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Preface

This workbook has developed from the course material prepared for the London Workshops
on Teaching Evidence Based Health Care. These very popular workshops have been running
since February 1996 and are based on a model originally developed at McMaster University
in the early 1990s. Their scope and format are described further in the reprint “Workshops
for teaching evidence based practice” (page 8).

No workbook can be all things to all individuals or all groups and a book that claims to offer
all the “answers” in such a rapidly changing field as evidence based health care would quickly
become out of date. Our aim in preparing this workbook was to provide a resource for indi-
vidual reflection and group discussion, based mainly on a wide selection of classic and/or con-
troversial papers previously published in the British Medical Fournal and elsewhere.

We hope that the open-ended nature of the study units, the lists of further reading, and the
range of suggestions for how to use the material in interactive group work, will allow students
and tutors to explore new ways of teaching and learning.

Note that we have deliberately not tried to incorporate into this workbook a textbook of evi-
dence based health care. We believe that an understanding of conceptually complex topics
must be built through reflection, discussion and synthesis rather than consumed in ready-made
bites. There will be many times when you wish to pursue the theoretical aspects of clinical
epidemiology in more detail. For this, we recommend one of the many articles, chapters, and
textbooks listed at the end of each unit. Our own work includes Trisha’s How to read a paper:
the basics of evidence based medicine and our joint publication A hands-on guide to evidence based
health care: practice and implementation.

We would welcome your suggestions on how to improve this book. Please write to us c/o
the publishers or email us on ebp@ucl.ac.uk.

Trisha Greenhalgh
Anna Donald
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UNIT - Using this book n learnming and

teaching

BEFORE YOU START - DEFINE YOUR AIMS AND OBJECTIVES

It ought to be self-evident that any formal educational experience — meeting, seminar, course,
conference, lecture, learning set, journal club or whatever — should have clearly defined aims,
i.e. broad goals for what the organisers hope to achieve. In addition, each individual session
should have explicit learning objectives (i.e. specific things that the learners should k#ow or be
able to do by the end of that session).

If you are organising an educational meeting and you are unable to commit yourself in writ-
ing to precisely what participants should expect to get out of it, you should not be surprised
if they express confusion and dissatisfaction! If you are studying alone, you will almost cer-
tainly find that defining your overall aim and setting particular objectives for each study ses-
sion will make your learning more effective and enjoyable.

As the authors of this workbook, it is not our place to define in any detail your own aims or
objectives (or those of the group you intend to teach). We encourage you to think carefully
about the aims of your course as a whole and about the specific learning objectives for each
session.

AIMS

Here are some examples of aims for which this workbook might provide one resource.

Sample aims for a one-week short course on teaching evidence based health care
(EBHC)

® 'T'o provide an environment where participants from a range of backgrounds can explore
different educational models for teaching evidence based practice and discuss the design,
development, and maintenance of appropriate curricula.

® 'To allow participants to develop their own skills in question framing, critical appraisal,
database searching, and teaching as part of a lifelong professional development process.

® 'T'o encourage long-term networking and resource sharing between individuals and insti-
tutions whose common aim is the effective teaching of evidence based practice.

Sample aims for a learning set that meets for a half-day session on a regular basis
to develop a programme of clinical governance in a health service organisation

® 'T'o provide regular protected time and a safe environment in which participants can
explore the principles of evidence based health care and apply these to their own working
practice.

® 'T'o allow participants to develop relevant skills in question framing, critical appraisal, and
database searching and apply these skills to real clinical problems.
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® 'T'o build an efficient, multidisciplinary, task-oriented team that is able to identify and
draw upon the knowledge and skills of individual members in developing and implement-
ing evidence based clinical policy within the organisation.

Sample aims for an individual who wishes to improve their own skills in evidence
based health care

® 'T'o become familiar with the theoretical principles of evidence based health care and the
main controversies surrounding its application in practice, in order to make an informed
decision on how I should use research evidence in my unit or organisation.

® T'o pass an undergraduate or postgraduate examination or gain a particular vocational
qualification.

® 'T'o improve my own practice in a particular clinical area or to develop an evidence based
clinical guideline or policy for myself and my team.

LEARNING OBJECTIVES

You will find suggestions for learning objectives listed at the beginning of each unit. An
example of a learning objective is

“By the end of this study unit on critical appraisal of research evidence [which involves
reading and evaluating a paper describing an original research trial], we hope you will be
able to state the purpose of the trial, describe the methods used by the investigators and
comment on their validity, identify the main sources of bias and confounding, and esti-
mate the magnitude and precision of the results.”

Because learning objectives refer to what the learner should be able to do, they should be
expressed as a set of verbs (such as “state”, “describe”, “comment”, “identify”’, and so on).
If you plan to measure the extent to which the objectives have been achieved (for example, by
means of a formal test, examination or summative assessment), the learning objectives should
be defined in terms of measurable tasks that have a reasonably clear threshold for demon-
strating competence (i.e. the learner can be readily classified as either able or unable to per-
form the task). The objective “understand Bayes’ theorem” is much less helpful, for example,
than “demonstrate how Bayes’ theorem can inform the judicious use of diagnostic tests in the

clinical encounter”.

SET ARTICLES

1. Bligh J. Problem-based, small group learning. BM¥ 1995; 311: 342-3.
2. Greenhalgh T. Workshops for teaching evidence based practice. Evidence Based Med
1997; 2: 7-8.

LEARNING IN A GROUP

The reprint on pages 6—7 offers a number of reasons why we are enthusiastic about group
work for learning and teaching evidence based health care. Educationists talk about “super-
ficial learning” (characterised by the ability to recognise, recall, and reproduce facts) and
“deep learning” (characterised by the ability to perform more complex tasks such as analysis,
synthesis, reflection, comparison, and application of knowledge gained in one context to an
entirely new context).
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USING THIS BOOK IN LEARNING AND TEACHING

Group work is a particularly effective method for supporting deep learning because it

encourages (indeed, requires) the activities of listening, questioning, explaining, comparing,
consolidating, summarising, and evaluating.

The detailed theoretical principles of small group work are beyond the scope of this book

but we suggest that both tutors and group members should be familiar with the basics before
starting out on an intensive learning experience.

Remember

® Small group work should be fun.
® Small group work is usually exhausting.
® Small group work can be effective.

T'o make it more fun, less exhausting, and more effective, we suggest five tips.

1.

Get to know each other.

® What are our names, professional backgrounds, and interests?

® What relevant skills, experience or perspectives do individual members have?

® What were our individual objectives in coming on the course and/or joining the group?

Set some ground rules.

® When will each session start and finish? How important is it that we all turn up to
every session and that we start and finish on time? How will we cope with members
who turn up late or irregularly?

® How will we run each session? Will members take it in turns to present or lead
sessions? How about presenting in pairs?

® How will we deal with interruptions and distractions (for example, “bleeps’, mobile
phones, people “just popping out”)?

® How will we use our designated tutor or facilitator (if we have one)? If we don’t have
one, should one of us take on that role?

® What methods (formal presentations, informal discussions, role play) and technolo-
gies (flip chart, video, computer) will we use for our learning?

® Do we have a specific task to complete (for example, a project to do) that has been set
by someone outside the group and, if so, what are our terms of reference towards that
individual?

Be aware of two aspects of the learning.

® (Content — what is being covered. What is the clinical topic, what dimension of the
problem is the focus of discussion, what depth is it being covered in, etc?

® [Process — how it is being covered. Who is speaking, who is listening (and who isn’t), are
any points of view being unreasonably dismissed, is the speaker simply stating their
opinion or offering reasoned argument, etc?

You may wish to delineate a means of commenting on process that is distinct from rou-

tine input on content. The McMaster group developed the expressions “T'ime out” and

“Time in” for this. For example, the tutor might say, “T'ime out. Henry and Fred, the

points you are making are very good, but you seem to be having your own dialogue rather

than including the rest of the group. Time in.”

4. Have a broad structure in mind for every session.

® Set the agenda for the session (leaving time for practical things such as shifting furniture,
moving to break-out rooms, and refreshments, as well as the other tasks listed below).

® Agree on the topic to be covered, the methods to be used, the roles of the group mem-
bers and tutor, and the learning objectives (see page 2).

® Run the session, modifying the objectives as you go along if necessary (for example, if
it emerges that they were unrealistic). Use the Time out / Time in markers if you find
them useful.
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® Evaluate this session.
® Plan the next session.
5. Establish and follow rules for giving feedback to a group member.
® Timing
— Allocate protected time during or after the session for feedback.
— Try to give feedback as soon after the event as possible.
o Packagmg When giving negative feedback:
Use the “criticism sandwich”: begin and end your feedback on a positive note (for
example, “It was a good idea to try a role play here. Unfortunately I felt my brief
was ambiguous, and I think quite a few others felt the same. As a result I felt the
session didn’t hang together. But still, we all got to know each other better and
we’ve learnt some lessons for next time”).

— Use “I” and give your experience of the behaviour (for example, “When you said

., I felt that you were ...”).
e Content

— Stick to one or two points.

— Confine your comments to things that can be changed. There is no point saying
“You’ve got an awful sense of humour”, but you could say, “I felt it was inappro-
priate to make a joke at that point in your presentation”.

— Describe specific behaviours and give examples (“You stood up and spoke
loudly”) rather than assigning motives (“"You were trying to intimidate her”).

— Suggest alternative behaviours (“Perhaps you could have asked everyone at that
point if they were still with you™).

® Sclf-awareness

— Remember that feedback says a lot about you as well as about the person to whom
it is directed.

— Ask yourself, “Why am I giving this feedback?”. If you want to show how much
you know or contribute generally to the topic under discussion, the feedback
session is not the place to do it.

LEARNING ON YOUR OWN

Although this book was originally developed as a resource for small group work, there is no
reason why you should not use it for individual study. Some people can study very effectively
on their own; others find they need more interaction with fellow students. Research papers
and review articles can be very dry and uninspiring. Arguments and discussions about what
particular texts mean, as well as stories about real-life practice (“When we tried that ...”), are
all ways of engaging with the text and consolidating the learning.

If you are following a self-directed course of study and do not have the benefit of regular
contact with a tutor or fellow students, the following tips may help you achieve deeper under-
standing of the material presented here.

We strongly advise you to use this workbook alongside a general textbook of clinical
epidemiology or evidence based practice such as the selection listed below.

Set aside regular protected time for your studies. If you are working for an examination,
draw up a timetable that allows you to cover all the main topics. If you fail to cover one topic
to your satisfaction, decide whether to abandon it or give it more time by compromising
another topic. As described on page 2, make sure you define specific objectives for your learn-
ing.

When you read an article, make notes on its main message and list the points you do not
understand. You may, at this point, need to look things up in reference textbooks or approach
an expert in the subject. (Keep a running list of questions so you do not have to disturb your
expert too many times!).
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USING THIS BOOK IN LEARNING AND TEACHING

When you have finished reading an article, think about how you might apply its message in
practice. How would you explain its message to a group of students who are new to the topic?
How would you persuade a colleague to change their practice in the light of the results? What
might be the argument of a colleague who was resistant to change and how would you
respond? If you were of the opinion that “evidence based medicine is a load of rubbish”, what
would your reaction to this article be?

By going through mental exercises like this, you are creating, in effect, an imaginary group
of people with different perspectives, opinions, and knowledge levels about the subject and by
constructing an imaginary response to them, you will achieve a deeper understanding of the
topic.

FURTHER READING

Books on EBHC

Donald A, Greenhalgh T. A hands-on guide to evidence based health care: practice and imple-
mentation. Oxford: Blackwell, 1999.

(A textbook designed for the busy clinician or manager, with major sections on the practicalities of

achieving EBHC in the real world.)

Greenhalgh T. How to read a paper: the basics of evidence based medicine. LLondon: BM] Books,
1997.

(An introductory text designed for those with no previous background in EBHC, intended for both

medical and non-medical readers.)

Sackett DL, Haynes RB, Guyatt GH, Tugwell P. Clinical epidemiology: a basic science for
clhimical medicine. London: Little, Brown, 1991.

(A comprehensive reference text covering detailed aspects of EBHC and including an extensive

section on professional development, designed primarily for doctors.)

Sackett DL, Richardson WS, Rosenberg WMC, Haynes RB. Evidence-based medicine: how to
practise and teach EBM. L.ondon: Churchill Livingstone, 1997.
(A pocket-sized summary text of the principles of EBM, containing tips for teaching.)

Books and articles on teaching and group work

Crosby J. Learning in small groups. Association for Medical Education in Europe Education
Guide No. 8. Medical Teacher 1999; 19: 189-202.

Elwyn G, Greenhalgh T, Macfarlane F, Koppel S. Groups: a hands-on guide to small group
work in education, management, and research. Oxford: Radcliffe, 1999 (in press).

Eraut M. Developing professional knowledge and competence. LLondon: Falmer Press, 1993.



EVIDENCE BASED HEALTH CARE WORKBOOK

Problem based, small group learning

An idea whose time has come

Problem based learning is an educational method that uses
problems as the starting point for student learning.! In
medical education these problems are usually clinical and
integrate basic science with clinical thinking. Such methods
have been used since the 1960s, when the medical school
at McMaster, Ontario, first introduced an entirely new
approach to medical education.?

Identifying material for a course of problem based learning
requires teachers to analyse their discipline for the critical
elements that are essential to medical practice. Once such core
elements have been identified, clinical problems can be
composed and supporting learning activities (such as lectures,
practicals, workshops, and clinical attachments) arranged.
Students learn by seeking solutions to the problems. To do
this they work in small groups to break the problem into its
constituent parts, identifying relations and connections along
the way. Individual learning and attendance at timetabled
activities follow, with students searching for answers to
questions they have raised themselves during the analysis.
Validation of learning takes place in the small group under the
eye of the tutor.

Problem based learning has spread to continental Europe,
the Middle and Far East, and Australia’ but has not taken root
in the United Kingdom. Newly established medical schools
are most likely to use problem based learning, although
complete conversion within a traditional curriculum and
within existing resources is possible.* A “dual track” approach
has been successfully used in several schools (for example, the
University of New Mexico).” Evidence of its effectiveness in
producing medical graduates comparable to those produced,
by traditional programmes has been sporadically produced,
and concerns have yet to be assuaged that it fails to influence
the development of general problem solving skills. A recurring
concern about problem based learning is that it costs more in
terms of staff time; however, its effect is not to increase
teaching time but rather to change how this time is spent — for
example, teachers using problem based learning spend up to
40% more time working with students.® Assessment is
another concern. The experience at McMaster, where feedback
on progress is prominent, shows that knowledge remains
an essential foundation for learning and that it must be
tested without styles of student learning being unwittingly
distorted.”

With publication of the results of Harvard Medical School’s
evaluation of its new pathway programme® and two recent
major review papers, we are still no clearer about the effects of
the method on problem solving skills. Harvard used multiple
measures, including questionnaires, interviews, and videotapes
of consultations, to compare students on the two year
preclinical component of the new pathway with their peers
randomly allocated to the traditional programme. They found
that the students allocated to the new pathway reflected more
on their learning, memorised less than their peers, and
preferred active learning. Interpersonal skills, psychosocial
knowledge, and attitudes towards patients (for example,
patient centredness and empathy) were better in the new
pathway group, and the students felt more stimulated,
challenged, and satisfied. There were no differences, in
terms of biomedical knowledge, between the two groups of
students in performance in the National Board of Medical
Examiners’ part I examination. New pathway students
reported less cramming of knowledge before exams; better
retention in the months afterwards; and, because the result

of the exams was a pass or fail rather than a grade, feeling
less threatened.”"

Promoting enjoyable learning

Although the authors recognised that students adapt to the
learning environment in which they find themselves, the new
pathway students reported significantly greater autonomy,
more innovation and involvement, and similar work pressures
to those reported by matched controls after two years. The
new pathway students were also more sure of themselves in
handling uncertainty. Students on the traditional curriculum
were more likely to use the key words “non-relevant, passive,
and boring” to describe their preclinical experience. New
pathway students, however, reported that some interpersonal
aspects of tutorial work caused frustration and anxiety, as did
concerns over what and how much to study.

Other findings echo these from Harvard. Two recent
review papers, one examining over 100 papers about problem
based learning and the other reporting on its psychological
basis, have offered medical teachers a broad reference base
from which to draw conclusions. For Albanese and Mitchell,
concerns about the costs of implementation and about the
cognitive processes that some students may develop balance
evidence of adequate learning of basic science and the
development of self learning skills."! They recommend
caution when considering curriculum-wide conversion to
problem based learning, suggesting teacher directed learning
of basic science alongside the exploration of clinical cases with
problem based learning.

Norman and Schmidt, from McMaster (Canada) and
Maastricht (Netherlands), report that students using problem
based learning have a greater intrinsic interest in learning,
their self directed learning skills are enhanced (and are
retained), and basic science concepts are better integrated into
the solving of clinical problems.’>”” They also report that,
although the problem based learning format may initially
reduce the amount that students learn, subsequent retention
of knowledge is increased. The review emphasises the
importance of students puzzling through problems to learn
concepts and suggests that individual learning and groups
without tutors may both have a role in the future.

Both reviews emphatically support the psychosocial effect
that problem based learning has on students and teaching
staff. The attitudes of teachers and the atmosphere of
cooperation in a problem based learning curriculum mean
that graduates report that they find the “learning environment
more stimulating and more humane” than do graduates of
conventional schools. With undergraduate medical education
currently carrying a health warning because of the stress and
anxiety exhibited by students and young graduates, any
educational process that promotes enjoyment of learning with-
out loss of basic knowledge and skills must be a good thing.'*'

The General Medical Council has strongly recommended
reform of the curriculum in Britain."” It wants substantially
less teaching of factual information. Instead, it wants an
integrated “core” curriculum based on body systems, with
active learning driven by curiosity and a greater use of the
critical evaluation of evidence. Special study modules will
augment core and offer students in depth opportunities to
study scientific method and research.

British medical schools are thus under pressure, not only to
reform their curriculum but also to change the process of

Originally published in BM¥ 1995; 311: 342-3.



learning. The response so far has been encouraging. Study
guides and learning contracts are being introduced in Dundee;
clinical skills units are planned or in place at St Bartholomew’s
Hospital and in Dundee, Leeds, and Liverpool; computer
assisted learning is a feature of Aberdeen’s plans; and
multidisciplinary groups characterise planning for reform of
the syllabus in many schools. Sheffield is piloting a structured
supervision project, and special study modules have been
developed in Birmingham, Edinburgh, Leicester, and
Manchester. Manchester has already introduced problem
oriented group work into its first year course; Glasgow and
Liverpool are committed to problem based learning as a major
learning strategy from 1996; and other schools are actively con-
sidering its introduction. As far as Britain is concerned, problem
based learning seems at last to be coming in from the cold.
JOHN BLIGH
Professor
University Medical Education Unit,
Royal Liverpool University Hospital,
Liverpool 169 3BX
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Workshops for teaching evidence-based practice

Evidence-based practice is based on a
systematic approach to the literature
with focused and answerable questions,
critical appraisal of the validity and use-
fulness of what is found, application of
the results to real patients and real at-
risk populations, and evaluation of the
practitioner’s performance (1). This
approach, which relegates content (the
factual things we need to know) below
process (how we go about learning and
applying, the facts), requires different
skills and attitudes from those that most
of us had when we left university. How
do people acquire these new skills and
attitudes, and how can they be most ef-
fectively taught?

The basic tenets of clinical epide-
miology were taught to me 15 years
ago at Oxford University in a 2-week
block titled “Community Medicine”;
the course had the worst attendance
figures in the entire undergraduate
curriculum. We were issued a set of
equations and potted definitions that
were filed — along with the porphyrin
chain and other medical megaliths —
in a binder labelled “Night Before
File,” the contents of which would be
memorised, regurgitated, and grate-
fully forgotten as the examination
season came and went.

Much of the work done in the field
of evidence-based medicine since 1980
has been aimed at getting clinical epi-
demiology out of the “Night Before
File” and into the clinic; the operating
theatre; and (most difficult of all) the
everyday vocabulary of managers, com-
missioners, and purchasers. Practised at
the bedside and around the contracting
table, evidence-based medicine forces
health professionals to unite a scientific
(hypothetico-deductive) paradigm with
one that is hermeneutic (narrative-
interpretive).

Here is an extract from one of the
worksheets used in the 2nd U.K. Work-
shop on Teaching Evidence-Based
Health Care, held at University Col-
lege London (UCL) Medical School in
February 1996:

“Read the clinical scenario [about a
patient aged 18 months with a single
febrile seizure] and the attached case-
control study on the long-term prog-
nosis after febrile seizure in infants.
Decide whether and to what extent
a single uncomplicated febrile sei-
zure increases the risk of subsequent
epilepsy, and using a role-play or
other appropriate teaching tech-
niques, decide how you would con-
vey this information to the child’s
parents.”

In this and other clinical problems,
practitioners of evidence-based medi-
cine must take on aspects of the disci-
pline that do not come naturally and for
which they were not originally trained.
The non-numerate must gain some
grasp of statistics, whereas those who
like to add up figures must learn to find
the source of the figures and apply them
to individual circumstances. Clinicians
who make decisions on the basis of pre-
cise statistical likelihoods must, if they
are to share decision making with a truly
informed patient, find a way to express
complex concepts in jargon-free termi-
nology and to incorporate patient pref-
erences into their probability trees.

Blind ideology did not prompt us at
UCL to teach these multidimensional
skills through the technique of prob-
lem-based, small-group, self-directed
learning (2, 3). To achieve sustained
behaviour change in fields outside of the
practitioner’s immediate area of exper-
tise, such issues as confidence-building,
teamwork, and intellectual initiative
must not be treated as peripheral to the
course content (4). McMaster Univer-
sity Medical School (5) in Canada and
the Harvard New Pathway programme
(6) in the United States have shown that
undergraduate students taught by prob-
lem-based methods reflect more on
their learning, memorise less, and re-
port greater stimulation and satisfaction
with the course than those allocated
to a predominantly talk-and-chalk
curriculum.

We were initially sceptical about re-

Originally published in Evidence-Based Medicine 1997; 2: 7-8.

placing the traditional lecture-based
conference format with a largely blank
timetable in which the delegates’ first
task was to sit down in small groups and
decide 1) what they needed to know and
2) how they were going to teach it to
each other. We provided each group of
8 with little more than a seminar room
and a flip chart. But by day 2 of the 6-
day workshop, eminent professors were
happily engrossed in pretending to be
medical students not understanding
likelihood ratios; geriatricians were
role-playing as either patients who had
had a stroke or the managers charged
with rehabilitating them; and a group
of public health physicians were, within
the safety of their group, staging a mock
press conference to assuage public anxi-
ety about the safety of measles-mumps-
rubella vaccine.

The delegates, who created these
diverse teaching scenarios from their
own experiences, were simultaneously
required to consider the artificial situa-
tion they had created (“You are medi-
cal students; I am teaching you about
likelihood ratios”) and the meta-situa-
tion (“I am someone who is learning to
teach; how could I do this more effec-
tively?”). Each group member had an
allocated role to play in the simulated
teaching scenario, but they and the tu-
tors could at any stage call a “time-out”
and comment on the meta-situation.

The first U.K. workshop to follow
the McMaster University model was
held at Oxford University in June 1995.
Itled to the formation of the U.K. Con-
sortium on Teaching Evidence-Based
Medicine (supported by an educational
grant from the North Thames Regional
Office) in which centres throughout the
United Kingdom collaborate to share
educational materials (some of which
will soon be available over the Internet
[e-mail to http://cebm.jr2.ox.ac.uk]),
to plan workshops, and to develop
methods to evaluate their success. A
third workshop was held in Oxford
this July, and the UCL group will host
the fourth at the Royal College of



Physicians in February 1997. A core
textbook has been published (7), and we
hope to explore the use of more imag-
inative teaching materials (such as video
scenarios) in future workshops.

The responses to questionnaires is-
sued before the UCL workshop showed
that, for many delegates, implementa-
tion of evidence-based medicine at their
home institutions was limited as much
by lack of time, information technology
skills, “political acceptance,” and confi-
dence as by lack of knowledge (8). Post-
workshop responses showed that despite
these barriers, 40% of the 88 delegates
intended to introduce new teaching
programmes in clinical schools, health
authorities, or National Health Service
trusts, and of these delegates, all but one
planned to use small-group, problem-
based learning in substantial portions of
the curriculum.

An important challenge for medical
educators in the United Kingdom is to
recognise that the competent student
(and clinician) is one who knows how
to cope with an immense and rapidly
changing body of knowledge and not
one who excels in recalling the tradi-
tional or memorising the ephemeral.
The deans of medical and nursing
schools must develop an infrastructure
that allows problem-based, self-directed

USING THIS BOOK IN LEARNING AND TEACHING

learning methods to develop within the
didactic, lecture-based curricula, which
have seen no fundamental changes for
2 centuries or more. As one delegate
asked me without a trace of irony, “Is
there any way of having small-group
seminars when you haven’t got any
seminar rooms?”

The UCL workshop achieved unde-
niable short-term gains in terms of the
number of complex scientific articles
read and understood (estimated at
around 15 per delegate), new skills ac-
quired (35% of the delegates before the
workshop and 85 % after were confident
in using MEDLINE), altered attitudes
(particularly to multidisciplinary learn-
ing), and exposure to new educational
techniques. Despite these gains, the
long-term influence of this type of
workshop on the educational strategies
used in traditional British medical
schools and the behaviour of busy health
professionals in the National Health
Service has still to be determined.

At our 6-month reunion workshop
this October, our first question to del-
egates will be this: Has the evidence-
based medicine you learned in this
workshop been incorporated into your
daily practice and has its key message
been passed on to others in a way that
they can understand? Or have your

notes, worksheets, and good intentions
been placed back on the shelf next to
the “Night Before File”?

For further information about the
4th U.K. Workshop on Teaching Evi-
dence-Based Practice, contact us by
e-mail at ebp@ucl.ac.uk.

Trisha Greenbalgh, MD
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UNIT  The principles and practice of

2 evidence based health care

SUGGESTED AIM FORTHIS SESSION

To explore different definitions of evidence based health care (EBHC) from the perspective
of different professional and lay groups and to share different viewpoints on how the princi-
ples of EBHC can be applied in practice.

SUGGESTED LEARNING OBJECTIVES FORTHIS SESSION

By the end of this session, participants will be able to:

® discuss the potential strengths and weaknesses of the standard definition of EBHC as “the
conscientious, judicious and explicit use of current best evidence in the care of individual
patients”;

® acknowledge the range of different perspectives on the nature and scope of the “evidence
based” approach to clinical practice;

® analyse particular clinical scenarios from both an individual and a population perspective,
in terms of the application of research-based evidence.

SET ARTICLES

1. Sackett DL, Rosenberg WC, Gray JAM, Haynes RB, Richardson WS. Evidence based
medicine: what it is and what it isn’t. BMY¥ 1996; 312: 71-2.

2. Rosenberg W, Donald A. Evidence based medicine: an approach to clinical problem-
solving. BM¥ 1995; 310: 1122-6.

3. Greenhalgh T'. Is my practice evidence-based? BAM¥ 1996; 313: 957-8.

4. Knottnerus JA, Dinant GGJ. Medicine based evidence, a prerequisite for evidence based
medicine. BM¥ 1997; 315: 1109-10.

5. Greenhalgh T. Narrative based medicine in an evidence based world. BMY¥ 1999; 318:

323-5. [A longer version of this article is in: Greenhalgh T, Hurwitz B, eds. Narrative
based medicine: dialogue and discourse in clinical practice. London: BM] Books, 1998;
247-65.]

SUGGESTIONS FOR GROUP EXERCISES

1.

Work initially in pairs and discuss:

® why you decided to come on a course or workshop about EBHC;

® what individual reservations you each have about the topic;

® what additional information (if any) you would like about EBHC before deciding
whether or not to explore the subject further or begin trying to apply it in practice.
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When you have discussed in pairs, return to the group as a whole and share on a flip
chart the main issues you raised in your pairs. What were the common themes? If any
individual or pair holds a different viewpoint from the majority, to what extent does that
reflect their different professional backgrounds, personal experiences or cultures?

2. If you have time to prepare a debate, try one of the following titles:
® “This house believes that EBHC is just another passing fad”
® “This house believes that EBHC is a thinly veiled exercise in rationing”
® “This house believes that the EBHC movement owes more to evangelism than science”
3. Try a role play exercise in which those who identify strongly with particular views on
EBHC take on the roles of individuals with very different views. (This is potentially a
tough and emotionally difficult exercise so make sure you know and trust each other well
enough to take it on. We recommend that you try it towards the end of a course rather
than right at the beginning!)

SUGGESTIONS FOR INDIVIDUAL STUDY

1. Look through the range of reading material presented here. As you do so, make some
rough notes about each of the pieces. Make two columns on a blank sheet of paper — one
labelled “facts” and the other “values”. What (if any) underlying assumptions are each of
the authors making?

2. Choose one of the articles reproduced here and write a draft letter to the Editor of the
BM¥ which begins, “I would like to point out three counter-arguments... ”.

3. Think of a particular clinical example in your own practice (or, if you are not a clinician,
an example of a health care experience you have had as a patient or carer). T'o what extent
is the “rhetoric of EBHC” relevant (or irrelevant) to this case? How might a systematic
application of best research evidence have changed the outcome and what difference
would it have made to the patient?

FURTHER READING

Anon. Evidence-based medicine, in its place. Lancet 1995; 346: 785.

Batstone G, Edwards M. Professional roles in promoting evidence-based practice. Br ¥ H
Care Manag 1996; 2: 144-7.

Black D. The limitations to evidence. ¥ R Coll Physicians Lond 1998; 32: 23—6.

Bradley F, Field J. Evidence-based medicine. Lancet 1995; 346: 838-9.

Davidoff F, Case K, Fried PW. Evidence-based medicine: why all the fuss? Ann Intern Med
1995; 122: 727.

Drummond M. Evidence-based medicine and cost-effectiveness: uneasy bedfellows?
Evidence Based Med 1998; 3: 133.

Fahey T, Griffiths S, Peters TJ. Evidence based purchasing: understanding results of clinical
trials and systematic reviews. BM¥ 1995; 311: 1056-9.

Feinstein AR, Horwitz R. Problems in the “evidence” of “evidence-based medicine”. Am ¥
Med 1998; 103: 529-35.

Greenhalgh T. How to read a paper: the basics of evidence-based medicine. LLondon: BMJ Books,
1997. See in particular Chapter 1: Why read papers at all? pages 1-12.

Hope A. Evidence based medicine and ethics. ¥ Med Ethics 1995; 21: 259-60.

Jones GW, Sagar SM. Evidence based medicine. No guidance is provided for situations for
which evidence is lacking. BM¥ 1995; 311: 258.

McColl A, Roderick P, Gabbay J, Smith H, Moore M. Performance indicators for primary
care groups: an evidence based approach. BM¥ 1998; 317: 1354.

Milne R, Hicks N. Evidence-based purchasing. Evidence Based Med 1996; 1: 101-2.
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1995; 345: 840-2.
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started. FAMA 19935 270: 2093-5.

Smith BH. Evidence based medicine. Quality cannot always be quantified. BMY¥ 1995; 311:
258.

Stradling JR, Davies RJO. The unacceptable face of evidence-based medicine. ¥ Fvaluation
Clin Pract 1997; 3: 99-103.
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Evidence based medicine: what it is and what it isn't
It's about integrating individual clinical expertise and the best external evidence

Evidence based medicine, whose philosophical origins extend back to mid-19th century Paris and
earlier, remains a hot topic for clinicians, public health practitioners, purchasers, planners,and the
public. There are now frequent workshops in how to practice and teach it; undergraduate1 and
postgraduate2 training programmes are incorporating it (or pondering how to do so); British centres
for evidence based practice have been established or planned in adult medicine, child health, surgery,
pathology, pharmacotherapy, nursing, general practice, and dentistry; the Cochrane Collaboration and
Britain's Centre for Review and Dissemination in York are providing systematic reviews of the effects
of health care; new evidence based practice journals are being launched; and it has become a common
topic in the lay media. But enthusiasm has been mixed with some negative reaction.* >  Criticism has
ranged from evidence based medicine being old hat to it being a dangerous innovation, perpetrated by
the arrogant to serve cost cutters and suppress clinical freedom. As evidence based medicine
continues to evolve and adapt, now is a useful time to refine the discussion of what it is and what it is
not.

Evidence based medicine is the conscientious, explicit, and judicious use of current best evidence in
making decisions about the care of individual patients. The practice of evidence based medicine means
integrating individual clinical expertise with the best available external clinical evidence from
systematic research. By individual clinical expertise we mean the proficiency and judgment that
individual clinicians acquire through clinical experience and clinical practice. Increased expertise is
reflected in many ways, but especially in more effective and efficient diagnosis and in the more
thoughtful identification and compassionate use of individual patients' predicaments, rights, and
preferences in making clinical decisions about their care. By best available external clinical evidence
we mean clinically relevant research, often from the basic sciences of medicine, but especially from
patient centred clinical research into the accuracy and precision of diagnostic tests (including the
clinical examination), the power of prognostic markers, and the efficacy and safety of the
rapeutic,rehabilitative, and preventive regimens. External clinical evidence both invalidates previously
accepted diagnostic tests and treatments and replaces them with new ones that are more powerful,
more accurate, more efficacious, and safer.

Good doctors use both individual clinical expertise and the best available external evidence, andneither
alone is enough. Without clinical expertise, practice risks becoming tyrannised by evidence,for even
excellent external evidence may be inapplicable to or inappropriate for an individual patient. .

Without current best evidence, practice risks becoming rapidly out of date, to the detriment of
patients.

This description of what evidence based medicine is helps clarify what evidence based medicine is
not. Evidence based medicine is neither old hat nor impossible to practice. The argument that
"everyone already is doing it" falls before evidence of striking variations in both the integration of
patient values into our clinical behaviour’ and in the rates with which clinicians provide interventions

Originally published in BM¥ 1996; 312 (7023): 71.
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to their patients.® The difficulties that clinicians face in keeping abreast of all the medical advances
reported in primary journals are obvious from a comparison of the time required for reading (for
general medicine, enough to examine 19 articles per day, 365 days per year”) with the time available
(well under an hour a week by British medical consultants, even on self reports!0).

The argument that evidence based medicine can be conducted only from ivory towers and armchairs is
refuted by audits from the front lines of clinical care where at least some inpatient clinical teams in
general medicine,!! psychiatry (J R Geddes et al, Royal College of Psychiatrists winter meeting,
January 1996), and surgery (P McCulloch, personal communication) have provided evidence based
care to the vast majority of their patients. Such studies show that busy clinicians who devote their
scarce reading time to selective, efficient, patient driven searching, appraisal, and incorporation of the
best available evidence can practice evidence based medicine.

Evidence based medicine is not "cookbook" medicine. Because it requires a bottom up approach that
integrates the best external evidence with individual clinical expertise and patients' choice, it cannot
result in slavish, cookbook approaches to individual patient care. External clinical evidence can
inform, but cannever replace, individual clinical expertise, and it is this expertise that decides
whether the external evidence applies to the individual patient at all and, if so, how it should be
integrated into a clinical decision. Similarly, any external guideline must be integrated with individual
clinical expertise in deciding whether and how it matches the patient's clinical state, predicament, and
preferences, and thus whether it should be applied. Clinicians who fear top down cookbooks will find
the advocates of evidence based medicine joining them at the barricades.

Some fear that evidence based medicine will be hijacked by purchasers and managers to cut the costs
of health care. This would not only be a misuse of evidence based medicine but suggests a
fundamental misunderstanding of its financial consequences. Doctors practising evidence based
medicine will identify and apply the most efficacious interventions to maximise the quality and
quantity of life forindividual patients; this may raise rather than lower the cost of their care.

Evidence based medicine is not restricted to randomised trials and meta-analyses. It involves
tracking down the best external evidence with which to answer our clinical questions. To find out
about the accuracy of a diagnostic test, we need to find proper cross sectional studies of patients
clinically suspected of harbouring the relevant disorder, not a randomised trial. For a question about
prognosis, we need proper follow up studies of patients assembled at a uniform, early point in the
clinical course of their disease. And sometimes the evidence we need will come from the basic
sciences such as genetics or immunology. It is when asking questions about therapy that we should
try to avoid the non-experimental approaches, since these routinely lead to false positive conclusions
about efficacy. Because the randomised trial, and especially the systematic review of several
randomised trials, is so much more likely to inform us and so much less likely to mislead us, it has
become the "gold standard" for judging whether a treatment does more good than harm. However,
some questions about therapy do not require randomised trials (successful interventions for
otherwise fatal conditions) or cannot wait for the trials to be conducted. And if no randomised trial has
been carried out for our patient's predicament, we must follow the trail to the next best external
evidence and work from there.

Despite its ancient origins, evidence based medicine remains a relatively young discipline whose
positive impacts are just beginning to be validated,!? I3 and it will continue to evolve. This evolution
will be enhanced as several undergraduate, postgraduate, and continuing medical education
programmes adopt and adaptit to their learners' needs. These programmes, and their evaluation, will
provide further information and understanding about what evidence based medicine is and is not.
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Evidence based medicine: an approach to clinical problem-solving

William Rosenberg, clinical tutor in medicine,® AnnaDonald, senior house ojﬁcerb

aNuffield Department of Clinical Medicine, John Radcliffe Hospital, Oxford OX3 9DU, b Public Health and Health Policy,
Anglia and Oxford Regional Health Authority, Oxford OX3 7LF

Correspondence to: Dr Rosenberg.

Doctors within the NHS are confronting major changes at work. While we endeavour to improve the
quality of health care, junior doctors' hours have been reduced and the emphasis on continuing medical
education has increased. We are confronted by a growing body of information, much of it invalid or
irrelevant to clinical practice. This article discusses evidence based medicine, a process of turning
clinical problems into questions and then systematically locating, appraising, and using
contemporaneous research findings as the basis for clinical decisions. The computerisation of
bibliographies and the development of software that permits the rapid location of relevant evidence
have made it easier for busy clinicians to make best use of the published literature. Critical appraisal
can be used to determine the validity and applicability of the evidence, which is then used to inform
clinical decisions. Evidence based medicine can be taught to, and practised by, clinicians at all levels
of seniority and can be used to close the gulf between good clinical research and clinical practice. In
addition it can help to promote self directed learning and teamwork and produce faster and better
doctors.

Doctors must cope with a rapidly changing body of relevant evidence and maximise the quality of
medical care despite the reduction in junior doctors' working hours and scarce resources. We are
deluged with information, and although much of it is eitherinvalid or irrelevant to clinical practice, an
increasing amount comes from powerful investigations such as randomised controlled trials. Yet we
continue to base our clinical decisions on increasingly out of date primary training or the
overinterpretation of experiences with individual patients,! and even dramatically positive results
from rigorous clinical studies remain largely unapplied.2 Doctors need new skills to track down the
new types of strong and useful evidence, distinguish it from weak and irrelevant evidence, and put it
into practice. In this paper we discuss evidence based medicine, a new framework for clinical problem
solving which may help clinicians to meet these challenges.

What is evidence based medicine?

Evidence based medicine is the process of systematically finding, appraising, and using
contemporaneous research findings as the basis for clinical decisions. For decades people have been
aware of the gaps between research evidence and clinical practice, and the consequences in terms of
expensive, ineffective, or even harmful decision making.3 4 Inexpensive electronic databases and
widespread computer literacy now give doctors access to enormous amounts of data. Evidence based
medicine is about asking questions, finding and appraising the relevant data, and harnessing that
information for everyday clinical practice.

Originally published in BM¥ 1995; 310: 1122-6.
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Most readers will recognise that the ideas underlying evidence based medicine are not new.
Clinicians identify the questions raised in caring for their patients and consult the literature at least
occasionally, if not routinely. The difference with using an explicit, evidence based medicine
framework is twofold: it can make consulting and evaluating the literature a relatively simple, routine
procedure, and it can make this process workable for clinical teams, as well as for individual
clinicians. The term "evidence based medicine" was coined at McMaster Medical School in Canada in
the 1980s to label this clinical learning strategy, which people at the school had been developing for
over a decade.’

EVIDENCE BASED MEDICINE IN PRACTICE

Evidence based medicine can be practised in any situation where there is doubt about an aspect of
clinical diagnosis, prognosis, or management.

Four steps in evidence based medicine

* Formulate a clear clinical question from a patient's
problem

* Search the literature for relevant clinical articles
* Evaluate (critically appraise) the evidence for its
validity and usefulness

* Implement useful findings in clinical practice

Setting the question

A 77 year old woman living alone is admitted with non-rheumatic atrial fibrillation and her first bout of
mild left ventricular failure, and she responds to digoxin and diuretics. She has a history of well
controlled hypertension. An echocardiogram shows moderately impaired left ventricular function. She
is an active person and anxious to maintain her independence. During the ward round on the following
day a debate ensues about the risks and benefits of offering her long term anticoagulation with
warfarin, and rather than defer to seniority or abdicate responsibility to consensus by committee,
team members convert the debate into a question: "How does her risk of embolic stroke, if we don't
give her anticoagulant drugs, compare with her risk of serious haemorrhage and stroke if we do?"

The questions that initiate evidence based medicine can relate to diagnosis, prognosis, treatment,
iatrogenic harm, quality of care, or health economics. In any event, they should be as specific as
possible, including the type of patient, the clinical intervention, and the clinical outcome of interest. In
this example two questions are prepared for a literature search. One question relates to prognosis
and her susceptibility: "How great is the annual risk of embolic stroke in a 77 year old woman with
non-rheumatic atrial fibrillation, hypertension, and moderate left ventricular enlargement if she is not
given anticoagulants?" The other question concerns treatment and asks, "What is the risk reduction
for stroke from warfarin therapy in such a patient, and what is the risk of harming her with this
therapy?"

Finding the evidence

The second step is a search for the best available evidence. To conduct searches on a regular basis,
clinicians need effective searching skills and easy access to bibliographic databases. Increasingly the
access can be proved by ward or surgery based computers, complemented by assistance in obtaining
hard copies of articles, and enabled by librarians who teach searching skills and guide the unwary
through the 25000 biomedical journals now in print.® 7
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Two sorts of electronic databases are available. The first sort is bibliographic and permits users to
identify relevant citations in the clinical literature, using variations of Medline. The second sort of
database takes the user directly to primary or secondary publications of the relevant clinical

evidence — the rapidly growing numbers include the Cochrane Database of Systematic Reviews,
Scientific American Medicine on CD-ROM, and the ACP Journal Club (a bimonthly supplement to the
Annals of Internal Medicine which abstracts the relevant and rigorous articles on diagnosis,
prognosis, treatment, quality of care, and medical economics from over 30 general medical journals).
All these databases are, or soon will be, available on line from local, national, and international
networks such as the internet.

For our patient, the searches were conducted with Medline and the Knowledge Finder searching
software. "Atrial fibrillation" and "cerebrovascular disorders" were entered as major medical subject
headings and "randomised controlled trial" as a publication type selected from the "dictionaries"
menu. The search was performed twice, once with "prognosis" entered as a freetext search parameter
and a second time with "therapy" included. The years 1990-4 were searched and 10 articles were
identified, of which eight seemed to contain the relevant information (two on prognosis®? and six
reporting randomised trials of therapy!0 11 12 13 14 15) 'Rijyel10 111213 14 were gyailable in the library.

The search was repeated for 1992-4 with "review" as the publication type, and one recent article was
identified.!® The term "review" includes subjective reviews, systematic reviews, and meta-analyses.

The newer term "meta-analysis" could have been used as a publication type to narrow the search but
would have missed potentially useful reviews and systematic reviews, as well as meta-analyses that
have not yet been classified as such in Medline.

