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This two-day workshop. The workshop is designed to provide you with practical
application to your own project so we would like you to come to the workshop with an
idea of your topic. This does not have to be a refined question.

WORKSHOP 1 – DAY 1
MMED RESEARCH TRAINING
DAY 1
TIME

TOPIC

SPEAKER

08h30 - 09h00

Introduction

Dr Delva Shamley

09h00 -10h00

Session 1:
How do I convert an idea or problem into a question?
Linking the design to the question.

Dr Delva Shamley

10h00 - 10h30

Session 2:
Introduction to study designs.

Dr Delva Shamley, Ms Annemie
Stewart

10h30 - 11h00
11h00 - 13h00
13h00 - 13h30
13h30 - 14h15
14h15 – 16h30
14h15-16h30

TEA BREAK (allocation to designs)
Session 3:
Break out into design specific group.
Retrospective folder review/ Clinical audit/ Case series/
Case control/ Cohort/Systematic review

Dr Wynand Smythe, Dr Delva
Shamley, Ms Annemie Stewart

LUNCH BREAK
Session 4:
Who are my subjects? Selection and sampling

Dr Wynand Smythe

WORKING TEA BREAK
Session 5:
Design specific group continues. Allocation of group
mentor.

Dr Wynand Smythe, Dr Delva
Shamley, Ms Annemie Stewart

UCT Clinical Research Centre, L51, Old Main Building
Groote Schuur Hospital, Observatory, 7925, Cape Town
 021 650 197
 crc@uct.ac.z
W www.uct.crc.ac.za

WORKSHOP 1 – DAY 2
MMED RESEARCH TRAINING
DAY 2
TIME

TOPIC

SPEAKER

09h00 -10h00

Session 6:
What am I measuring?
Quality control measuring

Dr Delva Shamley

10h00 - 11h00

Session 7:
Database design

Ms Annemie Stewart

11h00 - 11h20
11h20 - 13h00

TEA BREAK
Ms Annemie Stewart, Dr Delva
Shamley, Dr Wynand Smythe

Group break out

13h00 – 13h30

LUNCH BREAK

13h30 - 14h30

Session 9:
Ethical issues

Prof Marc Blockman

14h30 – 15h00

Session 8:
Introduction to Sample Size Calculation and how to
choose an appropriate statistical test.

Dr Wynand Smythe

15h00 - 15h20
15h20 - 16h30

TEA BREAK
Session 10:
The Research Protocol
The Final Write Up

Dr Delva Shamley

Please RSVP to: Faldeelah.fisher@uct.ac.za
For more information, please contact: Faldeelah at 021 650 1975

Please also enrol for the free, online course:
“Understanding Clinical Research: Behind the Statistics”.

Useful websites/articles/contacts
Research methodology and statistics
RD Direct – Research Flowchart
http://www/rdinfo.org.uk/flowchart/Flowchart.html
Survey and Questionnaire Design Resources
http://www.statpac.com/surveys/
Tom Lang. Twenty Statistical Errors Even YOU can Find in Biomedical Research Articles.
Croatian Medical Journal. 45(4):361-370,2004

Reporting guidelines for manuscripts
http://www.equator-network.org/resource-centre/library-of-health-researchreporting/reporting-guidlines/
Reporting guidelines are statements that provide advice on how to report research methods
and findings. Usually in the form of a checklist, flow diagram or explicit text, they specify a
minimum set of items required for a clear and transparent account of what was done and what
was found in a research study, reflecting in particular issues that might introduce bias into the
research.
Most widely recognised guidelines are based on the available evidence and reflect consensus
opinion of experts in a particular field, including research methodologists and journal editors.
Reporting guidelines complement advice on scientific writing, which concentrates on the
basic writing principles and styles of research reports and publications, and journals’
instructions to authors.

Initiatives to improve research design, conduct and
reporting
Core outcome networks /groups /collaborations
http://www.comet-initiative.org/links
MIBBI – Minimum Information for Biological and Biomedical Investigations
http://mibbi.sourceforge.net/

Blogs, online discussions, collections on reporting
BiomedCentral – Open Data
http://blogs.openaccesscentral.com/blogs/bmcblog/category/Open+Data
BMJ Research Methods & Reporting
Collection of published papers
PLoS Medicine Guidelines and Guidance
Collection of published papers

Editorial organisations and guidelines
ICMJE – International Committee of Medical Journal Editors: Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Writing and Editing for Biomedical
Publication
http://www.ecmje.org/

Wager E. Getting research published: an A to Z of publication strategy. Radcliffe Publishing
Ltd, Second Edition, 2010
Hall GE 9ed). How to write a paper. Fourth Edition. MBJ Publishing Group, Wiley – Blackwell,
2008.
Byrne D. W. Publishing your medical research paper: What they don’t teach in medical school.
Williams & Watkins, Baltimore, US, 1998
Publication Manual of the American Psychological Association, Sixth Edition. APA
Washington DC, US, 2009
Fraser J., Fuller L. & Hutber G. Creating Effective Conference Abstracts and Posters in
Biomedicine. Radcliffe Publishing, UK, 2009
Lang, T. How to Write, Publish & Present In The Health Sciences: A Guide for Clinicians and
Laboratory Researchers. Philadelphia, PA: American College of Physicians, 2009

Writing a Thesis
Helpful sites for thesis writers seem to be proliferating but this article provides a selected few
based on extensive evaluation.
http://www.woodhillpark.com/blogs/25/Helpful-sites-for-thesis-writers-seem-to-beproliferatimg.html
http://www.timeshighereducation.co.uk/news/how-not-to-write-phd-style-thesis/410208.article

Professional organisations and associations
International Network for the Availability of Scientific Publications (INSAP)
http://www.insap.info/
International Society for Medical Publication Professionals (ISMPP)
http://www.ismpp.org/

Copyright Information
Creative Commons
http://creativecommons.org
UK Copyright Service
http://www.copyrightservice.co.uk
US Copyright Office
http://www.copyright.gov/

Other useful links
Cochrane Collaboration
http://cochrane.org
Instructions to Authors (Mulford Library, University of Toledo)
http://mulford.meduohio.edu/instr/
James Lind Library – helping to understand fair tests of treatments in health care
http://www.jameslindlibrary.org
MORE – McMaster Online Rating of Evidence
http://hiru.mcmaster.ca/More/AboutMore.htm

UCT Support
Free research support service from School of Public Health & Family Medicine
- Email: pph-epsupprt@uct.ac.za
Systematic reviews
- James Irlam, James.Irlam@uct.ac.za
Pulmonology/Occupational
- Rodney Ehrlich, Rodney.Ehrlich@uct.ac.za
HIV; Obs/Gynae; Ophthalmology
- Landon Myer, Landon.Myer@uct.ac.za

Critical Appraisal
These checklists are extremely helpful for 2 reasons:
1. They train research design
2. They provide the student with the necessary information to be able to critique an article
in an informed manner.
http://www.sign.ac.uk/methodology/checklists.html
http://www.casp-uk.net/

Systematic Reviews
Research Methods
MMed

“If science consisted of nothing but
the laborious accumulation of facts,
it would soon come to a
standstill...…

Two processes are at work side by
side, the reception of new material
and the digestion and assimilation
of the old; and both are essential…”
Lord Rayleigh 1884

Evidence-based medicine

What is best external evidence?
• How do you find it?
• How do you interpret it?
• How do you decide if the evidence is
based on good science?
Time consuming
Overwhelming
Requires knowledge of many research
designs and critical appraisal
Let the SR do the work for you !

Sources of evidence
Published
• Bibliographic databases - primary or
secondary research
• Reviews - journal articles/ chapters
from textbooks
• Expert comment
Unpublished
• Clinical experience
• Theses

Potential problems with these sources?
• Knowledge of bibliographic databases and
access to them
• Databases contain less than half the world’s
research evidence and favour English publications
• Need a good knowledge of research methods in
order to critically appraise the papers and draw
appropriate conclusions

Researchers do not access the
evidence
Analysis of 4 decades of trials:
< ¼ of previous relevant studies were
quoted.
< ½ of PIs were aware of relevant
reviews when designing their studies.
Chalmers et al,2014 .Lancet

Systematic reviews
A systematic review is a
"scientific tool which can be used to
summarise, appraise, and communicate
the results and implications of otherwise
unmanageable quantities of research."
NHS Centre for Reviews and Dissemination (Report
4)

Systematic review or meta-analysis
Systematic review is sometimes referred to as an
overview
“when a review strives to comprehensively
identify and track down all the literature on a
given topic”
Meta-analysis
"when an overview incorporates a specific
statistical strategy for assembling the results of
several studies into a single estimate“
Sackett (1991)

Advantages of systematic
reviews
• Reduce bias
• Replicable
• Resolve controversy between
conflicting studies
– Original study did not fully consider
previous work
– Data is of poor quality
– Incomplete understanding of relevant
biology

Limitations of systematic reviews specific
to health promotion
• Results may still be inconclusive –Timing
• There may be no trials/evidence

• The trials may be of poor quality
• The intervention may be too complex to be
tested by a trial –pragmatic trials
• Practice does not change just because you
have the evidence of effect/effectiveness

Hierarchy of evidence
Rank

Methodology

Key Features

1

Systematic reviews and
meta-analyses

Secondary research which
reanalyses primary data.
Inclusion of RCTs is favoured

2

Randomised controlled
Trials (RCTs)

Tightly controlled experiment
which aims to eliminate all
variables

3

Cohort studies

Uses convenience sample
which looks at a small
number of issues

4

Case control studies

Retrospective data

5

Cross sectional surveys

Retrospective data

6

Expert opinion

7

Anecdotal

Key Aspects of SR
 Topic

definition
 Study selection criteria
 Quality assessment
 Data extraction
 Data synthesis
 Reporting & Disseminating

Components of a systematic
review
 Question

is very specific and usually
explanatory
 Search strategy clearly documented with
explicit inclusion and exclusion criteria
 Both published and unpublished (‘grey’)
sources
 Sources are always ‘critically appraised’
using specific criteria
 Should be explicit and reproducible

The Research Question
The question should be specific and
focus on a certain aspect within a
specific topic
 Population / participants
 Interventions
 Outcomes
 Study designs

Accessing evidence: searching
bibliographic databases
 Databases

clearly stated
 Search terms clearly stated
 Should be trained in or have an information
officer undertake searches
 Not all evidence will be accessed from
databases
 Hand searches, such as reference lists,
microfiche
 Grey literature should be searched

What is grey literature?
 Published

by governments, academics,
businesses, and industry
 Hard or electronic format
 Tends not to be published by commercial
publishers
 Includes reports, theses, conference
proceedings, technical and business
material
 Difficult to access as it is not routinely
catalogued

Selection of papers: which
ones to include in the review?






Must have clear inclusion AND exclusion criteria
Should reflect the research question
Should include statements about the PICOS
 Population
 Interventions
 Controls
 Outcomes
 Study design – usually RCTs
Details of the selection process should be included

Study Quality Assessment
Is the appraisal of studies internal
validity; extent to which design,
conduct and analysis have
minimised biases or errors

Assessment of papers






May be done to inform paper selection, data
synthesis, implications of results
Critical appraisal tool should be appropriate
May use established checklist (e.g. CASP) or
can develop own
Tool should be included in the study
Process of assessment should be clear
 At least two people involved in process
 How disagreements were dealt with

Power calculation
sample size
specific objectives stated
hypothesis stated
Inclusion criteria clearly stated
Exclusion criteria clearly stated
randomised
randomisation processstated
concealed allocation
stratified?
blinding of outcome assessor
validated questionnaire
validatedobjective
measurement
reliability / repeatability
measures
Stats test stated
Correct rationale for selection of
stats
correct use of parametric non
par
sub grp analysis surg, dxt
correction / adjustment - eg
age,RT
p value
Grps equal &cf baseline -stated
Grps equal & cf baseline -stat
anal
Age clearly stated
Surgery type clearly stated
Other med Rx stated eg
radiother
Grade of Ca / node
involvement

PETREK
N
57
N
N
Y
Y
Y
N
?
Y
?
N

LOTZE
N
37
Y
N
Y
Y
Y
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?
Y
?
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N
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JANSEN
N
144 (168)
Y
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N
?
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SCHULTZE
N
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N
?
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WINGATE
N
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Y
Y
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Y
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N
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Y
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N
?
N
?
N

KNIGHT
N
38
Y
Y
Y
Y
Y
N
?
N
?
N

HORST
N
57
Y
N
Y
N
Y
N
?
N
Y
N

FLEW
N
64
Y
N
Y
N
Y
N
Y
N
?
N

CHEN
N
344
N
N
Y
Y
Y
N
N
N
?
N

ABE
N
116
Y
N
Y
N
Y
N
?
N
N
n/a

Y

?

N

?

?

Y

N

N

N

N

N

N

N
Y

N
Y

N
Y

N
Y

N
Y

N
Y

N
Y

N
N

N
Y

N
Y

N
Y

N
Y

Y

N

N

N

N

N

N

N

N

N

Y

N

Y
N

N
N

?
Y

?
N

Y
Y

?
N

?
N

?
N

?
N

?
N

?
Y

?
Y

N
Y
Y

N
Y
Y

N
Y
Y

N
Y
Y

N
Y
N

N
Y
Y

N
Y
Y

N
Y
Y

N
Y
N

?
Y
Y

?
Y
Y

N
Y
Y

Y
Y

Y
Y

?
Y

N
Y

Y
Y
Y

Y
N

Y
Y

Y
Y

?
Y
Y

Y
Y
Y

Y
Y
Y

N
Y
Y

N

Y

Y

N

N

N

N

N

Y

Y

N

Y

Y

Y

Y

N

Y

Y

Y

?

N

Y

Y

Y

Data extraction –Key Points
 Minimise

bias

 Missing

data – may need to contact
original author

 DES

 For

is agreed before data synthesis

meta-analysis – use original data

Data extraction/Abstraction
 Results

from papers should be included
in a table form, and usually include
core data such as population,
intervention, outcome measures,
length of study
 May also provide information about
the quality of each paper
 Should be clear how this process was
done

Data Synthesis – Key Points
 Descriptive
 Quantitative





Heterogeneity
Homogeneity
Sensitivity analysis
Publication bias

Results / discussion
 Conclusions

should answer the initial
research question(s)
 Reference to the sources of evidence on
which those conclusions are based
 The quality of the evidence supporting
each conclusion
 The likely degree of completeness of the
search for evidence
 Be weary of assigning quality ratings!!

Conclusion
 Strengths

and weaknesses of the
results are considered
 Implications of the results
 for the purchase and provision of
health care
 further

research

Problems with systematic
reviews and meta-analysis
 What

happens when systematic reviews of
the same area disagree with each other?

 Difficult

to adopt the same methodology
within qualitative research, therefore this
type of evidence may be neglected

 Systematic

reviews may not always be robust
and rigorous and should always be critically
appraised.

Reporting a systematic review
The Quality of Reporting of metaanalysis
PRISMA statement - A guideline for
the accurate reporting of
systematic reviews and a tool for
the evaluation of systematic
reviews.

References / useful websites


•







Alberani V, Pietrangeli PDC, Mazza AMR (1990). The use of
grey literature in health sciences: a preliminary survey.
Bulletin of the Medical Library Association 78(4): 358-363.
CRD's Guidance for those Carrying Out or Commissioning
Reviews (2001).
http://www1.york.ac.uk/inst/crd/report4.htm
Cochrane library houses only systematic reviews, which
adopt a specific methodology
Database of abstract of review of
effects:http://nhscrd.york.ac.uk/darehp.htm
Information on systematic review methodology:
http://www.shef.sc.uk/uni/academic/RZ/scharr/triage/docs/systematic/
Sackett, D (1991) Clinical Epidemiology: A basic science
for clinical medicine 2nd ed. Little, Brown & Company

RESEARCH STUDENT SUPERVISORY MEETING CHECKLIST
INITIAL MEETING

Degree:
Date:
Student:
Supervisor 1: ____________ Supervisor 2: ______________
Meeting Tasks

Student/registrar roles and responsibilities discussed
Supervisor 1 roles and responsibilities discussed
*Supervisor 2 roles and responsibilities discussed
Contact arrangements agreed
Frequency of meetings agreed
Feedback: mode and timing agreed
MOU signed
Research question and design discussed
Sample size
Research time allocation
Student/registrar guided to relevant literature
Training needs identified e.g. database search, stats,
design, clinical techs
Necessary permissions discussed and contacts provided
where possible
Progress of proposal, ethical, legal and safety issues
discussed
Dates for forms and registrations at postgrad offices
Student/registrar informed of UCT wide seminars/training
Next milestone identified and next meeting date set

*Registrars may only have one supervisor.

Confirmed

RESEARCH STUDENT SUPERVISORY MEETING CHECKLIST
SUBSEQUENT MEETINGS

Degree:
Date:
Student:
Supervisor 1: ____________ Supervisor 2: ______________
Meeting Tasks

Agenda sent by student/registrar in advance
Team prepared
Review
Previous action points
Protocol completion/ethics submission done
Definition
Scope and purpose of current meeting clear
Exploration
Literature review discussed and EQUATOR and
Critical appraisal websites provided
Results discussed
Intra and interdisciplinary contacts provided where
necessary
Progress monitored: timeline/milestones/scope
Clarification
Meeting summarized and decisions are made by
student/registrar
Goal setting
Realistic action plan agreed
Presentation/publication and IP opportunities discussed
Next milestone identified and next meeting date set

Confirmed

provided in paragraphs seven and
eight of the introduction, in response
to concerns that are summarized in
the preceding paragraphs. But that
was not the main focus of this report;
we focused on the issues involved in
properly doing this type of consultation, and that seems appropriate in
light of the goals explicitly stated in
the report.
3) We do not think that legitimate
work in the field of bioethics consultation should be foregone because of
Youngner and Arnold’s concern about
handing the enemies of bioethics a
weapon. Our job is to do things right
and to not apologize if we have done

so. In any case, the critics they cite
have much more on their minds than
the legitimacy of this type of bioethics
consultation.
4) Youngner and Arnold demand
full disclosure of all of our client relations and of the income produced by
them. The purpose of disclosure is to
alert readers to potential conflicts of
interest. We believe that the listing of
those of us who have done such consultations is sufficient to alert the
readers to a possible conflict (it has
certainly alerted Youngner and
Arnold). If we were discussing the research or products of a particular
client, we would then also have to

disclose the existence and nature of
that particular relation, as is required
by most journals. But we are not, so
we felt no need to do so. The suggestion that the exact extent of remuneration be disclosed is problematic because privacy is also an important
value. We refer the reader to our full
discussion of disclosure for further
guidance about our views on this
topic.
5) Finally, we encourage thoughtful colleagues to turn their attention
to the complex issues raised in the
task force’s report. Encouraging such
a dialogue is one of the explicit goals
of this task force.

SCIENCE, BIOETHICS,
AND THE


PUBLIC INTEREST:

On the Need for Transparency



by VIRGINIA A. SHARPE

As in science, so in bioethics: if prohibiting conflicts of interest is not feasible, rigorous requirements
for disclosure can at least manage them.

O

ver the last three decades, the genomics revolution, legal precedents, and policy priorities have significantly contributed to the
commercialization of science in the United States
and around the world. Judicial decisions supporting
patent protection for bioengineered molecules,1 laws
strengthening intellectual property rights both in the

Virginia A. Sharpe, “Science, Bioethics, and the Public Interest: On
the Need for Transparency,” Hastings Center Report 32, no. 3 (2002):
23-26.
May- June 2002

United States and in the context of international
trade, and the 1980 Bayh-Dole Act authorizing licensing and patenting of results from federally sponsored research2 have created new incentives for clinicians, academic institutions, and researchers to join
forces with for-profit industry in an unprecedented
array of entrepreneurial activities.
At the same time, companies seeking to expand
their market share in agriculture, biomedicine,
biotechnology, and other fields ply clinicians, scientists, and academic institutions with substantial fiHASTINGS CENTER REPORT
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nancial inducements, including research support, consultancies, honoraria,
royalty
arrangements,
all-expenses-paid conferences, and
other gifts. Seventy percent of funding for clinical drug trials now comes
from industry, and a significant number of those trials are conducted by
for-profit contract institutions and
private office-based physicians who
operate outside the context and oversight of academic research institutions.3
Industry influence also extends
into the pages of scientific journals.
Industry-sponsored special journal
supplements, which provide additional income to a publication, are often
exempt from the usual editorial and
peer review requirements. Drug companies ghostwrite scientific articles
that are then published under the
names of paid scientists.4
Industry-driven science and its
marketing are also increasingly affecting traditional mechanisms to safeguard the integrity of research. There
is no better illustration of this than
the direct-to-the-media reports now
sometimes employed by biotechnology companies. Recently, for example,
the British company PPL Therapeutics bypassed the traditional peer review process in favor of a splashy
media announcement to make public
the potentially lucrative birth of
cloned pigs.5 In this case, the canons
of responsible science were trumped
by the admitted aim of attracting venture capital.6
Although many have cheered partnerships between industry and scientists, it is also generally acknowledged
that they entail conflicts of interest
that may threaten the judgment of
trusted professionals, the credibility of
research institutions and scientific
journals, the safety and transparency
of human subjects research, and the
integrity of science.
For example, there is strong evidence that researchers’ financial ties to
pharmaceutical or tobacco manufacturers directly influence their published positions in supporting the
benefit or downplaying the harm of
24 H A S T I N G S C E N T E R R E P O R T

the manufacturer’s product.7 Like- disclosed activity.”11 Where conflicts
wise, a growing body of evidence in- of interest in scientific research, publidicates that the pharmaceutical indus- cation, and oversight are concerned,
try’s gifts and inducements bias clini- the pendulum is swinging toward discian judgment and influence doctors’ closure as the norm.12
That said, it is important to note
prescribing practices.8 For years, biased industry-sponsored research on that the word “disclosure” is used amenvironmental toxins such as lead and biguously across various contexts to
tobacco smoke was used to thwart refer either (a) to the required provipublic health responses to these haz- sion of information by an individual
ards.
to an oversight authority, such as an
In response, academic institutions, editorial board, a university conflict of
biomedical and
interest committee, or
other
science
a government agency
or (b) to the subsejournals,
and

quent provision of that
federal agencies
information by the
have moved to
oversight body to the
strengthen their
There is strong
public and specific inconflict of interevidence that
terested parties, such as
est policies and
research subjects or
procedures. Pubresearchers’ financial journal readers. In the
lic interest advoformer sense, someone
cacy organizations such as the ties to pharmaceutical may be said to have
“disclosed” informaCenter for Scior tobacco
tion even though it
ence in the Public Interest and manufacturers directly never reached the public. The underlying asthe Natural Resumption is that the
sources Defense
influence their
oversight body is suffiCouncil
have
prodded agen- published positions. A ciently trustworthy
and rigorous that when
cies, journals,
growing body of
it evaluates disclosed
and organizaaffiliations and incentions in this dievidence indicates that tives it will ensure that
rection.9
Because it has
financial and other facthe pharmaceutical
proved politicaltors have not unduly
ly unfeasible to
influenced or comproindustry’s gifts and
prohibit certain
mised the disclosed acfinancial ties as
tivity. And this is
inducements bias
prima facie inapwhere ethics comes in.
clinician judgment.
propriate—witSimultaneous with
ness the controthe trend toward com
versy over the
mercialized science,
policy at the
bioethics has emerged
New
England
as a critical discipline
Journal of Mediwhose insights are recine of prohibiting authors of editori- garded as an essential ingredient in reals from having a financial stake in the sponsible oversight and decisionmakmatter on which they are comment- ing in the clinic, the lab, the policy
ing10—disclosure has become a prin- arena, and increasingly in the corpocipal conflict management strategy. rate setting. As the literature on the
As Miller and Sage point out, disclo- nature of bioethics expertise makes
sure is a procedural tool used “to curb clear, however, there is more than a
abuses in private transactions without little controversy and ambiguity about
imposing direct. . . constraints on the just what kind of expertise bioethicists
May- June 2002

are equipped to offer.13 Although it
may be a mistake, the prevailing assumption is that bioethicists have special standing as moral arbiters. It is for
this reason that ethics is widely
thought to be about moral condemnation. The flip side of this assumption, of course, is that the perception
of normative expertise can be exploited for the purpose of lending credibility to otherwise troubling financial
arrangements or avenues of research.
Having an ethicist on board can enhance a company’s public image, deflect criticism, or lend credibility to its
actions.
We don’t need to impute nefarious
motives to a company in order to
know that private-sector entities live
and die by their profitability. As the
authors of “Bioethics Consultation in
the Private Sector” indicate, private
sector clients “are often concerned
with how their response to . . . ethical
issues will affect their public image
and financial standing.” Thus even if
a company wants an ethics consultant
to be something more than window
dressing, the question remains
whether private sector ethics consultants really can maintain independence, objectivity, and trust?
We can draw a lesson from ethicists as expert witnesses in the courts.
In a 1997 issue of the Journal of Medicine and Philosophy, three ethicists
wrote candidly about their experience.14 As a witness for physicians in
the Baby K case, Joseph Fletcher confesses that he became caught up in the
cause of his team and the presentation
of an unequivocal position even as he
began to appreciate the merits of rival
ethical arguments. By his service to
the client, Fletcher found that his independence and objectivity were
compromised both in his testimony
and later in the classroom. Ken Kipnis
and Mark Yarborough echo the point
that team identification can subtly stifle critical analysis. The upshot is that
even an ethicist’s analytical expertise is
compromised by allegiance to a client,
whether or not the ethicist is knowingly biased. Add to the scenario significant financial emoluments, the seMay- June 2002

duction of status, and sometimes a requirement of confidentiality. Place all
of this in the context of a field where
there is no consensus on the nature of
expertise or the professional obligations of members, and you have a very
precarious basis for trust.
Carl Elliot suggests in his provocative article “Pharma Buys a Conscience”15 that bioethicists currently
have the public’s trust because they
are regarded as legitimate overseers of
some of the century’s most risky and
troubling enterprises. If that is true,
they can hardly expect to maintain
that trust if their own pecuniary or
professional interests as paid consultants are bound to the fortunes of
profit-oriented enterprises.
We are far from clarity and consensus on the ethics of bioethics. Meanwhile, the academic market for
bioethics will become tighter as more
aspiring bioethicists pursue degrees in
the proliferating undergraduate and
graduate programs in the field. This
will likely mean that many young
bioethicists will look to industry for
employment. Likewise, the solvency
of bioethics centers and their appeal
to academic and organizational administrators will likely hinge on industry support. As Carl Elliott has observed, industry is already an important source of support for the American Medical Association’s Council on
Ethical and Judicial Affairs, the Center for Bioethics at the University of
Pennsylvania, and the Stanford University Center for Biomedical Ethics,
among others.
It is urgent that we begin asking
hard questions. Who is it that bioethicists and bioethics institutions should
serve? For whom should we act as
agents or intermediaries? To whom
are we accountable? My own view is
that bioethicists should be accountable first and foremost to the public
interest. At minimum this means that
the work of bioethicists must be transparent to the public.
For bioethics journals, transparency will mean developing strong conflict of interest policies that presume
full disclosure in the publication of

• sources of funding for the study,
review, or other item being published;
• financial or other significant relations (consulting, speaker’s fees,
corporate advisory committee
memberships, expert testimony in
legal cases) of the author and the
author’s immediate family in the
last five years with companies,
trade associations, unions, or
groups (including civic associations
and public interest groups) that
may gain or lose financially from
the results or conclusions in the
study, review, editorial, or letter;
and
• the specific contribution of each
author of the published paper
(conception and design; analysis
and interpretation of data; drafting
of the article; critical revision of the
article for intellectual contents;
final approval of the article; statistical expertise; administrative, technical, or logistical support; and collection and assembly of data16).

For bioethicists, many of whom
have traditional professional obligations as educators, full transparency
will mean disclosure to university
conflict of interest offices of all outside affiliations and consultancies; full
disclosure on CVs, personal homepages, and bio-sketches of funding
sources and other financial relationships that bear on their intellectual
work; full disclosure in course syllabi
of funding sources and other financial
relationships that bear on course material; and full disclosure of this information to the media and in published
and oral presentations.
For academic and independent
bioethics centers, transparency will
mean developing robust conflict of
interest policies for the center and for
its employees, and full public disclosure on the center’s website and in annual reports of funding sources and
other financial relationships that bear
on the center’s intellectual work. Parent academic institutions must, in
HASTINGS CENTER REPORT
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turn, do a better job managing the information disclosed by faculty on
conflicts of interest.
For professional organizations in
bioethics, transparency will mean a
commitment to candidly addressing
the ethics of bioethics and to establishing meaningful conflict of interest
disclosure requirements for speakers
at conferences and in publications.
Finally, institutions offering courses and degrees in bioethics will need
to make conflicts of interest and the
ethics of bioethics a central part of the
curriculum.
As an advocate for bioethics in the
public interest, I assure you, you’ll be
hearing from me.
Disclosures

In the last ten years, Virginia A.
Sharpe has provided paid, onetime
ethics consultation to one hospital
ethics committee and one institutional
review board. In neither case did the
compensation exceed $500. In 2000,
she received a $1,000 honorarium to
deliver a keynote address at a conference
on women’s health sponsored by a pharmaceutical company.
Virginia A. Sharpe is project director
of the Integrity in Science project at the
Center for Science in the Public Interest. CSPI receives no corporate or government funds. It is supported by subscribers to its Nutrition Action Health
Letter and by foundation grants. The
Integrity in Science Project has received
grant support from the Bauman Foundation, the Beldon Fund, the John
Merck Fund, the New York Community Trust, and the Saperstein Family
Fund.
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Exercise on study design for registrars
For each of the following:
1. What kind of study design is this? (there may be more than one answer, depending
on how you look at it)
2. Are the objectives descriptive, analytic or diagnostic (or combinations)?

1. For their MMed, a registrar takes all the patients being seen in the general surgery
OPD over a 1-month period and interviews them on their satisfaction with their
surgery. She reports the prevalence of satisfaction with the procedure, as well as
factors associated with increased levels of satisfaction.
2. A Psychiatry registrar is interested in HIV infection among new admissions at
Lentegeur. She uses an existing database to examine the prevalence of testing and
(among those testing) HIV infection among patients admitted, and examines
whether the prevalence of testing and/or HIV infection varies according to the
nature of the admission.
3. A Medical registrar talks to a senior professor and decides to do his MMed analysing
data from patient folders. All the patients were referred to GHS with Addison’s
disease over a 20 year period; he is reporting on their presentation, management
and outcomes.
4. An Ophthalmology registrar is working with an existing dataset on outcomes of
cataract surgery. Patients who underwent one of four different cataract procedures
were followed for 2 years post-surgery, and the incidence of complications was
compared between different types of surgery.
5. For her MMed, an Obs/Gynae registrar reviews the obstetric outcomes of women
admitted with antepartum haemorrhage at GSH over the last 2 years. She is
interested in the frequency of ICU admission in this group, and the factors associated
with ICU admission.
6. For his MMed, an ENT registrar decides to study the validity of ENT registrars in
diagnostic otitis media. She shows the same panel of 20 children (half of whom are
known to have otitis media) to each of 50 registrars, and assesses the sensitivity and
specificity of registrars’ diagnoses.

Formulating a
Research Question
Research Methods
MMed

Formulating a Research Question

WHAT IS THE AIM OF A RESEARCH QUESTION?

RESEARCH IDEA

DEVELOPMENT – 7 STEPS

STEP 1
SOURCES
• SELF GENERATE - experience, observations
• SUGGESTED – research/clinical units
• ASSIGNED – supervisor/department

EXAMPLE: Traditional medicine versus
mainstream health care

Write down your question

STEP 2
INITIAL LITERATURE REVIEW
At the end of this you should:
• Know main authors in field
• Know if there are validated tools
• Know if the question has been asked before
REFINE YOUR QUESTION

STEP 3
•
•
•
•

STATING THE QUESTION - CONSIDER
Relevance & impact
Can be answered in your time frame
Ask 1 question at a time
Never let method drive development of question.

Eg: Do patients accept traditional medicine more or
less than mainstream health care?

STEP 4
CHALLENGING THE QUESTION
Broad purpose?
Why important now?
Who benefits and why?
Relevant sources?
Do sources support the need for the project?
Ethics – eg. vulnerable groups?

REWORD YOUR QUESTION

STEP 5
ADVANCED LITERATURE SEARCH

STEP 6
REFINING THE QUESTION
• Existing knowledge and theories
• Availability of tools, time, finance, subjects
• Ethical considerations

STEP 6
FINAL WORDING
• Avoid:
Ambiguous words
Esoteric language
Lengthy, wordy sentences

Eg: Do patients in the gastroenterology ward at GSH
prefer traditional medicine more or less than a
matched diagnosis group in rural clinics?

REFINE YOUR QUESTION

STEP 7
GENERATING A HYPOTHESIS
H1= Patients treated at GSH choose traditional
medicines less frequently than those treated at
rural clinics.
H0= There is no difference between the
medicine selected by patients at either GSH or
rural clinics.

CATEGORIES OF QUESTIONS
Based on nature and purpose of the resulting study:
1. Descriptive
Focus is on a description of one concept or variable
in a population.
Eg:
- how prevalent is the use of drugs among
inmates?
- how prevalent is depression in HIV patients.

CATEGORIES OF QUESTIONS
2. Explorative
Explore relationships among phenomena that have
already been studies at descriptive level.
Eg:
- Do Black inmates use drugs more frequently than
Caucasian inmates?
- Do MDR HIV patients experience greater levels of
depression than non-MDR patients?

CATEGORIES OF QUESTIONS
3. Evaluative
How well did a process or procedure work?

Eg:
How effective is CBT in reducing depression in
MDR-HIV patients?

CATEGORIES OF QUESTIONS
4. Predictive
What will happen if one variable changes?
Eg:
-are there any relationships between social class,
educational achievement and drug use in caucasian
inmates?
- If patients going for TKR are given pre-operative
exercises and advice , does this speed up their
recovery?

CATEGORIES OF QUESTIONS
5. Explanatory
What are the causes of an observed outcome?
Eg:
- Which side of the brain is predominantly
responsible for computer mouse
manipulation?

CATEGORIES OF QUESTIONS
6. CONTROL
What will happen to a proposed second variable
(dependent variable) if another variable
(independent variable) is changed?
Eg:
- Is stress in patients about to undergo surgery
reducible by the use of a pre-med?
- If surgical theatres are utilised over the weekend
will waiting lists go down?

WHAT CATEGORY DOES YOUR QUESTION FALL
INTO?

Inappropriate Research Question
• Do a retrospective review of all patients seen with
X disease from 19xx to 20xx and look at the
demographics, aetiology, risk factors, comorbidities, severity, management, and survival,
compare with other studies done and make
recommendations for the local handbook ….’’ OR

• ‘Determine the incidence of hip fractures in old age
homes in Cape Town in a 1-year period’

NOW YOU CAN CHOOSE A METHODOLOGY AND A
METHOD

Methodology

(i) which is a suitable method for the chosen problem?
(ii) what is the order of accuracy of the result of a method?

NOW YOU CAN CHOOSE A METHODOLOGY AND A
METHOD

Methodology contd:
(i)

what is the efficiency of the method?

This is where the decision to choose either qualitative OR
quantitative research is made.

THEN SELECT CORRECT METHOD

METHOD
This includes:
• Procedures, schemes and algorithms
• collected facts, measurements and
observations
Must be:
• planned, scientific and value-neutral.
• Replicable

METHOD
Now answer these for your question:
•
•
•
•

Is it retrospective or prospective?
Is it cross sectional OR longitudinal?
Are you recruiting patients?
Is it qualitative OR quantitative?

Options in study design
• – Case report

Not acceptable for MMed

• – Case series

eg. retrospective/XS

• Case – Control

• Cohort

vs

comparison

Longitudinal

• - Lab study: tissue, blood, other body fluids, animals

Research Question
1

What is?
What are?
What is the prevalence of fear of falling among
community-dwelling older persons with impaired mobility

2

What is the relationship?
What is the relationship between fear of falling
incidence in African-American elders who live alone
in community- based settings?

3

Why?
cause/effect
E.g. Does a program of fall-education reduce
The incidence of falls in African-American elders
Who live in community based settings

Design possibilities
Survey
Exploratory
Descriptive
Case study
Needs assessment

Survey
Correlation/passive
Observation
Ex post facto
Experimental design
Quasiexperimental

Study designs
An approach to your MMed
Research Methods for Registrars
Dr Celeste de Jager, School of Public Health & Family
Medicine
Slides courtesy of Prof L Meyer

PART 1
Many different ways to approach your MMed

Have your own idea
1. Have your own idea ~ something you
want to pursue
–
–
–
–
–

Then ID supervisor
You will find the topic interesting; supervisor?
Quality of supervision can be a concern
Value of research may be a concern
Feasibility & logistics may be a concern

Get an assigned project
2. Approach a consultant / senior
colleague ~ seek suggestions for a
topic
– You may/may not find it interesting

– It is more likely to be feasible & of value
– You are more likely to get good supervision

General suggestions
A. SHOP AROUND
– Think & discuss widely ~ registrars,
professors
– Talk about ideas, don’t commit too early
– Once you commit, don’t back out

B. Feasibility is a major concern
– Not too simple ~ must warrant Masters-level
degree in eyes of an external examiner
– Not too complicated ~ far beyond what can
be expected of a registrar whose primary
focus is not research

•

Senior members of your department are
the best guide
– Conducted & published research
– Supervised Masters-level students

Most important things
• The right question
– Small, focused, feasible study
– Of scientific/clinical interest

• The right supervision
– necessary guidance
– personality match

• Prefer a good question with right
supervisor even if you’re not inspired by
the topic

Where are you in the process
Stage
Supervisor
Topic Choice in Speciality
Literature Review
Protocol Written
Ethics Approval
Data collection
Analysis
Writing Up

Yes / No

FHS-015 for Ethics
1. Purpose of the study
2. Background
3. Methodology
4. Study design
5. Characteristics of the study population, (incl sample size calc.)
6. Recruitment and enrolment
7. Research procedures and data collection methods
8. Data safety and monitoring
9. Data analysis
10. Description of risks and benefits
11. Informed consent process
12. Privacy and confidentiality
13. Reimbursement for participation
14. Emergency care and insurance for research-related injuries
15. What happens at the end of a study?
16. References and Appendices

What are study designs?
• Structured approaches to address specific
research questions
• Overall research strategy that will be
undertaken/ implemented
• Provide general guidelines for thinking about
specific aspects of study conduct- mapping it
out
• - sampling populations
• - systematically collecting measurements
• - analysing data

What are study designs?
• Strengths and limitations of specific
designs are well established
• Some questions can be answered using
more than one study design (need to be
aware of other considerations)

Map it out

Demographics

Common MMed scenarios
• Many possible sources of data for an
MMed
Folder review
New research project
Existing databases / data sets

• Folder review
– Data are collected already for clinical use, you
are abstracting for research

• Collection of new data for a small
new research project
– You collect a small amout of new data to address
a specific question

• Use of an existing database
– Someone else has a dataset already, you use it
to answer a focused question

Study designs
•
•
•
•
•
•

Case reports & series
Case-control studies
Cross sectional studies
Cohort studies - longitudinal
Randomised controlled trials
Systematic reviews – meta-analyses

Study designs
Descriptive

Analytical

Diagnostic

Study designs
Observational
• Descriptive
Analytical

Prevalence
Incidence
Demographics

Experimental

Risk factors
Exposure x Outcome
Diagnostic

Community study
Clinical trial, RCT
with intervention

Observational
Descriptive

Prevalence
Incidence
Demographics

• Researcher observes
normal course of disease
• Does not intervene
• Measures occurrence of
event/ disease
• Screening

Observational
Analytical

Associations
Correlations
Odds ratios
Risk ratios
Relative risk

Researcher measures:• Causal or risk factors blood levels, memory loss,
ECG, falls
• Exposure - to risk factors to
understand associations with
disease
• Outcomes
• Diagnosis - how useful a
characteristic or test result is
in identifying a condition
• the occurrence of health
/disease event between
groups (comparison)

Experimental
Intervention

Effect size, difference
Pathway
Sensitivity
Specificity

• Researcher intervenes:• Makes an active effort to
influence the disease
outcome by changing a
disease determinant (eg. an
exposure or a behaviour) or
through treatment of disease
– eg. therapy, meds
• To understand a mechanism
or pathway
• To test a treatment /
intervention

Diagnostic research questions
To see how useful a characteristic or test
result is in identifying a condition
• Sensitivity to cases, specificity for non-cases
• Positive Predictive Value (PPV), Negative
Predictive Value (NPV)

Terminology
• Prospective – concurrent (going forward)
• Retrospective – non-concurrent (looking
backwards)
• Cross-sectional – one point in time
• Longitudinal – study carried out over time,
from one date to another
• Cohort - a group of people with some
similar characteristics being studied

Terminology
Outcomes
• – Health outcome of interest in the study
• – Disease, death, side effect, complication
Exposures
• – Measures that may be associated with the
• outcome
• – Possible 'risk factors', 'causes',
'determinants'
Prevalent cases of disease - existing
Incident cases of disease - new

• (Almost) any source of data can give rise
to a particular study design
• As a running example
– Folder review: case reports, case series,
case-control studies
– Collecting new data: cross-sectional studies
~ descriptive, analytic, diagnostic
– Existing database: retrospective or
prospective studies (cohort studies & RCT)

Options in study design
• – Case report
• – Case series
• – Case - Control
comparison
• – Cohort

Not acceptable for MMed
eg. retrospective/XS
vs

.

