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ABSTRACT
Systematic reviews andmeta-analyses synthesize data from
exastingprimary research, andwell-conducted reviews of fer
cliniciansapractical solutiontotheproblemof stayingourrent in
their fieldsof interest . Awholegenerat ionof secondary jourmals,
pre-appraisedevidence libraries andpericdical lyupdatedelec—
tronictexts are nowavailable toclinicians, However, notall
systamatic reviewsareof highquality, andit is important tobe
ahletocritical lyassesstheirvalidityardamplicani lity. Thisarticle
isanillustratedquide for corducting systematic reviews. Aclear
uncerstardingof theprocesswill provideclhinicianswiththetcools
to Judicicusly apprai se reviews and interpret them. Wehope that
it will enableclinicians tooonduct systenatic reviews, gererate
high—qualityevidence, andcontribute tothe evidence-based
medicine movement .

Natl Med J India 2004; 17:86-95

INTRODUCTION

Evidence-based medicine (EBM) is the process ol ‘integrating
individual clinical expertise with the best available external clini-
cal evidence from systematic research’.' The EBM approach
requires healthcare decisions to be made on the basis of strong
evidence generated by high-quality research studies.'? In this
context, ‘evidence’ derives {rom a state-of-the-art synthesis (re-
view) ol all research conducted regarding a particular clinical
question.” Clinicians have always used review articles as sources
of evidence, and these reviews can be useful tools if conducted
properly. Unfortunately. empirical studies have shown that narra-
tive review articles tend 1o be of poor quality.”

What is a narrative review and how is it different from a
systematic review? Traditional, narrative reviews, usually written
by experts, are gualitative summaries of evidence on a given
topic. Typically. they involve informal. subjective methods to
collect and interpret studies, and tend to selectively cite litera-
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ture that reinforces preconceived notions.' Narrative reviews
often do not explicitly deseribe how the reviewers searched,
selected and appraised the quality of studies (Table 1).' In
contrast, a systematic review includes a comprehensive, cex-
haustive scarch for primary studies on a locused clinical ques-
tion, selection of studies using clear and reproducible eligibility
criteria, critical appraisal of studies [or quality, and synthesis of
results according to a pre-determined and explicit method
(Table 1).*

What is a meta-analysis? A meta-analysis is the statistical
pooling of data across studies to generate summary (pooled)
estimates of effects.* The term ‘effect’ refers to any measure of
association between exposure and outcome (e.g. odds ratio). A
meta-analysis is usually the final step in a systematic review. All
meta-analyses should ideally start with an unbiased systematic
review that incorporates articles chosen using predetermined
inclusion criteria.*® If the data extracted from these studics meet
certain requirements (the most important being a high level of
homogeneity of effect measures across studies), then the data can
be combined using meta-analysis. However. if the effect measures
are found to be heterogeneous, then it is still acceptable to present
the work as a systematic review and not perform meta-analysis, or
use statistical methods that can account for the heterogeneity.
Indeed, there are situations when a meta-analysis is clearly inap-
propriate. Therefore, meta-analyses and systematic reviews are
not synonymous.* Ideally, a meta-analysis should be performed as
part of a systematic review (Fig. 1). In practice, meta-analyses are
sometimes done without an initial systematic review. Within the
set of meta-analyses, the investigators will sometimes choose to
2o beyond the analyses of published studies. contact authors
of the primary studies for data on individual patients in their
studies, and then combine the raw data. This is called an

Individual patient
data (IPD) meta-
analyses

Meta-analyses

Reviews that are
not systematic
(traditional,
narrative reviews)

Systematic
reviews

All reviews
(also called overviews)

Fic 1. Types of review articles
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individual patient data (IPD) meta-analysis (Fig. 1).