The two articles on prognosis, four on therapy, and the review (in fact a meta-analysis) were then
pulled from the library. The keyboard time taken for this search was 15 minutes. The ACP Journal
Club, whose electronic version is currently being tested, has summarised these trials, and Cochrane
reviews on the prevention and treatment of stroke will be available in 1995, but on this occasion we
examined the evidence presented in conventional forms of clinical research publication.

While clinicians may make greater use of meta-analyses in the future, the ability to appraise critically
publications of all types will remain an invaluable skill. Searches may fail to uncover well conducted
and relevant meta-analyses and often it will be impractical for a busy clinician to conduct an
independent systematic review of the literature each time a clinical question is generated. On these
occasions the most effective strategy will be to seek out the best of the available literature and to
appraise critically the evidence by using skills that can readily be learnt.

Appraising the evidence

The third step is to evaluate, or appraise, the evidence for its validity and clinical usefulness. This
step is crucial because it lets the clinician decide whether an article can be relied on to give useful
guidance. Unfortunately, a large proportion of published medical research lacks either relevance or
sufficient methodological rigour to be reliable enough for answering clinical questions.!” To overcome
this, a structured but simple method, named "critical appraisal,” developed by several teams working
in North America and the United Kingdom, enables individuals without research expertise to evaluate
clinical articles. Mastering critical appraisal entails learning how to ask a few key questions about the
validity of the evidence and its relevance to a particular patient or group of patients. Its fundamentals
can be learnt within a few hours in small tutorials, workshops, interactive lectures, and at the bedside
by a wide range of users, including those without a biomedical background. This strategy has been
developed for many different types of articles, and can be used to evaluate original articles about
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diagnosis, treatment, prognosis, quality of care, and economics as well as to evaluate reviews,
overviews, and meta-analyses for their validity and applicability.

The table shows a typical set of critical appraisal questions for evaluating articles about treatment.
Although they reflect common sense, the questions are not entirely self explanatory; some instruction
is needed to help clinicians apply them to specific articles and individual patients. Self directed
learning materials have been developed to help users apply different critical appraisal questions to the
different sorts of clinical research articles on diagnosis, prognosis, therapy, quality of care, economic
analysis, and screening. These materials include the JAMA series of user's guides and the text
Clinical Epidemiology: A Basic Science for Clinical Medicine.!® Week long training workshops in
evidence based medicine are held in various venues, but we have found that even people with limited
experience can readily learn how to practise evidence based medicine in the context of their own
clinical practice. As with any other skill, expertise and speed come with practice, and experienced
practitioners can learn to appraise critically most articles in under 10 minutes, transforming
themselves from passive, opinion based spectators to active, evidence based clinicians.

Critical appraisal questions used to evaluate a therapy articlel? 20

Are the results valid?
Was the assignment of patients to
treatments randomised?
Were all patients who entered the trial
properly accounted for and
attributed at its conclusion?
Was follow up complete?
Were patients analysed in the groups to
which they were randomised?
Were patients, health workers, and study
personnel blinded to treatment?
Were the groups similar at the start of the trial-?
Aside from the experimental intervention,
were the groups treated equally?

What are the results?

How large was the treatment effect?
How precise was the treatment effect?

Will the results help me care for my patients?
Can the results be applied to my patient care?
Were all clinically important outcomes

considered?
Are the likely benefits worth the potential
harms and costs?

This transformation is borne out in the critical appraisal of the evidence surrounding the management
of the 77 year old woman with atrial fibrillation. The two articles on prognosis fulfil criteria for validity
and applicability and reveal that our particular patient faces an 18% annual risk of stroke if left
untreated.8 @ Applying criteria given in the Users' guides to the medical literature: how to use an
article about therapy or prevention,!® 20 we decided that the articles we have pulled provide valid and
applicable evidence. We used them to obtain the relative risk reduction of stroke due to treatment
with warfarin, which is 70%. The annual risk of stroke for our patient without treatment was used, in
conjunction with relative risk reduction obtained from the prognosis articles, to calculate the absolute
risk reduction (ARR) of stroke attributable to anticoagulation with warfarin. This figure, which is 0.13,
was then used to calculate the "number needed to treat" (NNT=1/ARR) with warfarin to save one
stroke. Thus treating eight patients (1/0.13) for one year will prevent one stroke. The annual rate of
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major haemorrhage in patients receiving warfarin is 1%, so one patient in every hundred taking
warfarin will experience a major bleed each year, and we therefore can expect to prevent about 13
strokes in patients such as ours with warfarin for every major bleed we will cause through such
treatment. Although the benefit:risk ratio seems acceptable in this instance, we know that bleeding
rates vary between centres and a higher local risk of intracranial haemorrhage might lead other
clinicians and patients to a very different decision. The evidence will not automatically dictate patient
care but will provide the factual basis on which decisions can be made, taking all aspects of patient
care into consideration.

Acting on the evidence

Having identified evidence that is both valid and relevant, clinicians can either implement it directly in
a patient's care or use it to develop team protocols or even hospital guidelines. They can also use
evidence to revolutionise continuing medical education programmes or audit. In our experience,
implementing the evidence is best learned through group discussions, either on ward rounds or in
other meetings of the clinical team in which members explore ways of incorporating the evidence into
a patient's clinical management.

At the weekly firm meeting the evidence extracted from the critically appraised literature on warfarin
was presented in a summarised form as a critically appraised topic by a junior member of the team
(table). During the subsequent ward round the team discussed the evidence with the patient and she
decided to start taking warfarin. It was decided to set a target international normalised ratio of
1.5-2.0, and her general practitioner, who asked for a copy of the critically appraised topic to
accompany the discharge letter, agreed to monitor her treatment.

OTHER REQUIREMENTS FOR PRACTISING EVIDENCE BASED MEDICINE

Clear data presentation

The ability to present published evidence quickly and clearly is crucial for clinical teams with little
time and much information to absorb.?! Medical journals have led the way here with structured
abstracts to help readers quickly retrieve key information. Such clarity and quickness are equally
important for clinicians when they present evidence to their team. A preset, one page, user friendly
summary such as the one developed by doctors in training at McMaster University in Ontario
(unpublished data) can help this process and was the model for the critically appraised topic that
appears in the table.

Added advantages in practising evidence

based medicine

For individuals

* Enables clinicians to upgrade their knowledge base
routinely

* Improves clinicians' understanding of research
methods and makes them more critical in using data
* Improves confidence in management decisions

* Improves computer literacy and data searching
techniques

* Improves reading habits

For clinical teams

* Gives team a framework for group problem solving
and for teaching

* Enables juniors to contribute usefully to team
For patients

* More effective use of resources

* Better communication with patients about the
rationale behind management decisions
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Senior support

Support from senior clinicians is critical to the success of introducing evidence based medicine.?2

Seniors who practice evidence based medicine are excellent role models for training newcomers and
allocating questions according to the skills and time commitments of individual team members. Even
when senior staff are themselves unfamiliar with evidence based medicine, their willingness to admit
uncertainty, to encourage scepticism, and to be flexible can help the team to accommodate new
evidence which may contradict previous assumptions and practice.

DOES IT WORK?

An evidence based approach to clinical care has been practised in many countries under various
guises. In the structured form described above it attracts both support and criticism, often within the
same hospital. The problem, ironically, is that the approach is difficult to evaluate.3 It is a process for
solving problems, and it will have different outcomes depending on the problem being solved. Trying
to monitor all the possible outcomes would be impossible, especially since many are difficult to
quantify. For example, a medical student who learns the importance of good research methodology
through practising critical appraisal may later on carry out better research, but it would be hard either
to quantify this or to link it directly to evidence based medicine.

None the less, evidence of the effectiveness of evidence based medicine is growing as it spreads to
new settings. Short term trials have shown better and more informed clinical decisions following even
brief training in critical appraisal,24 and although graduates from traditional medical curriculums
progressively decline in their knowledge of appropriate clinical practice, graduates of a medical school
that teaches lifelong, self directed, evidence based medicine are still up to date as long as 15 years
after graduation.?> The review of the benefits and drawbacks of evidence based medicine that follows
draws on our experience of teaching and practising evidence based medicine with clinicians and
purchasers in Oxford.

ADVANTAGES

An immediate attraction of evidence based medicine is that it integrates medical education with
clinical practice. We have observed that students and doctors who begin to learn evidence based
medicine become adept at generating their own questions and following them through with efficient
literature searches. For example, learners quickly learn to pick out good review articles and to use
resources such as the ACP Journal Club when they are appropriate to the question being asked.20

Another advantage of evidence based medicine is that it can be learnt by people from different
backgrounds and at any stage in their careers. Medical students carrying out critical appraisals not
only learn evidence based medicine for themselves but contribute their appraisals to their teams and
update their colleagues. At the other extreme, seasoned clinicians can master evidence based
medicine and transform a journal club from a passive summary of assigned journals into an active
inquiry in which problems arising from patient care are used to direct searches and appraisals of
relevant evidence to keep their practice up to date.

The evidence based approach is being taken up by non-clinicians as well. Consumer groups concerned
with obtaining optimal care during pregnancy and childbirth are evolving evidence based patient
choice. The critical appraisal skills for purchasers project in the former Oxford region involves
teaching evidence based medicine to purchasers who have no medical training so that it can inform
their decisions on purchasing.?’
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A third attraction of evidence based medicine is its potential for improving continuity and uniformity of
care through the common approaches and guidelines developed by its practitioners. Shift work and
cross cover make communication between health workers both more important and more difficult.
Although evidence based medicine cannot alter work relationships, in our experience it does provide a
structure for effective team work and the open communication of team generated (rather than
externally imposed) guidelines for optimal patient care. It also provides a common framework for
problem solving and improving communication and understanding between people from different
backgrounds, such as clinicians and patients or non-medical purchasers and clinicians.

Evidence based medicine can help providers make better use of limited resources by enabling them to
evaluate clinical effectiveness of treatments and services. Remaining ignorant of valid research
findings has serious consequences. For example, it is now clear that giving steroids to women at risk
of premature labour greatly reduces infant respiratory distress and consequent morbidity, mortality,
and costs of care,8 and it is equally clear thataspirin and streptokinase deserve to be among the
mainstays of care for victims of heart attack.

DISADVANTAGES

Evidence based medicine has several drawbacks. Firstly, it takes time both to learn and to practise.
For example, it takes about two hours to properly set the question, find the evidence, appraise the
evidence, and act on the evidence, and for teams to benefit all members should be present for the first
and last steps. Senior staff must therefore be good at time management. They can help to make
searches less onerous by setting achievable contracts with the team members doing the searches
and by ensuring that the question has direct clinical usefulness. These responsibilities of the team
leader are time consuming.

Establishing the infrastructure for practising evidence based medicine costs money. Hospitals and
general practices may need to buy and maintain the necessary computer hardware and software.
CD-ROM subscriptions can vary from pounds sterling 250 to pounds sterling 2000 a year, depending
on the database and specifications. But a shortage of resources need not stifle the adoption of
evidence based medicine. The BMA provides Medline free of charge to members with modems, and
Medline is also available for a small fee on the internet. Compared with the costs of many medical
interventions (to say nothing of journal subscriptions and out of date texts), these costs are small
and may recover costs many times their amount by reducing ineffective practice.

Inevitably, evidence based medicine exposes gaps in the evidence. 4 This can be frustrating,
particularly for inexperienced doctors. Senior staff can help to overcome this problem by setting
questions for which there is likely to be good evidence. The identification of such gaps can be helpful
in generating local and national research projects, such as those being commissioned by the York
Centre for Reviews and Dissemination.??

Another problem is that Medline and the other electronic databases used for finding relevant evidence
are not comprehensive and are not always well indexed. At times even a lengthy literature search is
fruitless. For some older doctors the computer skills needed for using databases regularly may also
seem daunting. Although the evidence based approach requires a minimum of computer literacy and
keyboard skills, and while these are now almost universal among medical students and junior

23



EVIDENCE BASED HEALTH CARE WORKBOOK

doctors, many older doctors are still unfamiliar with computers and databases. On the other hand,
creative and systematic searching techniques are increasingly available, 3033 and high quality review
articles are becoming abundant. In the absence of suitcal review articles, clinicians who have
acquired critical appraisal skills will be able to evaluate the primary literature for themselves.

Finally, authoritarian clinicians may see evidence based medicine as a threat. It may cause them to
lose face by sometimes exposing their current practice as obsolete or occasionally even dangerous.
At times it will alter the dynamics of the team, removing hierarchical distinctions that are based on
seniority; some will rue the day when a junior member of the team, by conducting a search and
critical appraisal, has as much authority and respect as the team's most senior member.32
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"Is my practice evidence based?"

Should be answered in qualitative, as well as quantitative terms.

The growing interest in evidence based medicine among practising clinicians! has prompted doctors
in every specialty to ask themselves, "to what extent is the care of my patients evidence based?"
The search is on for a means of answering this question that is achievable, affordable, valid, reliable,
and responsive to change.

Evaluating one's own performance is the final step in the five stage process of traditional evidence
based practice. The first four steps are: to formulate for each chosen clinical problem an answerable
question, to search the medical literature and other sources for information pertaining to that
question, to assess the validity (closeness to the truth) and usefulness (relevance to the problem) of
the evidence identified, and to manage the patient accordingly.?

Several papers have been published3 43 and many more are being written whose stated objective is
"to assess whether my/our clinical practice is evidence based." Most describe prospective surveys of
a consecutive series of doctor-patient encounters in a particular specialty, in which the primary
intervention for each patient was classified by the doctors (and in some cases verified by an
independent observer) according to whether it was based on evidence from randomised controlled
trials, convincing non-experimental evidence, or inadequate evidence.

Such surveys have generated the widely quoted figures that 82% of interventions in general
medicine,3 81% of interventions in general practice,* and 62% of interventions in psychiatry? are
evidence based. Questionnaire surveys of what doctors say they do in particular circumstances are
starting to add to this literature.® The public may soon be offered a "league table" of specialties
ranked according to how evidence based they have shown themselves to be.

Figures produced in the early 1980s suggested that only about 15% of medical practice was based on
sound scientific evidence.” Is the spate of new studies, therefore, grounds for reassurance that
medical practice has become dramatically more evidence based in the past 15 years? Probably not.
The earlier estimates were derived by assessing all diagnostic and therapeutic procedures currently
in use, so that each procedure, however obscure, carried equal weight in the final figure. A more
recent evaluation using this method classified 21% of health technologies as evidence based.® The
latest surveys, which looked at interventions chosen for real patients, were designed with the
laudable objective of assessing the technologies which were actually used rather than simply those
that are on the market.

But the impressive percentages obtained in these series should be interpreted cautiously. As the
protagonists of evidence based medicine themselves have taught us, a survey of any aspect of
medical care should, in order to be generalisable beyond the particular sample studied, meet criteria
for representativeness (are the health professionals and patients described typical?), data collection
(is the sample unbiased?), data analysis (were all potential subjects included in the denominator or
otherwise accounted for, and was assessment "blind"?), validity (were appropriate criteria used to

Originally published in BM¥ 1996; 313: 957-8.
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classify subjects, and were these criteria applied rigorously?), comprehensiveness (was the study
large enough and complete enough to make the results credible?), and repeatability (would the same
results be obtained if the sample were studied on another occasion?).2

Is my practice evidence based? A context specific
checklist for individual clinical encounters

Have you

1 Identified and prioritised the clinical, psychological, social, and
other problems, taking into account the patient's perspective?

2 Performed a sufficiently competent and complete examination to
establish the likelihood of competing diagnoses-?

3 Considered additional problems and risk factors?

4 Where necessary, sought relevant evidence--from systematic
reviews, guidelines, clinical trials, and other sources-?

5 Assessed and taken into account the completeness, quality, and
strength of the evidence, and its relevance to this patient?

6 Presented the pros and cons of the different options to the
patient in a way they can understand, and incorporated the
patient's utilities into the final recommendations?

A survey which addressed the question "Is my practice evidence-based?" and which fulfilled all these
criteria would be a major and highly expensive undertaking. But even if it were practically possible,
several theoretical limitations would remain. The most important of these is that patients rarely enter
the consulting room (or the operating theatre) with a discrete, one dimensional problem. A study
which, for good practical reasons, looks at one clinical decision per case necessarily reduces the
complexities of each patient's wants and needs to a single decision node. Such an approach might
occasionally come close to being valid, but many aspects of management in primary care,” care of
older people, ! and chronic medical conditions!! do not lend themselves to the formulation of single
answerable questions or the application of discrete, definitive interventions. In general practice, for
example, the usual diagnostic and therapeutic sequence of diagnosis by epidemiological
classification—symptoms and signs leading to identification of the disease, leading to treatment—-may
be less appropriate than diagnosis by prognosis—symptoms and signs leading to a provisional
hypothesis, leading to watchful waiting, leading to identification of the disease—or diagnosis by
therapeutic response—symptoms and signs leading to a provisional hypothesis, leading to empirical
treatment, leading to identification of the disease.?

Failure to recognise the legitimacy of these variations in approach has created a somewhat spurious
divide between those who seek to establish general practice on an equal "scientific" footing to that of
the secondary care sector? 12 and those who emphasise the value of the intuitive, narrative, and
interpretive aspects of the consultation.!3 Others have argued that both "science" and "art" are
essential elements of evidence based care, which strives to integrate the best external evidence with
all round clinical exper‘[ise.1 14 Nevertheless, debate continues as to whether all round clinical
expertise can be dissected down to a set of objective and measurable components that are amenable
to formal performance review !

mysteries of the art of medicine.

or whether it is ultimately subjective and one of the unsolvable
16

Perhaps the most difficult aspect of evidence based practice to evaluate is the extent to which the
evidence, insofar as it exists, has been applied with due regard to the personal priorities of the patient
being treated.!” It is said that this step can be made objective by incorporating the weighted
preferences of patients (utilities) into a decision tree.!8 But researchers have found that defining and
measuring the degree of patient centredness of a medical decision is a methodological minefield.!®
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Here lies the real challenge of evidence based practice. Randomised controlled trials may constitute
the ideal of experimental design, but they alone cannot prove that the right intervention has been
provided to the right patient at the right time and place. To show that a decision on drug treatment
was evidence based, for example, it is not sufficient to cite a single randomised controlled trial (or
meta-analysis of several similar trials) in which the drug was shown to be more effective than
placebo. It must also be shown that the prescriber defined the ultimate objective of treatment (such
as cure, prevention of later complications, palliation, or reassurance) and selected the most
appropriate treatment using all available evidence. This decision requires consideration of whether a
different drug, or no drug, would suit the patient better, and whether the so called "treatment of
choice" is viewed as such by the patient.?

To seek, through scientific inquiry, an honest and objective assessment of how far we are practising
evidence based medicine is an exercise which few of us would dare embark on. But research studies
designed to address this question via the methodology of traditional "process of care" audit® 4 5 ©
inform the doctor of a limited aspect of his or her efforts. In measuring what is most readily
measurable, they reduce the multidimensional doctor-patient encounter to a bald dichotomy ("the
management of this case was/was not evidence based") and may thereby distort rather than
summarise the doctor's overall performance.

Measuring every dimension of care in a large consecutive series of cases would be impossible. It is
surely time that we eschewed the inherent reductionism of audit by numbers and tried to capture more
context in our reviews of clinical performance. Issues that are complex, multidimensional, and
grounded in individual experience lend themselves to study by descriptive and qualitative methods.2"
At the very least, future attempts to answer the question "how evidence based is my practice?"
should include some measure of how competing clinical questions were prioritised for each case and
how the evidence obtained was particularised to reflect the needs and choices of the individual
patient.
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Medicine based evidence, a prerequisite for evidence
based medicine

Future research methods must find ways of accommodating clinical reality, not ignoring it

Seeking an evidence base for medicine is as old as medicine itself, but in the past decade the concept
of evidence based medicine has done a good job in focusing explicit attention on the application of
evidence from valid clinical research to clinical practice.! 2 Although current clinical practice is often
evidence based,> 4 there is still much to be gained. Important new evidence from research often takes
a long time to be implemented in daily care, while established practices persist even if they have been
proved to be ineffective or harmful. > In the meantime, many clinicians struggle to apply the results of
studies that do not seem that relevant to their daily practice.

Evidence based medicine has been defined as the "conscientious, explicit and judicious use of current
best evidence in making decisions about the care of individual patients."? What can we learn from the
limitations of current best evidence for the way that we design future studies?

We face the problem that criteria for internal and external validity (that is, clinical applicability) may
conflict. Clinical studies are usually performed on a homogeneous study population and exclude
clinically complex cases for the sake of internal validity. Such selection may not, however, match the
type of patients for whom the studied intervention will be considered. Medical practice is often
confronted with patients presenting several problems.® 7 Older patients and women are
under-represented in clinical trials,® © and patients with comorbidity, a common phenomenon at older
ages, !0 are generally excluded. Evidence from patients selected by referral cannot easily be
generalised to patients seen in primary care with less severe or early stage clinical pictures.® And
some important needs for evidence are almost ignored. For instance, while drug trials usually provide
evidence about starting drug treatment, doctors are increasingly confronted by patients taking
multiple long term medications but have no proper data on evidence based drug cessation.

Studies on the effectiveness of clinical care may also not easily attain internal validity. An example is
the evaluation of the many interventions that cannot be blinded, such as many non-pharmacological
procedures. Then, to avoid methodological calamities such as contamination of trial arms, choices
must be made between not evaluating at all or looking for alternative design options such as
pre-randomisation.!! In studying the effects of complex clinical guidelines the problems are even
greater. In addition, the evaluation of diagnostic procedures struggles with difficulties often not dealt
with in methodological textbooks. For instance, in validating diagnostic information on low back pain,
chronic fatigue syndrome, and benign prostatic hyperplasia unequivocal "gold standard" procedures or
even concepts do not exist. And for symptoms and signs such as chronic abdominal pain or a raised
erythrocyte sedimentation rate!2 invasive gold standard procedures cannot be routinely carried out.
Current best evidence may then come from "delayed type cross sectional studies" that harvest the
reference standard information from a thorough clinical follow up. Such solutions may not be ideal but
the best achievable, closely connected with the reality of clinical care.

Originally published in BM¥ 1997; 315: 1109-10.
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Thus, in seeking internally valid evidence that is externally valid for clinical practice, we need
"medicine based" studies that include, not ignore, clinical reality and its inherent difficulties. Since no
individual study can include full clinical reality, meta-analyses of various diagnostic and therapeutic
studies including various relevant subgroups (such as elderly patients!3 or those with comorbidity)
are indispensable. To support individual decision making, these meta-analyses should evaluate effect
modification between subgroups rather than seeking overall effect measures adjusted for subgroup
differences. In (inter)national collaborations such evidence can be prospectively collected, but many
methodological problems remain to be resolved, such as cultural differences in symptom perception
and therapeutic traditions.

In reviewing clinical evidence we must be reluctant to adopt too detailed criteria for good and bad
science and to freeze criteria for validity. Study methods themselves need to evolve. The randomised
controlled trial was developed over half a century and refined in the slipstream of important clinical
questions, rather than the reverse. At the same time, much knowledge gained before randomised
controlled trials came into being survived into the era of the randomised controlled trial. Given the
limited coverage of clinical practice by questions susceptible to randomised controlled trials,
quasi-experimental methods that respect the principle of comparability may grow more important—for
example, in comparing procedures more or less allocated by chance in daily practice, with negligible
confounding by indication. Power requirements for individual studies may become less critical in an
era of prospective accumulation of evidence. Databases and practice computer networks will provide
for a continuum, from evidence from individual practice to collaborative sampling frames for clinical
research.!4 In promoting such processes the clinical community can capitalise on the natural
interaction between practice (with learning from informal evidence) and clinical research designs (in
order to learn formally) (see box).

Relation between clinical practice and clinical research designs
Clinical practice Appropriate design for clinical research

Exploration of hypotheses Qualitative research

History taking Case-control study
Diagnostic testing Cross sectional study
Treatment experience Randomised clinical trial

Individual trial and error  n of 1 trial
Following clinical course ~ Cohort study
Record keeping Systematic registry based (computer supported) research

Individual peer review Quality of care research/process evaluation

Finally, in using strict criteria in reviewing manuscripts for publication, we should worry about risk
avoidance by clinical researchers. They might focus their energies on topics where the methodological
criteria of reviewers and editors can be most easily met, rather than studying real life clinical
problems which present substantial methodological problems. Such "criteria bias"is to be prevented,
since medicine based evidence is a prerequisite for evidence based medicine.

Geert Jan Dinant, Associate professor?

aDepartment of General Practice, Maastricht University, PO Box 616, 6200 MD Maastricht, The Netherlands
Andre.Knottnerus @hagunimaas.nl
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Narrative based medicine

Narrative based medicine in an evidence based world
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good sense.and the memory of the child as one whose
premorbid behaviour had been nothing out of the
ordinary). 'laken alone. neither hest rescarch evidence
nor the intuitive response to a short but unusual story
would have saved this patient, but the integrated appli-
cation of both has produced a feat we would all be
proud to replicate just once inour clinical careers.,

The well documented  frusuation  that - health
professionals experience when trving to apply evidence
based research findings to real life case scenarios occurs
most commonly when they abandon the interpretive
framework and attempt to get by on evidence alone.”
Such a situation might have occurred if Dr Jenkins had
suspended his clinical judgment and adhered exclu-
sively to the letter of a guideline on the carly diagnosis
and treatment of meningitis.

Stories within stories

The doctor-patient enconnter takes place in a highly
structured transactional space, in which the behaviour
of both parties is determined by socialised expecta-
tions. In the American philosopher Leder's view, the
“text” that constitutes the diagnostic encounter, and
which distinguishes it from other human narratives or
modes of communication, is a storv about the “person
as 117" This in mrn integrates four separate secondary
TGN T
® the experiential text—the meaning the patient
assigns to the various symptoms, deliberations, and lay
consultations in the run up to the clinical encounter (a
subject cloquently explored by Heath™):
® the narrative text what the doctor interprets 1o be
“the problem™ from the story the patient tells — the tra-
ditional medical history:
® the physical or perceptual text what the doctor
gleans from a physical examination of the patient
(using the ill defined but recognisable set of skills that
have heen called “practical reason”™); and
e the instrumental text what the blood tests and x
rays “say”

In the insorumental text, “machines are emploved

to co-author a fuller story™” The shadow on the chest
radiograph of a 19 vear old student returning from an
overland trip across India may be objectively identical
to that of a 36 vear old smoker who has never been out
of Sweden, Both may have coughed up blood. But the
radiologist who looks at the a ray films “sces™ tibercu-
losis in one and a high probability of cancer in the
other. According  to - Leder, the scarch for the
“objective” analysis of diagnostic tests (for example,
looking at an x ray film without a clinical or social his-
tory) is a flight from interpretation, and one that is
doomed to fail.” This prediction from a hermeneutic
perspective resonates strongly with the call from
evidence based circles for the “ruth™ of the instrumen-
tal text (that is, the results of diagnostic tests) to be
interpreted judiciously on the basis of bavesian pretest
probabilities determined by the history and physical
examination (for example. how likely on  clinical
grounds the patient is to have a particular condition).”

Leders analysis and much of what has been writen
on the narrative stream in clinical medicine, centres on
the diagnostic sequence, thus addressing only the first
part of the clinical encounter. But there is also a thera-
peutic narrative: the formulation of a plan of what 1o

do next and the enactiment of that narrative, ” Should
the doctor order further tests, treat (if so, with what?),
refer to a specialist colleague, or watch and waitz The
increasing recognition that these decisions should
arise out of informed dialogue between doctor and
patient™ has shown that there is a need for further
research into the namative  of shared  decision
making”—an aspect of narrative analvsis in medicine
that will no doubt expand over the next few vears.

Conclusion

Appreciating the narrative nature of illness experience
and the mtuitive and subjective aspects of clinical
method does not require us to reject the principles of
evidence based medicine. Nor does such an approach
demand an inversion of the hicrarchy of evidence so
that personal ancedote carries more weight in decision
making than the randomised conoolled trial. Far from
obviating the need for subjectivity in the clinical
encounter, genuine evidence based practice actually
presupposes an interpretive paradigm in which the
patient experiences illness ina unique and contextual
wav. Furthermore, it is only within such an interpretive
paradigm that a clinician can meaningfully draw on all
aspects of evidence  his or her own case based experi-
ence, the patient’s individual and cultural perspectives,
and the results of rigorous clinical research tials and
observational studies 1o reach an integrated clinical

Jjudgment.

I thank the many colleagues who conunented on earlier drafts
of this article, in particular Dr Brian Hurwitz and Dre | A Muir
Grav. The views expressed are mine alone.
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UNIT - Approaching the literature

SUGGESTED AIM FORTHIS SESSION

To allow participants to become confident in approaching electronic clinical databases with
focused and potentially answerable clinical questions.

SUGGESTED LEARNING OBJECTIVES FORTHIS SESSION

By the end of this session, participants will be able to:

® distinguish questions that can potentially be answered from the research literature from
those that require other sources of information;

® derive and prioritise focused and answerable questions from an undifferentiated clinical
problem:;

® identify appropriate research designs (for example, randomised controlled trial, cohort
study) for each question;

® construct and modify a search strategy to retrieve high-quality, relevant research articles;

® refine the search if necessary if too many or too few articles are identified.

SET ARTICLES

1. Greenhalgh T. How to read a paper. The Medline database. BM¥ 1997; 315: 180-3. [A
longer version of this article appears in Greenhalgh T'. How to read a paper: the basics of evi-
dence-based medicine. LLondon: BM]J Books, 1997. See in particular Chapter 2: Searching
the literature, pages 13-33.

2. Glanville J, Haines M, Auston I. Finding information on clinical effectiveness. BM¥ 1998;

317: 200-3.

THE FOUR-PART CLINICAL QUESTION

Scott Richardson and Dave Sackett produced an elegant and widely applicable framework for
generating the kind of question that will enable you to retrieve high-quality and relevant mat-
erial from the clinical literature (see Further Reading for references). The sequence is as

follows:

1. List all the main questions arising from your clinical problem.

2. Select those that are potentially answerable from information in the research literature (as
opposed to, for example, the clinical case notes, the patient’s values and preferences or
details of local health care services).

3. Use the acronym PICO (Population—-Intervention—-Comparison—Outcome) for therapy

questions and PEO (Population—Exposure—Outcome) to construct a focused clinical
question as illustrated below.
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Element Suggestions to help Example

1. The patient or “How would | succinctly describe In children under 12 years

population a group of patients similar to with poorly controlled asthma

this one?” on medium-dose inhaled

steroids ...

2. The intervention “What is the main action ... would adding salmeterol

(test, treatment, risk | am considering?” to their current therapy ...

factor) being considered

3. The comparison or “What is (are) the other option(s)?” ... compared to increasing

alternative (where relevant) the dose of their current
therapy ...

4. The outcome(s) “What do/es I/the patient want to ... lead to increased

of interest happen/not happen?” symptom control with no

increase in side effects?

SUGGESTIONS FOR GROUP EXERCISE

Invite members of the group to share case histories of clinical encounters they have experi-
enced, either as health professionals or as patients or carers. Have a “brainstorming” session
with a flip chart to generate a range of questions around one of these cases. Classify each
question in terms of the information source needed to answer it: “clinical casenotes™, “facts
from patient”, “values/preferences from patient”, “research literature”, “resources”, “local
services”, “unanswerable”, and so on. You will probably find that some questions need
breaking down into several more specific questions before they can be classified.

What proportion of questions appear answerable from the research literature? If you are a
multidisciplinary group, identify which professional group asked the most research-oriented
questions and which the least. Who asked the most questions about the patient’s experience

and about other aspects of the problem?

Sample case history for generating clinical questions

A 25-year-old Pakistani woman, newly immigrated to the UK, presents to her GP. Her
husband is a lawyer and they both speak perfect English. She is 30 weeks pregnant. She
says she has recently been told by a doctor in Pakistan that she is “mildly thalassaemic”™.
She is taking oral iron.

On examination she is small (150 cm), underweight (42 kg), and pale. The size of the
abdominal swelling is consistent with her dates and there is no other physical abnor-
mality. The GP finds glucose ++ in the urine and asks her to go for a blood test. The
patient agrees but fails to attend.

SUGGESTIONS FOR INDIVIDUAL STUDY

1. Try the exercise based on the case history above.

2. During a clinical encounter (if you are a clinician) or during a meeting or seminar in
which aspects of public health or health policy are being discussed (if you are an epi-
demiologist or a manager), note down a list of questions that come to you about the topic
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under discussion. Afterwards, classify the questions as described above and reflect on the
most likely source of answers for each category.
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Introduction

In 1928, in his introduction to Sceptical Essays, Bertrand Russell wrote: "The extent to which
beliefs are based on evidence is very much less than believers suppose.” Medical beliefs, and the
clinical practices that are based on them, are a case in point. Debate continues as to whether
scientific evidence alone is sufficient to guide medical decision making, but few doctors would
dispute that finding and understanding relevant research based evidence is increasingly necessary
in clinical practice. This article is the first in a series that introduces the non-expert to searching
the medical literature and assessing the value of medical articles.

The Medline database

Over 10 million medical articles exist on library shelves. About a third are indexed in the huge
Medline database, compiled by the National Library of Medicine of the United States. The Medline
database is exactly the same, whichever company is selling it, but the commands differ according
to the software. Vendors of Medline online and on CD ROM include Ovid Technologies (ovid) and
Silver Platter Information (WinSPIRS).

Articles can be traced in two ways: by any word listed on the database, including words in the title,
abstract, authors' names, and the institution where the research was done; and by a restricted
thesaurus of medical titles, known as medical subject heading (MeSH) terms.

To illustrate how Medline works, I have worked through some common problems in searching. The
scenarios have been drawn up using ovid software.

Problem 1: You are trying to find a known paper
Solution: Search the database by field suffix (title, author, journal, institution, etc) or by textwords.

First, get into the part of the database which covers the approximate year of the paper's publication. If
you are already in the main Medline menu, select "database" (Alt-B). If you know the approximate
title of the paper and perhaps the journal where it was published, you can use the title and journal
search keys or (this is quicker) the .ti and .jn field suffixes. The box shows some other useful field
suffixes.

Originally published in BM¥ Education and debate 1998, 315: 180-3.
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Useful search field suffixes (ovid)

Syntax Meaning Example
.ab Word in abstract epilepsy.ab
.au Author smith-r.au
Jn Journal lancet.jn

.me Single word, wherever it may appear as a MeSH term ulcer.me

.ti Word in title epilepy.ti
tw Word in title or abstract epilepsy.tw
.ui Unique identifier 91574637 .ui
yr Year of publication 87.yr

Thus, to find a paper called something like "Confidentiality and patients' casenotes", which you
remember seeing in the British Journal of General Practice a couple of years ago,! type the following
sequence:

1. confidentiality.ti

2. british journal of general practice.jn

3. land?2

Summary points
Not all medical articles are indexed on Medline, and many that are have been misclassified
Searching by textword can supplement a search by MeSH headings

To increase the sensitivity of a search, use the "explode" command and avoid using
subheadings

Scan titles on screen rather than relying on the software to find the most valid or relevant
ones

You could do all this in one step:

1. confidentiality.ti and british journal of general practice.jn

This step illustrates the use of the boolean operator "and"; it will give you articles common to both
sets. Using "or" will simply add the two sets together.
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Note that since 1988 the British Medical Journal is abbreviated BMJ in ovid software, and Journal of
the American Medical Association is JAMA. Other useful field suffixes to try when searching for a
known article are author (using the syntax haines-ap.au), institution (for example, manchester.in), or
title (for example, evidence-based medicine.ti).

Problem 2: You want to answer a specific question
Solution: Construct a focused (specific) search by combining two or more broad (sensitive) searches.

I was recently asked by the mother of a young girl with anorexia nervosa whose periods had ceased
to prescribe oral contraceptives for her so as to stop her bones thinning. This seemed a reasonable
request, though there were ethical problems to consider. But is there any evidence that taking oral
contraceptives in these circumstances really prevents long term bone loss? I decided to explore the
subject using Medline. To answer this question, you need to search very broadly under "anorexia

nervosa," "osteoporosis,” and "oral contraceptives." The search described below involves articles
from 1992; when replicating it, make sure the database you are searching goes back that far. Type:

1 anorexia nervosa

You have not typed a field suffix (such as .tw), so the ovid system will automatically try to "map"
your request to one of its standard medical subject headings (abbreviated MeSH and colloquially
known as "mesh terms"). (Note that not all Medline software packages will automatically map your
suggestion to MeSH terms. With Silver Platter search software, for example, you need to enter your
heading and click the "suggest" button.) For this example, the screen offers you either "eating
disorders" or "anorexia nervosa" and asks you to pick the closest one. Choose "anorexia nervosa"
(space bar to highlight the text, then press "return"). The screen then asks you whether you want
to "restrict to focus." Do you only want articles which are actually about anorexia nervosa in passing?
Let's say we do want to restrict to focus. Next, the screen offers us a choice of subheadings, but we'll
ignore these for a moment. Select "Include all subheadings." We could have got this far using a single
line command:

* .
2 "anorexia nervosa/

The * shows that the term is a major focus of the article, and the / represents a MeSH term. You
should have about 750 articles in this set.

Similarly, to get articles on osteoporosis (which is also a MeSH term), use the following single line
command:

3 osteoporosis/

You should get about 2200 articles. Note that in ovid, if you know that the subject you want is an
official MeSH term, you can shortcut the mapping process by typing a slash (/) after the word. Note
also that we have not used an asterisk here, because osteoporosis may not be the focus of the article
we are looking for.

Finally, put in the term "oral contraceptives" (without an asterisk and without a slash) to see what
the MeSH term here is. You will be offered "contraceptives, oral," and if you had known this you could
have used the following command:

4 contraceptives, oral/

This set should contain around 1200 articles. You can combine these three sets, either by using their
set numbers 1 and 2 and 3 or by typing the single line command:
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5 "anorexia nervosa/ and osteoporosis/ and contraceptives, oral/

With this you will have searched over 4000 articles and struck a single bull's eye.2 (If you don't find it,
check the syntax of your search carefully, then try running the same search through the previous five
year database using the Alt-B command.)

Problem 3: You want to get general information
quickly about a well defined topic

Solution: Use subheadings and/or the "limit set" options.

Subheadings are the fine tuning of the Medline indexing
system; they classify articles on a particular MeSH topic
into aetiology, prevention, therapy, and so on. The most
useful ones are listed in the box. I try not to use
subheadings unless I have unearthed an unmanageable
set of articles, since an estimated 50% of articles in
Medline are inadequately or incorrectly classified by subheading. It actually doesn't take long to
browse through 50 or so articles on the screen. It is better to do this than to rely on the "limit set"
command (see box) to give you the best of the bunch.

Useful subheadings (ovid)

Syntax Meaning Example

/ae Adverse effects thalidomide/ae
/co Complications measles/co

/et Contraindications (of drug) propranolol/ct
/di Diagnosis glioma/di

/dt Drug therapy depression/dt
/ed Education asthma/ed

/ep Epidemiology poliomyelitis/ep
/hi History mastectomy/hi
/nu Nursing cerebral palsy/nu
log Organisation/administration health service/og
/pc Prevention and control influenza/pc

/px Psychology diabetes/px

/th Therapy hypertension/th
/tu Therapeutic use (of drug)  aspirin/tu
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Useful "limit set" options

AIM journals Abstracts

Nursing journals Local holdings
Dental journals English language
Cancer journals Male

Review articles Human

Editorials Publication year

The option "AIM journals" denotes all journals listed in the Abridged Index Medicus—that is, the
"mainstream" medical journals. Alternatively, if you want articles relating to nursing, rather than
medical care, you could limit the set to "Nursing journals." This is often a better way of limiting a
large set than asking for local holdings. If you are not interested in seeing anything in a foreign
language (even though the abstract may be in English), select this option, again bearing in mind that
it is a non-systematic (indeed, a very biased) way of excluding articles from your set.

Note that instead of using the "limit set" function key you can use direct single line commands such
as:

9 limit 4 to local holdings

10 limit 5 to human

Problem 4: Your search gives irrelevant articles
Solution: Refine your search as you go along in the light of interim results.

Often, a search uncovers dozens of articles which are irrelevant to your question. The boolean
operator "not" can help here. I recently undertook a search to identify articles on surrogate endpoints
in clinical pharmacology research. My search revealed hundreds of articles I didn't want—all on
surrogate motherhood. The syntax to exclude the unwanted articles is:

1 (surrogate not mother$).tw

Deciding to use the "not" operator is a good example of how you can (and should) refine your search
as you go along—much easier than producing the perfect search off the top of your head. I used the
truncation symbol $ to find all words from a single stem, such as mother, mothers, motherhood, and
SO on.

Another way of getting rid of irrelevant articles is to narrow your textword search to adjacent words
using the "adj" operator. For example, the term "home help" includes two very common words linked
in a specific context. Link them as follows:

1 home adj help.tw
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Problem 5: The search gives no articles, or too few
Solution: Firstly, don't overuse subheadings or the "limit set” options. Secondly, search under
textwords as well as MeSH terms. Thirdly, learn about the "explode" command, and use it routinely.

Many important articles are missed not because we constructed a flawed search strategy but
because we relied too heavily on a flawed indexing system. For this reason, you should adopt a "belt
and braces" approach and search under textwords as well as by MeSH terms. After all, it is difficult
to write an article on the psychology of diabetes without mentioning the words "diabetes," "diabetic,"
"psychology," or "psychological," so the truncation stems "diabet$.tw." and "psychol$.tw." would
supplement a search under the MeSH term "diabetes mellitus" and the subheading "/px"
(psychology).

Another important strategy for preventing incomplete searches is to use the powerful "explode"
command. The MeSH terms are like the branches of a tree with, for example, "asthma" subdividing
into "asthma in children," "occupational asthma," and so on. Medline indexers are instructed to index
items by using the most specific MeSH terms they can. If you just ask for articles on "asthma" you
will miss all the articles indexed under "asthma in children" unless you "explode" the term using the
following syntax:

1 exp asthma/

Problem 6: You don't know where to start searching
Solution: Use the "permuted index" option.

Let's take the term "stress." It comes up often, but searching for particular types of stress would be
laborious and searching "stress" as a textword would be too unfocused. We need to know where in
the MeSH index the various types of stress lie, and when we see that, we can choose the sort of
stress we want to look at. For this, we use the command ptx ("permuted index"):

1 ptx stress

The screen shows many options, including post-traumatic stress disorders, stress fracture, oxidative
stress, stress incontinence, and so on.

The command "ptx" is useful when the term might be found inseveral subject areas. If your subject is
a discrete MeSH term, use the tree command. For example:

2 tree epilepsy

will show where epilepsy is placed in the MeSH index—as a branch of "brain diseases," which itself
branches into generalised epilepsy, partial epilepsy, post-traumatic epilepsy, and so on.

Problem 7: Limiting a set loses important articles but does not exclude those of low
methodological quality

Solution: Apply an EBQF (evidence based quality filter).

If your closely focused search still gives you several hundred articles, and if applying subheadings or
limit set functions seems to lose valuable (and valid) papers, you should insert a quality string
designed to limit your set to therapeutic interventions, aetiology, diagnostic procedures, or
epidemiology. Alternatively, you could apply search strings to identify the publication type, such as
randomised controlled trial, systematic review, or meta-analysis.
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These EBQFs (evidence based quality filters), which are listed in Appendix 1, are complex search
strategies developed by some of the world's most experienced medical information experts. You can
copy them into your personal computer and save them as strategies to be added to your subject
searches. Other search strategies that will identify cohort studies, case-control studies, and so on
will soon be available from the UK Cochrane Centre, Summertown Pavillion, Middle Way, Oxford
0X2 7LG (general @cochrane.co.uk).