Longitudinal

• - Lab study: tissue, blood, other body fluids, animals

Select study design most appropriate for
answering particular question

• – What was the prevalence of lower back
pain among pregnant women attending
antenatal clinics in South Africa in 2009?
• – Does use of hormonal contraception
increase a woman’s risk of acquiring HIV?
• – Is physical inactivity in high schoolers in
Cape Town associated with obesity?
• – How many new cases of typhoid were seen
in Mpumalanga in 2005?
• – How good is the EQ-5D for assessing
quality of life in children with disabilities?

Case report
• Description of an individual case
– Characteristics of disease or condition

– Characteristics that may be associated with the
condition
• Detail on the case: background, history,
presentation, investigations, management,
course/outcome
– If individual case has characteristics similar to background
population? (eg. environmental)
– If individual case has characteristics that are very unusual
or unique? (eg. genetic)

• Case reports are not accepted for Mmeds,
but can be of interest for publication
– If extremely unusual/special in some aspect
– Accompanied by detailed review/critique of
knowledge of
• Aetiology
• Pathogenesis
• Management

– Does the case report introduce new scientific
knowledge of international interest?

Case series
• Report of number of cases of same
disease/condition identified over time
– Characteristics of individuals that may be
associated with the condition

Who are “cases”?
• Cases
= people with health condition of interest
• Can be any condition
– depending on what is of interest

• Cases of specific diseases can be easy to identify
– if they are likely to present to health services
– can be sampled from a particular clinic or service

Example of case series
• Parental occupation and
intracranial neoplasms of
childhood: a case series
– Am J Ind Med 1991; 19(5): 643-53.

• During a 3 year period, 6 unrelated children in an
area were diagnosed with a primary intracranial
tumor.
• Each child had one parent employed by the same
company for at least 1 year prior to conception,
during the index pregnancy, and at least 6 months
after birth.
• All tumors were microscopically confirmed.
• The place of parental employment was a firm
producing electronic components and accessories,
where more than 100 chemical compounds are used
in a manufacturing process.

Case series for MMed?
• Case series are accepted for MMed
dissertation
– Large number of cases ~ eg, service audit
– Describe key factors in history, presentation,
management, outcomes
– Combine with detailed critical review of
literature, highlighting new/novel points
– Possible litmus test: does it add significantly
to clinical knowledge on a topic, enough to
warrant scientific publication?

• Case reports and case series are
generally descriptive studies
• Usually do not provide basis for making
inferences about
– cause of disease
– best approach to management

• Service audits can be valuable ~
– Local importance for services
– International scientific interest

Trouble with case-only
approaches
• Implicit comparisions to what is
‘expected’ or ‘normal’
• Why might this be problematic?

vs

The case-control study
• Compares a series of cases of a particular
condition to a set of comparable controls
(who do not have the condition) according
to characteristics of interest

vs

Exposed

Cases
Unexposed

Exposed

Controls
Unexposed
Time

Analysis of case-control study
• Participants in case-control study are selected
according to disease status
• Compared on their other characteristics
(‘exposures’, ‘risk factors’)
• If cases are more likely to have a characteristic
than controls, then that characteristic is
associated with the outcome

Case-control studies for MMed
• Case-control studies are a relatively
simple design for an MMed
– Especially if use folder review
– Cases and controls from hospital populations

• Makes an ideal design if you are
interested in examining whether certain
characteristics are associated with a
particular health condition or outcome

Questions

Cross-sectional studies
• Most common form of research ~ “surveys”
• Measure all variables on participants at
same point in time (approximately)
• Measure prevalent conditions (not incident)

X Disease condition
X Exposure characteristic
Time

Range of applications
• A cross-sectional study may be used to….
– Estimate the prevalence of depression among
inflammatory bowel disease patients at GSH
– Examine the association between patient sex and
renal function among diabetics
– Calculate the sensitivity and specificity of raised CRP
in detecting smear-negative pulmonary TB

Cross-sectional studies: Descriptive
•

Describe the frequency of a condition or
characteristic
1. Define the study population carefully
2. Use measurements consistently in the sample
– Note ~ examining the prevalence of the
condition (not incidence)
–

•

Prevalence = number of subjects with a disease / total population at risk at a point in time

Many examples
•

NB ~ in some examples, may be some conceptual
overlap with case series

Cross-sectional studies: Analytic
• Is the prevalence of a particular condition
associated with other patient
characteristics?

Defined population
Sampling

Collect data on Condition (disease) and
other Characteristics (risk factors)
Characteristic 1

Characteristic 2

Characteristic 3

Characteristic 4

Condition +

Condition +

Condition -

Condition -

Very common (and easy) to
combine descriptive & analytic
aims into one cross-sectional
survey

Example:
How severe is disease among rheumatoid arthritis patients
attending GSH?
What factors are associated with increased severity?

• Study population: consecutive patients attending
rheumatology clinic at GSH during one month period

• Measures: degree of disease severity; demographics,
disease history, treatment history

• Analysis: prevalence of severe disease in clinic
population; association between severity of disease and
different exposures

Benefits of cross-sectional study
• Feasibility → easy to do
– In health care setting, can work from existing
records (consent issues)
– Low cost, rapid
• Not waiting for incident outcomes to develop

• Can calculate prevalence
– Often most relevant measure for burden of
disease, informing health care strategies
– Measure of association: calculate Odds Ratio
for prevalent disease

Issues in cross-sectional studies
• Measuring prevalent disease only
– Prevalence incorporates incidence of disease
AND duration of disease
– Characteristics associated with prevalent
disease often different from characteristics
associated with incident disease

• Issues of timing (temporality) are a problem
– Exactly when did disease develop?
– Do exposures occur before or after onset of
disease?

Cross-sectional studies: diagnostic
• Cross-sectional studies used to evaluate
screening / diagnostic tests
– “diagnostic studies”, “diagnostic evaluations”

• Principle…..
– Measurements on a set of participants at one
fixed point in time
– Measurements are testing modalities
• Investigations ~ laboratory, radiological
• Clinical signs / symptoms

2 categories of diagnostic studies
• Validity studies
– Comparing a test of interest against a “gold-standard”
• Gold-standard ~ accepted norm for defining
condition
– Calculate: sensitivity, specificity, PPV, NVP

• Reliability studies
– Comparing 2 tests of interest ~ neither is the “gold
standard” ~ assess reproducibility / agreement
– Calculate Kappa, correlation coefficients

Questions

Example using an existing
database

Cohort studies & RCTs

• Prospective studies
– Start with a population who do not have the
condition of interest
– Take measurements on them
– Follow them through time to observe the
incidence of the condition of interest

• Cohort study ~ observational ~ patients
‘choose’ their exposures
• RCTs ~ experimental ~ investigators
assign exposure of interest at random

What is a cohort?

“A body of infantry in the Roman army”

What is a cohort study?
• Follows groups of people who are at risk
of the health outcome forward through
time to observe the incidence of outcome
At risk
participants
(without
outcome)

Develop outcome of
interest
Do not develop
outcome of interest
Time

Develop outcome of
interest

Have
characteristic
of interest

Do not develop outcome
of interest
Develop outcome of
interest

Do not have
characteristic
of interest

Do not develop outcome
of interest
Time

Enrollment or
Baseline

Follow-up

Key features of cohort study
1. At the beginning of the study,
participants do NOT have the outcome
of interest
– participants are AT RISK of developing the
outcome
– Need to screen out participants who already
have the outcome
• Exclude prevalent cases of disease to ensure study
detects only incident (new) cases

2. Measure ‘exposure’ on all participants
when the study begins
• Because all participants do not have the
disease at enrollment, can be assured that
the ‘exposure’ came before the ‘disease’
• Mental note: difference vs cross-sectional study

3. Participants are followed forward
through time to observe the
development of new cases of disease
(incidence)
– Must FOLLOW-UP participants
– Determine whether/when new cases of
disease occur
– This can be a major challenge!

Cohort studies for your MMed
• Cohort studies have major scientific
advantages
– But expensive and time consuming

• For MMeds, will usually be in the context of
previously collected data
• Or short follow-up of patient outcomes as
part of routine care
– Eg: obstetric outcomes; short-term tx outcomes
– Can “follow up” patients using folder reviews

Randomised controlled trials
• Another form of prospective study
• Like cohort study
– Begin with study population who does not
have the condition of interest
– Follow up through time to observe incidence

• Key difference is the random allocation of
participants to exposure & other design
features

Basic overview of RCT
Time

Nonparticipants

Sample

Randomisation
Intervention

Control

Lost to follow-up

Measure outcome

Measure outcome

Fundamental concept of RCTs
• To create experimental conditions in which
two groups of participants differ only
according to their exposure status
– Et ceteris paribus ~ ‘all other things equal’

• If these conditions hold….
– then any difference in disease/outcome
between the two groups can be attributed to
the intervention

Essential design features
• Key features of clinical trials function
to create two groups for comparison
which differ only according to
intervention received
–Randomisation
–Blinding
–Control arms

RCTs for your MMed
• RCTs are powerful research tools
• But complex and costly, time consuming
• Unlikely to be an MMed
– But may find data for another design within
RCT
• Eg: take baseline measures from RCT, analyse as
cross-sectional study

Conclusion
• This is a quick orientation
• Once you have a research question and
idea of where the data will come from…
– Decide on a study design
– Read up on that design
– Applications, strengths, limitations, issues

• Use it as a guide to conducting, analysing
and reporting your research

PART 2 – examples and basic
analysis
• 1. Case –control studies

Selecting controls
• Controls should not have the condition of
interest according to case definition
• This does not mean
that controls can not
have a disease

• Just that controls can
not have the outcome
of interest

All my life I’ve
dreamed of
being a
control

Selecting cases
• Sources of cases
– Hospital-based: attending 1 or more facilities
in a given area

• Critical to make sure have standard case
definition that all cases meet
– Define a priori
– Avoid ‘clinical judgement’ for case identification

Who are controls?
• Controls should represent
people who would have been
selected as cases if they had
the condition of interest
– Selecting controls can be complex
• Is important for valid study

– The ratio of cases to controls can vary and is
not very important
• Ratio of 1 case : 4 controls is common

2x2 tables for case-control study
Cases
D+

Controls
D-

E+

A

B

E-

C

D
A+B+C+D

Note ~ This is a standard way of arraying data for analysis across all study designs

Odds Ratio (OR)

=

number exposed cases
number unexposed cases
number exposed contr ols
number unexposed contr ols

Odds ratio in 2x2 table
Odds ratio = (A/C) / (B/D)

D-

E+

D+
A

E-

C

D

B

Example
• 80 cases of severe asthma are identified
in children <2 years at RXH
• These cases are compared to 120 children
<2 years who do not have asthma
• Cases and controls are compared on
maternal hairspray use since child’s birth

Hypothesis
Children’s inhalation of
hairspray facilitates
development of asthma

Hairspray
No hairspray

Hairspray
No hairspray

Children
with asthma

Children
without asthma

Example

Hairspray
(n=55)

No hairspray
(n=25)

Hairspray
(n=20)

No hairspray
(n=100)

Children
with asthma
(n=80)

Children
without asthma
(n=120)

Cases
D+

Controls
D-

E+

55

20

E-

25

100

80

120

200

Odds of exposure in cases = 55/25
Odds of exposure in controls = 20/100
Odds ratio = (55/25)/(20/100)= (55*100)/(20*25) = 11.0
Children with asthma are 11 times more likely to
have mothers who use hairspray

Cross-sectional studies
• a) -descriptive

Patient sex & renal function among
diabetics
• Among diabetics, do women have better
renal function than men?
• How would you conduct this study?

Good
renal fx

Poor renal
fx

Women

78

42

Men

56

99

In cross-sectional study, start with odds ratio…
Odds ratio = (78/42)/(56/99) = 3.28
In this sample, diabetic women are 3.28 times
more likely to have good renal function compared
to diabetic men

Cross-sectional
b) Diagnostic studies
• Example
Research question:
– What is the value of elevated CRP in
detecting smear-negative tuberculosis?

• What would this cross-sectional study look
like?

What is this validity of elevated CRP in
detecting smear-negative TB?
Culture
TB +

Culture
TB -

CRP > 50

56

5

61

CRP < 50

14

49

63

70

54

What measures would you calculate from this study?

How reliable are radiologists in identifying
bronchial carcinomas on CT scan?
Reader A

Cancer +
Reader B

Cancer -

21

1

22

4

33

37

25

34

Cancer +
Cancer -

What measures would you calculate from this study?

Cohort Studies
• Prospective

Example
• Do HIV-infected surgical patients have
higher rates of wound infection post
laparotomy?
– What are the key features of this study?

X= wound infection
S= no wound infection

Blue= HIV +
1

Yellow= HIV -

X

2
3

S
X

4

S

5

X
S

6
7

X

8

X

9

X

10

S

11

S

0

5

10

13

Rates
• Number of new cases of disease /
Total person-time of observation
• Person-time: How long observe participants
before…

• They are censored/loss to follow-up/study ends
• They develop the outcome of interest

• Example: 5000 person-years could be from
• 1000 people observed for 5 years
• Or 2500 people observed for 2 years
• Or 5000 people observed for 1 year

Incidence Rate
(Incidence density)
• Takes into account length of time each
individual in at risk population remained
under observation
Number of incident cases in period
• IR = --------------------------------Total person time of observation
IR = 10/50 000 (5y x 10 000) = 0.005

Comparing rates of the outcome
between groups in a cohort study
• Rates can be compared as ratios
– Dividing one rate by the other
– Incidence rate ratios
– “Relative risks”

• Rates can be compared as differences
– Subtracting one rate from the other
– Rate differences
– “Absolute risks”

Options in study design
• – Case report

Not acceptable for MMed

• – Case series
• – Case - Control

e.g. retrospective/XS
vs

comparison

• – Cohort Longitudinal
• - Lab study: tissue, blood, other body fluids, animals

b

epidemiological research methods and protocol development

Figure 7.1 Study types
Descriptive
(describes)

Observational studies

-'---------J

Experimental studies
____________
(evaluates intervention)

Analytical - - - - - - - - - - - c r o s s - s e c t i o n a l
(explains)-------. . . . Case-control
:._
_ _ ; )Ill,..
Cohort
Community trial
Field trial
Randomized controlled clinical trial

longitudinal study. The study base constitutes the
number o f people at risk a n d the time they are at
risk. The study base is typically measured in units·
o f 'person-time' (for example, person-years
exposed to a risk factor or treated with a drug.
Also see Chapter 2; Measures o f the frequency o f
health events).
I n a cohort or case-control study, the study
base is all individuals who could potentially have
h a d the study outcome over the time peried o f the
study. I n a cross-sectional study, the measurements are all taken at the same time, so time does
n o t have to b e measured.
The concept o f a study base is particularly
useful w h e n designing a n analytic or intervention
study, or when critically evaluating the methods
o f a study. I f the researcher does not ensure that
all outcomes (cases) from the study base are
accounted for, or i f controls are n o t a representative sample o f the study base producing the
cases, the results o f the studymaybe biased.
(:Ne suggest that the above section b e reread
after analytic studies have been covered later in
this chapter.)
Figure 7.1 summarizes the classification o f
study types according to the criterion o f the
research question. The rest o f the chapter will
give more details o n the most c o m m o n study designs used in epidemiology. The broad categories
o f study design have already been mentioned
above.

Descriptive studies

A descriptive study, also referred to as a survey,
sets out to quantify the extent o f a problem (for
example, the prevalence o f hypertension i n Free
66

State residents over 25 years o f age). As discussed
earlier, the situation regarding a single group is
described in terms o f the size o f the problem, who
is affected, where it is found, or when it occurs.
W h y d o we do such studies? The m a i n use o f
descriptive studies is to give service providers and
planners information that will help them design
services and allocate resources efficiently. Often
such studies generate questions for further
studies. So/ for example, a case series which
describes the socio-demographic a n d medical
characteristics o f a few patients with a similar
disease m a y provide the impetus for a more rigorous investigation o f risk factors i n a n analytic
study.
A descriptive study which sets out to compre
hensively describe the current state o f affairs o f a
certain .aspect o f health is also known as a situational analysis. A community diagnosis which
consists o f detailed information about health
problems and perceptions in a community is a
descriptive study. I f the community diagnosis
also includes information o n the associations
between exposures a n d disease, it is analytic.

Analytic studies

Analytic studies attempt to explain or analyse the
situation b y comparing groups, in this way identifying risk factors for disease. For example, the
question 'Is hypertension i n Free State residents·
related to obesity/smoking/alcohol use?' is a
research question which requires a n analytic
study. A number o f different analytic study designs are available to answer this type o f question.
Analytic studies c a n b e done i n the form o f
cross-sectional, case-control or cohort studies.

Clinical Audit

Research Methods
MMed

CLINICAL AUDIT - Defn
‘quality improvement process that seeks to
improve patient care and outcomes through
systematic review of care against explicit criteria
and implementation of care’
NICE, 2002

CLINICAL AUDIT: Stages
Stage 1
Preparing for audit

Use methods

Stage 2
Selecting criterion

creating
environment

Stage 3
Measuring performance
Stage 4
Sustaining improvement

Systematic Reviews

Research Methods

“If science consisted of nothing but the
laborious accumulation of facts, it would
soon come to a standstill...…
Two processes are at work side by side, the
reception of new material and the
digestion and assimilation of the old; and
both are essential…” Lord Rayleigh 1884

Evidence-based medicine

What is best external evidence?
• How do you find it?
• How do you interpret it?
• How do you decide if the evidence is based on
good science?
Time consuming
Overwhelming
Requires knowledge of many research designs and
critical appraisal
Let the SR do the work for you !

Definition of Systematic reviews
A systematic review is a
"scientific tool which can be used to summarise,
appraise, and communicate the results and
implications of otherwise unmanageable quantities
of research."
NHS Centre for Reviews and Dissemination (Report 4)

AIM OF A SYSTEMATIC REVIEW

To provide a summary of current evidence
about a topic so as to drive clinical
practice and future research.

Systematic review or meta-analysis
Systematic review is sometimes referred to as an
overview
“when a review strives to comprehensively
identify and track down all the literature on a given
topic”
Meta-analysis
"when an overview incorporates a specific
statistical strategy for assembling the results of
several studies into a single estimate“
Sackett (1991)

Advantages of systematic reviews
• Reduce bias
• Replicable
• Resolve controversy between conflicting
studies
– Original study did not fully consider previous
work
– Data is of poor quality
– Incomplete understanding of relevant
biology

Limitations of systematic reviews specific to
health promotion
• Results may still be inconclusive –Timing
• There may be no trials/evidence

• The trials may be of poor quality
• The intervention may be too complex to be tested by
a trial –pragmatic trials
• Practice does not change just because you
have the evidence of effect/effectiveness

Sources of evidence for SR
Published
• Bibliographic databases - primary or secondary
research
• Reviews - journal articles/ chapters from
textbooks
• Expert comment
Unpublished
• Clinical experience
• Theses

Hierarchy of evidence
Rank

Methodology

Key Features

1

Systematic reviews and
meta-analyses

Secondary research which
reanalyses primary data.
Inclusion of RCTs is favoured

2

Randomised controlled
Trials (RCTs)

Tightly controlled experiment
which aims to eliminate all
variables

3

Cohort studies

Uses convenience sample
which looks at a small
number of issues

4

Case control studies

Retrospective data

5

Cross sectional surveys

Retrospective data

6

Expert opinion

7

Anecdotal

Key Aspects of SR
•
•
•
•
•
•

Topic definition
Study selection criteria
Quality assessment
Data extraction
Data synthesis
Reporting & Disseminating
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Key aspects of a systematic review
• Question is very specific and usually explanatory
• Search strategy clearly documented with explicit
inclusion and exclusion criteria
• Both published and unpublished (‘grey’) sources
• Sources are always ‘critically appraised’ using
specific criteria
• Should be explicit and reproducible

The Research Question
The question should be specific and focus on
a certain aspect within a specific topic
• Population / participants
• Interventions
• Control
• Outcomes
• Study designs

Accessing evidence: searching
bibliographic databases
• Databases clearly stated
• Search terms clearly stated
• Should be trained in or have an information officer
undertake searches
• Not all evidence will be accessed from databases
• Hand searches, such as reference lists, microfiche
• Grey literature should be searched

What is grey literature?
• Published by governments, academics, businesses,
and industry
• Hard or electronic format
• Tends not to be published by commercial publishers
• Includes reports, theses, conference proceedings,
technical and business material
• Difficult to access as it is not routinely catalogued

Selection of papers: which ones
to include in the review?
• Must have clear inclusion AND exclusion criteria
• Should reflect the research question
• Should include statements about the PICOS
– Population
– Interventions
– Controls
– Outcomes
– Study design – usually RCTs
• Details of the selection process should be included

Study Quality Assessment
This is the appraisal of studies internal
validity; extent to which design,
conduct and analysis have minimised
biases or errors

Assessment of papers
• May be done to inform paper selection, data synthesis,
implications of results
• Critical appraisal tool should be appropriate
• May use established checklist (e.g. CASP) or can
develop own
• Tool should be included in the study
• Process of assessment should be clear
– At least two people involved in process
– How disagreements were dealt with

Power calculation
sample size
specific objectives stated
hypothesis stated
Inclusion criteria clearly stated
Exclusion criteria clearly stated
randomised
randomisation processstated
concealed allocation
stratified?
blinding of outcome assessor
validated questionnaire
validatedobjective measurement
reliability / repeatability measures
Stats test stated
Correct rationale for selection of stats
correct use of parametric non par
sub grp analysis surg, dxt
correction / adjustment - eg age,RT
p value
Grps equal &cf baseline -stated
Grps equal & cf baseline -stat anal
Age clearly stated
Surgery type clearly stated
Other med Rx stated eg radiother
Grade of Ca / node involvement
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Data extraction –Key Points
• Minimise bias
• Missing data – may need to contact
original author

• DES is agreed before data synthesis
• For meta-analysis – use original data

Data extraction/Abstraction
• Results from papers should be included in
a table form, and usually include core data
such as population, intervention, outcome
measures, length of study
• May also provide information about the
quality of each paper
• Should be clear how this process was done

Data Synthesis – Key Points
• Descriptive
• Quantitative
– Heterogeneity
– Homogeneity
– Sensitivity analysis
– Publication bias

Results / discussion
• Conclusions should answer the initial research
question(s)
• Reference to the sources of evidence on which
those conclusions are based
• The quality of the evidence supporting each
conclusion
• The likely degree of completeness of the search
for evidence
• Be weary of assigning quality ratings!!

Conclusion
• Strengths and weaknesses of the results
are considered
• Implications of the results
– for the purchase and provision of health
care
– further research

Problems with systematic
reviews and meta-analysis
• What happens when systematic reviews of the same
area disagree with each other?
• Difficult to adopt the same methodology within
qualitative research, therefore this type of evidence
may be neglected
• Systematic reviews may not always be robust and
rigorous and should always be critically appraised.

Reporting a systematic review
The Quality of Reporting of meta-analysis
PRISMA statement - A guideline for the
accurate reporting of systematic reviews
and a tool for the evaluation of systematic
reviews.

References / useful websites
• Alberani V, Pietrangeli PDC, Mazza AMR (1990). The use of grey
literature in health sciences: a preliminary survey. Bulletin of the
Medical Library Association 78(4): 358-363.
• CRD's Guidance for those Carrying Out or Commissioning Reviews
(2001). http://www1.york.ac.uk/inst/crd/report4.htm
• Cochrane library houses only systematic reviews, which adopt a
specific methodology
• Database of abstract of review of
effects:http://nhscrd.york.ac.uk/darehp.htm
• Information on systematic review methodology:
http://www.shef.sc.uk/uni/academic/RZ/scharr/triage/docs/systematic/
• Sackett, D (1991) Clinical Epidemiology: A basic science for clinical
medicine 2nd ed. Little, Brown & Company
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● Clinical audit is a quality improvement process that aims to improve
patient care and outcomes by carrying out a systematic review and
implementing change. Aspects of patient care – including structure,
processes and outcomes – are selected and evaluated against explicit
criteria and, where necessary, changes are implemented at an
individual, team or service level. Further monitoring can then be
used to confirm the improvements in healthcare delivery. This
definition is endorsed by the National Institute for Clinical
Excellence (NICE).
● Clinical audit provides the framework to improve the quality of
patient care in a collaborative and systematic way, as outlined in
current NHS policy statements.
● The report of the public inquiry into children’s heart surgery at the
Bristol Royal Infirmary 1984–1995 (2001) highlights the importance
of clinical audit.
● Clinical governance presents a new challenge – to take audit ‘at its
best’ and incorporate it within organisation-wide approaches to
quality (see What is clinical governance?).
● Topics for audit projects should reflect national and/or local targets;
for example, in cancer services, coronary care or mental health.
Projects may also need to focus on the implementation of National
Service Frameworks (NSFs), Health Improvement and Modernisation
Plans (HIMPs) or NICE guidelines and appraisals.
● Clinical audit has a mixed history in the NHS. For it to become an
important component in the management of health services, a
change needs to take place in the standing of audit programmes.
Audit can no longer be seen as a fringe activity for enthusiasts within
clinical governance. Instead, the NHS needs to make a commitment
to support audit as a mainstream activity.
● Clinical audit, when it is conducted well, provides a way in which
the quality of care can be reviewed objectively, within an approach
which is supportive and developmental.

www.evidence-based-medicine.co.uk

Prescribing information is on page 8
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What is

clinical audit?

What is clinical audit?
Clinical audit should be an
integral part of clinical practice.
All clinicians want to provide the
best possible care for patients, and
clinical audit is one tool that can
help this to happen in a systematic
way. It can be a powerful tool
for positive change, resulting in
improved practice and outcomes
for patients, and it has become
integral to NHS policy.

they ‘must take part in regular and systematic
medical and clinical audit, recording data
honestly. Where necessary, you must respond
to the results of audit to improve your practice,
for example by undertaking further training’.9
The Nursing and Midwifery Council (formerly
the UKCC) stated that in clinical governance,
assisting the co-ordination of quality
improvement initiatives is ‘the business of
every registered practitioner’.10

● As a first step, clinical audit was integrated
into clinical governance systems.1,2 (See What
is clinical governance?)3
● Full participation in clinical audit by all
hospital doctors was subsequently made an
explicit component of clinical governance.2,4
● The NHS Plan5 took these policies further,
with proposals for mandatory participation
by all doctors in clinical audit, and support
for the involvement of other staff, including
nurses, midwives and therapists. Meanwhile,
Improving health in Wales6 introduced annual
appraisals to address the results of audit.
● Clinical audit in Scotland is a
multiprofessional activity which is supported
locally, but also nationally, by the Clinical
Resource and Audit Group (CRAG) via
effectiveness programmes and national audits.
Standards for audit are increasingly being
drawn from recommendations in the Scottish
Intercollegiate Guidelines Network (SIGN)
guidelines, and from topics selected by the
Clinical Standards Board for Scotland (CSBS)
for quality assurance.7 Current plans are that
the CSBS, along with Scotland’s two other
central clinical effectiveness organisations
(the Health Technology Board for Scotland
and the Scottish Health Advisory Service), will
be integrated into a single new health board,
NHS Quality Improvement Scotland.
The report of the public inquiry into
children’s heart surgery at the Bristol Royal
Infirmary 1984–1995 (2001) highlights the
importance of clinical audit.8 The General
Medical Council now advises all doctors that

Clinical audit has a mixed history in the NHS.
Many projects have been run into the ground
without having demonstrated much of a
contribution to the quality of services – but
there have also been significant successes.
Many local projects have provided a systematic
structure through which clinical teams can
deliver real improvements in patient care.
In some cases, national projects have been
able to play an important role in service-wide
changes, improving access and quality of care
throughout the country (the national audit of
stroke care is the most well-known example).11
In 1989, the White Paper Working for patients
defined medical audit as ‘the systematic critical
analysis of quality of medical care including the
procedures used for diagnosis and treatment,
the use of resources and the resulting outcome
and quality of life for the patient’.12
Medical audit later evolved into clinical
audit and a revised definition was announced
by the NHS Executive: ‘Clinical audit is the
systematic critical analysis of the quality of
healthcare, including the procedures used
for diagnosis, treatment and care, the use
of resources and the resulting outcome and
quality of life for the patient’.13
NICE recently published Principles for
best practice in clinical audit,11 which defines
clinical audit as ‘a quality improvement
process that seeks to improve patient care
and outcomes through systematic review
of care against explicit criteria and the
implementation of change. Aspects of the
structure, processes, and outcomes of care are
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The history of clinical audit

What is

clinical audit?
selected and systematically evaluated against
explicit criteria. Where indicated, changes
are implemented at an individual, team, or
service level and further monitoring is used to
confirm improvement in healthcare delivery’.

Box 1. Making clinical audit work15,16
Audit cycle of the marking of breast wide local excision specimens
An audit was set up by Dr Lucy James at the Frenchay Breast Care Centre
in Bristol to identify whether all breast wide local excision (WLE) specimens
were being marked correctly prior to histopathological examination. The
audit resulted in the introduction of a simple sticker as an adjunct to the
standard pathology form, which improved standards for the marking of
breast WLE specimens by 64.4%.
Marking of this type of specimen not only aids the pathologist in orientating
the tumour within the surgical specimen, but also allows the surgeon to
identify exactly which border requires further surgery if the histological
examination reveals the tumour to be too near the excision margins. The
greatest impact may be for the patient, however, as the cosmetic result will
be more favourable if subsequent surgery is as conservative as possible.
Policy objective measured
● Reduce death/complications from cancers and their treatment
Indicator title
● NB1 4 node status
● Percentage of cases in which histological node status was ascertained
● Percentage of cases in which histological node status was ascertained
by clearance or sampling of at least four nodes
Performance assessment framework (PAF) domain
● Effective delivery of appropriate healthcare (ED)
References
● COG recommendation 100%
● BASO standard 100%
Touch preparation cytology from breast core biopsies for one-stop diagnosis
Ultrasound-guided biopsy is rapidly replacing cytological diagnosis in
the triple assessment of solid breast lumps. Touch preparations of 112
consecutive patients undergoing ultrasound-guided core biopsies were
taken for instant cytological assessment. The cytological grades of these
touch preparations were compared retrospectively with the core histological
diagnoses. Results gave a sensitivity of 91%, a specificity of 95%, a positive
predictive value of 99% and a negative predictive value of 72%, suggesting
that touch preparation from ultrasound-guided core biopsy of solid breast
lumps provides a reliable, accurate diagnosis in a one-stop clinic.
Policy objective measured
● Reduce death/complications from cancers and their treatment
Indicator title
● NB1 6 triple assessment
● Percentage of patients with breast cancer receiving triple assessment
on first visit
PAF domain
● ED
● Fair access (FA)
● Efficiency (EF)
● Patient/carer experience (PEx)
References
● COG (should be available on first visit)
● BASO (less than 10% of patients should have to attend the hospital on
more than two occasions for diagnostic purposes)
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Types of audit
Standards-based audit – A cycle which involves
defining standards, collecting data to measure
current practice against those standards, and
implementing any changes deemed necessary.
Adverse occurrence screening and critical
incident monitoring – This is often used to
peer-review cases which have caused concern
or from which there was an unexpected
outcome. The multidisciplinary team
discusses individual, anonymous cases to
reflect upon the way the team functioned
and to learn for the future. In the primary
care setting, this is described as a ‘significant
event audit’.
Peer review – ‘An assessment of the quality
of care provided by a clinical team with a view
to improving clinical care’.14 Individual cases
are discussed by peers to determine, with the
benefit of hindsight, whether the best care was
given. This is similar to the method described
above, but might include ‘interesting’ or
‘unusual’ cases rather than problematic ones.
Unfortunately, recommendations made from
these reviews are often not pursued as there is
no systematic method to follow.
Patient surveys and focus groups – These are
methods used to obtain users’ views about
the quality of care they have received. Surveys
carried out for their own sake are often
meaningless, but when they are undertaken to
collect data they can be extremely productive.

Selecting an audit project
The clinical team has an important role in
prioritising clinical topics, and the following
questions may be a useful discussion guide.11
● Is the topic related to high cost, volume or
risk to staff or users?
● Is there any evidence of a serious quality
problem; for example, patient complaints or
high complication rates?
● Is good evidence available to inform
standards; for example, systematic reviews or
national clinical guidelines?
● Is the problem amenable to change?
● Is sustainable improvement possible?
● Is there any potential for involvement in a
national audit project?
● Is the topic pertinent to national
policy initiatives?
● Is the topic a priority for the organisation?
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Box 2. The role of audit in the implementation of NICE guidance
In December 2001, the government issued directions making it mandatory for health authorities to act on NICE
recommendations. Clinical audit programmes should now record the proportion of treatments adhering to NICE guidance.
Example 1: NICE Technology Appraisal Guidance No. 33: ‘Guidance on the use of irinotecan, oxaliplatin and raltitrexed for the
treatment of advanced colorectal cancer’17
In March 2002, NICE issued guidance to the NHS on the use of selected therapies for advanced colorectal cancer. The
guidance stated the following.
● On the balance of clinical and cost-effectiveness, neither irinotecan nor oxaliplatin in combination with 5-FU/FA are
recommended for routine firstline therapy for advanced colorectal cancer.
● Oxaliplatin in combination with 5-FU/FA should be considered as firstline therapy in advanced colorectal cancer in patients
with metastases that are confined solely to the liver and may become resectable (down-staged) following treatment.
● Irinotecan monotherapy is recommended in patients who have failed an established 5-FU-containing treatment regimen.
● On the balance of evidence relating to clinical and cost-effectiveness, raltitrexed is not recommended for the treatment
of advanced colorectal cancer.
Example 2: NICE Technology Appraisal Guidance No. 30: ‘Guidance on the use of taxanes for the treatment of breast cancer’19
In September 2001, NICE reviewed its guidance for taxanes in breast cancer and reinstated the original guidance that was
issued in June 2000. The guidance stated the following.
● The use of docetaxel in combination with an anthracycline in firstline treatment of advanced breast cancer is not currently
recommended. As paclitaxel is not licensed for firstline use with anthracycline, its use has not been considered in this indication.
● Docetaxel and paclitaxel are recommended as an option for the treatment of advanced breast cancer where initial cytotoxic
chemotherapy (including an anthracycline) has failed or is inappropriate.
● The taxanes are not currently licensed in the UK for adjuvant treatment of early breast cancer and their use in this
indication should, therefore, be limited to randomised clinical trials.

In many NHS organisations, a committee
or clinical effectiveness/ governance team
decides which clinical audit projects should
be undertaken each year.11 Their decisions are
usually based on local health priorities which
reflect national targets; for example, in cancer
services, coronary care or mental health
(see Box 1, page 3).11 Projects may also need
to focus on the implementation of NSFs,
HIMPs or NICE guidelines and appraisals.11
For example, in March 2002 NICE issued
guidance on the use of selected therapies for
advanced colorectal cancer (see Box 2).17
The Breast Cancer Service Guidance,
published by NICE, outlines evidence-based
recommendations and appropriate tools and
techniques for measurement.18 For example,
in the management of advanced, recurrent
and metastatic disease it proposes that
patients who do not receive taxanes should
have the reason recorded.18,19 This reflects the
mandatory nature of NICE guidance.

Clinical audit – the process
Clinical audit can be described as a cycle or
a spiral – see Figure 1 (opposite).11 Within the
cycle there are stages that follow the systematic
process of: establishing best practice;
measuring care against criteria; taking action
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to improve care; and monitoring to sustain
improvement.11 As the process continues,
each stage aspires to a higher level of quality.11
Figure 2 (page 6) outlines the five stages
of clinical audit, which involves the use
of specific methods, but also requires the
creation of a supportive environment.11

Stage 1: Preparing for audit
National audit projects reviewed by NICE
suggest that two broad areas of preparation
must be addressed:11
● Project management, including topic
selection, planning and resources,
and communication
● Project methodology, including design,
data issues, ease of implementation,
stakeholder involvement, and the provision
of support for local improvement.
In practical terms, preparing for audit can
be broken down into five elements:11
● Involving users in the process (‘users’
include patients, carers and the groups and
organisations that represent their interests)
● Selecting a topic
● Defining the purpose of the audit
● Providing the necessary structures
● Identifying the skills and people needed
to carry out the audit, and training staff and
encouraging them to participate.
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Stage 2: Selecting criteria/standards
In clinical audit, criteria or standards are used
to assess the quality of care provided by an
individual, a team or an organisation.11 These
criteria are explicit statements that define what
is being measured and represent elements of
care that can be measured objectively.11
Recent government publications indicate
that health professionals will be expected to
develop criteria and standards that measure a
wide range of aspects of quality, such as access
to care and patient satisfaction.5,11
Criteria can be classified into those
concerned with:11
● Structure (what you need)
● Process (what you do)
● Outcome of care (what you expect).

Stage 3: Measuring performance
To ensure that the data collected are precise,
and that only essential data are collected,
certain details of what is to be audited must
be established from the outset.11 These are:11
● The user group to be included, with any
exceptions noted
● The healthcare professionals involved in
the users’ care
● The period over which the criteria apply.
Sampling is sometimes a contentious issue
in audit. It is necessary first to define the
population to which the audit applies; for

Guidelines
Patient and public
involvement

Benchmarking

Evidence

What are we
trying to achieve?

Process
redesign

Have we made
things better?

Consensus
Sampling

Are we
achieving it?

Data
analysis

Monitoring

Questionnaire
design

Doing something to
make things better
Process
redesign

Outcomes

Continuous
quality
improvement

Data
collection

Why are we not
achieving it?

example, all women presenting to the breast
clinic during a specific year. However, it might
be impractical to collect data on every single
woman in the population, so a representative
sample can be used instead. The necessary
sample size can be calculated scientifically, as
long as it is possible to estimate the proportion
of patients who are likely to meet the criteria,
and the level of confidence that is required
in the results. Pragmatic sample sizes are
more commonly used because of limitations
in timescale and resources. A time frame is
often used to define the sample: for example,
all women referred to the breast clinic in a
one-month period. Alternatively, a consecutive
sample of patients might be used; for example,
the last 100 referrals. It is important that all
those likely to be affected by the audit results
agree on the sample sizes and agree that they
will act on the results.
Data are collected in order to measure
current practice against agreed standards.
Some data may already be available in
computerised clinical information systems.
In other cases, appropriate data may have
been collected routinely by other methods.
Where data are not routinely collected, or are
held only in paper records, it may be necessary
to devise a data collection form on which to
record information (see Figure 3, page 7).11
The data collected should relate only to the
objectives of the audit – do not be tempted to
collect additional, ‘interesting’ information.
Respect patient and staff confidentiality;
identifiable information should not be used.
Ethical consideration should also be given to
the design of the project, and any potentially
sensitive topics should be discussed with the
local Research Ethics Committee, particularly
where patients’ views are to be sought.
If the data collection strategy includes
asking users/carers for their views, care must
be taken in developing a questionnaire. It is
a good idea to pilot the form on a number of
users to ensure that it works. Simple statistical
analysis is usually all that is required of audit
data. Were the standards met? If not, why not?

Facilitation

Stage 4: Making improvements

Change
management

Once the results of the audit have been
published and discussed, an agreement must
be reached about the recommendations
for change. Using an action plan to record

Benchmarking

Figure 1. The clinical audit cycle11
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these recommendations is good practice; this
should include who has agreed to do what,
and by when. Each action point needs to be
well defined, with an individual named as
responsible for it, and an agreed timescale
for its implementation.
People have lots of good reasons to change
… and not to change. There are many strategies
for altering behaviour to enable change. Kurt
Lewin’s famous model of ‘unfreeze’ (obtaining
consensus that a change is required), ‘move’
(making the change); and ‘refreeze’ (ensuring
the change is embedded in practice) is a useful
one.20 The best way to get everyone to agree
that the change will be beneficial is to ensure
that they participate in the whole process.
Aside from those individuals who will
never agree to the need for change – regardless
of the evidence – there are potential barriers
to change in terms of resources, politics
or environment. Change needs to be
implemented in a systematic way, ensuring
that communication and dissemination are
sustained throughout the process.

