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Summary Systematic reviews retrieve, appraise and summarise all the available
evidence on a specific health question. They are designed to reduce the effect of
the reviewers’ own bias, and a full protocol should be written to define and guide
the process. The appropriate resources should be in place before undertaking a
review. The steps of the review are: frame the question and choose appropriate
methods; identify relevant work; extract relevant data on outcomes and quality;
summarise the evidence; and, interpret the evidence. Reviews that combine valid,
homogeneous studies of treatments that are relevant to health care, in patients who
are typical, can provide good evidence to guide health care decisions.
© 2005 Elsevier Ltd. All rights reserved.

Introduction

The existing literature on any subject can be re-
viewed for different reasons, ranging from provid-
ing the historical background on a particular style
of reflexology to finding out how safe or effective
a particular treatment is. A systematic review re-
trieves, appraises and summarises all the available
evidence on a specific (health) question and then
attempts to reconcile and interpret it. A system-
atic review may include a meta-analysis, which is a
mathematical technique for pooling and combining
the data. This article focuses on how to conduct a
systematic review of the evidence of a therapy’s ef-
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fectiveness; it does not cover the subject of meta-
analysis.

In the days before reviews became systematic,
the writer was free to pick and choose the papers
that supported his or her viewpoint. This is clearly
a biased approach, and contrary to the principle of
evidence based medicine. Using a review that has
any kind of bias can lead to poor decisions in health
care.1 The systematic review was specifically de-
veloped to try to reduce the influence of the re-
viewer’s own bias. It does this by deciding in ad-
vance what evidence to use and how to use it, so
these decisions are not influenced by the evidence
itself.2 The Methods section of a systematic review
should be as rigorous as that of any other piece of
research.

Because a systematic review is a piece of re-
search, make sure that you have sufficient time
and other resources before you start. You will need
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to be able to access databases and retrieve orig-
inal articles, you will need various detailed refer-
ence sources on the methodology3,4 (see also Other
Resources at the end of this paper) and you will
need co-reviewers, including ideally an expert on
reviews, an expert in the field of health care being
reviewed, a statistician if you are contemplating
anything more than the most simple kind of meta-
analysis - and ideally a consumer (patient). The
QUOROM checklist for what needs to be reported
is a vital tool.5 Finally, you should make sure that
another review group has not recently covered pre-
cisely the topic you have chosen.

Resources check list before conducting system-
atic literature review:

• Access to relevant databases
• Access to original articles
• Availability of translators for foreign language ar-
ticles

• Collaboration with experienced reviewer
• Collaboration with content expert
• Collaboration with user

When you are conducting the review, you need
to proceed in careful steps as shown here. How-
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Aim

An example of a simple aim would be to determine
the effectiveness of hypericum as a treatment for
depression. In our example, this became refined
into ‘. . . to investigate whether extracts of hyper-
icum are more effective than placebo in the treat-
ment of depression, are as effective as standard
antidepressive treatment . . .’6

Don’t forget that you may want to take the op-
portunity to include secondary aims, such as ‘to
identify key features of the acupuncture treatment
which are associated with positive results’.9

Thus, you will be able to define a series of precise
research questions. Each of themwill consist of four
components:

• a health condition, for example moderate de-
pression

• in a population. For example: adults (>18 years)
with acute (<4 weeks), sub-acute (4—12 weeks)
or chronic (>12 weeks) non-specific LBP; LBP is
defined as pain localized from the costal mar-
gin or 12th rib to the inferior gluteal fold; non-
specific indicates that no specific cause is de-
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ver, you must plan all the steps from the outset:
n other words, you have to understand the whole
rocess in advance, in detail, and write a full pro-
ocol. Most examples we use are drawn from three
eviews chosen to illustrate a range of techniques
nd problems, and we advise the reader to consult
he originals for more detail.6—8

tep 1: Frame the question and choose
ppropriate methods

he introduction

he Introduction to your review needs to give the
pidemiological and clinical background to the con-
ition you are studying as well as the rationale for
sing the treatment. It has to convince the reader
hat your review is essential and your questions are
xactly the ones they want to know the answers to.
From the work involved in writing the Introduc-

ion, by looking at previous reviews in this area,
nd by discussing the issues with your co-authors,
ou should evolve a clear and unambiguous research
uestion. Express the essence of this question as an
verall ‘Aim’, but as you develop the precise re-
earch questions so you will also be able to refine
our ideas into a set of precise objectives which will
etermine exactly how you are going to conduct the
eview.
tectable, such as infection, neoplasm, metasta-
sis, osteoporosis, rheumatoid arthritis, fracture,
inflammatory process or radicular syndrome.8

the precise intervention you are studying for that
health condition (e.g. massage in this review
is defined as soft tissue manipulation using the
hands or a mechanical device. . .),8

one or several outcomes; these might still be
broad at this stage, for example: pain, return
to work or work status, Subjective change of
symptoms, or Functional status expressed by val-
idated instruments.8 The ‘validated instruments’
are not pre-defined in this case.

