cut-point, any variation in validity among included studies may be too
small to be important.

There are several methods to examine whether validity may explain differences among
study results (Detsky 1992). Visual plots of the results arranged in order of their validity
can be used. A second approach is to analyse subgroups of studies above a
methodological cut-point, which should, preferably, be specified a priori, in the protocol
of the review. This approach can be used whether or not the study results are
heterogeneous, by doing a sensitivity analysis to determine if the overall results are the
same when only studies with little risk of bias are included in the analysis. A third
approach is to combine the results of each study sequentially in order of their assessed
validity (‘cumulative meta-analysis'), examining the impact on the overall results as trials
of decreasing validity are included (see section 8.11.6).

A fourth approach is to use statistical methods to weight studies according to their
assessed validity or to use 'meta-regression’ to explore the relationship between validity
and the magnitude of effect across studies (see section 8.8.1). Statistical methods for
combining the results of studies generally weight the influence of each study by the
inverse of the variance for the estimated measure of effect. In other words, studies with
more precise results (narrower confidence intervals) are given more weight. It is also
possible to weight studies according to validity so that more valid studies have more
influence on the summary result. The main objection to this approach is that there is no
empirical basis for determining how much weight to assign to different validity criteria or
for quantitatively relating differences on 'quality’ scales to differences in the risk of bias
between studies.

It is possible using RevMan 4.0 to order studies according to either adequacy of
concealment of allocation or 'user defined' assessments of validity. Subgroup analyses
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based on assessments of validity can be done, although a test of statistical significance of
differences between subgroups of studies has not been implemented. RevMan does not
include an option for weighting studies by methodological validity and meta-regression is
not possible using RevMan 4.0.

6.11 Limitations of quality assessment

There are two major difficulties with assessing the validity of studies. The first is
inadequate reporting of trials (SORT 1994, Schulz 1994, WGRR 1994, Begg 1996). It is
possible to assume if something was not reported it was not done. However, this is not
necessarily correct. Reviewers should attempt to obtain additional data from investigators
as necessary, but this may be difficult. The application of standards for reporting trials
(SORT 1994, WGRR 1994, Begg 1996) should facilitate the assessment of study validity
in the future.

The second limitation, which in part is a consequence of the first, is limited empirical
evidence of a relationship between parameters thought to measure validity and actual
study outcomes. As noted above, there is empirical evidence suggesting that, on average,
both inadequate concealment of allocation and lack of double blinding result in over-
estimates of the effects of treatment. Clearly much more research needs to be done to
establish which criteria for assessing validity are indeed important determinants of study
results and when. Improved reporting of methods will facilitate such research. Meanwhile,
reviewers should avoid the use of ‘quality scores' and undue reliance on detailed quality
assessments. It is not supported by empirical evidence, it can be time-consuming and it is
potentially misleading.
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7. COLLECTING DATA

7.1 Rationale for data collection forms

The data collection form is a bridge between what has been reported by primary
investigators (e.g journal articles, project reports, personal communications) and what is
ultimately reported by a reviewer. The data collection form serves at least three important
functions. First, the data collection form is directly linked to the formulated review
question and planned assessment of included studies and, therefore, provides a visual
representation of these. Second, the data collection form is the historical record of the
multitude of decisions (and changes to decisions) that occur throughout the review
process. Third, the data collection form is the data repository from which the analysis will
emerge.

Given the important functions of data collection forms, ample time and thought should be
invested in their designs. Because each review is different, data collection forms will vary
across reviews. However, there are similarities regarding types of information that are
important, and forms can be adapted from one review to the next.

7.2 Electronic versus paper data collection forms

Should reviewers design paper data collection forms or automate the review process with
electronic data collection forms? Paper forms can be easier to design because electronic
forms require computer programming knowledge. On the other hand, large amounts of
data from reviews involving large numbers of studies are more easily stored and retrieved
with electronic than paper forms. Electronic forms eliminate the need for data entry
separate from data abstraction. They also can be used to calculate simple variables or
conversions (e.g. pounds to kilograms) for data that is presented in various formats in
different studies. Both electronic and paper forms can be designed to provide an historical
record of decisions and refinements that occur throughout the review process.

Many reviewers use a double-abstraction process whereby two independent assessments
of each study can be compared and reconciled if necessary. When using a paper data
collection form, the comparison process is simple: one form is used to mark and correct
errors and disagreements. Comparing double-abstractions using electronic forms is fast
but requires the writing and testing of programs within the structure of the database being
used. Identifying and addressing errors and disagreements among reviewers may be more
difficult with electronic than paper forms. This is because fields or areas of data collection
forms that allow open-ended responses are not easily compared electronically.
Amendments or changes to original forms may be more difficult with electronic than
paper forms because of programming issues. A final potential drawback to electronic data
collection forms is whether they will be compatible with Review Manager (RevMan)
which is used to generate and store the final review. Although there are ways to transfer
data from electronic data collection forms to RevMan, this might not be straightforward
and should, ideally, be planned in advance.

If an electronic form is used, consider the following guides. First, do not program the
electronic form until you have designed, piloted, and refined a paper copy of the form.
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Such pilot tetsting ideally involves more than one reviewer and several articles. Second,
when designing the data collection form, consider the needs of the data entry person,
structure the form in a logical manner and make coding of responses as consistent and
straightforward as possible. Third, when choosing an electronic database or spreadsheet,
check whether it can create an electronic file that will be transferable to RevMan. Fourth,
don't forget to develop quality control mechanisms for assessing and correcting data entry
errors.

7.3 Data management and software

A variety of software and data management programs may be helpful in the systematic
review process. Spreadsheet software such as QuatroPro, Excel and Lotus or database
programs such as FoxPro or DataEase can be used for electronic data collection forms.
Software such as DBMSCOPY may be useful for converting such database files into files
compatible with data analysis, if analyses not available in RevMan are planned (see
section 8.8).

7.4 Key components of a data collection form

There is no single correct way to design a data collection form. The following suggestions
are

based on experience. When adapting or designing a data collection form reviewers first
should consider how much information they want to collect. Overly detailed collection
can result in forms that are longer than original study reports, tedious and boring to
complete, and wasteful of reviewer time. On the other hand, if forms are not sufficiently
detailed and omit key data, reviewers may have to re-abstract studies using supplemental
data collection forms. Having to review a study a second time can be frustrating and time-
consuming.

7.4.1 Information about study references and reviewers

Because data collection forms are adaptable across reviews and some reviewers
participate in multiple reviews, a clear title of the review is needed and the name of the
reviewer who is abstracting data should be recorded. It is useful to leave space after the
title so reviewers can write notes specific to the study being abstracted. This avoids
placing notes, questions or reminders on the last page of the form where they are least
likely to be noticed. Important notes may be entered into RevMan in the 'notes' column of
the Characteristics of Included Studies table, or in the text of the review. Every Cochrane
Review is assigned a unique identifier. This should be included next to the title on the
data collection form. Forms occasionally have to be revised. Coding the form with a
revision date or version number reduces the chances of erroneously using an outdated
form by mistake.

Each included study must be given a study identifier that is used in RevMan. Reviewers
may need to collect data from multiple reports of the same trial. It is a good idea to record
the source of key information, including where it was found in a report or if information
was obtained from unpublished sources and personal communications. Any unpublished
information that is used should be written and coded in the same way as published
information.
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7.4.2 Verification of study eligibility

Although the search and selection process should have weeded out most ineligible studies,
it is good to verify study eligibility at the time of data abstraction or collection.
Verification information should occur early because the remainder of the form pertains to
studies which meet inclusion criteria and the extraction of data from studies that will be
excluded is a waste of resources.

Cochrane Reviews include an excluded studies table for studies that appear to meet the
inclusion criteria and which others might believe to be relevant, but upon closer
inspection were excluded. The verification information on the data collection form can be
a mechanism for coding reasons why such studies were excluded. For example, a
reviewer may only include truly randomised trials in a review. A verification query on the
data collection form might be: Randomised? Yes, No, Unclear. If the study used alternate
allocation, the answer to the query is no, and this information would be entered in
RevMan as the reason for exclusion.

7.5 Study characteristics

When assessing each study, it is necessary to code specific study characteristics. These
can be categorized into groups that match information that will be entered into RevMan:
methods, participants, interventions, and outcomes. Information under participants might
include details relevant to the study setting and diagnostic criteria for the condition of
interest. The development of this part of the data collection form deserves careful thought
and pilot testing. Data that is collected should be directly linked to the review question(s)
and planned analysis strategies. It should be collected in a format conducive to logical
entry into RevMan.

7.5.1 Methods

Different research methods can influence study outcomes by introducing bias and
artefacts in study results. For example, whether allocation was adequately concealed is
important, as discussed in section 6. When entering information about particular studies in
RevMan, it will be necessary to code allocation concealment as adequate (A), unclear
(B), inadequate (C) or not used (D). Data collection forms should reflect these
assessments. Other methods features that may be relevant include study duration; type of
trial such as parallel or cross-over design; patient, provider and outcome assessor
blinding; amount of drop-outs and cross-overs; cointerventions and other potential
confounders. The methods part of the data collection form should include any validity
criteria that are used.

7.5.2 Participants

Characteristics of participants may vary substantially across studies and some
Collaborative Review Groups (CRGs) have developed standards regarding which
characteristics should be collected. Typically, items that should be collected are those
that could affect study results or help users assess applicability. For example, if the
reviewer has reason to suspect important treatment effect differences between various
ethnic populations, this information should be collected. If treatment effects are thought
constant over ethnic groups, and if such information would not be useful to help apply
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results, it should not be collected. Items that are often useful for assessing applicability
include age and sex. Occasionally, other sociodemographic items such as education level
are important as well as items addressing the presence of important comorbid conditions.

If the settings of studies are likely to influence treatment effects or applicability, they
should be assessed. Typical settings that are involved in healthcare intervention studies
are: acute care hospitals, emergency facilities, offices or clinics, extended care facilities
such as boarding and nursing homes, and communities. Sometimes studies are conducted
in different geographical regions that have important differences in cultural characteristics
that could affect delivery of an intervention and its outcomes. Sometimes temporal
settings indicate important technology differences. If such items are important for the
interpretation of the review, they should be assessed.