Stage 5: Sustaining improvements
After an agreed period, the audit should be
repeated. The same strategies for identifying
the sample, methods and data analysis
should be used to ensure comparability
with the original audit. The re-audit should
demonstrate that the changes have been
implemented and that improvements have
been made. Further changes may then be
required, leading to additional re-audits.
Evidence suggests that multifaceted change
strategies achieve the optimum maintenance
of improvements. Feedback of results to

STAGE ONE
Preparing for audit
STAGE TWO
Selecting criteria
Using the methods

STAGE THREE
Measuring performance

Creating the
environment

STAGE FOUR
Making improvements
STAGE FIVE
Sustaining improvements

Figure 2. The stages of clinical audit11
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clinicians (anonymously) can highlight
achievements, while training and education
help to ensure that new practice is embedded
as routine. Dissemination of guidelines
or protocols is useful if accompanied by
training and awareness campaigns, and
decision support or reminders may also
help to introduce new practices effectively.

Conclusion
Increasing multiprofessional participation is
the key to a successful audit. Successful audit
means good-quality studies that are based
on agreed, evidence-based standards of care,
that have agreed outcomes and that achieve
sustained improvements in care for patients.
Further reading
Clare Morrell, Gill Harvey. Royal College of Nursing. The clinical
audit handbook. Improving the quality of health care. London:
Harcourt Brace & Co Ltd, 1999.
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Campto® (irinotecan hydrochloride trihydrate)
Prescribing Information
Presentations: Vials of concentrate for infusion containing either 40 mg or 100 mg irinotecan hydrochloride trihydrate.
Indications: Treatment of adult patients with advanced colorectal cancer. Dosage & Administration: Solution must be
prepared aseptically. Campto should be administered as an intravenous infusion over 30 to 90 minutes. In first line: combination therapy of 180 mg/m2 every 2 weeks followed by folinic acid and 5-fluorouracil; in second line: monotherapy 350
mg/m2 every 3 weeks. Prophylactic anti-emetics are recommended. Dosage Adjustments: Subsequent cycles should follow
appropriate recovery of all adverse events to grade 0 or 1 NCI-CTC and resolution of diarrhoea. Dose reduction of 15-20%
recommended if patients experience grade 4 neutropenia, febrile neutropenia, thrombocytopenia, grade 4 leucopenia or
grade 3-4 non-haematological toxicity Impaired hepatic function: Monitor liver function regularly. Blood bilirubin levels
(up to 3 times ULN) in patients with performance status £2, should determine the starting dose of Campto. Bilirubin up to
1.5 times ULN the recommended dosage is 350mg/m2. Bilirubin 1.5 – 3 times ULN the recommended dosage is 250mg/m2.
patients with bilirubin beyond 3 times ULN should not be treated with Campto. Impaired renal function: Not recommended. Elderly: Care due to the greater frequency of decreased biological functions. Contraindications: Chronic
inflammatory bowel disease and/or bowel obstruction; severe hypersensitivity reactions to Campto; pregnancy; breastfeeding; severe bone marrow failure; WHO performance status > 2. Warnings and Precautions: Use in units specialised in the
administration of cytotoxic chemotherapy and under the supervision of an oncologist. Patients needing closer follow-up or
particular risk of neutropenia weekly dosing schedule (125 mg/m2/week for 4 weeks, then 2 weeks rest) may be considered.
Patients should be aware of the risks of acute cholinergic syndrome and neutropenia, and management of delayed diarrhoea
(occuring > 24 hours after the infusion). Loperamide should not be given prophylactically. Weekly monitoring of full blood
counts recommended. Patients should not drive if dizziness or visual disturbances occur. Contraceptive measures must be
taken during and for 3 months after therapy. Interactions: Care in patients receiving neuromuscular blocking agents.
Adverse reactions: Delayed diarrhoea (requires immediate treatment with loperamide). Uncommonly, pseudomembranous colitis. Neutropenia, fever, anaemia, thrombocytopenia, nausea and vomiting, acute cholinergic syndrome.
Infrequently intestinal obstruction, ileus or gastrointestinal haemorrhage, intestinal perforation, and increases of amylase
and/or lipase. Transient increases in transaminases, alkaline phosphatase, bilirubin or creatinine. Dyspnoea, muscular contractions, cramps, paraesthesia, asthenia, reversible alopecia, dehydration, constipation; infrequently dehydration- related
renal insufficiency, hypotension or circulatory failure. Mild effects include anorexia, cutaneous reactions, abdominal pain,
and mucositis. Uncommonly, allergy and infusion site reactions, transient speech disorders associated with Campto infusions. Pharmaceutical Precautions: Do not mix with any other medications. Complete infusion within 12 hours of
reconstitution, if stored at room temperature ( 22 ± 4∞C) or 24 hours, if stored at 2 - 8 ∞C. Comply with prevailing cytotoxic
handling guidelines when preparing or handling Campto. Legal category: POM PL Number: 40 mg: 0012/0302, 100 mg:
0012/0303. Basic NHS Price: Campto 40 mg; £53.00; Campto 100 mg; £130.00. Further information is available on request
from Aventis Pharma Ltd, 50 Kings Hill Avenue, West Malling, Kent. ME19 4AH.
Last revision of text: Jan 2002.
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Taxotere® (docetaxel)
Prescribing Information
Presentation: Vials of concentrate for infusion containing 20mg docetaxel or 80mg docetaxel with accompanying vials of
solvent. Indications: Locally advanced or metastatic breast cancer in combination with doxorubicin for patients who have
not received prior cytotoxic therapy for this condition. Locally advanced or metastatic breast cancer after failure of cytotoxic
therapy, which should have included an anthracycline or alkylating agent. Locally advanced or metastatic non-small cell
lung cancer (NSCLC) after failure of prior chemotherapy. Dosage and Administration: Taxotere is administered as a onehour iv infusion every three weeks. The recommended dosage in breast cancer is 100 mg/m2, or 75 mg/m2 in combination
with doxorubicin (50 mg/m2). The recommended dosage in NSCLC is 75 mg/m2. Premedication with an oral corticosteroid
is recommended for 3 days, starting one day prior to docetaxel administration. Elderly: No special instructions. Children:
Safety and efficacy not established. Hepatic impairment: Reduce dosage; discontinue in severe cases.
Contraindications: Hypersensitivity to the active substance or excipients, baseline neutrophil count of <1,500 cells/mm3,
pregnancy or breast-feeding, severe liver impairment. Precautions and Warnings: Reduce dosage with febrile neutropenia, neutrophils < 500 cells/mm3 for more than one week, severe or cumulative cutaneous reactions, severe peripheral neuropathy, or moderately raised LFTs, ALT and/or AST >1.5 times the ULN concurrent with serum alkaline phosphatase >2.5
times the ULN. Severe hypersensitivity reactions require immediate discontinuation. Severe cutaneous skin reactions, such
as eruptions followed by desquamation, may require interruption or treatment discontinuation. Severe fluid retention such
as pleural effusion, pericardial effusion or ascites should be monitored closely. With serum bilirubin levels > ULN and/or
ALT and AST >3.5 times the ULN concurrent with alkaline phosphatase levels > 6 times the ULN, no dose-reduction can be
recommended and docetaxel should not be used unless strictly indicated. Interactions: Caution with compounds that
induce, inhibit or are metabolised by cytochrome P450-3A, which may alter docetaxel metabolism. Pregnancy and
Lactation: Contraindicated. Adverse Reactions: Neutropenia, thrombocytopenia, anaemia, hypersensitivity reactions,
fluid retention, cutaneous reactions, arthralgia, myalgia, peripheral neuropathy and rarely other neurological events, infectious episodes, increased liver enzyme levels, alopecia, asthenia, mucositis, injection site reactions, gastrointestinal events,
cardiovascular events (including hypotension and dysrhythmia). Acute respiratory distress syndrome, radiation recall phenomena, lacrimation without conjunctivitis and lacrimal duct obstruction have been rarely reported. Pharmaceutical
Precautions: Store vials between +2°C and +25°C; protect from bright light. Reconstitute concentrate with accompanying
solvent and dilute with infusion solution (0.9% sodium chloride or 5% dextrose for intravenous injection) before use. Apply
usual cytotoxic precautions. Package Quantities and Basic NHS Price: Blister cartons containing one vial of TAXOTERE®
concentrate and one vial of solvent: TAXOTERE® 20mg £175.00; TAXOTERE® 80mg £575.00. Legal Category: POM.
Marketing Authorisation Numbers: TAXOTERE® 20mg EU/1/95/002/001; TAXOTERE® 80mg EU/1/95/002/002. Further
information available on request from Aventis Pharma Ltd., 50 Kings Hill Avenue, Kings Hill, West Malling, Kent ME19 4AH.
Date of Revision: May 2002.
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SYSTEMATIC REVIEWS
CLINICAL TRIALS
POLICY

• Dr Delva Shamley
• Prof Charles Wiysonge

“If science consisted of nothing but the
laborious accumulation of facts, it would
soon come to a standstill...…
Two processes are at work side by side, the
reception of new material and the
digestion and assimilation of the old; and
both are essential…”
Lord Rayleigh 1884

Overview
• What is a systematic review.
• Function of systematic reviews in informing clinical
trials
• Function of systematic review in informing policy

Challenges & Pressures
Clinician – EBM
Research Funders– qty/Relevance or need/
funding

Policymakers– qty/priority/ external
pressures/ Funding

Evidence-based medicine

What is best external evidence?
• How do you find it?
• How do you interpret it?
• How do you decide if the evidence is based on
good science?
Time consuming
Overwhelming
Requires knowledge of many research designs and
critical appraisal
Let a review do the work for you !

Types of reviews
Reviews
(narrative/literature/
traditional)

Systematic reviews

Meta-analysis

Systematic

vs. Narrative reviews

• Scientific approach to a
review article
• Criteria determined at
outset
• Comprehensive search for
relevant articles
• Explicit methods of
appraisal and synthesis
• Meta-analysis may be used
to combine data
LIMITS BIAS

• Depend on authors’
inclination (bias)
• Author gets to pick any
criteria
• Search any databases
• Methods not usually
specified
• Vote count or narrative
summary
• Can’t replicate review
INTRODUCES BIAS

Key Aspects of SR
•
•
•
•
•
•

Question/Topic definition
Study selection criteria
Quality assessment
Data extraction
Data synthesis/analysis
Reporting & Disseminating

Evidence Hierarchy

How do SR inform clinical trials ?

If systematic reviews had been done…
A short course of corticosteroids in pregnant
women expected to give birth prematurely
improved neonatal mortality.

If systematic reviews had been done…
• Sudden infant death syndrome: lethal effect
of lying babies on their front was exposed a
decade before it was accepted as practice.

If SR had been done…Tranexamic acid

Researchers do not access the
evidence
Analysis of 50 reports -incl > 1500 cumulative
meta-analyses of clinical intervention studies:
Concl:
Research continued to be carried out BUT had
researchers systematically assessed what was
already known – beneficial and harmful effects
would have been identified earlier.

Researchers do not access the
evidence
Analysis of 4 decades of trials:
< ¼ of previous relevant studies were
quoted.
< ½ of PIs were aware of relevant reviews
when designing their studies.
Chalmers et al,2014 .Lancet

Why is this an issue?
• Patients exposed to harmful / less effective
treatments in unnecessary trials

• Unnecessary deaths and life-threatening side
effects

“We need less research, better research and
research done for the right reasons”

Prof. Doug Altman
Oxford University

“Research: Increasing value, reducing
waste”
Series:

Lancet 2014;383

Advantages of systematic reviews
• Reduce bias
• Replicability
• Resolve controversy between conflicting
studies
– Original study did not fully consider previous
work
– Data is of poor quality
– Incomplete understanding of relevant biology

Advantages of systematic reviews

• Identify what should be replicated – what
are deficiencies in previous research?
• Provide reliable basis for decision making

Limitations of systematic reviews specific to
health promotion
• Results may still be inconclusive –Timing
• There may be no trials/evidence
• The trials may be of poor quality
• Practice does not change just because you
have the evidence of effect/effectiveness

SR and Research Priorities
• Identifies gaps based on a reliable systematic
approach – transparent

• Provide policy makers/funders with extent of
the health problem, evidence of what works,
for whom, at what cost.
• Supports efficient use of scarce resources
• Supports best practice

Research Priority Setting
• New trials are scientifically and ethically
justifiable only if based on systematic review
of current evidence
– SR = Highest level of evidence.
– SR = Is not only relevant to clinical trials

SR & Research

Evidence Based/Informed
Policy

Policy Development Process

Policy development is complex and utilises a
subtle combination of:
• Evidence
• Existing policy in government, and nongovernment sectors
• Community preferences
• Local culture and context
Users
• Disease specific advocacy groups
• Media

Challenges for linking research to action

• Policymakers lack the time and skills to assess research
evidence (Turner, 2009; Innvaer et al., 2002; Orton et al., 2011)
• Research evidence is not available when policymakers need
it (Campbell et al., 2009; Jack et al., 2010; Orton et al., 2011)
• Research is presented in formats that policymakers cannot
utilise (Greenhalgh, 1997; Rosenbaum et al., 2011; Sheldon,
2005)

SUPorting Policy-relevant Reviews and Trials
in low and middle-income countries
(The SUPPORT Collaboration)

• Funded by the EC, 2005-2009
• Since 2010, other funding agencies

30

The SUPPORT Collaboration aimed to improve use of
reliable research evidence in policy & management
decisions on maternal and child health & to fill in gaps
where there is lack of reliable evidence
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If the question is good, the
systematic review is a very
powerful tool

THANK YOU

Systematic Reviews in Health Care
A Practical Guide

What do we do if diVerent clinical studies appear to give diVerent answers? This
user-friendly introduction to this diYcult subject provides a clear, unintimidating
and structured approach to systematic reviews and incorporates several key features:
• A practical guide to meta-analysis and the fundamental basis of evidence-based
medicine
• A step-by-step explanation of how to undertake a systematic review and the pitfalls
to avoid
• Liberally illustrated with explanatory examples and exercises
• A review of the available software for meta-analysis
Whether applying research to questions for individual patients or for health policy,
one of the challenges is interpreting apparently conXicting research. A systematic
review is a method of systematically identifying relevant research, appraising its
quality and synthesizing the results. The last two decades have seen increasing interest
and developments in methods for doing high-quality systematic reviews. Part 1 of this
book provides a clear introduction to the concepts of reviewing, and lucidly describes
the diYculties and traps to avoid. A unique feature of the book is its description, in
Part 2, of the diVerent methods needed for diVerent types of health care questions:
frequency of disease, prognosis, diagnosis, risk and management. As well as
illustrative examples, there are exercises for each of the sections.
This is essential reading for those interested in synthesizing health care research,
and for those studying for a degree in Public Health.
Paul Glasziou is Professor of Evidence-based Medicine in the School of Population
Health, University of Queensland and a general practitioner. He is co-editor of the
Journal of Evidence-Based Medicine, and Chair of the Cochrane Collaboration’s
Methods Group on Applicability and Recommendations. As well as developing new
meta-analytic methods, he has published numerous systematic reviews, including
Cochrane Reviews in otitis media, sore throat, tonsillectomy and colorectal cancer
screening.
Les Irwig is Professor of Epidemiology at the Department of Public Health and
Community Medicine at the University of Sydney. His major interest is in
epidemiological methods relevant to decision making. In addition to several

published papers on how to review the accuracy of diagnostic tests systematically, Les
Irwig was the founding chair of the Cochrane Collaboration Methods Working Group
on screening and diagnostic tests and main author of its guidelines on systematic
review in this area.
Chris Bain is reader in Epidemiology at the School of Population Health, University
of Queensland. His research has mostly addressed the aetiology and prognosis of
cancer, nutrition and disease, and health services research, with a strong emphasis on
the practice and theory of systematic and quantitative reviews of health data. His own
systematic reviews have covered oestrogen replacement therapy and cardiovascular
disease, obesity and breast cancer, and he has contributed to a seminal international
collaborative re-analysis of data on breast cancer and oral contraceptive use.
Graham Colditz is Professor in Epidemiology at the Harvard School of Public Health
and Principal Investigator of the ongoing Nurses’ Health Study, which follows
121 700 US women with questionnaire assessment of lifestyle factors and the use of
biomarkers to assess risk of chronic diseases among women. He teaches cancer
prevention, principles of screening, research synthesis/meta-analysis applications in
health policy, and a course on implementing prevention.

Systematic Reviews
in Health Care
A Practical Guide

Paul Glasziou
School of Population Health,
University of Queensland, Australia

Les Irwig
Department of Public Health and Community Medicine,
University of Sydney, Australia

Chris Bain
Department of Social and Preventive Medicine,
University of Queensland, Australia

Graham Colditz
Channing Laboratory, Harvard School of Public Health,
Boston, MA, USA

PUBLISHED BY CAMBRIDGE UNIVERSITY PRESS (VIRTUAL PUBLISHING)
FOR AND ON BEHALF OF THE PRESS SYNDICATE OF THE UNIVERSITY OF
CAMBRIDGE
The Pitt Building, Trumpington Street, Cambridge CB2 IRP
40 West 20th Street, New York, NY 10011-4211, USA
477 Williamstown Road, Port Melbourne, VIC 3207, Australia
http://www.cambridge.org
© Paul Glasziou, Les Irwig, Chris Bain & Graham Colditz 2001
This edition © Paul Glasziou, Les Irwig, Chris Bain & Graham Colditz 2003
First published in printed format 2001

A catalogue record for the original printed book is available
from the British Library and from the Library of Congress
Original ISBN 0 521 79962 7 paperback

ISBN 0 511 01921 1 virtual (netLibrary Edition)

Contents

Acknowledgements

ix

Systematic literature reviews
Method
How much work is a systematic review?
About this book

1
2
4
5

Introduction

Part 1 General methods
1

The question
1.1 What types of questions can be asked?
1.2 What is the relevant question?
1.3 How focused should the question be?

2

9
14
14

Finding relevant studies
2.1
2.2
2.3
2.4

v

Finding existing systematic reviews
Finding published primary studies
Finding unpublished primary studies
Publication bias – a crucial problem

16
16
23
24

vi

3

Contents

Appraising and selecting studies
3.1 Standardizing the appraisal
3.2 Using the quality appraisal

4

Summarizing and synthesizing the studies
4.1
4.2
4.3
4.4

5

27
29

Presenting the results of the studies (data extraction)
Synthesis of study results
Heterogeneity and eVect modiWcation
Detecting publication bias

32
33
37
41

Applicability: returning to the question

45

Questions for Part 1

47

Part 2 Question-specific methods
6

Interventions
6.1 The question
6.2 Finding relevant studies
6.3 Appraising and selecting studies
6.4 Synthesis of study results
6.5 Economic evaluation
6.6 Further information
Questions for Part 2: interventions

7

53
54
55
57
62
63
64

Frequency and rate
7.1 The question
7.2 Finding relevant studies

67
68

vii

Contents

7.3 Appraising and selecting studies
7.4 Summarizing and synthesizing the studies
Questions for Part 2: frequency

8

Diagnostic tests
8.1 The question
8.2 Finding relevant studies
8.3 Appraising and selecting studies
8.4 Summarizing and synthesizing the studies
Questions for Part 2: diagnostic tests

9

74
75
78
83
87

Aetiology and risk factors
9.1 The question
9.2 Finding relevant studies
9.3 Appraising and selecting studies
9.4 Summarizing and synthesizing the studies
9.5 Judging causality
Questions for Part 2: aetiology and risk

10

70
71
73

90
91
93
95
99
99

Prediction: prognosis and risk
10.1
10.2
10.3
10.4

The question
Finding relevant studies
Appraising and selecting studies
Summarizing and synthesizing the studies

102
103
104
105

viii

Contents

Appendixes
Appendix A Literature searching

Finding existing systematic reviews
Finding randomized trials
PubMed clinical queries using research methodology Wlters
Appendix B Software for meta-analysis

Meta-analysis of intervention study
Meta-analysis of diagnostic tests
Glossary
Acronyms and abbreviations
References
Index

109
109
111
112
114
114
116
117
126
127
133

Acknowledgements

This book draws substantially on material originally published as an
Australian National Health and Medical Research Council (NHMRC)
guide on How to Review the Evidence: systematic identiWcation and
review of the scientiWc literature. The authors wish to thank the
NHMRC for their support of the work herein. We would also like to
thank Sharon Saunders for assistance, Maureen Hendry, Chris Silagy,
Paul O’Brien, and John McCallum for comments, and Dianne
O’Connell for many of the deWnitions in the Glossary. We would
particularly like to thank Janet Salisbury, technical writer and editor
of the NHMRC edition, who was most helpful and constructive.

ix

This page intentionally left blank

Introduction

Systematic literature reviews
Methods for reviewing and evaluating the scientiWc literature range
from highly formal, quantitative information syntheses to subjective
summaries of observational data. The purpose of a systematic literature
review is to evaluate and interpret all available research evidence relevant to a particular question. In this approach a concerted attempt is
made to identify all relevant primary research, a standardized appraisal
of study quality is made and the studies of acceptable quality are
systematically (and sometimes quantitatively) synthesized. This diVers
from a traditional review in which previous work is described but not
systematically identiWed, assessed for quality and synthesized.

Advantages

There are two major advantages of systematic reviews (or meta-analyses). Firstly, by combining data they improve the ability to study the
consistency of results (that is, they give increased power). This is
because many individual studies are too small to detect modest but
important eVects (that is, they have insuYcient power). Combining all
the studies that have attempted to answer the same question considerably improves the statistical power.
Secondly, similar eVects across a wide variety of settings and designs
provide evidence of robustness and transferability of the results to other
settings. If the studies are inconsistent between settings, then the sources of variation can be examined.
Thus, while some people see the mixing of ‘apples and oranges’ as a
1
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problem of systematic reviews, it can be a distinct advantage because of
its ability to enhance the generalizability and transferability of data.
Disadvantages

Without due care, however, the improved power can also be a disadvantage. It allows the detection of small biases as well as small eVects. All
studies have Xaws, ranging from small to fatal, and it is essential to
assess individual studies for such Xaws. The added power of a systematic review can allow even small biases to result in an apparent eVect.
For example, Schulz et al. (1995) showed that unblinded studies gave,
on average, a 17% greater risk reduction than blinded studies.

Method
A systematic review generally requires considerably more eVort than a
traditional review. The process is similar to primary scientiWc research
and involves the careful and systematic collection, measurement and
synthesis of data (the ‘data’ in this instance being research papers). The
term ‘systematic review’ is used to indicate this careful review process
and is preferred to ‘meta-analysis’ which is usually used synonymously
but which has a more speciWc meaning relating to the combining and
quantitative summarizing of results from a number of studies.
It may be appropriate to provide a quantitative synthesis of the data
but this is neither necessary nor suYcient to make a review ‘systematic’.
A systematic review involves a number of discrete steps:
• question formulation;
• Wnding studies;
• appraisal and selection of studies;
• summary and synthesis of relevant studies; and
• determining the applicability of results.
Before starting the review, it is advisable to develop a protocol outlining
the question to be answered and the proposed methods. This is required for all systematic reviews carried out by Cochrane reviewers
(Mulrow and Oxman, 1997).
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Question formulation

Getting the question right is not easy. It is important to recognize that
devising the most relevant and answerable question may take considerable time. Repeatedly asking ‘why is this important to answer?’ is
helpful in framing the question correctly.
For example, are you really interested in the accuracy of the new test
per se? Or would it be better to know whether or not the new test is more
accurate than the current standard? If so, are you clear about what the
current standard is?
Question formulation also involves deciding what type of question
you are asking. Is it a question about an intervention, diagnostic
accuracy, aetiology, prediction or prognosis, or an economic question?
The multiple perspectives of health service providers, consumers and
methodologists may be helpful in getting the question right.

Finding studies

The aim of a systematic review is to answer a question based on all the
best available evidence – published and unpublished. Being comprehensive and systematic is important in this critical, and perhaps most
diYcult phase of a systematic review. Finding some studies is usually
easy – Wnding all relevant studies is almost impossible. However, there
are a number of methods and resources that can make the process easier
and more productive.

Appraisal and selection of studies

The relevant studies identiWed usually vary greatly in quality. A critical
appraisal of each of the identiWed potentially relevant studies is therefore needed, so that those that are of appropriate quality can be selected.
To avoid a selection that is biased by preconceived ideas, it is important
to use a systematic and standardized approach to the appraisal of
studies.

4
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Summary and synthesis of relevant studies

Although a quantitative synthesis is often desirable, a comprehensive
and clear summary of the high-quality relevant studies to a particular
question may be suYcient for synthesis and decision making. The
initial focus should be on describing the study’s design, conduct and
results in a clear and simple manner – usually in a summary table.
Following this, some summary plots are helpful, particularly if there are
a large number of studies. Finally, it may be appropriate to provide a
quantitative synthesis. However, as indicated above, this is neither a
suYcient nor necessary part of a systematic review.

Determining the applicability of results

Following the summary and synthesis of the studies, the next step is to
ask about the overall validity, strength and applicability of any results
and conclusions. How and to whom are the results of the synthesis
applicable? How will the eVects vary in diVerent populations and
individuals?

How much work is a systematic review?
An analysis of 37 meta-analyses done by Allen and Olkin (1999) of
MetaWorks, a company based in Massachusetts (USA) that specializes
in doing systematic reviews, showed that the average hours for a review
were 1139 (median 1110) – or about 30 person-weeks of full-time work
– but this ranged from 216 to 2518 hours. The breakdown was:
• 588 hours for protocol development, searching and retrieval;
• 144 hours for statistical analysis;
• 206 hours for report writing; and
• 201 hours for administration.
However, the total time depended on the number of citations. A
systematic review has a Wxed component, even if there were no citations, and a variable component, which increases with the number of
citations. A regression analysis of the MetaWorks analyses gives a
prediction of the number of hours of work as:
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721 + 0.243x − 0.0000123x 2 hours
where: x = number of potential citations before exclusion criteria were
applied.

About this book
The remainder of this book is divided into two parts:
• Part 1 includes general information on methods relevant to all
systematic reviews irrespective of the type of question.
• Part 2 includes issues speciWc to Wve diVerent question types:
– frequency or rate of a condition or disease;
– eVects of an intervention;
– diagnostic accuracy;
– aetiology and risk factors; and
– prediction and prognosis.
Appendixes A and B include details of search procedures and a listing of
available software.
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1

The question

1.1 What types of questions can be asked?
Clinical problems and health policies may involve many diVerent questions which need to be informed by the best available evidence. It is
useful to have a classiWcation of the diVerent types of health care
questions that we may ask:
• Phenomena: ‘What phenomena have been observed in a particular
clinical problem, e.g. what problems do patients complain of after a
particular procedure?’
• Frequency or rate of a condition or disease: ‘How common is a
particular condition or disease in a speciWed group?’
• Diagnostic accuracy: ‘How accurate is a sign, symptom or diagnostic
test in predicting the true diagnostic category of a patient?’
• Aetiology and risk factors: ‘Are there known factors that increase the
risk of the disease?’
• Prediction and prognosis: ‘Can the risk for a patient be predicted?’
• Interventions: ‘What are the eVects of an intervention?’
Answering each type of question requires diVerent study designs, and
consequently diVerent methods of systematic review. A thorough
understanding of the appropriate study types for each question is
therefore vital and will greatly assist the processes of Wnding, appraising
and synthesizing studies from the literature. A summary of the appropriate study types for each question and of the issues that are important
in the appraisal of the studies is also given in Table 1.1. General
information on how to Wnd and review studies is given in the remainder
of Part 1 with further details for each question type in Part 2.
9
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Table 1.1. Types of clinical and public health questions, ideal study types
and major appraisal issues
Question

Ideal study types

Major appraisal issues

1. Intervention

Randomized controlled
trial

2. Frequency/rate
(burden of illness)

Cross-sectional study or
consecutive sample

3. Aetiology and risk

Cohort study

4. Prediction and
prognosis
5. Diagnostic accuracy

Cohort study

6. Phenomena

Qualitative research

Randomization
Follow-up complete
Blinding of patients and
clinicians
Sample frame
Case ascertainment
Adequate
response/follow-up
achieved
Groups only diVer in
exposure
Outcomes measurement
Reasonable evidence for
causation
Inception cohort
SuYcient follow-up
Independent, blind
comparison with ‘gold
standard’
Appropriate selection of
patients
Appropriate subject
selection and methods of
observation

Random or consecutive
sample

1.1.1 Interventions

An intervention will generally be a therapeutic procedure such as
treatment with a pharmaceutical agent, surgery, a dietary supplement, a
dietary change or psychotherapy. Some other interventions are less
obvious, such as early detection (screening), patient educational materials or legislation. The key characteristic is that a person or his or her
environment is manipulated in order to beneWt that person.

11
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To study the eVects of interventions, it is necessary to compare a
group of patients who have received the intervention (study group)
with a comparable group who have not received the intervention
(control group). A randomized controlled trial (RCT), which is a trial
in which subjects are randomly allocated to the study or control groups,
is usually the ideal design. A hierarchy of designs for the study of the
eVects of interventions is illustrated in Table 1.2.
1.1.2 Frequency or rate

How common is a particular feature or disease in a speciWed group in
the population? This is measured as the frequency (proportion or
prevalence) or rate (incidence) of the feature or disease. For example,
the prevalence of osteoarthritis with ageing, or the rate of new cases of
human immunodeWciency virus (HIV).
The appropriate study design in this case is a cross-sectional survey
with a standardized measurement in a representative (e.g. random)
sample of people; for a rate, the sample would need to be followed over
time. If, instead of a single frequency, we become interested in the
causes of variation of that frequency, then this becomes a question of
risk factors or prediction (see below).
1.1.3 Diagnostic accuracy

How accurate is a particular diagnostic screening test? If there is good
randomized trial evidence that an intervention for a particular condition works then it may be necessary to assess how accurately the
condition can be diagnosed from a sign, symptom or diagnostic test. To
do this, a comparison is needed between the test of interest and a ‘gold
standard’ or reference standard. The most commonly used measures of
accuracy are the sensitivity and speciWcity of the test.
If we move from an interest in accuracy to an interest in the eVects on
patient outcomes, then the question becomes one of intervention (that
is, the eVects on patients of using or not using the test, as is the case for
population screening). However, we are generally content to use diagnostic accuracy as a surrogate to predict the beneWts to patients.
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Table 1.2. Types of studies used for assessing clinical and public health
interventions (question 1 in Table 1.1)
Study design

Protocol

Systematic review

Systematic location, appraisal and synthesis of evidence from
scientiWc studies (usually randomized controlled trials)

Experimental studies
Randomized
controlled trial

Pseudorandomized
controlled trial

Subjects are randomly allocated to groups either for the
intervention/treatment being studied or control/placebo
(using a random mechanism, such as coin toss, random
number table, or computer-generated random numbers) and
the outcomes are compared
Subjects are allocated to groups for intervention/treatment
or control/placebo using a nonrandom method (such as
alternate allocation, allocation by days of the week or
odd–even study numbers) and the outcomes are compared

Comparative (nonrandomized and observational) studies
Concurrent control
Outcomes are compared for a group receiving the
treatment/intervention being studied, concurrently with
control subjects receiving the comparison
treatment/intervention (e.g. usual or no care)
Historical control
Outcomes for a prospectively collected group of subjects
exposed to the new treatment/intervention are compared
with either a previously published series or previously treated
subjects at the same institutions
Cohort
Outcomes are compared for groups of subjects who have
been exposed, or not exposed, to the treatment/intervention
or other factor being studied
Case-control
Subjects with the outcome or disease and an appropriate
group of controls without the outcome or disease are
selected and information is obtained about the previous
exposure to the treatment/intervention or other factor being
studied
Interrupted time series Trends in the outcome or disease are compared over
multiple time points before and after the introduction of the
treatment/intervention or other factor being studied

13
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Table 1.2. (cont.)
Study design

Protocol

Other observational studies
Case series
A single group of subjects are exposed to the
treatment/intervention
Post-test
Only outcomes after the intervention are recorded in the
case series, so no comparisons can be made
Pretest/post-test
Outcomes are measured in subjects before and after
exposure to the treatment/intervention for comparison (also
called a ‘before-and-after’ study)

1.1.4 Risk factor or aetiology

Is a particular factor, such as patient characteristic, laboratory measurement, family history, etc., associated with the occurrence of disease or
adverse outcomes? To answer this question a clear association between
the factor and the disease must Wrst be established. The most appropriate study type is a long-term follow-up of a representative inception
cohort.
If a clear association is shown, the next stage is to determine whether
that association is causal. That is, whether the factor under consideration causes the disease or outcome of interest or is merely associated
with it for other reasons. This involves issues beyond the degree of
association, such as the dose–response relationship and biological
plausibility.

1.1.5 Prediction and prognosis

Based on one or several risk factors, what is the level of risk for a
particular outcome to the person? Unlike the question of aetiology,
causation is not so crucial. Strongly predictive risk markers are also
useful. The most appropriate study type is a long-term follow-up of a
representative inception cohort.
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1.1.6 Phenomena

This question seeks to know the phenomena, subjective and objective,
associated with a particular clinical situation. This represents the beginnings of studying a situation by simple observation or questioning. A
common research method in health care is qualitative research, that is,
the observation and questioning of patients about their experience. We
will not cover the systematic reviewing of such questions in this book.

1.2 What is the relevant question?
A well-formulated question generally has four parts:
• the population (or patient group);
• the intervention (e.g. the treatment, test or exposure);
• the comparison intervention (optional, and defaults to no treatment,
no test or no exposure if no comparison given); and
• the outcomes.
This question structure is known by the acronym PICO.
Since we will often be interested in all outcomes, the Wrst two parts of
the question may be suYcient (see Section 2.2).

1.3 How focused should the question be?
The question should be suYciently broad to allow examination of
variation in the study factor (e.g. intensity or duration) and across
populations. For example:
What is the mortality reduction in colorectal cancer from yearly faecal occult
blood screening in 40–50-year-old females?

is too narrow as an initial question.
However:
What is the effect of cancer screening on the general population?

is clearly too broad and should be broken down into cancer-speciWc
screening questions.
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A better question may be:
What is the mortality reduction in colorectal cancer from faecal occult blood
screening in adults?

as this allows the eVects of screening interval, age group and gender to
be studied.

2
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Finding all relevant studies that have addressed a single question is not
easy. There are currently over 22 000 journals in the biomedical literature. MEDLINE indexes only 3700 of these, and even the MEDLINE
journals represent a stack of over 200 metres of journals per year.
Beyond sifting through this mass of published literature, there are
problems of duplicate publications and accessing the ‘grey literature’,
such as conference proceedings, reports, theses and unpublished studies. A systematic approach to this literature is essential in order to
identify all of the best evidence available that addresses the question.
As a Wrst step, it is helpful to Wnd out if a systematic review has
already been done or is under way. If not, published original articles
need to be found.

2.1 Finding existing systematic reviews
Published reviews may answer the question, or at least provide a
starting point for identifying the studies. Finding such reviews takes a
little eVort. A general MEDLINE search strategy proposed by
McKibbon et al. which is relevant to all question types is given in
Appendix A. However, for interventions, a check should also be made
of the Cochrane Library for a completed Cochrane review, a Cochrane
protocol (for reviews under way) or a nonCochrane review in the
Database of Abstracts and Reviews (DARE) on the Cochrane Library,
compiled by the Centre for Reviews and Dissemination at York (United
Kingdom).

2.2 Finding published primary studies
It is usually easy to Wnd a few relevant articles by a straightforward
literature search, but the process becomes progressively more diYcult
16
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as we try to identify additional articles. Eventually, you may sift through
hundreds of articles in order to identify one further relevant study. This
is the result of a phenomenon observed when the number of journals
with articles on a topic is arranged by how many articles on that topic
they contain: this is known as Bradford’s law of scattering. It’s implication is that, as a scientiWc Weld grows, the literature becomes increasingly scattered throughout journals and more diYcult to organize. This
phenomenon has been demonstrated with the literature on acquired
immunodeWciency syndrome (AIDS) (Self et al., 1989). In 1982, there
were only 14 journals that had literature on AIDS. By 1987 this had
grown to more than 1200. The authors observed the cumulative percentage of journal titles versus journal articles for AIDS and found a
Bradford distribution, with the Wrst third of articles in 15 journals, the
second third in 123 journals and the Wnal third in 1032 journals.
There are no magic formulae to make this process easy, but there are
a few standard tactics which, together with the assistance of a librarian
experienced with the biomedical literature, can make your eVorts more
rewarding.
2.2.1 Breaking down study question into components

A central tactic is to take a systematic approach to breaking down the
study question into components using a Venn diagram. The Venn
diagram for the question ‘What is the mortality reduction in colorectal
cancer from faecal occult blood screening in adults?’ is shown in Figure
2.1.
Once the study question has been broken into its components, they
can be combined using ‘AND’ and ‘OR’. For example, in Figure 2.1:
• (mortality AND screen) represents the overlap between these two
terms and retrieves only articles that use both terms. A PubMed
search using the terms mortality AND screen retrieves 564 articles (at
the time of all searches: new citations are added to the PubMed
database regularly).
• (screen AND colorectal neoplasm AND mortality) represents the
small area where all three circles overlap and retrieves only articles
with all three terms. A PubMed search using these three terms
retrieves 37 articles.

18
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Question: What is the mortality reduction in colorectal cancer from
faecal occult blood screening in adults?

Mortality

Screen
Colorectal
neoplasm

Figure 2.1

Venn diagram for colorectal screening.
•

(screen AND (mortality OR survival)) retrieves articles when the
term screening and either mortality or survival appears in the record.
A PubMed search using the terms screen AND (mortality OR survival) retrieves 907 articles.
Complex combinations are possible. For example, the following combination captures all the overlap areas between the circles:
• (mortality AND screen) OR (mortality AND colorectal neoplasms)
OR (screen AND colorectal neoplasms): using this combination of
terms, a PubMed search retrieves 7928 articles.
Although the overlap of all three parts will generally have the best
concentration of relevant articles, the other areas may still contain
many relevant articles. Hence, if the disease AND study factor combination (solid circles in Figure 2.1) is manageable, it is best to work with
this and not further restrict by, for example, using outcomes (broken
circle in Figure 2.1).

2.2.2 Use of synonyms

When the general structure of the question is developed, it is worth
looking for synonyms for each component. This process is illustrated in
Table 2.1.
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Table 2.1. Using synonyms of components of the three-part question to
devise a literature search
Question: What is the mortality reduction in colorectal cancer from faecal occult
blood screening in adults?
Question part

Question term

Population/setting
Study factor

Adult, human
Screening, colorectal cancer

Outcomea
Ideal designa

Mortality
Methodological terms

Synonyms

Screen*b, early detection,
bowel cancer
Death*b, survival

a

Both outcome and design are options which are only needed when the search results
are unmanageable.
b Wildcard symbol (Wnds words with the same stem).

Thus, a search string might be:
(screen* OR early detection) AND (colorectal cancer OR bowel cancer) AND
(mortality OR death* OR survival)

The term ‘screen*’ is shorthand for words beginning with screen, e.g.,
screen, screened, screening, etc. (Note: the wildcard symbol varies
between systems, e.g. it may be an asterisk (*), or colon (:).)
Similar terms may be generated by thinking both up and down the
hierarchy of abstraction, that is, by being less and more speciWc. For
example, ‘early detection’ is a more general term than screening. More
speciWc terms would be speciWc screening tests such as faecal occult
blood, sigmoidoscopy, colonoscopy, etc.
In looking for synonyms you should consider both text words and
key words in the database. The MEDLINE keyword system, known as
MeSH, has a tree structure that covers a broad set of synonyms very
quickly. The ‘explode’ (exp) feature of the tree structure allows you to
capture an entire subtree of MeSH terms within a single word. Thus, for
the colorectal cancer term in the above search, the appropriate MeSH
term might be:
colonic neoplasm (exp)

The ‘explode’ incorporates all the MeSH tree below colonic neoplasm, viz.
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colorectal neoplasms
colonic polyps
adenomatous polyposis coli
colorectal neoplasms
colorectal neoplasms, hereditary nonpolyposis
sigmoid neoplasms
While the MeSH system is useful, it should supplement rather than
usurp the use of textwords so that incompletely coded articles are not
missed.
2.2.3 Snowballing

Studies missed by
your search (but
found through
references or
experts) provide
invaluable clues
for improving your
search

The process of identifying papers is an iterative one. It is best to devise a
strategy on paper initially, as illustrated in Table 2.1. However, this will
inevitably miss useful terms, and the process will need to be repeated
and reWned. The results of the initial search are used to retrieve relevant
papers, which can then be used in two ways to identify missed papers:
• the bibliographies of the relevant papers can be checked for articles
missed by the initial search; and
• a citation search, using the Science Citation Index (www.isinet.
com/), can be conducted to identify papers that have cited the
identiWed relevant studies, some of which may be subsequent primary research.
These missed papers are invaluable – they provide clues on how the
search may be broadened to capture further papers (e.g. by studying the
MeSH keywords that have been used). The whole procedure may then
be repeated using the new keywords identiWed. This iterative process is
sometimes referred to as ‘snowballing’.