This may seem a lot of fuss, but the discipline is
ell worthwhile, in order to define what you will
o—–and to show you where bias may enter your
eview later on, if you modify or further refine your
uestions.

rotocol

he next thing to do is to expand the research ques-
ion into a full protocol, which will form the Meth-
ds section of the eventual paper. It will also be
source of reference for the reviewers to guide
ou through the review, so it is well worth spending
ime and effort to get it right. The protocol will de-
cribe how you will decide which studies to include,
ow you will assess their quality, and how you will
ummarise and interpret the results (i.e. Steps 2—4
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below). In principle, try to establish the methods
as fully as possible in advance, to reduce bias. In
practice, you may need to refine your methods sec-
tion when you see the papers themselves, but each
decision can affect the outcome of the review, so
be careful.10

Step 2: Identify relevant work

Search the databases

Decide beforehand which electronic databases you
will search. AMED, CancerLit, CINAHL, CISCOM,
Cochrane CENTRAL, Embase and Medline are stan-
dard but there may be some specific to your sub-
ject (e.g. CAMPAIN7). Some databases have free
access, for others you will need a password and
username or may have to pay a fee. Searching the
databases successfully is a subject on its own, and
it is worth piloting your searches to improve the
rate of retrieval. For a systematic review, you need
a search that is very sensitive rather than too spe-
cific: this will reduce the chance of missing studies
but at the cost of long lists of abstracts to read

be rejected, then you should obtain the full copy,
in order not to overlook important evidence. In-
evitably this means that many copies that you sus-
pected are irrelevant indeed turn out to be ex-
cluded. This is the most chaotic part of the re-
view so it is well worth keeping a master list,
on a computer spreadsheet, of all the references
that might be considered, then fill in the columns
as you make decisions which to exclude and for
what reason. It is advisable to always keep the pa-
pers or abstracts that you don’t want to include
in the review but that might be useful for the
discussion.

Decide which studies to include

Inclusion/exclusion criteria ideally should be estab-
lished in the protocol development stage and should
inform the development of a checklist for deciding
which studies to include and which to exclude. At
least two authors should then independently judge
which studies are going to be included or excluded
based on these pre-established criteria. This can
be done by each reviewer independently estab-
lishing which studies fit the criteria for inclusion
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through.
Try different search terms (text words) (e.g.

“massage” AND “back pain”) and keyword combi-
nations to find the most sensitive. See whether you
should set any limits for searching each database
(e.g. in Medline you can limit the search to ‘clin-
ical trials’). However, this relies on the database
coding studies accurately which is not always the
case. It is reasonable to use ‘clinical trial’ as a
search term but do not exclude all others purely
because they have not been coded by Medline as
such. Also, remember to retrieve the abstract not
just the reference, and record which database you
found each article, as this is useful to include in the
report.

State explicitly where else you will search, for
instance, how you will try retrieving non-indexed
RCTs, e.g. from the reference lists of retrieved
papers, hand-searches of journals, and contact-
ing other resources relevant to the intervention
such as manufacturers, research-active acupunc-
turists, or professional associations of massage
therapists.

Retrieve original reports

The next step is for two authors carefully to review
the abstracts of all search results and to decide
whether to retrieve the full copy. Even if one re-
viewer is not absolutely sure that the study should
ollowed by a meeting to discuss any discrepan-
ies between reviewers. These should be resolved
y discussion and reference to the original report.
nclusion criteria should be related to the appro-
riateness of the study not its availability. Thus,
ne should not seek to include, for example, non-
andomised studies merely because very few ran-
omised studies exist. Even in cases where no stud-
es fit the inclusion criteria (commonly known as an
mpty shell review), inclusion criteria should not be
ltered.
Inclusion/exclusion criteria are closely linked to

he research question you specify in your protocol.
or example, they may be based on:

Types of study design (e.g. randomised7 or con-
trolled)
Types of participant (e.g. patients with pain
longer than three months)
Types of intervention precisely defined (e.g. used
needles)
Types of control (e.g. had a comparison group
for which a between groups analysis was
presented)
Types of outcome (e.g. had a measurement for
pain)

Specify that you will only include reports that
ontain data, as you will probably want to exclude
rief conference abstracts; decide whether to in-
lude unpublished studies (some reviewers prefer
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not to because they have not been peer-reviewed)
and whether to restrict your papers to particular
languages. It is best, naturally, to include all lan-
guages, but retrieving reports of foreign language
articles and getting them translated need consider-
able resources. Any language restriction is a limita-
tion: for example, if the review of St. Johns’ wort in
1994 had only included reports in English, it would
not have contained a single study.6 You may also
need to contact the authors of a paper to retrieve
any vital data not included. This may not be possible
but it cannot be assumed, for example, that ade-
quate randomisation was used, unless the methods
are explained.