Where can one find the best evidence for EBM? Systematic
reviews and meta-analyses are widely considered the best
sources of evidence. 7 A major challenge for clinicians today
is 10 keep up with the literature.* Well-conducted systematic
reviews offer busy clinicians a practical solution to the problem
of staying up to date. In fact, a whole generation of secondary
Journals (e.g. ACP Jowrnal Club, Evidence Based Medicine),
pre-appraised evidence libraries (e.g. Cochrane Library), and
periodically updated electronic textbooks (e.g. UpToDate) are
now available to clinicians.” However, since not all reviews are
ol high quality, it is important (o be able to critically assess their
quality. In this article, we present the architecture of a system-
atic review., A clear understanding of the underlying process
will. hopefully, help clinicians to critically appraise reviews. For
those who plan to conduct reviews, we provide an illustrated,
step-by-step guide.

STEPS INCONDUCTING A SYSTEMATIC REVIEW
Systematic reviews can be performed for questions relating to
therapy. prevention, diagnosis, prognosis. aetiology and harm.’
The key steps in a systematic review are: (i) formulation of a
locused review question; (ii) a comprehensive, exhaustive search
and inclusion of primary studies: (iii) quality assessment of
included studies and dataextraction: (iv) svnthesis of study results
(meta-analysis): and (v) interpretation of the results and report-
writing.*” Figure 2 presents the systematic review process. The
core five steps ol the process (shaded boxes in Fig, 2) are shown
in greater detail. Based on ourexperience in conducting reviews**
and developing training resources' (see wivw.nedepi.org/nera).
we present practical tips that we hope readers will find useful in
performing reviews.

The central objective of asystematic review is to summarize the
cvidence on a specific clinical question.” ~ Secondary objectives
are 1o eritically evaluate the quality of the primary studies. check
lorand identily sources of heterogeneity in results across studies.
and. il necessary and possible. determine sources of heterogene-

ity.*” Systematic reviews are also helpful in identifying new
research questions, Ideally, every rescarch study should begin
with a systematic review and build upon the existing evidence
base.

FORMULATION OF THE QUESTION

Because systemaltic reviews are time-consuming, it is important
to first ascertain if a review is already available on the topic of
interest. Reviewers could search sources of reviews (e.g. Cochrane
Library), and PubMed (using fillers for systemalic reviews)
before embarking on a new review. Once a decision is made 1o
conduct a review, the first step is to formulate a clear, focused
question' and prepare a protocol. The acronym PICO (patient,
intervention, comparison and outcome) is often used to identify
the four critical parts of a well-built clinical question."'" The
protocol should specifly the patient population (or the disease of
interest), the intervention (or exposure) being evaluated, the
comparison intervention (if applicable), and the outcome. For
example, consider a review on Chinese herbal medicines [or the
treatment of hepatitis B.* A focused question will be: among
patients with chronic hepatitis B (patient), are Chinese herbal
medicines (intervention) helpful in increasing the response 1o
alpha-interferon (outcome) as compared to interferon therapy used
alone (comparison)? A lTocused question will help in conducting
more specific searches of databases, and also in creating unam-
biguous criteria for selecting studies,

SEARCH AND INCLUSION OF PRIMARY STUDIES

The next step is 1o conduct an exhaustive search for primary
studies.*"'* The search might include general databuses (e.g.
PubMed: Table II). subject-specific databases (e.g. Cancerlit:
Table 1), screening of bibliographies of included studies. hand-
search of relevant journals, contact with authors and experts (o
locate ongoing and unpublished studies. and contact with pharma-
ceutical companies to identily studies.' Empirvical research sug-
gests that searching PubMed alone is inadequate. " It is, therelore.
important to search databases other than PubMed. For identilyving
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Fia 2. Steps i conducting o systematic review

Publishing Group and American College of Physicians

Sowrce: Adapted trom rererence 10 and reproduced with permission [rom the BN
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randomized controlled trials (RCTs). the best single source is
the Cochrane CENTRAL register. with more than 400 000 trials.
This register is a part of the Cochrane Library that contains the
Cochrane Database of Svstematic Reviews (Table 11).