Problem 8: Medline hasn't helped
Solution: Explore other medical and paramedical databases .

Entry of articles onto the Medline database is open to human error, both from authors and editors
who select key words for indexing, and from the librarians who group articles under subheadings and
type in the abstracts. In addition, some sections of indexed journals are not available on Medline (for
example, the News section of the BMJ ). According to one estimate, 40% of material which should be
listed on Medline can, in reality, only be accessed by looking through all the journals again, by hand.
Furthermore, a number of important medical and paramedical journals are not covered by Medline at
all. It is said that Medline lacks comprehensive references in the fields of psychology, medical
sociology, and non-clinical pharmacology.

If you wish to broaden your search to other electronic databases, ask your local librarian where you
could access the following:

® AIDSLINE — Covers AIDS and HIV back to 1980.
® Allied and Alternative Medicine — Covers complementary andalternative medicine.

® American Medical Association Journals — Provides the full text of JAMA plus 10 specialty
journals produced by the American Medical Association; from 1982.

® ASSIA — An applied social sciences database covering psychology, sociology, politics, and
economics since 1987. All documents have abstracts.

® Cancer-CD — A compilation by Silver Platter of cancerlit and Embase cancer related records
from 1984. The CD ROM versionis updated quarterly.

® CINAHL — The nursing and allied health database covering all aspects of nursing, health

education, occupational therapy, social services in health care, and other related disciplines
from 1983. The CD ROM version is updated monthly.

® Cochrane Library — The Cochrane Controlled Trials Register (cctr), Cochrane Database of
Systematic Reviews (cdsr), Database of Abstracts of Reviews of Effectiveness (dare), and
Cochrane Review Methodology Database (crmd) are updated quarterly; authors of systematic
reviews on cdsr undertake to update their own contributions periodically.*

® Current Contents Search — Indexes journal issues on or before their publication date. It is
useful when checking for the very latest output on a subject. Updated weekly; from 1990.

® Current Research in Britain — The British national research database of trials in progress.

® DHData (formerly DHSS-Data) — The database of the UK's Department of Health indexes
articles covering health service and hospital administration; from 1983.
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® Embase — Focuses on drugs and pharmacology but also includes other biomedical specialties.
It is more up to date than Medline and has better European coverage. The CD ROM version
is updated monthly.

® HELMIS — The Health Management Information Service at the Nuffield Institute of Health,
Leeds, UK, indexes articles on health service management.

® Psychlit— Produced by the American Psychological Association as the computer searchable
version of Psychological Abstracts; covers psychology, psychiatry, and related subjects;
journals are included from 1974 and books from 1987 (English language only).

® Science Citation Index — Indexes references cited in articles as well as the usual author,
title, abstract, and citation of articles themselves. Useful for finding follow up work done on a
key article and for tracking down addresses of authors.

® SHARE — Based at the King's Fund library in London; published and ongoing research into
the health of, and health services for, black and minority ethnic groups.

® Toxline — Information on toxicological effects of chemicals and drugs on living systems; from
1981.

® UNICORN — The main database of the King's Fund, London. Covers health, health
management, health economics, and social sciences. Particularly strong on primary health
care and the health of Londoners.
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Appendix 1: Evidence based quality filters for everyday
use

(a) Therapeutic interventions (What works?)

L.

2.

8.

9

exp clinical trials

exp research design

randomized controlled trial.pt.

clinical trial.pt.

(single or double or treble or triple).tw.
(mask$ or blind$).tw.

Sand 6

placebos/ or placebo.tw.

. lor2or3or4or7or8

(b) Aetiology (What causes it? What are the risk factors?)

1

2

3

4

. exp causality
. exp cohort studies
. exp risk

. lor2or3

(c) Diagnostic procedures

1

2

3

4

. exp "sensitivity and specificity"
. exp diagnostic errors
. eXp mass screening

. lor2or3

(d) Epidemiology

1

. SN.XS

(This would find all articles indexed under any MeSH term with any of "statistics,"

"epide

"non

miology," "ethnology," or "mortality" as subheadings.)
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Appendix 2: Maximally sensitive search strings

(to be used mainly for research)

(a) Maximally sensitive qualifying string for randomised controlled trials
1.

2.

10.

11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.

RANDOMIZED CONTROLLED TRIAL.pt.
CONTROLLED CLINICAL TRIAL.pt.

RANDOMIZED CONTROLLED TRIALS.sh.

RANDOM ALLOCATION .sh.

DOUBLE-BLIND METHOD.sh.

SINGLE-BLIND METHOD.sh.

. or/1-6

ANIMAL.sh. not HUMAN.sh.

7 not 8
CLINICAL TRIAL.pt.

exp CLINICAL TRIALS

(clin$ adj25 trial$).ti,ab.

((single or double or treble or triple) adj25 (blind$ or mas$)).ti,ab.

PLACEBOS.sh.
placebo$.ti,ab.
randomS$.ti,ab.

RESEARCH DESIGN.sh.
or/10-17

18 not 8

19 not 9

COMPARATIVE STUDY .sh.
exp EVALUATION STUDIES /

FOLLOW UP STUDIES.sh.
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24. PROSPECTIVE STUDIES.sh.
25. (control$ or prospectiv$ or volunteer$).ti,ab.
26. or/21-25
27. 26 not 8
28. 26 not (9 or 20)
29. 9 or 20 or 28
In these examples, upper case denotes controlled vocabulary and lower case denotes free
tex_t terms. Search statements 8, 9, 19, and 27 could be omitted if your search takes too long
a time to run.
(b) Maximally sensitive qualifying string for identifying systematic reviews
1. REVIEW, ACADEMIC .pt.
2. REVIEW, TUTORIAL .pt.
3. META-ANALYSIS .pt.
4. META-ANALYSIS .sh.
5. systematic$ adj25 review$
6. systematic$ adj25 overview$
7. meta-analy$ or metaanaly$ or (meta analy$)
8. or/1-7
9. ANIMAL.sh. not HUMAN.sh.
10. 8 not 9

Search statements 9 and 10 could be omitted if your search seems to be taking a long time to
run.
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Getting research findings into practice
Finding information on clinical effectiveness

This is the third in a series of eight articles analysing the gap between research and practice

Julie Glanville, information service manager,* Margaret Haines, principal adviser,b
Ione Auston, librarian.c

ANHS Centre for Reviews and Dissemination,

University of York, York YO1 5DD, b Library and Information Commission, London W1V 4BH, ¢ National Information
Center on Health Services Research and Health Care Technology, National Library of Medicine, 8600 Rockville Pike,
Bethesda, MD 20894, USA

Correspondence to: Ms Glanville

Series editors: Andrew Haines and Anna Donald

There is increasing pressure on healthcare professionals to ensure that their practice is based on
evidence from good quality research, such as randomised controlled trials or, preferably, systematic
reviews of randomised controlled trials and trials of other study designs. This pressure comes from
various sources. The evidence based healthcare movement encourages a questioning and reflective
approach to clinical practice and emphasises the importance of lifelong learning. Thus, good access to
research based evidence is necessary. Many governments are encouraging the development of
evidence based medicine because its advantages are understood, especially in terms of improved
efficiency in the delivery of health care through the identification of effective treatments. ! 2 There are
also indications that legal decisions may take account of whether research evidence and clinical
guidelines were adhered to. 3 4 Better informed consumers may provide another incentive for
clinicians to be more aware of research findings. Clinicians will need to be able to access information
on clinical effectiveness in order to improve the quality of care and to stay well informed on
developments in specialist areas. We examine the resources that are already available to clinicians,
strategies for finding and filtering information, and ways of improving dissemination.

Originally published in BM¥ 1998; 317: 200-203.
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Summary points

Information alone is often not sufficient to encourage changes in practice

A national dissemination strategy for important research messages combined with
local support mechanisms may increase the uptake of changes in practice

All healthcare decision makers need to know how to filter research for quality and
how to appraise evidence from research

Extensive information on clinical effectiveness is already available, and computer
based systems are being developed that will present clinicians with evidence based
information when they need it

Good library and information support provided to doctors has been proved to make a
positive impact on clinical decision making

Evidence based information already available

In the 1990s evidence from research has become more easily available. In part this has been due to
the development of programmes for assessing health technology and to the growth in systematic
reviews. Systematic reviews evaluate primary evidence and the effectiveness of particular

interventions. They necessarily take time to complete but a useful compilation of reviews is available
in The Cochrane Library and there are also reports ffom technology assessment agencies such as the

Agency for Health Care Policy and Research in the United States or in England the Department of
Health's health technology assessment programme. The publications and databases in the box
present evidence on effectiveness, often in a summarised form suitable for the busy clinician or
policymaker. However, important problems remain, such as how to increase awareness of what
information is available and how to provide clinicians with information when they need it.

52

Selected resources
The Cochrane Library

A collection of databases including the full text of the Cochrane Database of Systematic
Reviews , critical commentaries on selected systematic reviews that have been assessed for
quality by the NHS Centre for Reviews and Dissemination, and brief details of more than
170 000 randomised controlled trials.

Available from : Update Software, Summertown Pavilion, Middle Way, Summertown, Oxford,
0X2 7LG, or http://www.medlib.com and http://www.hcn.net.au/

Clinical Guidelines from the US Agency for Health Care Policy and Research

A series of clinical guidelines based on thorough reviews of research evidence. The agency is
now focusing on producing evidence reports (reviews and analyses of scientific literature
designed to provide the basis for guidelines, measures of performance, and other tools for
quality improvement), as well as working with the American Medical Association and the
American Association of Health Plans to develop an online clearing house for practice
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guidelines; the online service will have electronic mailing lists to keep users informed about
the implementation of guidelines.

Available from : http://text.nlm.nih.gov/ and http://www.ahcpr.gov:80/news/press/ngc.html
Best Evidence Database on CD ROM

Abstracts of primary and review articles that have been published in the American College of
Physicians Journal Club and Evidence-Based Medicine , with assessments of quality by
clinical experts.

Available from : BMJ Publishing, London WC1H 9JR, or http://hiru.hirunet.mcmaster.ca/acpjc
Effective Health Care Bulletins

Reports of systematic reviews presented in a readable and accessible format, produced by
the NHS Centre for Reviews and Dissemination.

Available from : Subscriptions Department, Pearson Professional, PO Box 77, Fourth
Avenue, Harlow CM19 5BQ, or http://www.york.ac.uk/inst/crd

Guide to Clinical Preventive Services, 2nd ed

US Preventive Services Task Force. Baltimore: Williams and Wilkins, 1996
Evidence based recommendations on preventive services.

Available from : http://text.nlm.nih.gov/

Canadian Guide to Clinical Preventive Health Care

Ottawa: Health Canada, 1994

Evidence based recommendations on preventive services.

Bandolier

UK newsletter alerting readers to key evidence about effectiveness in health care.
Available from : http://www.jr2.0x.ac.uk/Bandolier

Drug and Therapeutics Bulletin

Independent assessments of drugs and other treatments.

Available from : Consumers' Association, Castlemead, Gascoyne Way, Hertford, SG14 1LH
Effectiveness Matters

Summaries of published research on a single topic which emphasise presenting clear
messages on effectiveness.

Available from : NHS Centre for Reviews and Dissemination, University of York, York YO1
5DD, or http://www.york.ac.uk/inst/crd
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MeReC Bulletin

Reviews of new drugs compiled for general practitioners, with discussion of effectiveness,
safety, appropriateness, acceptability, and cost.

Available from : Medicines Resource Centre, Hamilton House, 24 Pall Mall, Liverpool L3
6AL

NHS Economic Evaluation Database

Critical assessments of published economic evaluations, produced by the NHS Centre for
Reviews and Dissemination.

Available from : NHS Centre for Reviews and Dissemination, University of York, York YO1
5DD, or http://nhscrd.york.ac.uk/Welcome.html

Collections of systematic reviews and critical appraisals of primary research are valuable sources of
evaluated research. The proliferation of these collections is creating its own information explosion;
this is a serious problem that needs to be addressed. Because there is no single comprehensive index
to all the material described in the box several searches through both paper journals and electronic
services may be required to locate relevant information. It may also be necessary to obtain copies of
the original publication. These are disincentives to searching for and obtaining research evidence.
Information technology may eventually provide a more streamlined way of dealing with this explosion
of information, perhaps in the form of world wide web interfaces that provide links to a range of
evidence based information services that filter publications for quality, or by providing access to the
full text of publications. Biomednet is one model of this type of service. It offers a range of full text
resources with free Medline access, discussion facilities, and virtual meeting rooms. Biomednet is
beginning to highlight important papers that have been cited and evaluated by expert reviewers as a
means of filtering papers for quality. >

The resources in the box provide information that has been evaluated and filtered—that is, they
highlight the best quality studies from the mass of available literature. However, research based
answers to many questions of effectiveness are not yet available in such time saving, value added
forms. Clinicians may still need to search indexes and abstracts of published literature. For several
years it has been possible for clinicians to search Medline using software such as Grateful Med, and
its world wide web interface, internet Grateful Med. This has provided access to a large body of peer
reviewed studies that are mostly unsynthesised and unevaluated. There are tools to help searchers
identify the types of studies that are more likely to provide high quality information on clinical
effectiveness, such as systematic reviews or randomised controlled trials. © 7 Once the original
papers have been retrieved there are checklists that, together with training in critical appraisal skills,
can be used to assess the rigour and validity of such studies.810

Although Medline is a rich resource, access is increasingly required to a wider range of material than
it presently indexes. The US National Library of Medicine and the American Hospital Association
have recently launched the HealthSTAR database which seeks to provide expanded access to both
non-clinical information (on topics such as healthcare administration, economics, and planning) and
non-journal information (such as reports, meeting abstracts, and chapters from books) that is not
available in journals.!! The National Library of Medicine has recently announced that access to
Medline and HealthSTAR through internet Grateful Med and access to Medline through the PubMed
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interface will be free.!! Other databases that cover specific clinical areas, specific types of
publications, and non-English language material should also be used. Tools such as search strategies
and single interfaces, like PubMed, are required to enhance access to a range of such databases.

Strategies for finding and filtering information

Training and practice are required to search information services and navigate the internet effectively,
but other options are available which may help clinicians cope with the challenges of finding
information. Locating, appraising, and exploiting resources, both print and electronic, has typically
been the role of the librarian or information professional. Increasingly, clinicians are finding that
librarians can not only help them locate information in answer to a particular question but also can

help to keep their knowledge up to date by presenting selections of important new evidence in the
form of paper or electronic bulletins.

The value of library and information support has been demonstrated on both sides of the Atlantic.
Trained librarians are often more effective than physicians in filtering papers for quality. 12 Some
American studies have shown that library support not only contributes to lower patient care costs by
decreasing the number of admissions, length of stay, and number of procedures but also contributes to
a higher quality of care in terms of patient advice, improved decision making, and savings in time. !3
14 A similar study in the United Kingdom found that library services had a positive impact on the
continuing education of hospital doctors.!>

Not all clinicians have the time to visit libraries, and new models have emerged for delivering library
support directly to hospital wards and departments. 1 17 In the United States, the National Network
of Libraries of Medicine provides outreach services to general practitioners (and, more recently, to
publichealth professionals); in the United Kingdom the BMA library offers an electronic outreach
service to members. '8 19 Also in the United Kingdom, the Oxford PRISE (primary care sharing the
evidence) project is developing a model whereby general practitioners' computers are linked to a
central computer that provides access to a range of databases; in this model the general practitioners
can also request librarians to follow up particular questions in more detail.20 Librarians are
increasingly asked to provide training in information skills as part of courses in evidence based
medicine offered to NHS staff.

The development of primary care based services presents a challenge to librarians; they must become
better trained to deal with a wider range of inquiries, to evaluate and synthesise evidence, and to
present selected information through innovative delivery systems. Clearly initiatives such as the
Oxford Health Libraries' training programme, known as the "librarian of the 21st century," is a model
for other library networks.2! Similar initiatives under development in the United States include the
National Information Center on Health Services Research and Health Care Technology, web based
training materials that are not copyrighted and can be modified to suit the user,?2 and training

programmes for librarians sponsored by the National Library of Medicine in subjects such as medical
informatics.

Improving dissemination

For information to be accessible it must be packaged and published in formats that promote easy
identification and encourage use. Evidence based information is becoming easier to find: structured
abstracts in articles in journals make it easier to identify the methodology of a study and its potential

55



EVIDENCE BASED HEALTH CARE WORKBOOK

reliability. Innovations, such as the BMJ's key messages boxes, make it easier to identify the
important points of research. Journal editors have an important role in encouraging authors to provide
informative abstracts and in ensuring that researchers' conclusions are supported by their paper's
results. However, the benefits of clearer labelling may be undermined if current buzz words, such as
"effective" and "evidence based", are adopted and used

incorrectly or inaccurately so that previously useful
labels become meaningless.

Organisations that produce recommendations on policy
and clinical guidelines are finding it necessary to make

their guidelines more explicitly evidence based, both by
using research evidence to develop their guidelines and
in stating the level of evidence on which the guidance is
based. 23 24 It would be easier and quicker to assess
guidelines if the types of evidence used in their
development were stated as clearly as possible, for example on the front cover of published
guidelines there could be a statement to the effect that "this guideline is based on a Cochrane
review." The guideline appraisal project of the Health Information Research Unit at McMaster
University is an example of efforts to help practitioners identify and critically evaluate clinical
guidelines, and to determine their applicability to local practice.?

Information from research needs to be presented in forms that are appropriate for the target audience.
Guidelines from the Agency for Health Care Policy and Research have been packaged in different
ways for different users; they have been packaged as a detailed report of the review with a full
exposition of the evidence for researchers and decision makers, as a briefer guideline for clinicians,
and as a leaflet for patients. In the United Kingdom, the Midwives Information and Resource Service
has produced a series of leaflets aimed at both pregnant women and their professional carers using,
when possible, evidence from Cochrane reviews. 20

Simply presenting research evidence to clinicians is often insufficient to ensure that it is incorporated
into practice. Government directives and direct incentives such as payments can increase the speed of
uptake. Sometimes powerful research findings will have an immediate effect; swift changes in practice
followed the publication of research findings that sleeping position could affect mortality from the
sudden infant death syndrome. 27 28 However, even when findings are packaged, summarised, and
made relevant to clinicians further action will be needed to ensure their implementation.

A complex set of factors influences the uptake of research findings, and a variety of dissemination
methods need to be used to encourage clinicians to make informed changes in their practice.2 Much
research on effective implementation is currently under way, but a nationally coordinated strategy to
disseminate and promote important evidence from research and systematic reviews could improve
implementation among healthcare professionals. National campaigns to distribute information packs,
briefings, and videos of important points from research findings could speed the wider adoption of
changes in practice. Such national campaigns would need to be complemented by a variety of other
activities at a local level.30 Local implementation strategies involving continuing education
programmes, patient education programmes, and library and information outreach services could be
coordinated to ensure that key research evidence is not only accessible but also acted on.

The articles in this series are adapted from Getting research findings into practice, edited by
Andrew Haines and Anna Donald, which is published by the BMJ Publishing Group.
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UNIT  Papers that report drug trials
(randomused controlled trials of

therapy)

BACKGROUND

It is now well established that the evaluation of interventions (such as drug therapies, surgical
operations or complex educational or behavioural treatments) should be undertaken as far as
possible by means of double-blind, randomised controlled trials (RCT's).

SUGGESTED AIM FORTHIS SESSION

For participants to develop, and feel confident in helping others to develop, the ability to
determine whether the results and conclusions of a research article advocating (or dismissing)
a specific intervention are valid and applicable to their own practice and to address issues of
implementation of research evidence using their findings.

SUGGESTED LEARNING OBJECTIVES FORTHIS SESSION

By the end of this session, participants should be able to:
® confirm that a paper described as a RCT actually involved adequately concealed random
allocation of trial participants;

® cstablish whether the trial addressed an important and relevant question;

® assess the methodological quality of the RC'T using a structured checklist;

® assess the significance of the results in terms of quantified measures of benefit and harm:;
® comment critically on the application and implementation of the results.

SET ARTICLE

UK Prospective Diabetes Study Group. Tight blood pressure control and risk of macrovas-
cular and microvascular complications in type 2 diabetes: UKPDS 38. BM¥ 1999; 317:
703-13.

ADDITIONAL REPRINT

Kunz R, Oxman AD. The unpredictability paradox: review of empirical comparisons of ran-
domised and non-randomised clinical trials. BM¥ 1998; 317: 1185-90.
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Clinical scenario

You are a multidisciplinary team working to develop a Health Improvement Plan for
diabetes in a population of about 100 000. The group comprises a consultant diabetol-
ogist, a general physician, a consultant in public health, an optometrist, a podiatrist, a
diabetes specialist nurse, a practice nurse, a pharmacist, a clinical effectiveness coord-
inator, and two patient representatives. One of the patient representatives has had great
problems with recurrent “hypos” after her GP changed her oral medication; the other
has no symptoms whatsoever but has heard that even in the absence of symptoms, the
diabetes can do damage.

SUGGESTIONS FOR GROUP EXERCISES

When you have read the paper, try one or more of the following:

1. A role play in which members of your group represent these different health profession-
als at a meeting to decide the aims of treatment for people with diabetes.

2. A teaching situation in which some final-year medical or nursing students are asked to
appraise the paper.

3. An interview with a lay newspaper for diabetes patients and their carers in which a jour-
nalist with no detailed medical knowledge is asking you to explain the findings of the
study.

SUGGESTION FOR INDIVIDUAL STUDY

Imagine you are a person with type 2 diabetes. Your HbAlc level was 7.5% at the last check-
up (normal laboratory range 3.5-5.5%). Your blood pressure is consistently around 164/94.
Your doctor tells you that you must control your blood sugar levels more tightly, take tablets
for your blood pressure, stop smoking, go to the gym, and follow a strict diet. You decide to
try to find out how much benefit you can expect to gain from any or all of these changes.

You ask a friend who is a medical librarian to look out for some papers and she
produces four or five key references, one of which is the UKPDS study reprinted here. If
you felt you had to choose between taking treatment for your blood pressure and improv-
ing your blood glucose control, which would you choose, and why? How would you
persuade your doctor of your arguments?

FURTHER READING

Greenhalgh T. How to read a paper: the basics of evidence-based medicine. L.ondon: BMJ
Books, 1997. See in particular Chapter 3: Getting your bearings, pages 34-52 and
Chapter 6: Papers that report drug trials, pages 87-96.

Guyatt GH, Sackett DL, Cook DJ. Users’ guides to the medical literature. II. How to use
an article about therapy or prevention. A. Are the results of the study valid? F4AMA
1993; 270: 2598-601.

Guyatt GH, Sackett DL, Cook DJ. Users’ guides to the medical literature. II. How to use
an article about therapy or prevention. B. What were the results and will they help me
in caring for my patients? FAMA 1994; 271: 59-63.
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CRITICAL APPRAISAL CHECKLIST FOR AN ARTICLE
DESCRIBING A RANDOMISED CONTROLLED TRIAL

Note that the questions on the checklist are really looking for problems of bias, confounding, low
power, and poor validity.

A. Are the results of the trial valid? Yes/No/Don’t know
1. Did the trial address a clearly focused question (PIO)?

® Population

® Intervention

® Qutcome

2. Were patients randomly selected from a defined

population?

3. Was the assignment of patients to the intervention and
control group randomised?

4. Were participants and observers both “blinded” to which
group they were in, control or experimental?

® |f not, were they single blinded (either observer or
participant is blinded to allocation)? Would double
blinding have been technically possible?

e |f not blinded at all, would blinding (single or double)
have been possible?

5. Aside from the intervention, were the two groups treated
equally?

6. Did the study have adequate power to see an effect if
there was one?

7. Were all the patients who entered the trial properly
accounted for?

Was follow-up > 80%"7?

Were patients analysed in the groups to which they
were randomised?

. What are the results?

How large was the effect of treatment?
What outcomes were measured (measures of risk)?

Confidence intervals, p-values

B
8
[ J
9. How precise was the estimate of the treatment effect?
o
C

. How relevant are the results?

10. Were the study participants sufficiently different from my
patient that this study doesn’t help me at all?
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Tight blood pressure control and risk of macrovascular
and microvascular complications in type 2 diabetes:

UKPDS 38

UK Prospective Diabetes Study Group

Abstract

Objective: To determine whether tight control of
blood pressure prevents macrovascular and
microvascular complications in patients with tvpe 2
diabetes.

Design: Randomised controlled trial comparing tight
control of blood pressure aiming at a blood pressure
of <7 150./85 nun Hg (with the use of an angiotensin
converting enzyvie inhibitor captopril or a f blocker
atenolol as main treatment) with less tight control
aiming at a blood pressure of < 1807105 mm Hg.
Setting: 20 hospital based clinics in England,
Scotland, and Northern Ireland.

Subjects: 1 148 hypertensive patients with tvpe 2
diabetes (mean age 56, mean blood pressure at entry
16G/90 mm Hyg): 758 padients were allocated to tight
control of blood pressure and 390 patients to less

tight control with a median follow up of 8.1 vears.
Main outcome measures: Predefined clinical end
points, fatal and non-tatal, related o diabetes, deaths
related o diabetes, and all cause mortality, Surrogate
measures of microvascular discase included urinary
albumin excretion and retinal photographs.

Results: Mcan blood pressure during follow up was
significantly reduced in the group assigned tight
blood pressure comtrol (144782 mim Hg) compared
with the group assigned to less tight conwrol

(154787 mm Hg) (P < 0.0001). Reductions in risk in
the group assigned to tight control compared with
that assigned to less tight control were 24" in
diabetes related end points (95% confidence interval
&4 10 3810) (P =0.0016), 32% in deaths related o
diabetes (6% 10 1) (P 0.019), F1% i sirokes (1M
1o 65%) (P—0.013), and 37" in microvascular end
points (1% to 56™%) (P =0.0092), predominantly
owing to a reduced visk ot vetinal photocoagulation,
There was a non-significant reduction in all cause
mortality. After nine vears of follow up the group
assigned 1o tight blood pressure control also had a
3% reduction in risk in the proportion of patients
with deterioration of retinopathy by two steps (99,
confidence interval 11% 1o H00%) (P — 0.000-1) and a
17 reduced risk (7% 1o 700 (P =0.00-1) of
deterioration in visual acuity by three lines of the carly
tcatment of diabetic retinopathy study (ETDRS)
chart. After nine vears of follow up 29%: of patients in

Originally published in BM¥ 1998; 317: 703-13.
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the group assigned to tight control required three or
more treatments to lower blood pressure to achieve
target blood pressures,

Conclusion: Tight blood pressune control in patients
with hypertension and tvpe 2 diabetes achieves a
climically important reduction in the visk of deaths
related to diabetes, complications related to diabetes,
progression of diabetic retinopathy. and deterioration
in visual acuity.

Introduction

Type 2 diabetes and hypertension are commonly asso-
ciated conditions, both of which carrvan increased risk
of cardiovascnlar and renal disease.” ™ The prevalence
of hypertension in tvpe 2 diabetes is higher than that in
the  general  population,  especially - in vounger
patients.” " At the age of 13 around 100 of patients
with tvpe 2 diabetes are hypertensive, the proportion
increasing to 60% by the age of 757 Hypertension
imcreases the already high risk of cardiovascular
disease associated with type 2 diabetes™ ™" and is also
a risk factor for the development of microalbumin-
wia " and retinopathy”

In the general population treatment to lower blood
incidence  of  stroke  and

pressure reduces  the

myocardial infarction,'
ple.

microalbuminuria or overt nephropathy strict control

particularly in elderly peo-
“In patients with tvpe 1 diabetes who have

of blood pressure reduces urinary albumin excretion
and  deterioration in renal function.” 7 Lowering
blood pressure also decreases albuminuria in type 2
diabetes,™ but whether it also reduces the risk of end
stage venal discase or of cardiac discase is not known.,
We report results from the hypertension in
diabetes study, a multicentre, randomised. controlled
trial (embedded within the UK prospective diabetes
study) designed to determine whether tight blood

pressure control (aiming for a blood pressure of

<2 150785 mm Hg) reduces morbidity and mortality in
hypertensive paticnts with tvpe 2 dizbetes.”

Subjects and methods

We studied hypertensive patients with type 2 diabetes
who had been recruited to the UK prospective diabetes
studv.™ ¥ General practitioners were asked to refer
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‘Treatment protocol

Randomisation stratificd for those with or without
previous treatment for hyvpertension was performed
by the coordinating centre. Inull 758 patients were
allocated tight control of blood pressure, aiming tor a
blood pressure < 150,785 mm Hyg (100 patients were
given an angiotensin converting enzyvine  inhibitor
(captopril) and 358 a B blocker (atenolol) as the nuin
treatment): 390 patients were allocated a less nght
control of blood pressure, aiming for a blood pressure
< A8 105 mm Hg but with
angiotensin comerting enzyme inhibitors or f block-
ers (fig 1). Scaled opaque envelopes were used and
checked as deseribed for the UK prospective diabetes
studv.” The  original
200,105 mm Hg in the group assigned 1o less tight
reduced in 1992 by the  steering
commitiee of the hypertension in diabetes study after

avoiding  treatment

blood  pressure

control  was

publication of the results of smdies in elderly,
non-diabetic subjects during 1991-2. 7 * Randomi-
produced  balanced  numbers  of  patients
allocated 1o the various glucose and blood pressure
treatment combinations for the UK prospective
diabetes studv and hypertension in diabetes study.
Captopril was usually started at a dose ot 25 mg

sation

twice dailv, increasing 1o 30 mg wice daily, and
g to 100 mg
il required. Other agents were added if the control ori-

atenolol at a daily dose of 500 mg. increasit

teria were not met in the group assigned to tight con-
trol despite maximum allocated veatment or i the
aroup assigned to less tight control without drug neat-
ment. The suggested sequence was frusemide 20 mg
daily (maximum 10 myg wice daily), slow release nifed-
ipine 10 my (maximum 10 mg) twice daily, methvldopa
250 myg (maximum 300 mg) wwice daily, and prazosin
I mg (maximum 5 mg) thrice dailv.

Clinic visits

Patients visited study clinics every 3-1months. At each
visit plasma glucose concentration, blood pressure, and
body weight were measured, and treatments to control
blood pressure and blood glucose concentration were

noted and adjusted if target values were not met. Iff

treatments and target blood pressures were not in
accord with the protocol. the coordinating centre sent
letters about affected patients 1o the clinical centres
requesting appropriate action. A central record of all
apparent protocol deviations was maintained. Svinp-
toms including any drug side effects and clinical everns
were noted. Physicians recorded hypoglycaemic epi-
sodes as minor il the patient was able 1o weat the
syiptoms unaided and as major if third parey or
medical intervention was necessary.

Blood pressure measurements

Blood pressure (diastolic phase 5) while the patient was
sitting and had rested for at least five minutes was
measured by a trained nurse with a Copal UA-251 ora
Takeda UA-751 electronic auscultatory blood pressure
reading machine (Andrew Stephens, Brighouse, West
Yorkshire) or with a Hawksley random zero sphyg-
momanometer (Hawksley, Lancing, Sussex) in patients
with atrial fibrillation. The first veading was discarded
and the mean of the next three consecutive readings
with a coefficient of variation helow 15% was used in
the study, with additional readings if required. Monthly
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target  of

quality assurance measurements have shown the mean
difference between Takeda and Hawksleyv machines to
be 1 (4 mm Hg or less.

Clinical examination
Atentry to the UK prospective diabetes study and sub-
sequently every three vears all patients had a clinical
examination which included retinal colour photogra-
phy. ophthalmoscopy, measurement of visual acuity,
assessment of peripheral and autonomic neuropathy,
chest radiography, electrocardiography, and measure-
ment of brachial and posterior tibial Dlood pressure
using Doppler techniques. Annual direct ophthalimo-
scopy was also carried out. Every vear a fasting blood
sample was taken o measure glveated haemoglobin
(haemoglobin A ), plasma creatinine concentration,
and concentrations of urea, immunorcactive insulin,
and insulin antibodies: random urine saunples were
taken for measurement of albumin concentration.
Visual acuity was measured with Snellen charts
until 1989, after which FTDRS (earlv treamment of dia-
betic retinopathy study) charts™ were used 1o assess
with
through a pinhole. Retinal colour photographs of four
standard 307 ficlds per eve (nasal, dise, macula, and
temporal 1o macular ficlds) were taken plus stercopho-

best corrected  vision, cnrent refraction or

tographs of the maculi. Repeat photography was
arranged if the quality of the photograph was unsatis-
factory. Retinal photographs were assessed ata central
grading centre by two independent assessors for the
presence or absence of diabetic retinopathy. Any ficlds
with retinopathy were graded by two further senior
independent assessors using a modified FTDRS final
scale.™ Neuropathy was assessed clinically by knee and
ankle reflexes, and by biothesiometer  (Biomedical
Instruments, Newbury, Ohio) readings taken from the
lateral malleoli and the end of the big toe™ A 12 lead
clectrocardiogram was recorded and given a Minne-
sota code,” and a chest x vav film was taken for
measurement of cardiac dinmeter.

Biochemistry
Biochemical methods  have been reported  previ-
ously” * Urinary albumin  concenoation  was

measured by an inmunowrbidimetric method with a
normal reference range of Ldme/l 1o 365 mg/l’
Microalbuminuria has been defined as a urinary albu-
min concentration ol =50 mg- 17 and clinical grade
proteinuria as @ urinary albumin concentration of
2300 my/lL

Clinical end points
Twenty one clinical end points were predefined in the
study protocol? All available clinical information was
gathered for possible end points—for example, copies
of admission notes, operation records, death certiti-
cates, and necropsy reports, Copies of these, without
reference to the patient’s allocated or actual reatment,
were tormally: presented 1o two independent phy:

cians who allocated an appropriate code from the
ninth revision of the international classification of dis-
cases (ICD-9) if the oritenia for any particular clinical
end point had been met. Any disagreement hetween
the two assessors was discussed and  the evidence
reviewed.  If

agrecment  was - not  possible  the

information was submitted to a panel of two further
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pressures acheived have not been published. Intensive
blood pressure conwrol in the diabetic subgroup of the
Detection
showed no effect onall canse mortaling ™

Hyvpertension and - Follw-up - Program

Retinopathy “The was a 34" reduction in the rate of

progression of retinopathy by two or more steps using
the modified ETDRS final scale. The 174 reduction in
the deterioration of visual acuity by three lines using
the ETDRS chart (equivalent to a change from 676 to
6,712 or 6910 6,718 on the Snellen chart) suggests that
tight blood pressure control also prevented  the
development of diabetic maculopathy, which is the
main cause of visual impairment in tvpe 2 diabetes.™ In
the UK prospective diabetes study diabetic maculopa-
thy occurred in 78% of patients requiring retinal pho-

tocoagulation. As diabetic maculopathy responds less
well to Taser retinal photocoagulation than proliferative
reducing the risk of maculopathy by
tight blood pressure control might provide a major

retinopathy,* ™

clinical benetit in reducing the risk of blindness. o ow
knowledge this is the first report in patients with tvpe 2
diabetes to show that tight blood pressure control
reduces the risk of clinical complications from diabetic
eve discase.

Renal disease—The proportion of patients in the
group assigned to tight blood pressure control who
had a urinary albumin concentration of > 50 mg/1 at
six vears of follow up was only significantly lower than
in the group assigned to less tight control at six vears
follow-up. Good control of blood pressure in patients
with renal failure prevents progression of established
"7 Ravid et al also
showed in 19 normotensive subjects with tvpe 2
diabetes and microalbuminnria (inean 1143 mg/24 h
(range 30-290)) that immproved blood pressure control

renal failure in tvpe 1 diabetes.”

with enalapril prevented an increase in urine albumin
excretion and gave a slower decline in renal function.”
Previous  epidemiological  studies have  shown am
association between hyvpertension and albunnnuria in
patients with tvpe 2 diabetes who do not have rvenal
tailure.'" -

High blood pressure in tipe 2 diabetes Hvperiension
remains underrecognised and undertreated in the dia-
betic as well as in the general population. In the 1995
health survey for England 10% of the general popula-
ton with hypertension (World Health: Organisation
criteriaz > 160 mm Hg svstolic, > 495 mm Hg diastolic)
were not treated and one third of the treated subjects
still had a blood pressure greater than 160295 nin He,
The mean blood pressure in the group assigned 1o less
tight control of blood pressure in the hypertension in
diabetes study over nine vears of follow up from a
mean age of 56 at recruitunent was 15887 nun Hg. In

the second national health and nunrition smvey of

1976-80 in the United States 28%: of hypertensive dia-
betie patients had blood pressures of = 160 mm Hg or

tal
295 mm Hy”

In this study the mean blood pressure in the group
tight pressure
14182 mm Hg  which is lower than  the
pressures often achieved in hypertensive subjects with

assigned o blood control  was

blood

or without diabetes. Advisory groups have recom-
mended that the goals for blood pressure in diabetic
patients should be <1-40/90 mm Hg, ™ ™' <110/ 85 mm
Hg,'" or <130/85 mm Hg" ' These recommenda-
tions are based on studies in the general population’

70

Key messages

® This study showed that tight control of blood
pressure based on captopril or atenolol as first
agents and aiming for both a systolic blood
pressure < 150 mm Hg and diastolic pressure
<85 mm Hg achieved a mean 1144/82 mm Hy
compared with 150787 mm Hg ina control
group

® 20 of patients in the tight control group
required three or more hypotensive treatments

® Tight control of blood pressure reduced the risk
of any non-tatal or fatal diabetic complications
and of death related to diabetes; deterioration in
visual acuity was also reduced

Reducing blood pressure needs to have high

bl b
priority in caring for patients with tvpe 2
diabetes

and in patients with tpe T diabetes with micro-
albuminuria or established nephropathy.™ ™
lines were formulated on the assumption that data
relating to hypertensive non-diabetic subjects and
relatively: voung patients with tvpe 1 diabetes also
applied to those with type 2 diabetes. The prevention
of both macrovascular and
observed i this study provides evidence tor the

Guide-

microvascular  diseiase

necessity of tight blood pressure conwrol in wpe 2
diabetes. The recommendations tor the less strict
“fair” or "aceeptable” blood pressure control targets by
some of the advisory groups of < 16005 mm Hg,”
<160/90 mm Hg.” " or <150/90 mm Hg™ need o be
reviewed in the light of the results of our study.

Conclusion

Hypertension is common in patients with tvpe 2
diabetes, with a prevalence of 40-60% over the age
range of 13 to 75, This study, embedded within the UK
prospective diabetes study, shows that wreaunent with
an angiotensin converting  enzyme  inhibitor or 3
blocker aiming for a blood pressure ol <150/
85 mm Hg substantially reduces the risk of death and
complications due 1o diabetes. The management of
blood pressure should have a high priority in the reat-
ment of tvpe 2 diabetes.
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The unpredictability paradox: review of empirical
comparisons of randomised and non-randomised

clinical trials

Regina Kunz, Andrew D Oxman

Abstract

Objective To sumnuuise comparisons of randomised
clinical trials and non-randomised clinical trials, tials
with adequately conceiled random allocation versus
inadequately concealed random allocation, and high
qQuatlity trials versus low quality trials where the eftec
of rimdomisation could not be separated from the
etfects of other methodological manoeuvres.

Design Systennatic review,

Selection criteria Cohorts or meta-analyses of clinical
trials that included an empirical assessment of the
relation between randomisation and estimates ot
citect.

Data sources Cochrane Review Methodology
Database, Medline, SciSearch, bibliographies, hand
scarching of journals, personal conmunication with
methodologists, and the reference lists of relevant
articles.

Main outcome measures Relation between
randomisation and estimates of eftfect.

Results Eleven studies that compared randomised
controlled trials with non-randomised controlled
trials (cight for evaluations of the same intervention
and three across different interventions), two studies
that compared irials with adeguately concealed
random allocation and inadequately concealed
random allocation, and five smdies that assessed the
relation between quality scores and estimates of’
treatment effects, were identified. Failure to use
random allocation and concealment of allocation
were associated with relative increases in estimates of’
cffects of 150" or more, relative decreases of up to
90, inversion of the estinated effect and, in some
cases, no difference. On average, failure to use
randomisation or adequate concealment of allocation
vesulted in larger estimates of effect due 1o a poorer
prognosis in non-randomly selected control groups
compared with randomly selected control groups.
Conclusions Failure to use adequately concealed
random allocation can distort the apparent effects of
care in either direction, causing the effects to seem
either larger or snraller than they really are. The size
of these distortions can be as large as or larger than
the size of the effects that are to be detected.

Introduction

Observational  evidence is - clearly hetter than
opinion, but it is thoroughly unsatistactory. All
rescarch on the effectiveness of therapy was in this
unfortunate state until the carlv 1950s, The only
exceptions were the drugs whose effect onimimedi-
ate mortality were so obvious that no trials were
necessary, such as insuling sulphonamide. and
penicillin.

“The basic idea, like most good things, is very simple.™

Randomisation is the onlv means of controlling for

Originally published in BM¥ 1998; 317: 1185-90.

unknown and unmeasured differences between com-
parison groups as well as those that are known and
measured. Randon assignment removes the potential
of bias in the assignment of  patients 1o one
mtervention or another by introducing unpredictabil-
iy, When alternation or any other preset plan (such as
time of admission) is used, it is possible to arange o
enter a patient into a study at an opportune moment.
With randomisation, however. cach patient’s treatment
1s assigned according to the play of chance. It is a para-
dox that unpredictability is introduced into the design
of clinical trials by using random allocation to protect
against the unpredictability of the extent of bias in the
results of non-randomised clinmcal trials.

Despite this simple logic. and many examples of

harm being done because of delavs in conducting ran-

domised trials, there are limitations to the use of

randomised trials, both real and imagined, and scepti-
cism about the value of randomisation. * We believe
this scepticism is healdny, It is important o question
assumptions about rescarch methods. and 1o test these
assumptions empirically, just as it is important to test
assumptions about the effects of health care. In this
paper we have attempted systematically to summarise
empirical studies of the relation between randomisa-
tion and estimates of effect.

Methods

We included four types of comparisons in our review:
randomised  chnical  wrials non-randomised
clinical wials of the same intervention, randomised
climical wials versus non-randomised  clinical  trials

VCISUS

across different interventons, adequately concealed
random allocation versus inadequately concealed ran-
dom allocation i wrials, and high quality trials versus

low quality wials in which the specitic effect of

randomisation or allocaion concealment could not be
separated from the effect of other methodological
manocuvres such as double blinding. Both deseriptive
and analvtical assessments of the relation between the
use of random allocation and estimates of effect are
included, based on cohorts or meta-analvses of clinical
trials,

We identified studies from the Cochrane Review
Methodology Database,” other methodological biblio-
graphies, Medline, and SciScarch, and by hand scarch-
ing journals, personal communication with method-
ologists, and checking the reference lists of relevant
articles, These scarches were conducted up o July
1998, Potentially relevant citations were retrieved and
sed for inclusion independently by both authors,
Disagreements were resolved by discussion.

We used the tollowing criteria to appraise the
methodological quality of included  studies: Were
explicit criteria used to select the wials: Did two or

ANS

more investigators agree regarding the selection of
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trials? Was there a consecutive or complete sample off
clinical rialsz Did the study control for other method-
ological differences such as double blinding and com-
plete follow upz Did the study control for clinical
differences in the participants and interventions in the
included wials: Were similar outcome measures used
in the included trials: The overall quality of cach study
was sutmarised as: no important flaws, possibly
important flaws. or major flaws,

cach study of (RK) extracted
information about the sample of clinical trials, the
comparison that was made, the type of analysis under-
taken, and the resulis, and the other checked the
extracted  data against the published article. The
reported relation between randomisation and esti-

For one us

maies of effect was recorded and. if possible, converted
to the relative overestimation or underestimation of’
the relative risk reduction. We prepared tables for
cach type of comparison to facilitate a qualitative
analysis of the extent to which the included studies
vielded  similar results, and - heterogencity in the
included studies was explored both within and across
COMPArisons.