Step 3: Extract relevant data on
outcomes and quality

Decide beforehand what data are to be extracted,
and how you will carry out the data extraction.
Then you can set up the process, using either paper
data extraction sheets, or an electronic data ex-
traction spreadsheet. It is worth extracting all the
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• the changes on the various outcome measures,
including follow-up

• author’s interpretation of the results

The results can be extracted as changes or
differences in means, or numbers of treatment
responders,10 for combining in a meta-analysis.
They can also be extracted as significant differ-
ences between treatment and controls (e.g. p-
values or odds ratios); or in categories such as pos-
itive, neutral or negative.7 If you keep a space for
‘comments’, be aware that this is open to your bias,
so that any information you put there should not be
used in synthesising the data.

You may need to decide whether to contact
authors for missing/additional data. One frequent
problem arises when authors do not report standard
deviations. There are methods of imputing SDs from
the p-value, but you will need to involve a statis-
tician. Another decision you might have to make is
what to do with studies with a crossover design. If
you believe there is significant likelihood of carry-
over effects, you may decide to take the results of
the first arm only.
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ata you may conceivably want, even if not all is
ncluded in the report: it is very time-consuming
o have to go through the papers twice. The data
xtraction should be done independently by at
east two authors and the results compared, as
hey will often interpret the results in a different
ay. Also decide in advance whether to use data
hat are presented only in graphic form, and have
o be measured with a ruler and converted into
nits.
The data that can be extracted from each study

re likely to include:

names of the authors
study design and setting
an assessment of the quality, see below
numbers and characteristics of the subjects and
numbers in each arm (and the numbers anal-
ysed, if you are intending to carry out a meta-
analysis)
the condition treated, with diagnostic criteria,
severity and duration
details of the intervention, and/or control, with
dosage and duration of treatment, and any other
care given including co-interventions that pa-
tients were given or allowed to use
the primary/secondary outcome measures used
at various time-points
dropouts and withdrawals (was intention to treat
analysis done?)
success of any blinding
ssess the quality

here are several quantitative methods for assess-
ng the methodological quality of studies,8,11—13

nd you must decide which is most appropriate for
our purposes. There is some doubt about how use-
ul these ‘quality scores’ really are, since different
ethods do not produce consistent results,14 and it
s important to evaluate the studies critically using
ommon sense. The simplest method introduced by
adad assesses internal validity by the presence of
report of randomisation, blinding and dropouts.11

his method has been validated, but it does not in-
lude some criteria that others consider are crucial
or good quality, and operates more as an indicator
f poor quality than a test of good quality. Full qual-
ty assessment usually involves the following head-
ngs as a minimum:

patient selection (eligibility criteria, baseline
comparability)
patient allocation (randomisation, allocation
concealment)
blinding (patient, care-giver, observer, statisti-
cian, clinician)
interventions (co-interventions, compliance)
outcome measurement (adverse events)
statistics (intention-to-treat analysis)

Note that the concept of quality, although only
iscussed here as criteria for Step 3, should run
hroughout the review. You may want to include
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quality criteria in your research question, or to set
a minimum quality for inclusion in Step 2, and you
will use the quality in summarising (Step 4) and in-
terpreting (Step 5) the evidence.

Assess the validity

For assessing the validity of a clinical trial one
needs to assess (1) whether the study sample was
relevant, (2) whether the intervention was appro-
priate and (3) whether the outcome measure was
suitable.15 Recently, Smith et al.12 created the Ox-
ford Pain Validity Scale (OPVS), specifically for pain
conditions, which can also be adapted and modified
for other conditions.

According to the authors full validity assessment
usually involves:

• Blinding

(a) Was the trial convincingly double-blind?
(b) Was the trial convincingly single-blind or uncon-

vincingly double-blind?
(c) Was the trial either not blind or the blinding is

unclear?

• Data analysis

(i) Definition of outcomes

(a) Did the paper define the relevant outcomes
clearly, including where relevant exactly what
‘improved’, ‘successful treatment’, etc. repre-
sented?

(b) The paper failed to define the outcomes clearly.

(ii) Data presentation: location and dispersion

(a) Did the paper present either mean data with
standard deviations or dichotomous outcomes
or median with range or sufficient data to en-
able extraction of any of these?

(b) The paper presented none of the above.

(iii) Statistical testing

(a) Did the trialist choose an appropriate statistical
test with correction for multiple tests where
relevant?