2.2.4 Handsearching

If the relevant articles appear in a limited range of journals or conference proceedings, it may be feasible and desirable to search these by
hand. This is obviously more important for unindexed or very recent
journals, but may also pick up relevant studies not easily identiWed from
title or abstracts. Fortunately, the Cochrane Collaboration is systemati-
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cally handsearching a number of journals to identify controlled trials
and a master list is maintained on the Internet (www.cochrane.org/).
This should be checked before undertaking your own handsearch.
However, for other question and study types there has been no such
systematic search.
2.2.5 Methodological terms

MEDLINE terms not only cover speciWc content but also a number of
useful terms on study methodology. For example, if we are considering
questions of therapy, many randomized trials are tagged in MEDLINE
by the speciWc methodological term:
randomized-controlled-trials in [publication type]

or as:
controlled-clinical trials in [publication type]

(Note that use of ‘ize’ spelling of randomized is necessary when using
MEDLINE.) However, many studies do not have the appropriate
methodological tag. The Cochrane Collaboration and the United States
National Library of Medicine (NLM) are working on correctly retagging the controlled trials, but this is not the case for other study types.
2.2.6 Methodological filters

Efficient search =
content terms +
methodological
filter

An appropriate methodological Wlter may help conWne the retrieved
studies to primary research. For example, if you are interested in
whether screening reduces mortality from colorectal cancer (an intervention), then you may wish to conWne the retrieved studies to controlled trials. The idea of methodological terms may be extended to
multiple terms that attempt to identify particular study types. One very
useful tool for a noncomprehensive but good initial search is available using the NLM’s free Internet version of MEDLINE PubMed – the
Clinical Queries section (www.ncbi.nlm.nih.gov/PubMed/clinical.
html) which has inbuilt search Wlters based on methodological search
techniques developed by Haynes et al. (1994). The Wlters are described
in Appendix A. They oVer four study categories (aetiology, prognosis,
treatment, diagnosis) and the choice of emphasizing sensitivity or
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speciWcity in the search. Other methodological Wlters are discussed in
Part 2 for each type of question.
2.2.7 Use of different databases

One database is
never enough

There are a number of other databases apart from MEDLINE; selection
depends on the content area and the type of question being asked. For
example, there are databases for nursing and allied health studies, such
as CINHAL and for psychological studies such as Psyclit. If it is a
question of intervention, then the Controlled Trials Registry within the
Cochrane Library is a particularly useful resource. This issue is further
discussed in the speciWc question types in Part 2 of this book.

2.2.8 What about multiple languages?

Studies are conducted in all parts of the world and published in
diVerent languages. So should a systematic review seek to Wnd all
materials published in all languages? The systematic reviewer has two
options. Firstly, to try to identify all relevant studies irrespective of the
country in which they were conducted or the language in which they
have been published. This option, however, is generally diYcult with
current electronic databases. An alternative is to consider restricting the
inclusion criteria by the country in which the studies were conducted,
which will still provide an unbiased sampling frame of studies. However, to include studies only in, say, English would lead to greater bias as
positive studies conducted in countries of nonEnglish-speaking backgrounds are more likely to be submitted to an English-speaking journal
and hence this exaggerates the usual publication bias with a ‘tower of
Babel’ bias. Hence, the reviewer should be cautious about including
studies published in English but conducted in a nonEnglish-speaking
country unless there is also an intensive search for other studies conducted in that country and not published in English.
2.2.9 Summary

Time and careful thought are invaluable in developing an eYcient
search strategy. The search itself may be summarized as:
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Good search = PICO + FILTER
But the use of multiple strategies is important to track down all articles.

2.3 Finding unpublished primary studies
To reduce publication bias (see Section 2.4), it is important to search
for unpublished studies. There are two approaches to Wnding unpublished studies: searching relevant databases and contacting experts.
2.3.1 Search relevant databases

An appendix in the Cochrane Handbook (available on the Cochrane
Library CD) contains a list of about 30 clinical trials registries with
completed and ongoing studies registered in specialized areas such as
AIDS and cancer.
For other question types, information will be more diYcult to Wnd,
but any available databases should be checked – in particular, research
funding bodies may be able to provide a list of research. However, this
has rarely been systematically compiled outside controlled trials. An
exception is the International Agency for Research on Cancer (IARC)
bibliography of ongoing cancer epidemiology research (Sankaranarayanan et al., 1996). The website www.controlled-trials.com
provides a meta-register of controlled trials and online access to a
comprehensive listing of ongoing and completed controlled trials in all
areas of health care.
2.3.2 Writing to experts

Another option is to contact the principal investigators of relevant
studies directly, asking whether they know of additional studies.
However, the usefulness of writing to experts varies. An analysis of a
recent review of the value of near-patient testing (that is, diagnostic
tests that can be done entirely at the clinic, such as dipstick urine tests;
McManus et al., 1998) showed that, of 75 papers eventually identiWed,
nearly one-third were uniquely identiWed by contacting experts. The
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Finding relevant studies

Papers identified by different search methods in a systematic review of nearpatient testing. Shaded columns, unique; open columns, not unique.

data are shown in Figure 2.2, which also illustrates the general point
that it is worth using multiple sources. However, near-patient testing is
an area of emerging technology, and a larger proportion than usual of
papers were possibly unpublished, published in less common sources or
presented at conferences.

2.4 Publication bias – a crucial problem
2.4.1 What is publication bias?

If ‘positive studies’ are more likely to be published than ‘negative’
studies then any review (traditional or systematic) of the published
literature must be biased towards a ‘positive’ result. This is the essence
of publication bias – the positive correlation between the results of the
study and our ability to Wnd that study. For example, a follow-up of 737
studies approved by the Institutional Review Board at Johns Hopkins
University found that the odds ratio for the likelihood of publication of
positive compared with negative studies was 2.5 (Dickersin et al., 1992).
Interestingly, most nonpublication was because authors failed to submit, rather than that journals rejected ‘negative’ studies (Stern and
Simes, 1997).
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Table 2.2. Comparison of published and registered studies for multiagent
versus single-agent chemotherapy for ovarian cancer

Number of studies
Survival ratio
95% conWdence interval
Probability (P-value)

Published studies

Registered studiesa

16
1.16
1.06–1.27
0.02

13
1.05
0.98–1.12
0.25

a

Studies registered in a clinical trial registry at initiation (i.e. before the results were
known).
Data from Simes (1987).

2.4.2 Does this affect the results of the reviews?

Systematic exclusion of unpublished trials from a systematic review
introduces bias if the unpublished studies diVer from the published, e.g.
because of the statistical signiWcance or the direction of results. In a
review of multiagent versus single-agent chemotherapy for ovarian
cancer, Simes (1987) found statistically and clinically diVerent results
for 16 published studies and 13 studies that had been registered in a
clinical trials register, some of which were published and some not
(Table 2.2). Since the registered trials were registered at inception rather
than completion, their selection for inclusion in the review is not
inXuenced by the outcome of the study, therefore they constitute an
incomplete but unbiased set of studies. Several studies (Clarke and
Hopewell, 2000) have demonstrated that the publication bias can also
be viewed as a publication delay. That is, positive trials tend to be
written up, submitted and published earlier than ‘negative’ trials.
Hence, this problem is likely to occur earlier in the development of the
technology, whereas as it matures there is a steady drift to all the studies
being published and a diminution of the eVects of publication bias. This
is important to consider in looking at both published and registered
studies, as even with registry studies the results may be biased by the
delay in access to the results.
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2.4.3 What can we do about publication bias?

It is vital that eventually all clinical trials are registered at their inception
so that systematic reviews and recommendations about therapy can be
made on the basis of all relevant research, and not a biased subset. In the
meantime we must settle for making our best eVorts at retrieving the
grey literature.
These methods include using existing clinical trials registries (a list of
registries and their contact details are available in the Cochrane Handbook in the Cochrane Library), scanning major conference proceedings
and contacting experts and researchers working in the area of a particular question to ask if they know of other relevant published or unpublished research. In Chapter 4, on synthesis of the studies, we will also
describe some methods of identifying the potential signiWcance of
publication bias based on the identiWed studies, such as ‘funnel’ plots.
However, these only help to diagnose the problem of bias, not to cure or
prevent it.
2.4.4 Duplicate publications

Publication bias
means that study
availability is
influenced by
study outcome

The converse of an unpublished study is a study that is published
several times. This is often, but not always, obvious. For example, in a
review of the eVect of the drug ondansetron on postoperative vomiting,
Tramer et al. (1997) found 17% of trials had duplicate reports. Nine
trials of oral ondansetron were published as 14 reports, and 19 trials of
intravenous ondansetron were published as 25 reports. One multicentre trial had published four separate reports with diVerent Wrst
authors. Most surprisingly, four pairs of identical trials had been
published that had nonoverlapping authorships!
Unfortunately, there is no simple routine means of detecting such
duplicates except by some careful detective work. Occasionally, it will
be necessary to write to the authors. Clearly, if duplicate publications
represent several updates of the data, then the most recent should be
used.

3

Appraising and selecting studies

Readers will naturally wish to know how good the reviewed research is
and why you have excluded some studies that address the question at
issue. In both situations you need to explain your judgments, which will
usually be based on your assessment of study quality and applicability.
The process will usually need to be done in two stages; Wrstly, an
initial screen for basic eligibility criteria and secondly, a detailed appraisal of quality. The eligibility screen might ask whether the study addresses the question and achieves some minimal quality criteria. For
example, for an intervention question this might be evidence of a
control group. This process is outlined in Figure 3.1.

3.1 Standardizing the appraisal
Providing an explicit and standardized appraisal of the studies that have
been identiWed is important for two reasons. Firstly, a systematic review
should try to base its conclusions on the highest-quality evidence
available. To do this requires a valid and standardized procedure to
select from the large pool of studies identiWed so that only the relevant
and acceptable quality studies are included in the review. Secondly, it is
important to convey to the reader the quality of the studies included as
this indicates the strength of evidence for any recommendation made.

3.1.1 What study features should be assessed?

Overall, the study features that are most important to assess are those
that involve selection and measurement bias, confounding and follow27
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The process of appraising and selecting studies.

up of participants. In Part 2 these features are examined for each
question type under the following headings:
1. Has selection bias (including allocation bias in randomized controlled trials (RCTs)) been minimized?
2. Have adequate adjustments been made for residual confounding?
3. Have the Wnal outcomes been adequately ascertained?
4. Has measurement or misclassiWcation bias been minimized?
3.1.2 Is it important to have a structured appraisal?

If unstructured appraisals are made, there is a tendency to look more
critically at the studies whose conclusions we dislike. For example, 28
reviewers were asked to assess a single (fabricated) study but were
randomly allocated to receive either the positive or negative version
(Mahoney, 1977). The identical methods section of these fabricated
versions was rated signiWcantly worse by the reviewers of the negative
study compared with the positive study. Hence, it is essential to appraise all papers equally. This can be done in part by using a standardized checklist. Part 2 of this book outlines the important appraisal
issues for the diVerent question types outlined in Section 1.1 and shows
speciWc checklists for some of the question types.
These standardized checklists allow assessment of how important
measurement and selection biases were avoided.
3.1.3 How many reviewers are required?

Using more than one reviewer is rather like getting a second opinion on
a medical diagnosis. Because of the importance of appropriately select-
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ing studies, at least two reviewers should be used. Each reviewer should
independently read and score each of the studies that can potentially be
included in the review. They should then meet to resolve any discrepancies between the scoring of the paper by open discussion about their
justiWcation for each of the scores. This discussion is a useful educational procedure in itself, which probably increases the consistency and
accuracy of the appraisals of the paper.
3.1.4 Is it necessary to do the appraisal blind to the outcome of the study?

Blind quality
assessment is not
proven to be
worth the effort,
but might be
worthwhile for
controversial
reviews

Some meta-analysts, including the late Tom Chalmers, have suggested
that all appraisals should be done blind to the results of the individual
study. This requires removing identiWcation of the authors, journal and
all reference to any results from the paper. Generally, the methods and
the results section of the paper are suYcient to provide the information
necessary for the appraisal (with the explicit outcomes ‘blackened out’
in the results section).
However, this approach is very time-consuming. The eVect has been
examined in two empirical studies, which suggest that the beneWt, if
any, in bias reduction by using the blinding process is small (Berlin,
1997). At present there is not a consensus about whether the gain is
worth the eVort. However, for particularly controversial and important
issues, such a blinded appraisal should be considered.

3.2 Using the quality appraisal
The Wrst and most important use of the quality appraisal will be to
decide whether the study is included at all in the main analysis. For
example, with a question of treatment, only RCTs may be selected.
Deciding whether a study is randomized or not can be diYcult, and
hence it is very valuable to have reviewers to look carefully at the paper
and come to a conclusion about this. Though a simple and obvious
step, even minimal quality appraisal of the studies is omitted in many
systematic reviews. For example, in an overview of reviews by Juni et al.
(1999) only 40% of systematic reviews appeared to use any form of
quality assessment.
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After the decision to include or exclude the study has been made,
there are three further uses for the appraisal scores or quality weights, as
follows.
1. Threshold (recommended)
If a study does not meet some prespeciWed quality standards then it
would be excluded from the systematic review. For example, in the
study of the eVects of speciWc medication we might have speciWed
that only randomized placebo controlled trials with more than 80%
follow-up are to be included in the Wnal analysis. Hence an appraisal
of each of the studies to determine these three factors (randomization, placebo control, degree of follow-up) needs to be done.
Clearly this will diVer depending on the feasibility and type of
question in the systematic review; for example, a placebo control or
blinding may be impossible in an area of surgery and hence our
criteria may be conWned to randomization and adequate follow-up.
Similarly, the criteria for a study of prognosis might include only the
quality of the inception sample and the per cent of follow-up.
2. Grouping or sorting by design and/or quality (recommended)
It is useful to consider an exploratory analysis on the design or
quality features of studies. Studies can be categorized by design (e.g.
randomized, cohort, case-control) or by important quality features
(e.g. blinded versus unblinded) and then plotted in subgroups, with
or without providing summary estimators for each of these design or
quality groups. Does this make a diVerence to the results seen? For
example:
• Do the blinded studies give diVerent results to the unblinded
studies?
• Do the studies with good randomization procedures give diVerent
results to those with doubtful randomization procedures?
A sensitivity analysis on quality has been suggested by Detsky et al.
(1992): a cumulative meta-analysis is done looking at the best single
study, the best two single studies combined, the best three studies
combined, etc. However, recent empirical work (Juni et al., 1999)
showed that diVerent summary quality scores give highly inconsistent results. Since Xaws in one feature, such as follow-up, may not
give a similar size or direction of bias to another design feature, such
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as blinding, analysing summary scores is problematic. Hence, we
suggest the main focus should be on individual quality features.
3. Meta-regression on quality items (optional)
It is possible to extend this further by looking at all the features of
quality simultaneously in a so-called meta-regression. However,
because there will usually be a limited number of studies, such
techniques are probably not justiWed in most meta-analyses.
4. Weighting by quality (not recommended)
Some analysts have suggested using the quality score to weight the
contribution of particular studies to the overall estimate. This is
inappropriate – it neither adjusts for nor removes the bias of poor
studies, but merely reduces it slightly.
Further information on the appraisal for each question type is given
in Part 2. The Journal of the American Medical Association Users’
guides series (Guyatt et al., 1993) is also a good source of further
information.

4

Summarizing and synthesizing the
studies

4.1 Presenting the results of the studies (data extraction)
4.1.1 Tabular summary

It is helpful to produce tabular and graphical summaries of the results
of each of the individual studies. An example of a summary table for an
intervention question is shown in Part 2 of this book (Chapter 6, Table
6.1).
4.1.2 Graphical presentation

One picture is
worth a thousand
confidence
intervals, if the
layout is properly
informative

The most common and useful graphical presentation of the results of
individual studies is a point estimate plot with the 95% conWdence
interval (CI) for each study (known as a ‘forest plot’). A value of less
than 1.0 indicates that the intervention studied is beneWcial. A forest
plot can be done for the relative risk reduction or a speciWc measure
such as reduction in blood pressure. Studies should be sorted from
those with the broadest to those with the narrowest conWdence interval.
If there is a summary estimator, this should be nearest the studies with
the narrowest conWdence intervals.
In addition, because studies with broad conWdence intervals draw
greater visual attention, it is useful to indicate the contribution of the
study visually by the size of the symbol at the summary estimate. The
area of the symbol should be made proportional to the precision of the
study (more speciWcally, to the inverse of the variance of the study’s
estimator). This means that the diameter of each symbol is propor32
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Relative mortality from colorectal cancer in screened versus unscreened (control) groups from four randomized trials of faecal occult blood screening. Dotted
vertical line, the combined estimate; total, 95% confidence interval of the
combined estimate. Modified from Towler et al. (1998).

tional to the inverse of the standard error of the study’s estimate. These
principles are illustrated in Figure 4.1, which shows the results of the
systematic review of colorectal cancer screening (Towler et al., 1998).

4.2 Synthesis of study results
Except in rare circumstances, it is not advisable to pool the results of the
individual studies as if they were one common large study. This can lead
to signiWcant biases because of confounding by the distribution of the
study factor and the outcome factor.
However, if the studies are considered suYciently homogenous in
terms of the question and methods, and this is supported by a lack of
evidence of statistical heterogeneity (see Section 4.3), then it may be
appropriate to combine the results to provide a summary estimate.
The method for combining studies will vary depending upon the type
of questions asked and the outcome measures used. Outcome measures are summarized in Table 4.1. A further measure, the summary
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Table 4.1. Some possible outcome measures of study eVects
Outcome
measures

Description

Continuous outcomes
DiVerence
DiVerence between treatment and control groups in mean values
between group
of outcome variable
means
Standardized
DiVerences between the treatment and control group means for
diVerence
each study, standardized by an estimate of the standard deviation
of the measurements in that study. This removes the eVect of the
scale of measurement, but can be diYcult to interpret
Weighted
Average (pooled) diVerence between treatment and control
diVerence in
groups in mean values across a group of studies using the same
means
scale of measurement for the outcome (e.g. blood pressure
measured in mmHg)
Standardized
Average (pooled) standardized diVerence between treatment and
weighted mean
control groups across a group of studies, where the outcome was
diVerence
measured using diVerent scales with no natural conversion to a
common measure (e.g. diVerent depression scales or diVerent
quality-of-life instruments)
Binary outcomes
Risk diVerence
(RD)

Relative risk or
risk ratio (RR)

Odds ratio (OR)

DiVerence (absolute) between treatment and control group in the
proportions with the outcome. If the outcome represents an
adverse event (such as death) and the risk diVerence is negative
(below zero), this suggests that the treatment reduces the risk. In
this situation the risk diVerence, without the negative sign, is
called the absolute risk reduction
Ratio of the proportions in the treatment and control groups with
the outcome. This expresses the risk of the outcome in the
treatment group relative to that in the control group. If the
relative risk is below 1, an adverse outcome, this suggests that the
treatment reduces the risk and its complement (1 − relative risk)
or relative risk reduction is often used
Ratio of the odds of the outcome in the treatment group to the
corresponding odds in the control group. Again, for an adverse
outcome, an odds ratio below 1 indicates that the treatment
reduces the risk
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Table 4.1. (cont.)
Outcome
measures

Description

Hazard ratio (HR) Ratio of the hazards in the treatment and control groups (when
time to the outcome of interest is known); where the hazard is the
probability of having the outcome at time t, given that the outcome
has not occurred up to time t. Sometimes, the hazard ratio is
referred to as the relative risk. For an adverse outcome, a hazard
ratio less than unity indicates that the treatment reduces the risk
Number needed Number of patients who have to be treated to prevent one event.
to treat (NNT)
It is calculated as the inverse of the risk diVerence without the
negative sign (NNT = 1/RD). When the treatment increases the
risk of the harmful outcome, then the inverse of the risk
diVerence is called the number needed to harm (NNH = 1/RD)
Note: Further discussion of outcome measures is given in the handbook How to Use
the Evidence: Assessment and Application of ScientiWc Evidence in this series (NHMRC,
1999b).

receiver-operator curve (ROC) is a measure of diagnostic test accuracy
and is described in Chapter 8.
An estimate of the eVect for each individual study should be obtained, along with a measure of random error (variance or standard
error). The individual studies can then be combined by taking a
weighted average of the estimates for each study, with the weighting
being based on the inverse of the variance of each study’s estimator. For
example, Figure 4.1 shows, for colorectal cancer screening, the combined estimate (the dotted vertical line) and its 95% CI (the horizontal
line marked ‘total’).
Although this principle is straightforward, a number of statistical
issues make it more complicated. For example, the measures of eVect
have to be on a scale that provides an approximate normal distribution
to the random error (e.g. by using the log odds ratio rather than just the
odds ratio). Allowance must also be made for zeros in the cells of tables
cross-classifying the study factor and the outcome factor, or outliers
in continuous measurements. Most of the available meta-analysis
software provides such methods (see Appendix B for examples of
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available software). Details of the properties of the various alternative
statistical methods are given in Rothman and Greenland (1998). This
book addresses only the general principles.
Further details of methods of synthesis for the diVerent question
types are given in Part 2. There is no single source of information for
statistical methods of synthesis. The most comprehensive book currently available is the Handbook of Research Synthesis (Cooper and Hedges,
1994), which is particularly strong on synthesis of studies but also
covers Wnding and appraising studies.
4.2.1 Fixed and random effects estimates

Fixed effect and
random effects
models make
different
assumptions
about the
underlying data,
but neither is
completely correct

Two major categories of summary estimates are the Wxed and random
eVects estimates. That is, is the true value a single value or does it vary
across populations and circumstances?
• A Wxed eVect model assumes that there is a single ‘true’ value, which
all studies are attempts to measure but with some imprecision; the
Wxed eVect summary is a weighted average with weights proportional
only to each study’s precision.
• A random eVects model assumes that the ‘true’ value varies and
attempts to incorporate this variation into the weightings and the
uncertainty around the summary estimate. To do this, the model Wrst
estimates the underlying study-to-study variation (which is often
designated as tau ()), which is then included in the weighting for
each study.
Mathematically, the Wxed eVects weights are 1/d 2 (where d 2 is the
variance of the studies estimate); the random eVects weights are 1/
(d 2 + 2). From this we can see that:
• if between-study variance is small ( is near 0) then Wxed and random
eVects models are similar; and
• if the between-study variance is large ( is much greater than d) then
the weights for each study become almost equal.
So which model should be used? This is best answered indirectly: if
there is minimal between-study variation, the choice doesn’t matter;
but if there is considerable between-study variation then an explanation
should be sought.
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If no cause for the variation is found, then, although both models
oVer information, neither model is clearly correct. The Wxed eVects
model assumes no variation when it demonstrably exists. However, the
random eVects model assumes the studies are a representative (or
random) sample for the population of situations to which the results
will be applied – a fairly unlikely assumption. So the emphasis should
not be on incorporating variation but explaining it, which is discussed
further in Section 4.3.

4.3 Heterogeneity and effect modification

Heterogeneity
offers an
opportunity to
find out why
effects vary

Several factors may cause true variations in the eVects seen in a systematic review. For example, the eVects of a treatment may vary across
diVerent studies because of diVerences in:
1. the patients or the disease group, e.g. the stage or severity of disease;
2. the intervention’s timing or intensity, e.g. preoperative versus postoperative chemotherapy, and the dose–response relationships;
3. the co-interventions, that is, what other treatments the patient is on;
and
4. the outcome measurement and timing, e.g. there may be a delay
before an eVect is seen.
Unfortunately, the diVerences between diVerent studies are not limited
at all to these factors. Other features, such as the quality of the design
and conduct of the study, the compliance with the intervention, the
accuracy of the outcome measures used, etc. may cause spurious,
apparent diVerences in diVerent treatment eVects. In turn, these spurious diVerences may lead us to believe that some other factor is causing
true eVect modiWcation. Hence, it is important Wrstly to examine and
eliminate such spurious sources of diVerences in eVect between studies
before exploring the possibility of true eVect modiWcation.

4.3.1 Assessing heterogeneity

The variation between studies is often considered a weakness of a
systematic review but, if approached correctly, it can be a considerable
strength. If the results are consistent across many studies, despite
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variation in populations and methods, then we may be reassured that
the results are robust and transferable. If the results are inconsistent
across studies then we must be wary of generalizing the overall results –
a conclusion that a single study cannot usually reach. However, any
inconsistency between studies also provides an important opportunity
to explore the sources of variation and reach a deeper understanding of
its causes and control (Thompson, 1995).
The causes of a variation in results may be due to personal factors
such as gender or genes, disease factors such as severity or stage,
variation in the precise methods of the intervention or diagnostic test,
diVerences in study design or conduct, such as duration and completeness of follow-up, or the quality of measurements.
4.3.2 Measures of heterogeneity

Generally, statistical tests of heterogeneity have low power. Some variation is inevitable, and we are really more interested in the degree and
causes of variation. The best current measure of the degree of variation
is the between-study variance (or 2), which is estimated when Wtting a
random eVects model. This has the advantage of being in the same
‘units’ as the results measure, e.g. if the meta-analysis looked at weight
change in kilograms, then the  is the between-study variance in
kilograms. An alternative is to test for heterogeneity using the Cochran
chi-square (2: Cochran Q) divided by the degrees of freedom (df;
number of studies − 1). Values greater than 1 are indicative of heterogeneity, as follows.
• DeWnite heterogeneity. If the Cochran Q is statistically signiWcant,
heterogeneity must be explored. If it cannot be explained, the signiWcant heterogeneity must be clearly stated.
• Possible heterogeneity. If the Cochran Q is not statistically signiWcant, but Q/df is greater than 1, it is still important to explore
heterogeneity.
• No heterogeneity. If the Cochran Q is not statistically signiWcant and
Q/df is less than 1, important heterogeneity is very unlikely, though
eVect modiWcations may still be present and worth exploring.
Figure 4.2 shows the results of 12 placebo-controlled trials of the eVect
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Meta-analysis of 12 placebo-controlled trials of St John’s wort for depression,
showing significant heterogeneity. Dotted vertical line, the combined estimate.
Total, 95% confidence interval of the combined estimate. Cochran Q (odds
ratio) of 34.7 on 11 degrees of freedom (df) gives P  0.001.

of taking St John’s wort (Hypericum perforatum) on depression (Linde
et al., 1996). The Cochran Q is 34.7; an alternative 2 (Breslow and Day,
1987) is 37.9. Since there are 11 degrees of freedom (df ), the Q/df ratio
is 3.2 (34.7/11), indicating important heterogeneity. The P-value for a
2 of 34.7 on 11 df is  0.001.
Even without the heterogeneity test, the graph is suspicious because
the conWdence interval of the largest trial (Konig) does not overlap with
the conWdence interval of the summary estimate.
Before exploring other sources of variation, it is important to consider whether variation may be an artefact of the outcome measure. For
example, is the eVect a proportional or absolute eVect? If it is proportional, then measures such as the relative risk (or odds ratio or hazard
ratio) or the percentage reduction (e.g. in cholesterol or blood pressure) will be appropriate. If it is absolute, then absolute risk or absolute
risk reduction (risk diVerence) may be appropriate measures.
This question is partly biological and partly empirical. In a recent
analysis of 115 meta-analyses, it was found that the absolute risk was
clearly inappropriate in 30% of studies; the relative risk fared better but
was still clearly inappropriate in 13% of studies (Schmid et al., 1998).
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Hence, an initial check of the appropriateness of the common scale
used is essential. In the St John’s wort example, the Cochran Qs were
34.7 for the odds ratio, 39.0 for the relative risk and 41.6 for the risk
diVerence. Hence, the odds ratio minimizes the Q, and appears the best
choice, but clearly important heterogeneity remains.
The ideal way to study causes of true biological variation (or eVect
modiWcation) is within rather than between studies, because the variation in incidental design features confounds our ability to look at true
causes of eVect modiWcation (Gelber and Goldhirsch, 1987). For
example, if there was one study in older men and one in younger
women, then the eVect of gender is confounded by the eVect of age. If
there was one short-term study in Caucasians and one long-term study
in Chinese, then the eVect of ethnicity is confounded by study duration.
However, looking across studies can provide a useful initial exploratory
analysis, but conWrmation by combining the within-studies analysis
across all studies is then desirable (see information on individual
patient data meta-analysis, below).
In general, the approach to subgroup analysis and eVect modiWcation
should be to assume similarity unless a diVerence can be demonstrated.
Thus individual subgroups should not be tested for signiWcance of their
main eVects, but should be tested for interaction to see whether the
subgroups diVer signiWcantly.
The problem is illustrated in Figure 4.3, which shows a hypothetical
study that is clearly statistically signiWcant overall (the conWdence
interval does not cross the relative risk of 1.0). If this is now split into
two subgroups (1 and 2, which each have the identical estimate), group
1 is no longer statistically signiWcant. The correct approach here is Wrst
to test whether groups 1 and 2 are signiWcantly diVerent. In this case,
where their point estimates are the same, it is clear that they will not
diVer signiWcantly.
4.3.3 Individual patient data meta-analysis

Obtaining the original data from each study makes a number of analyses possible that are diYcult or impossible if based only on summary
measures from each study.
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Hypothetical study showing combined and subgroup analysis: subgroups 1,
2 and the combined effect are all equivalent, but only group 2 and the
combined groups are statistically significant.

For example, combined survival analysis is best done using individual patient data (Whitehead and Whitehead, 1991). As mentioned
above, the ideal approach to subgroup analysis is using individual
patient data. However, this usually entails much more work and collaboration, and may not be feasible. Such pooling of trial data has worked
best when there is an ongoing collaboration between the triallists
involved (EBCTCG, 1992).

4.4 Detecting publication bias
Detecting
publication bias is
difficult; far better
to avoid it

Publication bias is best avoided by improved literature searching and
use of study registries (see Section 2.4). However, there are some useful
diagnostic plots and statistics available that can help detect, and to some
extent adjust for, publication bias.

4.4.1 Funnel plots

Smaller single-centre trials are less likely to be published, as these are
more likely to be ‘negative’ (not statistically signiWcant). This may be
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made apparent from a funnel plot that plots the size of the treatment
eVect against the precision of the trial (1/standard error), which is a
statistical measure of the size of the study that takes into account study
numbers, duration, etc. Without publication bias, this plot should be
funnel-shaped – the neck of the funnel showing little spread among the
larger trials, and the base of the funnel showing a wider spread among
the smaller trials. With publication bias, one tail or other of the funnel
may be weak or missing because the small negative trials are not
present. This may be the case in Figure 4.4 of the trials of St John’s wort
for depression, where there is some suggestion of a publication bias.
Unfortunately, this technique requires a large number of trials with a
spread of sizes to provide an adequate funnel, and hence will not be
helpful in many meta-analyses.
4.4.2 Statistical tests

A statistical test that is a direct analogue of the funnel plot has been
developed (Begg and Mazumdar, 1994). This provides a P value for the
degree of apparent bias. However, as with the graphical approach, it
requires large numbers of studies – at least 25 are required for modest
power. For the St John’s wort example (Figure 4.4), there is a trend to
bias: the P value is 0.14, but this is unreliable as it is based on only 12
studies.
4.4.3 If publication bias is suspected, what can be done?

If publication bias is suspected, the ideal method would be to estimate
the degree to which bias has occurred and correct the summary estimate accordingly. Egger et al. (1997) have recently suggested a regression on an analogue of the funnel plot in which the regression
parameters estimate the degree of publication bias and allow a correction to be made. This is a promising line of analysis, but is unfortunately subject to a number of problems and cannot currently be recommended.
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Detecting publication bias

Funnel plot of 12 placebo-controlled trials of St John’s wort showing some
suggestion of ‘missing’ smaller negative trials. Dashed outer lines show boundaries of an ‘ideal’ funnel; if there is no heterogeneity the points are distributed
evenly on either side of the summary estimate.

The file drawer number
An alternative to correcting for publication bias is a sensitivity analysis
to estimate its potential impact on the conclusions. One way of doing
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this is to estimate the number of unpublished neutral trials of equivalent average size that would be required to make the result no longer
statistically signiWcant. This is known as Rosenthal’s Wle drawer number
(Rosenthal, 1979).

5

Applicability: returning to the
question

The inclusion/
exclusion criteria
are grossly
insufficient to
define to whom
the trial results
apply

Having completed the systematic components of the review, it is important for the reviewer to return to the original question, and assess
how well it is answered by the current evidence.
• How important are study design Xaws in the interpretation of the
overall results?
• Is publication bias an important issue?
• If further research is needed, then speciWc suggestions should be
made about the necessary design features rather than a simple call for
more data.
To apply the results of systematic review requires more than the
inclusion/exclusion criteria of the studies involved. Rather, it must be
considered how a particular individual or group would diVer from the
study population. This clearly diVers for each of the question types.
Below we give a brief summary of the issues that might be considered
when applying the results of intervention studies.
For questions of intervention or treatment, the issue is how the eVect
sizes might diVer in diVerent individuals. We suggest examining the
predictors of individual response and risk, and how the risks and
beneWts balance varies with these. The following Wve-step process may
be used when interpreting reviews.
1. What are the beneWcial and harmful eVects? Trials and meta-analysis
should consider all patient-relevant endpoints potentially inXuenced
by the treatment, including adverse eVects. For example, antiarrhythmic drugs have proarrhythmic eVects; anticoagulants increase
the risk of bleeding. Particularly for low-risk groups, such adverse
eVects may be crucial. It is helpful to begin the meta-analysis by
45
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tabulating all possible positive and negative eVects of the intervention; data may or may not be available.
2. Is there predictable variation in the relative eVects? Are there identiWable factors which may cause the response or eVect to vary? For
example,
(a) patient features, such as age, gender, biochemical markers, etc.;
(b) intervention factors such as the timing, compliance, or intensity
of the intervention;
(c) disease features such as hormone receptor status;
(d) the measure of eVect used: is the relative risk, risk diVerence, or
hazard ratio most appropriate?
Chance variation between subgroups is inevitable; hence, without
prior justiWcation and strong evidence, we should assume there is
none. The evidence should come from testing whether the factor
modiWes the treatment eVect (i.e. interaction), and not by testing
within each individual subgroup. Ideally this is done from individual
data within trials, otherwise confounding by variation in trial design
may occur.
3. How do the eVects vary with risk level? Low-risk patients will usually
gain less absolute beneWt than high-risk patients. However, we also
need to know whether the relative eVect, e.g. the relative risk reduction, varies with predicted event rate. If, instead of the predicted rate
we use the control group event rate, there is an intrinsic negative
correlation between the relative risk and the control group rate. This
can be avoided by plotting the log relative risk against the log risk
product (Sharp et al., 1996). If there is a change across the predicted
event rate, then sophisticated statistical techniques are required to
estimate the degree of change (Walter, 1997).
4. What are the predicted absolute risk reductions for individuals? The
relative risk is useful for assessing the biological strength of response
but, to judge whether therapy is worthwhile, we need the absolute
magnitude of beneWt. This might be expressed as the absolute risk
reduction, or as a frequency format such as the number needed to
treat (NNT): for both helping and harming). However it is expressed, it varies with the patient’s expected event rate (PEER): for
low-risk patients absolute beneWt may not outweigh the absolute
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harm. Thus, to apply the results, we also require the individual
patient’s expected event rate or severity based on established predictors. Information on prognosis, often external to the trial, should
be used. Examples include the New Zealand guidelines on hypertension and predictors of strike risk in atrial Wbrillation (Jackson, 2000).
5. Weigh up overall beneWts and harms. The absolute and net beneWts
of therapy, and the strength of the individual patient’s preferences
for these, needs to be considered. If the treatment has multiple
eVects, e.g. adverse as well as beneWcial eVects, then the assessment of
the absolute beneWt needs to incorporate these disparate outcomes,
e.g. using adjusted or threshold NNTs. If Step 4 is done well, the
tradeoVs will often be clear; however, methods developed in decision
analysis may be a useful supplement, e.g. quality-adjusted life years
might provide summary measures when there are tradeoVs between
quality and quantity of life. The central issue is whether for the
individual patient the predicted absolute beneWt has greater value
than the harm and cost of treatment. For example, when does the
reduction in strokes outweigh the risk of bleeding from anticoagulation, or when does the beneWt of surgery outweigh its risk?
Even if appropriate data are lacking, it will be helpful to think through
these steps qualitatively.
Questions for Part 1

1. There are several tactics to improve the quality of Internet and
database searches. One seven-step approach suggests reWning each
search by looking speciWcally at:
(a) appropriate ORs (or minuses ‘−’);
(b) appropriate ANDs (or pluses ‘+’);
(c) appropriate wildcards (such as ‘*’);
(d) using phrases;
(e) avoiding problems with case-sensitivity (lower and UPPER
case);
(f ) looking at links;
(g) restricting searches to speciWc Welds such as the title.
An acronym for these steps is ‘my plump starWsh quickly lowered
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Table 5.1.
Step

AltaVista

OR
AND
Wildcards
Phrases
Case
Links
Title

Default
+
*
phrase

PubMed

Cochrane Library

:title

Lincoln’s tie’ which helps to remember the seven steps of: (a) − , (b)
+ , (c) *, (d) the use of quotes for phrases, (e) lower case, (f ) links
and (g) title. A full explanation is available at http://edweb.sdsu.edu/
WebQuest/searching/sevensteps/html.
Table 5.1 shows how the seven steps apply for the AltaVista search
engine. Now complete the other two columns of the table showing
how these ideas would be implemented in Wrstly, PubMed MEDLINE http://www.ncbi.nlm.nih.gov/entrez/query.fcgi, and secondly,
the Cochrane Library.
2. The Pubmed: Clinical Queries website provides several questionspeciWc Wlters: http://www.ncbi.nlm.nih.gov/entrez/query/static/
clinical.html. On the Clinical Queries home page, have a look at
the link called ‘this table’ to see how these Wlters work. Now have
a look at the eVects on a speciWc search for ‘indomethacin AND
Alzheimer’. Compare the number of hits and the number of
controlled trials you Wnd by looking at PubMed MEDLINE
www.ncbi.nlm.nih.gov/entrez/query.fcgi and PubMed Clinical
Queries: www.ncbi.nlm.nih.gov/entrez/query/static/clinical.html
using therapy and speciWc with Wrstly, the ‘sensitive’ button mark
and secondly, the ‘speciWc’ button mark.
3. One way of Wnding unpublished or ongoing studies is to look at
registries of trials. Go to the current controlled trials website
(www.controlled-trials.com). You’ll have to sign in but it is free.
Now do a search on the meta-registry of controlled trials on
Alzheimer to see whether there are any ongoing trials of antiinXammatories (corticosteroids or nonsteroidal antiinXammatory
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drugs) in Alzheimer’s disease. The website also has links to other
trials registries which you might like to explore.
4. Alternative spellings and misspellings can be a problem when
doing literature searches. Try the following on MEDLINE and
Wnd out how many hits you get for each of the alternative
spellings:
(a) hemorrhage;
(b) haemorrhage;
(c) hemorhage; and (d) haemorhage.
(Note: spellings (a) and (b) are the American and British spellings respectively
whereas (c) and (d) are both misspellings.)
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Part 2
Question-specific methods

This part describes additional issues and methods speciWc to the diVerent types
of questions: intervention, frequency, diagnostic test accuracy, risk factors and
aetiology, prognosis and economic studies. Before reading the subsection of
the speciWc question type you are interested in, we strongly recommend that
you Wrst read all of Part 1.
Some important resources for additional reading beyond these subsections
are included in the appendixes.
Appendix A covers some general tips from a book by McKibbon et al.
(1999), including a search method developed by Boynton et al. (1998) for
Wnding current systematic reviews and methods for searching on speciWc
questions.
Appendix B describes some available software for performing the calculations and plots. None of the packages available is comprehensive, and they
usually focus on a single question type. Even within a single question, more
than one software package may be required to provide all the calculations and
plots needed.
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6.1 The question
There are many types of intervention that may be the subject of a
systematic review, such as:
• therapy for a speciWc disease (e.g. aspirin to prevent stroke, surgery
for coronary artery disease or cognitive therapy for depression);
• a change in a risk factor (e.g. blood pressure-lowering to prevent
stroke, immunization to prevent hepatitis or publicity campaigns to
reduce teenage smoking); or
• screening for earlier diagnosis (e.g. mammographic screening for
breast cancer, antenatal screening for silent urinary tract infections or
screening for cholesterol).
The deWning feature is that some speciWc activity is undertaken with the
aim of improving or preventing adverse health outcomes.

6.1.1 Study design

Because of their unique ability to control for confounders, known or
unknown, randomized controlled trials (RCTs) generally provide the
best evidence of eYcacy for interventions. This section therefore focuses on systematic reviews of controlled trials; other study types for
intervention will be discussed Section 9.
However, in interpreting RCTs for policy making and applying them
to individuals, nontrial evidence will often be appropriate. For example,
surveillance data may provide the best information on rare adverse
eVects, and cohort studies may provide the best information on the
53
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prognostic factors needed to predict the pretreatment risk of an individual.