In summarising the results we have assumed that
randomised the
standard to which estimates from non-randomised

cvidence  from trials s reference

trials are compared. However, as with other gold stand-
ards. randomised rials are not without flaws, and this

assumption is not intended to imply that the true cffect
is known, or that estimates derived from randomised
trials are alwayvs closer to the truth than estimates from
non-randomiscd trials.

Results

We have idendified 18 cohorts or meta-analyses that
met our inclusion criteria, totalling 1211 clinical
ials.  Efforts 1o develop an eflicient electronic
search sirategy using Medline have thus far not been
successtul due to poor indexing, Scarches tor studies
that Miller
colleagues, " Chalmers and colleagues. ™ or Schulz and
colleagues™ using SciScarch vielded seven additional
studies. Searches using SciSearch for studies that cited

citedd Colditz and  colleagues, and

the other studies meeting our inclusion criteria did
not vield any other additional studies. Exploratory
hand searching of three methodological journals
(Controlled Clinical Trials, Statistics in Medicine, and the

Journal of Clinical Epidemiology) for four vears (1970,

1980, 19490, and 1995) vielded a single relevant study
published in 1990, The 18 included studies were pub-
lished in I different journals, The majority of studics
were identified through personal connmunication with
methodologists and

reference lists.

through  bibliographies  and

Table 1 Randomised controlled trials (RCTs) compared with non-randomised controlled trials (non-RCTs) of the same intervention

Study
Cha mers 1977

Sacks 1982°

Jehl 1986”

3eimold 1992"

Regurrent Miscarrizge
Immune:herapy Trialists
Grouz 19947

Watsorr *994'

Syorala 1995

Carroll 1996*

Sample (search strategy)

32 cortrolled stud ¢s of
znticoagulation in acute myocardial
infasction (systemraic)

Sample of 50 RCTs and 56 4CTs

sing 6 interventions (t-eatmen? of
oesophzgea varices. soronary zrtery
surgery. ant qulation in myacardial
infa-cticn. chemotaerapy ‘or oelen
cancer and melanora. and
diethyls:ilboestrol for recurrent
miscarriage) izt hard)

19 RC™s and 17 HCTS for 6 types of
cancer (areast. co on. stomach. u1g
1. melangmz. soft tiss e
sa‘cemal (reference 157 of two
textbooks)

6 RCTs and 6 CCTs of chinidine in
atrial “ brillation (syste'natic)

9 RCTs and 6 SCTs (with self selected
treatnert) of allcgence lzucocyt
nrmarothe-asy for recurient
miscarriage (systenatic)

4 RCTs and 6 {CTs. 4CTs of ol

so uble cortrast red sunng
hysterosalpingog-apay in inferile
couples (syste-natic)

11 RC™s and 22 (not fartier spes fies)
non-RCTs on bormonal therapy in
cryptorsudism systematic)

17 RC™s and 19 ro1-3CTs (inclicing
HCIs or tnas vath nadequate
randorusation procedures) on
franscutaneous “ical erve
stinulatior (systenat ¢}

CCT-cencurrently contrelled tnal. HCT-Fistorically centrol ed tial

74

Comparison

RCTs with CCTs ard 4CTs on case
fatality ratc. rate of thromsoenbehsm
and taemc-rhages

RCTs with 4ACTs on frecuercy of
detecting stat ¢
(P- 005) of primiry outceme and
recuction of mo-talty

Matcring of rancomises and istorical
controls for disease. stage. anc follov:
up, and comparison on Sarviva and
relapse free survival

RCTs and CCTs on maintznance o*
sinus rhythn® 3. 6. ang 12 morths
after cardioversion

RCTs and CCTs on live birth raze

RCTs and CCTsHCTS cn pregnarcy
rate

RCTs and ron-RCTs on the desc
testes after therapy vith luteinising
ha-mone releasing horrong or human
chor onic geradozrophir

RCIs and ron-RCTs on contrel of
postoperative pain

Direction of bias

Overestimation of
efect

Results

Relative r sk -eduction for mortality cverest mated by
35% n 4CTs and 6% in CCTs compa-ed with RCTs
Case fatality rate highest in HC™s (38 3%<) compared
with RCTs (18 6%z) and CCTs (29 2%) Sunilzi
sattere for thromboembolisn

207: of the RCTs fourd a statistica ly significant
senett fron the reve treaimant compired wth /9%
of the 4CTs Reative 1 sk reduction ef mortality ir
FCTs v RCTS was 0490 27 «1.8) for cirthosis
0.68:0.26 {2 6) for coronary arlery surgery a:
yeats, 0490 22 (2 2) tor anticezgulat 0 in
ryozardial infarstion. and 0,
dietylstilyoest-ol in recurrent miscarriage Qutcemes
n treatment groups weie similar i th desigrs. but
cutcomes in cortrol Greps were worse arong
qistorical contro s

Overestimation of
effect

18 of 43 matched sontiol grouns (42¢) varied by
>10%, {ahso ute difference ir either outcome), 9
(21%5) by >20%, and 2 (5%) by >30% Su-vival of
relanse free susvival was betier i1 RCTs compared
witt HCTS in 1/.18 ma:
At 3 nonths, benefic al effect of mairtaining sinus
thythm wit1 chinidine was 54% less in nen-RCTs
compared with 3CTs. and was /67°¢ less at 12
months

Underestimzticn of
ef‘ect

Benefisial effect of immunotherapy or uirth rite
arong JNA1 WOren w < larger in CCTs
compa- h 3CTs. hut 6537 lower in CCTs

whe all wemer were considered

¢ for pregnart
wOIen
RCTs and CCTs™HCTs detectec: similar e+
sregnancy ratess cdds ratio for RCTs 192 (95% €

1.33 0 2 68) ard tor CCIs/HGTS 1.92 {165 to 2 38)

Similar effect

apy vith
119 hg'mone - ing hormone was tirmes

arger in nen-RCTs than ir RCTs and 17 times la-ger

a‘tar therapy vith human chosion ¢ gonadeireahin

Overestimation of
ef'ect

Iranscutareons electncal nerve st mulation jLdged
clive at nrprovirg postope-ative pain 11 85% of
1 le 895 0f non-BCTs concluded that 12 did
postoverative sair

mpreve
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Table 2 Randomised controlled trials (RCTs) compared with non-randomised controlled trials (non-RCTs) across different interventions

Study
Coldriz “989"

Sample (search strategy)
113 studizs publishe¢ n 1980

compzrnng ney interveations wth od.

identi‘ied ir lead ng <ard clogy

ne.arology. asychiatry. and -espiratosy

Jjournals (systemaic)

Comparison

36 parallzl RCTs. 29 randomised COTs. 46
ncn-randenuised COTs. 3 CC™s. § ECTs. 9
gsservahicnal studies compared tor
t-gatmznt gain” (Marn-Whithey statusticy
and relation betyeen quahty score ard
t'eatmant gain” assessad

Direction of bias
11C01C uSIve

Results

Al hut ong design achieved similar “treztrent gains
{0.56-0.65). Overall. 89% 0 new treazmets were rated as
1T provements. but on y rea-rancomisee COTs detected 3
sigmficantly higher “t-2atment ga n” from the ngw
treatment compared wath RCIs (P-0.004). Wthir RCTs,
there was 10 correlation betweer quality score and

Miller 1988 188 studies companng new surgical
interventiors wit1 ole. published in
1983 and icentified in leading surgical o1

journals (systematic)

assessed

Otterbacher 1992' Sample of 30 RCTs aad 30 trals wath
non--aadom process of al acation.

eg matching or FCTs (systematic
search o' N Fagi J Med and JAMA
across several meciczl specialties)

d fferences

81 RCIs. 15 CClIs. 27 HCIs 91
ousservaticnal stusdies. / BASs conpared

" (Mann-Whitney) ard
associat on betvreen t-2atent success
and study design znd :he relation betveen
quality score and treatment gairs

eatment gz

RC™s and no1-RCTs on treatment effects
as measured 5y stardard sed mean

“treatment gain” (P-0 18)

Noesigeuficant trend towards arger “teatmen’ gains” ‘o-
nevs treasmen’s on the prncipal diseass i1 ro1-RCTs
{056 to 0 /8) tan in1 RCTs (0.56). For t-eatnent of
comp icztions the “treatment gair™ was s milar as-oss all
study cesigns (0.54 ta 0.55) except in BASS (0 90)
Within 3CTs there v:as no correlation beweeen quality
scores and ‘reatmient gains (P=0.7}

No differerce in treatmient effec: found betveeen non-RC™s
{0.23) and RCTs (9.21)

COI-Cressover tnia : CCT-concurrent y controlled trial: =Cl-externa control study: BAS-before and after study: HCT-tustorically contrelled trial

Randomised trials versus non-randomised trials of
the same intervention

Table 1 summarises the eight swudies comparing
randomised clinical rials and non-randomised clini-
cal trials of the same intervention. In five of the eight
studies, eftect
randomised trials. Qutcomes in the randomised treat-
ment groups and non-randomised treatnent groups

estimates  of were larger in non-

were frequently similar, but worse outcomes among
historical controls spuriously increased the estimated
treatment effects. One study tound comparable results
for both allocation  procedures, and  two  studies
reported smaller wreatment eftects in non-randomised
studies. Inone study the smaller estimate of effect was
duc to a poorer prognosis for patienis in the

non-randomised treatment groups. The deviation of

the estinmates of effect for non-randomised nials com-
pared  with ranged
underestinution of etfect of 76% to an overestimation
of effect of 160,

randomised  trials from an

Randomised trials versus non-randomised trials
across different interventions

The evidence fron comparisons across different inter-
ventions and  various  study designs (randomised
controlled trials and non-randomised controlled trials,
crossover designs, and observational studies) is less
clear (table 2). Inall three studies several study designs
and conditions combined and their

clinical were

diverse outcomes converted to a standardised offect
size. There was substantial clinical heterogeneity, and
there were many other tactors that could distort or
mask a possible association between randomisation
and estimates of effect. No consistent relation between
study design or quality: and the magnitude of the
estimates of ellect was detected.

Adequately concealed allocation versus
inadequately concealed allocation

Concealed random allocation to weatment  that s,
blinding of the randomisation schedule to- prevent
subversion by the investigators or trial participants
should ensure protection against biased  allocation.
Chalmers and colleagues found that within ran-
domised controlled wials failure adequately to conceal
allocation was associated with larger imbalances in
prognostic factors and larger treatment effects (table
31" They reported a more than seventold overestima-
tion of the treamment eftect in wials with inadequately
concealed allocation. They did not, however, control
for other methodological factors in their descriptive
analys
variate  analvsis  that controlled  tor blinding  and
completeness of follow up, which vielded  similar

T Schulz and colleagues conducted @ muli-

results.” They found  that inadequately concealed
random allocation (for example, alternation) com-
pared with adequately concealed random: allocation
(for example. assignment by a central oflice) resulied in

CONC usIve

Sim lar effects

Table 3 Trials with adequately concealed allocation compared with inadequately concealed allocation

Study Sample (search strategy) Comparison

Results

Direction of bias

Chalme-s 1983
acute myoczrd al infarction
{Systematic)

Sshalz 19957 250 RCTs from 33 “netz-analyses
{Cochrane Pregnancy and Ch ldh rth

Jatabase)

RCT-Radamises cortrolled <t al

145 coirel ed tnials of treatment for

Stazies vath d fferent allocation scremes
{1or-random. no1-sencea ec rzngom. ard
concealed random al ecation) on

maldis'r hation of prognostic var ables
frequency of siguficant outcomes. ard
case fazahty rates

Associatior hetween methodologiczl
featu-es of sontrollec trials (allocaticn
concealment, deable blinding, and follovy
un). anc treztment effect (odds ratioy

Overestiration of
eftect

In 10n-RCTs, nen-concealed RCTS. ard RCTs wth
cocealed al ocation. the mad str bution o* progostic
factors was 342, 7%= and 3 5% respectively. ‘reguency
of sigmifican cutcomes was 25%. 11%. ard 5%«
espectively. average relat ve nsk reductior for mortal ty
was 33%. 23%. and 3% respectively Cuse fatality rate for
conrel grouns was 32%. 23%. @nd 16% and for
treateient groups was 21%. 18%, ane “67% respectively

Treatnent effect overestimated by 41% in RC™s wiith Overssturation ot
inadequate concealment al y 30% in RCTs wth uncledr  effect

adeq cf conczalment comaared vith thoss witn

adeq concgalment (P- 0.001) after adjustment for

other methedologica features. Studies vath no double

blinding cversstimaied t-eatment effect by 174 ccmparec

vath doutle birded studies (P =0.0°). Lack of complete

follow up had no influgace on treatment affect (7.

P-0 323
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Table 4 Studies of high quality trials compared with low quality trials

Study
Emersen 19907

Imseriale 1990

Nurmohameg *992

Kran 1996

Ortiz 1998

Sample (search strategy)
Sample of 7 me:
prmary studies
about quality scores wias available (at
hanz)

Metz-ana ysis of *1 RC’s of steroids
in alcoto 1c hepatiis (Systematic

Me

orthopazdic RCTs on low nrolecular
weight “lepann as thromboprophylaxis
(sys'ematic)

Metz-ana ysis of 9 RCTS (arallel or
crossover design) 2va uating the

Comparison

Assessment of rzlatior hetween quality
score and {a) observed treatment
difference and (b) variat on of observed
treatrment dif‘erence

Short te'm rortalry in studies with tigh
and lows methodolog cal quality

analyses yith 107
1ere full infarmation

na ysis of 35 surgicel and Relative risk reduction for deep vein
thromhesis and sulnoazry embolism in
studies of tugh and low methodolegical

quahty

P-egancy rates in studies with 1ig1 ad
lov: methodolog cal qualty

cffect of anti-ogstrcgen t-eatment in
mzle infertil ty (systematic)

Metz-ana ysis of 7 RCTs on the effect
of foic or folinic acid v pla

(sy

“requensy of gastioinzest nal side ef'ects
0 in sty +it1 high and low
tic) nethedologisal quality

RCT-Randamised sentrellzd <nal

76

estimates of effect (odds ratios) that were on average
10% Targer.

High quality trials versus low quality trials
Considerable differences in the observed treatment
cffect were detected when the results of high quality
studies were compared with those of low quality studies
in the context of systematic reviews of specitic health
care (table D, In these studies the estimates of effect
were distorted in both directions and even caused the
alarming situation of a harmful intervention associated
with a reduction in pregnancies (odds ratio 0.5, on the
basis of high quality studies) seeming beneficial in low
quality studies (odds ratio 2.6, on the basis of low qual-
iy studies). In two meta-analyses, low quality studies
consistently underestinrated the beneficial effect of the
intervention being evaluated by 27% 1o 100", and an
cffective treatment could have been discarded based on
the results of low quality studies.

Methodological quality

The methodological quality of the studies included
in this review varied. Four studies met all of our
criteria,
bias on the effect of a specific healthcare intervention
as part of a svstematic review, and the analvsis was
performed as part of a subgroup analysis to fest
the robustness of the overall finding. The other
14 studies had one or more methodological flaws
including not controlling tor other methodological

" or clinical differences.”

MANoOCuUNT

Discussion

It has proved difficult 1o develop efticient search
for locating  empirical - methodological
studies such as the ones included in this review:
Although we believe it is unlikely that there are many
published methodological studies such as the ones by
Sucks and colleagues.” Schulz and colleagues,” Chalm-
ers and colleagues,” and Fmerson and collcagues™
that we have not identified. there may be unpublished

strategics

" Three of these assessed the impact of

Direction of hias
S milar ¢ffests

Results

No correlation detected between either quaity scare and
treatment ci‘ference or vaciat 01 o ‘reatment difference
within each metd-analysis or in combines ana ysis
(P=029)

11 stugies with low qualty. -elatve nsk recuction cn
mortality vas 86% smaller tran t1e reducticn observed in
high quality studics. In studies v+ th lov qua ity and
hepatic encephalopatty no effect was observed. while tha
relat ve nisk reduction of mortzhity 1n h g1 qua ity studies
was 55%

Underestimation of
effect

Overestiratior of
effect

11 stucies viith love quality. -elative risk recuction for
venous thrombosis in sargical rials s:as 2 6 tnes larger
and in orthgpzedic tnals 14 nmes larger. than stud es
with hugh quality 3elat ve nsk reduction fo* pulmorary
¢mbclus in surgical trials was 1.7 tmes arger. and in
orthopaedic trals 2.8 umes larger, than stud £s v th high
Jualty

11 stugies of low: quality, pregnancy rate increased under
treatment (odds ratio 2.6). but declingc under treatment
n high qua ity studies (0.5)

Reversal of e'fec:

Underestimation of
effect

vath low quality there vas a 439 redaction in
ic of side e‘fects (0 57y compares with a 70
reduction in studies witt high quality {0.3)

or ongoing studies like these that we have not
identificd, and it is likely that there are mamy
meta-analyses that meet the inclusion criteria for this
review that we have not identified. The Cochrane
Library contains 128 completed reviews and 397 pro-
tocols. and there are over 1700 entries in the database
of abstracts of reviews of effectiveness.™ We have not
systematically gone through all of these meta-analyses.
An expanded version of this review will be published in
the Cochrane Library and kept up to date through the
Cochrane Fmpirical Methodological Studies Methods
Group. " Additional studies will be added to the review,
and any errors that are identitied will be corrected.

We have not incuded  comparisons between
randomised conurolled wials und cohort studies,™ case-
control studies,
large healthcare administrative databases.  although

* or evaluations of elfectiveness using

some of the studies in this review included observa-
tional studies. Observational sdies often provide
valuable information that is complementary to the
results of climcal trials, For example, case-control stud-
ies may be the best available study design for evaluating
rare adverse effects, and large database studies may
provide important information about the extent o
which effects that are expected based on randomised
clinical rials are achieved in routine practice. However,
itis important to remerber that it is only possible to
control for confounders that are known and measured
in observational studics, and we should be wary of
hubris and its consequences in assuming that we know
all there is to know about any discase.

As with any review the qualiny of the datais limited
by the quality of the studies that we have reviewed.
Most of the studies included in the review had one or
more methodological flaws. In mamy of the included
comparisons, particularly those hetween randomised
controlled trials and  historically - controlled  trials,
methodological diffevences other than randomisation
may account for some of the observed differences in
estimates of effect.”

Four of the studies metall of ouwr eviteria for as
ing methodological quality,' *'" and one study in par-
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ticular provided strong support for the conclusion that
clinical trials that lack adequately concealed randotn
allocation produce estimates of effect that are on aver-
age 0% Larger than clinical trials with adequately con-
cealed random allocation, but that the degree and the
direction of this bias varies widel.™ This study also
shows  the  potential - contribution that - systentic

reviews, and notably  the Cochrane Database of

Systematic Reviews, can make towards developing an
empirical basis for methodological decisions in evalua-
tions of health care. Currently this empirical basis is
lacking, and many methodological debates rely more
on logic or rhetoric than evidence, Analyses such as the

one undertaken by Schulz and colleagues, in which

methodological comparisons are made among trials of’

the same intervention, are likely to vield more reliable
results  than comparisons  that are  made  across
different interventions which, not surprisingly, tend to

be inconclusive.

We have assumed that, in general. differences
between randomised trials and non-randomised trials
or between trials with adequately concealed random
allocation and inadequately concealed random alloca-
tion are best explained by bias in the non-randomised
controlled trials and inadequately concealed wials. This
assumption is - supported by findings  of - large
imbalances in prognostic factors as well. However, it is
possible that randomised controlled trals can some-
times underestimate the offectiveness of an interven-
ton in routine practice by forcing  healthcare
professionals and patients 1o acknowledge their uncer-
tainty and thereby reduce the strength of placebo
effects? # 7 T is also possible that publication bias can
partly explain some of the difterences in results
observed in studies such as the one by Sacks and
colleagues.” This would be the case if randomised trials
are more likely to be published regardless of the effect
size, than historically controlled trials. However, we are
not aware  of anv evidence that - supports  this
hypothesis, and the available evidence shows consist-
ently that randomised wials, like other rescarch, are
also more likely 1o be published if they have results tha
are considered significant.™

Several explanations for  discrepancies between
estimates of cetlect derived from randomised wrials and
non-randomised trials are possible. For example, it can
be argued that estimates of effect might be larger in

randomised trials it the care provided in the context of

trials is better than that in routine practice, assuining
this is the case tor the treatment group and not the
control group. Similarly, strict eligibility criteria might
select people with a higher capacity to benefit from a
veatment, resulting in larger estimates of eflect in ran-
domised trials than non-randomised wials with less
strict eligibility eriteria. Ifl for some reason, patients
with a poor prognosis were more likelv 1o be allocated
to the veatment group in non-randomised trials then
this would also result in larger estimates of effect in
randomised trials. Conversely, if patients with a poor
prognosis were more likely to be allocated to the con-
trol group in non-randomised wrials, as often seems o
be the case based on the results of this review, this
would result in larger estimates of effect in the
non-randomised trials.

Key message

® Empirical studies support using random
allocation in clinical trials and ensuring that the
allocation process is concealed  that is, that
assigninent is impervious to any influence by
the people making the allocation

® The cltect ol not using concealed random
allocation can be as large or larger than the
cflects of worthwhile interventions

® On average. failure to use conceealed random
allocation results in overestimates of effect due
10 a poorer prognosis in non-randornly selected
control groups compared with randomly
sclected control groups. hut it can result in
underestimates of effect, reverse the divection of
effect, mask an effect, or give similar estinates of
eflect

o The adequacy of allocation conccalment may be
A more sensitive measure of bias in chmcal trials
than scales used to wssess the quality of clinical
rials

® Itis a paradox that the unpredictability of
randomisation is the best protection against the
unpredictability of the extent and direction of
bias in clinical trials that are not properly
randomised

Conclusion

Overall, this review supports using random allocation
in clinical trials and ensuring that the randomisation
schedule is adequately concealed. The eftect of not
using random allocation with adequate concealment
can be as large or larger than the effects of worthwhile
interventions. On average, non-randomised trials and
andomised trials with inadequately concealed alloca-
tion result in overestimates of effeet. This bias, however,

can go in cither divection, can reverse the direction of

cffect. or canmask an effect.
For those undertaking clinical trials this review
provides support for using randomisation to assemble

comparison groups.” For those undertaking svstem-
atic: reviews of clinical trials, this review  provides
support for considering sensitivity: analvses based on
the adequacy of allocation concealment i addition to
or nstead of on the basis of overall quality scores,
which may be less sensitive measures of bias.

As Cochrane stated: “The [randomised convolled
trial] is a very beautiful technique, of wide applicability,
but as with everything else there are snags”™ Those
nuking decisions on the basis of clinical wrials need o
be cautious of small trials (even when they are properly
randomised) and svstematic reviews of small triuls both
because of chance effects and the risk of biased report-
ing.” It is also possible to introduce bias into a wial
despite allocation concealment.™ ™ Finally, even when
the risk of error due 1o cither bias or chance is small,

Judgments must be made about the applicability of the

results 1o individual patients™ 7 and about the relative
value of the probable benefits, harms, and costs.”™ ™
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77



EVIDENCE BASED HEALTH CARE WORKBOOK

78

Annie Britton and other colleagues lor provision ol theit biblio-
graphices on research methodology, and the investigators who
conducted the studies wereviewed.

of

Contributors: RK and ADO contributed 1o the preparation
the protocol and the final manuseript and assessed the

relevance and imethodological quality of retvieved reports. RK
prepared the divst dialis of the protocol and the paper,
undertook the majority of the searches with help from David
Cowan, Steve Halpern, Alex Jadad, and collected data trom the
included studies. ADO checked the collected data against the
original reports. Both authors will act as guarantors for the
paper.

1

20

Funding: Norwegian Minisoy ol Health and Social Allairs.
Competing interests: None declared.

Cochrane AL Efirctrceness and dfficonux:vandom yiflections oo heaith sers e
London: Nufticld Provindial Hospitals Truse, 1t
Comunitiee for Exaluating Medical Tedmologies i Clineal Use

Vosensrngs

media! technotuges, Washington DO National Acaderey Press, 19
US Congress, Ollice ol Technologs Assessinent, Mentip g headth technots,-
gies that work: searchmg for e denee, OTASH-G05, Woshington D2 US
Government Printing Office, 18011151,

Blaek NoWhy we need observanonal studies to evaluate the eitecnveness
ol health Gue BA 19963 12:1215-8

Werss CIT Exaluation: Methods for stwbiing programs and policres 20 ed.
Upper Saddle River. Prentice Hall, 1H0s:224
Clarke M. Carling C, Oxman AD. eds, Cadirane Review Methodology
Database. Ie Coddoane by, Oxlord: Update Soliwie, 1995 Issue 3.
Chalmers TC, Maa R]South H Jr Kanzer AM. Fudenee Livoring the
use ol anticoagulams i the hospital phase ol acade tvocardial inlarcion
N Lol f Med 197729710016,

Sacke H Chaltuers TC, Smith H | Randonuized versus historical connols
for dhinical mials, A [ Mod TUN2T22858- 40

Dichl LE Periv D A companson of tandomized concunrent contiol
groups with marched historical connol groups: are historeal controls
valid® f Clor Oro 1USHELT 20

Reimold SC Chalimers TC Retlin [ Wimman FAL Assessment of the
ettficaey and safety of andierhvthiic therapy tor chromcattial fibillation:

obsenvations on the 1ole of nial design and implications of ding related
mortalite Yo Hoars [ 1992;124:92
Recumern Miscntiage Tnnnmatherapy Trialsis Groap. Winldwade
colliborative observatianal stady and meta amadvsis on allogenic
leukocvte mmunothaapy for recurient spontancous abottion, Am [

Regorond Tnnnoeod 1943205 72

2 Wanon AL Vandeherekhove PoLillord RoVAL AL Brosens L Hughes FoA

g
meta-analysis af the therapeune role of oil soluble conttast mediaa bas-
tetosalpingography s a swrprising vesult> ferdd Stepd 199 161:150-5,
Protala S, Hurtmnen NP Uhard Mo A review and meta analvsis of hormo
nal neamment of cospronchidisn, J Clie Faddocs ol Merad 1905802270340,
Cartoll D, Tramer MOMcQuas TL Nve B Maone A Randomizanorn is
nnporzant in stidies with pain outcomes: sustenatic teview of ttanscuta-
neous clecrical nerve stimulition in acute postoperative pain. B
Lnregestle 19367 T70N N0

Colditz GAMiller [N Mosteller T How studs design alleas oncomes m
compansons at thetapy. Tomedical. Star Med TORTRA-54
Miller IN, Colditz GA Mosteller F How stdy design atfects onteomes in
comparisons ot therapy, 1 surgical. Ste Med 14 150 6,

7 Ouenbacher Ko Liepact of random: assighment o study outcomes: an

etupitical exarvinanon. Contol €lor Truds 1992:13:50-6)

Chabners 1C, Celano P, Sacks HS Smith H e Bias io rreatment assign-
ment inconvolled clinical Ol N Forgl [ Med 19330013058 61,

Schulz KE Chalmers 1L Hases R] Aliman DG Empineal evidence of bias,
Dimensions ol methodalogical qualits associated winh estimanes ol neat-
ment ettearain controlled tials fAA 100527330812,

Emerson J1, Burdick E, Hoaglin D Maosteller Fo Chalimers 1€ An
cmpirical study of the possible relation of aeatment differences to qualine
scares i controlled randomized cuncal vals, Conteol - Clene Thals
1) 1:330-52

21

I~
M

e

I

20

on

B

Ny

i

2 Ostuane AN Hotorp S0 An averview ol statey

Tmperiale TFAfCCullough AL Do conticosteroids teduce mortding trom

dlcohalic hepatos: A meta analsis of the randonsized uids. e fntern
AMed 1090 113200207,

Nurmohamed M1 Rosendaal FR Buller HR. Dekker Fo Honues DW,
Vandenbroucke JP et al Low molecular weight hepanin versos stndnd
hepann i zencral and vrthopacdic surgen: a meta anabysis. Taneet
19925 4015246,

Rhan KS, Davac S, fadad A The importance of qualits of prmann stucies
in o producing  anbiased sastematic veviews ek dntaon Meed
1996 1 56:66 1 -6,

Ontiz /. Shea B, Suares Nazor ME Maoher D Wells GACTugwell PoThe
cllicay of lolic aad and Jolime add in edudng  methotresae

gsttoitestingl toxicity in theumaroid arthrits, A met-anmalvsis of taod-
omized controlled vials, f Rhewmatol 1995253545,
Chalmers 1 Assembling compatisan graups to assess the eftects of health
e, [ R Soe Med 1997 SHLT40 86,

NHS Cenne tor Reviews and Dissemination. Datibuse of ahstiacts of
1eviews of cfectiveness. Fhe Cocaan Libias, Ontord: Update Softwaie,
THUN Issue 5,

Cochiane Empnical Mehodological Siudies: Methods Group. The
Cochras Libnan, Onjord: Update Software, [958 Isue 3.

Forgie M Wells PS, Lanpicis A, Fergusson 1 Preaperaine amologons
donation dedienses alloge

1 tanslusion hut indeases exposure o all
red Iood cell ranstusion. results ot a meta-analssis Aeck ftern Mol
TOURIISNH -6,

Coldits GABrewer TF, Bethes OSCWailson MECBurdick FoFineberg HAL
et al EiiGuy of BUG vccine in the prevention of wherculosis, Meta
analvsis of the published litetaure, fAM A 190027 T OURTr2,

Stich D, Fravha HHL Oxiosan AD Shamion HS, Hutchison BG, Crombie
F The dffectivencess and usctulness of Hacmophilus influenzae nvpe b
vacdines: g swstetmahic overview  anetasanalisish Can Med Assor |
Lo 42719 50

Klanen ), Gotrsche PoRung REL Oxnn ADL Chaliners L So whats so
specitl about randonnsation?  Ins Mavnard AL Chalmeas L oeds,
Non sandm veflections o healdh sersiees veseasch: on the 23 anmzersany of
Vichee Cotdoand s dffecticrness and efn ey, Tondon: BMJ Publishing
Group, 19970935 106

Micksersing K, Min YENTH dlinical wials and publication: bias, Onlme |
Crore Clin el [sevial online] 1993 docurnent Na 3

Mickersin Ko How important is publicatian bias? A synthesis of available
dat DS Fducition avd Prezention 1997 Souppl Avlh-21,
Stern M Simes R Publication bias: evidence of delaved publication of
dinicaltesemdch projects, BML 1997315064000

loanuidis JPA FHfect of the statistical siguibicance af tesults on the time
completion and - publication ot tandomized  officuy vials JAMA
LUUR2TQIS ],

)

V Counscll CE, Clunke M) Slatiary | Sandercock PAG, The miacle of DICE,

therapy for acute snoke: tact or ficional product of subgraup analvsisz
BMP 199530916077 S1.

Fguer M Davev SG, Schnader M, Minder G Bias in meta analvsis
detected by asimple, graphical tost. BMf 19497 i
Guvatt GH, Sackett DL, Cook D, tor the F
Group. Users” guides 1o the medical lieratue, 1 how o ose an aticle
aboat tharapy or preseniion. A are the rosalts of the studs sahd? JAMA
250N

Dans AL Dans LE Guvan GHL Richardson S Users” guides 1o the medi-
cal Ieratare: XIVD How 1o decide on the applicabihin: ol climeal il
resulls o vonr patient, JAMA TN270:515.9,

Cochnane Methods Working Group on Applicabilins and Recommendas
tions, The Coclnane oy, ONotd Upeate Soliware. 1998 Tssue 3
Guvatt GIL Sackent DEL Cook D] Lo the Fvidence-Basedd Working
Gronp Users” tnides 10 the tedical litetanoe, T how 1ouse an anicle

ence Based MWorking,

about thetapy ot prevention, Bowhar were the vesulis ane will they helpy
me o cating tor iy patierisy fAVA 190E270:50-63,
S o promaote implemet-

tation of eudence based et care T Silagy G, Haines Al eds fevdence
based practec Tondm BM] Books, 1995 G 1- 100

CAceefted 2 September 199Ny



UNIT  Numbers needed to treat, odds ratios,
and confidence intervals

BACKGROUND

If you are working in a group, you will quickly find that some people have a head for
figures and others do not. If you are working alone, we suspect you will find this Unit
either the easiest in the book or the most difficult. If you are one of the large number of
people who find mathematical estimates difficult to conceptualise or calculate, we suggest
that you work through this Unit gradually and return to it frequently. You will find that the
concepts (which are crucially important) become easier with repetition! Do not allow your-
self to be “psyched out” by the ease with which your more numerate colleagues appear to
grasp them.

SUGGESTED AIM FORTHIS SESSION

For participants to develop, and feel confident in helping others to develop, a working under-
standing of the statistical tools for estimating the magnitude and precision of the benefits and
harms of therapies.

SUGGESTED LEARNING OBJECTIVES FORTHIS SESSION

By the end of this session, participants should be able to:

® for interventions that produce dichotomous (yes/no) outcomes, calculate the number
needed to treat (INN'T) for effective therapies and the number needed to harm (NNH) for
adverse events and explain the meaning of these terms to others;

® distinguish between relative risk, risk ratio, and odds ratio and explain the meaning of
these terms to others;

® determine the confidence interval around the above estimates and explain its significance
to others.

SET ARTICLES

1. Sackett DL. On some clinically useful measures of the effects of treatment. Evidence Based
Med 1996; 1: 37-8.

2. Sackett DL, Deeks JJ, Altman DG. Down with odds ratios! Evidence Based Med 1996; 1:
164-6.
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WORKED EXAMPLE: THE FIRST EVER RANDOMISED
CONTROLLED TRIAL (SEE REFERENCE LIST FOR DETAILS)
Background: a rationing decision

Streptomycin, a promising new therapy for tuberculosis, was discovered in 1944 in the USA.
The British pound had been devalued so much during the Second World War that anything
in dollars was prohibitively expensive. Sir Austin Bradford Hill, working with the Medical
Research Council in the UK, secured enough streptomycin to treat only 50 patients. He
believed that the only ethical way of distributing this limited quantity of the drug was in a
carefully controlled trial in which allocation to experimental and control groups was ensured
by random codes in sealed, sequentially numbered envelopes.

Clinical question

What is the efficacy of streptomycin in acute bilateral pulmonary tuberculosis compared with
conventional therapy (bed rest)?

Study design

Randomised controlled trial.

Intervention

One hundred consecutive adults presenting with acute bilateral pulmonary tuberculosis were
randomly allocated either to streptomycin plus bed rest or bed rest alone.

Main outcome measures

Mortality within the six-month follow-up period; severe adverse drug reactions.

Results

Of 107 adults seen, 52 were allocated to bed rest alone (“control group”) and 55 to strepto-
mycin plus bed rest (“experimental group”). The number of deaths was 14 in the control
group and four in the experimental group. These figures can be expressed in standard con-
vention as a 2 X 2 matrix as follows.

Death from tuberculosis Total
Yes No
Experimental (streptomycin) group 4 a b 51 55
Control group (bed rest alone) 14 c d 38 52

The main side effect of the drug was VIIIth nerve damage, leading to permanent deafness.
This developed in 36 of the experimental group and none of the control group.

Practical exercise

Using the formulae below, calculate the following.
1. The event rate for death in the control group (CER).
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. The event rate for death in the experimental group (EER).

. The absolute risk reduction (ARR) with streptomycin therapy.
. The relative risk reduction (RRR) with streptomycin therapy.
. The number needed to treat (NN'T") for prevention of death with streptomycin therapy.
. The risk (chance) of death in the experimental and control groups respectively.
. The odds of death in the experimental and control groups respectively.

O ~JIO0 L =~ W

group.

. The risk ratio (relative risk) of death in the experimental group compared with the control

9. The odds ratio (relative odds) of death in the experimental group compared with the con-

trol group.
10. The number needed to harm (NNH) for VIIIth nerve damage on streptomycin.

Note the difference between probability and odds

The probability of something happening is the number of times we believe it is likely
to occur divided by the number of times we believe it could possibly occur.

The odds of something happening is the number of times we believe it is likely to
occur divided by the number of times we believe it is likely 7ot to occur.

If a couple are expecting a baby, the probability of it being a boy is (approxi-
mately!) one in two, i.e. 50% or 0.5. The odds of the baby being a boy are 1:1 or 1.0,
1.e. it is as likely to be a boy as it is not to be a boy.

Formula
Outcome event Total
Yes No
Experimental group a b a+b
Control group c d c+d

Control event rate = outcome event rate in control group = CER = ¢/(c+d)
Experimental event rate = outcome event rate in experimental group = EER = a/(a+b)
Relative risk reduction (RRR) = (CER — EER)/CER

Absolute risk reduction (ARR) = CER - EER

Number needed to treat (NNT) = 1/ARR = 1/(CER - EER)

Relative risk (risk ratio) for death = (a/a+b)/(c/c+d)

Relative odds (odds ratio) for death = (a/b)/(c/d) = ad / bc

For solution see page 160.

A NOTE ON CONFIDENCE INTERVALS

A difference of 20% in the absolute risk of the main outcome variable, corresponding to a
number needed to treat of 5 (see page 160), is fairly impressive. But surely this difference
might have occurred by chance? Indeed, much larger absolute differences might conceivably
occur by chance. Given an infinite amount of funding, time and dedication, these authors
could have repeated the same study an infinite number of times and the average result of all
the separate trials determined to reflect the “true” difference between the treatment regimens.
Since people rarely repeat exactly the same study, the true difference is almost never estab-
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lished empirically. Instead, we call the actual result of one trial the point estimate of effect size
and calculate the limits within which the “true” result is likely to lie. This latter estimate is
known as the confidence interval.

The 90%, 95%, and 99% confidence intervals correspond to the limits that have a 90%,
95% or 99% chance respectively of containing the “true” result. Clearly, the 90% confi-
dence interval for any result will be narrower than the 99% interval and although it is per-
fectly possible to calculate a confidence interval of any percentage you choose,
convention prefers the 95% (or, occasionally, 99%) interval.

It makes intuitive sense that the larger the sample size, the narrower the confidence
interval (i.e. the more sure you can be that the actual result is pretty close to the “true”
difference between the groups). It also makes intuitive sense that an outcome that varies
widely in the population will produce a wider confidence interval than one that varies less
widely. Hence it should come as no surprise that the three things a statistician needs to
know in order to calculate a confidence interval for a particular result are the sample size,
the mean and standard deviation of the variable in the population, and the difference
obtained in the trial. If the outcome is an event, the percentage in the two groups will be
required rather than the mean and the standard deviation.

Most statisticians calculate confidence intervals using a preprogrammed formula on a
computer or calculator but if you are curious and wish to produce one from first prin-
ciples, the formula for a 95% confidence interval is as follows.

Difference in mean value + 1.96 x standard error of difference in means, or
Difference in percentages + 1.96 x standard error of difference in percentages.

The number 1.96 is required to make this into a 95% confidence interval; it would need to be replaced by
2.58 for a 99% confidence interval.

Standard error of difference in means is calculated by the formula:

‘\/62 x [1/n, +1/n}]

where n, and n, are the sample sizes in the two groups.

But 62 has to be estimated from the standard deviations in each group. G2 is estimated
as:

{(n,=1)x8SD;2+(n,—1)xSD2} / (N, + n, - 2)

Perhaps you can now see why statisticians prefer a preprogrammed calculator!

FURTHER READING

Bland M. An introduction to medical statistics. Oxford: Oxford Medical Publications, 1987.

Bradford Hill A. Streptomycin in pulmonary tuberculosis. BM¥ 1948: ii: 790-1.
Available on the Internet on http://www.bmj.com/cgi/content/full/317/7167/1248.

Greenhalgh T. How to read a paper: the basics of evidence-based medicine. London: BMJ
Books, 1997. See in particular Chapter 5: Statistics for the non-statistician, pages
69-86.

Sackett DL, Cook R]J. The number needed to treat: a clinically useful measure of treat-
ment effect. BM¥ 1995; 310: 452—4.

Smeeth L, Haines A, Ebrahim S. Numbers needed to treat derived from meta-analyses —
sometimes informative, usually misleading. BM¥ 1999; 318: 1548-50.

82



NUMBERS NEEDED TO TREAT, ODDS RATIOS, AND CONFIDENCE INTERVALS

Evidence Based Medicine

EBM NOTEBOOK

On some clinically useful measures of the effects of treatment

In the abstracts in this journal that de-
scribe effective treatments, we provide
our readers with numbers that sum-
marise their clinical effect. These in-
clude the number of patients you need
to treat to prevent 1 adverse outcome
(NNT) and both the absolute risk re-
duction (ARR) and relative risk reduc-
tion (RRR) in the occurrence of adverse
outcomes achieved by active therapy. In
this EBM Note, we explain these
numbers for our readers and use them
to begin a glossary of terms that will
appear in each issue.

In the first issue of Evidence-Based
Medicine, we presented the results of
the Diabetes Control and Complica-
tions Trial (DCCT) (1) into the effect
of intensive diabetes therapy on the
development and progression of neuro-
pathy. In that trial, confirmed neur-
opathy developed among 9.6% of
patients randomly assigned to usual
care (1 or 2 insulin injections/d to pre-
vent gylcaemic symptoms; we will call
this rate “C” for “control”) and among
2.8% of patients randomly assigned to
intensive therapy (insulin pump or > 3
injections/d; we call this rate “E” for
experimental). This difference was
statistically highly significant, but how
might this treatment effect be ex-
pressed in terms of its clinical signifi-
cance? The traditional measure of this
effect is the proportional or “relative”
risk reduction (abbreviated RRR in our
journal), calculated as (C — E)/C. In
this example, the RRR is (9.6%—
2.8%)/9.6% or 71%; intensive therapy
reduced the risk for developing neuro-
pathy by 71%.

Why not confine our description
of the clinical significance of this result
to the RRR? The reason is that the
RRR fails to discriminate huge abso-
lute treatment effects (10 times those
observed in this trial) from those that
are trivial (1/10 000 of those ob-
served here). For example, if the
rates of neuropathy were 10 times

those observed in this trial, and a
whopping 96% of control patients and
28% of intensively treated patients de-
veloped neuropathy, the RRR would
remain unchanged: RRR = (96%-
28%)/96% or 71%. And if a trivial
0.00096% of control and 0.00028% of
intensively treated patients developed
neuropathy, the relative risk reduction
is as before: RRR still = (0.00096%—
0.00028%)/0.00096 = 71%! This is
because the RRR discards the under-
lying susceptibility (or “baseline risk”)
of patients entering randomised trials;
as a result, the RRR cannot discrimi-
nate huge risks and benefits from
small ones.

In contrast to these nondiscrim-
inating RRRs, the absolute differences
in the rates of neuropathy between
control and experimental patients
(C —E) clearly do discriminate be-
tween these extremes, and this measure
is called the absolute risk reduction or
ARR. In the DCCT, the ARR or
(C —E) =9.6%-2.8% = 6.8%; in
the extremely high hypothetical ex-
ample, in which 96% of control patients
and 28% of intensively treated patients
developed neuropathy, the ARR or
(C—E) = 96% — 28% = 68%; in the
extremely low hypothetical example,
in which a trivial 0.00096% of control
and 0.00028% of intensively treated
patients developed neuropathy, the
ARR or (C — E) = 0.00096% —
0.00028% = 0.00068%. These ARRs
retain the underlying susceptibility of
patients and provide more detailed in-
formation than RRRs. But, unlike
RRRs that can be recalled as whole
numbers, ARRs are decimals and are
therefore difficult to remember and do
not slip easily off the tongue at the
bedside.