Diagnostic criteria that were used to define the condition of interest can be a particularly
important source of clinical heterogeneity and should be described. For example, in a
review of drug therapy for congestive heart failure, it is important to know how the
definition and severity of heart failure was determined in each study (e.g. systolic or
diastolic dysfunction, severe systolic dysfunction with ejection fractions of < 20%, etc.).
Similarly, in a review of antihypertensive therapy, it is important to describe baseline
levels of blood pressure of participants.

7.5.3 Interventions

The intervention and how it was delivered should be described. For trials of
pharmaceutical agents, routes of delivery (e.g., oral, intravenous), doses, and timing (e.g.
within 24 hours of diagnosis) may be assessed. Treatment length also may be recorded
here, particularly if it was different than study follow-up length and was not recorded
under methods. For complex interventions such as those that evaluate psychotherapy,
behavioural and educational approaches or healthcare delivery strategies, it is important to
collect information that will help to disentangle the underlying relationships. This
includes information about who delivered the intervention, its contents, format, timing,
etc.

For trials that do not utilise placebos and those that evaluate complicated interventions, it
is also important to collect information regarding what was given to the control group.
This will help guide later decisions about whether it is reasonable to combine data across
studies; since marked heterogeneity in what is received by control groups may be a reason
for not combining studies, or for doing sensitivity analyses.

7.5.4 Outcome measures and results

What may appear to be obvious and simple may in fact be one of the more difficult
sections of the data collection form to design. Reports of studies often include more than
one outcome (mortality, morbidity, quality of life, etc.), may report the same outcome
using different measures, may include outcomes for subgroups and may report outcomes
measured at different points in time. The reviewer needs to integrate what type of
outcome information is needed to answer the review's question(s) with what is likely to be
in the reports of studies. To avoid hidden mistakes outcomes should be collected in the
format they were reported and transformed in a subsequent step. For cross-over trials and
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trials with outcome assessments at various periods of follow-up, decisions will need to be
made about which outcomes to assess (see section 8.11.5 and section 8.9.1 respectively).

Reviewers should consider formatting the forms to match RevMan data tables. For
example, if the reviewer plans to use continuous data, the following information is
required for each comparison group: the number of participants, the mean and the
standard deviation. However, these data fields may be insufficient because there is great
variation in what researchers report and fail to report. In this example, investigators may
have reported a confidence interval for the mean difference and not reported any standard
deviations, or they may simply have reported the value of a test statistic (t test, F test, chi-
square test, etc.) or a p-value. Data collection forms should incorporate flexibility for
addressing this type of variability in outcome assessments. For more detail, regarding
what outcome information is necessary for specific types of analyses, see section 8

7.6 Coding format and instructions for coders

Accurate coding is extremely important. The coding should not be so complicated that the
abstractor is easily confused or likely to make poor decisions. Reviewers need instructions
and decision rules on the data collection form. There are varying preferences regarding
where instructions should be included. One approach is to insert the instruction adjacent
or near to the data field that is to be coded. In some cases, instructions can be lengthy and
may have to be placed on a separate page. Regardless of the approach used (most likely it
will be a mixture), it is crucial for reviewers to practice using the form and receive, or
give, training if the form was designed by someone other than the person using it.

7.7 Pilot testing and form revisions

All forms should be pilot tested using a representative sample of the studies to be
reviewed. This test is likely to identify data that are not needed or are missing.
Abstractors may provide feedback that certain coding instructions are confusing or
incomplete (e.g. all of the types of responses might not be described). When multiple
reviewers are participating on a project, there may need to be a consensus among them
before the form is modified to avoid any misunderstandings or later disagreements.
Depending on the complexity of the review and the experiences from piloting, additional
pilot tests may be necessary.

Problems with the data collection form will occasionally surface after pilot testing has
been completed and the form has been revised. In fact, it is rare for a data collection form
to not require any modifications after it has been piloted. When changes have to be made
to the form or coding instructions, be sure to correct the forms of those studies that have
already been reviewed. In some situations, it may only be necessary to clarify coding
instructions without modifying the actual data collection form.

7.8 Reliability of data collection

Reliability refers here to the degree to which different people review a study in the same
way. For example, did each reviewer agree on the presence of comorbidity among
subjects in a specific trial? Did reviewers agree on the outcome data in each comparison
group? When more than one person is reviewing data, there will inevitably be
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disagreements. Multiple reviewers need to develop a plan for comparing information in
their data collection forms and for reaching consensus when there are disagreements.
Consensus can be achieved by discussion among reviewers or by using an additional
independent arbitrator. It is also important to plan how the ‘consensus’ agreement will be
recorded. There are at least three possibilities: 1) use one reviewer's form and record
changes after consensus in red ink; 2) use a separate printed form; or 3) enter only the
consensus data onto an electronic form. Keeping the 'consensus’ information separate is
essential for assessing the reliability of coding.

It may not be important to formally examine reliability for all of the collected data; for
example, a reviewer may elect to limit the evaluation of reliability to the coding of
outcomes and for validity assessments. There is no fixed standard for the degree of
reliability that is adequate or how to assess reliability. However, it is important to examine
reliability throughout the data collection process. For example, if after reaching consensus
on the first few studies, the reviewers note a frequent disagreement for specific data, then
coding instructions may need modification. Reviewers may display 'coder drift' (a change
over time in how information is coded), indicating a possible need for re-training or re-
coding. This can only be identified when reliability is examined throughout the project.

7.9 Blinded data extraction

UNDER CONSTRUCTION — A section is being prepared on the issue of whether data
extraction should be done blinded; for example to the authors and journal and to the
results when assessing quality. Although there is some evidence that blinded assessments
of the quality of trials may be more reliable and different from assessments that are not
blinded (Jadad 1996, Moher 1998b), blinding is difficult to achieve, time consuming and
may not substantially alter the results of a review (Berlin 1997a, Berlin 1997b).

7.10 Collection of data from investigators

Reviewers will often find that they are unable to extract all of the information they are
interested in from published reports, both with regard to the details of the study and its
numerical results. In such circumstances, the reviewers need to determine how to collect
the missing information. They might wish to contact the original investigators and should,
for example, consider whether they will contact them with an open-ended request, send
them their standard data collection form, request individual patient data (see section 11) or
do something else.
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8. ANALYSING AND PRESENTING RESULTS

Edited by Jon Deeks, Julian Higgins and Doug Altman on behalf of the Cochrane
Statistical Methods Group.

Do not start here! Please consult Sections 2 to 6 before reading this Section. It can be
tempting to jump prematurely into a statistical analysis when undertaking a systematic
review. The production of a diamond at the bottom of a plot is an exciting moment for
many reviewers, but results of meta-analyses can be very misleading if suitable attention
has not been given to formulating the review question; specifying inclusion criteria;
identifying, selecting and critically appraising studies; collecting appropriate data; and
deciding what would be meaningful to analyse.

This version of section 8 contains references to subsections that are not yet complete.
Where this happens, the name of the subsection is given, together with the number 8.X as
we do not yet know what the numbering of these will be. We hope that these subsections
will be completed and published during 2004.

Within this section ‘RevMan’ is used to refer to the Cochrane Collaboration’s Review
Manager software including its statistical component, which is now called RevMan
Analyses. Previous versions of RevMan used a statistical program called MetaView,
which is currently one option for viewing graphs in The Cochrane Library. Thus people
reading a review may see a slightly different output to that the reviewer sees in RevMan.

8.1 Planning the analysis

While in primary studies the investigators select and collect data from individual patients,
in systematic reviews the investigators select and collect data from primary studies. While
primary studies include analyses of their patients, Cochrane Reviews contain analyses of
the primary studies. Analyses may be narrative, such as a structured summary and
discussion of the studies’ characteristics and findings, or quantitative, that is involving
statistical analysis. Meta-analysis — the statistical combination of results from two or
more separate studies — is the most commonly used statistical technique. Cochrane
Review writing software (RevMan) can perform a variety of meta-analyses, but it must be
stressed that meta-analysis is not appropriate in all Cochrane Reviews. Issues to consider
when deciding whether a meta-analysis is appropriate in your review are discussed in this
section and in 8.2.2 When not to use meta-analysis in a review?

Studies comparing health care interventions, notably randomised trials, use the outcomes
of participants to compare the effects of different interventions. Meta-analyses focus on
pair wise comparisons of interventions, such as an experimental intervention versus a
control intervention, or the comparison of two experimental interventions. The
terminology used throughout this section of the Handbook (experimental versus control
interventions) implies the former, but is intended to include the latter.

The contrast between the outcomes of two groups treated differently is known as the effect
or the treatment effect. Whether analysis of included studies is narrative or quantitative, a
general framework for synthesis may be provided by considering four questions:
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(1) What is the direction of effect?

(2) What is the size of effect?

(3) Is the effect consistent across studies?

(4) What is the strength of evidence for the effect?

Meta-analysis provides a statistical method for (1)-(3). Assessment of (4) relies
additionally on judgements based on assessments of study design and study quality, as
well as statistical measures of uncertainty.

Narrative synthesis uses subjective (rather than statistical) methods to follow through
stages (1)-(4) for reviews where meta-analysis is either not feasible or not sensible. In a
narrative synthesis the method used for each stage should be pre-specified, justified and
followed systematically. Bias may be introduced if the results of one study are
inappropriately stressed over those of another.

The analysis plan follows from the scientific aim of the review. Reviews have different
types of aims, and may therefore contain different approaches to analysis.

(1) The most straightforward Cochrane Review assembles studies that make one
particular comparison between two treatment options, for example, comparing
inhaled steroids with placebo for bronchiectasis. Meta-analysis and related
techniques can be used if there is a consistent outcome measure to:

(i) establish whether there is evidence of an effect;
(i1) estimate the size of the effect and the uncertainty surrounding that size; and
(iii) investigate whether the effect is consistent across studies.