(b) Inappropriate statistical tests were chosen
and/or multiple testing was carried out but
with no correction or no statistics were carried
out.
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• Size of trial group

(a) Was the group size ≥40?
(b) Was the group size 30—39?
(c) Was the group size 20—29?
(d) Was the group size 10—19?

• Outcomes

Look at pre hoc list of most desirable outcomes
relevant to the review question:

(a) Did the trial include results for at least one pre-
hoc desirable outcome, and use the outcome
appropriately?

(b) There were no results for any of the pre-hoc
desirable outcomes, or a pre-hoc desirable out-
come was used inappropriately.

• Baseline and internal sensitivity

Look at the baseline levels for the outcomes rel-
evant to the review question:

(a) For all treatment group baseline levels were
sufficient for the trialist to be able to mea-
sure a change following an intervention. Alter-
natively, did the trial demonstrate internal sen-
sitivity?

(b) For all treatment groups baseline levels were
insufficient to be able to measure a change fol-
lowing the intervention or baseline levels could
not be assessed or internal sensitivity was not
demonstrated.
iv) Handling of dropouts

a) The dropout rate was either ≤10% or was
>10% and includes an intention-to-treat anal-
ysis in which dropouts were included appr
-opriately.

b) The dropout rate was >10% and dropouts were
not included in the analysis or it is not possible
to calculate a dropout rate from data presented
in paper.

tep 4: Summarise the evidence

ake a table of the study characteristics as the
rst part of the Results.6 The accompanying text
ay briefly describe the individual studies, drawing
ttention to similarities and differences between
he studies but not repeating the data that are in
he tables. Then you need to assess, though not
et judge, the differences between study results,
nd how this may be due to clinical differences, or
heterogeneity’, between the studies, e.g. single
ypericum preparations compared with combined
reparations.6

Decide what is the most appropriate way to com-
ine the results of the studies. The options are usu-
lly either to combine them in narrative form only,
r using the best evidence synthesis,8 or the so-
alled vote-count, or in a meta-analysis.
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You may also want to look at subgroups—–of stud-
ies, or of patients. For example, you might want
to combine just the studies of one particular type
of acupuncture, or just the results in female pa-
tients. Decide beforehand — or you will be accused
of bias — what subgroup analyses you will do to an-
swer your research questions: for example, if when
you look at the results you realise for the first time
that the treatment might be more effective for men
with acute pain, this is a post hoc analysis and must
be interpreted very cautiously. But you could spec-
ify in advance that you will do a subgroup analy-
sis to examine the effect in different patients, e.g.
acute, subacute and chronic low back pain.8 You
may wish to perform a sensitivity analysis, for ex-
ample, to test whether the overall result is affected
by study quality e.g. study outcome versus quality
criterion.7

If you decided to carry out a meta-analysis, you
must consider how to identify and deal with statis-
tical heterogeneity (i.e. results of trials differ by
more than can be explained by chance). This is too
complex to be covered in detail here, but usually
you need to try and explain the heterogeneity of
the studies and then analyse using a random effects
m
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off between benefits on the one hand, and costs
and safety on the other.

Not every review can give the answers to all its
questions, and you will raise new questions during
the process of the review. Address those and make
suggestions for future directions of research.

Conclusion

Reviews are complex and time-consuming. They
require considerable resources, and importantly,
knowledgeable co-authors. Reviews are sometimes
accepted as the definitive statement of the evi-
dence. Often the abstract is quoted by people who
have not read the full text and who do not re-
ally understand the issues. Therefore, the reviewer
has great responsibility to ensure that any limita-
tions on the conclusion are very clearly indicated,
particularly if the quality of the primary studies is
not good. A well-conducted review of good primary
data is both satisfying to the authors and beneficial
to patient care.
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tep 5: Interpret the evidence

inally, in the Discussion, you should restate the
ndings, summarise the strengths and weaknesses
oth of the original data and your own review, in-
erpret the evidence with a discussion of the mech-
nisms if appropriate, and set out the implications
or practice and research.
A review will be strong if it includes several trials

hat are clinically homogeneous, are of high valid-
ty, and have consistent findings. You should assess
he risk of publication bias, i.e. the tendency of
uthors to write (and editors to accept) only those
rials that have positive results. Limitations in the
eight of the evidence presented (i.e. study de-
ign, quality, and volume) reduce the impact of the
ndings.
The results are likely to be generalisable to

linical practice if they use interventions that are
idely available, in patients who are typical of nor-
al practice. Keep in mind the variation in settings
f the trials, and the compliance with the treat-
ent. Discuss the issues of cost and safety of the
herapy compared with other available therapies.
ou should discuss each of these issues taking into
ccount previous research that has been carried
ut. Additionally, try to address what is the trade
ther resources
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