6.2 Finding relevant studies
6.2.1 Finding existing systematic reviews

Appendix A gives information on Wnding existing systematic reviews. A
check should be made of the Cochrane Database of Systematic Reviews
(CDSR; Cochrane Library) and DARE databases for Cochrane and
nonCochrane reviews respectively. Even if the review is not considered
to be completely appropriate, its reference list will provide a useful
starting point.

6.2.2 Finding published primary studies

An experienced
searcher will only
find half the
relevant trials in
MEDLINE – use
multiple
approaches and
multiple people

The best search methods are changing rapidly. The eVorts of the
Cochrane Collaboration have been seminal in the more systematic
registering, compiling and classifying of all controlled trials in databases
such as MEDLINE. Use of the Cochrane Library and contact with the
Collaboration would be advisable when undertaking any new review of
interventions.
An initial search should use the Cochrane Controlled Trials Registry
(CCTR), which is available on the Cochrane Library CD. CCTR contains a listing of potential controlled trials. These have been identiWed
by systematically searching databases such as MEDLINE and EMBASE,
by handsearching a number of journals and the specialized registers of
trials that are maintained by the Collaborative Review Groups.
A registry called CENTRAL has been distributed on the CD-ROM
edition of the Cochrane Library since issue 4 (1997). It contains some
reports of studies that are found not to be relevant for inclusion in
Cochrane reviews. It is also likely to contain duplicates and errors. It
includes all records in MEDLINE that contain the publication type (pt):
randomized controlled trial
OR
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controlled clinical trial
CCTR is the ‘clean’ version of CENTRAL. Controlled trials that meet
the necessary quality criteria, are assigned the keyword ‘CCTR’.
Note that, whether searching CENTRAL, MEDLINE or other
databases, a carefully constructed search is still required, using the
structured approach described in Chapter 2, with synonyms and wildcards.
Does a search need to go beyond CENTRAL?
As the Cochrane Library is updated every 3 months, a search for more
recent studies may be needed. In addition, handsearching of key journals and conference proceedings should be considered.

6.2.3 Finding unpublished studies

There are two approaches for searching unpublished studies. Firstly, an
appendix in the Cochrane Handbook (available on the Cochrane Library CD) contains a list of about 30 clinical trials registries with
completed and ongoing studies registered in specialized areas such as
acquired immune deWciency syndrome (AIDS) and cancer. Secondly, it
may be helpful to contact the principal investigators of relevant studies
to ask them whether they know of additional studies.

6.3 Appraising and selecting studies
6.3.1 Standardizing the appraisal

What study features should we assess?
Numerous quality assessment methods have been used: a review in
1994 identiWed 25 methods (Guyatt et al., 1994). The number of items
ranged from three to 34; the times for completion per study ranged
between 10 and 45 minutes, and the reliability  (which is a measure of
agreement beyond that explained by chance) ranged between 0.12 and
0.95 on a scale from 0 to 1.
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As the optimal use of quality items and scales is still not clear, we
recommend that items be generally restricted to those that have been
shown to aVect the results of trials. Empirical work by Schulz et al.
(1995) has shown that how well the random allocation procedure is
concealed and the degree of blinding both have an important inXuence.
These two items should be assessed in any review and are described
below. A third item involving the level of patient follow-up is also
important.
1. Has selection bias (including allocation bias) been minimized?
Random allocation is crucial for creating comparable groups.
However, it is the allocation concealment before randomization that
is vital, rather than the randomness of the random number sequence. An assessment of the allocation concealment requires an
explicit statement of method, such as a central computerized randomization system. If this is not convincing, then secondary evidence is provided by demonstrating comparability from the baseline
values of the randomized groups.
2. Have adequate adjustments been made for residual confounding?
For RCTs, the elimination of bias is closely related to avoidance of
selection bias (see above) because appropriate selection/allocation
minimizes bias at the sample stage. If this allocation is imperfect,
however, statistical adjustments may have to be made at the postselection stage.
3. Have the Wnal outcomes been adequately ascertained?
Having created comparable groups through randomization, high
rates of follow-up and inclusion of all randomized patients in the
analysis of outcome data (‘intention-to-treat’ analysis) are important. However, this control of selection bias after treatment assignment has not been empirically demonstrated to reduce bias as much
as appropriate randomization and blinding. However, it is still
useful to extract and report data on the degree of follow-up.
4. Has measurement or misclassiWcation bias been minimized?
Blinding of outcome measurements becomes more crucial as the
measure becomes more subjective and hence more open to observer
bias. This is particularly important for symptoms and other patient
self-report measures. The use of adequate placebos generally pro-
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vides adequate blinding of outcome measures, but blinding can also
be achieved without placebos, e.g. by bringing in an independent
‘blinded’ observer to assess the outcome measure.
Appraisal checklists
Box 6.1 is an example of an appraisal checklist that includes these
elements, modiWed from a checklist developed by Iain Chalmers (Cochrane Handbook; available on the Cochrane Library CD). Other appraisal
methods may be used but should always include the randomization and
blinding items. Other alternatives are given in Guyatt et al. (1993, 1994)
and Liddle et al. (1996).

Keep the appraisal
items to a few
simple items
which have
proven to be
important causes
of bias

Should scales be generic or specific?
In addition to the generic items that have been discussed, some speciWc
items may be useful in a particular analysis. For example, the precise
methods used for the outcome measure are part of the quality of
conduct of the study and are vital for the interpretation of the results. A
trial of treatment of ‘glue ear’ in children, for example, may have used
clinical appearance of the eardrum, tympanograms, audiograms or a
combination for measures of outcome.

6.4 Synthesis of study results
6.4.1 Presenting the results of the studies

Both the number of trials identiWed and selected should be reported,
and the reason stated for those that are not selected. For example,
reviews of treatment are often limited to properly randomized trials.
Hence the number of apparent trials, and the number with proper
randomization would be reported.
Summary table
The generic and speciWc quality items should be tabulated together with
the major study characteristics, such as the nature and intensity of the
intervention, the outcome measures, and the principal results, as illustrated in Table 6.1.
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Box 6.1 Checklist for appraising the quality of studies of interventions
1. Method of treatment assignment
(a) Correct, blinded randomization method described OR
randomized, double-blind method stated AND group similarity
documented
(b) Blinding and randomization stated but method not described
OR suspect technique (e.g. allocation by drawing from an
envelope)
(c) Randomization claimed but not described and investigator not
blinded
(d) Randomization not mentioned
2. Control of selection bias after treatment assignment
(a) Intention to treat analysis AND full follow-up
(b) Intention to treat analysis AND  15% loss to follow-up
(c) Analysis by treatment received only OR no mention of
withdrawals
(d) Analysis by treatment received
AND no mention of withdrawals
OR more than 15%
withdrawals/loss-to-follow-up/post-randomization exclusions
3. Blinding
(a) Blinding of outcome assessor
AND patient and care giver
(b) Blinding of outcome assessor
OR (patient AND care-giver)
(c) Blinding not done
4. Outcome assessment (if blinding was not possible)
(a) All patients had standardized assessment
(b) No standardized assessment OR not mentioned
Source: modified from I Chalmers, Cochrane Handbook; available on the
Cochrane Library CD-ROM.
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Table 6.1. Example summary table of quality features of a set of hypothetical intervention trials
Trial descriptors

Trial

n

Intervention

1

324

20 mg daily

2

121

3

987

25 mg twice
daily
10–25 mg

Quality items

Population and
other content- Randomization
speciWc itemsa procedure
Blinding Follow-up
Central
computer
Envelopes

Double

Not stated

None

Single

90% at 2
years
80% at 5
years
98% at 1
year

Results
(relative risk)
0.7
0.6
0.55

a

Information relevant to particular study (e.g. information on participants, methods, outcomes).
Note: A Cochrane review generally has a summary table with author/reference, methods, participants (age,
gender, etc.), interventions, outcomes, notes (quality scores may also be included).

Low dose (600 or 900mg)
US Study
Anhut
Sivenius
Total (low dose)

2.088, P=0.020

High dose (1200 or 1800mg)
Anhut
Sivenius
UK Study
US Study
US Study
Total (high dose)

2.953, P=0.001

Overall total

2.593, P=0.001

Breslow & Day (heterogeneity) P=0.79
Odds ratio 0.0

Figure 6.1

0.2

1.0

10

Placebo-controlled trials of treatment of epilepsy with the drug gabapentin
and the relative proportions of ‘50% responders’ (with at least 50% reduction in seizure frequency); grouped by low (600 or 900 mg) or high (1200 or
1800 mg) doses, showing a nonsignificant trend to a greater response with
the higher dosage. Dotted vertical line, the combined estimate.
Total, 95% confidence interval of the combined estimate.
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Graphical presentation
Even if studies are not to be combined, a summary plot of the results of
each is invaluable. As outlined in Section 4.1, the basic plot is a
summary estimate of eVect together with a conWdence interval (known
as a ‘forest plot’). The studies may be arranged in order of date, size,
quality score, strength of intervention, control event rate or several
other useful attributes, but should not be arranged by the size of eVect.
A second attribute may be indicated by subgrouping. For example,
studies might be grouped by high- or low-intensity intervention, and
then by study quality within these categories. An example of a forest
plot for RCTs on treatment of epilepsy with the drug gabapentin is
shown in Figure 6.1.

6.4.2 Synthesis of study results

For some systematic reviews, it may only be reasonable to present the
table of study characteristics and basic data plots. However, if formal
combination is considered appropriate, then there are two major aims
to such a meta-analytic synthesis of controlled trial data. Firstly, to Wnd
a summary estimate of the overall eVect, and secondly, to examine
whether and how this average eVect is modiWed by other factors.
To enable a single summary outcome measure, all the trial results
must be expressed in a common metric (unit). Ideally, this should be
the most patient-relevant outcome and expressed in a directly interpretable manner (e.g. reduction in the risk of death, proportional reduction in symptoms, or days of symptoms). However, the trials will not
necessarily allow this, and some pragmatic choices will need to be made.
Outcome measures include discrete events (such as death, stroke or
hospitalization) and continuous outcomes (such as lung function, days
with headache or severity scales).
Discrete events
Discrete events can be expressed as the risk diVerence (RD), relative risk
or risk ratio (RR), odds ratio (OR) or the average time to event (Table
4.1). The choice will depend on which measure is most stable and
logical for that outcome. A useful initial guide is the L’Abbe plot
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L’Abbe plot of the stroke risk in the treated group versus the stroke risk in the
control group from a meta-analysis of six placebo-controlled trials of warfarin for
nonvalvular atrial fibrillation. The diagonal (solid) line represents no effect.
Points below this line indicate a lower rate of poor outcomes in the treated
group than in the control group (i.e. benefit). The dashed line shows the overall
(beneficial) effect of warfarin, which appears to increase with increasing risk in
the control group.

(L’Abbe et al., 1987), which plots the event rate in the treated group
against the event rate in the control group. Figure 6.2 shows the trials
from a meta-analysis of six placebo-controlled trials of warfarin for
nonvalvular atrial Wbrillation plotted in this way.
A study of 115 meta-analyses showed that the RD varied most over
diVerent populations, whereas the RR and OR were about equally stable
(Schmid et al., 1995).
An ideal approach when the time-to-event varies is survival analysis
based on combined data, but the necessary data for this may not be
available.
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Continuous outcomes
Again, a common interpretable outcome measure is ideal. Sometimes
this is impossible, in which case a common metric is needed. Examples
are:
• the proportional improvement (in, say, forced expiratory volume
(FEV1) or peak Xow); and
• the standardized diVerence – the diVerence between the treated and
control groups divided by the standard deviation in the control
group (if the treatment is likely to alter the variation; otherwise the
combined estimate is more stable).

6.4.3 Assessing heterogeneity

DiVerence in the eVects seen may be caused by several factors:
• disease features, such as stage or severity;
• patient features, such as age or ethnicity;
• intensity or timing of the intervention; and, most importantly,
• study design features, such as study duration or the outcome
measures used.
Even if the test for heterogeneity is nonsigniWcant, exploring for causes
of variation is reasonable and useful. For example, in Figure 6.1 showing trials of the drug gabapentin in epilepsy, the overall test for heterogeneity was nonsigniWcant (P = 0.79), but subgrouping appeared to
show a modest dose–response relationship.

6.5 Economic evaluation
Depending on the type of economic analysis required, systematic reviews of intervention studies can also provide valuable information.
The basic types of economic analysis include (Drummond et al., 1997):
• cost analysis;
• cost-eVectiveness analysis;
• cost–utility analyses; and
• cost–beneWt analyses.
The last three all contain an eVectiveness component, and hence sys-
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tematic reviews will play some role. For other components, such as the
cost or pricing of resources, systematic review has a limited role.
Cost-eVectiveness analysis is probably the most used economic analysis
in Australia. For example, submissions to the Australian Pharmaceutical BeneWts Scheme require a cost-eVectiveness analysis (Henry, 1992;
Drummond et al., 1997).
A cost-eVectiveness analysis has several components, including the
estimate of beneWt, the change in resources utilization and the unit
costs of those resources. A general formula for cost-eVectiveness ratio
can be written as (Drummond et al., 1997):
C–E ratio = (Costs − Savings)/EVectiveness
where: Costs = the costs of implementing the intervention; Savings =
the savings from any reductions in resource use attributable to the
intervention; and EVectiveness = the incremental clinical beneWt gained
from the intervention.
Savings result from changes in resource utilization, such as hospitalization, lengths of stay and medication usage, and are generally closely
allied to clinical outcomes. Hence, systematic reviews are relevant to the
estimation of the eVectiveness and, usually, to the changes in resource
utilization. However, the net cost (Costs − Savings) will depend on the
unit costs of resources and the intervention that will vary over sites and
time. Thus, direct systematic review of the C–E ratio will generally be
inappropriate.
For example, for carotid endarterectomy a systematic review of the
economics would Wrst require a systematic review of the evidence of its
eVectiveness. This would inform us about any reductions in stroke
leading to some savings. Finally, the unit costs of stroke, endarterectomy and other events would need to be established in order to
calculate the net cost to be compared with the eVectiveness.

6.6 Further information
This section provides only a brief overview of methods. A fuller description of the process for Cochrane systematic reviews is contained in the
Cochrane Handbook, available as either an electronic version in the
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Cochrane Library or as a hard-copy version (Mulrow and Oxman,
1996). This book is regularly updated and has become the principal
source of guidance for systematic reviews of interventions.

Questions for Part 2: interventions
1. Suppose you are working at a busy suburban general practice. At
lunchtime, you mention to one of your colleagues the couple of cases
of children with acute otitis media you saw in the clinic that morning, and ask what the currently recommended antibiotic is. Your
colleague answers that he thought that the new antibiotic guidelines
suggested that antibiotics were no longer specially required. You
wonder what the evidence is for this and manage to track down,
through MEDLINE, a recently published systematic review in the
British Medical Journal (Del Mar, C.B. et al. British Medical Journal
1997; 314, 1526–9); this is available via the British Medical Journal
website (www.bmj.com) at: www.bmj.com/cgi/content/full/314/
7093/1526.
(a) Before accepting the conclusions, you decide that it is worth
checking that the authors did a good job of the review and, in
particular, you decide to look at whether they did a thorough
literature search, checked that the trials were of adequate quality
and used acceptable methods for combining the studies, including looking at diVerences between studies and possible heterogeneity.
(b) What methods did they use for combining the data (eVect
measure, Wxed or random eVects etc.)?
(c) How was heterogeneity tested for? What did it show?
(d) Were possible sources of heterogeneity explored (eVect
measure, design features, patient features)?
(e) Did they explore the potential for publication bias? What
methods did they use (trials registry, funnel plot, Wle drawer N,
Begg statistic, etc.)?
(f ) What issues arise out of this meta-analysis and what further
questions might the authors address?
2. Since the review in the previous question was published, a new trial
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has appeared which might be added to the acute otitis media review,
which examined the eVects of antibiotics in younger children
(Damoiseaux RA, van Balen, F.A. Hoes, A.W. Verheij, T.J. and de
Melker, R.A. (2000). Primary care based randomised, double blind
trial of amoxicillin versus placebo for acute otitis media in children
aged under 2 years. British Medical Journal, 320, 350–4). Read this
article, which is available at the British Medical Journal website:
www.bmj.com/cgi/content/full/320/7231/350.
(a) Now appraise the Damoiseaux article using the appraisal sheet
given in this chapter. How does this study compare with the
others already included in the review? Do you now think it is of
adequate quality to be included in the meta-analysis?
(b) Obtain two of the articles in the Del Mar review (Burke, British
Medical Journal 1991: 303, 558–62, and van Buchem, Lancet
1981; 883–7) from the meta-analysis that you have examined on
antibiotics as initial treatment for children with acute otitis
media. Are these original studies of adequate quality? Read
through both articles brieXy and decide which is better. Now
read the articles, using the appraisal sheet given in the chapter,
to appraise conduct of the study on the four elements indicated
in the sheets. Does this process alter your assessment of the
studies? Do you now think they are of adequate quality to be
included in the meta-analysis? What would be the ideal outcome
measures for this clinical issue? Set up a data extraction form for
these. Now try to extract data from the two trials.
3. Using the data in Figure 1 of the acute otitis media meta-analysis, do
a combined analysis of the data (using, e.g. Meta-analyst), as follows:
(a) Set up the data in a series of 2 × 2 tables.
(b) Do a L’Abbe plot of the studies (plotting percentage symptomfree in the antibiotic group against the percentage symptom-free
in the control group). Do you think the studies are acceptably
homogeneous?
(c) Now do a formal test of heterogeneity (this is the test by the Q
statistic). Are the studies homogeneous? Does this depend on
the risk measure you chose?
(d) Now combine the studies and Wnd the overall:
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(i) relative risk and the relative risk reduction ( = 1 − relative
risk);
(ii) odds ratio;
(iii) risk diVerence; and
(iv) number needed to treat (this can be calculated in a number
of ways, e.g. directly from the 1/ (risk diVerence) or from
the pooled control group rate x RRR.
(e) What are the other possible sources of heterogeneity?
4. Formulate a question that you might subject to a systematic review.
Is it the right question? Is it suYciently focused as to be answerable
(use the PICO format discussed in Chapter 1)? Once you have
settled on an appropriate question, then write an outline of a
protocol for your review. SpeciWcally,
(a) How will you Wnd all relevant studies? Which databases will you
search? How will you Wnd articles missed by this search?
(b) How will you appraise and select the studies? What articles will
be acceptable in the review? What items will you check in each
study?
(c) What endpoints will you combine in any quantitative synthesis?
How will the results be combined?

7

Frequency and rate

7.1 The question
Questions of frequency (or prevalence) arise commonly in health care.
For example:
• What is the frequency of hearing problems in infants?
• What is the prevalence of Alzheimer’s disease in the over-70s?
• What is the frequency of BrCa1 gene for breast cancer in women?
If the proportion changes over time, then a time period is incorporated
into the deWnition to give a rate (or incidence). Thus, a possible
question may be:
• What is the rate of incidence of inXuenza in diVerent seasons and
years?
Traditionally, for diseases, prevalence is distinguished from incidence
and the following quantities have been deWned (Rothman and Greenland, 1998):
• prevalence – the proportion of people who have the condition at a
speciWc point in time (frequency of current cases);
• incidence – the instantaneous rate of development of new cases (also
known as the incidence rate or simply the rate); and
• incidence proportion – the proportion of people who develop the
condition within a Wxed time period (also called cumulative incidence, with a speciWc example being the lifetime risk).
Incidence and prevalence are linked by the duration of illness, so that in
a steady-state population:
Prevalence = incidence × duration
In this book, the terms ‘frequency’ and ‘rate’ are preferred to ‘preva67
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lence’ and ‘incidence’ because not all questions refer to diseases, but
may refer to risk factors such as diet, or false-positive rates (for diagnostic questions), and so on. The deWnition and calculation of frequencies
and rates involve a number of subtleties, which are described by
Rothman and Greenland (1998).
The apparent frequency may be greatly inXuenced by the case deWnition. For example, whether or not silent myocardial infarction (incidentally detected by later ECGs) is included in estimates of myocardial
infarction will change both the frequency and rate. Similarly, the precise
measurements used can be inXuential; for example, diVerent rates of
deep venous thrombosis may be obtained from an ultrasound to those
obtained from a venogram. Of particular note is that, if the true
frequency is zero, the apparent frequency will consist of just the false
positives, and thus be (1 − speciWcity). Hence it is important for any
systematic review of frequencies to document both the population and
the deWnitions and measures used.

7.1.1 Study design

The aim of a study of frequency or rate is to measure a representative
sample of the target population. For frequency, this will be a random
sample survey (or census) of the target population; for rate there is an
additional requirement that the representative group be followed over
time. Thus the major study designs are (cross-sectional) surveys for
frequency, and cohort studies for rate. If the sample includes the entire
population, then these become a census (for frequency) or a disease/
condition registry (for rate).

7.2 Finding relevant studies
7.2.1 Finding existing systematic reviews
Publication is less
likely with
frequency studies,
so you may need
to look for agency
reports

There have been a few systematic reviews of frequency and rates.
However, it is still worth searching using the general methods: Appendix A gives information on Wnding existing systematic reviews. This
would need to be combined with content-speciWc terms for the disease
or risk factor being reviewed together with the terms in the next section.
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7.2.2 Finding published primary studies

Unfortunately, most relevant studies are not coded as such in MEDLINE. The search requires three components:
• the alternative terms:
incidence OR rate OR
frequency OR proportion OR prevalence
• the condition of interest (and any synonyms), preferably using a
MeSH term (exploded if possible and appropriate); and, if the
number of potential studies is too large,
• a methodological Wlter to conWne this to appropriate studies of
frequency, such as random or consecutive; or the Wlter could focus
on an appropriate ‘gold standard’, such as audiometry for childhood
hearing problems.
Various combinations of the above three components may be used. For
example, a MEDLINE search for the causes of chronic cough might use:

chronic NEAR cough
where the special search term ‘NEAR’ means that the ‘chronic’ and
‘cough’ need to be close together but allows for terms such as ‘chronic
nonproductive cough’.
This might then be restricted to references with an appropriate sample,
i.e. a random or consecutive set of cases, plus an adequate gold standard
test or tests, and an appropriate follow-up (to catch missed or mistaken
diagnoses). Together, these give the following search:
chronic NEAR cough AND (investigat* OR diagnos* OR cause*)
AND (consecutive OR follow-up OR followup)

7.2.3 Finding unpublished studies

In addition to writing to authors of published work, it is important to
consider whether any government or nongovernment agencies might
have relevant surveys or registries. For example, if you are interested in
cancer incidence then cancer registries are an obvious source; if you are
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interested in communicable diseases, state or territory health departments should be contacted. Groups and societies interested in speciWc
diseases, such as diabetes, heart disease, and cystic Wbrosis, may also
have done their own surveys.

7.3 Appraising and selecting studies
7.3.1 Standardizing the appraisal
What study features should we assess?
There are no standard accepted quality scales for studies of proportions.
However, the principal issues are similar to those described for controlled trials of interventions (see Section 6.3).
1. Has selection bias been minimized?
Random selection is important to obtain a representative sample.
While simple random sampling is often appropriate, other methods
include stratiWed random sampling and cluster sampling. The important issues are the deWnition and establishment of an appropriate
sample frame and some form of random sampling.
2. Have adequate adjustments been made for residual confounding?
The issue of confounding is not relevant to frequency and rate
studies.
3. Have the Wnal outcomes been adequately ascertained?
Having obtained a representative group by random sampling, a
high response rate is needed to maintain the representativeness and
avoid bias. This is particularly important if nonresponse is associated with the condition of interest. For example, if you want to
know the proportion of discharged psychiatric patients who relapsed within a year, then high follow-up is important as diYcult-tofollow patients often have worse outcomes.
4. Has measurement or misclassiWcation bias been minimized?
As discussed in the introduction, a clear deWnition of the condition and the measurements used is crucial, as this will inXuence the
apparent rate.
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Table 7.1. Example summary table of a set of hypothetical studies of frequency
Population/
inclusion criteria Selection

Trial

Setting

Measures

1
2
3

Community
GP clinic
Skin clinic

Single BP
Age 16–75
Average of 3 BP All ages
Average of 2BP on Age 20–65
two occasions

Response Results
(%)
n/N (%)

Random sample 70
Consecutive cases 80
Consecutive cases 98

10/195 (10%)
30/240 (13%)
4/20 (20%)

BP, blood pressure measurements.

7.4 Summarizing and synthesizing the studies
7.4.1 Presenting the results of the studies
Summary table
A systematic description of the deWnitions and measurements used is
critical to the comparison of studies. Hence an initial summary table is
crucial, like that shown in Table 7.1. The table should detail precise
deWnitions of cases and the type and frequency of measurements used,
e.g. the average of three blood pressure measurements taken in the
supine position two days apart using a mercury sphygmomanometer.
In addition, other potential diVerences between the populations should
be described (e.g. gender mix, age range and other inclusion and
exclusion criteria).

Graphical presentation
As with all systematic reviews, plots of the data are invaluable. For
frequency and rate questions, the estimate and conWdence interval
should be plotted against any factors that may be predictive of the
results, i.e. those elements provided in the descriptive table. For
example, Figure 7.1 shows a graph of the rates of antibiotic resistance in
Propionibacterium acnes, suggesting a trend with time, though clearly
other explanations (such as measurement or populations) would need
to be examined.
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Proportion of patients with antibiotic resistance in Propionibacterium acnes for
four studies, listed by publication date. Data from Cooper (1998).

7.4.2 Synthesis of study results

Among a group of acceptably similar studies, the methods of quantitative synthesis are relatively straightforward. If the frequencies are considered to arise from a single common population (a Wxed eVect
model), then simple pooling will be suYcient. For example, if the
prevalence of a disease was similar in all states, then an estimate of the
national average prevalence would simply pool all the state disease
cases, and the national prevalence (frequency) would be the total cases
in the total population. The results should be reported as an overall
frequency or rate and conWdence interval.
However, if there is variation by case deWnition, measurements,
population or other factors, then more complex methods are required.
The Wrst step is to look for causes of variation that may be artefacts,
such as diVerent measurements, and if possible to correct or adjust each
estimate. If there appear to be true diVerences in the studies and
populations then this should be reported. If an overall estimate is still
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needed, then the method depends on the aim, but may require a
random eVects model.
7.4.3 Assessing heterogeneity

A test for heterogeneity should be performed. Whether or not the result
is signiWcant, it is worthwhile checking whether subgroups of studies
diVered because of measurement method or sample frame.

Questions for Part 2: frequency
1. Should we screen for intracranial aneurysms (a ballooning of an
artery in the brain)? You are on a panel discussing this question, and
one important question to answer is the frequency of intracranial
aneurysms. A search of the literature uncovers an article that reviews
23 studies: Rinkel, G.J.E., Djibuti, M., Algra, A. and van Gijn, J.
(1998). Prevalence and risk of rupture of intracranial aneurysms: a
systematic review. Stroke, 29, 251–6. This article is also available on
the Internet at: http://stroke.ahajournals.org/content/vol29/issue1/.
(a) What are the strengths and weaknesses of this paper?
(b) Do you think they have done an adequate search? an adequate
appraisal? an adequate synthesis?
2. In the Rinkel paper, Figure 1 gives a summary of the prevalence
including four subgroups based on the study methods (autopsy
versus angiography; retrospective versus prospective). Why do you
think the methods give diVerent results? Which do you consider to
be the most accurate result?
3. Using the data in the Rinkel paper, derive the summary prevalence
in two diVerent ways: Wrstly, pooling the results, that is, simply
adding together the numbers of aneurysms and numbers of subjects;
and secondly, taking a prevalence Wgure from each study separately
and then using equal weights to combine the studies. How diVerent
are the answers? Which answer do you think is better, and why?

8

Diagnostic tests

8.1 The question

Diagnostic test
studies usually
measure accuracy
(test
performance)
rather than
outcomes
(management
performance)

Although the principles are similar across all types of study question,
systematic review of diagnostic tests requires some diVerent approaches, notably in the methods used for combining data from diVerent studies. As with the other types of questions, the starting point for
diagnostic studies is an appropriate question, including a description
of:
• the disease of interest;
• the test(s) of interest;
• patient features that are likely to alter the test performance characteristics; and
• the performance characteristics of the test compared to the performance characteristics of another test or tests.
If test performance characteristics vary between patient subgroups, this
needs to be taken into account when applying the results of a systematic
review of diagnostic tests. Common features that aVect test performance characteristics include the symptoms, signs, tests and previous
triage through the health care system that has got patients to the point
at which you wish to evaluate the performance characteristics of a test.
This issue is explored further in Section 8.3 on appraising the quality
and applicability of studies.
When the performance characteristics of the test are compared to the
performance characteristics of another test(s), the situation is analogous to trials in which an intervention is compared to a placebo or to
another drug. For example, we may not want to know if the presence of
leukocytes in an abdominal Xuid aspiration has a high sensitivity and
74
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speciWcity for the diagnosis of appendicitis in people presenting with
abdominal pain. Rather, we may want to know its incremental sensitivity and speciWcity compared to other features that are more easily
obtained, for example, rebound tenderness in the right iliac fossa
(Caldwell and Watson, 1994).
8.1.1 Study design

The ideal design for studies of diagnostic test performance is usually a
cross-sectional study in which the results of tests on consecutively
attending patients are cross-classiWed against disease status determined
by a reference (gold) standard. If this is not feasible, patients should be
randomized to diVerent tests. Occasionally, the sample will be followed
over time if the test is predictive of a reference standard in the future.
Most diagnostic systematic reviews have examined the test performance characteristics of individual tests. While this is useful, we are often
more interested in whether a new diagnostic test is better than current
alternatives. Hence there is merit in designing systematic reviews to
compare tests as the many biases and heterogeneity of results in primary studies are likely to be less important if tests are compared within
individuals in each study.

8.2 Finding relevant studies
8.2.1 Finding existing systematic reviews

Appendix A gives information on Wnding existing systematic reviews. A
check should be made of Database of Abstracts and Reviews (DARE)
databases (available in the Cochrane Library or on the Internet) and
MEDLINE. The DARE database compiles both intervention and diagnostic reviews, but not the other question types discussed in this guide.
Even if the review is not considered completely appropriate, its reference list will provide a useful starting point.

76

Diagnostic tests

8.2.2 Finding published primary studies

Initial searching should be done on MEDLINE, EMBASE and similar
computerized databases. In MEDLINE, MeSH headings should be:
• the disease of interest (all subheadings), e.g.
explode urinary tract infections
• the name of the test (all subheadings), e.g.
explode reagent strips
• both the disease and the test, e.g.
explode urinary tract infection AND explode reagent strips
Ideally, no further keywords should be used to restrict the search.
Only if inspection of the abstracts suggests that this initial approach
is unmanageably nonspeciWc should the search be restricted. If you
really need to restrict the search, try linking the disease and/or test (all
subheadings) with the following:
sensitivity AND speciWcity (exploded MeSH heading, which includes ‘predictive value of tests’ and ‘receiver–operator (ROC)
curve’)
OR
sensitivit* (textword)
OR
speciWcit* (textword)
OR
predictive value (textword)
(Note: sensitivit* is a shorthand which allows for both ‘sensitivity’ and ‘sensitivities’).

This method of restricting the search while minimizing loss of
sensitivity is based on evidence from a set of journals on general and
internal medicine with high impact factors in 1986 and 1991 (Haynes et
al., 1994). It may not be applicable now or to a wider range of journals.
If it does not capture articles of known relevance, reconsider the
feasibility of manually searching the abstracts of the unrestricted search
based only on the disease and test. If you still consider that is not
feasible, check how missed articles have been indexed to get ideas on
additional restriction terms. Having two searchers develop strategies
independently may be helpful. Some additional MeSH headings that
may help generate relevant articles are:
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diagnostic errors (exploded heading, which includes ‘false-negative
reactions’, ‘false-positive reactions’ and ‘observer variation’)
diagnosis, diVerential
reproducibility of results
Some additional textwords that may help are:
accuracy, ROC, likelihood ratio
You may also Wnd more articles by clicking on ‘related articles’ in
relevant articles identiWed in PubMed (www.ncbi.nlm.nih.gov/PubMed/).
An alternative but perhaps less successful method of restricting is
to search for the disease and/or test of interest, including only those
subheadings concerned with diagnosis, for example:
diagnosis, pathology, radiography, radionuclide imaging, ultrasonography and diagnostic use
Avoid using the MeSH heading ‘diagnosis’ because it diVers from
diagnosis as a subheading of a disease and is not designed to capture
articles on diagnostic tests.
Articles on diagnostic tests may not be indexed as well as articles
on intervention studies. Therefore, as demonstrated by the example
of near-patient testing described in Section 2.3, it is more important
to search the references of studies, handsearch relevant journals and
conference proceedings and examine articles suggested by experts in
the relevant Weld (McManus et al., 1998). It is helpful to record and
report the details of your search strategy for future reference.
8.2.3 Finding unpublished primary studies

Publication bias is probably as much of a problem for systematic
reviews of diagnostic tests as it is for observational studies in general.
This is because reviews are often produced using available data sets and
only those that show features of interest may reach publication.
Methods for detecting and dealing with publication bias for diagnostic test studies are not well developed. We are not aware of any attempt
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to develop registries of studies at the design stage, in the way that has
been done for randomized controlled trials (RCTs).

8.3 Appraising and selecting studies
8.3.1 Standardizing the appraisal

The quality of diagnostic studies is determined by the extent to which
biases have been avoided. However, a high-quality study (sometimes
referred to as internally valid) may not be applicable in your setting (i.e.
externally valid) if the exact test used diVers from the one to which you
have local access or the test has been evaluated in a tertiary care setting,
while you are interested in using it in primary care. The applicability of
high-quality studies is determined by whether the test methods and
population accord with your area of interest.
Information about the characteristics that deWne the quality and
applicability of studies may be used to decide the boundaries of the
question to be answered by the systematic review, when reviewing
abstracts or after having reviewed full papers. Alternatively, a more
informative approach is to explore the extent to which some or all of the
characteristics aVect estimates of test performance when combining
studies, as outlined in Section 8.4. For example, if the primary studies
choose two diVerent reference standards, it is possible to explore
whether the estimated test performance characteristics vary with the
choice of reference standard.
What study features should we assess?
Several checklists for quality and applicability of primary studies of
diagnostic tests have been developed (Irwig et al., 1994; Jaeschke et al.,
1994a,b; Reid et al., 1995; Liddle et al., 1996; Bruns, 1997). The most
comprehensive checklist has been developed by the Cochrane Methods
Working Group on Screening and Diagnostic Tests (www.cochrane.org/cochrane/sadt.htm). A shortened and updated version of this
checklist is shown in Box 8.1. However, only a few studies are known
that have given empirical evidence about the eVect of quality on
estimated test performance characteristics (Fahey et al., 1995; Lijmer et
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al., 1999). Nevertheless, any checklist should include the elements of
quality and applicability outlined below.

The quality of
reporting of
diagnostic studies
is often poor,
making appraisal
difficult

Quality
1. Has selection bias been minimized?
Consecutive patients with the features of interest should be enrolled. Some studies, however, do not use this method and instead
estimate test performance based on people who have been diagnosed
with the disease and those without the disease. These studies tend to
include the more severe or deWnite end of the disease spectrum and
the nondiseased group tends to be people without a clinical problem. Such ‘case-control’ studies are likely to overestimate both
sensitivity and speciWcity (Lijmer et al., 1999).
2. Have adequate adjustments been made for residual confounding?
For diagnostic tests, the issue of confounding can generally be
considered as the incremental value of the new test over other tests
that have been done (and which may be cheaper, less invasive, etc.).
In this instance, this is an issue of applicability rather than quality
and is discussed in more detail under applicability, below. Another
context in which confounding arises is if the reference standard is a
later event that the test aims to predict. In this case, any interventions should be blind to the test result, to avoid the ‘treatment
paradox’: a test may appear to be poorly predictive because eVective
treatment in the test-positives has prevented the poor outcomes that
the test would otherwise predict.
3. Have the Wnal outcomes been adequately ascertained?
To maintain the sample, all those enrolled should be veriWed by
the reference standard and included in the analysis. VeriWcation bias
occurs when the reference standard is applied diVerently to the
test-positives and the test-negatives. This is most likely when the
reference standard is an invasive procedure, in which case the testnegatives are less likely to be subjected to it.
Likewise, the proportion of the study group with unobtainable
test results should be reported, for example the number of needle
biopsies that provided an inadequate sample. It is inappropriate to
omit from analysis those test results that are uncertain, for example
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some, but not full-colour, development on a reagent strip. The test
performance characteristics of uncertain test results should be obtained or uncertain results combined with positives or negatives.
4. Has measurement or misclassiWcation bias been minimized?
A validated reference standard should be used and the test and
reference standard should be measured independently of (blind to)
each other. The tests should also be measured independently of
other clinical and test information. Although independent assessment is generally desirable, there are some situations where prior
information is needed, for example in identifying the exact site of an
abnormality for which a radiograph is being viewed.
If tests are being compared, have they been assessed
independently?
If tests are being compared, a systematic review based on studies in
which the tests are being compared is a much stronger design than if
performance characteristics of the tests come from diVerent studies.
The strongest within-study design is when both tests are done on the
same individuals or individuals are randomly allocated to each test. It is
especially important that two or more tests whose performance characteristics are being compared are assessed independently in each individual. For example, if mammography and ultrasound are being compared
as a diagnostic aid in young women presenting with breast lumps, the
two techniques should be assessed without knowledge of the results of
the other imaging technique.
Applicability
Estimated test performance characteristics may depend heavily on
details of how the test was performed and the population tested. This
information should be collected and presented so that readers can judge
applicability by the extent to which the clinical problem is being
addressed and the exact test used is similar to those in the setting in
which they practise.

About the test(s)
• How were tests performed (e.g. kits from diVerent manufacturers)?
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Box 8.1 Checklist for appraising the quality of studies of diagnostic
accuracy
Descriptive information about the study
• Study identification
• What is the study type?
• What tests are being evaluated?
• What are the characteristics of the population and study setting?
• Is the incremental value of the test being compared to other routine
tests?
Have selection biases been minimized?
• Were patients selected consecutively?
Have final outcomes been adequately ascertained?
• Is the decision to perform the reference standard independent of the
test results (i.e. avoidance of verification bias)?
• If not, what per cent were not verified?
Have measurement biases been minimized?
• Was there a valid reference standard?
• Are the test and reference standards measured independently (i.e.
blind to each other)?
• Are tests measured independently of other clinical and test
information?
• If tests are being compared, have they been assessed independently
(blind to each other) in the same patients or done in randomly
allocated patients?
Has confounding been avoided?
• If the reference standard is a later event that the test aims to predict, is
any intervention decision blind to the test result?
(modified from Cochrane Methods Working Group on Diagnostic and Screening
Tests)

•

What threshold was used to diVerentiate ‘positive’ from ‘negative’
tests?
Ideally, tests will be looked at using several categories of test result
(or even as a continuum), and this should be noted when it is done.
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Because data are usually dichotomized around a single threshold in
primary studies published to date, and accessible meta-analysis
methods are best developed for dichotomized data, this will be the
only approach considered further.
About the population
• Presenting clinical problem – the condition that deWned entry into
the study.
• Disease spectrum – the spectrum of disease in the diseased group
(those with the disease of interest) is described directly by the stage or
severity of disease. Spectrum in the so-called nondiseased group
(those without the disease of interest) is described by the Wnal
diagnoses in that group. Indirect measures of spectrum include the
setting (e.g. primary or tertiary care), previous tests and the referral
Wlter through which people had to pass to get to the point where they
were eligible for the study.
• Incremental value of tests – although a test may appear to give good
results, it may not provide any more information than simpler (e.g.
less invasive or cheaper) tests that are usually done in a particular
setting. This is like thinking of these other tests as ‘confounders’ that
must be taken into account when assessing the test performance
characteristics of the test of interest (e.g. by restriction, stratiWcation
or modelling).
Indirect measures
The above features may not capture all aspects of quality and applicability, as the information you want is often not provided in the primary
studies. Therefore, it is worth looking at some additional measures.
• Prevalence of the condition – this may be a proxy for the ‘setting’ in
which the test is being assessed. More importantly, it has been shown
that error in the reference standard is an important cause of sensitivity and speciWcity variation (nonlinear) with the observed prevalence
of the condition (Brenner and Savitz, 1990; Valenstein, 1990).
• Year of the study – the quality of studies, the way tests have been
done and the populations on which the tests are being performed
may have altered over time.
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Table 8.1. Example summary table of quality features of a set of hypothetical diagnostic
accuracy trials
Study descriptors

Study

N

1
2

300
800

3

1000

Setting
Hospital
Primary
care
Specialist
clinic

Quality

Consecutive
attenders

VeriWcation
bias avoided

Test and reference
standard measured
independently

Tests being compared
assessed
independently

Yes
Yes

Yes
No

Yes
Yes

Yes
No

No

Yes

No

Yes

8.4 Summarizing and synthesizing the studies
8.4.1 Presenting the results of the studies
Summary table
Studies should be listed, tabulating the extent to which they fulWl each
criterion for quality and applicability (Table 8.1). Studies can be categorized by the most important quality and applicability criteria for the
topic being addressed. If the number of studies is large or many criteria
are considered equally important, provide a summary table showing the
proportion of papers that fall into each category (or important combinations of criteria).