What s the best strategy for searching databases? An elfective
strategy (Fig. 3) is to conduct separate. sensitive searches (using
multiple, alternative terms combined with the Boolean operator
‘OR’) for each component of the PICO set. and then combine the
separate searches using the operator *"AND". Using *OR’ for each
of the PICO searches will ‘explode’ the search and make it highly
sensitive (i.e. likely to vield thousands of citations). Using ‘AND’
at the end of the process will dramatically narrow the search and
select articles that contain all of the PICO terms (the intersection
of PICO circles in Fig. 3). If reviewers decide to restrict the search
toaspecific study type (e.g. randomized controlled trials — RCT),
then appropriate ‘filters” (Table 111) can be used 10 extract specific
tvpes of studies. "'

After scarching all sources. it is helpful to export all the
citations into a reference manager soltware (e.g. EndNote:
wwivendnote.com). This allows reviewers to keep track of the
mcluded and excluded studies. maintain a log of why specific

The most relevant
studies are iikely to be
found at the
intersection of PICO

COMPARISON '

[ OVERALL SEARCH STRATEGY = PICO + FILTERS FOR STUDY DESIGNS ]

<3

Fis 3. An overview ol the Hiterature scarch strategy

studies were excluded and eliminate the need to print out hundreds
of abstracts for screening. The accumulated citations are then
screened (electronically using the reference manager) indepen-
dently by two reviewers who select those studies appropriate [or
inclusion in the review (Fig. 2). This process lessens the likelihood
ol missing relevant studies and reduces subjectivity in study
selection. When the two reviewers disagree on the inclusion or
exclusion of a specific study, they canresolve the disagreement by
consensus, or request a third person to settle the disagreement.

QUALITY ASSESSMENT AND DATA EXTRACTION

The next step is quality assessment of the included studies. This
should also be performed independently by two reviewers (Fig. 2).
Quality refers to internal validity of the studies (i.e. lack of bias).
The quality criteria used will depend on the study design (Table
[V).? For example. issues such as randomization, concealment of
allocation and blinding are important quality features of RCTs.”
Often. these features may not be reported in the primary studies.
For example. a trial report may not mention anything about
blinding. In this case, it is not clear if the trial should be coded as
‘unblinded” or as ‘not reported” for that criterion. In such situa-
tions. reviewers could contact the study authors for clarification.
If no further information is received. we recommend classifying
the study as ‘not reported” with respect to blinding: at times.
reviewers will classily such studies as ‘unblinded” in the absence
of information but we do not believe that this is appropriate. After
guality assessment is complete. reviewers might decide toexclude
low-quality studies [rom the review. An alternative and useful
approach is to stratify studies by quality at the time ol meta-
analysis, and examine the impact of study quality on summary
elfect measures.

Data extraction, along with quality assessment. is done using
dataextraction forms developed after pilot testing (for sample data
forms see wiwwamedept.org/meta). Reviewers usually extract in-
formation on study characteristics. methodology. population. in-
terventions and outcomes. The outcomes reported in systematic
reviews vary, depending on the types of studies included. I RCTs
are included. the outcomes are usually expressed as risk ratios
IRR1. odds ratios tOR 1 or difference between means for continu-
ous outcomes. In systematic reviews ol diagnostic studies. the
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Tasie IV, Important quality features ol selected study designs

Study design Questions for ascertaining quality (validity) References
Therapy (e.g. randomized controlled trial) 1. Were patients randomized? 2,17

2. Was concealment ol allocation adequate?

3

Were patients analysed in the groups to wiich they were
randomized?

Were patients aware of group allocation?

Were clinicians aware of group allocation”?

Were outcome assessors aware of group allocation?
Was follow up complete?

Lol o

o

Dingnosis (e.2. cross-sectional diagnostic study)

. Was there u comparison with an independent. 2,17.18
appropriate gold standard?
2. Did the included patients cover a wide patient
spectrum likely to be encountered in i usual climeal
practice setting?
. Was the index test result interpreted without the
knowledge of gold standard. and vice-versa?
4. Did the study prospectively recruit consecutive patients
suspected to have the disease ol inlerest!

4

[

Harmte.g. cohort or case—contrul study )

. Did the investigators demonsirate sumilarity in all known 2, 17,19
determinants of outcome (e.g. confounders)? Did they

adjust for differences in the analysis?