(2) Some reviews may have a broader focus than a single comparison. The first is
where the intention is to identify and collate all studies in a particular field. An
example of such a review is that of topical treatments for fungal infections of the
skin and nails of the foot, which included studies of any topical treatment. The
second, related aim is that of identifying a ‘best” intervention. A review of
interventions for emergency contraception sought that which was most effective
(while also considering potential adverse effects). Such reviews may include
multiple comparisons and meta-analyses between all possible pairs of treatments,
and require care when it comes to planning analyses — see 8.1.4 Which
comparisons should be made?

(3) Occasionally review comparisons have particularly wide scopes that make the use
of meta-analysis problematic. For example, a review of media-based behavioural
treatments for behavioural disorders in children covers diverse media-based
treatments (including written material and film) and diverse behavioural problems
(including Attention Deficit/Hyperactivity Disorder and enuresis). When reviews
contain very diverse studies a meta-analysis might be useful to answer the overall
question of whether there is evidence that, for example, media-based treatments
can work (but see 8.1.2 When not to use meta-analysis in a review). But use of
meta-analysis to describe the size of effect may not be meaningful if the
implementations are so diverse that an effect estimate cannot be interpreted in any
specific context.

(4) An aim of some reviews is to investigate the relationship between the size of an
effect and some characteristic(s) of the studies. This is uncommon as a primary
aim in Cochrane Reviews, but may be a secondary aim. For example, in the
review of inhaled steroids for bronchiectasis, there was interest in whether the
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administered dose of steroid affected its efficacy. Such investigations of
heterogeneity need to be undertaken with care: see 8.8 Investigating
heterogeneity.

8.1.1 Why perform a meta-analysis in a review?

The value a meta-analysis can add to a review depends on the context in which it is used,
as described in 8.1 Planning the analysis. Reasons for considering including a meta-
analysis in a review are:

(1) To increase power. Power is the chance of detecting a real effect as statistically
significant if it exists. Many individual studies are too small to detect small
effects, but when several are combined there is a higher chance of detecting an
effect.

(2) To improve precision. The estimation of a treatment effect can be improved when
it is based on more information.

(3) To answer questions not posed by the individual studies. Primary studies often
involve a specific type of patient and explicitly defined interventions. A selection
of studies in which these characteristics differ can allow investigation of the
consistency of effect and, if relevant, allow reasons for differences in effect
estimates to be investigated.

(4) To settle controversies arising from apparently conflicting studies or to generate
new hypotheses. Statistical analysis of findings allows the degree of conflict to be
formally assessed, and reasons for different results to be explored and quantified.

Of course, the use of statistical methods does not guarantee that the results of a review are
valid, any more than it does for a primary study. Moreover, like any tool, statistical
methods can be misused.

8.1.2 When not to use meta-analysis in a review

If used appropriately, meta-analysis is a powerful tool for deriving meaningful
conclusions from data and can help prevent errors in interpretation. However, there are
situations in which a meta-analysis can be more of a hindrance than a help. A common
criticism of meta-analyses is that they ‘combine apples with oranges’. If studies are
clinically diverse then a meta-analysis may be meaningless, and genuine differences in
effects may be obscured. A particularly important type of diversity is in the comparisons
being made by the primary studies. Often it is nonsensical to combine all included studies
in a single meta-analysis: sometimes there is a mix of comparisons of different treatments
with different comparators, each combination of which may need to be considered
separately. Further, it is important not to combine outcomes that are too diverse.

Decisions concerning what should and should not be combined are inevitably subjective,
and are not amenable to statistical solutions but require discussion and clinical judgement.
In some cases consensus may be hard to reach.

Meta-analyses of poor quality studies may be seriously misleading. If bias is present in
each (or some) of the individual studies, meta-analysis will simply compound the errors,
and produce a ‘wrong’ result that may be interpreted as having more credibility.
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Finally, meta-analyses in the presence of serious publication and/or reporting biases may
produce an inappropriate summary.

8.1.3 What does a meta-analysis entail?

While the use of statistical methods in reviews can be extremely helpful, the most
essential element of an analysis is a thoughtful approach, to both its narrative and
quantitative elements. This entails consideration of the following questions:

(1) Which comparisons should be made?

(2) Which study results should be used in each comparison?
(3) What is the best summary of effect for each comparison?
(4) Are the results of studies similar within each comparison?
(5) How reliable are those summaries?

The first step in addressing these questions is to decide which comparisons to make
(8.1.4.Which comparisons should be made?). The next step is to prepare tabular
summaries of the characteristics and results of the studies that are included in each
comparison (8.2 Types of data and effect measures, 8.4 Extraction of study results). It is
then possible to derive estimates of effect across studies in a systematic way (8.6
Summarising effects across studies), to measure and investigate differences among studies
(8.7 Heterogeneity) and to interpret the findings and conclude how much confidence
should be placed in them (8.X Issues in interpretation).

8.1.4 Which comparisons should be made?

The first and most important step in planning the analysis is to specify the pair wise
comparisons that will be made. The comparisons addressed in the review should relate
clearly and directly to the questions or hypotheses that are posed when the review is
formulated (see Section 4). It should be possible to specify in the protocol of a review the
main comparisons that will be made. However, it will often be necessary to modify
comparisons and add new ones in light of the data that are collected. For example,
important variations in the intervention may only be discovered after data are collected.

Decisions about which studies are similar enough for their results to be grouped together
require an understanding of the problem that the review addresses, and judgement by the
reviewer and the user. The formulation of the questions that a review addresses is
discussed in Section 4. Essentially the same considerations apply to deciding which
comparisons to make, which outcomes to combine and which key characteristics (of study
design, participants, interventions and outcomes) to consider when investigating variation
in effects (heterogeneity). These considerations must be addressed when setting up the
Table of Comparisons in RevMan and in deciding what information to put in the table of
Characteristics of Included Studies.

8.1.5 Writing the analysis section of the protocol

The analysis section of a Cochrane Review protocol may be more susceptible to change
than other protocol sections (such as criteria for including studies and how
methodological quality will be assessed). It is rarely possible to anticipate all the
statistical issues that may arise, for example, finding outcomes that are similar but not the
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same as each other; outcomes measured at multiple or varying time-points; and use of
concomitant treatments

However the protocol should provide a strong indication as to how the reviewer will
approach the statistical evaluation of studies’ findings. At least one member of the review
team should be familiar with the majority of the contents of Section 8 when the protocol is
written. As a guideline we recommend that the following be addressed (more details of all
the issues may be found in the rest of Section 8):

(1) ensure that the analysis strategy firmly addresses the stated objectives of the
review (8.1 Planning the analysis);

(2) consider which types of study design would be appropriate for the review. Parallel
group trials are the norm, but other randomized designs may be appropriate to the
topic (e.g. cross-over trials, cluster randomized trials, factorial trials). Decide how
such studies will be addressed in the analysis (8.X Other types of study);

(3) decide whether a meta-analysis is intended and consider how the decision as to
whether a meta-analysis is appropriate will be made (8.1.1 Why perform a meta-
analysis in a review? 8.1.2 When not to use meta-analysis in a review);

(4) determine the likely nature of outcome data (e.g. dichotomous, continuous etc)
(8.2 Types of data and effect measures);

(5) consider whether it is possible to specify in advance what treatment effect
measures will be used (e.g. risk ratio, odds ratio or risk difference for dichotomous
outcomes, mean difference or standardised mean difference for continuous
outcomes) (8.6.3.4 Which measure for dichotomous outcomes? 8.6.4.1 Which
measure for continuous outcomes?);

(6) decide how statistical heterogeneity will be identified (8.7.2 Identifying and
measuring heterogeneity);

(7) decide whether random effects meta-analyses, fixed effect meta-analyses or both
methods will be used for each planned meta-analysis (8.7.4 Incorporating
heterogeneity into random effects models);

(8) consider how clinical and methodological diversity (heterogeneity) will be
assessed and whether (and how) these will be incorporated into the analysis
strategy (8.7 Heterogeneity and 8.8 Investigating heterogeneity);

(9) decide how quality of included studies will be assessed and addressed in the
analysis (Section 6, Assessing trial quality);

(10) pre-specify characteristics of the studies that may be examined as potential causes
of heterogeneity. (8.8.4 Selection of study characteristics for subgroup analyses
and meta-regression);

(11) consider how missing data will be handled (e.g. imputing data for intention-to-
treat analyses) (8.X Missing data);

(12) decide whether (and how) evidence of possible publication and/or reporting biases
will be sought (8.X Investigating and dealing with bias).

It may become apparent when writing the protocol that additional expertise is likely to be
required: see 8.X Where to go for help.

8.2 Types of data and effect measures

The starting point of all meta-analyses of studies of effectiveness involves the
identification of the data type for the outcome measurements.
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Through Section 8 we consider outcome data to be of five different types:

(1) Dichotomous (or binary) data, where each individual’s outcome is one of only two
possible categorical responses;

(2) Continuous data, where each individual’s outcome is a measurement of a
numerical quantity;

(3) Ordinal data (including measurement scales), where the outcome is one of several
ordered categories, or generated by scoring and summing categorical responses;

(4) Counts and rates calculated from counting the number of events that each
individual experiences;

(5) Time-to-event (typically survival) data that analyse the time until an event occurs,
but where not all individuals in the study experience the event (censored data).

The ways in which the effect of a treatment can be measured depends on the nature of the
data being collected. In this section we briefly examine the types of outcome data that
might be encountered in systematic reviews of clinical trials, and review definitions,
properties and interpretation of standard measures for treatment effect. In Section 8.6.3.4
Which measure for dichotomous outcomes? and Section 8.6.4.1 Which measure for
continuous outcomes? we discuss issues in the selection of one of these measures for a
particular meta-analysis.

8.2.1 Effect measures for dichotomous outcomes

Dichotomous outcome data arise when the outcome for every participant is one of two
possibilities, for example, dead or alive, or clinical improvement or no clinical
improvement. This section considers the possible summary statistics when the outcome of
interest has such a binary form. The most commonly encountered effect measures used in
clinical trials with dichotomous data are:

the risk ratio (RR) (also called the relative risk);

the odds ratio (OR);

the risk difference (RD) (also called the absolute risk reduction, ARR);
the number needed to treat (NNT).