If, however, we divide the ARR
into 1 (i.e., if we “invert” the ARR or
“take its reciprocal” so that it becomes
1/ARR), we generate a very useful
number because it represents the

Originally published in Evidence Based Medicine 1996; 1: 37-8.

number of patients we need to treat
(NNT) with the experimental therapy
in order to prevent 1 bad outcome. In
the DCCT, we would generate the
number of persons with diabetes we
would need to treat with the intensive
regimen in order to prevent 1 from
developing neuropathy. In the trial,
the NNT is 1/ARR or 1/6.8% or
14.7; we usually round that number
upward (in this case, to 15), and we
now can say that for every 15 pa-
tients who are treated with the more
intensive insulin regimen, 1 is pre-
vented from developing diabetic
neuropathy.

Is 15 a large or a small number of
patients that need to be treated to pre-
vent 1 bad outcome? As with many
important matters in medicine, the an-
swer has to do with clinical significance,
not statistical significance. This NNT
of 15 certainly is far smaller than the
number of patients we would need to
treat in the extremely low hypothetical
example, in which 1/ARR becomes 1/
0.00068%, or an NNT of more than
147 000, a figure so vast that we cannot
imagine anyone judging it to be worth
the effort. We can get a better idea by
comparing this NNT of 15 with that
for other interventions we are familiar
with in medicine. In doing so, we
add the dimension of the duration of
therapy: in the DCCT, treatment
continued for an average of 6.5 years,
meaning that we need to treat about 15
persons with diabetes for about 6.5 years
with an intensive insulin regimen to
prevent 1 from developing neur-
opathy. How does this compare with
other treatments, over other durations,
for other conditions?

Beginning on an optimistic note,
only about 20 patients with chest pain
who appear to be having heart attacks
need to be treated with streptokinase
and aspirin to save a life at 5 weeks.
On the other hand, about 70 elderly
persons with hypertension need to
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be treated for 5 years with antihyper-
tensive drugs to save 1 life, about 100
men with no evidence of coronary
heart disease need to be treated for 5
years with aspirin to prevent 1 heart
attack, and about 10 patients with
symptomatic moderate-to-severe ca-
rotid artery stenosis need to have
endarterectomy to prevent 1 major
or fatal stroke over the next 2 years.

We think that the NNT to pre-
vent 1 event is a very useful measure
of the clinical effort we and our patents
must expend to help them avoid bad
outcomes of their illnesses. Accordingly,
we will report NNT's in the “Main Re-
sults” sections of our abstracts whenever
possible. NNT's will be accompanied by
the actual event rates and their resultant
P value and will be followed by their as-
sociated RRR.

Furthermore, because we are fo-
cusing here on the magnitude of the
treatment effect rather than on the
probability that we have drawn a false-
positive conclusion that the treatment is
at all effective (when it is not), we shall
report confidence intervals (CIs)
around the NNT, specifying the “lim-
its” within which we can confidently
state the true NNT lies (95% of the
time). Readers who want to brush up
on CIs can refer to an earlier editorial
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in our companion publication, ACP
Fournal Club (2), and we will also dis-
cuss them here in a future EBM
Notebook.

Another useful feature of the
NNT is the ease with which readers
can convert it to NNT's for specific pa-
tients in their own practice by using
some very simple arithmetic. All the
reader needs to do is to estimate the
susceptibility (sometimes called the
“baseline risk”) of her own untreated
patient relative to the average control
patient in the trial report, and then
express this estimate as a decimal frac-
tion we will call “F” (if a reader judged
her patient to be twice as susceptible
as the average control patient in the
trial, then F = 2; if her patient was
only half as susceptible, then F =
0.5; and if the patient is as suscep-
tible as the control patients in the
trial, then F = 1) (3). If the treatment
produces a constant RRR across the
spectrum of susceptibilities, the
NNT for her patient is simply the re-
ported NNT divided by F. Going back
to our intensive insulin example, if a
reader’s patient was judged to have
only half the susceptibility of patients
in that trial, then F = 0.5 and NNT/F =
15/0.5 = 30; thus, 30 of these less
susceptible patients would need to be

treated for about 6.5 years with the in-
tensive insulin regimen to prevent 1
from developing neuropathy.

This science of the art of extrapo-
lating the results of published reports
to individual patients is still in its in-
fancy. We are just beginning to learn
how to distinguish situations in which
we can (usually with drug treat-
ments) and cannot (sometimes with
surgical treatments) assume constant
RRRs over the ranges of susceptibili-
ties we commonly encounter, and
how to integrate this information
with the rest of our clinical findings
and clinical judgement. When this
learning leads to important advances
in our ability to extrapolate from
trials to individual patients, we will
report them here.

David L. Sackett in Oxford
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Evidence Based Medicine

EBM NOTEBOOK

Down with odds ratios!

As described in an earlier EBM note
(1) and in our glossary, this journal re-
ports the results of individual ran-
domised trials in terms of relative risk
reductions (RRRs), calculated by di-
viding the absolute difference in

event rates between the control (con-
trol event rate [CER]) and experimen-
tal (experimental event rate [EER])
patients by the event rate for the con-
trols: (CER - EER)/CER = RRR.
From these same values, we also re-
port the number of patients that would
need to be treated (NNT) to prevent

1 additional event — 1/(CER — EER) —
or by its alternative calculation —
1/(RRR x CER). Thus, in the example
shown in Table 1, the RRR is 89% and
the NNT is 4(2).

However, we also report the
results of overviews of several ran-
domised trials, and these results
appear not as RRRs but as relative
odds, or odds ratios (ORs). There
are reasons for this variation (al-
though, as it happens, arguably no
longer very good ones!). We will
explain ORs, point out their prop-
erties (many of which interfere with
their clinical application), and pro-

vide you with some practical help in
applying them to individual patients.
When used to summarise an over-
view, an OR describes the odds of an
experimental patient having an ad-
verse event relative to a control pa-
tient. We can calculate the odds of a
patient having an event by dividing
the number of patients who have the
event by the number of patients who
do not. Hence, for the control group
in Table 1, the odds of a patient hav-
ing the event were ¢/d = 9/21 = 0.43,
which compares to a risk of
c/(c +d) =9/30 = 0.30. If we mistak-
enly interpret odds as if they were
risks, we will exaggerate the latter,
especially with events that are more
common.
The OR is calculated by dividing
the odds in the experimental group
by the odds in the control group —
(a/b)/(c/d) — or equivalently through
the “cross-products” calculation shown
below Table 1 — ad/bc. From this
definition, it follows that efficacious
treatments generate ORs < 1, which
is analogous to the relative risk (RR)
for the adverse event (EER/CER)
being < 1. (We usually prefer to think

Table 1. Trimethoprim-sulfamethoxazole prophylaxis in cirrhosis*

Treatment Adverse event Totals
group (infectious complications)
Occurs Does not occur

Experimental 1 29 30

(prophylaxis) a |b a+b
Control c |d c+d

(no prophylaxis) 9 21 30
Totals 10 a+c | b+«d 50 a+b+c+d 60

*From reference 2.

Control event rate = CER = ¢/(c+d) = 0.30; experimental event rate = EER = a/(a+b) = 0.033
Control event odds = ¢/d = 0.43; experimental event odds = a/b = 0.034

Relative risk reduction = RRR = (CER — EER)/CER = 89%

Number needed to treat = NNT = 1/(CER - EER) = 4, also = 1/(RRR x CER) = 4

Relative risk = EER/CER = 0.11, also=1-RRR = 0.11

Relative odds = odds ratio = OR = (a/b)/(c/d) = ad/bc = 0.08

Originally published in Evidence Based Medicine 1996; 1: 164—6.

in terms of RRRs, which are equiva-
lent to 1 — RR, but for ease of com-
parison with ORs, please bear with
us and think in terms of RRs.)

How did we get into this confus-
ing situation of using ORs in the first
place? The OR had its origins in
case-control studies of drug side ef-
fects and of harmful agents and expo-
sures, such as cigarette smoking. In
these case-control studies, it is not
possible to estimate RRs directly be-
cause the prevalence of the adverse
outcome (required for calculating the
RR) is not usually known. You can,
however, calculate the OR in these
situations, either by comparing the
odds of incurring an adverse event in
the exposed group and the control
group (i.e., [a/b]/[c/d] = ad/bc); or by
comparing the odds of exposure in
the event and nonevent groups
(i.e., [a/c]/[b/d] = ad/bc); both routes
lead to the same answer, which will
be > 1 when the exposure is harmful.
Hence, the OR can be estimated
when the prevalence of the events is
unknown, as in most case-control
studies. Moreover, because case-
control studies typically are used
for the study of rare events, the
distortion of risk produced by inter-
preting ORs as if they were RRs is
negligible (if necessary, refresh your
memory by rereading the 3rd para-
graph in this note).

When ORs came into use, several
powerful and informative statistical
methods were developed (by persons
such as Nathan Mantel and William
Haenszel) for use in analysing sub-
groups of patients and combining
them (even when the latter were un-
balanced for confounding factors) into
a single overall estimate (3). Later,
when scientists began to do over-
views of multiple randomised trials
and were seeking a statistical method
for combining their results, the anal-
ogy with combining subgroups in
case-control studies was recognised,
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and the Mantel-Haenszel method was
adapted to this new use (soon joined
by a computationally simpler method
developed by Richard Peto [4] that
provides good approximations to the
OR when treatment effects are small
and the trials being combined are
large and balanced [5]). For these rea-
sons, ORs are now commonly used in
the analysis and reporting of over-
views of randomised trials that have
binary outcomes.

ORs, however, have 5 properties
at interfere with their clinical appli-
cation. First, because very few clini-
cians are facile at dealing with odds
and relative odds, ORs are not useful
in their original form at the bedside
or in the examining room. Second, in
many trials, ORs are not even similar
to RRs: In many fields, controlled tri-
als tend to study common adverse
events, and it is in these situations
that the approximation of the OR to

the RR breaks down. Treating an OR
as if it were an accurate estimate of
the RR will overestimate both the
likely benefits and harms of treat-
ment (6), and this distortion be-
comes greater as the disease being
treated becomes more severe and
CERs increase.

Third, and as a result of the fore-
going, ORs cannot be used in the
same simple way as RRRs to calcu-
late the corresponding NNTs for the
treatments of interest. To extrapolate
results from trials that have different
patient expected event rates (PEERs),
clinicians need to do separate and
complicated calculations of the NNT
for each PEER. Although we expect
the NNT to decrease as the PEER
rises for a treatment with a fixed rela-
tive effect, even this is not true for
ORs! Looking down a column in
Table 2 will show you that, for a fixed
OR, the NNT initially decreases as

Table 2. Translating odds ratios to numbers needed to treat*

the PEER rises (as expected), but it
increases again when the PEER is
above 0.5. This counterintuitive result
occurs because the difference between
the RR and the OR accelerates as
event rates rise.

Fourth, when treatments generate a
constant RRR for different CERSs (e.g.,
antihypertensive drugs generate the
same RRR for stroke among patients
with both severe and mild hyperten-
sion), their ORs cannot be constant
across these CERs (and vice versa). Fi-
nally, when clinicians draw up “league
tables” of therapeutic efficacy, the or-
der of treatments based on their RRRs
may be different from the order based
on ORs when the diseases and disor-
ders in the table are of different sever-
ity and have different CERs.

Help is on the way (but not quite
here yet). Prospects are very good
that meta-analyses do not have to be
done by using ORs. Statistical meth-

Patient’s Odds ratios
expected
event rate

0.9 0.85 0.8 0.75 0.7 0.65 0.6 0.55 0.5
0.05 209t 139 104 83 69 59 52 46 41%
0.10 110 73 54 43 36 31 27 24 21
0.20 61 40 30 24 20 17 14 13 11
0.30 46 30 22 18 14 12 10 9 8
0.40 40 26 19 15 12 10 9 8 7
0.50§ 38 25 18 14 11 9 8 7 6
0.70 44 28 20 16 13 10 9 7 6
0.90 1011 64 46 34 27 22 18 15 12!

* The numbers in the body of the table are the numbers needed to treat (NNT's) for the corresponding odds ratios
(ORs) at that particular patient’s expected event rate (PEER). To calculate the NNT for any OR and PEER:

1 - [PEER x (1 - OR)]

" PEER x (1 - OR) x (1 - PEER)

t The relative risk reduction (RRR) is 10%.
1 The RRR is 49%.

$ For any OR, the NNT is lowest when the PEER = 0.50.

1The RRR is 1%.
""The RRR is 9%.
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ods for combining both relative risks
and absolute risk differences across
trials are available (7), although some
concern exists that they are not ap-
propriate for all circumstances. Vali-
dation work is under way to outline
the situations where they can be
widely adopted for combining ran-
domised trials into systematic reviews.
As soon as these clinically friend-
lier alternatives are used in reporting
the results of overviews, they will ap-
pear in Evidence-Based Medicine. In the
meantime, we will be adding Table 2
to our glossary, which permits our
readers to identify NNT's for a range
of ORs and PEERs. The intersection of

the OR closest to that reported in the
overview with the PEER that best
represents the reader’s patient will
identify the corresponding NNT. For
readers who want to do the full calcu-
lations, the formula appears below
Table 2.

David L. Sackett, MID
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Fonathan J. Deeks, MSc

Douglas G. Altman, BSc

Centre for Statistics in Medicine

Oxford, England, UK

References
1. Sackett DL. On some clinically useful mea-

[}

sures of the effects of treatment [EBM note].
Evidence-Based Medicine. 1996 Jan-Feb; 1:37-8.
Singh N, Gayowski T, Yu VL, Wagener
MM. Trimethoprim-sulfamethoxazole for
the preventon of spontaneous bacterial
peritonitis in cirrhosis: a randomized trial.
Ann Intern Med. 1995;122:595-8.

Rothman KJ. Modern Epidemiology. Bos-
ton:Little, Brown and Co.; 1986:177-236.
Yusuf S, Peto R, Lewis J, Collins R,
Sleight P. Beta blockade during and after
myocardial infarction: overview of the ran-
domized trials. Prog Cardiovasc Dis. 1985;
27:335-71.

Greenland S, Salvan A. Bias in the onestep
method for pooling study results. Stat
Med. 1990;9:247-52.

Sinclair JC, Bracken MB. Clinically useful
measures of effect in binary analyses of
randomized trials. J Clin Epidemiol. 1994;
47:881-90.

Greenland S, Robins JM. Estimation of
a common effect parameter from sparse
follow-up data. Biometrics. 1985;41:55-68.

87






UNLIT  Papers that address prognosis or harm
(cohort studies)

BACKGROUND

In a cohort study, one or more defined groups is followed up to see what happens to them.
In a simple prognosis study (a type of cohort study), there is only one cohort — people in the
early stages of a disease (for example, women with CIN I on cervical smear). Prognosis
studies are important because the rational evaluation of a therapeutic intervention (such as
a drug or operation) needs to be based on a thorough knowledge of the outcome of the
untreated condition. In a comparative cohort study (such as the one reprinted here), two
groups are studied — one of which has been exposed to a possible harmful agent (in this
case, the oral contraceptive pill) and one of which has not.

SUGGESTED AIM FORTHIS SESSION

For participants to develop, and feel confident in helping others to develop, the ability to
determine whether the conclusions of an article describing the clinical course and likely out-
come of a disorder (prognosis) are both valid and applicable in practice.

SUGGESTED LEARNING OBJECTIVES FORTHIS SESSION

By the end of this session, participants should be able to:

® cstablish whether a paper claiming to describe a “cohort study” actually used a clearly
defined and adequately followed-up inception cohort;

® assess the methodological quality of the study using a structured checklist;

® assess the significance of the results in terms of quantified measures of benefit and harm:;

® comment critically on the application and implementation of the results.

SET ARTICLE

Beral V, Hermon C, Kay C, Hannaford P, Darby S, Reeves G. Mortality associated with oral
contraceptive use: 25-year follow up of cohort of 46 000 women from the Royal College of
General Practitioners’ oral contraception study. BM¥ 1999; 318: 96-100.

Clinical scenario

Ravina Patel, a 19-year-old student, attends a family planning clinic to seek advice on
contraception. She has read a magazine article describing a near-fatal pulmonary embo-
lus in a 35-year-old smoker who took a second-generation contraceptive pill. She is
anxious about her own risk of major complications but also keen to use a non-barrier
method of contraception if possible.
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SUGGESTIONS FOR GROUP EXERCISES

When you have read the paper, try one or more of the following.

1. Make sure everyone in your group understands the figures in the paper and how they
were arrived at.

2. Role play a situation in which the family planning nurse explains the prognosis to Ravina
and helps her draw up a decision tree depicting the different treatment options.

3. In a simulated teaching scenario, issue this paper to a group of medical or nursing stu-
dents who have been told “this stuff will be coming up in your end-of-term exams”.

SUGGESTION FOR INDIVIDUAL STUDY

Contraception decisions affect almost everyone at some stage in their lives and patients often
phrase their questions on this topic in terms such as, “What would you do, doctor (nurse)?”.
Imagine that Ravina was your sister, partner, daughter (or even yourself!). Before you
appraise the paper, make a list of the concerns she is likely to raise about the benefits and

CRITICAL APPRAISAL CHECKLIST FOR AN ARTICLE
DESCRIBING A COHORT STUDY

Note that the questions on the checklist are really looking for problems of bias, confounding, low
power, and poor validity.

A. Are the results of the trial valid and do they contain Yes/No/Don’t know
minimum bias?

Did the trial address a clearly focused question (PEO)?
Population

Exposure to risk factor(s) over specified time period
Outcome(s)

viee e —

Was the cohort study prospective (stronger) as opposed
to retrospective (weaker)?

3. Were the two groups (control and exposed) similar in
relevant factors at the start of the study (e.g. sex, age,
social class, smoking)?

4. Were all the participants who entered the study properly
accounted for?

® Was follow-up > 80%7 If not, is it likely to have affected
the results?

® Were participants analysed in the groups to which they
were initially allocated?

B. What are the results?

5. How large was the effect of the exposure?

® \What outcomes were measured (measures of risk, e.g.
odds ratios, relative risk, absolute risk, absolute risk
reduction or increase)”?

6. How precise was the estimate of the exposure effect?
® \What are its confidence limits (or p-values)?

C. How relevant are the results?

7. Were the study participants sufficiently different from my
population that this study doesn’t help me at all?

90
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harms of oral contraceptives. Now, work through the critical appraisal checklist and then
return to this list of concerns. T'o what extent has your appraisal of the paper enabled you to
address them? What additional research studies would you like to have to hand?

FURTHER READING

Donald A, Greenhalgh T. A hands-on guide to evidence-based health care: practice and imple-
mentation. Oxford: Blackwell Science, 1999.

Greenhalgh T. How to read a paper: the basics of evidence based medicine. London: BM] Books,
1997. See in particular Chapter 3: Getting your bearings, pages 34-52 and Chapter 4:
Assessing methodological quality, pages 53—68.

Laupacis A, Wells G, Richardson WS, Tugwell . Users’ guides to the medical literature. V.
How to use an article about prognosis. FAMA 1994; 271: 234-7.
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Mortality associated with oral contraceptive use: 25 year
follow up of cohort of 46 000 women from Royal College
of General Practitioners’ oral contraception study

Valerie Beral, Carol Hermon, Clifford Kay, Philip Hamaford, Sarah Darby, Gillian Reeves

Abstract

Objective 1o describe the long term eftfects of the use
of oral contraceptives on mortality,

Design Colort study with 23 vear follow up. Details of

oral contraceptive use and of morbidity and mortality
were reported six monthly by general practitioners,
75% of the original cohort was “flagged™ on the NHS
central registers.

Setting 1100 general practices throughout Britain.
Subjects 16 D00 women, half of whom were using
oral contraceptives at recruitment in 1968-4. Median
age at end of follow up was 49 vears,

Main outcome measures Relative risks of death
adjusted for age, parit, social class, and smoking.
Results Over the 25 vear follow up 1594 deaths were
reported. Over the entire period ol follow up the risk
of death from all causes was similar in ever users and
never users of oral contraceptives (relative risk — Lo,
a5 confidence interval 0.9 10 1.1: P—0.7) and the
risk of death for most specific causes did not difter
significantly in the two groups. However. among
current and recent (within 10 vears) users the relative
risk of death from ovarian cancer was 0.2 (0.1 10 0.8;
P 00D, from cervical cancer 25 (11 to 6.1:

P =0.04), and from cerebrovascular discase 1.9 (1.2 to
3.1, P = 0.009). By contrast, for women who had
stopped use 2 10 vears previously there were no
significant excesses or deficits cither overall or for am
speatic cause of death.

Conclusion Oral contraceptives seem to have their
main etfect on mortality while they are being used
and in the 10 vears after use ceases. Ten or more vears
after use ceases mortality in past users is similar to
that in never users.

Introduction

Oral contraceptives have heen available for 40 years
and. although their short term eftfects on health have
been studied in detail,’ * comparatively lide is known
about whether these effects persist after use stops. The
Roval College of General Practitioners’ oral contracep-

tion study was set up in 1968 10 monitor the health of

wornen who had used oral contraceptives. We present
the results of a 25 vear follow up of that population

Originally published in BM¥ 1999; 318: 96-100.
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examining the effect of use ol oral contraceptives on
mortality in the long term.

Subjects and methods

Over 14 months from May 1968, 11400 general praci-
tioners throughont the United Kingdom recruited
23 000 women who were using oral contraceptives and
a similar number who had never used them into the
oral contraception study.' Maost women (98%) were
white and all were married or living as married.
General practitioners were asked to - provide infor-
mation on oral contraceptives prescvibed, pregnancies,
new illness, or death for cach subject every six months.
During the carly vears of the study some general prac-
ttioners withdrew their patients and some women
moved and left the studye In 1976-7 an attempt was
made to "flag” the cohort on the NHS central registers
in Southport and Edinburgh to provide information
on death and cause of death for women who were no
longer being  followed vegulaly by their general
practitioner. About 757w of the original cohort was suc-
cessfully flagged. and these women have been followed
for death and emigration since then. The remaining
25" could not be flagged because thev or their general
practitioners had left the study before the flagging pro-
cedure could be instigated and the personal details
required  for flagging  were not available to the
investigators. The mortality of the women who were
followed regularly by their general practitioner was
sunilar to that of women who left the study”

This analysis includes deaths up to 31 December
1993, We obtained a copy of the death certificate for all
women who had died. and CK or PH coded the cause
of death according to ICD-8 (international  classiti-
cation  of discases. cighth revision),!  occasionally
supplementing information from the death certificate
with details provided by general practitioners.” Person-
vears of tollow up were calculated from the date of
recruitient up to the date of death for the 1599
women who had died, up 10 the dae of last contact
with the general practitioner for 10 958 women who
were not flagged on the NHS registers, or up to 31
December 1993 for 33 551 women who were flagged
on the NHS registers and alive on that date.” For
women who were no longer being followed by their
general practitioner before 1 January 1977 but were
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flagged no person-vears were included for the period
between the date of last contact with their general
practitioner and 1 January 1977 because the ascertain-
ment of deaths during that period may have been
incomplete.’

Person-vears were  categorised by age (16-19,
20-24...70-79), parity (0, 1-2, 23, not known), social
class at recruitment (-1 L IV-V other), and dgarette
smoking at recruitment (0, 1-TH day, 215 day. not
known) with a standard computer program.” Person-
vears were further subdivided according 1o whether
the women had taken oral contraceptives and, where
appropriate, by duration of use and time since first and
st use. At recruitment halt” (23 000) ot the subjects
were using oral contraceptives. but by 31 December
1993, 63% had used them at some time. Women who

started using oral contraceptives after recruitment
contributed person-yvears to the "never user™ category
up to the date that they began using them. For wormen
who were flagged on the NHS registers but no longer
regularly followed up by their general practitioner, we
assumed that past users and never users who were over
the age of 10 at the date of last contact did not subse-
quently take oral contraceptives. For current users and
women aged under 40 at the tme of last contact with
their general practitioners, we assumed  that use
continued for two vears as stated at the time ot last
contact, but thercafter use was classificd as unknown.
These assumptions  about subsequent use of oral

contraceptives are similar to those used in analyses of

other cohort studies.”

The results presented here are based on 853 517
person-vears of follow up until 31 December 1993:
517 319 in women who had used oral conaceptives
and 335998 in women who had never used them.
Standardised mortality ratios were caleulated by using
mortality for women in England and Wales as a stand-
ard” Relative risks were adjusted for age, parity, social
class. and smoking with the Poisson regression
program module of EPICURE.” P values are two taled.

Results

By 31 December 1993 the cohort had been followed
for 25 vears and the median age of the women was 49
vears (8 for ever users of oral contraception and 50
for never users). During that period 1599 deaths were
reported, 15 in ever users and 654 in never users
(table 1), The death rate from all causes combined was
21" lower than in the UK population (overall

standardised mortality ratio = 79). The relative visk of’

death from all causes combined after adjustunent for
age, parit
ditter significantly between ever users and never users
(relative risk — 1.0, 95% confidence interval 0.9 to 115
P=0.7.

Lable 1 also shows standardised mortality: ratios

social dlass, and cigarete smoking did not

and adjusted relative risks of death for common
specific causes and groups of causes of death (and also
tor some particular causes that have heen reported 1o
be affected by oral contraceptive use) according to ever

use: of oral contraceptives. For most specific causes of

death the standardised mortality ratios in ever users
and never users of oral contraceptives were around
100 and did not difter significantly between the two
groups. The few exceptions were colorectal cancer and

Table 1 Standardised mortality ratios in ever users and never users of oral

contraceptives and relative risk in ever users compared with never users

Standardised mortality ratio

(No of deaths)

Cause of death {ICD-8 code) Ever users  Never users
All causes (000-999; 82 (945} 74 (654)
All cance-s {140-209) 85 (474} 85 {355)
Colorecta (153-754) 62 (29) 108 (39)
Liver i155) 126 (5) 341
Lu1g (162) 167 (79) 71 (40)
Breast (1741 87 (154} 81 (105}
Cervix {180) 115 (38) 5/ (13)
Uterus (181-2) 22(2) 83 (6)
Ovary {183) 29 (24) 83 (31
Other cancers 87 (147} 95 (120}
All circu atory disezses (390-458) 84 (237} 63 (143)
schaemic heart disease (410-4) 70 (98) 68 (79)
Other heart disease (420-9) 107 (19) 66 (9)
Cerebrovascula’ disease (430-8) 111 (87) 62 (38)
Other circu atory 13 (33) 46 (1/)
All d gestive diseases (520-77) 85 (37) 74 (24)
Liver di (570-3) 12 (23) 69 (10)
All othe- diseases (1-139. 210-389. 460-519 £3 (95) 65 (89)
578-799)
Vio ent or accidental causes {800-399) 111 (102} 68 (43)
Suic de (950-9) 123 (39 73 (16)

“P<0 05 tAdjssted for age. socizl ¢ ass. parity, and smoking

ovarian cancer, for which the relative risks of death in
users were significantly below 1.0, and cerebrovascular
disease and all violent and accidental causes of deadh,
for which the relative risks were significantly greater
than 1.0, Ever use is, however, a crude measute of use
of oral contraceptives.

‘Table 2 shows for various causes the relative risk of
death compared with never users in relation 1o the
number of vears since oral contraceptives were first
used. Within the first 10 vears of starting use of oral
contraceptives there was a significant excess mortality
from all causes of death (relative risk 1.2, 95'% confi-
dencee interval 1O to 1.50: P—0.03), all circulatory dis-
cases (2.2, 1.5 10 3.2; P<0.0001), and cerehrovascular
discase (2.7, 1.5 1o 19, P — 0.0008). However, the excess
mortality trom these causes fell with tme, this trend
being significant for all circulatory disease (P = 0.002)
and cerebrovascular disease (P 0.02). There were 380
deaths in women who began using oral contraceptives
more than 20 vears before the end of follow up, and
this group showed no significant excess or deficit in
mortality [rom any specific condition or overall.

Table 3 shows the pattern of risk of death for vari-
ous conditions in relation to the time since stopping
use of oral contraceptives. By the end of follow up the
median tme sinee last use in the cohort was 17 vears.
Significant increases or deercases inrisk were tound
mainly i current users or those who had stopped use
within the past 10 vears—for example, women who
were current users or who stopped use in the past five
vears had asignificantly reduced risk of ovarian cancer
(0.1,0.0 to 0.9: P 0.01) and a significant excess of all
circulatory discases (1.7, 1.2 to 2.1, P—0.006) and cer-
chrovascular discase (1.9, 1.1 o 3.4 P=0.03) and
women who had stopped use five to nine vears
previoushy had an significant excess visk of cervical
cancer (3.0. 1.1 to 8.1; P=0.03%) and cerebrovascular
disease (2.0, 1.1 1o 3.7: P 0.02). Among women who
had stopped use 15 or more vears previously most of

Relative riskt
(95% CI)
10091011}
10081011}
06(041009)
50(0610432)
120810 "8
1.1{081t "4
1/7{09t032)
0301t 4
06 (0310 ° 0"
09(0.71t0" 1}
12(1.01013)
0.910.7 to 1.3}
1410610 3.1}
15{101t0 23}
14(08t025)
1106018}
17 (0.8t 36)
080610 °0)

16(1.11023)°
151081027}
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Table 2 Relative risk of death in users of oral contraceptives compared with never users according to time since first use

Years since tirst use of oral contraceptives (P value)
Cause of death (ICD-8 code) 0 10-19 20 - u'z'y
Relative riskt No of Relative riskt No of Relative riskt No of time since
(95% CI) deaths {95% CI) deaths (95% CI) deaths first use
All causses (000-999) 21018y 16/ 1" (09t "2) 398 09(08te11) 380 0.09
All cancers (140-209) 09(07¢13) 6" 10(081tn°2) 212 09(08tc11) 20" 06
Co arectal {153-154) 0702022 4 9503t 1" 06(03tc11) 14 08
Lung (162) 0903023 5 1308121 2] 207w 1Y) 36 0.8
Breast {174) 10718 22 12{091016) 74 0(071c13) 58 08
Cerv x (180} 08(03:¢25) 5 2.0(1.00 0 4.0 22 "8(081c42) 1 0.2
Ovary (183) 09(02:c27) 4 05(021010)° 8 06(031c13) 12 0.8
Other cancers "0(06:c16) 2" 09(0710°2) 63 09(07te12) 70 0.4
All circulztory diseases {390-158) 22(15¢32)" 49 13(10t " ) 99 09(0/tc12) 89 0.002
Ischaemic eart cisease (410-414) 810 14 1007106 4 080511 43 0.02
Other heart disease (420-429) 21 (050 3 17{(06t4d5H) 8 104t 30 8 0.7
Cerearovascular disease {430-438) 270151049)" 23 17(111027)° 39 ‘006tc18) 25 0.07
Other circlatory 2409269 9 12{06127) 1" ‘2061?29 13 09
All digestive diseasss (520-577) “2{05%¢39) 7 13071024 18 09(041c18) 12 0.9
Liver disease (570-573} 20(06¢7.0) 4 15{061023.7) 9 "8(071c44) 10 0.7
All other diseases (*-139. 210-389. 160-519. 0905 16) 16 06041009 28 09061c13) 5 0.4
5/8-/99)
Violent and accidental czuses (800-999) 6102/ 34 15(10t 23 4° “6(10to27) 27 09
Su cide {950-959) ‘9N9dn 16 14(0/t028 1/ ‘104129 6 02
*P<0.05." “P<0.01. tAdjustec for ag2. panty. social class. ans smckirg
the relative risks were around 1O, For ovarian cancer for smmokers and 2.2 for non-smokers. This excess may

there was @ weak suggestion that the protective effect
associated with current or recent use wore off (test for
tretd, P=10.05).

Among ever users of oral contraceptives, the
average duration of use was five vears. Table 4 shows
the relative risk of death in relation to the duration of
use ol oral conwaceptives. Women who used oral con-
traceptives for 10 or more vears had a significant
excess mortaliy: from lung cancer (2.0, L1 o 3.5;
P—0.02) and (L1, 16 o 10.6:
P—0.003). The excess deaths from lung cancer were
mainly among smokers (17 deaths in smokers and
three in non-stmokers), the relative risk associated with
1hor more years of use of oral contraceptives heing 2.0

cervical  cancer

be a chance finding or perbaps due 1o residual
confounding. There was also a significant trend of
increasing mortality for all cancers combined and for
cervical cancer in relaton to duration of use (P —0.02
and 0.03, respectively).

Duration of use and time since first and Last use of’
oral contraceptives were highly correlated, with current
and recent
contraceptives for longer. “lable 5 shows the relative

users being more likelv o have used
risk of death among ever users of oral contraceptives
according to time since last use of oral contraceptives
and  duration of use. Al signilicant results were
confined to women currently using oral contraceptives
or who had stopped in the past 10 vears, although

Table 3 Relative risk of death in users of oral contraceptives compared with never users according to time since last use

Cause of death (ICD-8 codes) (95% CI)

All causes (000-999)

Al cangers (140-209)
Celerectal (153-154)

Lung {162)
Breast (174)
Cervix ("80)
Ovary (183}
Ot1er cancers

All circulitory diseases (380-458)
Ischaemic eart disease (410-414)
Otier heart disease (420-429)
Cerebrovascular d scase {430-428)

Oter circulatory

All digest ve disezses (520-577)
Liver gisease (570-573)
All other diszases (1-139.210-389, 460-519

5/8-799)

Violent ang¢ ascidental causes {800-999)

Suicide {950-959)

Years since last use of oral contraceptives

Current and <5 59
Relative riskt No of Relative riskt No of
deaths {95% Cl) deaths
10{09t012) 99 11109t013) 142
09{07t11) 81 1°¢(081t0 " 4) /9
05(021014) 4 0602t " 6y 4
08(03101.7) 8 1°{061022) 11
1.0(0610 1.6) 28 15101022} 31
22(08106.1) 9 30(1.11081)" 8
0 (0010 09)" 1 030110 "4) 2
10(061t0186) 31 09¢(06to " 1) 23
1712024 56 14{(09t020) 36
15081028 17 07{03t0 4 9
24061097 4 300910107y 4
19(111034)° 26 20{1110237)" 8
18061049 9 17(061049} 5
1.1{041t027) 8 1.7 {0.41t029) H
1.3 (0.4 10 4.6) 4 20061069 4
06(03t01.1) 19 06¢(031to " 1} 10
13(08t021) 3% 13{0/1t026)
140610 3.0 16 15(061t 29y 6

“P<0.05. *"P<0.01. tAdjusted for age. parity. sac al class. aad sme«rg
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(P value)

test for

10-14 -15 yrend by

Relative riskt No of Relative riskt No of time since

(95% CI) deaths (95% CI) deaths last use
11091 13) 189 090811y 196 10
110813 104 090/t 99 09
02{(011t008)° ? 0051620 2 01
13081024 ‘9 206162 ‘8 09
13(081019) 33 09(061c1.5) 25 08
1.6 (0.5 0 4.9) 5 0.7 (0.11t¢ 3.2) 2 03
0.7 (0210 1.8) 6 0.7 (031tc1.7) 6 0.05
11(0/1t186) 39 08061tc12) 36 04
1208t 1./) 45 R (VR TR )] 52 02
100610 1.5) ‘9 006t 16) 30 06
07021034 2 0031630 5 03
14(081026) ‘6 *0(051c19) "3 07
18(071043) 8 01(021c?2?) 4 06
14 (061033) 8 0.8(03tc21n 5 0.4
1.8 (05106.1) 4 ".7{051c 5.8) 4 05
080510 1.3) "9 08 (05t 13) 28 04
15(081028) 3 5083 "2 06
12(041037) 4 2031649 3 07
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Table 4 Relative risk of death in users of oral contraceptives compared with never users according to duration of use

Duration of oral contraceptive use (years)

<5
Relative riskt No of
Cause of death (ICD-8 code) (95% CI) deaths
All czuses (000-999) 1009t 11) 359
All ¢zreers (140-209) 09(0.7t011) 167

Colorzctal (153-154) 06(031012) 1
Lung {162) 1.1(0.6t0 1.8) 25
Breast (1/4) 11{08t0186) 58
Cervix (*80) 1300510 34) 9
QOvary (183} 05(021012) 8
Other cancers 08(06t011) 56
All circulatory diseases (390-458) 17091t 16) 95
Ischazmic near: disease (410-414) 1.0(0.7 10 1.6) 38
Othzr hzart diszase (420-429) 121041033) 7
Cerebrovascular cisease (430-438) 15(091023) 35
Other circulatory 15(071032) ‘5
All digestive discases {520-577) 1.1{051022) "4
Liver disease (570-573) 141051038 7
All ot1er diseases (1-13Y. 2°0-389. 460-519, 08 (05t 1 1) 41
578-799)
Violent ane accidental causes (800-999) 14(091021) 42
Suicice {950-959) 11051024 A

“P<0.05. “"P<0.01. tAdjusted for age. par ty. social class. and smok ng

among such women duration of use was not associated
with a significant marease or decrease in mortality
from any particular cause or overall. Women who
stopped using oral contraceptives 10 or more
previously had no significant increases or decreases in
relative risk of death from any cause, even if they had
used them for 10 vears or more. There were, however.,
only 51 deaths in this subgroup.

ears

Discussion

Our results suggest that most of the effects of oral
contraceptives on mortality occur in current or recent

P value
59 ~10 tegl for tve)nd
Relative riskt No of Relative riskt No of with duration
(95% CI) deaths {95% Cl) deaths of use
1009012 226 1110910 13) 141 0.2
090711 108 13(1.0t016) 88 0.0?
08 (0416 9 03(0.1101.2) 2 0.6
0.7 (04019 1 20 (1.1103.5)" 20 0.1
10070 1H) 33 1409t 21 26 04
1405040 8 410161 106)°" 9 003
06 (02 153) 6 0.2 (0010 1.3) 1 0.5
1007014 43 120810 18) 30 0.1
13010018 66 10071t 16) 28 06
1.0{0701.7) 25 0.8 ({0510 1.6) 12 06
21082057 7 0.5(0.1104.2) 1 1.0
17(10:029" 27 13(0.71026) " 09
1205030 7 14041047) 4 08
0904022 7 12041033 5 1.0
14101017 4 30(10t095) 5 0.3
0805012 25 0503t 11 10 0.6
1.3(08023) 20 14071029 10 09
18108039 1 14051045 4 04

users and that few, if any, effects persist 10 vears after
stopping use. These results relate predominately to use
of combined oral contraceptives containing 50 ug
oestrogen.!

Information on use of oral contraceptives was
recorded prospectively at six monthly intervals by the
subjects” general practitioner and so is unlikely to he
biased by subsequent events. Furthermore, because
three quarters of the original cohort was “flagged” on
the NHS cenvral registers in England and Scotland and
so tollowed routinely for death, the findings are likely
to be representative of the majority of the women
originally recruited. Mortality was similar in women

Table 5 Relative riskt of death in users of oral contraceptives compared with never users according to time since last use and

duration of use

Current users or last use <10 years previously
Duration of use  Duration of use

Last use -10 years previously
Duration of use  Duration of use

All users <10 years -10 years All users <10 years -10 years
Cause of death (ICD-8 code) {95% Cl) (No of deaths)  (No of deaths) {95% Cl}) {No of deaths)  (No of deaths)
All causes 1000-999) 10081019 10 (254) 11(87) 10091 1n *0(33) 11(54)
All cancers (140-209) 1.01081012) 0.8 (104) 1.3 (56) 1.0{08101.2) 007 1.2 (32)
Cole-ectal {153-754} 05{021012) 0516} 051(2) 06(03t012) 07 (14 00(0)
Lurg (162) 09{05t17) 06 (9 16 (*0) 121081020) 127 26 (10)
Breast (174) 12{08t017) 11 (40) 15(19) 11(081t015) 151 11(7)
Cervix (180} 25{1.1106.1)° 1.6 (9) 5.3(8) 11041031 2B 1.5 (1)
Ovary (183) 02(01t00 /)" 02(2) 03() 0/704t014d) 08(12) 00{0)
Other cancers 09{071013Y 09 (38) 11(16) 090710 13) 0961 13(14)
All circalatory discases(390-458) 151111020 1.7 (76} 11(16) 1.1{0.81t01.4) “.1(85) 1.0 (12)
Ischaemic heart disease (410-414) 10{06t017) 12121} 07 (5) 10{071t015) 10 (~2) 1.1(7)
Other heart disease (420-429) 2810910 84) 35(7) 131 09i031024) C0(7) 00.0)
Cerebrovascula- disease (430-438) 19121031 21(36) 15(8) 12071020) “2(26) 103)
Other circulatory 17{0.71039) 18112) 121(2) 12051027 “1(10) 15(2)
All digestive diseases (520-577) 10(05t022) 099 154 11{05t022) “1(12) 0/ (N
Liver disease (570-573) 16(061044) 10 (4) 36(4) 17(061047) C8(N 19
All other d seases i1-139. 210-389. 460-519, 960410 10) 07(25) 0.4 (4) 98i061012) 038 (41) 0.8 (6)
578-799)
Violent and accidertal czuses (800-299) 13(08t020 13 (10} 14(/) 15(091026) 15(22) 18(3)
Suicide (950-959} 14{(071029) 14019 133 121051031 *1(B) 19.¢1)

‘P<005.°"P<0 01 tAdustee for age. parity. sceial class. and smokirg No sigri‘icant differerces in relative ris< were found between women who used cral

contraceptives for <10 znd - 10 years.
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who remained under regular follow up by their general
practitioner and in women who did not. That overall
mortality in our cohort was about 20% helow the
national average is not unexpected since wornen with
severe chronic illnesses were not recruited.'

Death certificates were obtained for all women who

died. There was good agreement between cause of

death recorded on the death certificate and  that
reported by general practitioners. We adjusted tor the
potential confounding factors of age, parity, social
class, and cigarette smoking. Information on age and
parity was updated throughout the follow up, whereas
and smoking details were recorded atentry
onhy. Information on subscequent smoking habits was
obtained in 199-1-5 for 11 797 members of the original

social clas

cohort: re-estimation  of  the risk  of  myocardial
infarction associated with oral contraceptive use based
on the updated data gave vivually identical vesults 1o
those based on smoking history at entry)” Use of infor-
mation on smoking at entry is thus unlikely to have
biased our resulis. We did not adjust for hypertension
or other heart disease because such conditions could
Le in the causal pathway for death from circulatory dis-
cases. No data on family history of these conditions or
of cancer were available, but the absence of such infor-
mation is unlikely to produce spurions associations
suggesting that mortality varies according to the timing
of oral contraceptive use.

The specfic diseases showing significant excesses
or deficits in mortality in our study were generally con-
sistent with the results of other studies on the incidence
of these discases.* ' Other cohort studies have
reported no significant changes in mortalie among
women who hase ever used oral conaceptives, which
might at first sight be interpreted as inconsistent with
their known cifects on incidence of discase.” - What
our results highlight, however, is that the eftects of oral
contraceptives on mortality: occur mainly in current
and recent users.

The effects of oral contracepiives on civculatory
discases are already recognised to be largely confined
1o current nsers, especiallv if they also simoke.” " There
has been concern, however, that oral contraceptive use
might aftect risk of cancer many vears after use stops.
The collaborative reanalysis of the worldwide data on
the relation between breast cancer and oral contracep-
tive use, which included data from this study, showed
that the incidence  of breast cancer was - slightly
increased while women used oral contraceptives and in
the 10 vears after stopping use but that there was no
excess risk 1 or more vears afier stopping. Our
results are consistent with this finding and suggest that
other cancers of the female reproductive organs may
also be affected by conrent and recent use of oral con-
traceptives but mav wear off’ after use stops. The
number of deaths from cach type of cancer was small.
and further data are needed to confirm our findings.
Continued follow up of this and other cohorts will

vield important intormation for the many millions of

women throughout the world who have used oral
contraceptives,

We thunk the 1400 doctors who have conributed data 1o the
study.