Were exposed patients equally likely to be identified in

the two groups”

ta

i

. Were the outcomes measored in the sime way in the
groups being compared”?
- Was follow up sufliciently complete?

N

Prognosis (e.g. coliort study )

- Was the sample of patients representative”? X119
Were the patients sulTiciently homogeneous with respect

o prognestic risk?

Was follow up suf

ts

-

ciently complete!

—

Were objective and unbiased outcome eriteria used”’

Sogrrce Adapted mainty lom reference 20 tor other qualiny check lises and scales, please see wwmedep oredmets
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Furacomprehensive overview of soltware, including free DOS-based packages. sce reference 20

outcomes are the measures ol test performance (e.g. sensitivity
and specificity). Tt is important that reviewers extract raw data
from studies where possible (cell values to [ill a 2x2 table
necessary to compute measures such as RR or OR). I 2x2 table
data cannot be obtained. reviewers should extract the effect
measure (e.g. OR) along with some measure of its variance (c.g.
confidence intervals [CI]). Meta-analysis soltware packages (Table
V) often require variance measures for weighting and pooling
effects.

SYNTHESIS AND SUMMARY OF STUDY RESULTS
(META-ANALYSIS)

Most reviewers begin analysis with simple tabulation ol sudy
characteristics (e.g. year, setting, study design, quality) and re-
sults. and this should be done [or all systematic reviews, even if no
meta-analysis is performed. Forest plots display elfect estimates
from each study with their Cl, and provide a visual summary of the

data. The results of cach component study are shown as boxes
centred on the pointestimate, with the horizontal line representing
the C1. The pooled estimate is usually displayed at the bottom
of the plot as a diamond, Figure 4 shows the forest plot of a meta-
analysis on Chinese herbal medicine and interferon therapy
compared to interferon alone in the treatment of hepatitis B." In
diagnostic reviews, forest plots of sensitivity and specificity canbe
generated. Figure 5 displays the forest plot for a meta-analysis of
polymerase chain reaction (PCR) lor tuberculous meningitis.”
The next step in the analysis is pooling of effect measures
across studies. Pooling is essentially a process of computing
weighted averages.”' In the absence of weighting, all studies are
assigned the same weight, irrespective of their sample sizes. An
unweighted average, thereflore, would be the simple average (e.g.
arithmetic mean). In meta-analyses, typically, larger studies (with
larger sample sizes and more events) are assigned more weight in
the computation of averages. Pooling is accomplished using two

Chinese Herbal Medicine combined with IFN-ccvs IFN-c

Hepatitis B surface antigen
FuQP **

HaoLP?
Huang L**

Limy>

QlanJH?’

Shen GQ *

Wwang RR '
Wu YH “
Zhang YL
Zhang YX*
Overall

o%m‘f

Fig 4. Forest plot of o meta-analysis on eflicacy of Chinese herbal medicine [or hepatitis B
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statistical models: the random effects model or the lixed effects
model.*' Both models can be used 1o pool a variety of effect
measures (discrete and continuous): OR. RR, risk differences,
p values. differences in means, sensilivity, specificity, etc.
Examples of fixed effects models are: Mantel-Haenszel, Peto
and Inverse Variance methods. The most popular random
effects model is the DerSimonian-Laird model.*

The fixed effects model assumes that the studies included in
the meta-analysis estimate the same underlying ‘true’ effect
that i1s *fixed’, and that the observed differences across studies
are due to random error (chance).**' On the other hand. the
random effects model assumes that the studies included in the
meta-analysis are only a random sample of a theoretical uni-
verse of all possible studies on a given research question. and
that the effects for the individual studies vary around some
overall average effect.** Random elfects models incorporate
two sources of variability: random error and between-study
variability. Therefore, the random effects model is preferred
when the data are heterogeneous. since it allows [or between-
study and within-study variability, and provides a more conser-
vative estimate with a wider CL***" In the absence of heteroge-
neity, both models produce similar results. Several software
packages (Table V) can perform both fixed and random effects
meta-analyses.