Details of the calculations of the first three of these measures are given in Box 8.2.1.
Numbers needed to treat are discussed in detail in 8.X Re-expressing meta-analysis results
as NNTs.

Aside: As events may occasionally be desirable rather than undesirable, it would be
preferable to use a more neutral term than risk (such as probability), but for the sake of
convention we use the terms risk ratio and risk difference throughout. We also use the
term ‘risk ratio’ in preference to ‘relative risk’ for consistency with other terminology.
The two are interchangeable and both conveniently abbreviate to ‘RR’. Note also that we
have been careful with the use of the words ‘risk’ and ‘rates’. These words are often
treated synonymously. However, we have tried to reserve use of the word ‘rate’ for the
data type ‘counts and rates’ where it describes the frequency of events in a measured
period of time.
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Box 8.2.1 Calculation of RR, OR and RD from a 2x2 Table
The results of a clinical trial can be displayed as a 2x2 table:
Event  No event Total
Intervention a b a+b
Control c d c+d

where a, b, c and d are the numbers of participants with each outcome in each group.
The following summary statistics can be calculated:
risk of eventin intervention group  a/(a + b)

risk of eventin controlgroup c/(c+d)
odds of eventin interventiongroup a/b ad
oddsof eventin controlgroup ~ c¢/d  bc
risk difference = risk of eventin intervention group— risk of eventin controlgroup
_a C
“a+b c+d

risk ratio =

odds ratio =

8.2.1.1 Risk and odds

In general conversation the terms ‘risk’ and ‘odds’ are used interchangeably (as are the
terms ‘chance’, ‘probability’ and ‘likelihood’) as if they describe the same quantity. In
statistics, however, risk and odds have particular meanings and are calculated in different
ways. When the difference between them is ignored the results of a systematic review
may be misinterpreted.

Risk is the concept more familiar to patients and health professionals. Risk describes the
probability with which a health outcome (usually an adverse event) will occur. In
research, risk is commonly expressed as a decimal number between 0 and 1, although it is
occasionally converted into a percentage. It is simple to grasp the relationship between a
risk and the likely occurrence of events: in a sample of 100 people the number of events
observed will on average be the risk multiplied by 100. For example, when the risk is 0.1,
about ten people out of every 100 will have the event, when the risk is 0.5, about 50
people out of every 100 will have the event.

Odds is a concept that is more familiar to gamblers. The odds is the ratio of the
probability that a particular event will occur to the probability that it will not occur, and
can be any number between zero and infinity. In gambling, the odds describes the ratio of
the size of the potential winnings to the gambling stake; in health care it is the ratio of the
number of people with the event to the number without. It is commonly expressed as a
ratio of two integers. For example, an odds of 0.01 is often written as 1:100, odds of 0.33
as 1:3, and odds of 3 as 3:1. Odds can be converted to risks, and risks to odds, using the
formulae:

odds odds risk

risk = ; = -
1+ odds 1-risk

The interpretation of an odds is more complicated than for a risk. The simplest way to
ensure that the interpretation is correct is to first convert the odds into a risk. For example,
when the odds are 1:10, or 0.1, one person will have the event for every 10 who do not,
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and, using the above formula, the risk of the event is 0.1/(1+0.1) = 0.091. In a sample of
one hundred, about nine individuals will have the event and 91 will not. When the odds is
equal to one, one person will have the event for every one who does not, so in a sample of
100, 100 x 1/(1+1) = 50 will have the event and 50 will not.

The difference between odds and risk is small when the event is rare (as illustrated in the
first example above where a risk of 0.091 was seen to be similar to an odds of 0.1). When
events are common, as is often the case in clinical trials, the differences between odds and
risks are large. For example, a risk of 0.5 is equivalent to an odds of 1; and a risk of 0.95
is equivalent to odds of 19.

Measures of effect for clinical trials with dichotomous outcomes involve comparing either
risks or odds from two treatment groups. To compare them we can look at their ratio (risk
ratio or odds ratio) or their difference in risk (risk difference).

8.2.1.2 Measures of relative effect: the risk ratio and odds ratio

Measures of relative effect express the outcome in one group relative to that in the other.
The risk ratio (relative risk) is the ratio of the risk of an event in the two groups whereas
the odds ratio is the ratio of the odds of an event (Box 8.2.1). For both measures a value of
one indicates that the estimated effects are the same for both treatments.

Neither the risk ratio nor the odds ratio can be calculated for a trial if there are no events
in the control group. This is because, as can be seen from the formulae in box 8.2.1, we
would be trying to divide by zero. The odds ratio also cannot be calculated if everybody
in the intervention group experiences an event. In these situations, and others where
standard errors cannot be computed, it is customary to add % to each cell of the 2x2 table
(RevMan automatically makes this correction when necessary). In the case where no
events (or all events) are observed in both groups the trial provides no information about
relative probability of the event and is automatically omitted from the meta-analysis. This
is entirely appropriate. Zeros arise particularly when the event of interest is rare — such
events are often unintended adverse outcomes. For further discussion of choice of effect
measures for such sparse data (often with lots of zeros) see 8.X Rare events (including
zero frequencies).

Risk ratios describe the multiplication of the risk that occurs with use of the intervention.
For example, a risk ratio of 3 implies that events with treatment are three times more
likely than events without treatment. Alternatively we can say that treatment increases the
risk of events by 100 x (RR — 1)% = 200%. Similarly a risk ratio of 0.25 is interpreted as
the probability of an event with treatment being one-quarter of that without treatment.
This may be expressed alternatively by saying that treatment decreases the risk of events
by 100 x (1 —-RR)% = 75%. This is known as the relative risk reduction. The interpretation
of the clinical importance of a given risk ratio cannot be made without knowledge of the
typical risk of events without treatment: a risk ratio of 0.75 could correspond to a
clinically important reduction in events from 80% to 60%, or a small, less clinically
important reduction from 4% to 3%.

The numerical value of the observed risk ratio must always be between 0 and 1/ CGR,
where CGR (abbreviation of ‘control group risk’, sometimes referred to as the CER or
control event rate) is the observed risk of the event in the control group (expressed as a
number between 0 and 1). This means that for common events large values of risk ratio
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are impossible. For example, when the observed risk of events in the control group is 0.66
(or 66%) then the observed risk ratio cannot exceed 1.5. This problem applies only for
increases in risk, and causes problems only when the results are extrapolated to risks
above those observed in the trial

Odds ratios, like odds, are more difficult to interpret (Sackett 1996, Sinclair 1994). Odds
ratios describe the multiplication of the odds of the outcome that occur with use of the
intervention. To understand what an odds ratio means in terms of changes in numbers of
events it is simplest to first convert it into a risk ratio, and then interpret the risk ratio in
the context of a typical baseline risk (BR) without treatment, as outlined above. Formulae
for converting an odds ratio to a risk ratio, and vice versa, are:

OR or _ _RROU-BR)

AR = _BRx(1—OR))’ "1-(BRxRR)’

where BR is the typical risk of an event without treatment (as a number between 0 and 1).
Please note that this conversion requires specification of a value of BR. Often the value of
CGR is used, but use of different values of baseline risk will give different answers when
the conversion is made. Sometimes it may be sensible to calculate the RR for more than
one value of the BR.

8.2.1.3 Warning: OR and RR are not the same

Because risk and odds are different when events are common, the risk ratio and the odds
ratio also differ when events are common. The non-equivalence of the risk ratio and odds
ratio does not indicate that either is wrong: both are entirely valid ways of describing a
treatment effect. Problems may arise, however, if the odds ratio is misinterpreted as a risk
ratio. For treatments that increase the chances of events, the odds ratio will be larger than
the risk ratio, so the misinterpretation will tend to overestimate the treatment effect,
especially when events are common (with, say, risks of events more than 20%). For
treatments that reduce the chances of events, the odds ratio will be smaller than the risk
ratio, so that again misinterpretation overestimates the effect of treatment. This error in
interpretation is unfortunately quite common in published reports of individual studies
and systematic reviews.

8.2.1.4 Measure of absolute effect: the risk difference

The risk difference is the difference between the observed risks (proportions of
individuals with the outcome of interest) in the two groups (Box 8.2.1). The risk
difference can be calculated for any trial, even when there are no events in either group.
The risk difference is straightforward to interpret: it describes the actual difference in the
risk of events that was observed with treatment and with control; for an individual it
describes the estimated difference in the probability of experiencing the event. However,
the clinical importance of a risk difference may depend on the underlying risk of events.
For example, a risk difference of 0.02 (or 2%) may represent a small, clinically
insignificant change from a risk of 58% to 60% or a proportionally much larger and
potentially important change from 1% to 3%. Although there are arguments that the risk
difference provides more complete information than relative measures (Sackett 1997,
Laupacis 1988) it is still important to be aware of the underlying risk of events and
consequences of the events when interpreting a risk difference.

The risk difference is naturally constrained (like the risk ratio), which may create
difficulties when applying results to other patient groups and settings. For example, if a

76
This is an archived version of the Handbook.
For the current version, please go to cochrane.org/handbook



This is an archived version of the Handbook.

For the current version, please go to cochrane.org/handbook
Cochrane Reviewers’ Handbook 4.2.1

trial or meta-analysis estimates a risk difference of —0.1 (or —10%), then for a group with
an initial risk of, say, 7% the outcome will have an impossible estimated negative
probability of —3%. Similar scenarios for increases in risk occur at the other end of the
scale. Such problems can arise only when the results are applied to patients with different
risks from those observed in the trial(s).

The number needed to treat is obtained from the risk difference. Although it is often used
to summarise results of clinical trials, NNTs cannot be combined in a meta-analysis (see
8.6.3.4 Which measure for dichotomous outcomes?).

8.2.1.5 What is the event?

In the context of dichotomous outcomes, health care interventions are intended either to
reduce the risk of occurrence of an adverse outcome or increase the chance of a good
outcome. All of the effect measures described above apply equally to both scenarios.