Contributors: CK set up the oral contraception study and
PH took over as director in 1994, CH. SD. GR. and VB contrib-
wted 1o the data analvsis. VB prepared the firse dralt of the

Key message

® This 25 yvear follow up of 16 000 UK women
found a decrease i mortality from ovarian
cancer and an increase in mortality from
circulatory diseases and cervical cancer among
wornen were using oral contraceptives or had
used theny in the past 10 vears

@ 10 or more vears atter stopping use mortality
was similar in past users and never users

¢ Oral contraceptives scem to have their main
effect on mortality mainly while they are being
wsed and in the T vears after stopping use

® Thereis little evidence to suggest any persistent
adverse effect 10 or more vears after use of oral
CONUTACEPUVEs Ceases

manuscript and all other cuthors have contributed to it CK s
guaritor for the qualin of the date VB and CH are guwantors
tor the analvses and text,
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UNLIT  Papers that report diagnostic or
screening tests

BACKGROUND

Clinicians increasingly order diagnostic and screening tests and health service users in-
creasingly expect them. But tests are never 100% accurate and the “false-positive” and “false-
negative” result carries its own morbidity.

SUGGESTED AIM FORTHIS SESSION

"This unit is intended to allow participants to develop, and feel confident in helping others to
develop, the ability to evaluate a study to determine the performance of a diagnostic or
screening test against an established gold standard and decide on its usefulness in practice.

SUGGESTED LEARNING OBJECTIVES FORTHIS SESSION

By the end of this session, participants should be able to approach a published paper about a

diagnostic or screening test with a view to extracting and using the following data.

® What is the prevalence (pre-test likelihood) of the disease in this population?

® [f a patient really had the disease, what is the likelihood that the test will be positive (sen-
SitvILy)?

® [f a patient really did not have the disease, what is the likelihood that the test will be neg-
ative (specificity)?

® If the patient tests positive for a particular disease, what is the likelihood that he/she really
has the disease (post-test likelihood of a positive test)?

® [fthe patient tests negative for the disease, what is the likelihood that he/she really does not
have the disease (post-test likelihood of a negative test)?

® What would be the effect on the above values if the same test were applied to a population
in which the disease was more or less prevalent?

® How accurate overall is the test (i.e. what proportion of test results correctly say whether
the patient has or has not got the disease)?

® What is the Lkelihood ratio of a positive (or a negative) test (i.e. by how much does a pos-
itive (or negative) test increase (or decrease)the likelihood of the disease being present)?

® What, in summary, is the usefulness of this test in different groups and subgroups of
patients?

SET ARTICLE

Piccinelli M, Tessari E, Bortolomasi M et al. Efficacy of the alcohol use disorders identifica-
tion test as a screening tool for hazardous alcohol intake and related disorders in primary care:
a validity study. BMY¥ 1997; 314: 420-4.

97



EVIDENCE BASED HEALTH CARE WORKBOOK

Clinical scenario

hol dependence.

A nurse practitioner in a large primary care centre runs a walk-in “well man” clinic. One
patient, Mr Mario Pellento, is a 54-year-old Italian businessman. Mr Pellento arrives
after the clinic has finished, smelling strongly of wine, and is rude to the receptionists.
He is asked to return the following week for his check-up. The nurse wonders whether
she might ask Mr Pellento a few questions next time to help decide whether he has alco-

SUGGESTIONS FOR GROUP EXERCISES

When you have read the paper, try one or more of the following.

1. A teaching situation in which a group of students discusses the expressions “normal’ and
“abnormal” in relation to the results of diagnostic or screening tests.
2. A role play in which Mr Pellento is offered the screening questionnaire and, after com-

pleting it and scoring “positive”, asks the meaning of the result.

3. A demonstration of how to calculate the likelihood ratio of this test, including (using role
play if necessary) an explanation to someone who is confused about the meaning of this

term.

SUGGESTION FOR INDIVIDUAL STUDY

Imagine you were the medical adviser to Mr Pellento’s private health insurance company. He
has passed on to you the fact that in the Alcohol Use Disorders Identification Test, he scored
in the range indicating “harmful alcohol use”. After completing the critical appraisal checklist
for this article, compose a letter to the company’s actuary, stating whether you would recom-
mend increasing Mr Pellento’s premiums for health insurance, send him for further tests or
take no action. Justify this decision using arguments based on probabilities (i.e. Bayes’

theorem).

Result of gold standard test

Disease positive

Disease negative

Test negative

False negative

a+c b+d
Result of screening test Test positive True positive False positive
a+b a b
c+d c d

True negative

Table 7.1
diagnostic or screening test
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PAPERS THAT REPORT DIAGNOSTIC OR SCREENING TESTS

Feature of Alternative Question which the feature addresses Formula
the test name
Sensitivity True positive How good is this test at picking up people a/a+c

rate (Positive in | who have the condition?

Disease)
Specificity True negative How good is this test at correctly excluding | d/b+d

rate (Negative people without the condition?

in Health)
Positive Post-test If a person tests positive, what is the a/a+b
predictive probability of a probability that (s)he has the condition?
value positive test
Negative Post-test If a person tests negative, what is the d/c+d
predictive probability of a | probability that (s)he does not have
value negative test the condition?
Accuracy - What proportion of all tests have given the a+d/a+b+c+d

correct result (i.e. true positives and true
negatives as a proportion of all results)?

Likelihood ratio | — How much more likely is positive test to be Sensitivity
of a positive found in a person with, as opposed to (1-specificity)
test without, the condition?

Table 7.2 Derivation of features of a diagnostic or screening test

CALCULATIONS
Target disorder Totals
Present Absent
Diagnostic Positive a b a+b
test result
Negative c d c+d
Totals a+c b+d a+b+c+d

Sensitivity = a/(a+c)

Specificity = d/(b+d)

Prevalence in the study = (a+c)/(a+b+c+d)
Positive predictive value (in the study) = a/(a+b)
Negative predictive value (in the study) = d/(c+d)

FURTHER READING

Greenhalgh T. How to read a paper: the basics of evidence based medicine. London: BM] Books,
1997. See in particular Chapter 4: Assessing methodological quality, pages 53—68 and
Chapter 7: Papers that report diagnostic or screening tests, pages 97—-110.

Jaeschke R, Guyatt G, Sackett DL. Users’ guides to the medical literature. III. How to use an
article about a diagnostic test. A. Are the results of the study valid? ¥4AMA 1994; 271:
389-91.

Jaeschke R, Guyatt G, Sackett DL. Users’ guides to the medical literature. III. How to use an
article about a diagnostic test. B. What were the results and will they help me in caring for
my patients? FAMA 1994; 271: 703-7.
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CRITICAL APPRAISAL CHECKLIST FOR AN ARTICLE DESCRIBING
A VALIDATION STUDY OF A SCREENING OR DIAGNOSTIC TEST

Note that the questions on the checklist are really looking for problems of bias, confounding, low
power, and poor validity.

A. Are the results of the trial valid? Yes/No/Don’t know

1. Did the researchers make the diagnosis independently
and blindly with both the test of interest, as well as a
‘gold’ standard (control) test?

2. Was the test evaluated in people typical of patients you
might expect to see in practice?

3. Did the study contain enough cases to compare the
new test and the gold standard test reliably?
Did the authors include a power calculation?

Were all people diagnosed with both the test of interest
as well as the ‘gold’ standard test (regardless of the
results from either)?

B. What are the results?

o

Are the test’s sensitivity and specificity good enough?
See table below; sensitivity should be high to catch as
many cases as possible. Specificity should be high to
rule out as many non-cases as possible.

C. How relevant are the results?

6. Is is possible to get a rough idea of how prevalent the
condition you are trying to diagnose is in your patients
(pre-test probability)?

7. Is the diagnostic test likely to be accurate in your
patients?

® Would its predictive values be good enough for the
prevalence of the condition in your patients? (See table
below. Positive test results are more likely to be
accurate when the condition is more common in people
like your patient; negative test results are more likely to
be accurate when the condition is less common in
people like your patient.)

8. Wil the resulting positive and negative predictive values
affect your management and help your patient?

® \Would the results change management?

® Are patients willing to be treated?

Is the test likely to be affordable, available, and
acceptable in your setting?
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Abstract

Objective: To determine the properties of the alcohol use disorders identification test in screening
primary care attenders for alcohol problems.

Design: A validity study among consecutive primary care attenders aged 18-65 years. Every third
subject completed the alcohol use disorders identification test (a 10 item self report questionnaire on
alcohol intake and related problems) and was interviewed by an investigator with the composite
international diagnostic interview alcohol use module (a standardised interview for the independent

assessment of alcohol intake and related disorders).
Setting: 10 primary care clinics in Verona, north eastern Italy.

Patients: 500 subjects were approached and 482 (96.4%) completed evaluation.

Results: When the alcohol use disorders identification test was used to detect subjects with alcohol
problems the area under the receiver operating characteristic curve was 0.95. The cut off score of 5
was associated with a sensitivity of 0.84, a specificity of 0.90, and a positive predictive value of 0.60.
The screening ability of the total score derived from summing the responses to the five items
minimising the probability of misclassification between subjects with and without alcohol problems
provided an area under the receiver operating characteristic curve of 0.93. A score of 5 or more on the
five items was associated with a sensitivity of 0.79, a specificity of 0.95, and a positive predictive
value of 0.73.

Conclusions: The alcohol use disorders identification test performs well in detecting subjects with
formal alcohol disorders and those with hazardous alcohol intake. Using five of the 10 items on the
questionnaire gives reasonable accuracy, and these are recommended as questions of choice to
screen patients for alcohol problems.

Originally published in BM¥ 1997; 314: 420-4.
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Introduction

Hazardous alcohol intake and related disorders are a major public health issue. Data from the World
Health Organisation's collaborative project on psychological problems in general health care have
shown that alcohol dependence or harmful use of alcohol as defined by the 10th revision of the
International Classification of Diseases (ICD-10) is present in about 6% of primary care attenders,
ranking third in frequency after major depression and generalised anxiety.!

In addition to formal alcohol disorders such as dependence or harmful use, increasing attention has
been paid to hazardous alcohol intake, defined as a level of consumption or pattern of drinking which,
if it persists, is likely to result in harm. Hazardous alcohol intake is directly or indirectly implicated in
many physical, psychological, and social problems, imposing a substantial financial burden on the
drinkers and on society.? 34 Moreover, drinking at levels causing detectable biochemical
abnormalities is associated with a mortality that is twice that of the normal population.’

Primary prevention often requires national strategies promoting an overall decrease of alcohol
consumption in the population. By contrast, secondary prevention can effectively be undertaken at the
primary care level by means of early detection of people with hazardous alcohol intake and time
limited interventions aimed at decreasing alcohol consumption and thus the likelihood of subsequent
harm and dependence. Though several screening instruments have been developed that are fairly
short and easy to administer, they tend to detect severe alcohol disorders such as dependence and
overlook hazardous drinking. The WHO therefore devised a 10 item questionnaire—the alcohol use
disorders identification test®~whose distinct advantage is the ability to detect both formal alcohol
disorders and hazardous alcohol intake.

We investigated the screening properties of the alcohol use disorders identification test in the
detection of primary care attenders with formal alcohol disorders or hazardous alcohol intake.

Subjects and method

Sampling strategy

Ten primary care physicians in Verona, north eastern Italy, allowed investigators to visit their clinics
twice a week, once in the morning and once in the afternoon. Among patients aged 18-65 attending
other than for a prescription, every third patient was approached up to a total of 50 patients at each
clinic. Subjects were informed about the project and told that responses would be kept confidential.
Those agreeing to participate had the size of a standard drink7 explained to them (see box) and then
completed the alcohol use disorders identification test in the waiting room. In addition, the alcohol
use module of the composite international diagnostic interview8 9 was administered by an
investigator at the clinic on the same day or at the patient's home within a week. Investigators
included three doctors and a final year student in psychology; they received group training in
administering the composite international diagnostic interview and practised individually in role play
sessions before the fieldwork. Finally, for each eligible subject the primary care physician rated on a
form a list of clinical signs often related to alcohol consumption (for example, abnormal skin
vascularisation, jaundice, hand tremor, liver characteristics); noted drinking behaviour over the
previous 12 months (no alcohol abuse, occasional alcohol abuse, regular alcohol abuse); and noted
the intake of psychotropic drugs during the two weeks before examination.
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Instruments

The alcohol use disorders identification test is a self administered questionnaire including three items
on the amount and frequency of drinking, three on alcohol dependence, and four on common problems
caused by alcohol (see 3). Each item is scored 0-4, giving a total score of 40.

The composite international diagnostic interview is a standardised diagnostic interview for assessing
mental disorders according to criteria of the ICD-1019 and the Diagnostic and Statistical Manual of
Mental Disorders, Third Edition, Revised (DSM—III—R).11

English versions of both instruments were translated into Italian, and the Italian versions were
independently translated back into English; changes were made where necessary in order to ensure
close correspondence between the original and Italian versions.

Diagnostic criteria

The screening properties of the alcohol use disorders identification test were tested against the
standard criteria listed in the box. Criteria were fulfilled during the 12 months before examination and
based on responses to the alcohol use module of the composite international diagnostic interview,
which was the standard for the study.

Alcohol dependence and harmful use were diagnosed according to ICD-10 criteria. Defining hazardous
alcohol intake was difficult, as the risk associated with alcohol consumption lies along a continuum.
Recommendations on levels of safe drinking published in the United Kingdom by the Health Education
Authority and supported by the Royal College of Psychiatrists, the Royal College of General
Practitioners, and the Royal College of Physicians!Z 13 suggest that 30 g pure ethanol daily in men
and 20 g daily in women constitute hazardous alcohol intake. The definitions of hazardous alcohol
intake in this study (see box), based on categories of quantity and frequency of alcohol consumption
from the alcohol use module of the composite international diagnostic interview, closely corresponded
to the recommendations reported above.

Statistics

The screening properties of the alcohol use disorders indentifcation test were investigated by receiver
operating characteristic analysis. This technique summarises the validity coefficients of a test and
provides an overall index of diagnostic accuracy (that is, the area under the receiver operating
characteristic curve) by plotting sensitivity against the false positive rate for all possible cut off scores.
An area under the receiver operating characteristic curve of 0.5 is obtained when the discriminatory
ability of a test is no better than chance; a value of 1.0 represents perfect discriminatory ability.14

A computer program for receiver operating characteristic analysis similar to that developed by
Dorfman and Alf'5 and modified by Metz et al'® was used in this study.
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Standard diagnostic criteria used in validating alcohol use disorders identification test
Alcohol dependence (at least three items required)(ICD-10)
1. Strong desire or sense of compulsion to take the substance

2. Impaired capacity to control substance taking behaviour in terms of onset,
termination, or levels of use

3. Physiological withdrawal state when substance use is reduced or stopped or use of
the substance to relieve or avoid withdrawal symptoms

4. Evidence of tolerance to the effects of the substance
5. Other pleasures or interests being given up or reduced because of the substance use
6. Persistent substance use despite clear evidence of harmful consequences

Harmful alcohol use (ICD-10)

(a) Clear evidence that the substance use is responsible for (or is substantially
contributing to) physical or psychological harm

(b) The nature of the harm is clearly identifiable and specified

(c) The pattern of use has persisted for at least one month or has occurred repeatedly
within the 12 month period

(d) The subject does not fulfil criteria for alcohol dependence
Hazardous alcohol intake

Men: Three to seven drinks almost every day or seven or more drinks at least three times a
week

Women: Two to five drinks almost every day or five or more drinks at least three times a
week

A standard drink was defined as equivalent volumes containing an average of 13.5 g ethanol.
Definitions of a standard drink were based on local alcoholic beverages and included one

glass of wine (125 ml), one bottle of beer (500 ml), and one measure of spirits (40 ml)’

Logistic regression analysis was performed to identify linear combinations of items in the alcohol use
disorders identification test that minimised the probability of misclassification between subjects with
and without alcohol dependence, harmful use, or hazardous intake. A stepwise selection of predictor
variables was adopted by using the likelihood ratio statistic as a test for removal and a probability
level of 0.10 to remove a variable.
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Results

Five hundred subjects were approached at the primary care clinics, of whom 489 (97.8%) agreed to
participate and 482 (96.4%) completed the evaluation. Most were women (n=306; 63.5%), married
(290; 60.2%), and employed (274; 56.8%) and had low educational attainment (320 (66.4%) educated
to secondary school level only). Mean age was 42.2 (SD 14.4) years. Seven subjects (1.5%) fulfilled
ICD-10 criteria for alcohol dependence; all were men, with a median age of 43 years (range 21-61
years). Fifteen subjects (3.1%) fulfilled ICD-10 criteria for harmful alcohol use; 13 (86.7%) were men,
with a median age of 50 years (range 2465 years).Lastly, 62 subjects (12.9%) satisfied criteria for
hazardous alcohol intake; 51 (82.3%) were men, with a median age of 48 years (range 21-65 years).

The screening characteristics of the alcohol use disorders identification test were initially tested
separately against the diagnostic criteria listed in the box. The questionnaire performed well in
detecting subjects with alcohol dependence (area under receiver operating characteristic curve 0.91;
95% confidence interval 0.88 to 0.94), harmful alcohol use (0.90; 0.88 to 0.92), and hazardous alcohol
intake (0.92; 0.90 to 0.93). However, though sensitivity and specificity were above 0.8 irrespective of
the criterion used, positive predictive values (that is, the probability of having the disorder among
patients with positive test results) were low, indicating a high proportion of false positive results.

As the alcohol use disorders identification test is expected to be more suitable for initial screening of
people with probable alcohol problems of any type rather than for accurate detection of people with
formal alcohol disorders, the screening characteristics of the questionnaire were tested against all
three drinking categories considered together. Table 1 shows that the performance of the
questionnaire was high, with an area under the receiver operating characteristic curve of about 0.95.
The cut off score of 5 provided a good trade off between sensitivity (0.84) and specificity (0.90);
however, the positive predictive value was comparatively low, indicating that 40% of subjects scoring
Sor higher were false positive cases. Higher positive predictive values were found at higher cut off
scores, though at the expense of decreased sensitivity; higher positive predictive values might be
expected at lower cut off scores in populations with a higher prevalence of alcohol problems.

Table 1 Validity coefficents of 10 item alcohol use disorders identification test in detection of subjects
with and without alcohol dependence, harmful alcohol use, or hazardous alcohol intake considered together

Positive Positive Positive
predictive predictive predictive
Cut off Sensitivity Specificity valuet value 25%% value 50%§
>1 1.00 0.27 0.19 0.25 0.41
>3 0.96 0.58 0.28 0.36 0.53
>5 0.84 0.90 0.60 0.68 0.81
>7 0.54 0.97 0.73 0.80 0.89
>9 043 0.99 0.86 0.90 0.95
>11 0.31 1.00 1.00 1.00 1.00

Area under receiver operating characteristic curve 0.949 (95% confidence interval 0.940 to 0.959).

TPositive predictive value in study sample (prevalence of alcohol dependence, harmful use, or hazardous intake 14.5%).

FRepresents positive predictive value when prevalence of alcohol dependence, harmful use, or hazardous intake in population is 25%.
§Represents positive predictive value when prevalence of alcohol dependence, harmful use, or hazardous intake in population is 50%.

As low positive predictive values might result from the 10 items of the questionnaire being given the
same weight in computing a total score, logistic regression analysis was performed to identify the
items minimising the probability of misclassification between subjects with and without alcohol
dependence, harmful use, or hazardous intake considered together. Estimated coefficients and related
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statistics from logistic regression analysis are not reported here but are available on request. Five
items were retained in the model (goodness of fit 556.5; df=463, P=0.002): item 1 (frequency of
drinking), item 2 (number of drinks on a typical day), item 4 (unable to stop drinking), item 5 (failing
to do what was normally expected), and item 10 (another person concerned about subject's drinking
or suggesting that it should be cut down). The discriminatory ability of the total score resulting from
summing the responses to the five items is shown in table 2. Overall performance was high, with an
area under the receiver operating characteristic curve of 0.93. A total score of 5 or more on the five
selected items was associated with a sensitivity of 0.79, a specificity of 0.95, and a positive predictive
value of 0.73; moreover, the probability of a subject scoring less than 5 having alcohol problems was
less than 4%.

Table 2 Validity coefficients of five items of alcohol use disorders identification test selected through logistic
regression analysis in detection of subjects with and without alcohol dependence, harmful alcohol use, or
hazardous alcohol intake considered together

Positive Positive Positive
predictive predictive predictive
Cut off Sensitivity Specificity valuet value 25%% value 50%§
21 1.00 0.27 0.19 0.25 0.41
>3 0.96 0.58 0.28 0.36 0.53
>5 0.84 0.90 0.60 0.68 0.81
>7 0.54 0.97 0.73 0.80 0.89
29 043 0.99 0.86 0.90 0.95

Area under receiver operating characteristic curve 0.949 (95% confidence interval 0.940 to 0.959).

1Positive predictive value in study sample (prevalence of alcohol dependence, harmful use, or hazardous intake 14.5%).

FRepresents positive predictive value when prevalence of alcohol dependence, harmful use, or hazardous intake in population is 25%.
§Represents positive predictive value when prevalence of alcohol dependence, harmful use, or hazardous intake in population is 50%.

These findings can be compared with the low ability of doctors to detect patients with hazardous
alcohol intake or formal alcohol disorders, only 39% of these patients being rated as abusers of alcohol
either occasionally or regularly.

Discussion

This study shows that the alcohol use disorders identification test is a simple questionnaire that
takes only a few minutes to complete and performs well in detecting both people with formal alcohol
disorders and those with hazardous alcohol intake. As five of the 10 items on the questionnaire are
reasonably accurate for screening, physicians or other primary care professionals are recommended
to use them as questions of choice to screen patients for alcohol problems of any type. Subsequent
detailed evaluation can then be offered to those with positive test results in order to reach firm
diagnostic conclusions. Our findings are similar to those from the exploratory WHO multicentre
study,!7 in which the 10 item alcohol use disorders identification test had a mean sensitivity of 0.80
and a mean specificity of 0.89 across participating centres.

Several screening instruments for alcohol disorders have been tested, including the Michigan
alcoholism screening test!8 and its shorter versions!® 2021 the CAGE questionnaire,22 the Veterans
alcoholism screening test,?> and the primary care evaluation of mental disorders.2* In general the
ability of these instruments to detect formal alcohol disorders is comparable to that of the alcohol use
disorders identification test.24 25 However, most of the instruments have not been tested in the
detection of hazardous alcohol intake; when this was done sensitivity failed at unacceptable levels.20
Other instruments, such as the Munich alcoholism test,2’ require clinical examination to elicit
physical signs related to excessive alcohol consumption, which makes them less likely to be used by
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busy physicians or prevents their use by non-medical professionals. Hence the alcohol use disorders
identification test has definite advantages over existing screening instruments, as it can screen both
for hazardous alcohol intake (possibly in patients before symptoms begin or in those with mild
symptoms) and for formal alcohol disorders and can be used by health workers with no formal medical
training.

We acknowledge that our study has possible limitations. Firstly, as data on alcohol consumption in
the area were not available we did not perform a power calculation for required sample size and
selecting comparatively few patients with alcohol problems might have affected the findings.
Secondly, a proportion of subjects with alcohol problems might be expected to underreport them both
on the alcohol use disorders identification test and at the diagnostic interview, with validity
coefficients of the questionnaire being artificially raised. Independent data provided by primary care
physicians suggest that this bias was limited, as three quarters of subjects with physical signs
possibly due to excessive drinking reported alcohol problems at interview. No other sources of
information (for example, spouse or other key informants, hospital records, biological markers, etc)
were available to examine this issue further. Finally, some items included in the alcohol use disorders
identification test were embodied within standard validating criteria, which might also have resulted
in inflated estimates of test accuracy. Other validity studies using different sources of information and
standard criteria may be useful to clarify this issue.
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Appendix

Alcohol use disorders indentification test. (Scores for response categories are given in parentheses)

1 How often do you have a drink containing alcohol?
(0) Never (1) Monthly or (2) Two to four (3) Two or three (4) Four or more
less times a month times a week times a week

2 How many drinks containing alcohol do you have on a typical day when you are drinking?

O 1lor2 (1)3or4 2)5o0r6 3)7t09 (4) 10 or more
3 How often do you have six or more drinks on one occasion?
(0) Never (1) Less than (2) Monthly (3) Weekly (4) Daily or
monthly almost daily
4 How often during the past year have you found that you were not able to stop drinking once you have started?
(0) Never (1) Less than (2) Monthly (3) Weekly (4) Daily or
monthly almost daily
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10

How often during the past year have you failed to do what was normally expected of you because of drinking?
(0) Never (1) Less than (2) Monthly (3) Weekly (4) Daily or
monthly almost daily

How often during the past year have you needed a first drink in the morning to get yourself going after a
heavy drinking session?

(0) Never (1) Less than (2) Monthly (3) Weekly (4) Daily or
monthly almost daily

How often during the past year have you had a feeling of guilt or remorse after drinking?

(0) Never (1) Less than (2) Monthly (3) Weekly (4) Daily or
monthly almost daily

How often during the past year have you been unable to remember what happened the night before

because you had been drinking?

(0) Never (1) Less than (2) Monthly (3) Weekly (4) Daily or
monthly almost daily

Have you or has someone else been injured as a result of your drinking?
(0) No (2) Yes, but not in the past year (4) Yes, during the past year

Has a relative or friend or a doctor or other health worker been concerned about your drinking or
suggested you cut down?

(0) No (2) Yes, but not in the past year (4) Yes, during the past year
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UNIT  Papers that summarise other papers
(systematic review and meta-analysis)

BACKGROUND

The “gold standard” in clinical evidence for most types of research questions is the system-
atic review of original research trials, with numerical meta-analysis if appropriate. But
systematic reviews can themselves be done well or badly. One defining feature of a systematic
review is the presence of a methods section that allows the critical reader to assess how far the
authors have achieved the goal of rigorous secondary research.

SUGGESTED AIM FORTHIS SESSION

For participants to master, and become confident in helping others to master, the ability to
evaluate an article on systematic review or meta-analysis and decide whether it applies in par-
ticular clinical circumstances.

SUGGESTED LEARNING OBJECTIVES FORTHIS SESSION

By the end of this session, participants should be able to evaluate a published article describ-

ing an overview of original research studies and in particular to:

® decide whether the clinical question addressed by an overview is appropriate and suffi-
ciently focused;

® determine whether the results are valid, i.e. whether the methods used for the review were
sufficiently reliable and well conducted;

® interpret the quantitative findings in the results;

® decide whether the conclusions are justified;

® relate the results and conclusions to their own clinical practice.

SET ARTICLE

Gotzsche PC, Hammarquist C, Burr M. House dust mite control measures in the manage-
ment of asthma: meta-analysis. BM¥ 1998; 317: 1105-10.

ADDITIONAL REPRINT

Davey SG, Egger M. Meta-analysis. Unresolved issues and future developments. BM¥ 1998;
316: 221-5.
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Clinical scenario

Johnny Brown is a 3-year-old boy who has recently developed moderate asthma. He is
treated with prophylactic inhaled steroids but remains poorly controlled. Skin prick testing
confirms sensitivity to house dust mite. Johnny’s parents are advised to adopt radical
measures to eradicate dust from their home. They remove all rugs and feather bedding,
purchase a new high-suction vacuum cleaner, and clean the house regularly with an antimite
chemical cleaner. Altogether they estimate that they have invested several hundred pounds
in the measures to eradicate the allergen but Johnny’s asthma is no better. Mrs Brown surfs
the Internet for information from professional sources and finds the paper reprinted below
on house dust mite control measures. She asks her GP to help her interpret it.

SUGGESTIONS FOR GROUP EXERCISES

When you have read the paper, try one or more of the following.

1. A role play of a consultation in which one member of your group represents Mrs Brown
and another represents her GP.

2. A role play of an interview between a lay member of the National Asthma Campaign and
a salesman from a company that makes anti-house dust mite vacuum cleaners, facilitated
by a health professional with a knowledge of evidence-based health care and copies of the
relevant paper.

3. A teaching situation in which a mixed group of paediatric asthma nurses and senior house
officers are asked to appraise the paper.

SUGGESTION FOR INDIVIDUAL STUDY

Consider the second of the above group exercises. Imagine you are a medical journalist
approached by a person with asthma who tells you of this encounter. Write a short newspaper
article giving your opinion on the salesman’s claim that the vacuum cleaner is a good
investment.

FURTHER READING

Chalmers I, Sackett D, Silagy C. The Cochrane Collaboration. In: Maynard A, Chalmers I,
eds. Non-random reflections on health services research. LLondon: BM] Books 1997: 231-9.
Greenhalgh T. How to read a paper: the basics of evidence-based medicine. L.ondon: BMJ Books,
1997. See in particular Chapter 8: Papers that summarise other papers, pages 111-27.
Oxman AD, Cook DJ, Guyatt GH. Users’ guides to the medical literature. VI. How to use an

overview. FAMA 1994; 272: 1367-71.
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CRITICAL APPRAISAL CHECKLIST FOR AN ARTICLE
DESCRIBING A SYSTEMATIC REVIEW

Note that the questions on the checklist are really looking for problems of bias, confounding, low
power, and poor validity.

A. Was selection of studies valid? Yes/No/Don’t know

1. Did the trial address a clearly focused question
Clearly defined:

® Population

Intervention

Outcome(s)

Were high-quality, relevant studies included?

Robust study design (RCTs?)

Sufficient sample size (power)?

Addressing relevant question (population/intervention/
outcome)?

eoev 00

w

Is it unlikely that important, relevant studies were missed?
Repeatable search strategy?

® Comprehensive search strategy, including relevant
databases and other, unpublished sources for
information (e.g. EMBASE, Cochrane Library controlled
trials register, MEDLINE back to 1966, contacts from
reference lists)?

4. Was the validity of the included studies assessed
properly?

® Reproducible (explicit) assessment method?

® More than one independent assessor?

5. Were the results similar from study to study (i.e. were
they comparable)?

B. What are the results?

What are the overall results of the review?

How precise were the results (e.g. measures of risk,
confidence intervals, p-values)?

8. Can the results be applied to my patients? (Compare
patient with review population, intervention, outcome)

C. How relevant are the results to me?

9. Were sufficient important outcomes (for me)
considered?

113



EVIDENCE BASED HEALTH CARE WORKBOOK

House dust mite control measures in the management of

asthma: meta-analysis

Peter C Gotzsche, Cecilia Hammarquist, Michael Burr

Abstract
Objective o determine whether patients with asthma
who are sensitive to mites benedit from measures
designed to reduce their exposure to house dust mite
antigen in the home.
Design Mcta-analvsis of randomised trials that
investigated the effeets on asthima paticnts of chemical
or physical measures to control mites, or both, in
comparison with an untreated control group. All rials
in any language were eligible for inclusion.
Subjects Paticnts with bronchial asthma as diagnosed
by a doctor and sensitisation to mites as determined
by skin prick testing, bronchial provocation testing, or
serum assays for specific Igh antibodies.
Main outcome measures Number of patients whose
allergic svinptoms improved, improvenient in asthina
svimptoms, improvement in peak expiratory tlow rate,
Outcomes measured on difterent scales were
combined using the standardised eftect size method
(the ditference in etfect was divided by the standard
deviation of the measuements).
Results 23 studies were included in the meta-analvsis;
6 studies used chemical methods to reduce exposure
to mites, 13 used physical methods, and 4 used a
combination. Alogether, 117113 patients exposed 1o
treatment interventions improved compared with
387117 in the control groups (odds ratio 1.20, 95"
contidence interval 0.66 1o 2.18). The standardised
mean difference for improvement in asthima symptoms
was —0.06 (95% conlidence interval =0.5110 0.11). For
peak flow rate measured in the morning the
standardised mean difference was 0,03 (- 0.25 10
(.19). As measured in the original units this difference
between the teatment and the control group
corresponds to =3 1min (95% confidence interval

25 I'min to 19 L/min). The results were similar in the
subgroups of trials that reported successtul reduction in
exposure to mites or had long follow up times.
Conclusion Current chemical and physical methods
aimed at reducing exposure to allergens from house
dust mites seem 1o be ineftective and cannot be
recommended as prophyvlactic treatment for asthma
patients sensitive to mites.

Introduction

The major allergen in house dust is derived from mites,
and a recent review concluded that the environmental
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control of allergens should be anintegral part of the
nanagement of sensitised  patients.! Some of the
evidence in the review, however, was derived  from
observational studies. Since clinical trials have shown
cquivocal results of the effectiveness of measures 1o
reduce exposure to mite antigen, we decided to synthe-
sise the findings of all clinical trials.

Methods
Our objective was to determine whether padents with
asthima who were sensitised to house dust mites

benefited from measures designed 1o reduce their
exposure to mite antigen in the home, All vandomised
trials in any language performed atany time that com-
paved chemical (acaricidal) or physical measures (such
as vacunm cleaning, heating, barrier methods, or air fil-
tration svstems) to control mites and analyvsed their
cffects on patients with bronchial asthma as compared
with an untreated control group were eligible for
nclusion in the meta-analysis. Asthma had o have
heen diagnosed by a doctor and sensitisation to mites
had 1o have been assessed by skin tests, bronchial
L anti-

provocation tests, or serum assavs for specific lg

bodies.

Search strategy

We searched the Asthma and Whees# databases setup
by the Cochrane Airways Group which contain records
from the Cumnulative Index to Nwsing and  Allied
Health Literature, Medline, and Fanbase, Mite® in the
title, kevword  (descriptor) field  was
combined with random®, trial¥, placebo, double-blind,
double blind, single-blind, single blind, comparative
study, or controlled study in all fields. Primary authors
were contacted to obtain additional inlormation if nec-

abstract, or

essary. CH searched issues of Resparation (1980-96) and
MB scarched Clinical and Experimental Allergy (1980-
96) by hand.

Extraction of data

Two of the authors (CH and MB) selected the trials for
inclusion. ‘lwo (PCG and CH) extracted data on the
following outcomes: subjective wellbeing, improve-
ment in asthma svmptoms, use of drugs 1o control
asthima, number of davs of sick leave taken from school
or work, number of unscheduled visits made 1o a doc-
tor or hospital, forced expiratory volume in 1 second,
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PAPERS THAT SUMMARISE OTHER PAPERS (SYSTEMATIC REVIEW AND META—ANALYSIS)

Characteristics of the 23 studies included in the meta-analysis of methods to control exposure to mites among asthma patients

Type of

Study (year) intervention Design

Dietemzrn et al {993y Cremical Paralle tizl. double =hnd
Ehnert et al (1992) Creical Paralle . double zlind
Geller-Bernstein ¢t 1 (1995)™ Cremical Paralle . double zhind
Van der Heide et al {1997y Cremical Paralle . deuble hind
Reiser e: al (19903 Cremical Paralle . double slind
Satte et al {1994)° Chemical Paralle t-izl. double slind
Artonicell e al (1991) Prysiczl Crossover trial. assessc” blingd
Burr et 2l (1976) Prysiczl Crassover tnal. nc blinding

Burr et &l (19801

Burr et al (1980)°

Gi lies 2t al {198/)"

Huss et al {1992) *

Maesen et al (197/)"°
Mitcaell and Elliozt (*980) *

Paralle t-izl. deuble shind
Crossover trial. ne blinding
Paralle trial. ne blinding
Paralle trial. n¢ blinding
Crassover teial. double b ind
Crossover trial. ne blinding

Verrall et al (1988)™ Prysicel Crossover t-ial. double b ind
Walshaw and Evans (9861 Prysiczl Parallg trial. nc blinding

Warburton et al (7994 Physical Crossover tvial, double b ind
Warner at al {1993;" Physicz Crossover t-ial. double % ind

Zwemer and <aribo (1973)°

Physic:

Crossover teial, double b ind

Carswell et al (*996) Comb nation Paralle tizl. double zhnd
Dorward e: al (1988) " Comb nation Parallz tnial. assesso” blind
Ehnert ¢t al (1892} Comb nation Parallz tnal. nc blinding
Marks et zl (1994)" Comb nation Parallgl trial. pzrticipan:s blind

NA-not assessed

peak expiratory flow rate, provocative concentration
that causes a 207 fall in forced expiratory volume in 1
second. and results of skin prick testing. Ambiguities
were resolved by discussion.

Statistical methods

Review Manager software was used to analvse the
datas I P <2 0.10 in the test for heterogeneity a random
effects analysis was carried out. Since the results from
crossover trials were usually reported as if they had
come from a parallel group trial we used the data
accordingly and assumed that no carrvover eftect had
occurred. Continuous data were often presented on
different scales in different studies (for example, peak
expiratory flow rate was given cither as absolute values
or as a per cent of predicted values). Because of this, we
caleulated the standardised mean difference in our
analvsis of these data. With this method. the difference
in effect is divided by the standard deviation of the
measurements. Since data on wellbeing and improve-
ments inasthima svinptoms were closely related we
surmmarised categorical data as the number of patients
whose asthma improved; we summarised continuous
data in the category of asthma symptoms. In general,
the provocative concentration that causes a 20" fall in
the forced expiratory volume in 1 second had been
analvsed after logarithmic ransformation because the
data were highly skewed. If the mean values and stand-
ard deviations had been converted from the logarith-
mic to the arithmetic scale we reconverted them.” We
excluded data on the provocative concentration from
one study which had not used logarithmic vansforma-
tion (see appendix 1 on the website).

In studices in which the use of several anti-asthma
treatments had been reported we used the data on
bronchodilators. In data
recorded at several points in time we used the longest

studies  in which were

Mean age Reduction in
or age No of exposure to
range of No of patients not mites or mite
patient pati in leti Length of antigen
(years) study study follow up achieved
36 26 3 1 year No
10 16 0 1 year No
9 35 3 6 months No
3 40 0 1 year No
56 b)Y 5 3 months No
13 24 0 2 weeds No
16 9 0 8 viee«s No
33 32 0 6 vrees NA
9 55 2 8 wee«s No
9 21 0 1 montt No
10 26 1 6 weexs No
44 52 0 12 wreeks Yes
/-85 30 2 trontt NA
10 10 0 4 weexs NA
14 16 3 3 wee<s NA
34 50 8 1 year Yes
46 13 1 4 vieess No

9 20 6 6 vieeqs Yes
6-'6 18 3 4 weeds NA
10 70 21 24 vieeks Yes
25 21 3 8 wee4s Yes
10 16 0 1 year Yes
35 35 ] 6 moaths No

observation period during which patients were still on
randomised treatment.

We did not adjust for baseline differences sinee
inequalities occurring despite randomisation would be
expected to cancel cach other out over a number of
triads. Furthermore, bascline values were not alwavs
available. I we had made adjustments when possible
we would  have risked biasing  the  review since
ivestigators . may - be inclined  to
differences and adjust for them when this procedure
favours the experimental treatment. Bias occurring
during the analvsis of data is common and almost

show  bascline

alwavs favours the new veatunent.’

Results

Trials included in the analysis

Alogether 458 references were identified: half of these
were irrelesant and the other half were retrieved so
that the full study could be examined. Fighteen of the
229 studies met the inclusion eriteria.” ™ Another four
trials were retrieved from MBS personal archive”™ "
The reference lists of the 229 articles retrieved were
also scarched but no further appropriate studies were
found. One of the papers included in the analysis!
reported on a trial with three arms: this was treated as

two separate trials in the meta-analysis. Thus, most of
the analvses below refer 1o 23 mials. (A list of the
excluded trials which were not evidently irrelevant and
the reasons for their exclusion appear in appendix 2
on the website)

Allstudies bad used skin prick testing tor diagnosis
of mite sensitisation. Extracts were from Dermatopha-
goides pteromyssinus or D farinae except in two  wials
which had used an unspecified  extract of  house
dust " Two mrials also used a serum assay for specific
Igk. antibodies.” ' Patients had mostly been vecruited
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Our meta-analysis did not seem to lack power. The
point estimates were close to zero and the confidence
interval was narrow for morning peak flow rate, the
most commonly used outcome measure, which s
related to the severity of the asthma and is sensitive to
change. 'This  does not missed  any
worthwhile effect. Il the diflerence in morning peak
low is transformed into the most commonly used unit

suggest we

of measurement ('miny with a standard deviation of

100 IVmin (in accordance with fig 3), the difference in
peak flow between treatment and control groups is
only =3 L/min (=25 I'min to 19 L/min).

Potential sources of bias

Potential must  be  considered.
Randomisation methods were not reported except in
one study. In several studies rescarchers or patients
were not blinded, and most studies were small. These
factors all tend to be associated with an overestimation
of reported treatment effects. Further, reporting was
variable (for example, one study reported only that

sources ol bias

there were no significant changes in symptom scores,
drug requirements, or peak flow rawes™). Itis generally
safe 1o assume that unreported data do not favour the
intervention. On a few occasions it was necessary 10
correct the original data; [or example, in one study we
could not confirm a reported significant effect on mite
allergen level.

We tried to avoid bias while extracting data (for
example, by making blinded decisions when several
options were available). On a few occasions, however,
we had o use data that favoured the experimental
interventions (appendix 1 on the website). Finally, the
trials we excluded did not have positive results (appen-
dix 2 on the website) and we therefore believe we have
not favoured the null hvpothesis of no treatment eflect
1 our meta-analvsis,

There is a possibility that the vesults of effective
interventions have been diluted by ineflective ones or
by wrial designs that were insufticiently ngorous. The
length of follow up varied but was  completely
unrelated to the eftect of reatment (for example, the
three rials with 6-12 months of follow up showed a
difference of 0.01 (- 0.36 10 (.38) in morning peak
flow). This is to be expected since an effect on the
reduction of allergens should be noticeable in the
short term because mite allergen causes a Type 1
hypersensitivity reaction. There may be a subset of
patients who are highly sensitive to mites who would
benefit from mite eradication. It would, however, be
dithicult to detect such patients and it seems more rea-
sonable to assess the effects of mite eradication on all
patients with asthma whose skin prick tests indicate a
SENsHIvity to mmtes.

Conclusion

Current chenmcal and physical methods for eradicat-
ing mites or reducing exposure to mites seem to be
ineftective and cannot be recommended as prophylac-
tic reatment for asthima patients who are sensitive to
mites. It is doubtful whether conducting further studies
similar to the ones inour meta-analysis would be
worthwhile, In particular, several of the trials had used
extensive mite eradication and avoidance schemes, We
suggest that future studies should be much larger and
more rigorous than those analysed here and should
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Key m

age

o Current chemical and physical methods aimed
at reducing exposure to allergens from house
dust mites seem to be ineftective: these methods
canmot be recommended as prophylactic
treatiment for asthna patients who are sensitive
to 1mites

® Itis unlikely that aoworthwhile eftect has been
overlooked in this meta-analvsis since the
confidence interval for the peak expiratory flow
rate was <|uil(' NAITOW

¢ Future studies should be much larger and more
rigorous thun those in this meta-analysis and
should evaluate other methods of mite control
than those used to date

use methods to control or eradicate mites other than
those used so far. Our review is also published in The
Cochnane Library™ where it will be updated when
results from additional studies becorne available,
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Introduction

Since its recent introduction into clinical epidemiology, meta-analysis has established itself as an
influential branch of biostatistics. Several books have focused mainly or entirely on meta-analysis in
medicine,! 2345 and the latest editions of relevant textbooks generally include a section on meta-
analysis. 6789 Computer software entirely devoted to meta-analysis has been developed, and meta-
analytic procedures have been introduced in general statistical software packages. We will soon be
providing an overview of software packages on the BMJ's website.!0 Several unresolved issues
concerning meta-analysis remain, and in this final article of our series we address some of the topics
that are likely to feature in future discussions of the appropriate practice and domain of meta-analysis.