Graphical presentation
Simple plot of sensitivity and speciWcity
Show the sensitivity and speciWcity of each study with its conWdence
intervals. This is best done graphically, with the speciWcity for a particular study shown alongside the sensitivity for that study (as shown in
Figure 8.1). Ordering the studies by some relevant characteristic helps
interpretation. For example, test threshold may diVer between studies,
so that those studies with lowest sensitivity may have the highest
speciWcity and vice versa. If studies are ranked by their speciWcity, the
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Plot of sensitivity versus specificity (with 95% confidence intervals) for 14
studies of carotid ultrasound for carotid stenosis (graph prepared with MetaTest
software). REM, pooled estimate using the random effects model. Note that, as
specificity improves, sensitivity appears to decrease. Data from Hasselblad and
Hedges (1995).

visual display is the Wrst step towards understanding the magnitude of
this phenomenon.
The plot and all the following steps can be done using MetaTest
software (see Appendix B). However, the currently available version of
the software (MetaTest 0.5) does not test statistical signiWcance. The
Internet website will be updated as the software is developed further.
Statistical modelling and signiWcance testing can be done in any statistical package, but require expertise in applying the transformations
outlined below and the back-transformation.
Plot sensitivity against speciWcity
The next step is to plot sensitivity against speciWcity in ROC space,
ideally showing the points as ovoids with an area proportional to the
square root of the number of people on whom sensitivity and speciWcity
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Receiver–operator curve (ROC) plotting true-positive rate (TPR: sensitivity)
against false-positive rate (FPR: 1 − specificity) for a meta-analysis of carotid
ultrasound accuracy showing the individual study points and the fitted summary
ROC (SROC). Data from Hasselblad and Hedges (1995).

have been calculated (Figure 8.2). As in the last step, this may display
the tradeoV between sensitivity and speciWcity because studies have
diVerent thresholds.
8.4.2 Synthesis of study results
Fit a summary ROC (SROC)
A good method of combining data, which takes account of the interdependence of sensitivity and speciWcity, is the SROC (Moses et al., 1993;
Irwig et al., 1994, 1995). This is diYcult to do directly and is therefore
done in three steps:
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Plot of D versus S for a meta-analysis of carotid ultrasound accuracy showing the
individual study points and the fitted line. Solid line shows unweighted best fit
with intercept a = 4.55; slope b = − 0.53. See text for details.

1. the true-positive rate (TPR, or sensitivity) and the false-positive rate
(FPR, or 1 − speciWcity) are Wrst transformed through the logarithm
of their odds (a so-called ‘logit’ transformation);
2. the regression analysis is done; and
3. the results are back-transformed and plotted in the standard ROC
format.
The transformation of the data in the second step examines the linear
relationship:
D = a + bS
where: D = (logit TPR) − (logit FPR) = log (odds ratio); S = (logit
TPR) + (logit FPR) which is a proxy for the threshold; a = estimated
linear intercept; and b = estimated regression coeYcient (slope).
This relationship can be plotted as a regression of D on S, as shown in
Figure 8.3, and provides the estimates of a and b needed for the SROC
(Figure 8.2). If the slope, b, is nonsigniWcant and close to 0, then we can

87

Questions

focus on the intercept, a, back-transforming it to the odds ratio. A
single constant odds ratio deWnes a single symmetric SROC. If the slope,
b, is signiWcant, the situation is more complex – the odds ratio changes
with the threshold, resulting in an asymmetric SROC.
One diYculty with SROC curves is that they do not give a particular
set of sensitivity and speciWcity values as the summary estimate. We
therefore suggest using the sensitivity at average speciWcity. For screening tests, read oV the sensitivity at a false-positive rate (1 − speciWcity)
equivalent to the positivity rate in your population. The sensitivity and
speciWcity obtained can be used to generate post-test probabilities for a
range of pretest values.
Compare tests
If the objective is to compare tests, use only those studies that do both
tests and plot them using diVerent symbols against the common SROC
(Loy et al., 1996). Testing can be done by adding test type to the
regression of the D (log odds ratio) on S (log odds product) mentioned
in the previous section.
8.4.3 Assessing heterogeneity

Assess whether the test performance characteristics vary by study quality or population and test characteristics (Moons et al., 1997). Start by
plotting the data for subgroups deWned by each important criterion for
study quality given in Section 8.3.1 and examine how they fall around
the common regression. To test signiWcance, add each feature individually in the SROC model. If there are suYcient studies, this can be
extended to include several variables simultaneously using conventional approaches to modelling.

Questions for Part 2: diagnostic tests
1. Should positron emission tomography (PET) be used for the detection of mediastinal metastases in patients with lung cancer? You
serve on a committee that is considering what uses of PET are
warranted. One of the studies circulated for consideration at the
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next meeting is the following paper: Dwamena, B., Sonnad, S.,
Angobaldo, J. and Wahl, R. (1999). Metastases from non-small cell
lung cancer: mediastinal staging in the 1990s – meta-analytic comparison of PET and CT. Radiology, 213, 530–6, which is also available on the web through: http://radiology.rsnajnls.org/.
(a) What are the strengths and weaknesses of this paper? Do you
accept their conclusion?
(b) Are there any additional analyses which you would like to see on
the data from the primary studies?
2. You decide to assess the quality of some of the primary studies
yourself and select that by Steinert et al. on the grounds that this is
one of the largest studies and had independent reading of computed
tomography (CT) and PET according to Dwamena’s meta-analysis.
You Wnd an abstract of the article by searching for the author’s name
on the journal website at: http://radiology.rsnajnls.org/search.dtl,
and Wnd an abstract which does not give you suYcient information
about the study to allow you to appraise it. However, the website
gives a list of other articles that cite the one by Steinert. One of them
is: Kernstine, K. H., Stanford, W., Mullan, B. F. et al. (1999). PET,
CT, and MRI with Combidex for mediastinal staging in non-small
cell lung carcinoma. Annals of Thoracic Surgery, 68, 1022–8. This
covers the topic of interest to you and looks like it compares CT and
PET. It is not mentioned in Dwamena and you presume it has been
published since the search for studies for their review. You decide to
assess its quality to decide whether it adds anything further to the
results of Dwamena’s review. You click on it and the website (http://
ats.ctsnetjournals.org/cgi/content/full/68/3/1022) gives you the full
text.
• To what extent do you think the article fulWls the design criteria
for primary studies?
• Can you extract data to estimate the sensitivity and speciWcity of
the tests if you wished to update the existing meta-analysis?
3. You decide the best evidence comes from head-to-head comparisons, including only those studies that compared PET and CT on the
same patients.
The data for this are not given directly in Dwamena’s meta-
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analysis but can be worked out as the numbers of patients in each
study and prevalence of metastases are given in Table 1 and the
sensitivity and speciWcity in Table 2. Use MetaTest (see Appendix B)
to analyse these data. On the basis of your analysis:
• What estimates of diagnostic odds ratio do you get for PET and
CT?
• In how many of the studies is the diagnostic odds ratio higher for
PET than for CT?
• Do the overall results suggest a conclusion diVerent to that in
Dwamena’s meta-analysis?
• What is your overall conclusion?

9
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9.1 The question
Questions of aetiology and risk factors commonly arise in relation to
public health. For example:
• Does the evidence support a likely causal eVect of a factor (e.g.
obesity) on a particular disease (e.g. breast cancer)?
Clearly, in public health terms, you may want to know the whole array
of health eVects of an exposure, but the evidence for each causal or
preventive inXuence has to be Wrst assessed separately, along the lines
we suggest here. Largely, such evidence will come from case-control and
cohort studies, although in some instances randomized controlled trials
(RCTs) provide critical tests of causal hypotheses.
In a striking recent example, RCTs showed -carotene to be an
ineVective preventive of lung cancer, contrary to deductions made from
a large number of observational studies that evaluated diet and laboratory data. This role of RCTs needs to be borne in mind when constructing a search strategy, as indicated below.
Getting the right balance in the question being addressed may be
straightforward (e.g. ‘Do oral contraceptives cause breast cancer?’),
especially when it derives from a clear clinical or public health question.
But should a review of body size and breast cancer include:
• all measures of body size (height, weight, skinfolds, circumferences,
derived variables);
• only those that are modiWable (removing height, which is of biological interest); or
• only the most direct estimates of adiposity, such as skinfolds?
90
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Such issues usually make systematic reviews of aetiology and risk
factors more complex than systematic reviews of interventions.
9.1.1 Study design

Cohort studies,
which are similar
in structure to a
randomized trial,
will generally
provide the best
aetiological
studies

Epidemiological studies of aetiology (often called observational studies) treat individual characteristics, personal behaviours, environmental conditions and treatments as ‘exposures’ that may modify risk
of disease. In contrast with randomized trials, most epidemiological
studies relate naturally occurring exposures to the onset of disease.
These studies may be cross-sectional, prospective or retrospective.
Cohort (prospective) studies relate exposure to subsequent onset of
disease, comparing the rates among the exposed to that in the unexposed. Case-control studies compare the exposure histories of a group
of cases to that among controls (disease-free).
For the study of aetiology, good prospective studies often provide
stronger evidence than case-control studies. Rarely are cross-sectional
studies of importance, although in the case of obesity and breast cancer
they may shed light on the relation between adiposity and hormone
levels, giving support for a biological mechanism for the relation under
study.

9.2 Finding relevant studies
9.2.1 Finding existing systematic reviews

You should Wrst check whether an appropriate systematic review already exists (see Appendix A). If no such review is found or if none
directly matches your needs and is up-to-date, then you face the
challenge of constructing your own.
9.2.2 Finding published primary studies

The initial approach parallels that for searching for diagnostic studies,
essentially searching MEDLINE for combinations of the disease, the
exposure of interest and, if the resulting set is too large, adding a
methodological Wlter. For example:
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obesity AND breast cancer
will be quite speciWc, especially if combined with
human
OR
epidemiology
but much relevant research will be excluded, whereas
obesity OR any of its alternatives OR breast cancer
will spread a wider (more sensitive) net, but at the expense of retrieving
a mass of unwanted material to sift through.
The amount of unwanted material can be reduced substantially by
using a methodological Wlter, e.g. focusing on study types most likely to
yield sound data relevant to causality, and/or pertinent measures of
association (odds ratio, relative risk or hazard ratio).
It needs to be noted that, as with our suggestion above, the ‘aetiological Wlter’ excludes RCTs. In light of the -carotene example (see Section
9.1), if such methodological Wlters are to be used, then RCTs should be
included as a speciWc design option (as outlined in Section 6.2).
Your choice of a sensitive or a speciWc initial strategy will depend on
your purpose – a fully comprehensive review requires the former as a
starting point – and perhaps the size of the available literature (if it is
small, you should probably scan it all anyway). But if you simply want a
reasonable array of sound, relevant studies you should pursue a more
restrictive search strategy from the start.
Finally, a comprehensive review should include handsearching of
current relevant journals and scanning bibliographies of retrieved articles.
9.2.3 Finding unpublished primary studies

Relevant databases should be searched for possible unpublished work,
including the database of dissertation abstracts. A number of services
provide access to this and similar databases of unpublished thesis
work. One useful source is the International Agency for Research on
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Cancer (IARC) Directory of Ongoing Research in Cancer Prevention
(Sankaranarayanan et al., 1996). This directory is available on the
Internet from the IARC site. (www-dep.iarc.fr/prevent.htm).

9.3 Appraising and selecting studies
9.3.1 Standardizing the appraisal

The question at hand is whether any selection, measurement bias or
confounding is great enough to seriously distort the size (and bias
qualitative interpretation) of the eVect estimate. The importance of
these errors will vary with study type and problems speciWc to the
question at hand. For example, exposure measurement error will be
minimal for a biochemical value studied prospectively, but may be
more important for self-reported exercise habits in a case-control
study.
What study features should we assess?
Individual studies can be reviewed against a set of methodological
criteria, systematically applied within study types. There are many
diVerent checklists that give diVerent weight to elements of the design
and conduct of observational studies. Box 9.1 gives an example derived
from Liddle et al. (1996), which is a thoughtful publication in this area.
For an alternative scale, see www.lri.ca/programs/ceu/oxford.htm.
The problems of bias and their solutions are qualitatively similar for
case-control studies as for RCTs, although exposure measurement is
usually far more challenging, and accessing a suYcient proportion of an
appropriate control group often provides diYculties for case-control
studies.
A reviewer must give greatest weight to factors that are most problematic for the issue under scrutiny, and then consistently assess their
likely role in each study. It is also essential to consider the practical
consequences of error. If, for example, despite the gross misclassiWcation of physical activity due to poor patient recall, a study shows an
association with, say, lower risks of osteoporosis, then the true eVect of
exercise is actually likely to be much larger than that observed.
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1. Has sampling bias been minimized?
Sampling (selection and allocation) bias arises when noncomparable criteria have been used to enrol participants in a case-control
investigation.
2. Have adequate adjustments been made for residual confounding?
In an RCT, given a reasonable randomization process (and large
enough sample size), confounding should not be an issue, whereas
for observational research it is always a possible explanation for an
eVect. Exactly how to proceed is not clear and attempts to deal with
confounding in case-control and cohort studies deserve close attention (Colditz et al., 1995). Studies that do not control for known
strong confounders (e.g. cigarette smoking in an analysis of diet and
throat cancer) are likely to be of little value. One approach that has
been used is to document the range of covariates considered in each
of the studies identiWed and use this information to assess qualitatively the magnitude of confounding observed across the studies at
hand.
Better-quality studies always address confounding openly and
thoughtfully, although this could lead to diVerent actions. For
example, include all possible confounders in a model; or exclude
from a model variables that are shown not to confound, either
practically (no/small change in estimate) or theoretically (not associated with exposure or not a risk indicator for disease).
There will also be areas where knowledge of risk factors (and
hence confounders) is limited, leading some authors to ‘control’ for
confounding, while others do not. Here, considering whether adjusted and crude estimates diVer may help judge whether confounder control implies higher quality. And it should always be borne in
mind that even careful statistical control of many known confounders may still leave unknown or unmeasured confounding. This
seems especially likely to occur with self-selection of life habits (e.g,
exercise, long-term use of pharmaceutical preventives).
3. Have the Wnal outcomes been adequately ascertained?
In a prospective study, ascertainment bias arises when the intensity of surveillance and follow-up varies according to the exposure
status of study participants. Documenting participation rates and
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methods of surveillance and diagnosis of endpoints is essential to
assess sampling bias. Ascertainment bias may also arise when the
actual diagnosis of interest is not independent of the exposure. This
can arise in either prospective or retrospective studies.
4. Has measurement or misclassiWcation bias been minimized?
Collection of noncomparable information from cases and noncases accounts for measurement bias. This bias may arise when
interviewers elicit information diVerentially between diVerent study
groups. Alternatively, participants may recall information with different levels of accuracy depending on their past disease experience.
In retrospective or case-control studies this is referred to as recall
bias.
Finally, measurement error due to general inaccuracy in the assessment of exposure leads to bias in the measure of association between
exposure and outcome. In any study, if such error in exposure assessment is random, it will usually lead to underestimates of the association
between exposure and disease.

9.4 Summarizing and synthesizing the studies
9.4.1 Presenting the results of the studies
Summary table
A summary table is essential to show individual study characteristics.
You should prepare a common data abstraction form on to which to
summarize the main elements of each study:
• descriptive data on numbers, demographic and other characteristics;
and
• relevant outcome measures – frequencies, eVect estimates (simple,
adjusted, ordered) and conWdence intervals or P values, in particular.
And be warned – this abstract form should be extensively piloted
before starting the summary table itself. It can be hard to imagine the
array of diVerent ways results of observational studies are presented.
Early consultation with a statistician may also be helpful in deciding
how to deal with (and record) an absence of point estimates and/or
conWdence intervals, and factors that are sometimes treated as a cause
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(e.g. overweight) and elsewhere as preventive (e.g. low/normal weight).
Analyses over a range of doses will also often be based on diVerent
categories in diVerent settings.
Here and elsewhere in the presentation of results, it is best to begin by
considering studies according to study design. That is, evaluate the
prospective studies as a group and compare the results with those
reported from the case-control studies, and from any RCTs. Such
presentation sets the stage for combining data within each study design
type as a Wrst step in data summarization.
Graphical presentation
The best way to show the pattern of eVects is to plot point estimates
(generally shown with 95% conWdence intervals). There should be some
sensible order to the data, for example, ranking or grouping by quality
score or study type, and examining them for consistency (or lack
thereof) Wrst within and then across groups. Whether or not it is
sensible or useful to combine the estimates across all studies, or subgroups, is a decision to be made, as noted previously, according to
subjective judgements (perhaps aided by a formal test of heterogeneity)
on the data pattern and the similarity of the studies.
9.4.2 Synthesis of study results

The estimates in observational studies will usually need to be adjusted
for the major confounding factors such as age, gender, etc. A quantitative synthesis will thus aim at combining these adjusted estimates.
Hence, the methods described in Section 6.4 (Interventions) will only
occasionally be applicable. However, the general principle will still be to
obtain a weighted combination where the weights are the inverse of the
variance of the estimator. Thus, the standard error of each adjusted
estimate will be required. If this is not given directly, it may need to be
inferred from the conWdence interval (the width of which will be about
4 standard errors of the log risk ratio or odds ratio on a log scale) or the
exact P value. Several software packages now automate these calculations for use in meta-analysis.
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Box 9.1 Checklist for appraising the quality of studies of risk factors and
aetiology
This set of criteria should be used for appraising studies of the extent to
which the characteristics or behaviour of a person, an environmental
exposure or the characteristics of a disease alter the risk of an outcome.
Information about the study Description
• Study identification
• What is the study type?
• What risk factors are considered?
• What outcomes are considered?
• What other factors could affect the outcome(s)?
• What are the characteristics of the population and
study setting?
Evaluation criteria for the study
Criterion fulfilled
• Are study participants well-defined in terms of time, place and
personal characteristics?
• What percentage of individuals or clusters refused
to participate?
• Are outcomes measured in a standard, valid
and reliable way?
• Are risk factors and outcomes measured independently (blind) of each
other?
• Are all important risk factors included in the analysis?
• What percentage of individuals or clusters recruited
into the study are not included in the analysis
(i.e. lost to follow-up)?
Overall assessment of the study
• How well does the study minimize bias? What is the
likely direction in which bias might affect the study results?
• Include other comments concerning areas for further
research, applicability of evidence to target population,
importance of study to policy development.
Source: modified from Liddle et al. (1996).
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Ideally, all studies should have been adjusted for all major confounders. If some have not, then these would need to be grouped separately,
or external adjustments made. A good general discussion of such
methods for synthesis of observational studies is available in Rothman
and Greenland (1998; see the chapter on meta-analysis).
9.4.3 Assessing heterogeneity

Heterogeneity arises when the results vary among the studies more than
can be attributed to chance (see Section 4.3). The ‘homogeneity assumption’ is that the results of all studies estimate the same true eVect
and that the observed variation is due to within-study sampling error.
However, in practical research applications it is impossible to know
whether this is true, and it is most likely that it is not.
Many investigators use statistical tests of heterogeneity (lack of
homogeneity) to see whether the assumption is correct, and to evaluate
the test at the P = 0.05 level (see Section 4.3). However, because these
tests have low power, homogeneity should not be assumed uncritically.
That is, the purpose of the test is not to determine whether heterogeneity exists at all, but to get an idea of how much heterogeneity exists.
For observational studies there are more sources of heterogeneity
than for RCTs. For example, where a series of RCTs may have all used
the same doses of a drug and a common protocol for deWnition of the
endpoint of interest, there is relatively little potential for variation
among the studies. For observational studies, however, the approach to
measuring the exposure may vary among the studies, and the criteria
used for diagnosis or the class of endpoints studied often also diVer.
When the intensity of surveillance for endpoints diVers across studies,
there is a range of sources of heterogeneity.
Therefore, for observational studies, in particular, it is better to act as
if there is heterogeneity among study results when the 2 goodness-ofWt test statistic is greater than the number of studies minus 1 (which is
the mean value when there is no heterogeneity).
If the purpose of meta-analysis is to study a broad issue then the true
values can be expected to vary from study to study, and both an
estimate of this variability and the mean of the true values are import-
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ant and should be reported (Colditz et al., 1995). The contribution of
factors such as study design and methods to the observed heterogeneity
can then be evaluated.

9.5 Judging causality

There is no easy
formula for
judging causality,
which is based on
the strength and
consistency of
multiple evidence

Once the most important features of the data and the heterogeneity
between studies have been explored with respect to study-speciWc Xaws
of sample (size and/or selection bias), measurement or confounding,
the reviewer is positioned to explore formally whether the observed
eVects allow a causal interpretation.
• Is there a clear (reasonably strong) and important eVect, which is
fairly consistently seen, at least among the better studies?
• Has the eVect been demonstrated in human experiments?
• Is this eVect greater at higher exposures?
• Does it have an accepted or probable biological basis?
• Is it evident that the time direction of the association is clear (cause
always precedes eVect)?
Other elements may be added, such as those suggested by Bradford
Hill (1965). Studies that provide a critical test of a causal hypothesis are
particularly important. These will often be experimental studies, as with
the -carotene example described in Section 9.1. However you approach it, there is no doubt that a careful and logical assessment of the
broad causal picture is extremely helpful to a reader struggling to
understand the mass of facts a review may contain.

Questions for Part 2: aetiology and risk
1. You are sitting on a prevention advisory panel for your state department of public health. The committee is charged with updating
prevention recommendations for women’s cancers. You are asked to
make recommendations for ovarian cancer. A colleague suggests
that, based on the meta-analysis by Hankinson, you should recommend that all women take oral contraceptives for at least 5 years to
halve their risk of ovarian cancer. You wonder what the evidence is
for this and track down the Hankinson paper (see abstract below).
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Obstetrics and Gynecology (1992). 80, 708–14.
A quantitative assessment of oral contraceptive use and risk of ovarian
cancer
Hankinson SE, Colditz GA, Hunter DJ, Spencer TL, Rosner B, Stampfer MJ
Channing Laboratory, Department of Medicine, Harvard Medical School,
Boston, Massachusetts.
OBJECTIVE: To provide a quantitative assessment of the association
between oral contraceptive (OC) use and ovarian cancer using results
from the published literature. DATA SOURCES: We conducted a
MEDLINE literature search for all epidemiologic studies of OC and
ovarian cancer published in English between 1970–1991. The reference
list for each article was reviewed to locate additional published articles.
METHODS OF STUDY SELECTION: We included 20 studies in which a
relative risk and either a standard error, confidence interval, or P value
was reported, or sufficient data were presented to allow us to calculate
these measures. DATA EXTRACTION AND SYNTHESIS: We summarized
the findings using weighted averages and regression analyses. We found
a summary relative risk of 0.64 (95% confidence interval 0.57–0.73)
associated with eve-use of OC, indicating a 36% reduction in ovarian
cancer risk. The risk of ovarian cancer decreased with increasing
duration of OC use; we noted a 10–12% decrease in risk with 1 year of
use and approximately a 50% decrease after 5 years of use. The reduced
risk was present among both nulliparous and parous women and it
appeared to last for at least 10 years after cessation of use. Although
most studies assessed the use of OC formulations from the 1960s and
1970s, data from the Cancer and Steroid Hormone Study indicate that
the decreased ovarian cancer risk may also be present with current
lower-dose formulations. CONCLUSION: The protective effect of OC
against ovarian cancer risk should be considered in a woman’s decision
to use OC.

Before accepting the conclusions, you decide that it is worth checking that the authors did a good job of the review and, in particular,
you decide to look at whether they did a thorough literature search,
to check that the studies were of adequate quality, and verify whether
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they did an acceptable job of combining the studies, including
looking at diVerences between studies and possible heterogeneity.
(a) Read the meta-analysis of oral contraceptives and risk of ovarian
cancer and assess for yourself whether the methods were valid.
(b) What issues arise out of the meta-analysis and what further
questions might the authors address?
(c) What are the implications for prevention recommendations
from this meta-analysis?
2. Read two of the studies – the Walnut Creek study and the CASH
study – and see whether you agree with the meta-analysts’ conclusions about the quality (see checklist in Box 9.1) and data from
these studies.
3. Using the data in the Hankinson paper (see the CD), try to replicate
the analysis of the authors. (You might use the ‘metareg’ macro in
Stata to do the analysis.)

10
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10.1 The question

Prediction of risk
is important for
assessing who will
benefit most from
treatment

Prognostic questions generally contain two parts:
• the deWnition of the patient population of interest, e.g. recent-onset
diabetes, newly detected colorectal cancer; and
• the outcomes of interest, such as morbidity and mortality.
The implicit third part of the usual three-part question is the set of risk
factors that have been used for the prediction of prognosis. Chapter 9
looked at a single risk factor, with a particular focus on whether that
risk factor was causally associated with the outcome. In this chapter this
idea is extended but with a focus on prediction or prognosis for
individuals. This chapter should therefore be read in conjunction with
Chapter 9 on risk factors but diVers in two ways.
• Firstly, the principal aim is prediction of outcomes, whether or not
the factors are causal. For example, an earlobe crease might be
considered a valid marker of cardiovascular disease risk and form a
useful part of a risk prediction model, though clearly it is a marker
rather than being causal.
• Secondly, the combination of multiple factors for prediction will
often give better prediction than the single factors considered in
Chapter 9 (e.g. Framingham cohort study risk equations for heart
disease).

10.1.1 Why should we be interested in prediction?

There are two principal reasons for investigating questions about prediction. Firstly, patients are intrinsically interested in their prognosis, so
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that they can adapt and plan for their future. Secondly, separation of
individuals with the same disease into those at high and low risk may be
extremely valuable in appropriately targeting therapy. Generally, those
with high risk have more to gain, and hence beneWts are more likely to
outweigh disadvantages, and also to be more cost-eVective.
In using prognostic information to help decide on treatment, it is
generally important to know the natural history of the condition. That
is, what would happen without any eVective therapy? It is important to
realize that this is often impossible information to collect, as some
therapy will often have been started. Hence it is important to consider
that prognosis is conditional. For example, you may ask about the
prognosis of noninsulin-dependent diabetic patients conditional on
antihypertensive treatment being given for high blood pressure and
antihypercholesterolaemic agents being given for high cholesterol
levels.
The placebo groups of trials may be considered a reasonable source
of information for natural history but even these groups will often be
undergoing some forms of treatment and the new treatment that is
being compared with placebo is as an add-on to these other therapies.
10.1.2 Study design

The ideal study design for prognostic studies should focus on cohort
studies with an inception cohort of patients with a condition followed
for a suYciently long period of time for the major outcomes to have
occurred.

10.2 Finding relevant studies
10.2.1 Finding existing systematic reviews

Systematic reviews for the inXuence of single factors on prognosis are
becoming more common (e.g. the eVect of blood pressure level on
stroke risk) and it is clearly worth trying to Wnd them using the methods
described in Part 1 and Appendix A. However, there are methodological problems for systematic reviews that look at several prognostic
factors simultaneously and hence only a few have been undertaken.
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10.2.2 Finding published primary studies

The search strategies given in Appendix A (Haynes et al., 1994) focus on
identifying longitudinal studies that potentially have such predictive
information. An important alternative to consider is the use of the
control groups in randomized controlled trials (RCTs), as this is often
the only place where suYcient investment in follow-up has been made
to be able to provide adequate information on prognosis.

10.2.3 Finding unpublished primary studies

Since there is no registry of prognostic studies, these will be particularly
diYcult to track down. Some exceptions occur when routine data are
kept on a group of patients. For example, cancer registries provide
locally relevant survival data, although the degree of detail on prognostic factors varies considerably.

10.3 Appraising and selecting studies
10.3.1 Standardizing the appraisal
What study features should we assess?
The requirements for good-quality information on prognosis are similar to those of an RCT (see Section 6.3). The two principal diVerences
are that randomization is unnecessary, but that good baseline measurements of the potential prognostic factors have been included. The
following information is critical to appraise.
1. Has selection assignment bias been minimized?
A consecutive or random sample of patients should have been
selected at a similar time point in their disease. If this is at the
beginning of the disease, this is known as an ‘inception cohort’.
2. Have adequate adjustments been made for residual confounding?
Confounding plays a very diVerent role when we are focused on
risk prediction rather than aetiology. Even if confounders are not
causal, but merely good markers of risk, they may be useful in a
prognostic or prediction model. Hence they do not need to be used
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for adjustment but may be a useful part of the model. However, if
the population used to develop the model diVers importantly from
the target population then an adjustment for this diVerence would
be needed (e.g. if the populations diVered in age or gender).
3. Have Wnal outcomes been adequately ascertained?
Having obtained a representative group through consecutive or
random selection, high rates of follow-up and inclusion of all patients are important. Hence, it is desirable to extract and report data
on the level of follow-up.
4. Has measurement or misclassiWcation bias been minimized?
Outcomes should preferably be measured blind to the prognostic
factors being considered. For example, knowing about factors such
as cholesterol or smoking may inXuence the decision about whether
a person has ischaemic heart disease. This becomes more common if
the outcome to be assessed is more subjective and hence more open
to observer bias.

10.4 Summarizing and synthesizing the studies
10.4.1 Presenting the results of the studies

A summary table of the identiWed studies should be included with both
the characteristics of the study population, the follow-up and outcomes
measured, and the quality features mentioned in the previous section.
In this case the data must be emphasized because multiple factors
and synthesis across several studies are usually much more diYcult or
even impossible to deal with. Hence, it may be necessary to forgo any
synthesis, and choose the largest acceptable quality study available.
It should be noted, however, that the study with the largest number
of patients will not necessarily be the most statistically reliable. It is the
outcomes that really provide the information, and this will depend on
three factors:
• the number of patients;
• the length of follow-up; and
• the level of risk of the patients.
The number of patients and the length of follow-up combined repre-
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sent the total ‘person time’ of the study, which is commonly used as a
measure of the relative power of studies.
10.4.2 Synthesis of the studies

Combining
studies with
multiple risk
predictors is
complex and
usually not
possible

Combining studies is occasionally possible, although it is uncommon.
Ideally, this would involve the use of individual patient data pooled
from the studies. One example of this is the INDANA project, which
has pooled the prognostic information from several trials of hypertension (GueYer et al., 1995). Another example is the Atrial Fibrillation
Trialists Collaborative, which has combined prognostic information on
patients with atrial Wbrillation (Atrial Fibrillation Investigators, 1994).
However, as discussed in Part 1, combining studies is sometimes
impossible and, even if it is possible, it requires considerable eVort and
cooperation. It also relies on common prognostic factors having been
measured at a baseline, and in a similar way. For example, the atrial
Wbrillation collaboration could not include the predictive value of
echocardiograms because most studies had not included this as a
prognostic measure. Hence, such pooling will usually be conWned to the
prognostic factors common to all studies.
(Statistical note: it may not be necessary to combine all of the individual data in a single
Wle but may be suYcient to pool the variance–covariance matrices – see the Handbook
of Research Synthesis, Cooper and Hedges 1994.)

10.4.3 Assessing heterogeneity

When considering single prognostic factors, the issues and methods are
similar to those for intervention studies (see Section 6.4.3). That is, is
there heterogeneity of the size of the eVect, and is it explained by study
design or patient factors? However, for multiple-factor prognostic
studies, appropriate methods have not been described. If there is a
pooling of individual study data then each factor within the multivariate model could be examined to check whether there were interactions
with other factors.
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Appendix A

Literature searching

This appendix contains further advice about searching: Wrstly, some
general tips; secondly, Wnding existing systematic reviews; thirdly, Wnding randomized trials; and fourthly, using methodological Wlters.

Finding existing systematic reviews
As discussed in Chapter 1, it is always worth checking to see whether a
systematic review or meta-analysis has already been done. Even if it
needs modiWcation or updating, it will provide a useful base of studies
and issues. For interventions, Cochrane reviews are available in the
Cochrane Database of Systematic Reviews (CDSR) in the Cochrane
Library, which also contains the Database of Abstracts and Reviews
(DARE) database. The DARE database compiles and appraises many
nonCochrane reviews of both interventions and diagnostic accuracy.
Several diVerent strategies have been developed for identifying systematic reviews in electronic databases. For example, Hunt and McKibbon (1997) have developed simple and complex search strategies for
MEDLINE for Wnding systematic reviews and meta-analyses, which are
applicable to all question types.
Some alternative strategies (Boynton et al., 1998) are available at the
York Centre for Reviews and Dissemination.
A simple search strategy (high precision, low sensitivity) is:
MEDLINE [ab]
Comment [pt]
Letter [pt]
Editorial [pt]
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General tips for searching (from McKibbon et al., 1999)
1. Use multiple bibliographic databases (MEDLINE, CINAHL, EMBASE/Excerpta
Medica, and psycINFO will cover most of the mainstream health care
literature).
2. Use databases of different kinds (e.g. citation, theses, research, PubMed
related articles feature).
3. Extend the years of searching.
4. Have more than one set of searchers do your main searching independently
– each searcher will retrieve relevant, unique citations.
5. Find out how the articles that you already have are indexed and work
backwards using the index terms from the original article. Bibliographies and
personal files are often good places to find relevant citations to start with.
6. Avoid major emphasis (starring).
7. Avoid, or use AND NOT carefully. You can NOT out what you are truly
interested in.
8. Avoid subheadings – use other methods of limiting information.
9. Make sure you are using all the explodes that are possible AND make sense.
10. Make sure you know the definitions of the terms you are using, e.g. in
MEDLINE adults are anyone who is from 19 to 44 years old – anyone over
the age of 45 is considered to be middle-aged.
11. Remember the specificity rule in constructing strategies (e.g. definition of
‘nutrition’ may need many terms or groupings of terms (vitamin deficiency,
protein restriction, and so on)).
12. Use a combination of textwords and index words.
13. For textwords make sure you remember: alternative spellings (randomized
and randomised); differences in terminology across disciplines (bed sores
and decubitus ulcers); terminology across national boundaries (SIDS and cot
death); differences in historical naming (unwed mothers, Campylobacter
pylori); short forms for terms (AIDS and acquired immunodeficiency
syndrome); brand and generic names (Viagra and sildenafil).
14. Make sure you use terms that are somewhat related (mortality and survival
analysis).
15. Use author searching, study names (GISSI, GUSTO, SOLVD), locations (Mayo
Clinic), manufacturers of drugs or products.
16. Search using opposites for some topics (e.g. if you are interested in ‘tallness’
make sure you search for ‘being short’ too).
Golden rule of searching
Keep track of what you have done!
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A more comprehensive search strategy is to combine (AND) the following:
Meta[ab]
synthesis [ab]
literature [ab]
randomized [hw]
published [ab]
meta-analysis [pt]
extraction [ab]
trials [hw]
controlled [hw]
MEDLINE [ab]
selection [ab]
sources [ab]
trials [ab]
review [ab]
articles [ab]
reviewed [ab]
english [ab]
language [ab]
comment [pt]
letter [pt]
editorial [pt]

Finding randomized trials
The following search strategy (developed by Kay Dickersin) is used by
the Cochrane Collaboration to identify randomized trials in MEDLINE. This search is run regularly and forms part of the process of
identifying trials for the Cochrane Controlled Trials Registry.
1 RANDOMIZED-CONTROLLED-TRIAL in PT
2 CONTROLLED-CLINICAL-TRIAL in PT
3 RANDOMIZED-CONTROLLED-TRIALS
4 RANDOM-ALLOCATION
5 DOUBLE-BLIND-METHOD
6 SINGLE-BLIND-METHOD

112

Appendix A Literature searching

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

1 or 2 or 3 or 4 or 5 or 6
TG = ANIMAL not (TG = HUMAN and TG = ANIMAL)
7 not 8
CLINICAL-TRIAL in PT
explode CLINICAL-TRIALS
(clin* near trial*) in TI
(clin* near trial*) in AB
(singl* or doubl* or trebl* or tripl*) near (blind* or mask*)
(14 in TI) or (14 in AB)
PLACEBOS
placebo* in TI
placebo* in AB
random* in TI
random* in AB
RESEARCH-DESIGN
10 or 11 or 12 or 13or 15 or 16 or 17 or 18 or 19 or
20 or 21
TG=ANIMAL not (TG=HUMAN and TG=ANIMAL)
22 not 23
24 not 9
TG=COMPARATIVE-STUDY
explode EVALUATION-STUDIES
FOLLOW-UP-STUDIES
PROSPECTIVE-STUDIES
control*or prospectiv* or volunteer*
(30 in TI) or (30 in AB)
26 or 27 or 28 or 29 or 31
TG=ANIMAL not (TG=HUMAN and TG=ANIMAL)
32 not 33
34 not (9 or 25)
9 or 25 or 35

PubMed clinical queries using research methodology filters
A free MEDLINE facility is available from the National Library of
Medicine (www.nlm.nih.gov/). A section of this is the PubMed Clinical
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Table A1. Clinical queries using research methodology Wlters
Sensitivity/
speciWcity b

Category

Optimized for:

ELHILL termsa

Therapy

Sensitivity

Randomized controlled trial (pt)
or drug therapy (sh) or
therapeutic use (sh) or all
random: (tw)
All double and all blind: (tw) or
all placebo: (tw)
Exp sensitivity ad speciWcity or
all sensitivity (tw) or diagnosis &
(px) or diagnostic use (sh) or all
speciWcity (tw)
Exp sensitivity ad speciWcity or
all predictive and all value: (tw)

99%/74%

Sensitivity

Exp cohort studies or exp risk or
all odds and all ratio: (tw) or all
relative and all risk (tw) or all
case and all control: (tw)

82%/70%

SpeciWcity

Case-control studies or cohort
studies
Incidence or exp mortality or
follow-up studies or mortality
(sh) or all prognos: (tw) or all
predict: (tw) or all course (tw)

40%/98%

SpeciWcity
Diagnosis

Sensitivity

SpeciWcity

Aetiology

Prognosis

Sensitivity

SpeciWcity

Prognosis or survival analysis

57%/97%
92%/73%

55%/98%

92%/73%

49%/97%

PubMed equivalentc
‘randomized controlled trial’
[PTYP]  ‘drug therapy’ [SH] 
‘therapeutic use’ [SH:NOEXP] 
‘random*’ [WORD]
(double [WORD] & blind*
[WORD])  placebo [WORD]
‘sensitivity and speciWcity’ [MESH]
 ‘sensitivity’ [WORD]  (‘diagnosis’
[SH]  ‘diagnostic use’ [SH] 
‘speciWcity’ [WORD]
‘sensitivity and speciWcity’ [MESH]
 ( ‘predictive’ [WORD] & ‘value*’
[WORD]
‘cohort studies’ [MESH]  ‘risk’
[MESH]  (‘odds’ [WORD] &
‘ratio*’ [WORD])  (‘relative’
[WORD] & ‘risk’ [WORD])  (‘case’
[WORD] & ‘control*’ [WORD])
‘case-control studies’ [MH:NOEXP]
 ‘cohort studies’ [MH:NOEXP]
‘incidence’ [MESH]  ‘mortality’
[MESH]  ‘follow-up studies’
[MESH]  ‘mortality’ [SH] 
prognos* [WORD]  predict*
[WORD]  course [WORD]
prognosis [MH:NOEXP]  ‘survival
analysis’ [MH:NOEXP]

a

MEDLINE terms used by ELHILL (search engine for MEDLARS and Grateful MED).
Sensitivity, the proportion of high-quality studies in MEDLINE that are detected, speciWcity, the proportion of irrelevant
or poorer-quality studies detected.
c
Approximate equivalent in PubMed query language, as used on the Clinical Queries Using Research Methodology Filters
page (www.ncbi.nlm.nuh.gov/entrez/query.fcgi).
b

Queries, which uses methodological Wlters developed by Haynes et al.
(1994) for many of the question types discussed in Part 2 of this book.
These searches, which are shown in Table A1, are less extensive than the
methods discussed in Part 2, but may be useful as a quick initial search.
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Software for meta-analysis

Many standard statistical software packages provide facilities that
would facilitate meta-analysis (e.g. by the use of logistic regression).
Some packages have had routines or macros speciWcally developed to
allow meta-analysis. For example, STATA has a macro for the analysis
of multiple 2 × 2 table data (this is available in the STATA Technical
Bulletin Reprints, 7, sbe16: Meta-analysis. S. Sharp & J. Sterne,
www.stata.com).
In addition to standard statistical software, over the last several years
a number of programs speciWcally designed to perform meta-analysis
have been developed, some of which are described below. None of these
is comprehensive or capable of performing all of the types of analysis
discussed in Part 2. In particular, there is only one program available for
performing adequate meta-analytic studies. Even for a single question
type, however, it may be necessary to use more than one package to
achieve an adequate range of analyses. Some of the packages are freely
available and others are commercial packages costing a few hundred
dollars. This list is not comprehensive; another listing is also available
on the Internet (www.bmj.com/cgi/content/full/316/7126/221).