In many situations it is natural to talk about one of the outcome states as being an event.
For example, when participants have particular symptoms at the start of the trial the event
of interest is usually recovery or cure. If participants are well or alternatively at risk of
some adverse outcome at the beginning of the trial, then the event is the onset of disease
or occurrence of the adverse outcome. Because the focus is usually on the experimental
intervention group, a trial in which the experimental intervention reduces the occurrence
of an adverse outcome will have an odds ratio and risk ratio less than one, and a negative
risk difference. A trial in which the experimental intervention increases the occurrence of
a good outcome will have an odds ratio and risk ratio greater than one, and a positive risk
difference (see Box 8.2.1).

However, it is possible to switch events and non-events and consider instead the
proportion of patients not recovering or not experiencing the event. For meta-analyses
using risk differences or odds ratios the impact of this switch is of no great consequence:
the switch simply changes the sign of a risk difference, whilst for odds ratios the new
odds ratio is the reciprocal (1/x) of the original odds ratio.

By contrast, switching the outcome can make a substantial difference for risk ratios,
affecting the effect estimate, its significance, and the consistency of treatment effects
across studies. This is because the precision of a risk ratio estimate differs markedly
between situations with low risks of events and situations with high risks of events. In a
meta-analysis the effect of this reversal cannot easily be predicted. The identification,
before data analysis, of which risk ratio is more likely to be the most relevant summary
statistic is therefore important and discussed further in 8.5.3.4 Which measure for
dichotomous outcomes?.

8.2.2 Effect measures for continuous outcomes

The term ‘continuous’ in statistics conventionally refers to data that can take any value in
a specified range. When dealing with numerical data, this means that any number may be
measured and reported to arbitrarily many decimal places. Examples of truly continuous
data are weight, area, volume and blood concentrations. In practice, in Cochrane Reviews
we can use the same statistical methods for other types of data, most commonly
measurement scales and counts of large numbers of events (see 8.2.3 Effect measures for
ordinal outcomes (including measurement scales)).
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Two summary statistics are commonly used for meta-analysis of continuous data: the
mean difference and the standardised mean difference. These can be calculated whether
the data from each individual are single assessments or change from baseline measures. It
is also possible to measure effects by taking ratios of means, or by comparing statistics
other than means (e.g. medians). However, methods for these are under development and
are not addressed here.

8.2.2.1 The mean difference (and ‘WMD?’)

The “difference in means’ is a standard statistic that measures the absolute difference
between the mean value in the two groups in a clinical trial. It estimates the amount by
which the treatment changes the outcome on average. It can be used as a summary
statistic in meta-analysis when outcome measurements in all trials are made on the same
scale. Analyses based on this effect measure are termed weighted mean difference
(WMD) analyses in RevMan and the Cochrane Database of Systematic Reviews (CDSR).
This name is potentially confusing. This is for three reasons. First, the measure is a
difference in means and not a mean of differences. Second, although the meta-analysis
computes a weighted average of these differences in means, no weighting is involved in
calculation of a statistical summary of a single trial. Third, all meta-analyses involve a
weighted combination of estimates, yet we don’t use the word ‘weighted’” when referring
to other methods.

8.2.2.2 The standardised mean difference

The standardised mean difference is used as a summary statistic in meta-analysis when
the trials all assess the same outcome, but measure it in a variety of ways (for example, all
trials measure depression but they use different psychometric scales). In this circumstance
it is necessary to standardise the results of the trials to a uniform scale before they can be
combined. The standardised mean difference expresses the size of the treatment effect in
each trial relative to the variability observed in that trial. (Again in reality the treatment
effect is a difference in means and not a mean of differences.):

Difference in mean outcome between groups

SMD =
Standard deviation of outcome among participants

Thus trials for which the difference in means is the same proportion of the standard
deviation will have the same SMD, regardless of the actual scales used to make the
measurements.

However, the method assumes that the differences in standard deviations among trials
reflect differences in measurement scales and not real differences in variability among
trial populations. This assumption may be problematic in some circumstances where we
expect real differences in variability between the participants in different trials. For
example, where pragmatic and explanatory trials are combined in the same review,
pragmatic trials may include a wider range of participants and may consequently have
higher standard deviations. The overall treatment effect can also be difficult to interpret as
it is reported in units of standard deviation rather than in units of any of the measurement
scales used in the review, but in some circumstances it is possible to transform the effect
back to the units used in a specific trial (see Section 8.X Re-expressing standardised mean
differences).
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The term ‘effect size’ is frequently used in the social sciences, particularly in the context
of meta-analysis. Effect sizes typically, though not always, refer to versions of the
standardised mean difference. It is recommended that the term ‘standardised mean
difference’ be used in Cochrane Reviews in preference to ‘effect size’ to avoid confusion
with the more general medical use of the latter term as a synonym for ‘treatment effect’ or
‘effect estimate’. The particular definition of standardised mean difference used in
Cochrane Reviews is the effect size known in social science as Hedges’ (adjusted) g.

It should be noted that the SMD method does not correct for differences in the direction of
the scale. If some scales increase with disease severity whilst others decrease it is

essential to multiply the mean values from one set of trials by —1 (or alternatively to
subtract the mean from the maximum possible value for the scale) to ensure that all the
scales point in the same direction. Any such adjustment should be described in the
statistical methods section of the review. The standard deviation does not need to be
modified.

8.2.3 Effect measures for ordinal outcomes (including measurement scales)

Ordinal outcome data arise when each participant is classified in a category and when
the categories have a natural order. For example, a ‘trichotomous’ outcome with an
ordering to the categories, such as the classification of disease severity into ‘mild’,
‘moderate’ or ‘severe’ is of ordinal type. As the number of categories increases, ordinal
outcomes acquire properties similar to continuous outcomes, and probably will have been
analysed as such in a clinical trial.

Measurement scales are one particular type of ordinal outcome frequently used to
measure conditions that are difficult to quantify, such as behaviour, depression, and
cognitive abilities. Measurement scales typically involve a series of questions or tasks,
each of which is scored, and the scores then summed to yield a total ‘score’. If the items
are not considered of equal importance a weighted sum may be used. See Box 8.4 for an
example.

It is important to know whether scales have been validated: that is, that they have been
proven to measure the conditions that they claim to measure. When a scale is used to
assess an outcome in a clinical trial the cited reference to the scale should be studied in
order to understand the objective, the target population and the assessment questionnaire.
As investigators often adapt scales to suit their own purpose by adding, changing or
dropping questions, check whether an original or adapted questionnaire is being used.
This is particularly important when pooling outcomes for a meta-analysis. Clinical trials
may appear to use the same rating scale, but closer examination may reveal differences
that must be taken into account. It is possible that modifications to a scale were made in
the light of the results of a trial, in order to highlight components that appear to benefit
from an experimental intervention.

Specialist methods are available for analysing ordinal outcome data that describe effects
in terms of proportional odds ratios, but they are not available in RevMan, and become
unwieldy (and unnecessary) when the number of categories is large. In practice longer
ordinal scales are often analysed in meta-analyses as continuous data, whilst shorter
ordinal scales are often made into binary data by combining adjacent categories together.
Scales may sometimes be analysed as dichotomous data if an established defensible cut-
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point is available. Inappropriate choice of a cut-point can induce bias, particularly if it is
chosen to maximise the difference between two intervention arms in a clinical trial.

Where ordinal scales are summarised using methods for binary data, one of the two sets of
grouped categories is defined to be the event and treatment effects are described using risk
ratios, odds ratios or risk differences (see 8.2.1 Effect measures for dichotomous
outcomes). When ordinal scales are summarised using methods for continuous data, the
treatment effect is expressed as a difference in means or standardised difference in means
(see 8.2.2 Effect measures for continuous outcomes). Difficulties will be encountered if
trials have summarised their results using medians (see 8. 5.2 Data extraction for
continuous data).

Unless individual patient data are available, the analyses reported by the investigators in
the clinical trials typically determine the approach that is used in the meta-analysis.

Box 8.2.3

An example of a scale is the Clinical Dementia Rating (CDR) (Berg 1988). The CDR is a
quantitative global assessment of the severity of dementia. The clinician rates the patient's
cognitive function in each of six categories: memory, orientation, judgement and problem
solving, function in community affairs, function in home and hobbies, and function in
personal care. Impairment is rated in each category on a five point scale (none=0,
questionable=0.5, mild=1, moderate=2, severe=3). From these six ratings the CDR is
established from a simple algorithm that is slightly more complex than an average. The
result is a rating of no dementia (CDR=0), questionable (CDR=0.5), mild (CDR=1),
moderate (CDR=2) and severe dementia (CDR=3). A second scale is formed by summing
the category scores with equal weights. This is called the CDR sum of boxes and it has a
range of 0 - 18.

8.2.4 Effect measures for counts and rates

Some types of event can happen to a person more than once, for example, a myocardial
infarction, fracture, an adverse reaction or a hospitalisation. It may be preferable, or
necessary, to address the number of times these events occur rather than simply whether
each person experienced any event (that is, rather than treating them as dichotomous
data). We refer to this type of data as count data. For practical purposes, count data may
be conveniently divided into counts of rare events and counts of common events.

Counts of rare events are often referred to as ‘Poisson data’ in statistics. Analyses of rare
events often focus on rates. Rates relate the counts to the amount of time during which
they could have happened. For example, the result of one arm of a clinical trial could be
that 18 myocardial infarctions (MIs) were experienced, across all participants in that arm,
during a period of 314 person-years of follow-up, the rate is 0.057 per person year or 5.7
per 100 person years. The summary statistic used in meta-analysis is the rate ratio (also
abbreviated to RR), which compares the rate of events in the two groups by dividing one
by the other. It is also possible to use a difference in rates as a summary statistic, although
this is much less common.

Counts of more common events, such as counts of decayed, missing or filled teeth, may
often be treated in the same way as continuous outcome data. The treatment effect used
will be the mean difference which will compare the difference in the mean number of
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events (possibly standardised to a unit time period) experienced by participants in the
intervention group compared to participants in the control group.