Should unpublished data be included in meta-analyses?

Publication bias, discussed in detail in a previous article,!! is a major threat to the validity of meta-
analysis. Obtaining and including data from unpublished studies seems to be the obvious way of
avoiding this problem. Including data from unpublished studies can itself introduce bias, however.
Even after extensive consultation with the research community, unpublished studies may remain
hidden. The unpublished studies that can be located may thus be an unrepresentative sample of
unpublished studies. Whether bias is reduced or increased by including unpublished studies cannot
formally be assessed as it is impossible to be certain that all unpublished studies have been located.
A further problem relates to the willingness of investigators of located unpublished studies to provide
data. This may depend on the findings of the study, more favourable results being provided more
readily. This could again bias the findings of a meta-analysis.

Originally published in BMY 1998; 316: 760-2.
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Summary points

Meta-analysis has established itself as an important technique in clinical epidemiology, but
several issues remain unresolved

The inclusion of unpublished, non-peer reviewed data can be problematic, particularly if these
data come from interested sources, such as the pharmaceutical industry

Individual patient data are often required to address important questions, but the
mechanisms to facilitate increasing availability of trial data for meta-analysis are lacking

The clinical application of results from meta-analyses to the individual patient often remains a
difficult matter of judgment

The Cochrane Collaboration will have an important role in future developments in the field of
systematic reviews and meta-analyses

An analysis of 150 meta-analyses published between 1988 and 1991 showed that most

meta-analysts had searched for unpublished material, although such data were located and included in
only 31% of meta-analyses.!2 A questionnaire assessing the attitudes towards inclusion of
unpublished data was sent to the authors of these reports and to the editors of the journals that had
published them: 78% of meta-analysts supported the use of unpublished material, compared with only
47% of journal editors.!2 This lack of support by some editors is on the grounds that the data have not
been peer reviewed. The refereeing process, however, has not always been a successful way of
ensuring that published results are valid.!3 14 On the other hand, meta-analyses of unpublished data
from interested sources is clearly of concern. Such unchallengeable data have been produced in
circumstances in which an obvious commercial interest exists (box 1 gives an example).

Box 1: Controversy over selective serotonin uptake inhibitors and depression

® Selective serotonin uptake inhibitors are widely used for the treatment of depression,
although their clinical advantages over the much less expensive tricyclic
antidepressants have not been well established.

® In their meta-analysis Song et al used the dropout rate among randomised controlled
trial participants taking selective serotonin uptake inhibitors and those taking
conventional antidepressants as an indicator of therapeutic success!d: patients who
stop taking their treatment because of inefficacy or side effects are the ones who are
not benefiting, and thus the class of drug with the lower dropout rate can be
considered the one with the more favourable effects.

® There was little difference between selective serotonin uptake inhibitors and the
other—usually tricyclic—antidepressants. In response to this analysis, Nakielny (for
Lilly Industries, the manufacturers of fluoxetine) presented a meta-analysis of 14
investigational studies of new drugs which they stated included every study
completed by December 1990.16 This included what were called "unpublished data on
file." The pooled dropout rates calculated by Nakielny differed markedly from the
literature based analysis.
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Tricyclic
Fluoxetine antidepressant
Drop Drop
out out
No of No of rate rate P

trials patients (%) No of patients (%) value

Song et al 15 18" 913 34.5 916 36.7 04
Nakielny!® 14 781 36.5 788 475  <0.0001

“References 6, 12-15, 18, 29, 31, 33-35, 44, 47, 63, 65-67, 69 in Song et al.15

Lilly Industries claimed that its analysis was not "subject to biases introduced by selective
publication and literature searches," but this is difficult to assess if the trials included
represent unpublished data "on file". To make such data available in the future is one of the
major challenges facing meta-analysts and the promoters of systematic reviews and evidence
based medicine.

The most satisfactory approach to the inclusion of unpublished data in meta-analyses is to carry out

an extensive search for such data and obtain them if possible. The analysis should then be performed
with and without the unpublished data, as a form of sensitivity analysis. If the conclusions are altered
through the inclusion or exclusion of such data, the results of either approach should be treated cautiously.

Subjectivity in data analysis and reporting

Using published results exclusively can introduce biases other than those of publication bias. The
choice of the outcome that is reported can be influenced by the results: the outcome with the most
favourable findings will generally be reported. An example of how published results can be misleading
comes from two separate analyses of a double blind, placebo controlled trial assessing the efficacy of
amoxycillin in children with non-suppurative otitis media.!” 18 Opposite conclusions were reached,
mainly because different weight was given to the various outcome measures assessed in the study.
This disagreement was conducted in the public arena, as it was accompanied by accusations of
impropriety against the team producing the findings favourable to amoxycillin. The leader of this team
had received considerable funding, both in research grants and as personal honorarium, from the
manufacturers of amoxycillin.!® This is a good example of how reliance on the data chosen to be
presented by the investigators can lead to distortion.20 This has probably been a frequent source of
bias, which only in rare occasions becomes common knowledge. With improving standards of clinical
trial reporting?! subjectivity in data analysis shouldbecome less common in the future.
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Individual patient data or summary statistics—which
should be included in a meta-analysis?

Meta-analyses that have been entirely dependent on summary data obtained from published
reports of clinical trials have provided robust indicators of treatment outcomes. Such analyses have
been described as meta-analyses of the literature.2? If a researcher is interested in outcomes in
different groups, however, the analysis will be made difficult if the various trials do not report data
accordingly. For example, a literature based meta-analysis of the effect of drug treatment of
hypertension in elderly people 23was obliged to use a definition of "elderly" that included the
participants aged 60 or over from some studies and those aged 65 or over from others. Also,
because many trials failed to report age stratified data, less than half of the potential trials could be
included in the analysis. This could create serious bias, as the decision of investigators to publish
age stratified data may have been dependent on results.

Supplementary data from individual trials are increasingly being obtained for meta-analyses. For
example, by obtaining data on mortality from coronary heart disease according to grouped follow up
periods from the original investigators of cholesterol lowering trials, Law et al were able to show that
the reduction in risk of coronary heart disease consequent on cholesterol lowering increased with the
duration of treatment.?3 Several collaborative groups have assembled data on each participant within
the separate trials. This greatly increases flexibility when defining groups within the different trials for
subgroup analyses, and also allows use of data on the exact time to the event for each participant.
For example, the Fibrinolytic Therapy Trialists' Collaborative Group investigated the effect of
thrombolysis after myocardial infarction according to (a) the electrocardiographic abnormalities of
patients at entry to the study; (b) the time at which treatment was received after onset of symptoms;
(c) the age and sex of the patients; and (d) the presence or absence of various comorbid conditions.2*
This permits comparisons that retain the advantage of the original randomisation to be made, with the
proviso that the separate trials did not necessarily use stratified randomisation according to these
characteristics. Box 2 presents a further example.

Box 2: Coronary artery bypass graft surgery and survival: meta-analysis using
individual patient data

® [t has long been accepted that coronary artery bypass graft surgery provides effective
relief from angina pectoris and that it prolongs survival in high risk patients with left
main artery disease

® The effect of such surgery on survival in other categories of patients with coronary
heart disease, however, remains controversial

® A meta-analysis of trials compared coronary artery bypass graft surgery with
conventional treatment in patients with stable coronary heart disease.?> The graft

surgery overall was associated with a significant reduction of mortality—for example,
at five years 10.2% v 15.8%, P=0.0001)
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® For this meta-analysis the individual patient data made it possible to perform several
subgroup analyses. For example, by using a modification of the veterans
administration risk score20 (which is based on the presence of class III or IV angina,
ST depression at rest, history of hypertension, and history of myocardial infarction)
the relation of benefit with the level of risk could be explored. No benefit was evident
in the third at lowest risk, which was characterised by a relatively low five year
mortality of 5.5%. Conversely, benefit was present for groups of patients at higher
risk of death (1). This information is crucial to the clinical application of the results
from meta-analyses, indicating that targeting coronary artery bypass graft surgery at
high risk individuals would be an efficient way of using limited resources

® This example illustrates how important information can be derived from risk
stratification based on individual patient data

Obtaining individual patient data has advantages beyond the ability to perform standardised subgroup
analyses.2’ Contact with individual investigators can help to identify further trials—published and
unpublished—which the meta-analysts had missed. It may be possible to identify deviations from
protocols in the trials—for example, participants who were included even though they did not satisfy
entry criteria. Incorrect analyses—for example, deviation from "intention to treat" analysis, the
presence of unreported dropouts, and simple oversights—may be identified. Outcome measures can
be better standardised across the trials, which will counteract the tendency of researchers to publish
the results only in terms of the most striking effect on a particular outcome. Additional follow up data
can also be obtained, as for some trials the period of randomised comparison continues beyond the
initial publication, but only the published data are publicly available.

Value of ''failed'' meta-analyses

In some cases a conclusive meta-analysis may not be possible if methodological standards are to be
maintained. In such "failed" meta analyses28 the treatment methods, concurrent treatment, length of
follow up, characteristics of the study participants, or end points that were measured might be too
varied to allow for the sensible combination of results. A meta-analysis exclusively based on a small
number of trials will often have to be inconclusive, even if the combined estimate of effect is
significant.!129

The Cochrane Database of Systematic Reviews contains many examples of treatment interventions
for which, the reviewers thought, meta-analysis had failed to produce a conclusive answer. For
example, the review on thrombolysis in acute ischaemic stroke, published in the second issue of the
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Cochrane Library in 1996,30 stated: "...the data so far are scant, and quite insufficient to make any
definite conclusion about the benefit or otherwise of thrombolysis to treat acute ischaemic stroke."
Additional trials have since been published, and an updated version of the same review (issue 2,
1997) concluded that, although more research was needed, clear evidence existed for a substantial
excess risk of intracranial haemorrhage and early death with high doses of thrombolytic drugs. Clearly
stating and showing the inadequacy of existing evidence should serve as a stimulus for conducting the
appropriate and necessary trials.

The Cochrane Collaboration

The dissemination of failed reviews is an important task, which is neglected by traditional journals.
The examples mentioned above illustrate that this is increasingly being taken on by the Cochrane
Collaboration, along with the dissemination of many other, conclusive reviews. This international
group, named after Archie Cochrane, is a unique initiative in the evaluation of healthcare
interventions. In his seminal book Effectiveness and Efficiency: Random Reflections on Health
Services, published in 1972, Cochrane forcefully argued that the healthcare resources should be used
to provide equitably those interventions that have been shown in well designed studies to be
effective.31 The collaboration's effort to prepare, disseminate, and continuously update systematic
reviews of controlled trials is an essential, and timely, step towards achieving this goal. The
Cochrane Collaboration will have an important role in future developments in the field of systematic
reviews and meta-analysis. The collaboration's working groups are addressing many of the currently
unresolved issues, including, for example, the approach to observational data and data from
evaluations of screening and diagnostic tests. Ways of improving the applicability of reviews,
discussed below, and of strengthening the involvement of consumer representatives, are also being
studied.

Archie Cochrane (1909-88), the pioneer in health services
research whose visions are at the heart of the Cochrane
Collaboration
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Clinical application of results from meta-analyses

Single large trials showing beneficial effects of treatments do influence medical practice, whereas
meta-analyses of smaller studies have generally had limited impact. For example, the use of
thrombolysis to reduce mortality from myocardial infarction increased only after publication of two
large trials in the late 1980s,3233 although the same reduction in mortality had already been shown in
1982 in a meta-analysis of eight smaller studies34 and again in a 1985 meta-analysis.35 The increase
in the use of thrombolysis is in line with the recommendations made in authoritative reviews and
textbooks. Only after publication of the first trial by the Gruppo Italiano per lo Studio della
Streptochinasi nell'Infarto Miocardico was thrombolysis increasingly recommended as routine
treatment after myocardial infarction.36 The 1982 meta-analysis has received only 150 citations over
the 14 years since its publication in the New England Journal of Medicine (the medical journal with
the highest impact factor), whereas the 1985 meta-analysis has received about 350 citations, the
same as those received by a small, inconclusive trial that was published in the same year.37 The
two large trials, however, have received several thousand citations over a shorter period. Clearly,
meta-analyses, even when conclusive, currently receive less attention than the trials which they
pool, and this is presumably reflected in a smaller degree of influence on clinical practice.

Clinicians want results from clinical research that can usefully inform their clinical practice. Perhaps
meta-analyses are seen as not providing information beyond the effect of treatment on a hypothetical
"average" patient. The confidence interval, often narrow in meta-analysis, reflects how certain one
can be about the size of the overall effect seen in a population. Of more relevance to the clinician,
however, is how certain one can be about the effect in his or her particular patient. Although the
overall effect will generally provide the best available estimate, the uncertainty with respect to a
particular patient will always be greater than with respect to the overall patient group. This is
because, in the same way as the effect under examination varies between the component studies in
the meta-analysis, the effect further varies between different patients.38

Many clinical opinion leaders simply do not trust the results from meta-analyses. This could be seen
as a cautious attitude to a relatively new technique, which is justified considering the existence of
misleading meta-analyses.2? 3 The emergence of the "professional meta-analyst" 40 moving monthly
from issue to issue, happily engaging in areas outside their domain of primary expertise, filling the
pages of the medical journals, and sometimes viewed as lackeys for governmental agencies with a
cost cutting agenda, has certainly not helped here. We believe that with improved methodological
standards that routinely involve thorough sensitivity analyses, confidence in the results from
meta-analyses will gradually grow. Although knowledge of the accumulated evidence from clinical
trials should certainly provide a strong guide for practice, it is appropriate that features of the
particular clinical situation should also be incorporated into the decision making process. The failure
to recognise that the world is characterised as much by difference as similarity, which may be lost to
those faced by numbers not patients, has on occasion led to overconfident assertions from
practitioners of meta-analysis, which have understandably antagonised clinicians. Retaining a degree
of humility in the face of the diversity of humanity served by medicine, and thus admitting to greater
uncertainty than may be wished, will in the end prove the best way of furthering the goals of
meta-analysis and the practice of evidence-based medicine to which it contributes.
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Outlook

In this series we outlined and illustrated the principles, strengths, and weaknesses of meta-
analysis. We believe that this technique is clearly superior to the narrative approach to reviewing
medical research. In addition to providing a precise estimate of the overall treatment effect in some
instances, appropriate examination of heterogeneity across individual studies can produce clinically
useful information with which to guide rational and cost effective treatment decisions. Both the
uncritical synthesis of data from observational studies and the unconsidered synthesis of disparate
results from randomised controlled trials threaten to damage the reputation of meta-analysis.

Some of the shortcomings of meta-analysis, however, are a consequence of a more general failing
with respect to the dissemination of research findings. Currently this process is highly dependent on
the publication of study results in peer reviewed, English-language journals. Considerations regarding
publication and location biases have shown that this can result in a selected portion of all the
evidence becoming available for systematic review. This is clearly unsatisfactory and can misdirect
clinical practice, whether or not a formal meta-analysis is performed. Meta-analyses based on
individual patient data have shown that making such data available can contribute valuable and
clinically relevant information that could not be obtained from published sources. Mechanisms to
facilitate such collaborative analyses and to ensure wide accessibility of results from clinical research,
including results kept as "data on file" by the pharmaceutical industry, must be developed further. The
technological barriers to worldwide data exchange and collaboration are tumbling down—we can only
hope that the remaining barriers, rooted in customary practice, political agendas, and commercial
interests, will swiftly fall too.
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UNIT  Papers that go beyond numbers
(qualitative research)

BACKGROUND

Qualitative research is a “hot topic” in EBHC. “Evidence-based medicine” initially aligned
itself with the sort of research evidence that could be expressed as mathematical estimates of
risk and benefit in population samples. More recently, the value of qualitative research has
been recognised for expanding our understanding of, for example, the experience of illness,
the appropriateness of health services, and the barriers to change in patients and profession-
als. But just because qualitative research is becoming popular does not mean that all pub-
lished qualitative studies are valid and relevant!

SUGGESTED AIM FORTHIS SESSION

For participants to develop, and feel confident in helping others to develop, the ability to
determine whether the results and conclusions of a research article describing qualitative
research are valid and applicable to their own practice and to address the implications of that
study for further research.

SUGGESTED LEARNING OBJECTIVES FORTHIS SESSION

By the end of this session, participants should be able to evaluate a paper on qualitative

research and in particular to:

® decide whether a qualitative, quantitative or combined approach should have been used
for the problem being addressed;

® determine the perspective of the researcher(s) and decide how this is likely to have influ-
enced the findings;

® decide whether the methods used were valid;

® decide whether the conclusions are justified;

® cstimate the extent to which the findings are transferable to other settings;

® comment critically on the potential application and implementation of the results.
SET ARTICLES

Ruston A, Clayton J, Calnan M. Patients’ action during their cardiac event: qualitative study
exploring differences and modifiable factors. BM¥ 1998; 316: 1060—4.

Green ]J. Commentary: grounded theory and the constant group method. BMY¥ 1998; 316:
1064-5.
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ADDITIONAL REPRINT

Green ], Britten N. Qualitative research and evidence based medicine. BM¥ 1998; 316: 1230-2.

Clinical scenario

Bob Cookson, a 54-year-old bricklayer, develops severe central chest pain while at
work. Since the pain came on while eating lunch, his two colleagues decide that “it must
have been something he ate”. Bob concurs with this, saying, “It can’t be my heart — it’s
not on the left hand side”. His friends sit with him for two hours until the pain begins to
subside, then they allow him to go home unaccompanied on the bus. Unfortunately, he
collapses with further pain soon afterwards and quickly loses consciousness. He is pro-
nounced dead on arrival at hospital.

SUGGESTIONS FOR GROUP EXERCISES

When you have read the paper, try one or more of the following.

1.

Use the paper in a training situation where a consultant in accident and emergency med-
icine is teaching a group of new registrars about patients’ concerns (and lack of them)
when they develop chest pain.

Have a debate or discussion (using role play if necessary to represent extreme positions)
on the place of qualitative research in the “hierarchy of evidence”.

Decide whether this paper should be used (a) to influence practice and policy directly, (b)
to plan more “definitive” (quantitative) research into this issue or (c) neither.

SUGGESTIONS FOR INDIVIDUAL STUDY

Imagine you had written the set article yourself and submitted it to a hypothetical journal en-
titled Important Scientific Findings in Cardiology. The paper is rejected on the grounds that it
is not a randomised controlled trial. Write a letter to the editor appealing against the decision.

CRITICAL APPRAISAL CHECKLIST FOR AN ARTICLE
ON QUALITATIVE RESEARCH

Note that the questions on the checklist are really looking for problems of bias, confounding, low
power, and poor validity.

A. Was a qualitative approach appropriate? Yes/No/Don’t know

1. Did the study ask how or why something was taking
place (e.g. how people experience illness, health
services or how or why patients and health professionals
behave the way they do)?

2. Was there a clearly formulated question (which may
have been extended, refined or modified as the results
accumulated)?

B. Was the sampling strategy clearly defined and
justified

3. Was the method of sampling (for both the subjects and
the setting) adequately described?
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4. Did the investigators study a representative range of

individuals and settings relevant to their question?

5. Were the characteristics of the subjects defined?

C. Has the researcher critically examined their own
role, potential bias and influence?

6. Has the researcher taken their background and

perspective into account in the analysis?

® |s there a clear statement on the researcher’s

background and perspective and how this is likely to
have influenced the results?

D. What methods did the researcher use for collecting
data?

7. Have appropriate data sources been studied?

® Did the author conduct a literature search?

Were the methods used reliable and independently
verifiable?

® Audiotape, videotape, field notes?

® \Were observations taken in a range of circumstances

(e.g. at different times)?
® \Was more than one method of data collection used
(triangulation)?

E. What methods did the researcher use to analyse the
data, and what quality control measures were
implemented?

9. Did the authors use systematic methods to reduce their

own biases influencing the results?

® Did more than one researcher independently perform

the analysis?

® \Were explicit methods used to resolve differences of

interpretation?

® \Were explicit methods used to address negative or

discrepant results?

F. What are the results?

10. What are the main findings of the research?

® Are they coherent?

® Do they address the research question?

11. Are the results credible?

® Are they consistent with the data?

® |[s it possible to determine the source of data presented

(e.g. by numbering of extracts)?

® |s most or all of the information collected available for

independent assessment?

12. Have alternative explanations for the results been

explored and discounted?

G. Were conclusions valid?

13. What were the authors’ conclusions?

® \Were they consistent with the data and results?

H. To what extent are the findings of the study
transferable to other clinical settings?

14. Were the subjects in the study similar in important

respects to my own patients?

15. Is the context similar to my own practice?
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FURTHER READING

Donald A, Greenhalgh T. A hands-on guide to evidence-based health care: practice and imple-
mentation. Oxford: Blackwell Science, 1999.

Giacomini MK, Cook DJ. A user’s guide to qualitative research in health care. Part I: Are the
results of the study valid? ¥AMA 1999; in press.

Giacomini MK, Cook DJ. A user’s guide to qualitative research in health care. Part II: What
are the results and how do they help me care for my patients? FAMA 1999; in press.

Greenhalgh T'. How to read a paper: the basics of evidence based medicine. .ondon: BMJ Books,
1997. See in particular Chapter 11: Papers that go beyond numbers, pages 151-62.
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study exploring differences and modifiable factors
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PAPERS THAT GO BEYOND NUMBERS (QUALITATIVE RESEARCH)

treatment

® Rescarch using methods that can explain variations in response to
cardiac events has been neglected

o [nformants in this study thought of heart attacks as sudden
dramatic events in which people collapse and probably dice, rather
than as the evolving event that they experienced

® ‘Those who sought medical help within 4 hours were monre likely to
see themselves as potentially at visk, knew a wider range of
symptoms of i heart attack, and were much Jess likely 1o use drugs
to treat their svmptoms compared with those who waited longer

® Intervention at various points in the decision making process could
help recognition of symptoms and speed access o effective

ages
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Judith Green,
lechurer in sociolory

judging qualitative rescarch’

too simplistic to be eftective. Linked with this is the

stereotypical heart attack victim and the perception off

@ heart attack as a dramatic event in which people col-
lapse with crushing chest pains and probably dic.
Clearly, the mvih that a heart atack is a dramatic event
needs 1o be dispelled and public perceptions of a heart
attack and its associated symptoms need 1w be
changed.
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participated in the protocol  design, v analysing and
interpreting data, and in writing the paper. JC participated in the
data collection and in analvsing and interpreting dataand con-
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discussed core ideas, and contributed to the paper. AR and M
ate guavantors tor the study,
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Commentary: Grounded theory and the constant comparative

method

Judith Green

The potential for qualitative rescarch to sensitise poli-

ovinakers and  practitioners 1o the perceptions of

health service users and - professionals’ and  to
strengthen aetiological and health services researchy’ is
now well recognised. but the reporting of qualitative
data continues to generate dissatsfaction tor both
rescarchers and readers. For qualitative rescarchers
used to the more discursive formats of social science

journals, the need o present succinetly with clear

implications  for policy or practice can constrain
reports of the theoretical vichness, complexity, and
ambiguity of their rescarch findings. For readers, snall
sample sizes and illustrative quotes imply impressionis-

tic accounts of doubtful validity and generalisability.
4

Cs
The development of guidelines for producing™ and
has been helpful for
rescarchers and editors, but a problem remains for
mam
qualitative research in medical journals. Few authors

readers about the credibility of  published

report how validity and reliability: were maximised,”
and, indeed. such criteria may be inappropriaie in
theoretical rather than empirical studies, which have
traditionally been the most influential in health,

Grounded theory

One strategy used by some researchers to improve the
credibility: of published papers has been to include
routinely the line: “the data were analvsed  using
grounded theory” which suggests an esoteric tech-
nique guaranteeing rigour. Unfortunately, what follows
iy be merelv an account of some kev themes in the
data, with brief textual quotes inillustration, and scep-

tcal readers remain unconvineed  that qualitative
analysis is anything other than journalistic reportage.
Ruston ¢t al have used the constant comparative
method in o more analvtical way 1o generate data
which contribute to understanding what stops people
seeking help quickly after a heart atack and also
explore patients’ perceptions of what a normal heart
attack looks like. These findings are most usetul 1o
practtioners and health promoters, and the authors
have provided information on how they improved reli-
abilin. However, the constant comparative method.
which is derived from grounded theory, can ofter more
than this when it is applicd and reported well.
Grounded theory was developed by the sociolo-
gists Anselm Strauss and Barney Glaser as a way of
formalising the operations needed 1o develop theory
from empivical daa” 7 It is a methodological
approach (enuailing a cyclical process of induction,
deduction, and verification) and a set of strategies of
data analysis to improve the reliability and theoretical
depth of analysis. Particular attention is paid to the
processes  entailed  in coding data. Too often in
published health rescarch coding has meant simplh
labelling data ¢

racts as examples of themes the
rescarcher was interested in. Coding should  entail
comparing indicators (such as actions or fragments of
text or talk) o reline their fic to underlving concepts.
Initial coding can be based on what Glaser and Strauss
call in vivo codes as well as on conceptually derived
codes. Invivo codes are the categories used by

respondents themselves to organise their world—for
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example. the description of some patients as “normal
rubbish” noted by Jefirev in his work on staff’ in
accident and emergeney departments. These were
patients attending with minor or self inflicted injuries
rather  than
problems.” However, such codes are provisional and

or those who had  social medical
are essentially deseriptive sunmnaries of respondenis’
own accounts. Analvtical coding requires also ques-
tioning and comparison. Indicators are coded accord-
ing to a coding paradigm. which the researcher uses 1o
ask a battery of questions of cach indicator to establish
its properties, its dimensions, and its relation 1o other
codes. Constant comparison of indicators with cach
other refines their fit to the emerging conceptual
categories. Inthe example of Jeffreys study of stafl in
accident and emergeney departments, * the propertics
of patients termed normal rubbish were inductivels
generated through analvsing accounts of why staft did
not like dealing with certain patients. Coding also has
al
theory about the sick role to analvse the properties

to be theorencally informed: Jeftrey used sociolog

hoth of patients termed normal rubbish and of *good
" Normal rubbish were patients whose
behaviour did not conform to social norms of the sick

patients.”

role, whercas good patients enabled staff” to practise
clinical and technical skills,

Validity

The key to developing rigorous and valid theory using
the constant comparative method s the scarch for
deviant cases. These can be within the researcher’s
data, which are searched for exceptions 1o the
cmerging relations between codes. Grounded theory
also advocates theoretical sampling, in which poten-
tially deviant cases can be purposively sampled as the
study progresses. A full report of qualitative analysis

140

should account for deviant cases and how they have
contributed 1o refining theory. Constant comparison
does not stop within the rescarcher’s own data set.
Theoretical insight and comparative material comes
from other rescarch, perhaps outside the substantive
ticld of interest.

For Glaser and Strauss social phenomena are
always complex and require sensitive and dense theory
to account for as much variaton in the dataas possible.
The challenge for qualitative researchers is to find ways
of reflecting this complexity. To do this they need
adequate methods  of analvsis to - ofler complex
theoretical insights within the constraints of biomedi-
cal and health services journals. Without such endeas -
our,  qualituive research will - remain - descriptive
anecdote.
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Qualitative research and evidence based medicine

iativh (s, Sy Rrmmen

I.,Eulllulhl* el Ay seem amscEnsils sl
smprenonial e sy e bl scdepisi Hossever; s e
aiths ol evblenine besedl moilleing un q'-II. in gu il
ot mrurificionr sl is mere duan the applicaan of wi-

munslar solenific vesuls o oamen of imdbvidusi
paeienis Parssnal espenievice & ofien diiasiensed as
hasteng nireelinisl, migenerslabie. mul o g sk for
making scieniilic decisions. However, i b offen a meoee
prweriild  pevissder dun sentiic  pblioston n
changing ciinical pracice” a6 ilestraied by e
covaskonal series “ & gtk wio changed oy prscie™
ins b RAR

by i st 100 wwindera dler oo o evicdenon lused

qualizmive roscanchy’ §insever; i do so b omeo moese
bevonul dhe diicipline of dimieal epdemsology that
mderpine cvidmor  Boed modicne. Chaalotive
reseurch, in purtoular, addresses research ouetions
thuet e il beves i b dbw e sonsislenead by okl epi-
dhrwiiiokgy, Uil prsraicli v imestgile -
N1 |-|‘.-n|.|-n.'||h‘ i b, Deli s, ol Pn:i TR
s b w facile epscatinng of how cvilience i wirmod i
prastice. Lhe vabuc of qualiative methods e in their
ahility 1 prrwe ¥ ihe kiney of research
queeikigans. the ane nod easily anneerable by evperinesn-
tal mrtbasds

We imer ilee sumigle ol psadbiia wranenl
liestrmie benw qpialitatin: netlonk cm romben (lwe
i o wriclior o] imilhoe, Allsaigh (e b
infscnas ey oviibesee  hescsd | pracios m e
weaument of asduna, questons rean ahout genomd
prasotitimers” se ol dinicnl guisdclines and pations’ wse
H'F-_-rlrul vl b e ”
MNaturalism
Varimm  epualiae micilesle are umesl bn Bisbds
iy, it thay sheaw somen Basls ioiomiatsnmes fs
bl Tl Bt s o commnitmess b csburalism, o
understanding  beabh behaviour i @ everyalay
oo, Fomalis of diug wial pay nform prcidopos
altomt the optmim oects of therapettic sgenta, bl
CuEh gl whaly wir il fee sciee g cveryalay
expeerierse. For insteee, incsdm ighly oomperiiee
wisth il e, soier jrrople teaan i they el by sern
Turalily™ il work sl ahs gns wanid ie b s kg
mcilicagomm ™ 7 Thes, appranuscs oy be e
imprriam o snmc poogec G ssmpeom ncici

Originally published in BM¥ 1998; 316: 180-83.

Sumimry poinis

Chialicative mreibmals biridyge e

A oo et pegamer. i e ylay
o

This can helpp us smalerstand the bariers ko msing
eviderce lased medicine, s s limnsirions iy
imliorniing decions about restnson)

HKexrgnaimng the limits of evidoos fosed
midiciae does (ol Enply o iejection of resand)
evidenee het ncaneness that (ifireal rescanch
epesticms reggaine ditbevemt kiads of rescach

Intcrprotmion

A sooondd aem of most gualinies sudics b et of
mbrpwriaiicn; Evostigating how pationis e prasci-
ﬂmuu‘uﬁmd'ﬂ*ﬂﬂ#‘\wﬂh s b :|-|-:-|ul
Baper renfings Salnevnive mennings are ovecial e am
atulersiinding ol lene reatienl segisime Eaeygrar
wills wrerprlay e Foo mstaoe, Silims = al imd bl
ikl wof o il gl iy micyveewol g g
e ihemsebe as sl selferors | el “tosi cheas®
wire perectved as an acme and (cogenrary problem.
betier weaied with dnugs to relicve the syngrioms thas
dally progiliylactic modication,

Vamanm sirmtegies (b enabde asibhms sillerers
amitimue “nwwmnal” evervaday lile, despie sroplinne
duid bmilals piolisboiils sl sew me ooty paoks.
lewriatier, i hoen poguoiicnd Adim of ol e e
of wiggens sich s sowal imewoune, | physicl
Tt of spending e masloors in the s,
l'l.h.rru.‘h 1hwse ldqrrh-r u'rn-.ﬂn rridu I
esbwwe, puationds aterpres albonetises, aich s usiny
daily prevestive medbesthon, o CovgHing o sUET -
g Ll ol “asibemiaiie” Wbnis, fimalings absout putionss
pussitilo of sympaoms ax ookl o
ursleratanding ey modicBon e

Proscess

1 ihimf comiei mitini ol spuibiine siadies b e qoe
dence bugse o asthir b dee s pbods tha sclal lile
= 8 proeooss, and thae mcrvonibons and tbe duango

141



EVIDENCE BASED HEALTH CARE WORKBOOK

. Hasi srwemaniims ol gualiccive miakisds
o el — i b ) W T S

a1 el conteRr e e
-IW Bearve fiof it sl

I.Im—hrﬁthmhm

® | T — G O TR T

juairnbs il jusdisueen i on he Sesueg of
“realiy” ewik ol iy

w Helsdhmm owwnes

i hillewonn pavs e e

i lrimg e b b sscoammociabed] wslin e
paticis Uaogruph™" Pallengs wills asthna ney hae
b fenage medkcaon et & whole Bedone, fatlier
iham (o il limmieed duratios of evens @ bosg dnag rial
ammd icgyvaic sy “astbueai”™ ety e duds o
il Toles A the waady by Aders o0 6l siggess, for
iy feitberas ibvis will fisnlve aking ool of e
moedicatinn, asel lmiting comacy wity peofsamnonabh
Comrml’s i unidy of compliapce with mediation
whwarred Ehat pasiems with ep@lepey sdien “iested™ deem-
sty by mer d (b egillepny Dasl iesalinl by
themsibves afl medication complach of for aban
periods of fme. " People with s sl hoe D
graer smnjaimiis sl dheie imaagrmend il leals ihe
practecalitics of cwcvvabn B sl Gl geevchinlogeeal
“ncl” v taie "

Iinvesraatinin amil relativism

Chalitve wudics oficn tlke Intcractiod as 3 fooes of
rewrmyly, rasher dhan & gooew b, Kanos amd
Kleinmmn viewesl esoomisiers [setwees dhaus aml
ther paticnts as the beingmg wgctler of ofen
oofliceng  cxplanasury wpierms. sbous health and
e, which rejusreld nepebdhon e sclsree goad
b [he nodeal morvicw may e oa mectisg
lmwem ey diffeosn vess of realie” Cualiade
wwnphypan hae dhosn  the waher of @ relaiess
approsly, il [oses on e il explalony
PRI

Angsiles and adberener

Uhae ilskatssn of shis from prililished fepoiis on
aiherenor s grser] aptioaides o medivarion. Aslemigh
e “pegling” s thai imedicatess for svibena pedsces
mpabsblivy sl s taliy, and cosn benelln s wiils fow
vl to ithesr cveryaliy lives, spialitatir shodies saggea
a rileey dllereni “realsy” G petionis Firsth, there o
eviloim b s pueels baee acuiin veess sbaan
modicines, rogrdeng thewe os woasiural sobsmmoes
st alimriwiialy e b s st abilliny o Ryt dlisease and
-:l.uﬂih:pl.nhl'l:." Shmiry dlisiors, bissever, nealbc e
conunOsR dsanpcn thal are wicking
medicaion.™ This general finding & Tvme our in
I1r|"|‘|ﬁ =il llrE-HI'l awtib sl Theesr stimlies
ihiws flam prmiicies wonTy aleme Do gelesically
amil pavchologically depomden on i

anil henve sven mone deep seated wirrrhes ghaonin the
long tevms elleis ol mibaberd oo st Reganl-

i palicin vicws of peadily o ppesorant o Eesgudod

142

wenl irsipattig o prersmiole (e ool dler vadar ol i frko-
imcdmal apguraals lepe fmimisy] saboc i dwrcessig
adiscrence, and the neod o inicgraie pascis’ porspoce
tiies b Taeens reoogprised recenalip™ B0

Asscssing qualitative rescarch

These orienitions of mamelism, 0
_II‘I:HI"‘.'iI-I"IHII i, sl pelabiviem oy e shueel by
wirmnoaecise socimiets of medbodl pracuce, i o
ither pryrummal amoodoie. There are, hossoory, mgeorcta
aliflrces v oot dstorirs Bl b ghois
it o ol by qualives, withes il selvek o orical
wvaluathon) aned qpealivaive rescanch, Rigreously oon-
abiictod ipualitative researcl W hased  aii
sannpling strabegi, syshenatic aalsis of daets, and o
svmrmnitneng  We cwmineng oo explanalicne
Iy, imesthsds shislad b trammgeaer, ooy e
ireudder i gasiws the vidicsny and e oem 8o which
resmlis mighn e i m their own climical
F'nl;il;t.'lh.- m-m':ra.idﬂl#ﬂ qualinive reseury s
likrly #o0 b qxmmorpme] sty than memerical ™ The
shielies disossed heve, b instanee, prasdile ovideme
for & mmher of comoepeaal maees sich as the Bonks
hetwern demia of the in o asthme md
inediaihen wse oF ibe EpEEase ol geaeally
gt viows. sl medicatinn For the pradiioner
the vadue of thoe Ending s duae dury are semltised o
i s b wn el o iy h-lﬂqi_l'rl'l l-'i|||||ur|||-|lp_ A
anmilmy ol aidhilines new oelsl 1o aid ol ool
wditeas anel redcdors i asscising qualtative healdh
mesegnch ™ =

Conclasbion

'I'l'u-.rrw.mml dhii itaitve vesrmrch com cosivibeie
T b -p-d::f-]m rpdily hibresasil Ty Bin-
aianesedd ovmmirslicd imals noaod es Much e Boen
wiibtcn on e ey and wlie of odolegy o
i firime, aml inadeead dieee Do Do @ promedig aoegi.
s asl B paetleals b lealilicane seearch, ibubeig
iy crmirlnpson e randomised conimlod il when
ithee e approprisac” Fowevor, in the comed of die
alel i b il evicrmor b sioedichiee, & oo viad o pes-
wrbib 1yl g ] v b ™ gres Bar i i die rosalis
of mcta-anabysk of mandomised eontrmdled erialy The




PAPERS THAT GO BEYOND NUMBERS (QUALITATIVE RESEARCH)

Limmitoticons ooff dhose orials, 2o the ovidone abow arri
o1t tu thir stifiatien by practsosees, should no ol
i oymiaism alwwil B role of psemch ewloce
teenlih core. We need a0 bee sane dion s dbe wighs ksl

o rescanch i answer the quicstions poscil,
Frrmmtieng B bl sisal Bgssadny
Camilin ol ey, S,

1 Sempbm U1 Vo smmer ool ol oy e Bt e v it b
[ P R TR e T T

Frrvtaml | Pl of s w0 sk o 3 it ol gebond o L
Torw ik il eciell, Mot il oy TR

1 -HH-H sl dadl s b memll o eterrt @ UL Bomiiom

1 Naers b e i el il s o e i ol e e il L i
W | i o TR T
A aTE o ST bl A e S TR | R | B Tk

=
row | LR

P A s i S (S
e (I e TR R R, ]

TV Py P il Py o | -

g el vl bt Pl et i 15 e W gy Rt
Rlovim ad sl FTC

B e e e b i el b S i g el =l
e o e TV g

W i ] e, o it el 8 e of Fa el =
Faghont gk ke 2wt AINI

L] u.-r-.rl-n:;: T e S o RUETSE Ll
et | I

B Mty ot o s |l il o i e Ll
Sl Pk Vadmrtii, PR ke e a3 e ik oy ] maied
e

B e 5 Pl W, b "l o s, o e e e
il s e e Ny S T 0
] Wi o ot e ool ! il

s | P | TR
1 i-—'ﬂr'l'h'_- o e i et ke s
e Al g g 12

hh—'l.ll—lm by
Hll-lﬂl"'\ll'lll—l-ﬂ Hll-'l-‘\-ﬂl-'ni
b —I_h_'l'-hk (L1}

e slEe I, dbi e o el deSindng o ket e
o e, P i, [0S L

B bmms ™ Pase ahea dsss sk et by el

TI:H - i
(L™ ] mt“‘i:m vl -l—-.ﬁ- I'—.--
—h'-rl“ _'-— v of dlryrece

ll-ﬂ-—ﬂl‘.l-ll‘.hhhdjﬂ.l.--jk gl ¥ Py

r--uh R ]
“ - llm-ﬂll'm-i

i
-I m!mﬂmt-“_ﬁ- Mw#
.]_H -
" lln]—'lllll. l#'hmlthﬁqn-
—“—I-I‘l-pl‘l'll.llﬂ-'lll

.| 1 Nt Fi Sl 1, il il
::;Hhﬂmmml.mumm

1 Il.-l—lllug—]-l.-l—llln li-lln-rm-ﬂ

e i -lll-lllrll-.F'l-lﬂ-ﬂ-l
lﬂ.'n‘ll-l
= R W A i ok LI a— B s b
e e PRI T
S i makdey A V0 v i ol o ] “ 3

B e T llI—-'r
ST LTI JuE]

Lhasgtel B N o b Wity

143






UNLT  Papers that analyse very rare events

O (case control studies)

BACKGROUND

It is not ethically possible to do randomised controlled trials into the effect of an agent that is
thought to cause harm. We must look at those who have already come to harm and analyse
their past to look for exposure to possible harmful agents. The control group in this type of
study is made up of individuals that have not come to harm. Evaluating such case control
studies requires different questions from those we generally ask about randomised controlled
trials but the principle of addressing the sampling frame, potential biases and confounding
factors, and relevance of results is the same.

SUGGESTED AIM FORTHIS SESSION

For participants to develop, and feel confident in helping others to develop, the ability to
determine whether the results and conclusions of a research article which incriminates (or
exonerates) a putative harmful agent are valid and applicable to their own practice.

SUGGESTED LEARNING OBJECTIVES FORTHIS SESSION

By the end of this session, participants should be able to:

® cstablish whether a case control study addressed an important and relevant question;

® assess the methodological quality of the study using a structured checklist;

® assess the significance of the results in terms of the magnitude and precision of the esti-
mate of harm;

® comment critically on the application and implementation of the results.

SET ARTICLE

Cesar JA, Victora CG, Barros FC, Santos IS, Flores JA. Impact of breast feeding on ad-

mission for pneumonia during postneonatal period in Brazil: nested case control study.
BM¥ 1999; 318: 1316-20.

Clinical scenario

Dr Ashok Sawar is a consultant paediatrician working in a community hospital in a
remote rural area of Gujerat, north India. The local catchment population is largely
poor tenant farmers, with a low level of literacy and an infant mortality rate of 42 per
1000. Although this rate is gradually falling, Dr Sawar notes that there have recently
been two deaths from pneumonia in infants under 12 weeks of age who (unusually for
this population) had been exclusively bottle fed. He decides to explore the hypothesis
that bottle feeding had increased the infants’ risk of serious respiratory problems and
while searching the literature, finds the article reprinted here.
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SUGGESTIONS FOR GROUP EXERCISES

When you have read the paper, try one or more of the following.

1. A role play in which Dr Sawar and a group of midwives and community health workers
discuss the findings and the implications for health education initiatives.

2. A teaching situation in which some final-year medical or nursing students are asked to
appraise the paper and express concern that the findings are “only applicable to Brazil”.

SUGGESTION FOR INDIVIDUAL STUDY

First, complete the critical appraisal checklist. Note that in this article the putative “harmful
event” is a negative one, i.e. not breast feeding. Consider the concerns of the students in the
second group exercise above. Decide what your own concerns are about the generalisability
of these findings to Gujerat, India. Construct a literature search to see if you can identify addi-
tional potentially relevant papers. Assuming you find nothing that casts serious doubts on the
generalisability of these findings, compose a letter to a hypothetical Minister of Health in
India asking for a review of government policy on the advertising of formula milk in poor
rural areas.

CRITICAL APPRAISAL CHECKLIST FOR AN ARTICLE
DESCRIBING A CASE CONTROL STUDY

Note that the questions on the checkilist are really looking for problems of bias, confounding, low
power, and poor validity.