Cumulative meta-analysis can be performed to evaluate how
summary estimates change over a time periad.*' In a cumulative
meta-analysis, the summary estimate is calculated repeatedly
through meta-analysis as il ithad been done cachtime a new study
had been reported. At each caleulation. the meta-analysis sum-
mary estimate to that point in time is shown. Such a cumulative
meta-analysis can retrospectively identily the pointin time when

Source: Adapted from reference 9 and reproduced with permission from Elsevier (Lancer Infect Dis)

a treatment effect fivst reached statistical significance (e.g.
p<0.05). Figure 6 displays the cumulative meta-analysis plot for
trials of beta-blockers after acute myocardial infarction.” The
plot shows that a significant protective effect of beta-blockers
was achieved by the early 1980s, many years and many trials
before its general adoption in clinical practice.* Thus, cumula-
tive meta-analyses have the potential to provide information
that could reduce the need for further large and expensive trials.

Heterogeneity refers to a high degree of variability in results
across studies and is not uncommon in meta-analyses.” For
example. consider a meta-analysis on oral zinc for common cold.™
The authors reported a summary OR for the incidence of *any” cold
symptom at 1 week: 0,32 (95% C10.25, 1.2). indicating a 50% risk
reduction. However. the forest plot (Fig. 7) displays a great degree
of variability in the effect ol zinc: some studies show protection.
while others suggest harm. This heterogeneity raises concerns
about the interpretation of the summary measure. Heterogeneily in
diagnostic reviews may be manifest as widely varying estimates
ol sensitivity and specificity. Forexample, Fig. 5 shows sensitivity
estimates ranging from 0% to 100%." Reviewers. therefore. should
routinely test for heterogencity and common approaches include
the use of ¢ and F tests.” Most soltware packages routinely
generate heterogeneity test vilues along with summary estimates.

In the presence of significant heterogeneity, the pooled. sum-
mary estimate is not meaningful. since itis an average ol extreme
values and does notadequately describe the data.”" In fact, review-
ers may choose not to force the results into a single summary
estimate. In the presence of heterogeneity. reviewers should fucus
instead on linding potential sources of variability in effect esti-
mates.” " This may be accomplished by methods such as subgroup
analyses, meta-regression and graphical methods.* Figure ¥ illus-
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i 7. Meta-analysis of randomized controlled trials on oral zine for
common cold: Example of heterogeneity Source: Reference
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trates the use of graphical methods and subgroup analysis. In
a meta-analysis on beta-carotene intake and cardiovascular
mortality, for example. observational studies showed consider-
able benefu, whereas RCTs showed harm.=" Given this hetero-
geneily. it would be inappropriate to combine the elfects [rom
observational and experimental studies. This plot illustrates an
approach to evaluating the impact of study quality on resulis.
Since well-done RCTs are considered to be stronger designs lor
causal inference (as compared to observational studies). this
analvsis is stratified by study design, o surrogate for study
quality.

Another critical element of a well-conducted meta-analysis is
the evaluation of publication bias.=” Publication bias is just one
tvpe ol a family of biases called ‘reporting bias™. Reporting biases
tend to oceur when statistically signiticant ¢ positive”) studies are
more likely to be submitted and accepted tor publication (publica-
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Fic 8. Meta-analysis on beta-carolene intake and cardiovascular
mortality: example of subgroup analysis and exploration of
heterogeneity Source: Relerence 26, reproduced with
permission (rom BMJ Books

tion bias). more likely to be published in English (language biasi.
more likely to be published rapidly (time-lag bias) and cited more
often (citation bias)."*" Also. studies that are easily accessible as
electronie. full-text reports may be identified more often than those
that are not. If a meta-analysis summarizes only published studies
prone to these biases. the overall summary effect might be spuri-
ously exaggerated.” Since itis very hard to identify unpublished
studies, there is no easy method 1o overcome this problem.
Reviewers can check for the presence of publication bias using
craphical methods (e.g. funnel plots). and statistical tests te.g.
Egger test).”? Figure 9 illustrates the use of funpel plots in the
cualuation of publication bias in a meta-analyses on PCR for the
diagnosis of wberculous pleurins. = The funnel graph plots the log
o tie diagnostic OR (DOR: a measure of diagnostic accuracy |
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Fig 9. Funnel plot for evaluation of publication bias in a meta-
analysis on polymerase chain reaction for the diagnosis of
tuberculous pleuritis Source: Reference 28, © 2004 Pai ef al.
licensee BioMed Central Lid.