8.2.4.1 Warning: counting events or counting participants?

A common error is to attempt to treat count data as dichotomous data. Suppose that in the
example just presented, the 314 person-years arose from 157 patients observed on average
for 2 years. One may be tempted to quote the results as 18/157. This is inappropriate if
multiple Mls from the same patient could have contributed to the total of 18 (say if the 18
arose through 12 patients having single Mls and 3 patients each having 2 MIs). It is also
possible that the total number of events could theoretically exceed the number of patients,
making the results nonsensical. For example, over the course of one year, 35 epileptic
participants in a trial may experience 63 seizures among them.

8.2.5 Effect measures for time-to-event (survival) outcomes

Time-to-event data arise when interest is focused on the time elapsing before an event is
experienced. They are known generically as survival data in statistics, since death is
often the event of interest, particularly in cancer and heart disease. Time-to-event data
consist of pairs of observations for each individual: (i) a length of time during which no
event was observed, and (ii) an indicator of whether the end of that time period
corresponds to an event or just the end of observation. Participants who contribute some
period of time that does not end in an event are said to be ‘censored’. Their event-free
time contributes information and they are included in the analysis. Time-to-event data
may be based on events other than death, such as recurrence of a disease event (for
example, time to the end of a period free of epileptic fits) or discharge from hospital.

Time-to-event data can sometimes be analysed as dichotomous data. This requires the
status of all patients in a trial to be known at a fixed time-point. For example, if all
patients have been followed for at least 12 months, and the proportion who have incurred
the event before 12 months is known for both groups, then a 2x2 table can be constructed
(see Box 8.3) and treatment effects expressed as risk ratios, odds ratios or risk differences.

It is not appropriate to analyse time-to-event data using methods for continuous outcomes
(e.g. using mean times-to-event) as the relevant times are only known for the subset of
participants who have had the event. Censored participants must be excluded, which may
well introduce bias.

The most appropriate way of summarising time-to-event data is to use methods of
survival analysis and express the treatment effect as a hazard ratio. Hazard is similar in
notion to risk, but is subtly different in that it measures instantaneous risk and may change
continuously (for example, your hazard of death changes as you cross a busy road). A
hazard ratio is interpreted in a similar way to a risk ratio, as it describes how many times
more (or less) likely a participant is to suffer the event at a particular point in time if they
receive the experimental rather than the control intervention. When comparing treatments
in a trial or meta-analysis a simplifying assumption is often made that the hazard ratio is
constant across the follow-up period, even though hazards themselves may vary
continuously. This is known as the proportional hazards assumption.
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8.2.6 Expressing treatment effects on log scales

The values of ratio treatment effects (such as the odds ratio, risk ratio, rate ratio and
hazard ratio) undergo log transformations before being analysed, and they may
occasionally be referred to in terms of their log transformed values. Typically the natural
log (log base e) transformation is used.

Ratio summary statistics all have the common feature that the lowest value that they can
take is 0, that the value 1 corresponds with no treatment effect, and the highest value that
an odds ratio can ever take is infinity. This number scale is not symmetric. For example,
whilst an odds ratio of 0.5 (a halving) and an OR of 2 (a doubling) are opposites such that
they should average to no effect, the average of 0.5 and 2 is not an OR of 1 but an OR of
1.25. The log transformation makes the scale symmetric: the log of zero is minus infinity,
the log of one is zero, and the log of infinity is infinity. In the example, the log of the OR
of 0.5 is -0.69 and the log of the OR of 2 is 0.69. The average of -0.69 and 0.69 is 0 which
is the log transformed value of an OR of 1, correctly implying no average treatment
effect.

Graphics for ratio scale meta-analysis usually use a log scale. This has the effect of
making the confidence intervals appear symmetric for the same reasons.

8.3 Study designs and identifying the unit of analysis

An important principle in clinical trials is that the analysis must take into account the level

at which randomization occurred. In most circumstances the number of observations in

the analysis should match the number of ‘units’ that were randomized. In a simple parallel

group design for a clinical trial, participants are individually randomized to one of two

intervention groups, and a single measurement for each outcome from each participant is

collected and analysed. However, there are numerous variations on this design. Reviewers

should consider whether in each trial

e groups of individuals were randomized together to the same intervention (i.e. cluster
randomized trials);

¢ individuals undergo more than one intervention (e.g. in a cross-over trial, or
simultaneous treatment of multiple sites on each individual);

e there are multiple observations for the same outcome (e.g. repeated measurements,
recurring events, measurements on different body parts).

There follows a more detailed list of situations in which unit-of-analysis issues commonly

arise, together with directions to relevant discussions elsewhere in the Handbook.

8.3.1 Cluster randomized trials

In cluster randomized trials, groups of participants are randomized to different
interventions. For example, the groups may be schools, villages, medical practices,
patients of a single doctor or families. See 8.X Cluster randomized trials.

8.3.2 Cross-over trials

In a cross-over trial all participants receive all interventions in sequence — they are
randomized to an ordering of interventions, and participants act as their own control. See
Section 8.X Cross-over trials.
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8.3.3 Repeated observations on participants

In studies of long duration, results may be presented for several periods of follow-up (for
example, at 6 months, 1 year and 2 years). Results from more than one time point for each
trial cannot be combined in a standard meta-analysis without a unit of analysis error.
Some options are:

e to obtain individual patient data and perform an analysis (such as time-to-event
analysis) that uses the whole follow up for each participant. Alternatively, compute an
effect measure for each individual participant which incorporates all time points, such
as total number of events, an overall mean, or a trend over time. Occasionally, such
analyses are available in published reports;

o to define several different outcomes, based on different periods of follow-up, and to
perform separate analyses. For example, time frames might be defined to reflect short-
term, medium-term and long-term follow-up;

e to select a single time point and analyse only data at this time for trials in which it is
presented. Ideally this should be a clinically important time point. Sometimes it might
be chosen to maximise the data available, although reviewers should be aware of the
possibility of reporting biases;

e to select the longest follow-up from each trial. This may induce a lack of consistency
across studies that gives rise to heterogeneity.

8.3.4 Events that may re-occur

If the outcome of interest is an event that can occur more than once, then care must be
taken to avoid a unit-of-analysis error. Count data should not be treated as if they are
dichotomous data. See 8.2.4 Effect measures for counts and rates.

8.3.5 Multiple treatment attempts

Similarly, multiple treatment attempts per participant can cause a unit of analysis error.
Care must be taken to ensure that the number of participants randomized, and not the
number of treatment attempts, is used to calculate confidence intervals. For example, in
subfertility studies, women may undergo multiple cycles, and authors might erroneously
use cycles as the denominator rather than women. This is similar to the situation in cluster
randomized trials, except that each participant is the ‘cluster’. See methods described in
8.X Cluster randomized trials.

8.3.6 Multiple body parts I: body parts receive the same treatment

In some trials, whole people are randomized, but multiple parts of the body receive the
same treatment and the number of body parts is used as the denominator in the analysis.
For example, eyes may be mistakenly used as the denominator without adjustment for the
non-independence between eyes. This is similar to the situation in cluster randomized
trials, except that participants are the ‘clusters’. See methods described in 8.X Cluster
randomized trials.

8.3.7 Multiple body parts Il: body parts receive different treatments

A different situation is that in which different parts of the body are randomized to
different treatments. ‘Split-mouth’ designs in oral health are of this sort, in which different
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areas of the mouth are assigned different interventions. These are similar to cross-over
trials. See methods described in Section 8.X Cross-over trials. It is important to
distinguish these studies from those in which participants receive multiple versions of the
same treatment.

8.3.8 Multiple intervention groups

Trials that compare more than two intervention groups need to be treated with care. A
serious unit of analysis problem arises if the same group of participants is included twice
in the same meta-analysis (for example, if ‘Dose 1 vs Placebo’ and ‘Dose 2 vs Placebo’
are both included in the same meta-analysis, with the same placebo patients in both
comparisons). See 8.X Trials with more than two treatment groups.

8.4 Intention to treat issues

From the emphasis given to proper randomisation it follows that analysis of a randomised
trial should ideally compare the groups exactly as randomised. Often some participants
are excluded, either because they were lost to follow up and no outcome was obtained, or
for some deviation from the protocol, such as receiving the wrong treatment or no
treatment, lack of compliance, or ineligibility. Alternatively, it may be impossible to
measure certain outcomes for all participants because their availability depends on
another outcome (see 8.4.4 ldentifying conditional outcomes only available for subsets of
participants).

8.4.1 What are intention-to-treat analyses?

An estimated treatment effect may be biased if some randomised participants are excluded
from the analysis. Imbalances in such omissions between groups may be especially
indicative of bias. Intention-to-treat (ITT) analysis aims to include all participants
randomized into a trial irrespective of what happened subsequently (Lewis 1993, Newell
1992). ITT analyses are generally preferred as they are unbiased, and also because they
address a more pragmatic and clinically relevant question.

The simple idea of an ITT analysis, to include all randomised patients, is not always easy
to implement, and there are confusions about terminology. There are two criteria for an
ITT analysis:

1. Trial participants should be analysed in the groups to which they were randomised
regardless of which (or how much) treatment they actually received, and
regardless of other protocol irregularities, such as ineligibility.

2. All participants should be included regardless of whether their outcomes were
actually collected.

There is no clear consensus on whether both criteria should be applied (Hollis 1999).
While the first is widely agreed, the second is contentious, since to include participants
whose outcomes are unknown (mainly through loss to follow up) involves ‘filling-in’
(‘imputing”) missing data.
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Many trials report having undertaken ITT analyses when they have met only the first of
the two criteria, the second being impossible to achieve when contact is lost with the trial
participants. An analysis in which data are analysed for every participant for whom the
outcome was obtained is more properly called an available case analysis. Some trial
reports present analyses of the results of only those participants who completed the trial
and who complied with (or received some of) their allocated treatment. Some authors
incorrectly call these ITT analyses, but they are in fact per-protocol or treatment-
received analyses. Here we interpret the term ITT to mean that both of the above criteria
are fulfilled. Reviewers should critically consider and report which type of analysis each
trial has presented. Reviewers should avoid using the terms ‘intention-to-treat’ and ‘ITT’
without explicitly defining them.