A. Are the results of the trial valid and do they contain Yes/No/Don’t know
minimum bias?

Did the study address a clearly focused question (PEQO)?
Population

Exposure to risk factor(s) over specified time period
Outcome(s)

Nviee e —

Were the authors interested in very uncommon or rare
outcomes? (Not rare exposures; examining rare
outcomes is the main justification for conducting a case
control study)

3. Was the case control study “population based”!
(stronger) or not (weaker)?

4. Aside from the outcome of interest, were the two groups
(cases and controls) similar in other important factors at
the start of the study (e.g. sex, age, social class)?

5. Were there four or fewer controls matched to each
case?

B. What are the results?

6. How large was the effect of the exposure?

® \What outcomes were measured? (Measures of risk:
odds ratio [similar to relative risk when the outcome is
rare])?

7. How precise was the estimate of the exposure effect?
e \What are its confidence limits (or p-values)?

C. How relevant are the results?

8. Were the study participants sufficiently different from my
population that this study doesn’t help me at all?
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' Population-based case control studies take into account and may include all the cases in a defined population,
usually identified from some kind of disease register. This minimises the selection bias that plagues non-population
based case control studies.

2 Case control studies cannot give true measures of relative risk, because their authors do not know the population
base (denominator of relative risk) from which the cases and controls are drawn. Therefore, they usually cite odds
ratios, which approximate the relative risk so long as the outcome of interest (defining a case) is very uncommon or
rare. Odds ratios (and case control studies) of outcomes that are not very uncommon or rare should be viewed with
caution.

FURTHER READING

Donald A, Greenhalgh T. A hands-on guide to evidence-based health care: practice and imple-
mentation. Oxford: Blackwell Science, 1999.

Greenhalgh T. How to read a paper: the basics of evidence based medicine. London: BM] Books,
1997. See in particular Chapter 4: Assessing methodological quality, pages 53—68.

Levine M, Walter S, Lee H, Haines T, Holbrook A, Moyer V. Users’ guides to the medical
literature. IV. How to use an article about harm. ¥4MA 1994; 271: 1615-19.
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th ag‘e.

o lived in urban areas
southern Brazil, were

most improtant food in the first year of life.”

were infants at the first home visit, v

Several studies in less developed countries have about 30 days. For cases aged 90-179
assessed the effect of breast feeding in the risk of ere infants at the second home visit

developing acute lower respiratory infections, particu-
larly pneumonia.’ Most of these studies show a protec-
tive effect of breast milk on pneumonia, but causality
has not yet been shown.” In addition, whether this pro-

aged 180-364 days, controls were infal
visit.

For each interview all available cont
The study was therefore ratified for

tection changes with age, as has been shown for | . hed at the individual level. A child

diarrhoea,” is not known.

We performed a nested case-control study in
southern Brazil to assess whether breast feeding

case at,say, 9 months old should have b
an earlier age. This characterises this :
base, or inclusive, design.7

protects young children against pneumonia and

whether this protection varies wi

Participants and method:

Study popula tion

Throughout 1993 all women wh

and had their babies in Pelotas,

Questionnaire

The mothers of cases were interviewec
after the infant had been discharged
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Table 1 Unconditionamultiplelog
pneumonia

Variable
Model 1: sex
Male
Female
P value
Model 2: model 1+socialclass*
Bourgeois and new small bourgeois
Small traditional bourgeois
Atypical proletariat
Typical proletariat
Subproletariat
P valuefor lineartrend
Model 3: model 2+maternal schooling+
Maternal schooling (years):
0
1-4
5-8
>9
P value for linear trend
Model 4: model 3+maternalage+parity
Maternal age (years):
<20
20-24
25-29
30-34
>35
P value for linear trend
Parity:
0
1
2
>3
P valuefor lineartrend
Model 5: model 4+weight gained durin
Weight gained during pregnancy
<10kg
>10kg
P value

*Bourgeois and new small bourgeois ar
businesses, small traditional bourgeois
proletariat to non-manual workers in re¢
regular employment, and sub proletaria

INIK CONSuIneaADreast miik aione, preast
la milk, or other fluids alone (water, teas,
wla milk, or any other liquid supplement
ast milk; this group was considered to be
weaned)

Sample size

The sample size stu
odds ratio of 2.0 fo
control children, wit
80%.” An additional

founding variables
10

sticregressiormodelfor risk of postneonatal
refusals.” According
size should have at

(four controls ner c:

Oddsratio (95% Cl)
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52) Controls(n=2391)

1197(50)
1194 (50)

649 (27)
644 (27)
1098 (46)

499 (21)
1034 (43)

518(22)

174(7)

415(17)
1103(46)
873 (36)

63 (3)
557 (23)
1153(48)
618 (26)

358 (15)
719(30)
633 (26)
438(18)
243(10)

849 (35)
663 (28)
465 (19)
414(17)

1584 (66)
807 (34)
sinesses, owners of small
-manual workers in regular
ent, and sub proletariat to
r distributions of cases
variables. The fact that
-11 months was due to
‘he cohort study. This
ce all information on
act age at the start of

‘e risk of admission for
g breast and formula
3 and 16.7 respectively
were exclusively breast
luid supplements were
>t the risk disappeared
i receiving solid and
relative risk of 8.5 of

PAPERS THAT ANALYSE VERY RARE EVENTS (CASE CONTROL STUDIES)

pneumonia 1or inrants rece
milk or other fluids alone wa:
in comparison with infants w
fed. When infants who receiv
compared with those who di
after adjusted analysis. Infi
semisolid supplements had
being admitted in comparisc
receive such supplements.
Table 4 shows that 2
receiving breast and formul:
months were 2.9 times more

pneumonia than were those
alone. The relative risk for int
weaned was 61.1. From age 3
risks were 3.4 and to 10.1 res
months the odds ratios werc
The interaction between age
sumed was significant (P< 0.!

with the intake of supplementary foc
months was 175 for children aged 1-2.9
children aged 3-5.9 months, and 0.
aged 6-11.9 months. The odds ratio
admission for all children who received
food was 13.4.

Discussion

Methodolog ical limita tions
Case-control  studies may be affect
biases.! "' Reverse causality bias that
piratory illnesses leading to a change i
pattern was avoided by regarding as
infants who had stopped breast feedir
respiratory infection up to two 1
admission. Another possibility is re
mothers of cases in a given age range (
6-11.9 months) were asked to provid
information on feeding patterns at th
that interval, while mothers of contro
interviewed within a few days of that
how this could affect the estimates of
analysed the reported feeding pattern
who had been both a case and a contro
the type of milk consumed was the sam
views (threewere receiving breast milk
receiving breast and formula milk,
completely weaned).The kappa index v
ing good concordance. Of the six 1
information was discordant, five ove:
one underestimated the intake of breast
adjustment the odds ratio for breast an
increased from 3.5 to 5.6 and that fo
decreased from 9.9 to 6.9 (table 5). T
bias may have reduced the estimate of 1
receiving both breast and formula mill
the risk for infants who had been com
However, our main conclusions remse
Berkson paradox was controlled for ¢
analysis,” and limitation related to dia
was reduced by using referees.”

Previous studies

Recent publications have emphasised
using standard definitions of feeding p
comparison between studies.”” In ot
infants were exclusively breast fed 2
month and 1.6% at three months b«
milk and herbal teas are widely used.”'
exclusive breast feeding precludes th
infants as the baseline category wi
expected risk. We therefore used

ariable

ex and social class

amily income, maternal schooling, and paternal schooling
aternal age, parity, and intrapartum interval

'eight gained during pregnancy

reterm and intrauterine growth retardation

onsumption of milk, other fluids, and solid and semisolid supplements

dmission for pneumonia

rameworkfor multiplelogisticregression

visit. For example, for a case aged 45 days
‘ormation was obtained for the exact age of

hree variables were studied.

vith those who did not

X Use of tluid supplements whether mi
water, teas, juices, or any other liquid
excluding formula milk
x Use of solid and semisolid supplement
Social class was based on family incc
schooling, the occupation of the head «
(person with highest salary). This res
following categories: bourgeois and
bourgeois (professionals and owners o
nesses), small traditional bourgeois (ow
businesses and shopkeepers),atypical pro
manual workers in regular employment),
tariat (manual workers in regular empl
subproletariat (unemployed and casu
Family income was defined as the t
received by all people who lived in the o1
ing the previous month. This total was c

the niimher af minimam waoee

variables (type of milk consumed, intake of fluid

supplements, and intake of solid and semisolid supple-

r adjustment infants
ilk at the age of 1-2.9
<ely to be admitted for
10 received breast milk
ts who were completely
) months these relative
‘tively. From age 6-11.9
7 and 9.2 respectively.
d the type of milk con-

ments) to characterise feeding patterns. With this
approach the dose-response effect of the type of milk
consumed could be assessed most studies treat breast
feeding as a dichotomous variable
of milk, fluids, and other foods could be separated.
Several studies from less developed countries show
that the risk of acquiring an acute lower respiratory
infection or pneumonia is 1.5-4 times greater among
infants who are not breast fe

1% and the effects

d.* " #¥" In our study the

). risk of admission for pneumonia was 17 times ereater

10 WOt W 1oY)

1.00

0.36

0.20(0.2710 1.44)

1.49(0.8910 2.47)

1.00

1.78(1.1410 2.76)

3.50(2.15t0 5.70)

<0.001

1+family income

2.70(0.98t0 7.45)

3.24(1.7310 6.09)

1.97(1.0710 3.61)

1.00

<0.001

1.98(1.1210 3.51)

1.32(0.8210 2.13)

1.00

0.96 (0.56t0 1.63)

0.75(0.40t0 1.42)

0.08

1.00

1.05(0.6410 1.74)

1.53(0.8710 2.68)

2.86 (1.6410 4.99)

<0.01

ng pregnancy

1.38(1.00t0 1.92)

1.00

0.05

wre equivalent to professionals and owners of large

s to owners of small businesses and shopkeepers, a typical
2gular employment, typical proletariat to manual workers in

at to unemployed and casua Iworkers.

Statistical analysis

We measured odds with 959
intervals and used the ~* test for conting
analyses."” We adjusted analyses using

multiple logistic regression according tc
determined hierarchical framework (f
model some variables are assumed to

effects through other variables as well a
outcome variable was admission for pn
significance level for the inclusion of ea
the model was measured by the likelih
The final model included all variables
value up to 0.10 after adjustment for v:
same and higher levels of the framewor
each ordinal variable for example, fi
groupAwas evaluated for linear tenden
association was significant and did not
linearity, the variable was included in t}
linear component. When missing values
5% of all cases, they were recorded as tt
on social class were missing in 7% of ini
we therefore created a separate categor
values for this variable. All data were anal
for Windows" and Egret."

ratios

Results

Of the 5304 infants in the original cohc
were admitted to a hospital with pneu
postneonatal period.

Among 250 variables tested, only so«
ily income, and maternal schooling, ag
weight gained during pregnancy were a
outcome (table1).
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Table 2 Numbers(percentagespf casesof pneumoniaar

risk factors
Risk factor Cases(
Sex:
Male 81 (!
Female 71 (<
Age(days):
30-89 47 (:
90-179 62 («
180-364 43 (:
Socialclass™:
Bourgeois (all categories) 26 (°
Atypical proletariat 39(:
Typical proletariat 42 (i
Subproletariat 30 (:
Family income (No of minimum wages per month):
<1 34 (:
1.1-3 72(c
>3 46 (:
Maternal schooling (years):
0 6
1-4 67 (¢
58 65 («
>9 14 (¢
Maternal age (years):
<20 35(:
20-24 41
25-29 35
30-34 26 (°
>35 15(
Parity:
0 2
1 30 (:
2 26 (
>3 54 (:
Weight gained during pregnancy:
<10kg 82!
> 10kg 70(:

*Bourgeois (all categories) includes professionals, owners of large
businesses, and shopkeepers; a typical proletariat is equivalent to
employment, typical proletariat to manual workers in regular emplo
unemployed and casual workers. Around 100 in 1993.

Jing pneumonia according to type of food given

Cases  Gontrols Oddsratio (95% Cl)*

(n=152)  (n=2391) Crude Adjusteda
9 779 1.0 1.0
23 563 45(21109.9) 3.8(1.7108.9)
i) 120 1049 19.0(9.3t0 38.7) 16.7(7.7 t0 36.0)
<0.001 <0.001
149 2230 45(1.410145) 1.3(0.3104.9)
3 161 1.0 1.0
<0.001 0.73
97 1226 13.4(7.610235) 85(4.7t0 15.4)
55 1165 1.0 1.0
<0.001 <0.001

), and 6-1 1.9 months.
1d maternal schooling, age, parity , and weight gained during
rariable was controlled for the other two.

ing pneumonia according to type of food given

Oddsratio (95% Cl)

epe  Cantrale
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Table 2 shows the frequer
and controls according to the
there were more controls agec
the sampling scheme used i
does not affect the analyses
feeding was referred to the .
each age range.”

Table 3 shows that the rela

il

Pneumonia is the leading cause of «
children under 5 years old across tt

In Brazil infants who were not brea

17 times more likely than those rec
milk alone to be admitted for pnew

il

The relative risk of admission was 6
children under 3 months of age, de
10 thereafter

el

#

Supplementa tion with solids was as
a relative risk of 13.4 for all infants

Il

Mothers must be encouraged to bre
young infants and be advised of the
to introduce supplementary foods

changed with age,” but it was cont
confounding factors. In Brazil the intera
was not significant® Further research
Argentina,” India,” and China” did not
tions between age and breast feeding. i

Table 3 Odds ratios for deve

Variable

Typeof milk consumed

Breast milk alone

Breast and formula milk

Other fluids alone (completely wea
P value

Fluid supplementation

Fluids given

Fluids not given

P value

Solid and semisolid supplementati
Supplements given

Supplements not given

Pvalue

*Stratified by age groups of 1-2.9, 3-
For sex, social class, family income,
pregnancy. In addition, each feedin

Table 4 Odds ratios for devels
stratified for age

Age 1-2.9 months

Typeof milk consumed:
Breast milk alone
Breast and formula milk

Other fluids alone (completely
weaned)

P value
Age3-5.9 months
Typeof milk consumed:
Breast milk alone

Breast and formula milk

Other fluids alone (completely
weaned)

P value
Age6-11.9months
Type of milk consumed:
Breast milk alone

Breast and formula milk

Other fluids alone (completely
weaned)

P value

*For sex, social class, family income
pregnancy. In addition, each feedin:

Table 5 Simulation to assess
admitted for pneumonia for

Typeof milk consumed
Breast milk alone

Breastandformulamilk
Other fluids alone (completely wear

*For sex, social class, family income
pregnancy

among
childre
milk, th
childre
dose-re
bility of
is stron

AP
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Health Organ 1984;62:27191.

Rodrigues L,
diseas

program for

biostatisti

de Satde Pbli

IL:SPSS, 1993.
Epidemiologi

diseases among young children: promotion of br« ses  Controls e s
152)  (n=2391) Crude Adjusted*”
Victora CG, Barros FC, Halpern R, Menezes AMI
etal. Longitudinal study of mother and child p
region of southern Brazil, 1993. Methodological «
results. Revista de Satide Pblica 1996;30:3445. 5 392 10 10
rkwood BR. Casecontrol design i
updates on the demise of the rare dvee 7 169 32(1.0t0 104) 2.9(081010.5)
choice of sampling scheme for controls. Int ] Ef 5 88 31.2(11.91081.9)  61.1(19.0to0 195.5)
Bronfman M, Lombardi C, Facchini LA, Victora C
etal. The operation of the concept of social class i <0.001 <0.001
ies. Revista de Satide Publica 1988;22:25365.
Dean AG, Dean JA, Coulombier D, Brendel KA,
etal. Epi Info, version 6: a word processing, d
idemiology on microcomy 3 212 0 0
Discase Control and Prevention, 1994.
Smith PG, Day NE. The design of casecontrol stud 164 47(181017.2) 3.4(0.9t0 13.5)
confounding and interactions effects. Int ] Epiden 8 268 12.5(3.810 40.8) 10.1(2.810 36.2)
Rossner B. Hypothesis testing: categorical date
4th ed. Boston, MA: Duxbury Press, 1
César JA, Victora CG, Santos IS, Barros FC, Alber <0.001 <0.001
al. Hospitalisation due to pneumonia: the influent
and pregnancy factors in a cohort of children in sc
1997;31:5361.
Norussis NJ. Statistical package for social sciences | 175 1.0 1.0
5 230 3.8(0.410 32.9) 3.7(0.410 33.8)
1 graphics, estimation and testi 7 693 9.3(1310 68.6) 9.2(121069.7)

‘Washington, DC: Statistics and Research Corporat
Victora CG. Casecontrol studies in maternal child
ed. Measurement of maternal child mortality, mo

Study of Population, 1992: 85108.
Victora CG. Casecontrol studies of the influence of
child morbidity and mortality: methodological issur

<0.001 <0.01

2d maternal schooling, age, parity , and weight gained during
ariable was controlled for other two.

fect of misclassification on odds ratios for being
| children

Cases Oddsratio
Original ~ Adjusted Controls
(n=152)  (n=152) (n=2391)  Original Adjusted”
9 10.6 779 1.0 1.0
23 43.2 563 35 5.6
) 120 98.2 1049 9.9 6.9

nd maternal schooling, age, parity , and weight gained during

fants who were not being breast fed. Even for
who received both maternal and formula
risk was about four times greater than that for
who received breast milk alone. This marked
onse effect, along with the biological plausi-
link between breast feeding and pneumonia,
7 suppor tive of a causal associa tion.' "* **

uvian study investigated whether the protec-
reast feeding against respiratory infections

suceaIny. pul Wora

UULIS JULWLLIE gL aliu D1Last sveuig. 11
protective effect of breast milk was mar
among young infants than at later ages.
biologically plausible since the immez
system of young infants is likely to r
more important the protection affor

3

milk.

Conclusions
The relative risks of pneumonia assoc
introduction of supplementary foods als
edly with age. To our knowledge, this i
not been previously described in the lite
This study shows that breast fee
infants against pneumonia and that tt
varies considerably according to infa
findings reinforce the need for targeting
promotion efforts at the mothers of very
and for recommending the timely introc
plementary foods.
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Notes for tutors

UNIT 1

If you are running a week-long short course or a series of seminars, make sure you allocate at
least half of the first session (and possibly all of it) for setting ground rules and defining aims
and objectives. You will find later that this time is well spent.

The objectives of individual group members never overlap completely with one another
and one important task for the group is to distil out some group objectives that reflect what
most people wish to achieve and give appropriate weight to less popular objectives that are
valued by one or two members. One or two individuals may need your help to modify their
objectives or work out how to meet them outside the group setting.

Groups often set unrealistic objectives. In particular, they may set out to cover an excessive
amount of material in the time available. In addition, objectives can (and should) change as
the course unfolds. Initially, members may define their objectives in terms of specific cogni-
tive achievements (for example, “Understand likelihood ratios™), but as the group process
evolves, other types of objective (notably psychodynamic or affective ones) may become
more important to them (for example, “Be able to teach likelihood ratios to a mixed ability
group” or “Be able to value the contribution of all members of a multidisciplinary team and
not just focus on the mathematics of a calculation”). You should facilitate a process whereby
the group can revisit its original objectives at regular intervals throughout the course.

UNIT 2

A session on the philosophical foundations of evidence-based health care and the ideological
issues associated with its application in practice can easily get out of hand. A single-discipline
group, such as a firm of hospital doctors, may share (and take for granted) a number of com-
mon assumptions, whereas a multidisciplinary group will include members who have a very
different perspective (and different unspoken assumptions).

For example, health service managers may see evidence-based health care as fundamen-
tally to do with controlling the behaviour of clinicians (and thereby reducing unacceptable
variations in both clinical standards and costs of care). Some nurses may see the “hierarchy
of evidence” (with metaanalysis of randomised controlled trials defined as the gold standard
of evidence) as devaluing qualitative research and experiential learning. Some senior doctors
may be dismissive of qualitative research and others may be ignorant of the essential steps for
achieving change in an organisation. They may also come from a work environment where
what they say is generally taken by other members of the team to be “correct”.

All this makes for a potentially emotive and unproductive session. It is essential to ensure
that the group defines specific aims for the session and permits differences of opinion. For
example, an aim such as “To explore different definitions of evidence-based health care and
the perspective of different professional groups” would enable differences of opinion to be
tolerated and encourage the members to view the issues from an angle other than their own.
In contrast, an aim such as “For us all to agree on what evidence-based health care is” will
probably generate more heat than light!

153



EVIDENCE BASED HEALTH CARE WORKBOOK

The reprints in this section are not the last word on the philosophy or ideology of evidence-
based practice! Encourage the group members to bring along their own choice of papers and,
rather than focusing on which paper is “right” or “best”, extract the main arguments from
each one and classify them into different categories.

UNIT 3

There is absolutely no substitute for “hands-on” computer work in this session. If you have
that provided as part of a course, lucky you. If not, the individuals in the group must be sent
to the library or spend time on the Internet trying out their search strategies. Informaticist
Reinhard Wentz has said that searching electronic databases is like catching butterflies — a
delicate process and you very rarely get a perfect “catch” first time. You must create both the
time and the intellectual environment for your group members to experience the trial and
error of searching.

UNIT 4

Do not assume that everyone in your group knows what a randomised controlled trial is and
understands its meaning. You might like to invite someone to go over the principles of ran-
dom allocation “as if teaching a group of students” so you do not lose the less experienced
members of the group at this first hurdle.

This is the first paper in the workbook with an accompanying critical appraisal checklist.
Encourage the group to be positive — it’s very easy to “pick holes” in other people’s research
and some criticism can be made of every published paper. But your students should recognise
the practicalities of research (recruitment difficulties, resource limitations, and so on) and
avoid dismissing a study entirely just because it isn’t perfect. A more productive educational
session might centre round, “Given the limitations of this study which you have extracted from
the paper, how would you now interpret its findings and what use would you make of them?”.

UNIT 5

Statistics (or, more accurately, basic mathematics) is another highly emotive subject.
Although most units in the workbook are designed for mixed ability and multidisciplinary
groups, this unit may work best if the group is stratified by the members’ confidence in
statistics (groups usually stratify themselves pretty well using informal methods). Those who
are entirely comfortable with the concepts will probably cause you few problems but you may
have trouble from “middle of the pack” students who complete the basic NNT exercise
quickly and wish to gain reassurance that they have correctly grasped more advanced con-
cepts such as odds ratios. Their questions can be very off-putting to the struggling student,
who then becomes even more disillusioned.

We recommend, therefore, that this unit is zot run as a group session but that you make
yourself available to assist individuals or pairs if they need it. You may also like to encourage
the more able members of the group to work with the less able. Often, all you need to do is
prompt them to fix a time to meet outside the group session.

UNIT 6

Unlike randomised controlled trials, cohort studies are not part of the everyday vocabulary of
the average clinician! The large numbers of participants in many cohort studies and the lack
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of an intervention (which is what many clinicians think clinical trials are about) may make this
type of study quite daunting to individuals without formal training in epidemiology. Note that
the four-part question population-intervention-comparison-outcome for intervention studies
becomes population-exposure-control-outcome for comparative cohort studies. Make sure
your group does not argue itself into dismissing all cohort studies because the control group
is “not exactly comparable” to the exposed group. In non-randomised designs there are
always systematic differences between the groups. The student’s task is to see what the
researchers did about these differences and the extent to which the differences are likely to
have influenced the results.

UNIT 7

If students get seriously stuck on this unit it is probably because one or more of them has
failed to grasp the idea that a positive test does not mean the presence of disease. In How to
read a paper (Chapter 7, pages 97-99) this problem is addressed using the example of a jury
verdict. Almost everyone knows that a jury can find someone guilty when they committed no
crime and find them innocent when they are not. Hence, the “test result” is the jury’s verdict
while the “gold standard” is whether the criminal knows in his or her heart that they commit-
ted the crime! Once students have understood this concept, they should be able to follow the
steps involved in a validation study.

The other potential problem in this unit is the likelihood ratio (and receiver operator char-
acteristic or ROC curves). Likelihood ratios and ROC curves are elegant and useful and
when this concept “clicks” the student often feels they have made a real breakthrough in
grasping the concepts of EBHC. But don’t forget that this is one full step beyond the basics
and if your group is new to concepts like sensitivity, specificity and predictive value, you are
likely to encounter difficulties if you allow a general discussion of likelihood ratios in the
same session. You may choose to split the group at this stage — suggesting, for example, that
those who have “had enough” go for a teabreak at this point so that they do not become con-
fused. You can offer to cover the more advanced concepts for them at a later stage or, better,
invite the more experienced members of the group to explain them to their colleagues on an
individual basis.

UNIT 8

If students find this unit on systematic review daunting, it may be because many people
believe (wrongly) that it is about complex mathematics. You should make sure that this
session begins with an exploration of what systematic review is all about — it’s not simply
about adding up the results of lots of studies in a particular way. The defining feature of a sys-
tematic review is that it has a methods section so the reader can make an independent judge-
ment about the appropriateness of the question, the thoroughness of the search, the criteria
used to dismiss papers as irrelevant or poor quality, and so on. Students often need encour-
agement to focus initially on what the reviewer did rather than on the “bottom line” of what
they said they found.

UNIT 9

A session on qualitative research is likely to be viewed as a welcome relief by some members,
a pointless digression by others, and a threat to the foundations of “pure” evidence-based
medicine by a substantial minority. Although a discussion about whether qualitative research
should “count” in clinical epidemiology may be very useful, your group must decide whether
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they want to focus on such philosophical issues or tackle the content of the paper and do the
checklist! Your task is to help them make this decision and ensure that they meet their objec-
tive, not to get drawn into taking sides in the somewhat spurious “qualitative versus quantita-
tive” debate! You will probably need all your facilitation skills in this unit but in our
experience, this session can be particularly worthwhile as one or more group members come
to grasp the idea of an entirely new paradigm.

UNIT 10

Make sure everyone in the group is clear about the difference between a case control study (in
which putative harmful agents are looked for retrospectively in patients who have already
developed a disease) and a comparative cohort study (in which people exposed to the puta-
tive agent are followed up prospectively to see what proportion get the disease — as illustrated
in Unit 6). Both these designs may be used to assess “harm”. Case control studies usually sink
or swim on the comparability of cases and controls, so the exploration of potential systematic
biases here is crucial. However, as we explained in the notes for Unit 6, no non-randomised
trial is entirely free of bias or confounding so the reader needs to exercise judgement!
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UNIT 4: RANDOMISED CONTROLLED TRIALS OF THERAPY

. The ftrial did address a clearly focused question: “In patients referred to secondary care with newly

diagnosed non-ketotic type 2 diabetes, who also have raised blood pressure (BP), will ‘tight’ control
of BP to a target of <150/85 reduce mortality, macrovascular morbidity or microvascular morbidity,
compared with ‘less tight’ control to a target BP of <180/1057”.

2. Trial participants were not randomly selected. Rather, all patients from the population (newly
diagnosed non-ketotic type 2 diabetics with hypertension referred to secondary care) who met the
inclusion criteria were offered the opportunity to participate.

3. Allocation was randomised by means of sealed opague envelopes.

4. Neither participants nor observers were blinded. Since the intervention included different target BPs
for each group, blinding of clinicians would not have been possible, but blind assessment of
complications by a different observer would have been theoretically possibly. Participants could have
been blinded by the use of placebo tablets.

5. The two groups were treated equally in that there was no difference in the frequency of clinic visits or
the assessment protocol.

6. No power calculation is given. The hypertension substudy of UKPDS has been criticised for being
underpowered to test its most important hypothesis — that tight vs less tight control of BP in type 2
diabetes produces a significant reduction in all-cause mortality.

7. Ninety-six percent of participants were accounted for at the end of the study (page 67). Results were
analysed on an intention-to-treat basis (i.e. in the groups to which they were randomised).

8. The predefined primary endpoints are listed at the top of page 67. Examples of the main results,
shown graphically in Figure 4, were:

End point (or Relative risk Relative risk Absolute risk NNT

outcome) (95% Cl) reduction reduction (=1/ARR)
(RRR = 1-RR) (= CER-EER)

All diabetes- 0.76 (0.62-0.92) 0.24 9.4% (i.e. 0.094) 11

related outcomes

All-cause mortality 0.82 (0.63-1.08) 0.18 3.6% (i.e. 0.036) 28

Ml 0.79 (0.59-1.07) 0.21 3.6% (i.e. 0.036) 28

9.

10.

The estimates of treatment effect are, for many outcomes, imprecise, as shown by the wide
confidence intervals in Figure 4. Where these intervals overlap the line of no effect (relative risk of 1.0),
we cannot be sure whether this is due to a type 2(B) error or whether there is genuinely no difference
in efficacy between the treatment regimens.

The study participants were all newly diagnosed non-ketotic diabetic patients referred to UK
secondary care and selected on the basis of a long list of inclusion and exclusion criteria (page 65).
Notable exclusions were those with long established diabetes, those managed exclusively in primary
care, those over 65, and those whose glycaemia was adequately controlled on diet alone.
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UNIT 5: THE FIRST EVER RANDOMISED CONTROLLED TRIAL

The event rate for death in the experimental group (EER)
EER = a/a+b = 4/55 = 0.07

The event rate for death in the control group (CER)
CER = c/c+d = 14/52 = 0.27

The absolute risk reduction (ARR) for the outcome death
ARR = CER - EER =0.27 - 0.07 = 0.20 = 20%

The relative risk reduction (RRR) for the outcome death
RRR = (CER - EER) / CER
=(0.27 - 0.07)/0.27 = 0.2/0.27 + 0.74 = 74%

The number needed to treat (NNT) to prevent one death
NNT = 1/ARR =1/0.20 =5
Five patients must receive streptomycin to prevent one additional death.

The chance (risk) of death in the experimental and control groups respectively
Risk of death is the same as the event rate, i.e. 0.07 in the experimental group and 0.27 in the control
group.

The odds of death in the experimental and control groups respectively
Odds of death = number of patients dying/number of patients not dying
=a/b = 4/51 = 0.078 in the experimental group
= c¢/d = 14/38 = 0.37 in the control group

The relative risk (risk ratio) for death in the experimental group compared with the control group
Risk ratio = risk in experimental group/risk in control group

= 0.07/0.27

=0.26

The relative odds (odds ratio) for death in the experimental group compared with the control group
Odds ratio = odds in experimental group/odds in control group

= 0.07/0.37

=0.21

The number needed to harm (NNH) for the outcome Vilith nerve damage

Villth nerve damage Total
Yes No
Experimental (streptomycin) group 36 a b 19 55
Control group (bed rest alone) 0 C d 52 52

CER for Vllith nerve damage = 0
EER for VllIith nerve damage = 36/55 = 0.65
NNH = 1/(CER - EER) = 1/(0 - 0.65) = -1/0.65 = -1.5
i.e. one person develops deafness for every 1.5 people treated (or two develop deafness for every three
treated). The NNH is a negative number because the experimental group do worse than the controls for
this outcome.

The 95% confidence interval for the NNT is 2.98-17.31, a fairly wide limit which reflects the small
sample size.

UNIT 6: COHORT STUDIES

1. The trial did address a clearly focused question: “In women who were ever prescribed the combined
oral contraceptive pill by their GP, compared to those who have never taken this drug, what is the risk
of death over the subsequent 25 years?”

2. The study was prospective. Note that GPs were asked to record contraceptive use prospectively every
six months.
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3. The groups were registered with the same GPs. Major potentially confounding variables — age, social
class, parity and cigarette smoking at recruitment — were assessed at the outset and controlled for in the
subsequent analysis. That said, a legitimate question might be: “were women who took the pill
systematically different in sexual activity (and hence disease risk) from those who did not?” The study does
not control for sexual activity. A book is cited (reference 1) that may give important data on this question.

4. Follow-up was 75% because 25% of the original 1968 cohort were lost to long-term follow-up before
it was “flagged” in 1976-7. Some (we are not told what proportion) of these 25% of participants were
lost because their GP withdrew from the study, others presumably withdrew for their own reasons. We
are told that women who withdrew had similar mortality patterns to those who remained in follow-up,
but we are not given the data from which this statement is derived. All participants who were followed
up were analysed on an intention-to-treat basis.

5. Results are given as relative risk with 95% confidence intervals. Outcomes were overall and cause-
specific mortality, both in total and broken down by years since first exposure. Over 25 years, the
relative risk of all-cause mortality from oral contraceptive use compared to “never used” was 1.0, i.e.
there was no excess long-term harm associated with the pill, while the relative risk of death from “all
circulatory diseases” (for example, the pulmonary embolus that your patient is concerned about) was
1.7 (95% Cl 1.2-2.4) (Table 1, page 95). Within the first 10 years, however, relative risks fo the different
conditions were higher (Table 2).

6. With 46,000 patients, it is not surprising that the data on all-cause mortality are very precise. For all-
cause mortality at 25 years, 95% confidence intervals were 0.9-1.1. However, data on less common
cause-specific mortality are less precise, for example, relative risk of death from liver cancer was 5.0,
with a 95% confidence interval of 0.6-43.2! The 95% confidence intervals for the relative risk of “other
circulatory diseases” are 0.8-2.5, i.e. there is a high chance that the slight excess mortality observed in
this study arose by chance.

7. This depends on your circumstances. It might be helpful to note that this paper focuses on long-term
mortality. It gives no data on short-term, non-fatal outcomes such as venous thrombosis or minor
pulmonary embolism. Second, the patient in the scenario given is probably from a non-white or mixed
ethnicity, whereas the participants in the study were almost all white (page 92). Third, the dose of
contraceptive that this patient plans to take will be lower than that taken by pill users in the 1960s and
1970s. Fourth, the women in the study were “living as married”, this patient may or may not be in a
stable relationship. Finally, patterns of disease have changed considerably since the 1970s. In
particular, HIV-related illness accounts for a substantial proportion of deaths in young women. Hence,
the use of barrier contraceptive methods (as well as, or instead of, taking the pill) may have a greater
impact on outcome in this patient than it did in the study participants.

UNIT 7: DIAGNOSTIC OR SCREENING TESTS

1. The paper implies, but does not state explicitly, that the investigator who administered the “gold
standard” diagnostic alcohol use interview was blind to the results of the self-administered screening
questionnaire and that those who calculated the score from the latter were blind to the result of the
diagnostic interview.

2. The test was evaluated in a sample of primary care patients who were attending their GP for an
unrelated condition on the day of interview. In this respect, the participants are similar to the patient in
the case history.

3. The low prevalence of people with alcohol problems in the population (most interviewees scored
negative on both tests and there was no attempt, for example, to oversample from patients with risk
factors for alcohol excess) casts some doubt on its usefulness in the specific subgroup of patients
whom we suspect are misusing alcohol. Ideally, a new test should be compared with the gold
standard in patients in whom there is a high degree of diagnostic uncertainty before the test result is
known, especially in patients with mild forms of the disease and commonly confused conditions. A
power calculation is not included in the paper.

4. Both tests were used on all participants.

5. The 10-item questionnaire, using a cut-off score of 5, had a sensitivity of 84%, a specificity of 90%,
and a positive predictive value of 60%. For the five-item questionnaire these figures were 79%, 95%,
and 73% respectively. The question of whether these values are “good enough” has no hard and fast
answer. In general, a screening test should be highly sensitive (but not necessarily specific) since false-
positive cases can be excluded by a more definitive test. The figures for sensitivity tell us that a 10-item
questionnaire will miss one case in six and the five-item questionnaire one case in five of serious
alcohol problems. The figures for positive predictive value tell us that (in this population) a person who
scores “positive” on the 10-item questionnaire has a 60% chance and someone who scores positive
on the five-item questionnaire has a 73% chance of having a serious alcohol problem.
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6.

According to an international study cited in the paper, 6% of primary care attenders worldwide have a
serious alcohol problem. The prevalence in any particular practice may vary from this and if it does, the
features of the test (the positive and negative predictive values) will change. (You can test this out for
yourself by replacing the starting prevalence figures [73, 409] in the total boxes at the base of the
“condition present” and “condition absent” columns below.)

. The study population here had a prevalence of 16% (73/482). Using these figures, there was a good

chance that if the patient tested negative, they did not have the disease (97 % — the negtive predictive
value = 368/380). If your population has a lower prevalence than this (e.g. 6%, like the overall
population), then the negative predictive value is likely to be even higher and the test more useful to
you for ruling out non-alcoholics. On the other hand, with 16% prevalence, this test has a low positive
predictive value (60% [61/102] meaning that there is a 40% chance that a positive result occurs in
someone without the condition). If your prevalence is lower, then the positive predictive value will fall
further, making a positive test result not very useful at all (no better than tossing a coin, for example).

. In the case history described in Unit 7, a negative result would be reassuring, as you may feel that the

patient does not need a long face-to-face interview (or even a confrontation) to address his alleged
alcohol problem. A positive result should probably change your management by at least indicating a
more definitive test. Whether your patients would be willing to be treated is a difficult question that is
important to address (but is not addressed by this paper). There may be other papers in the research
literature which may help to estimate how likely it is that patients detected by primary care screening
would accept (and respond to) treatment for alcohol misuse.

. The paper suggests that the test is simple, cheap, and acceptable but this would need to be tested in

your own practice, preferably by a formal feasibility study.

Note: The authors did not supply raw data in their paper, but if you are curious and wish to see how

the 2x2 matrix would look, the following figures are consistent with the results in the paper for the full 10-
item questionnaire. (We derived these figures from the data supplied in the paper.)

Target disorder Totals
Present Absent
Diagnostic Positive 61 41 102
test result
Negative 12 368 380
Totals 73 409 482

Sensitivity = 61/73 = 84%

Specificity = 368/409 = 90%

Prevalence in the study = 73/482 = 15%

Positive predictive value (in the study) = 61/102 = 60%

Negative predictive value (in the study) = 368/380 = 97%
Likelihood ratio of a positive test = sensitivity/1-specificity = 8.34

UNIT 8: SYSTEMATIC REVIEWS

. Yes. “In patients with asthma sensitive to house dust mite, what is the impact of physical and chemical

methods to control mites on the symptoms of asthma or allergy and/or on peak expiratory flow rate?”
Yes. Of 229 studies identified from a literature search, all but 18 were excluded as irrelevant or of poor
quality. An additional four studies were known to one of the authors. All these studies were described
as randomised; 11 were double blind. However, only one of the papers contained sufficient
information to confirm that randomisation was adequately concealed. All the studies addressed the
research question above. All contained relatively small numbers of participants.

It is unlikely that important relevant studies were missed. A sensitive search strategy was used on
several databases. References of references in all 233 studies were pursued, but no additional studies
were identified.

Validity of studies was assessed by a reproducible method (available on the web version of the paper).
It is unclear whether more than one assessor graded the primary studies independently.

Broadly, the results were similar from study to study. However, there appeared to be some
heterogeneity of effect size between chemical methods and physical methods, with the former
producing neutral or negative effects and the latter producing more positive effects on symptoms
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(Figure 2). Given the small numbers in some of the subgroups, there may be a genuine heterogeneity
in the effect of these different methods and if there is, it would not be valid to express the results of this
metaanalysis as a single “grand mean”.

The point estimate of overall effect of size is close to zero (but see point 5 above).

The confidence intervals on the aggregated data are narrow.

All the participants in this study had documented house dust mite allergy. Compliance with the
regimen was only evaluated in one study and the lack of effect of some measures may have been
partly explained by lack of compliance. Hence, highly motivated patients who comply strictly with the
regimen may theoretically experience greater benefit but this hypothesis would need to be tested in a
separate trial.

Outcomes included both symptoms (asthma and allergy) and peak expiratory flow rate. Different trials
used different outcomes. There may be additional outcomes (for example, days lost from school or
work) that were not measured in some or all studies.

UNIT 9: QUALITATIVE RESEARCH

1.

2.

10.

11.
12.
13.

14.
15.

Yes. The aim was to explore the reasons why patients with a cardiac event did or did not take
appropriate action.

Yes. The authors sought to explain the variation in response to a cardiac event and identify potentially
modifiable factors.

Yes. The sample comprised all patients admitted to a district general hospital who had survived a
cardiac event.

It may have been useful to study patients with non-cardiac causes for their chest pain and those with
cardiac events (if any) who were not admitted to hospital.

Yes. Subjects all had confirmed acute myocardial infarction.

No. Little detail is given on the researchers’ background. The researchers do not comment on how
their background or perspective may have influenced the findings.

. Yes. Data sources were semistructured interviews with patients and relatives or bystanders. These

were appropriate. Focus groups would have been another useful method that may have provided
additional data.

Partly. The length of the interviews, the questions asked, and themes covered were all given.
Additional detail on the setting and format of the interview, the reasons given by the researchers for
seeking the information, and the manner in which questions were posed could have been supplied.
Patients and relatives or bystanders were both interviewed. The interviews were audiotaped so were
independently verifiable. Observations were not taken at different times. The approach was highly
standardised, with patients being interviewed on the third or fourth day post event: informants were
all interviewed in a hospital setting on the same afternoon, before they saw the patient. This was
clearly done for practical reasons but more variety in the context and timing of the interview might
have produced additional data.

. Yes. “The data were analysed using the constant comparative method to cover identified and

emerging themes” — a reference to this standard method is given and an accompanying commentary
explains its theoretical basis. Agreement was reached in all but three cases — we are not told how
these were resolved. It was not clear how the authors dealt with negative or discrepant results.

The results show that patients can be classified as “non-delayers”, “delayers”, and “extended
delayers” and each of these categories displays different perceptions and behaviours. For example,
extended delayers were characterised by low perception of own risk for a cardiac event, atypical
(non-dramatic) symptoms, evolving symptoms, multiple attempts at self-treatment, and inappropriate
advice given by lay advisers and health professionals. The results are coherent and do address the
research question.

Yes; they are consistent with the data. All information is available for independent assessment.

Yes.

Public perceptions of the nature of a heart attack and its associated symptoms need to be changed.
In particular, the stereotype of a sudden, dramatic and all-or-nothing event must change to reflect the
reality of less dramatic, evolving symptoms in many cases.

Depends.

Yes, if your practice is the acute management of patients with chest symptoms in the UK.
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UNIT 10: CASE CONTROL STUDIES

1. Yes. “In infants born in Petolas, Brazil and living in urban areas, is exclusive breast feeding associated
with a reduced incidence of pneumonia between the ages of one and twelve months, compared to
infants given fluid supplements, those on mixed (formula plus breast) feeding, and those given solid
supplements?”

2. Fairly uncommmon. The incidence of pneumonia in the postneonatal period in these infants was 2.9%.

3. The study was population based.

4. Controls were slightly older, of slightly higher social class, and their mothers had more education but
fewer children. All these factors were shown in the study to be independently associated with
protection against pneumonia. After adjustment for these variables (far right column, Tables 3 and 4),
the odds ratios for development of pneumonia in each subcategory are reduced but still highly
significant.

5. The study was not matched at the individual level. Rather, it was a nested case control study in which
the small number of cases (infants with pneumonia) were compared with the pooled data on all infants
in the sample from the cohort study.

6. Outcome was hospital admission with pneumonia independently diagnosed from records by two
paediatricians. The adjusted odds ratio for the effect of exposure to breast plus formula milk compared
to breast milk alone was 3.8 across all age groups studied. Fluid supplementation (e.g. with water or
herb tea) had an adjusted odds ratio of 1.3 compared with no supplementation and solid supplements
an adjusted odds ratio of 8.5 compared with no solids.

7. The 95% confidence intervals for the three figures given above are 1.7-8.9, 0.3-4.9 and 4.7-15.4.

8. Dr Sawar’s population is rural rather than urban, Indian rather than Brazilian, and probably of lower
socioeconomic status and educational level. Although there is a highly plausible pathological
explanation for a “dose response” effect of supplementary feeding in any population of infants, there
are major differences between the study population and the one this doctor cares for. He should seek
additional evidence from the clinical literature but, if he does not find it, he must make a personal
judgement about the generalisability of these findings to his own practice.
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