Meta-analysis of intervention study
RevMan

This is the standard systematic review software for the Cochrane Collaboration (hiru.mcmaster.ca/cochrane/). This is a comprehensive
package for managing the process of systematic reviews of intervention
studies. RevMan is used for the writing of protocols, keeping the list of
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included and excluded publications, writing the Cochrane Review Text
and performing the statistical meta-analytic functions. This last task is
done through a separate program – MetaView – which then enables the
Wnal reviews published in the Cochrane Library to be analysed by the
same piece of software. Because of its comprehensive nature and structured processes, the package can be slightly more diYcult to learn than
most others. RevMan 4.1 was released in 2000.
MetaAnalyst

This is an MS-DOS program developed by Dr Joseph Lau at the New
England Medical Center and New England Cochrane Center in the
United States. MetaAnalyst is designed to analyse a set of trials; the data
from each trial can be presented as a 2 × 2 table. The program performs
a wide variety of meta-analytic statistics on trial data, providing both
Wxed and random Wxed models for relative risk, odds ratio and risk
diVerences. It also provides heterogeneity statistics, cumulative metaanalytic plots and regressions against control rate, all with publicationquality plots; however, the types of print are limited.
EasyMA

EasyMA is an MS-DOS program with a user-friendly interface developed to help physicians and medical researchers to synthesize evidence in
clinical or therapeutic research. The program was developed by the
Michel Cucherat, a teaching hospital in Lyon, France. The latest version
(98c) is available on the Internet (www.spc.univ-lyon.fr/ ~ mcu/
easyma/).
SCHARP

The Survival Curve and Hazard Ratio Program (SCHARP) for metaanalysis of individual patient data was developed by the Medical Research Council Cancer Trials OYce, Cambridge, UK and the Instituto
Maria Negri, Milan, Italy. This is a Windows-based menu-driven program aimed at producing summary survival plots and forest plots of the
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hazard ratios. It is planned that SCHARP should be made freely available in 1999.
Comprehensive Meta-analysis

This is a versatile Windows 95/98/2000 program. Like RevMan, it
creates a database of studies, with full citations which can be imported
from MEDLINE. Data may be entered in a wide variety of formats, with
conversions performed automatically. The available eVect size indices
include mean diVerence, correlations, rate diVerence, relative risk and
odds ratio with both Wxed and random eVects models. The graphs allow
subgroup, and cumulative meta-analyses with publication-quality
graphs. Additional graphs include funnel plots. Data can be directly
entered or imported from Excel (www.Metaanalysis.com).

Meta-analysis of diagnostic tests
MetaTest

This is an MS-DOS program developed by Dr Joseph Lau at the New
England Medical Center and New England Cochrane Center in the
United States. This is the only available software package which produces a comprehensive meta-analysis of diagnostic test accuracies. The
plots include simple plots of sensitivity and speciWcity with their conWdence intervals, summary receiver–operator curve (ROC) plots giving
the data points of the individual studies, and a summary ROC (see
Chapter 8). It is available on the Internet (www.cochrane.org/cochrane/
sadt.htm).
MetAxis

This program is produced by Update Software, who also produce
RevMan for the Cochrane Collaboration. It is aimed at the whole
systematic review process, not just the meta-analytic calculations. It will
include methods for interventions studies and diagnostic studies. For
details, see www.update-software.com/metaxis.

Glossary

Absolute risk reduction (risk diVerence)
The eVect of a treatment can be expressed as the diVerence between relevant
outcomes in treatment and control groups by subtracting one rate (given by the
proportion who experienced the event of interest) from the other. The reciprocal
is the number needed to treat (NNT).
Accuracy (see also validity)
The degree to which a measurement represents the true value of the variable
which is being measured.
Adverse event
A nonbeneWcial outcome measured in a study of an intervention that may or
may not have been caused by the intervention.
Allocation (or assignment to groups in an intervention study)
The way that subjects are assigned to the diVerent groups in an intervention
study (e.g. drug treatment/placebo; usual treatment/no treatment). This may be
by a random method (see randomized controlled trial) or a nonrandom method.
Applicability (see also external validity, generalizability)
The application of results to both individual patients and groups of patients.
This term is preferred to generalizability as it includes the idea of particularizing
or individualizing treatment and is closest to the general aim of clinical practice.
It addresses whether a particular treatment that showed an overall beneWt in a
study might be expected to convey the same beneWt to an individual patient.
Before-and-after study (see also pretest–post-test study)
A study design where a group of subjects is studied before and after an
intervention. Interpretation of the result is problematic as it is diYcult to
separate the eVect of the intervention from the eVect of other factors.
Bias
Bias is a systematic deviation of a measurement from the ‘true’ value, leading to
117
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either an over- or underestimation of the treatment eVect. Bias can originate
from many diVerent sources, such as allocation of patients, measurement,
interpretation, publication and review of data.
Blinding
Blinding or masking is the process used in epidemiological studies and clinical
trials in which the observers and the subjects have no knowledge as to which
treatments subjects are assigned. This is done in order to minimize bias
occurring in patient response and outcome measurement. In single-blind studies
only the subjects are blind to their allocations, whilst in double-blind studies
both observers and subjects are ignorant of the treatment allocations.
Bradford Hill criteria (see causality)
Case-control study
Patients with a certain outcome or disease are selected together with an
appropriate group of controls without the outcome or disease. The groups are
then compared with the populations which have been exposed to the factor
under investigation.
Case series
The intervention has been used in a series of patients (it may or may not be a
consecutive series) and the results reported. There is no separate control group
for comparison.
Causality
The relating of causes to the eVects they produce. The Bradford Hill criteria for
causal association are temporal relationship (exposure always precedes the
outcome – the only essential criterion), consistency, strength, speciWcity,
dose–response relationship, biological plausibility, coherence and experiment.
Clinical outcome
An outcome for a study that is deWned on the basis of the disease being studied
(e.g. fracture in osteoporosis, peptic ulcer healing and relapse rates).
Clinically important eVect (see also statistically signiWcant eVect)
An outcome that improves the clinical outlook for the patient. The
recommendations made in clinical practice guidelines should be both highly
statistically signiWcant and clinically important (so that the 95% conWdence
interval includes clinically important eVects).
Cochrane Collaboration
The Cochrane Collaboration is an international network that aims to prepare,
maintain and disseminate high-quality systematic reviews based on randomized
controlled trials (RCTs) and when RCTs are not available, the best available
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evidence from other sources. It promotes the use of explicit methods to
minimize bias, and rigorous peer review.
Cohort study
Groups who have been exposed, or not exposed, to a new technology or factor of
interest are followed forward in time and their rates of developing disease (or
achieving cure, etc.) are compared.
Comparative study
A study including a comparison or control group.
Concurrent controls
Controls receive the alternative intervention and undergo assessment
concurrently with the group receiving the new intervention. Allocation to the
intervention or control is generally not random when this term is used.
ConWdence interval
An interval within which the population parameter (the ‘true’ value) is expected
to lie with a given degree of certainty (e.g. 95%).
Confounding
The measure of a treatment eVect is distorted because of diVerences in variables
between the treatment and control groups that are also related to the outcome.
For example, if the treatment (or new intervention) is trialled in younger
patients then it may appear to be more eVective than the comparator, not
because it is better, but because the younger patients had better outcomes.
Cross-sectional study
Also called prevalence study, where both exposure and outcomes are measured at
the same time.
Cumulative meta-analysis
In a systematic review, the results of the relevant studies are ordered by some
characteristic and sequential pooling of the trials is undertaken in increasing or
decreasing order.
Degrees of freedom (df)
The number of independent comparisons that can be made between the
members of a sample.
Double-blind study (see blinding)
Ecological fallacy
The bias that may occur because an association observed between variables on an
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aggregate (e.g. country) level does not necessarily represent the association that
exists at an individual (subject) level.
EVectiveness
The extent to which an intervention produces favourable outcomes under usual
or everyday conditions.
EVect modiWcation, eVect modiWer (see also interaction)
The relationship between a single variable (or covariate) and the treatment eVect.
SigniWcant interaction between the treatment and such a variable indicates that
the treatment eVect varies across levels of this variable.
EYcacy
The extent to which an intervention produces favourable outcomes under ideally
controlled conditions such as in a randomized controlled trial.
EYciency (technical and allocative)
The extent to which the maximum possible beneWt is achieved out of available
resources.
Evidence-based medicine/health care
The process of Wnding the best relevant research information in the medical
literature to address a speciWc clinical problem. This evidence is then combined
with clinical expertise and the patient values in making individual decisions.
External validity (see also generalizability, applicability)
Also called generalizability or applicability, this is the degree to which the results
of a study can be applied to situations other than those under consideration by
the study, for example, for routine clinical practice.
Extrapolation
This refers to the application of results to a wider population and means to infer,
predict, extend or project the results beyond that which was recorded, observed
or experienced.
Generalizability (see also external validity, applicability)
This refers to the extent to which a study’s results provide a correct basis for
generalization beyond the setting of the study and the particular people studied.
It implies the application of the results of a study to another group or
population.
Gold standard
A method, procedure or measurement that is widely regarded or accepted as
being the best available. Often used to compare with new methods.
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Hazard ratio (HR)
When time to the outcome of interest is known, this is the ratio of the hazards in
the treatment and control groups where the hazard is the probability of having
the outcome at time t, given that the outcome has not occurred up to time t.
Heterogeneity
This refers to the diVerences in treatment eVect between studies contributing to a
meta-analysis. If there is signiWcant heterogeneity, this suggests that the trials are
not estimating a single common treatment eVect.
Historical controls
Data from either a previously published series or treated patients previously at
an institution are used for comparison with a prospectively collected group of
patients exposed to the technology or intervention of interest at the same
institution.
Incidence
The number of new events (new cases of a disease) in a deWned population,
within a speciWed period of time.
Intention to treat
An analysis of a clinical trial where participants are analysed according to the
group to which they were initially randomly allocated, regardless of whether or
not they dropped out, fully complied with the treatment or crossed over and
received the other treatment. By preserving the original groups one can be more
conWdent that they are comparable.
Interaction (see eVect modiWcation)
The relationship between a single variable (or covariate) and the treatment eVect.
Interrupted time series
Treatment eVect is assessed by comparing the pattern of (multiple) pretest scores
and (multiple) post-test scores (after the introduction of the intervention) in a
group of patients. This design can be strengthened by the addition of a control
group which is observed at the same points in time but the intervention is not
introduced to that group. This type of study can also use multiple time series
with staggered introduction of the intervention.
Intervention
An intervention will generally be a therapeutic procedure such as treatment with
a pharmaceutical agent, surgery, a dietary supplement, a dietary change or
psychotherapy. Some other interventions are less obvious, such as early detection
(screening), patient educational materials or legislation. The key characteristic is
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that a person or his or her environment is manipulated in the hope of beneWting
that person.
Level of evidence
Study designs are often grouped into a hierarchy according to their validity, or
degree to which they are not susceptible to bias. The hierarchy indicates which
studies should be given most weight in an evaluation.
Magnitude of treatment eVect
This refers to the size of the summary measure (or point estimate) of the
treatment eVect. This may be absolute (see absolute risk reduction and number
needed to treat) or relative (see relative risk).
Meta-analysis
Results from several studies, identiWed in a systematic review, are combined and
summarized quantitatively.
Meta-regression
The Wtting of a linear regression model with an estimate of the treatment eVect
as the dependent variable and study level descriptors as the independent
variables.
Nonrandomized cross-over design
Participants in a trial are measured before and after introduction or withdrawal
of the intervention and the order of introduction and withdrawal is not
randomized.
Number needed to harm (NNH)
When the treatment increases the risk of the outcome, then the inverse of the
absolute risk increase is called the number needed to harm (NNH).
Number needed to treat (NNT)
NNT is the number of patients with a particular condition who must receive a
treatment for a prescribed period in order to prevent the occurrence of speciWed
adverse outcomes of the condition. This number is the inverse of the absolute
risk reduction.
Observational studies
Any nonrandomised, nonexperimental comparison.
Odds ratio (OR)
Ratio of the odds of the outcome in the treatment group to the corresponding
odds in the control group. For low risk, this is usually very similar to the relative
risk.
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Patient’s expected event rate (PEER)
The probability that a patient will experience a particular event (e.g. a stroke or
myocardial infarction) if left untreated. Also known as baseline risk or absolute
risk without treatment.
Patient-relevant outcome
Any health outcome that is meaningful to the patient. It can be the best
surrogate outcome, resources provided as part of treatment, impact on
productivity (indirect) or one that cannot be measured accurately (e.g. pain,
suVering). Common examples include: primary clinical outcomes, quality of life
and economic outcomes.
Pretest–post-test study
Outcomes (pain, symptoms, etc.) are measured in study participants before they
receive the intervention being studied and the same outcomes are measured
after. ‘Improvement’ in the outcome is reported. Often referred to as
before-and-after studies.
Prevalence
The measure of the proportion of people in a population who have some
attribute or disease at a given point in time or during some time period.
Prognostic model
A statistical model that estimates a person’s probability of developing the disease
or outcome of interest from the values of various characteristics (such as age,
gender, risk factors).
Publication bias
Bias caused by the results of a trial being more likely to be published if a
statistically signiWcant beneWt of treatment is found.
P value (see also conWdence interval, statistically signiWcant eVect)
The probability that the null hypothesis (that there is no treatment eVect) is
incorrectly rejected.
Quality of evidence
Degree to which bias has been prevented through the design and conduct of
research from which evidence is derived.
Quality of life
The degree to which a person perceives him or herself able to function
physically, emotionally and socially. In a more quantitative sense, an estimate of
remaining life free of impairment, disability or handicap as captured by the
concept of quality-adjusted life years (QALYs).
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Random error
The portion of variation in a measurement that has no apparent connection to
any other measurement or variable, generally regarded as due to chance.
Randomization
A process of allocating participants to treatment or control groups within a
controlled trial by using a random mechanism, such as coin toss, random
number table or computer-generated random numbers.
Randomized controlled trial
An experimental comparison study in which participants are allocated to
treatment/intervention or control/placebo groups using a random mechanism
(see randomization). Participants have an equal chance of being allocated to an
intervention or control group and therefore allocation bias is minimized (and
virtually eliminated in very large studies).
Randomized cross-over trial
Patients are measured before and after exposure to diVerent interventions (or
placebo) which are administered in a random order (and usually blinded).
Relative risk or risk ratio (RR)
Ratio of the proportions in the treatment and control groups with the outcome.
This expresses the risk of the outcome in the treatment group relative to that in
the control group.
Relative risk reduction (RRR)
The relative reduction in risk associated with an intervention. This measure is
used when the outcome of interest is an adverse event and the intervention
reduces the risk. It is calculated as one minus the relative risk, or:
RRR = 1 − (event rate in treatment group/event rate in control group)
Reliability
Also called consistency or reproducibility. The degree of stability that exists when
a measurement is repeatedly made under diVerent conditions or by diVerent
observers.
Risk diVerence (RD)
The diVerence (absolute) in the proportions with the outcome between the
treatment and control groups. If the outcome represents an adverse event (such
as death) and the risk diVerence is negative (below 0) this suggests that the
treatment reduces the risk – referred to as the absolute risk reduction.
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Selection bias
Error due to systematic diVerences in characteristics between those who are
selected for study and those who are not. It invalidates conclusions that might
otherwise be drawn from such studies.
Statistically signiWcant eVect (see also clinically important eVect)
An outcome for which the diVerence between the intervention and control
groups is statistically signiWcant (i.e. the P value is O 0.05). A statistically
signiWcant eVect is not necessarily clinically important.
Strength of evidence
Magnitude, precision and reproducibility of the intervention eVect (including
magnitude of the eVect size, conWdence interval width, P value and the exclusion
of clinically unimportant eVects). In the case of nonrandomized studies,
additional factors such as biological plausibility, biological gradient and
temporality of associations may be considered.
Surrogate outcome
Physiological or biochemical markers that can be relatively quickly and easily
measured and that are taken as predictive of important clinical outcomes. They
are often used when observation of clinical outcomes requires longer follow-up.
(Also called intermediate outcomes.)
Systematic review
The process of systematically locating, appraising and synthesizing evidence from
scientiWc studies in order to obtain a reliable overview.
Time series
A set of measurements taken over time. An interrupted time series is generated
when a set of measurements is taken before the introduction of an intervention
(or some other change in the system), followed by another set of measurements
taken over time after the change.
Validity
• Of measurement: an expression of the degree to which a measurement
measures what it purports to measure; it includes construct and content
validity.
• Of study: the degree to which the inferences drawn from the study are
warranted when account is taken of the study methods, the representativeness
of the study sample and the nature of the population from which it is drawn
(internal and external validity, applicability, generalizability).

Acronyms and abbreviations

ACP
AIDS
CCTR
CD-ROM
CDSR
CI
Cochran Q
DARE
ECG
exp
FPR
GP
HIV
HR
IARC
MeSH
NHMRC
NLM
NNH
NNT
OR
P
PEER
RCT
RD
ROC
RR
SCHARP
SROC
TPR
126

American College of Physicians
acquired immune deWciency syndrome
Cochrane Controlled Trials Registry
compact disk-read only memory
Cochrane Database of Systematic Reviews
conWdence interval
Cochran 2
Database of Abstracts and Reviews (Cochrane Library)
electrocardiogram
explode
false-positive rate
general practitioner
human immunodeWciency virus
hazard ratio
International Agency for Cancer Research
Medical Subject Heading
National Health and Medical Research Council
National Library of Medicine (United States)
number needed to harm
number needed to treat
odds ratio
probability
patient’s expected event rates
randomized controlled trial
risk diVerence
receiver–operator curve
relative risk or risk ratio
Survival Curve and Hazard Ratio Program, developed by MRC
Cancer Trials OYce, Cambridge, UK
summary receiver–operator curve
true-positive rate
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Defining the
Data
Research Methods
Mmed

UNDERSTANDING THE DIFFERENT DATA TYPES

• Researchers collect data for three reasons

0

50

agemths

100

150

• To describe the characteristics of the population
sampled (summarize the data)
• To test hypothesis about this population (test the
data)
• To communicate the
findings
(publication/thesis)

def tb

not tb

poss tb

WHAT DATA DO WE COLLECT/MEASURE?

1. Demographics, educational and socio-economic
2. Baseline characteristics (Eg. before treatment)
3. Treatment and outcomes (Eg. disease status, exposure
status)
4. Measurements over time (Eg. Weights at follow-up
visits)
5. Laboratory samples (Eg. Haemoglobin, drug
concentration)
• NB: Data MUST Support the Research
Question

DATA TYPES

A sample consists of observations/measurements
• Any aspect of an individual that is measured/recorded
= variable
• Eg. Age, gender, weight, height – these are all
variables
• Two broad categories
1. CATEGORICAL
2. NUMERICAL

EXAMPLES OF DATA TYPES – CATEGORICAL

Examples: gender, education level, hair color, smoker (Y/N)
• Binary: Allocation of observations into one of two
categories e.g. Yes/No
• Nominal: Allocation of observations into more than two
categories (no order)
e.g. TB categories (definite TB/possible TB/not TB)
• Ordinal: Allocation of observations into more than two
levels
e.g. Grade of symptoms (mild/moderate/severe)

EXAMPLES OF DATA TYPES – NUMERICAL

CONTINUOUS (numbers)
measurements that can assume any value within a specified
range
Eg. age, weight, height, haemoglobin

DISCRETE
A set of data is said to be discrete if the values are counts
Eg: Number of patients in a clinic, number of births in a
week

ALSO GET – TIME DURATION

Time to event:
• Days from start of treatment to cure
• Days from diagnosis to death
• Months on certain ARV regimen
• Age at measurement

HOW TO SET-UP COLLECTING YOUR DATA

• Use your protocol to list the variables that you will
need for your analysis
• Define the data types
• Do your variables have sub-categories?
• Is disease of interest a combination of variables
• Tuberculosis in a cohort study
• If you are looking for an association – between the
disease and a variable do you need to define these?
• malnutrition – how is this derived?

LIST THE VARIABLES – DEFINE DATA TYPES

variable name
patient number
date of birth
date of examination
gender
intraoccular pressure L
intraoccular pressure R
cornea thickness L
corneal thickness R
method of examination
IOR
symptoms

data type
text
date
date
text
num
num
num
num
text
num
Text

Length/allowed values
4
dd-mmm-yyyy
dd-mmm-yyyy
M,F
2(3)
2(3)
2(3)
2(3)
8
3
mild,moderate,severe

coding

1,2

1,2,3,4
1,2,3

DATA MANAGEMENT – EXCEL, MS ACCESS, REDCAP
patient
number age
1
2
3
4
5
6
7
8
9
10
11

intraoccular intraoccular cornea
corneal
method of
gender pressure L pressure R thickness L thickness R examination IOR

28 F
62 F
41 M
42 M
50 F
61 F
68 F
55 F
54 M
35 M
89 F

8
11
10
7
2
12
10
8
11
5
10

26
28
9
7
13
27
32
10
13
6
8

10
11
11
8
12
6
6
8
10
10
7

22 a
28 c
3d
3a
4a
8b
10 b
8b
8d
2c
2a

22
28
3
3
4
8
10
8
8
2
2

STATISTICAL SOFTWARE – STATA, SPSS, STATISTICA

Data Collection
Tools
Research Methods

OBJECTIVES

• Understanding of the general principles of
how to construct a data collection form/
questionnaire/sheet
• Ability to create a data collection tool/
questionnaire
• Understanding of the importance of how the
data collection tool/questionnaire is relevant
to the outcome and analysis of the data

QUESTIONS TO ASK TO GET THE DATA

• Formulate the questions as OPEN or CLOSED
• Unnecessary (nice-to-have) questions should be
avoided
• Questions specific, clear and unambiguous

WHAT ARE OPEN AND CLOSED QUESTIONS?

• Open: unbounded set of answers
• What do you understand about treatment for
tuberculosis?
There could be many different responses and
it will be very difficult to analyse

• Closed: a bounded set of answers, or a
range of continuous values
• If you are diagnosed with tuberculosis for how
long will you have to take your treatment?
Options: 1 month/3 months/6 months

DEFINING THE RESPONSES – KEEPING THE DATA SIMPLE

• Use the study protocol as a guide
• Define the response for each categorical variable
• Define date ranges for each date variable (if
applicable)
• Define credible ranges for continuous variables

DETERMINE THE SEQUENCE OF QUESTIONS

• Define a logical flow of the questions
• If there are sensitive questions, leave these to
the end
• Identify questions that are dependent on prior
responses

METHODS OF COLLECTING THE DATA

• Paper or electronic
• Observational or instruments
• Surveys/questionnaires/data collection forms
•
•
•
•
•

Self-administered (missing data often a problem )
Face to face/interview
Telephone
Postal (low rate of return)
On-line (opt out before completing)

• Record reviews/source documents (study specific)

CONSTRUCTING THE DATA RECORDING TOOL 1

• Clear, concise and to the point questions
Does your child have a cough today? (Y/N)
or
Cough?
unlimited text field = DANGEROUS

CONSTRUCTING THE DATA RECORDING TOOL 2

• Limit the options

CONSTRUCTING THE DATA RECORDING TOOL 3

• Define the Mask

DRAFT, REVIEW AND PILOT

• Draft, review sessions, redraft and review
sessions…could need many.
• Always version drafts
• Work with the clinical/protocol development
teams and the study staff who will be involved
• Once a final draft has been agreed by all, pilot –
sequence of questions/observations

CAN YOUR RESEARCH QUESTION BE ANSWERED BY THE DATA
YOU ARE COLLECTING?

GENERAL CONSIDERATIONS

• Explain the purpose of the interview
• Keep questions as simple and straight forward
• Phrase each question so that only one meaning
is possible
• Avoid leading questions
• Study number and initials on every page
• Protocol number/study id in the header
• If using a questionnaire- validated

GENERAL CONSIDERATIONS

• Translation/back-translation
• No identifying information on the source
documents that will be entered into the
database
• Number the pages __/__ pages
• Name/initials of person completing the
questionnaire
• Skip patterns

PROVIDE INSTRUCTION

MMed Protocol Preparation
CELESTE DE JAGER
DEPARTMENT OF MEDICINE
FHS
MMED WORKSHOP

Overview of process
1.

2.
3.
4.

5.
6.
7.

8.
9.

Registration and orientation
Supervisor/Topic choice/Lit review
Basic protocol (4000w) with supervisor’s help.
Meeting to discuss study protocol
Meeting to discuss sample size calcs, data entry
and stats plan: (CRC)
Protocol submission for internal review (DRC)
FHS-013 and FHS015, then to ethics
Approval and revisions
Start the project

Key issues
1. Simplify topics and study designs – state your hypothesis.
2. Literature review
3. Turning Aims into Objectives –
Means stating how the aims will be achieved; what measures will be used
to determine the answers to the questions posed.


Don’t include extra objectives over and above aim. The examiner will
look for answers to the objectives, so limit to 2 or 3 objectives.

3. Early statistical advice – stats methods description
4. Consider data entry variables – key variables, demographics

Example
 Chest X-rays are expensive. Is it necessary for every

child with a lower respiratory infection presenting to
clinic to have one?
 Hypothesis: Children with LRTI seen at RXH OPD
who have a chest x-ray taken have the same time to
recovery as children who do not have an x-ray.
 Objective: To measure time to recovery in children
with and without chest x-ray for LRTI at RXH OPD.
 Secondary objective: To measure the relapse rate
between the two groups

Form FHS015: Research Protocol –
Section C
The protocol must reflect how the research will be conducted at the
local research site, for example contact details of the local principal
investigator (PI) and Human Research Ethics Committee,
characteristics of the local population and information about
recruitment sites.
Instructions
 Forms to be downloaded from the Administrative Forms web
page at
 http://web.uct.ac.za/depts/sapweb/forms/forms.htm
 All researchers must complete Section C

Good research conduct is very important: Good Clinical/Laboratory Practice training

Sections to complete on FHS-015
1. Purpose of the study
2. Background
3. Methodology
4. Study design
5. Characteristics of the study population, (incl sample size calc.)
6. Recruitment and enrolment
7. Research procedures and data collection methods
8. Data safety and monitoring
9. Data analysis
10. Description of risks and benefits
11. Informed consent process
12. Privacy and confidentiality
13. Reimbursement for participation
14. Emergency care and insurance for research-related injuries
15. What happens at the end of a study?
16. References and Appendices

Exercise
 Depression after stroke is common and difficult to

manage for the health services and family. How
common is it in fact, and can we identify some
modifiable factors that contribute to post-stroke
depression?

 State the justification, hypothesis and objectives for a

research study on this topic.
 Identify the population, exposures/factors and
outcomes/measures that will be included in the
study.

THE PROTOCOL

Overview of process
1.
2.
3.
4.
5.
6.
7.

8.
9.

Registration and orientation
Supervisor/Topic choice/Lit review
Basic protocol (4000w) with supervisor’s help.
Meeting to discuss study protocol
Meeting to discuss sample size calcs, data entry and stats plan: (CRC)
Protocol submission for internal review (DRC)
FHS-013 and FHS015, then to ethics
Approval and revisions
Start the project

Sections to complete on FHS015

1. Purpose of the study
2. Background
3. Methodology
4. Study design
5. Characteristics of the study population, (incl sample size calc.)
6. Recruitment and enrolment
7. Research procedures and data collection methods
8. Data safety and monitoring
9. Data analysis
10. Description of risks and benefits
11. Informed consent process
12. Privacy and confidentiality
13. Reimbursement for participation
14. Emergency care and insurance for research-related injuries
15. What happens at the end of a study?
16. References and Appendices

Writing up
Putting your research question, design, analysis
into an Mmed
Dr Delva Shamley

PLAN!

PUBLISH!

THE ART OF SCIENCE IN
WRITING

TRAINING THE WRITER
• Starts early with proposal/ethics.
• Continuous process with regular feedback.
• Supervision will help with the process and
the content.

Daunting Process !

Why does writing scare people ?
• Making ideas explicit and putting them out there for
others to review
• Fears about your ideas being judged

• Concerns about how to express ideas on paper
• Fears about you being judged

The Good News
• This is scientific writing
• Not creative writing
• Emphasis on being clear & brief
• Provide necessary information in accessible manner
• Short simple sentences
• No prizes for creativity
• Better to follow standard formats that are familiar to
readers

• There are guidelines

STANDARDS FOR WRITING
RESEARCH PAPERS
• http://www.equator-network.org/
•
•
•
•

•Experimental studies
◦Observational studies
◦Diagnostic accuracy studies
◦Biospecimen reporting

•
•
•
•
•
•
•
•

◦Reliability and agreement studies
◦Systematic reviews
◦Qualitative research
◦Mixed methods studies
◦Economic evaluations
◦Quality improvement studies
◦Other reporting guidelines
◦Reporting data

• ◦

Some suggestions
• Read previous MMeds (library)
• Read journal articles
• Read content
• Notice style and structure
• If you think it is well written ask yourself why

Do what they do
• Copy structure of sentences, paragraphs, tables, figures

There is no universal standard for
writing an MMed
Ask your (experienced) supervisor
What follows is a (useful) guide
Aim for 40+ double spaced pages
Do not exceed 80-100 pages

WHAT ARE THE SECTIONS OF A
SCIENTIFIC PAPER ?

Contents of an MMed
• Title page
• Table of contents
• Acknowledgements
• Abstract
• Introduction
• Literature review

• Methods
• Results
• Inserts: tables, figures

• Discussion
• Conclusion
• Appendixes

Front matter
• Title page
• Table of contents
• Acknowledgements

Are there standards for UCT Masters degrees (including
layout, spacing, margins, etc) ?
See past MMeds, ask Postgraduate Office

Abstract -Do last !
Format:
• Structured
• Unstructured
• Doesn’t matter – but if you are inexperienced go with
structured

Purpose:
Summarise key aspects of thesis
• Background, methods, results, discussion/conclusion
• About 500 words (2 double spaced pages)

Introduction
• 5-10 double spaced pages
• Background ~ intended to orient your reader to the subject
area and how your research question was developed.

• Know your reader!

• Write for intelligent but ignorant individual in your field
• Hypothetical reader who knows nothing about your
topic, but who is capable of understanding

LITERATURE
REVIEW

Literature review
• Length will vary; 5-10 double spaced pages

• Idea is to revise state of knowledge for key topics that are
directly relevant to your research question

• Show the reader that you know the literature on your topic
(esp recent developments)

ORGANISE LITERATURE
FIRST:

Organise your papers
THEN:
Organise your thoughts

ORGANISE LITERATURE
1. Themes – external beam RT/intra-operative RT/population
UK vs SA

2. Schools of thought – pro/anti

3. Design – RCT /Observational

WRITE
• Start with broad concepts ~ background

• Epidemiology of condition
• History of condition, management practices

• Narrow down to your specific question
• Issues specific to your question

• End with your research question
• Aims & objectives

Literature review - Summary
1. Don’t present an annotated bibliography – ‘sound bytes’
• Don’t go study by study
• Boring to read
• Does not show insight
2. Start by writing summary on each of your
themes/designs/opinions – then arrange them logically, then
link
3. Summarise state of knowledge on a topic
• Highlight key/seminal studies
• Include questions that are not well answered – give reasons
eg. design

LITERATURE REVIEW
KEY POINTS 1 & 2
Penultimate paragraph – IDENTIFY GAP in evidence

Ultimate paragraph- therefore this study aims to ……ie.
How will you fill gap/contribute to evidence.
Write aim and objectives (measurable)

KEY POINT 3
LINK SECTIONS

LIT REV

M&M

RESULTS

DISC

Obj 1

How meas

outcome

Relevance

Obj 2

How meas

outcome

Relevance

Aim

METHODOLOGY
Paragraph on whether your study is:
quantitative or qualitative
Prospective/retrospective
XS/Long
Design
MUST EXPLAIN/ARGUE WHY YOUR CHOICE IS THE BEST TO
ANSWER YOUR RESEARCH QUESTION

Methods – How will you
measure objectives ?
• Provide a detailed description of how you collected data to
answer research question

• The ‘cookbook’ ~ provides a recipe for repeating the study
• Include key documents in appendix
• Questionnaires, data abstraction forms
• Use published guidelines to guide you

Write methods in subsections
• Design and Setting: when/where was study done
• Sampling: purposive/convenience/randomised
• Participant selection and recruitment: who, how recruited
• Inclusion/exclusion criteria

• Study Procedures: how participants managed during study (or
relevant clinical care)
• Outcome Measures: what measures, where from, by whom,
how recorded
• Data reduction and Analysis: How data recorded, analysed
• Ethical considerations: informed consent, autonomy, PPI etc

Diagrams/Tables in methods
• Diagrams to show:
Study flow:
• How participants recruited
• How participants managed
• Points of exclusion
Observation points

• Can help reader to understand the methods
• Total ~ 8-10 pages double spaced

DATA AND MEASURMENT
POINTS
Outcomes

0mo

6mo

12mo

Med history

X

Medications

X

Disease screen

X

Inclusion criteria

X

Questionnaires

X

Blood tests

X

X

BP, Heart rate,
vibration sensitivity

X

X

Treatment

X

X

X

Treatment outcome

X

X

X

X

X

X

X

KEY POINT 1
LINK SECTIONS

LIT REV

M&M

RESULTS

DISC

Obj 1

How meas

outcome

Relevance

Obj 2

How meas

outcome

Relevance

Aim

Results
• 10-20 double spaced pages
• including tables/figures
• The bulk of the dissertation
• 5-15 tables/figures of data
• Presents the details of your analysis -> results

• Accompanying text
• Guide the reader through the tables

Emphasise most notable findings

Results
• You are conveying information in the most
straightforward manner

• Results are showing ONLY what your study found

• NOT how you interpret it or how you did it
• Save interpretation for the discussion

Write results in subsections
• Where most subsections have
• tables/figures
• paragraphs of text

• Exact subsections will vary
• Eg
• Description of sample
• Frequency of outcome and key variables
• Association between outcome & predictor variables
• Etc

What tables should I have?

• Discuss tables with advisor before you start the
analysis
• Look at tables presented in relevant journal
articles in your field

Descriptive table
Variable
Gender: male
female
Mean age
Past diabetic
diagnosis
Previous
surgery
etc
etc

N(%) or mean
30 (15%)
170 (85%)
65.1 years
111 (55%)
43 (21%)

Comparative table
Good visual acuity Poor visual acuity

P-value

Mean age

43.3

81.5

0.03

Male

10%

21%

0.21

Past
diabetic
diagnosis
etc

12%

79%

<0.01

Figures
• Many different options
• Histograms
• Box & whisker plots
• Comparisons
• Use whatever you think is useful
• People like pictures
• Don’t go overboard

Discussion
Don’t cut corners here
• This is where you show insight
• Well-written discussion shows an insightful student regardless
of the quality of the data

• 8-12 double spaced pages
• The place where you interpret/synthesise/evaluate your
findings
• Can be hard to write

Use subsections in the discussion
1. Summarise key findings from the results (1 page max)
2. Interpret the results presented (4-6 pages)
• Compare/contrast to existing literature
• What is novel
• What is similar
• What is different
• Why are findings similar or different?

3. Discuss the strengths and limitations of your study (2-4
pages)
• Why your study is important
• What the caveats are for interpreting data
• Be honest
• Show that you understand research methods
• Studies with many limitations are OK, as long as you
recognise the limitations
• Don’t pretend you have all the answers!!

4. Discuss the implications of your results and
recommendations you want to make
• For future research
• What studies do you think are needed?
• For clinical services
• What would you recommend for services?
• For policy-making and training programmes
• What changes do you recommend?
• Show that you have a sense of the value of research

Conclusion
•
•
•
•

Max 1 double spaced page
Summarise key findings
Key limitations
Key implications
• Knowledge on this topic
• Future research
• Policies, services
• Don’t introduce new ideas, topics or data here ~ wrap up
what you have already said

Appendix
• Any additional things that are relevant that don’t get into the
main text
• Questionnaires
• Data abstraction forms
• Informed consent documents
• Ethics approval letter
• Extra analyses
• Tables
• Figures
• This is optional (nice to have)

THE ART OF WRITING

Paragraph Structure
Component

Function

Topic sentence(s)

•To introduce and clearly state the main
idea/point that you intend to develop
•To preview for the reader the kinds of
information that the rest of the
paragraph is likely to contain
•To link back to your thesis or the
immediately preceding argument

Development or elaboration of
ideas

•To elaborate the new idea or point that
you have introduced. Elaboration may
include analysis, exemplification and
persuasion, or any combination of
these.

Concluding sentence(s)

•To round off what you have said so far
in your paragraph
•To qualify the views expressed
•To link the current paragraph to the
next paragraph

Cohesion (‘united whole’)
1. Connectors – make a text ‘hang together’ or
increase a text’s cohesion
‘hooks’ that connect different parts of a text
sometimes explicitly describe the structure or
development of the text e.g. in the first place,
therefore, however, in addition…….

Cohesion
2. Repetition of key words/terms forms
‘strands’ of meaning throughout the text

3. Pronouns like it, them, those point to
antecedents, creating links

Coherence
• Coherence refers to the overall sense or logical
interconnection i.e. the pattern it follows:

a comparison
an argument
a description in time

Coherence
• Coherence includes the unity created through cohesion –
particular ‘patterns’ or logical structures are created through
connectors, e.g.

connectors signalling comparison: like, unlike, similarly, on the
other hand...
connectors signalling argument: ...?

Coherence
Coherence works within and across
paragraphs (paragraphs are the
‘building blocks’ of logic)

TASK
READ THE NEXT PARAGRAPH AND IDENTIFY THE :

CONNECTORS
STRANDS/PATTERN
PRONOUNS

Prospective studies have shown increased acquisition of HIV
infection in uncircumcised compared with circumcised men in
selected high-risk populations [1-6]. Also, in a study of discordant
couples, we found lower levels of HIV acquisition in circumcised HIVnegative men [7]. However, no prospective studies have been
conducted in representative general populations. Cross-sectional and
ecological studies also suggest that circumcision may protect men
from prevalent HIV and STD infections [8,9], and the protective
effects of circumcision are most marked if the procedure is
performed before the onset of puberty [10]. On the basis of these
findings from observational studies, it has been proposed that
circumcision should be widely promoted as a means of HIV
prevention [8,9]. To assess the role of male circumcision in HIV
prevention, we examined the effects of circumcision on HIV
acquisition in a representative population-based cohort of………

Prospective studies have shown increased acquisition of HIV
infection in uncircumcised compared with circumcised men in
selected high-risk populations [1-6]. Also, in a study of discordant
couples, we found lower levels of HIV acquisition in circumcised HIVnegative men [7]. However, no prospective studies have been
conducted in representative general populations. Cross-sectional and
ecological studies also suggest that circumcision may protect men
from prevalent HIV and STD infections [8,9], and the protective
effects of circumcision are most marked if the procedure is
performed before the onset of puberty [10]. On the basis of these
findings from observational studies, it has been proposed that
circumcision should be widely promoted as a means of HIV
prevention [8,9]. To assess the role of male circumcision in HIV
prevention, we examined the effects of circumcision on HIV
acquisition in a representative population-based cohort of………

Brave a review……….

GRADUATE

ADDITIONAL RESOURCES
• Wager E. Getting research published: an A to Z of publication strategy. Radcliffe
Publishing Ltd, Second Edition, 2010
• Hall GM (ed). How to write a paper. Fouth edition. BMJ Publishing Group, Wiley
– Blackwell, 2008.
• Byrne D. W. Publishing your medical research paper: What they don't teach in
medical school. Williams & Wilkins, Baltimore, US, 1998
• Publication Manual of the American Psychological Association, Sixth Edition.
APA Washington DC, US, 2009
• Fraser J., Fuller L. & Hutber G. Creating Effective Conference Abstracts and
Posters in Biomedicine. Radcliffe Publishing, UK, 2009
• Lang, T. How to Write, Publish, & Present In The Health Sciences: A Guide for
Clinicians and Laboratory Researchers. Philadelphia, PA: American College of
Physicians, 2009
• Other books relevant to research publication selected by Council of Science
Editors:
http://www.councilscienceeditors.org/i4a/pages/index.cfm?pageid=3532

Formulating a
Research Question

Formulating a Research Question

WHAT IS THE AIM OF A RESEARCH QUESTION?