8.4.1.1 Available case analyses

In most situations reviewers should attempt to extract from papers the data to enable at
least an available case analysis. Avoidable exclusions should be reinstated if possible.
The proportion of participants in each study arm who do not provide outcome data should
be noted in the Study Characteristics table.

Three types of exclusions deserve specific mention. First, some trial participants may
legitimately be excluded (i.e. without introducing bias) if their reason for exclusion was
specified in the protocol and relates only to information collected before randomisation.
For example, a condition may be defined by delayed blood tests on samples taken before
randomization. Such exclusions are generally unwise, however, as the results do not then
relate to the real clinical situation.

Second, and by contrast, exclusions immediately post-randomisation (and perhaps before
treatment) may introduce bias, as they could be related to the treatment allocation.

Third, if dropout is very high or is different across treatment groups then the systematic
review’s protocol may dictate that a study be given a low quality rating and perhaps
excluded from a meta-analysis (though usually not from the systematic review).

Many (but not all) people consider that available case and ITT analyses are not
appropriate when assessing unintended (adverse) effects, as it is wrong to attribute these
to a treatment that somebody did not receive. As ITT analyses tend to bias the results
towards no difference they may not be the most appropriate when attempting to establish
equivalence or non-inferiority of a treatment.

8.4.1.2 Full intention-to-treat analyses

In some rare situations it is possible to create a genuine ITT analysis from information
presented in the text and tables of the paper, or by obtaining extra information from the
author about participants who were followed up but excluded from the trial report. If this
is possible without imputing study results it should be done.

Otherwise an intention to treat analysis can only be produced by using imputation. This
involves making assumptions about the outcomes of participants for whom no outcome
was recorded, and making up data for these participants. Some statistical techniques exist
for imputing data but, ultimately, assessing the results of trials in the presence of more
than minimal amounts of missing data is a matter of judgement. Statistical analysis cannot
reliably compensate for missing data (Unnebrink 2001). No assumption is likely
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adequately to reflect the truth, and the impact of any assumption should be assessed by
trying more than one method as a sensitivity analysis (see 8.X Sensitivity analyses).

In the next two sections we consider some ways to take account of missing observations
for dichotomous or continuous outcomes. Although imputation is possible, at present a
sensible decision in most cases is to include data for only those participants whose results
are known, and discuss the potential impact of the missing data. Where imputation is used
the methods and assumptions for imputing data for dropouts should be described in the
Methods section of the protocol and review.

8.4.2 ITT issues for dichotomous data

Percentages of participants for whom no outcome data were obtained should always be
collected and reported in the Characteristics of Included Studies table; note that the
percentages may vary by outcome. However, there is no consensus on the best way to
handle these participants in an analysis. There are two basic options, and it may be wise to
plan to undertake both and compare their results in a sensitivity analysis (see 8.X
Sensitivity Analyses).

e Available case analysis: Include data on only those whose results are known, using as
a denominator the total number of people who completed the trial for the particular
outcome in question. The potential impact of the missing data on the results should be
considered in the interpretation of the results of the review. This will depend on the
degree of ‘missingness', the frequency of the events and the size of the pooled effect
estimate. Variation in the degree of missing data across studies may also be
considered as a potential source of heterogeneity.

e ITT analysis using imputation: Base an analysis on the total number of randomized
participants, irrespective of how the original trialists analysed the data. This will
involve ‘imputing’ (a formal term for ‘making up”) outcomes for the missing patients.
Studies with imputed data will be given more weight than they warrant if entered as
dichotomous data into RevMan. It is possible to determine more appropriate weights;
consultation with a statistician is recommended.

There are several approaches to imputing dichotomous outcome data. One common
approach is to assume either that all missing participants experienced the event, or that
all missing participants did not experience the event. The choice among these
assumptions should be based on clinical judgement as to what would be the most
likely outcome. An alternative approach is to impute data according to the event rate
observed in the control group, or according to event rates among completers in the
separate groups. None of these assumptions is likely to reflect the truth, and the latter
achieves little other than an unwarranted inflation of the precision of effect estimates.
Thus this approach is generally not recommended. The impact of any assumptions can
be tested by undertaking sensitivity analyses where first it is assumed that all missing
participants in the first group incurred the event and those in the second group did not,
and then assuming the opposite. When missing data are common, these worst-
case/best-case scenarios will cover a very wide range of possible treatment effects and
thus the analysis will not be very informative. However, when missing data are not
common and this procedure is done across all trials in the review with little impact on
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the results, it can be concluded that the missing data could not affect the outcome of
the review.

8.4.3 ITT issues for continuous data

In full ITT analyses, all participants who did not receive the assigned intervention
according to the protocol as well as those who were lost to follow-up are included in the
analysis. Inclusion of these in an analysis requires that means and standard deviations for
all randomized participants are available. As for dichotomous data, dropout rates should
always be collected and reported in the Characteristics of Included Studies table. There
are two basic options, and it may be wise to plan to undertake both and formally compare
their results in a sensitivity analysis (see 8.X Sensitivity Analyses).

e Auvailable case analysis: Include data only on those whose results are known. The
potential impact of the missing data on the results should be considered in the
interpretation of the results of the review. This will depend on the degree of
‘missingness’, the pooled estimate of the treatment effect and the variability of the
outcomes. Variation in the degree of missing data may also be considered as a
potential source of heterogeneity.

e ITT analysis using imputation: Base an analysis on the total number of randomized
participants, irrespective of how the original trialists analysed the data. This will
involve imputing outcomes for the missing patients. Approaches to imputing missing
continuous data in the context of a meta-analysis have received little attention in the
methodological literature. In some situations it may be possible to exploit standard
(although often questionable) approaches such as ‘last observation carried forward’,
or, for change from baseline outcomes, to assume that no change took place, but such
approaches generally require access to the raw patient data. Inflating the sample size
of the available data up to the total numbers of randomized participants is based on an
assumption that those dropping out from the study were a random sample of all those
included, and is not recommended as it will artificially inflate the precision of the
effect estimate

8.4.4 Identifying conditional outcomes only available for subsets of
participants

Some trial outcomes may only be applicable to a proportion of participants. For example,
in subfertility trials the proportion of clinical pregnancies that miscarry following
treatment is often reported. By definition this outcome excludes participants who do not
achieve an interim state (clinical pregnancy), so the comparison is not of all participants
randomized. As a general rule it is better to re-define such outcomes so that the analysis
includes all randomized participants. In this example, the outcome could be whether the
woman has a ‘successful pregnancy’ (becoming pregnant and reaching, say, 24 weeks or
term).

Another example is a morbidity outcome measured in the medium or long term (e.g.
development of chronic lung disease), when there is a distinct possibility of a death
preventing assessment of the morbidity. A convenient way to deal with such situations is
to combine the outcomes, for example as ‘death or chronic lung disease’.
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Some intractable problems arise when a continuous outcome (say a measure of functional
ability or quality of life following stroke) is measured only on those who survive to the
end of follow-up. Two unsatisfactory alternatives exist: (a) imputing zero functional
ability scores for those who die (which may not appropriately represent the death state and
will make the outcome severely skewed), and (b) analysing the available data (which must
be interpreted as a non-randomised comparison applicable only to survivors).

8.5 Extraction of study results

This section outlines the data that need to be extracted from trial reports for analyses of
each of the data types described in 8.2 Types of data and effect measures. For many
studies the required data will be presented clearly. However, sometimes the required data
may be obtained only indirectly, and the relevant results may not be obvious. This section
provides some useful tips and techniques to deal with these situations.

The section concludes with some important considerations that despite being mentioned
last must be considered before starting the data extraction process. First, a common error
when extracting data is to fail to recognise what the unit of analysis should be. A ‘unit of
analysis error’ may arise when results entered into an analysis do not suitably reflect the
design of the study. It is important to recognise such situations. Second, intention-to-treat
analyses may require collection of data from different parts of a paper.

8.5.1 Data extraction for dichotomous outcomes

Dichotomous data are described in 8.2.1 Effect measures for dichotomous outcomes. The
only data required for a dichotomous outcome are the numbers in each of the two
categories in each of the intervention groups — the numbers needed to fill in the four boxes
a, b, cand d in Box 8.2.1. The data are often available as the number assessed and the
number incurring the event of interest in each group. Difficulties may be experienced in
clearly identifying the numbers actually assessed for each outcome due to poor reporting,
and occasionally the numbers incurring the event need to be derived from percentages
(although it is not always clear which denominator to use, and rounded percentages may
be compatible with more than one numerator).

See also 8.6.3 Meta-analysis of dichotomous outcomes.

8.5.1.1 Extracting effect estimates calculated from dichotomous outcomes

Sometimes the numbers of participants and numbers of events are not available, but
results calculated from them are. For example, an estimate of an odds ratios or a risk ratio
may be present in an abstract, while the full text of the paper cannot be obtained so further
data are unavailable. Such data may be included in meta-analyses only if they are
accompanied by measures of uncertainty such as a 95% confidence interval or an exact P-
value. The numbers then must be analysed using the generic inverse variance method in
RevMan (see 8.6.2 A generic inverse variance approach to meta-analysis). This requires
the reviewer to enter an estimate and a standard error for each study. The process of
obtaining a suitable estimate and standard error from a confidence interval or P-value is
described in 8.5.6 Obtaining standard errors from confidence intervals and P-values
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A limitation of this approach is that estimates and standard errors of the same effect
measure must be calculated for all the other studies in the same meta-analysis, even if
they provide the original numbers of participants and events. If the numbers of events and
participants are known the necessary summary statistics may be obtained from RevMan
(entering the data as dichotomous data), and copied manually into the data entry window
for the generic inverse variance outcome. The confidence intervals estimated in RevMan
will need to be converted into standard errors.

When extracting data from non-randomized studies, and from some randomized studies,
adjusted odds ratios may be available from logistic regression analyses. The process of
data extraction, and analysis using the generic inverse variance method, is the same as for
unadjusted estimates.

8.5.2 Data extraction for continuous outcomes

Continuous data are described in 8.2.2 Effect measures for continuous outcomes. To
perform a meta-analysis of continuous data using either mean differences or standardised
mean differences one needs to extract the mean values of the outcomes, the standard
deviations of the outcomes, and the number of participants on whom the outcome was
assessed in each of the two groups.

In many cases the relevant information can be extracted directly from trial reports in a
straightforward way. However, due to poor and variable reporting occasionally it is
difficult or impossible to obtain the necessary information from the data summaries
presented. Trials vary in the statistics they use to summarise average (sometimes using
medians rather than means) and variation (sometimes using standard errors, confidence
intervals, interquartile ranges and ranges rather than standard deviations).

When needed, missing information and clarification about the statistics presented should
always be sought from the authors. However, for several of the measures of variation
there is an approximate or direct algebraic relationship with standard deviations, so it may
be possible to obtain the required statistic even if it is not published directly in the paper
as is explained in the subsections that follow. For more details and examples see (Deeks
1997a, Deeks 1997b).

A particularly misleading error is to misinterpret a standard error as a standard deviation.
Unfortunately it is not always clear what is being reported and some intelligent reasoning
may be required. Standard deviations and standard errors are occasionally confused by
authors of trial reports, and the terminology is used inconsistently.

See also 8.6.4 Meta-analysis of continuous outcomes.

8.5.2.1 Medians

The median is very similar to the mean when the distribution of the data is symmetrical,
and so occasionally can be used directly in meta-analyses. However, means and medians
can be very different from each other if the data are skewed, and medians are often the
summary statistic of choice when data are skewed (see 8.5.2.11 Skewed data).

8.5.2.2 Standard errors of group means

Standard deviations are obtained by multiplying standard errors of means by the square-
root of the sample size:
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SD = SE x YN

When making this transformation ensure that standard errors are standard errors of means
calculated from within a treatment group and not standard errors of the difference in
means computed between treatment groups.

8.4.2.3 Confidence intervals for group means

Confidence intervals for means can also be used to calculate standard deviations via
calculation of the standard error of the mean. The following applies to confidence
intervals for mean values calculated within treatment group results and not from
comparisons of treatments. Most confidence intervals are 95% confidence intervals. If the
sample size is large (say bigger than 100), the 95% confidence interval is 3.92 (2 x 1.96)
standard errors wide. The standard deviation for each group is obtained by dividing the
length of the confidence interval by 3.92, and then multiplying by the square root of the
sample size:

SD =N x (upper limit — lower limit)/3.92

For 90% confidence intervals divide by 3.29 rather than 3.92, for 99% confidence
intervals divide by 5.15.

If the sample size is smaller than 60 then confidence intervals should have been calculated
using a value from a t-distribution. The numbers 3.92, 3.29 and 5.15 need to be replaced
with slightly larger numbers specific to both the t-distribution and the sample size which
can be obtained from tables of the t-distribution with degrees of freedom equal to the
group sample size minus 1. (Relevant details of the t-distribution are available as
appendices of many statistical textbooks, or using standard computer spreadsheet
packages. For example the t-value for a 95% confidence interval from a sample size of 27
can be obtained by typing =tinv(1-0.95,27-1) in a cell in a Microsoft Excel spreadsheet.)

As an example, consider data presented as follows:

Group Sample size  Mean 95% ClI
Experimental 25 32.1 (30.0, 34.2)
intervention

Control intervention 22 28.3 (26.5, 30.1)

The confidence intervals should have been based on t-distributions with 24 and 21
degrees of freedom respectively. The relevant numbers for the divisor are then 2 x 2.06 =
4.12 and 2 x 2.08 = 4.16. The standard deviations for the two groups are V25 x (34.2 —
30.0)/4.12 = 5.10 and V22 x (30.1 — 26.5)/4.16= 4.06.

It is important to check that the confidence interval is symmetrical about the mean (the
distance between the lower limit and the mean is the same as the distance between the
mean and the upper limit). If this is not the case the confidence interval may have been
calculated on transformed values (see Section 8.5.2.11 Skewed data below).

8.5.2.4 t-values, standard errors and confidence intervals for differences in means

The same ingredients of means, standard deviations and sample sizes are involved in t-
tests used to compute the statistical significance of differences in means. The methods do
not actually estimate the two standard deviations observed in the two groups but estimate
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the average of their values. This simplification does not matter for the purpose of meta-
analysis.

The t-value is the ratio of the difference in means to the standard error of the difference in
means. Computing the standard deviation first involves computing the standard error of
the difference in means by dividing the difference in means (MD) by the t-value:

standarderror of differencein means = @

If a 95% confidence interval is available for the difference in means, then the same
standard error can be calculated as:

SE = (upper limit — lower limit)/3.92

as long as the trial is large. For 90% confidence intervals divide by 3.29 rather than 3.92,
for 99% confidence intervals divide by 5.15. If the sample size is small then confidence
intervals should have been calculated using a t-distribution. The numbers 3.92, 3.29 and
5.15 need to be replaced with larger numbers specific to both the t-distribution and the
sample size, and can be obtained from tables of the t-distribution with degrees of freedom
equal to Ne + Nc— 2, where Ne and Nc are the sample sizes in the two groups. (Relevant
details of the t-distribution are available as appendices of many statistical textbooks, or
using standard computer spreadsheet packages. For example the t-value for a 95%
confidence interval from a comparison of a sample size of 27 with a sample size of 24 can
be obtained by typing =tinv(1-0.95,27+24-2) in a cell in a Microsoft Excel spreadsheet).

The standard deviation can then be obtained from the standard error of the difference in
means using the following formula:

.. standarderror of differencein means
standarddeviation = )

See below (Section 8.5.2.5 P-values) for an example. This standard deviation must be
entered into RevMan for both intervention groups.

Related methods can be used to derive standard deviations from certain F-statistics,
although methods are somewhat complex and advice of a knowledgeable statistician is
recommended.

8.5.2.5 P-values

Where actual P-values obtained from t-tests are quoted, it is possible to extract standard
deviations by first obtaining the corresponding t-value from a table of the t-distribution
(noting that the degrees of freedom are given by Ne + N¢ — 2), and then transforming the
t-value into a standard deviation as described in 8.5.2.4 t-values, standard errors and
confidence intervals for differences in means.
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As an example, consider a trial of an experimental intervention (Ne = 25) versus a control
intervention (Nc = 22), where the difference in means was MD = 3.8. It is noted that the
P-value for the comparison was P = 0.008 obtained using a two-sample t-test.

The t-statistic that corresponds with a P-value of 0.008 and 25+22-2=45 degrees of
freedom is t = 2.78. This can be obtained from a table of the t-distribution with 45 degrees
of freedom or a computer (for example, by entering =tinv(0.008, 45) into any cell in a
Microsoft Excel spreadsheet).

The standard error of the difference in means is obtained by dividing the MD (3.8) by the
t-value (2.78), which gives 1.37. To calculate the standard deviation from the t-statistic
We use

standarddeviation = 1—37 =4.69.

1 1
7+7
(25 22)

Note that this standard deviation is the average of the standard deviations of the
experimental and control arms, and must be entered into RevMan for both groups.

Difficulties are encountered when levels of significance are reported (such as P<0.05 or
even P=NS which usually implies P>0.05) rather than exact P-values. A conservative
approach would be to take the P-value at the upper limit (e.g. for P<0.05 take P=0.05, for
P<0.01 take P=0.01 and for P<0.001 take P=0.001). However, this is not a solution for
results which are reported as P=NS. It may be preferable to impute a value for the
standard deviation for studies that report P=NS from those observed in other studies
rather than inevitably introducing bias by excluding them from the meta-analysis (see 8.X
Missing Data).

8.5.2.6 Interquartile ranges

Interquartile ranges describe where the central 50% of participants’ outcomes lie. When
sample sizes are reasonably large and the distribution of the outcome is similar to the
normal distribution, the width of the interquartile range will be approximately 1.35
standard deviations. In other situations, and especially when the outcome’s distribution is
skewed, it is not possible to estimate a standard deviation from an interquartile range.
Note that the use of interquartile ranges rather than standard deviations can often be taken
as an indicator that the outcome’s distribution is skewed.

8.5.2.7 Ranges

Ranges are very unstable and, unlike other measures of variation, increase when the
sample size increases. They describe the extremes of observed outcomes rather than the
average variation. It is not possible to reliably estimate a standard deviation from a range.
One common approach has been to make use of the fact that, with normally distributed
data, 95% of values will lie within 2xSD either side of the mean. The SD may therefore
be estimated to be approximately one quarter of the ‘typical’ range of data values. This
method is not robust and is discouraged.

8.5.2.8 No information on variability

If none of the above methods allow calculation of the standard deviation(s) from the trial
report (and the information is not available directly from the trialists) then, in order to
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perform a meta-analysis, a reviewer is forced either to exclude the study and risk
introducing bias, or to impute missing data (see 8.X Missing data) and risk making a
different type of error. Alternatively a narrative approach to synthesis may be used. It is
valuable to tabulate available results for all studies included in the systematic review,
even if they cannot be included in a formal meta-analysis.

8.5.2.9 Change from baseline

A common feature of continuous data (and also possible with ordinal data) is that a
measurement used to assess the outcome of each participant is also measured at baseline,
that is at or before randomization into the trial. This gives rise to the possibility of using
differences in changes from baseline (also called a change score) as the primary
outcome. Reviewers are advised not to focus on change from baseline unless this method
of analysis was used in some of the trial reports.

When addressing change from baseline, a single measurement is created for each
participant, obtained either by subtracting the final measurement from the baseline
measurement or by subtracting the baseline measurement from the final measurement.
Analyses then proceed as for any other type of continuous outcome variable using the
changes rather than the final measurements.

The principal difficulty associated with change from baseline analyses is the availability
of data from published reports. It is very common for standard deviations of the changes
to be unavailable. A common situation is that the following data are available:

Baseline Final Change
Experimental intervention | mean, SD mean, SD mean
(sample size n1)

Control intervention mean, SD mean, SD mean
(samp