Formulating a Research Question
• Statement of the objective/intent of
research
• A roadmap for the process to follow

Formulating a Research Question
In qualitative Research:
Central question – Broad
Sub-questions – narrow the focus
Question may change during the course
of the study

WRITE THE FOLLOWING DOWN
The topic of interest will be…....
The study needs to be conducted because…..

7 steps to develop research
question: STEP 1
SOURCES
• SELF GENERATE - experience, observations
• SUGGESTED – research/clinical units
• ASSIGNED – supervisor/department

STEP 2
INITIAL LITERATURE REVIEW
At the end of this you should:
• Know main authors in field
• Know if there are validated tools
• Know if the question has been asked before

STEP 3
STATING THE QUESTION
• Relevance & impact
• Can be answered in your time frame
• Never let technology/expertise drive
development of question.

Eg: Is adolescent behaviour in SA linked to
clubbing?

STATE YOUR QUESTION

STEP 4
CHALLENGING THE QUESTION
Broad purpose?
Why important now?
Who benefits and why?
Relevant sources?
Do sources support the need for the project?
Ethics?

REWORD YOUR QUESTION

STEP 5
ADVANCED LITERATURE SEARCH

STEP 6
REFINING THE QUESTION
• Existing knowledge and theories
• Availability of tools, time, finance, participants
• Ethical considerations

STEP 6
FINAL WORDING

• Avoid:
Ambiguous words
Esoteric language
Lengthy, wordy sentences

STEP 6
FINAL WORDING

• Include the purpose
• Include central phenomenon
• Use qualitative words eg: explore,
understand, discover, generate
• Begin with ‘how’ or ‘what’.
• State participants to be included
• State site

REFINE YOUR QUESTION

CATEGORIES OF QUESTIONS
1. Descriptive (What)
A description of social phenomena
Eg: What experience do adolescents have with
criminal behavior and risky behavior during
night life?

CATEGORIES OF QUESTIONS
2. Explanatory (Why)
Explore relationships among phenomena that
have already been studied at descriptive level.

Eg: How do crime experiences of adolescents
relate to their use of alcohol and the effects of
alcohol use.

WHAT CATEGORY DOES YOUR QUESTION FALL
INTO?

WHICH DESIGN WILL ANSWER
YOUR QUESTION?

USING THE HANDOUT SELECT THE APPROPRIATE
DESIGN
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The increase in annual global investment in biomedical research—reaching US$240 billion in 2010—has resulted in
important health dividends for patients and the public. However, much research does not lead to worthwhile
achievements, partly because some studies are done to improve understanding of basic mechanisms that might not
have relevance for human health. Additionally, good research ideas often do not yield the anticipated results. As long
as the way in which these ideas are prioritised for research is transparent and warranted, these disappointments
should not be deemed wasteful; they are simply an inevitable feature of the way science works. However, some sources
of waste cannot be justiﬁed. In this report, we discuss how avoidable waste can be considered when research priorities
are set. We have four recommendations. First, ways to improve the yield from basic research should be investigated.
Second, the transparency of processes by which funders prioritise important uncertainties should be increased,
making clear how they take account of the needs of potential users of research. Third, investment in additional research
should always be preceded by systematic assessment of existing evidence. Fourth, sources of information about
research that is in progress should be strengthened and developed and used by researchers. Research funders have
primary responsibility for reductions in waste resulting from decisions about what research to do.

Introduction
Recommendations
1 More research on research should be done to identify
factors associated with successful replication of basic
research and translation to application in health care,
and how to achieve the most productive ratio of basic
to applied research
• Monitoring—periodic surveys of the distribution of
funding for research and analyses of yields from
basic research
2 Research funders should make information available
about how they decide what research to support, and
fund investigations of the eﬀects of initiatives to engage
potential users of research in research prioritisation
• Monitoring—periodic surveys of information on
research funders’ websites about their principles and
methods used to decide what research to support
3 Research funders and regulators should demand that
proposals for additional primary research are justiﬁed by
systematic reviews showing what is already known, and
increase funding for the required syntheses of existing
evidence
• Monitoring—audit proposals for and reports of new
primary research
4 Research funders and research regulators should
strengthen and develop sources of information about
research that is in progress, ensure that they are used by
researchers, insist on publication of protocols at study
inception, and encourage collaboration to reduce waste
• Monitoring—periodic surveys of progress in
publishing protocols and analyses to expose
redundant research

This report will be focused on the waste of resources
resulting from decisions about what research to do. After
exploring investment patterns, we consider waste that
ensues when the needs of potential users of research
evidence (ie, policy makers, patients, professionals
making practice or personal decisions, and researchers
and research funders deciding which additional research
should be done) are ignored and what is already known
or already being researched is overlooked. We conclude
with recommendations for how to reduce waste when
research priorities are set.
We have approached our task using the research
categories suggested by Stokes:1 pure basic research (to
advance knowledge), pure applied research (to increase
immediate applicability of research results in practice
and policy decisions), and use-inspired basic research (to
both advance knowledge and increase applicability).
Stokes created a schema to represent categories, which
we have adapted (ﬁgure 1). He named the quadrant
representing use-inspired basic research after Louis
Pasteur, because Pasteur’s basic research had been
motivated by the need to generate evidence relevant to
reductions in morbidity, mortality, and economic costs of
infections in people and animals. In our adapted schema,
we have retained Pasteur in his original quadrant, but
replaced Nils Bohr (the nuclear physicist) with Marie
Curie in the quadrant for pure basic research, because of
the medical importance of her studies of radiation. We
also replaced Charles Edison (inventor of the light bulb)
with Richard Doll in the quadrant for pure applied
research, because of Doll’s work with Bradford Hill to
identify smoking as a cause of lung cancer. We have
www.thelancet.com Vol 383 January 11, 2014
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Relative investment in basic and applied
research
Global investment in biomedical research is increasing,
reaching US$240 billion (adjusted for purchasing power
parity) in 2010.5 Basic research is the principal
beneﬁciary of this investment.6 More than half of the
£1·6 billion in public and charitable investment in
research in the UK in 2009–10 was allocated to basic
research (table 1),7 a pattern that was also reported in the
USA in 2012.8 This longstanding funding pattern is
partly a result of assertions made many years ago by two
scientists—Julius Comroe and Robert Dripps—who
claimed that 62% of all reports judged to be essential for
subsequent clinical advances were the result of basic
research.9 However, the rigour and objectivity of their
analysis was questioned,10 and an attempt by
bibliometricians to replicate the ﬁndings showed not
only that Comroe and Dripps’ analysis was “not
repeatable, reliable or valid”, but also that only 2–21% of
research underpinning clinical advances could be
described as basic.11
Basic research has led to some notable and often
serendipitous advances in the protection and promotion of
human health. For example, discovery of a hightemperature polymerase in an extremophile bacterium12
led to the development of PCR, which is now an essential
instrument in genetics and diagnostics. A spin-oﬀ from
research into the eﬀect of electric ﬁelds on bacterial growth
was the discovery that platinum inhibits cell division,13
which thus led to the introduction of potent anticancer
compounds, such as cisplatin. Additionally, research into
fungi and cholesterol led to the development of statin
drugs, which are now widely used to reduce cholesterol in
people at increased risk of cardiovascular disease.14
Examples such as those are often used in arguments that
more than half the total resources invested in biomedical
research should be allocated to basic research.8
Formal evidence for the value of basic research is not
strong, and understanding about what would represent
realistic yield targets (eg, number of discoveries that
result in substantial translational impact) is poor. Most
initially promising ﬁndings are subsequently identiﬁed
as false positives or exaggerations. Of more than
25 000 reports published in six leading basic-science
journals between 1979 and 1983, 101 included conﬁdent
claims that the new discoveries had clear clinical
potential, yet only ﬁve had resulted in interventions with
licensed clinical use by 2003, and only one led to the
development of an intervention used widely.15
www.thelancet.com Vol 383 January 11, 2014

In a series of projects assessing the translation of research
from bench to bedside,16–18 applied clinical research—not
basic research—has been consistently shown to have large
health, social, and economic eﬀects. The ﬁnding that
clinical research has greater impact than does preclinical
basic research was observed over a period of
10–15 years in arthritis research,16 over 15–20 years in
cardiovascular research,17 and over 20–25 years in mental
health research.18 These ﬁndings suggest that the time
needed for translation of basic research into practice is long
(>20–25 years), and longer than previous estimates of
10–20 years.19 Indeed, between 2004 and 2011, the
development time for three classes of drugs actually
increased in both clinical and approval phases.20
The slight proportional increases in charitable and
public funding for pure applied research and use-led basic
research in the UK between 2006 and 2010 (table 1), were
partly a result of recognition that the numbers of noncommercial clinical trials had been decreasing,21 and that
the capacity and infrastructure for applied research was
inadequate.22 Promising ideas developed in basic research
were not being translated into applied research; they were
meeting a bottleneck in assessments of whether they could
lead to advances in prevention and treatment. Because this
bottleneck was threatening national wealth and health, in
2006, the UK Government decided that research funding
ratios should be altered to foster increased capacity for
applied research.22 Similar developments have occurred in
some other countries—eg, the USA23 and Italy.24
Because basic research accounts for such a high
proportion of the overall expenditure on biomedical
High
Relevant to advancing
of knowledge

named Stokes’ previously unnamed quadrant the waste
quadrant to take account of the many research projects
that contribute nothing or very little to knowledge or to
practice and policy. As Altman lamented in a much cited
1994 report,2 we need less research, better research, and
research done for the right reasons—an issue that has
since been revisited several times.3,4
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Figure 1: Classiﬁcation of diﬀerent categories of research
Pure basic research

Proportion of funds allocated

Pure applied research

Use-led basic research

2004–05

2009–10

2004–05

2009–10

2004–05

2009–10

68·3%

59·4%

21·2%

27·2%

10·7%

13·3%

Percentages calculated with data from UK health research analysis 2009/2010.7 Pure basic research is concerned with
understanding of biological, psychological, and socioeconomic processes and functioning (underpinning research),
and aetiology. Pure applied research is concerned with prevention, detection and diagnosis (but not the discovery and
preclinical testing of markers and technologies), treatment assessment, disease management, and health services.
Use-led basic research is concerned with development of detection, diagnosis, and treatment (including the discovery,
development, and preclinical testing of biological markers, imaging technologies, and diagnostic and predictive tests).

Table 1: Distribution of public and charitable funds for medical research in 2004–05 and 2009–10, by
category of investment
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research, credible scientiﬁc methods need to be used to
assess its yields relative to those of applied research.
Opportunities to improve the yield from basic research
might not have been realised, but they will probably not
be conﬁdently identiﬁed without additional so-called
research on research done by investigators whose
interests do not depend on the ﬁndings.25

Ways to decide priorities for research
Funding decisions vary depending on whether priorities
are set by researchers or funders solicit proposals
addressing questions that they believe are important.21
Diﬀerent models have been proposed for decisions
about which high-risk basic research to support. They
typically focus on funding of scientists rather than
projects to allow maximum freedom of thinking and
action.26 However, most research funding organisations
do not follow this path—eg, of 35 944 awards made by
the US National Institutes of Health in 2011, only
50 were in the three new innovator categories that focus
more on funding of individual scientists rather than on
detailed projects with speciﬁc end results.27 As Horrobin
forcefully pointed out three decades ago,28 the kind of
creative lateral thinking that has led to important
advances in understanding has had to survive peerreview systems that tend to be innately conservative,
subject to fashion, and often inimical to ideas that do not
conform with mainstream thinking. Experimental
evidence suggests that a strong bias against novelty does
exist in traditional peer-review systems.29 Moreover,
peers tend to support proposals that have similar
ﬁngerprints to their own interests, not those that are
really novel.30
Nasser and colleagues31 examined six critical reviews of
varied approaches to deciding which research to support.
Despite limitations of the data and analyses included in
the critical reviews, some common themes emerged;
Panel 1: Steps for research groups to improve setting of
priorities31
1 Include objectives in research groups’ strategic plans and
deﬁne the stakeholders whose opinions and priorities will
be considered
2 Draw on an existing summary of previous priority-setting
exercises in the specialty before undertaking own exercise
3 Use available methodological reviews of research priority
setting as guidance about how to meet priority-setting
objectives
4 Ensure that the priority-setting team has the necessary data,
information about context, and skill set for their exercise
5 Pilot, assess, revise, and update the priority-setting
exercise at intervals
6 Participate in discussions within the community of
interest to share ﬁndings and experiences
Reproduced from Nasser et al,31 by permission of Elsevier.
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they identiﬁed several steps that could improve strategies
used to set research priorities (panel 1).
Decisions about what research to do can be informed by
the burden of disease.32 Analyses often identify mismatches
between disease burden and research funding,21,33–36 and
could help to increase attention to neglected tropical
diseases—eg, schistosomiasis and dengue virus infection—
and to worldwide problems—eg, mental health, dementia,
and stroke. However, analyses of the burden of disease
have limitations. The reality that many patients experience
burdens from multiple diseases can be overlooked, and
orphan treatments and diseases are missed, despite the
large numbers of people who are aﬀected. Furthermore,
analyses of the burden of disease oﬀer little insight into the
research needs of health systems, and research funding
decisions need to take account of costs and whether
investigation of research questions is feasible.37
Use-inspired basic research receives proportionately
less funding than either pure basic research or pure
applied research (table 1). It results when there is creative
interaction involving basic researchers, applied
researchers, and the users of research. For example, a
systematic review38 of the eﬀects of drugs tested in
experimental autoimmune encephalitis in rodents
identiﬁed three oﬀ-patent drugs worthy of assessment in
people with primary progressive multiple sclerosis.
Because these potentially useful agents are of no
commercial interest, their eﬀects in patients with multiple
sclerosis are being assessed in publicly funded trials.39
Development of so-called needs-led research agendas is
dependent on the expertise of individuals who are well
placed to use the ﬁndings as well as that of researchers.
In some exercises in research priority setting, speciﬁc
attention has been paid to interpersonal communication,
with consideration of aspects of collaborative working,
such as mutual respect and mutual learning.40 Discussions
about research prioritisation can beneﬁt from the
inclusion of someone with the skills to unite diﬀerent
groups, translating between diﬀerent languages or
spheres of expertise, and enabling interactions.41 As long
as the processes used to prioritise proposals for research
are transparent and justiﬁable, disappointing subsequent
results should not be thought of as wasteful, let alone as
failures; they are an inevitable feature of the way science
works. Indeed, new treatments assessed in randomised
trials are only slightly more likely, on average, to turn out
better than existing (standard) treatments.42
Whichever methods are used to decide what research
to support, decision makers should endeavour to avoid
wasting resources. They should not ignore the needs of
potential users of research evidence or what is already
known or being researched.

Waste caused when potential users’ needs
are ignored
Waste results when the needs of users of research
evidence are ignored. In 2011, Liberati said: “I have had
www.thelancet.com Vol 383 January 11, 2014

Series

the opportunity to consider from more than one
perspective the mismatch between what clinical
researchers do and what patients need. I am a researcher;
I have responsibility for allocating funding for research;
and I have had multiple myeloma for the past decade.”33
He emphasised the need for a new research governance
strategy, adding that “Left to themselves, researchers
cannot be expected to address the current mismatch”.33
Users of preclinical research need reliable information to
inform research priorities, both for additional preclinical
research and for clinical research. Furthermore, users of
the results of animal research need assurance that
disease models developed in animals are actually relevant
to human disease.43
Industry is showing signs of concern that basic research
done in academic centres does not provide a suﬃciently
reliable basis for drug development.44 Researchers at
Amgen were unable to replicate 47 of 53 reports of
important basic science studies of cancer that had
originated in academia.45 In view of such concerns and
the unknown translational potential of basic research
done in academia, it is unsurprising that some hedge
funds are having doubts about the value of investment in
basic research.46 Additionally, the available evidence has
not validated the previously conﬁdent predictions of basic
researchers about the promise of new areas such as
genomics and personalised and individualised medicine.47
When promising early ﬁndings are not replicated—
indeed, they are often contradicted48—it is hard to know
whether the diﬀerences are recorded because designs of
the original studies have been based on incomplete
assessments of what is already known, the quality of data
is poor,43 or basic understanding of the relevant biology and
other factors is incomplete. Whatever the reasons, users of
research want reliable evidence that can be replicated. Yet
researchers often struggle to obtain funding to repeat what
has been done previously and to publish the results of
replications.49 Without attempts to replicate positive initial
ﬁndings, judgment of their validity will remain diﬃcult, if
not impossible. Until recently, tests were done of one gene
at a time in most studies of human genome epidemiology,
with selective reporting of results and spurious
conclusions, and no replication in subsequent large
consortia-based, genome-wide eﬀorts. The misleading
results have been perpetuated in meta-analyses that are
based on selectively presented information.
If researchers do not meet the needs of the users of
research, evidence will have less of an eﬀect on clinical
and public health practice than it should. The principal
users of clinical and epidemiological research are
clinicians and the patients who look to them for help.50
Both are often frustrated by mismatches between the
uncertainties that they wish to see addressed in research
and the questions that researchers choose to
investigate.33–36 They express concern about clinical trials
having little relevance in real-world settings51 and
complain that researchers often do not assess the eﬀects
www.thelancet.com Vol 383 January 11, 2014

of interventions in terms of functional, social, and
emotional wellbeing, or adverse reactions and long-term
outcomes.52–54 Evidence suggests that the end users of
research are much less interested in drug research than
are the institutions and investigators who fund and do
research (ﬁgure 2).
What might account for mismatches between what
researchers do and what potential users of research
want? Apart from the eﬀect of commercial, political, and
academic interests in decisions about what is researched,4
one obvious reason is that users of research evidence are
only rarely involved in the setting of research agendas.55
As a result, some research questions rated important by
patients and clinicians might never occur to researchers.
But so-called methodological disincentives might have a
role: the design, running, and interpretation of trials of
drugs will usually be methodologically straightforward
compared with assessments of psychological or physical
therapies, service delivery, and the other non-drug
interventions that feature so prominently in the priorities
identiﬁed by patients and clinicians.

Waste caused when what is already known or
being researched is ignored
In 2001, a major funder of research in the UK—the
English Department of Health—emphasised that
systematic assessment of what is already known or being
researched is essential when decisions are made about
what further research to do.56 Such assessment will
identify what should be replicated, avoid unnecessary
duplication, and result in research that addresses
deﬁciencies in previous work.57 Although the point at
which necessary replication becomes wasteful
duplication can almost always be disputed, decisions
should be informed by as high a proportion as possible
of the relevant existing evidence.50,58
Surveys of citation patterns in reports of clinical trials
provide worrying evidence that previous research is
being ignored.59,60 An analysis61 of clinical trials reported
over four decades showed that, irrespective of the
number of relevant previous trials, fewer than a quarter
of previous studies (and a median of only two) had been
cited in reports. A survey62 of investigators of clinical
trials generating data that others had used to update
systematic reviews showed that less than half were even
aware that relevant reviews of existing evidence were
available when they designed their studies.
Matters might be improving,63 but the present situation
is ethically, scientiﬁcally, and economically indefensible.57
In reports published in ﬁve highly cited general medical
journals, only rarely did investigators state that they had
used up-to-date systematic reviews when designing their
new clinical trials (table 2).64 Similarly, of 446 protocols
for clinical research submitted to British research ethics
committees, in only four (1%) had meta-analyses of data
from relevant previous studies been used to plan target
sample sizes.65 The resulting optimism bias66 leads to
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studies with inadequate statistical power and inconclusive
results: Djulbegovic and colleagues67 showed that trial
results match expected size of treatment eﬀects in only
12% of studies.
Undercitation of previous research is a particularly
egregious problem when the selection of previous studies
is biased.68 In a citation network analysis of research on
β-amyloid accumulation in Alzheimer’s disease, nonsupportive references were ignored in grant applications
and in published reports, even when the evidence came
from the laboratory submitting the grant application.69
A systematic review of animal and human research
before additional primary research is undertaken is of
great importance (panel 2).75,76 Cumulative meta-analyses
of clinical trials clearly show why systematic reviews need
to be done—eg, trials of whether a short course of
corticosteroids in pregnant women expected to give birth
prematurely improved neonatal mortality were repeatedly

undertaken even after a clear reduction in risk of death
had been shown.77 Additionally, cumulative meta-analyses
showed that the eﬀects of tranexamic acid on the use of
blood transfusion were established a decade ago (ﬁgure 3).
However, the results also showed that questions about the
eﬀects of the drug on myocardial infarction and death
were unresolved, because studies had been much too
small to provide deﬁnitive answers (ﬁgure 3).60
How common is an absence of a systematic review in
clinical research? An analysis of 50 reports including
more than 1500 cumulative meta-analyses of clinical
intervention studies (appendix) shows that, had
researchers systematically assessed what was already
known, some beneﬁcial and harmful eﬀects of treatments
(eg, thrombolytic and antiarrhythmic drugs in myocardial
infarction) could have been identiﬁed earlier than they
were. Not only would systematic reviews in these cases
have reduced waste resulting from unjustiﬁed research,
they would also have shown how to reduce morbidity and
sometimes mortality, both in patients allocated to
relatively less eﬀective or actually harmful treatments in
unnecessary trials, and in patients generally. Similar
issues arise in some epidemiological studies—eg, had
investigators researching possible aetiological factors in
sudden infant death syndrome taken proper account of
what was already known, the lethal eﬀect of babies lying
on their front would have been recognised at least a
decade earlier than it was, and tens of thousands of
infant deaths could have been avoided.78 Similarly, a
cumulative meta-analysis79 of 55 studies done in a 24 year
period showed that the research had repeatedly
conﬁrmed that never-smoking women who had been
exposed to smoking via their husbands were more likely
than others were to develop lung cancer.
Recognition of how unreliable initial evidence can be is
important.80,81 Some cumulative meta-analyses have shown
how replications have challenged initially favourable or
unfavourable results (appendix). An analysis82 of data
from 85 002 meta-analysis forest plots with binary
outcomes published by the Cochrane Collaboration
showed that early trials in a series tend to show
overestimated treatment eﬀects. This overestimation
might result from selection of unrepresentative subgroups
of patients known to have responded favourably to similar
drugs previously, or from exclusion of other patients who
have not responded.83 The overestimation in single trials
and even meta-analyses could be a result of biased underreporting of early trials with disappointing results,84 or
time-lag bias in the reporting of trials.85 As a result, early
studies and meta-analyses could tend to yield inﬂated
estimates of eﬀects, which needs to be taken into account
during consideration of proposals for additional studies.86

Recommendations
Research funders and research regulators have the primary
responsibility to address sources of avoidable waste when
research priorities are set. We recommend four important
www.thelancet.com Vol 383 January 11, 2014
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ways to reduce this waste. First, more so-called research on
research is needed to identify the factors associated with
successful replication of basic research and translation to
application in health care, and how to achieve the most
productive ratio of basic to applied research. Ideas worthy
of further examination are whether the pace at which basic
research is translated into useful application could be
accelerated, whether duplication in this type of research is
excessive, and whether the emphasis is on conforming
rather than innovative eﬀorts.
Ways are needed to fund the best scientists and allow
them to pursue innovative, high-risk ideas without
obstacles, as in the Howard Hughes Medical Institutes
model. Experimental studies should assess whether
processes through which scientists are funded on the
basis of merit and record of excellence (rather than by
convincing peers about high-risk ideas) could liberate
creativity and lead to major discoveries.26 Filley87
suggested that career success in research should rest on
the validity of ﬁndings as established by whether they
can be replicated, rather than whether the research has
been published in popular journals.
Encouragement to work across traditional academic
boundaries can lead to creative sharing of ideas—eg,
natural scientists and computer scientists collaborated
to imagine the creative possibilities of combining DNA
nanotechnology with cutting-edge polymer chemistry.88
In the future, useful basic research will probably be
increasingly multidisciplinary. The dividing boundaries
of funding agencies could be managed to avoid the
funding of overly narrow projects and resulting silo
eﬀects of researchers from diﬀerent backgrounds
independently addressing the same issue from diﬀerent
perspectives. If more basic researchers encountered
major problems of health and disease, they might be
inspired to think in new directions, producing new
ideas and new solutions, as Pasteur was. Use-inspired
basic research might result from continuous
communication between scientists working at the later
stages of the translational process and health-care
practitioners and patients who can contribute potentially
relevant ﬁndings.
Mapping of the entire research portfolios of major
agencies could establish whether some basic research
specialties are too large and have unnecessary duplication
of eﬀort, meaning that thousands of scientists and their
projects make incremental, iterative contributions within
basic research bubbles. Investments could be shifted to
newer, higher-risk, but possibly also higher-yield ideas.
Scientometric research could identify clusters of
generally conforming research output versus more
innovative counterparts.
Our second recommendation is that research funders
should make information available about how they
decide what research to support, and fund investigations
of the eﬀects of initiatives to engage potential users of
research in research prioritisation. Members of the
www.thelancet.com Vol 383 January 11, 2014

Panel 2: Examples of what can happen when no systematic
review of existing animal or human evidence is done
before new research begins
• Animal experiments are unnecessarily replicated—eg,
experiments to conﬁrm the eﬃcacy of tissue plasminogen
activator would not have continued for almost a decade
after its beneﬁt had been shown in stroke models.70
• Unnecessary deaths and life-threatening side-eﬀects—eg, a
healthy volunteer recruited to help with assessments of the
eﬀects of inhaled hexamethonium on lung function would
not have died from the toxic eﬀects of the drug on her
lungs,71 and life-threatening cytokine storms would have
been avoided in six healthy volunteers paid to participate in
a phase 1 trial of the monoclonal antibody TGN1412.72
• Patients are enrolled into clinical trials that do not need to
be done—eg, more than 7000 individuals who had had a
stroke would not have been enrolled in clinical trials of
nimodipine because systematic reviews of the eﬀects of
the drug in animal studies of stroke did not identify any
protective eﬀects,73 and had animal studies been reviewed
systematically, the large ENABLE study of endothelin
receptor blockers would probably not have been done.74

public are beginning to identify novel research topics
and are helping to shift the focus of research
programmes.89,90 These trends have meant that
researchers have had to clarify and justify their research
plans; have changed how problems have been
approached; have initiated or accelerated research;91 and
have led to the identiﬁcation of shared priority topics
and questions90 (panel 3). Such discussions with users of
research also provide opportunities to abort unpromising
eﬀorts early. For example, an idea that health
professionals studying stroke were keen to turn into a
funding bid was abandoned when individuals who had
had strokes and their carers were consulted about
whether it was worth pursuing.97 Similarly, other
potential research briefs have been discarded when
consultation showed that patients were sceptical or had
alternative preferences.98
What motivates some research funders and
researchers to respect the needs of potential users of
research? Researchers’ intentions to engage the public
seem to depend less on the time and funds available
than on whether they are positively inclined to try to
apply the principle of consulting research users, feel
capable of implementing it, and see their colleagues
doing so.99 Intrinsic motivation to involve potential
users of research comes from the satisfaction of
addressing and delivering solutions to problems that
research users deem important. The needs-led
approach is sometimes taken when public or charitable
funds are being used to commission research.95,98 For
researcher-initiated studies, funders could give
additional extrinsic motivation by asking applicants to
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Figure 3: Cumulative meta-analyses of 36 trials of tranexamic acid during surgery
Data taken from Ker et al.60 The eﬀects of tranexamic acid on risk of bleeding and subsequent blood transfusion were clearly established a decade ago, but the eﬀects
of the drug on risk of myocardial infarction and death were still unknown in 2011. RR=risk ratio. NR=not reported. NE=no events.

Panel 3: Examples of patients’ and clinicians’ shared research priority topics
• Are the beneﬁcial eﬀects of ibudilast, riluzole, and amiloride reported in experimental
autoimmune encephalitis in rodents replicated in people with primary progressive
multiple sclerosis?38,39
• How can sexual dysfunction due to antipsychotic drugs be managed?92
• Can a group-based cognitive rehabilitation programme after acute traumatic brain
injury retrain an individual’s memory and other cognitive functions?93
• What are the eﬀects of breathing exercises as a form of physical therapy for asthma?94
• How can itching and oedema on scars and skin donor sites be reduced?95
• What genetic, environmental, and lifestyle factors cause or aﬀect the onset of asthma
or chronic obstructive pulmonary disease?40
• How can overtreatment for prostate cancer be prevented with identiﬁcation and
exclusion of the treatment of harmless tumours?96

describe how they have involved potential users of
research in their plans.55
The numbers of reports about how research priorities
are being set by some research users, particularly by
clinicians and patients, are growing.100 Some of the
162

mismatches between research agendas and the needs of
the users of research can be reduced by inviting research
users to help to shape research agendas. In the past
10 years, the James Lind Alliance has developed a formal
process through which patients and clinicians identify
their shared research priorities to address uncertainties
about the eﬀects of treatments.90
Our third recommendation is that research funders
and regulators should demand that proposals for
additional primary research are justiﬁed by systematic
reviews of what is already known and increase funding
for the necessary syntheses of existing evidence. Two
decades ago, Bausell invited the readers of Evaluation and
the Health Professions to consider a moratorium on all
proposals for new investigations until the results of
existing research had been incorporated in scientiﬁcally
defensible reviews.101 In the light of the evidence of waste
that we have presented here, Bausell’s proposal and its
potential beneﬁts should not seem far-fetched.
Nevertheless, encouraging progress has been made in
the enhancement of the capability and opportunities to
www.thelancet.com Vol 383 January 11, 2014
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apply this principle in practice. Indeed, in specialties
such as human genome epidemiology, primary research
and meta-analyses have become practically tautologous.
Additionally, helpful methodological developments have
been made—eg, network meta-analyses have been
described when few head-to-head studies have compared
the eﬀects of similar treatments.102 Although systematic
reviews of animal studies remain rarer than are those of
clinical research,103 they can identify previously
unappreciated lines of investigation and so provide the
basis for evidence-informed translational medicine.
Despite this progress, it will often be the case that no
relevant systematic reviews are available to inform plans
for additional research.
Increased recognition of the need to assess systematically
what is already known will mean that researchers need to
be trained in research synthesis methods. The high
expected standards for systematic reviews are undoubtedly
challenging. If systematic reviews of relevant existing
evidence are to inform proposals for additional primary
research, work is needed to identify how trustworthy
results can be generated with methods that are less
resource intensive than are those expected now,104 and how
computers can be used to increase the eﬃciency of the
preparation of systematic reviews.105,106
Our ﬁnal recommendation is that research funders and
research regulators should strengthen and develop sources
of information about research that is in progress, ensure
that they are used by researchers, insist on publication of
protocols at study inception, and encourage collaboration
to reduce waste. Systematic assessments of what is already
being investigated can help to reduce redundant research
and encourage the collaboration that is often needed to
achieve studies of suﬃcient size to provide reliable results.
All research funders should be motivated to pursue these
objectives so that they can be seen to be using the resources
entrusted to them eﬃciently and responsibly.
The means to assess what is already being researched
are gradually becoming increasingly available with
prospective registration of protocols for clinical trials and
systematic reviews.107 There have also been calls for
protocol registration of non-experimental human
studies,108 although some have challenged its
desirability,109 and there is probably a greater consensus
about registration of proposals for observational datasets.
Recognition of publication bias and inadequate sample
sizes of many animal experiments has also prompted
calls for registration110 and multilaboratory collaboration
in studies with animals.
Researchers can decide not to embark on a study on the
basis of information about similar investigations that are
in progress—whether primary studies or systematic
reviews. Alternatively, the information can prompt
researchers to contribute to an existing study or to plan
collaborative analyses of similar, but independently
organised research, with an agreed core dataset to
address mutually agreed questions. Such prospectively
www.thelancet.com Vol 383 January 11, 2014

planned meta-analyses seem likely to oﬀer an important
way to generate precise and generalisable estimates of
eﬀects and associations, and a way of confronting some
of the practical and political diﬃculties encountered
during organisation of large international studies.111
Eﬃcient exploitation of these opportunities will need
increased international collaboration and coordination
among research funders.
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Table 1. Five-Questions to select the “color” to paint a qualitative design (Caslin and Scott, 2003)

Question to Act to Discover Associated Tradition
Preferred Approach
Biography
1. If I could discover the meaning of
one person’s lived experience, I
would ask ______________
(individual) about __________.
Phenomenology
2. If I could discover the shared
lived experiences of one quality or
phenomenon in others, I would
want to know about
______________________.
Ethnography
3. If I could experience a different
culture by living/ observing it, I
would choose to experience
____________.
Case Study
4. If I could discover what actually
occurred and was experienced in a
single lived event, that event would
be
_____________________________
__.
Grounded Theory
5. If I could discover a theory for a
single phenomenon of living as
shared by others, I would choose to
discover the theory of________

Statistical Methods to Test Hypotheses
Type of experiment

Two
treatment groups
consisting of
different individuals

Three or more
treatment groups
consisting of
different individuals

Before and after a
single
treatment in the
same individuals

Interval (and drawn
From normally
disturbed
Populations)*

Unpaired t test
(Chap. 4)†

Analysis of variance
(Chap.3)

Paired t test
(Chap.9)

Repeated-measures
analysis of variance
(Chap.9)

Linear regression
And Pearson
product-moment
correlation;
Bland-Altman
Analysis (Chap.8)

Nominal

Chai-square
analysis-of-contingency
table
(Chap.5)

Chai-square
analysis-of-contingency
table
(Chap.5)

McNemar’s test
(Chap.9)

Cochrane Q†

Contingency
coefficients†

Ordinal

Mann-Whitney
Rank-sum test
(Chap.10)

Kruskal-Wallis
Statistic
(Chap.10)

Wilcoxon signed-rank
Test
(Chap.10)

Friedman statistic
(Chap.10)

Spearman rank
Correlation
(Chap.8)

Survival time

Log-rank test
Or Gehan’s test
(Chap.11)

Scale of
measurement

Multiple treatments
in the same
individuals

Association between
two variables

*If the assumption of normally distributed populations is not met, rank observations and use methods of data measured on an ordinal scale.
†Not included in this text.

WHO ARE MY STUDY SUBJECTS?
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WHAT IS SAMPLING?

 When individual members of a population are identical, the population is said to be

homogenous.


i.e. Characteristics of any one individual in the population would be the same as the characteristics of
any other individual in that population

 When individual members of a population are different from each other, the population is said

to be heterogeneous


i.e. Characteristics of anyone individual in the population are different from the characteristics of other
individuals in that population

WHAT IS SAMPLING?
The more
heterogeneous a
population is….
• the greater the
chance that a
sample may not
adequately
describe a
population leading
to incorrect
inferences
• the larger the
sample needs to be
to adequately
describe the
population

WHAT IS SAMPLING?

The sample
should be
representative of
the study
population
being

WHAT IS SAMPLING?
 The group called the study population (target population) should be clearly defined i.e.

person, place, time and other factors relating to the study


e.g. To study the use of maternal health services in Kimberly the study population is defined as:


‘all women of child-bearing age (15-49 years)’ - person



‘resident in Kimberly’ - place



‘at the time of the study’ - time



Additional factors relating to the study could include:

‘women must be pregnant at the time of the study, or utilised the maternal health services in Kimberly within the last
2 years’

Source: Epidemiology, A Research manual for South Africa.
Chapter 8.

WHAT IS SAMPLING?

 Sampling is the process of selecting observations (a sample) to provide an adequate

description and robust inferences of the population.

 There are two types of sampling:


Non-Probability Sampling (Convenience Sampling)



Probability Sampling (also called Random Sampling)

Convenience Sampling is a nonprobability technique where
study subjects are selected
because of heir convenient
accessibility and proximity to the
researcher.

PROBABILITY SAMPLING (RANDOM SAMPLING)

 A sample must be representative of the population with respect to the variables of interest.
 A sample will be representative of the population from which it is selected if each member of

the population has an equal chance (probability) of being selected.

 Probability samples are more accurate that non-probability samples (remove sampling bias)
 Probability samples allow us to estimate the accuracy of the sample.

While the researcher
 Probability samples permit the estimation of population parameters.

controls the sampling
process, he/she has no
control over exactly which
individuals are selected, this
is determined purely by
chance.

PROBABILITY SAMPLING (RANDOM SAMPLING)

 SAMPLING FRAME - this is a list or some representation (e.g. a map) of the study population, of

individuals or groups of individuals (e.g. households or villages), depending on the type of
random sampling used.

 SAMPLING UNITS - these are the items on the sampling frame


e.g. A sampling frame could be all the doctors listed in the Bloemfontein telephone directory, with the
doctors being the sampling unit. (It is unlikely that a doctor practising in Bloemfontein will not be listed in
the telephone directory)

SAMPLE STATISTICS
 PARAMETER - any characteristic of a population that is true (known on the basis of census e.g.

% of males/females or % of college students in a population).

 ESTIMATE - any characteristic of a sample that is estimated (estimated on the basis of a sample

e.g. % of males/females or % of college students in a sample).

 Samples have:


SAMPLING ERROR - estimates how close sample estimates are to a true population value for a
characteristic (precision)



STANDARD ERROR (SE) – a measure of the sampling error


SE is an inverse function of sample size: as sample size increase, SE decreases

the sample is more precise

SIMPLE RANDOM SAMPLING (SRS)

 In simple random sampling of individuals, the sampling unit is an individual and each individual

in the population has an equal chance of being selected for the sample.

 SRS is basic sampling method which most others are based on.
 METHOD:


A sample size ‘n’ is drawn from a population ‘N’ in such a way that every possible element in the
population has the same chance of being selected



Not usually the most efficient but can be the most accurate

SIMPLE RANDOM SAMPLING (SRS)

 EXAMPLE

SYSTEMATIC RANDOM SAMPLING (SS)
 This empirically provides identical results to SRS but is more efficient.
 METHOD:


Starting from a random point on a sampling frame, every ‘nth’ element in the frame is selected at equal
intervals (sampling interval)



The sampling interval tell the researcher how to select elements from the frame (e.g. 1 in k elements is
selected). The sampling interval is dependent on the sample size needed

 EXAMPLE: if you had a sampling frame list of 20 000 people and you needed a sample of 2000

in your study, what sampling interval should you follow?

STRATIFIED RANDOM SAMPLING
 When a specific group (stratum) of interest is a small percentage of a population, sampling

using random methods could miss this group by chance.

 When there is sufficient information about the population, its can be divided into sub-goups

(strata) providing the units used for Stratified Random Sampling (StS)

 METHOD:


Divide the population by certain characteristics into homogenous groups



Elements within each strata are homogenous but are heterogeneous across strata



A simple random or systematic sample is taken from each strata relative to the proportion of that
stratum to each of the others

CLUSTER SAMPLING
 In cluster sampling, the study population is first divided into groups or bunches (clusters) of a

certain size.

 These clusters are then numbered consecutively and then the clusters are then selected using

simple random sampling

 Method is convenient in studies involving large geographical areas ( where reaching and

identifying every individual element would be difficult).


Each stage in cluster sampling introduces sampling error – the more stages there are, the more error
there tends to be

 Cluster sampling results in considerable savings in study costs, time, personnel and transport.

CLUSTER VS. STRATIFIED SAMPLING
Characteristic

Stratified Sampling

Cluster Sampling

Desired internal relationship

Subjects in same stratus are
similar to on another regarding
the stratifying factor
(homogenous)

Subjects in same cluster
different from one another
regarding the factors of interest
(heterogeneous)

Desired external relationship

Different from other strata

Similar to other clusters

Rationale

Ensure representative sample
Enable stratum specific
estimates

Efficiency (of access to
subjects) i.e. maximum
information for least cost. May
be the only way to access
subjects.

Statistical

Need to ensure appropriate
Allow for design effect:
weighting in calculating overall increase sample size and/or
estimate
allow for in analysis

SAMPLING ERROR

 Bias occurs if the sample is not representative of the study population.
 If there is no bias, the chance of overestimating or underestimating the measurement of

interest must be equal.

 If there is bias, and the error could go either way with respect to the measurement of interest,

this is called a random sampling error.

 If the error is systematic or biased in a particular direction with respect to the measurement of

interest, this is called systematic sampling error or selection bias.

RANDOM SAMPLING ERROR

 As likely to be in one direction as another

 The expected value (e.g. mean or %) is unbiased


random sampling error

wider CI or larger p-value (i.e. greater uncertainty)

 To control random sampling error: INCREASE THE SAMPLE SIZE

SYSTEMATIC SAMPLING ERROR/SELECTION BIAS

 In one direction more than another
 The expected value (e.g. mean or %) is biased
 Several types of selection bias – volunteer bias, healthy worker bias, access bias, and many

more

 To minimise selection bias: IMPROVING OR BLINDING THE SELECTION PROCESS AND

MEASUREMENT INSTRUMENTS

NB! RANDOMISATION ≠ RANDOM SAMPLING

 Method used to assign participants to study arms in clinical trials (not sampling).
 This not the same as random sampling.
 The purpose of randomisation is to distribute potential confounders equally between groups.
 Multiple methods to randomise participants can be used.
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