against the standard error of the log of the DOR (an indicator
of sample size). Each open cirele represents each study in the
meta-analysis. The line in the centre indicates the summary
DOR. In the absence of publication bias. the DOR estimates
from smaller studies are expected to be scattered above and
below the summary estimate, producing a triangular or funnel
shape.”” The funnel plot appears asymmetric—smaller studies
with low DOR estimates (poor diagnostic accuracy) are miss-
img—indicating a potential for publication bias. The Egger test
for publication bias was statistically significant in this analysis.

INTERPRETATIONOFTHE RESULTS

The last step is interpretation of the results, discussion of
issues such as clinical applicability and writing of the manu-
script for publication. Reviewers need to discuss the limitations
of the primary studies included in their review. and limitations
in how the review itself was conducted.” Limitations of the
primary studies. for example. may include issues relating to
design flaws. Limitations of the review itself may include issues

Tase VI Internet resources for systematic reviews

VYOL. 17 N0, 2084

such as melusion ol only Enghish language studies or inability
toaecurately imterpret the summary estimates due 1o heteroge-
neny. A discussion ol these Totations will enable readers 1o
Judge the strength of the evidence presented in the review. The
review usually concludes with a discussion on the implications
tor clinical practuice. and need for further research. 11 the evi-
denee s strong and unequivocal, reviewers might recommend
no further trials on that clinical guestion.” Some reviews ie.g.
reviews on sereening tests such as mammography) may have
nportant public health or policy implications that merit discus-
Sion

Forwriting the manusernipt for publication, reviewers have two
useful guides: the QUOROM guidelines™ for meta-analyses ot
controlled trials. and the MOOSE guidelines™ for meta-analyses
ol observational studies. Many journals now encourage authors to
submit manuscripts formatted according 1o these guidelines.
Moreover, these guidelines can serve as practical tools [or the
critical reader in assessing the quality of an individual meta-
analysis. In addition to these guidelines, reviewers can lind a
variety of outstanding resources for conducting reviews on the
internet (Table V).

CONCLUSION

Svstematic reviews ol high-quality studies arc considered to
represent the pinnacle ol evidence. However. to trust the evidence
presented in a systematic review. it is imperative that the review
15 a comprehensive assessment ol the existing literature and that
the final interpretation incorporates information regarding fea-
tures of the individual studies te. 2. quality) and the review process
{e.g. publication bias). Due to the increasing dependence of clini-
cians upon reviews o idenuly and amass relevant information
quickly. the ability to assess the quality of evidence is critical. In
this paper. we discussed the design and conduct of systematic
reviews. A clear understanding of how to conduct systematic
reviews will enable clinicians to eritically appraise and use such
evidence in practice. We also hope that it will encourage clinicians
to conduct systematic reviews and contribute to evidence-based
clinical practice in their areas of expertise.

Name Description

URL

Berkeley Svstematic Reviews Group

Website with several useful guidelines. checklists,

n'n'll'.mrdrlm. o g,r‘m:‘lu

data forms, and soltware for conducting rev iew s

Cochrane Collaboration Prepares. maint

s and promuotes the accessibility of

hupethoww cochrane.org

systematic reviews ol the effects of healtheure

mterventions
Corclivane Lilwery

Contins: Cochrane Database of Systemanic Reviews, the

hnpedvwownw update-software.comdfelibng/cliblogon. fiom

Cochrane Controlled Trials Register and other databases

Centre for Reviews & Disseminmtion (CRDY  The CRD offers rigovous and systematic reviews on

hetpedhvww vork.ae nkdnstierd

selected wopics, adatabase of high-guality reviews
and uselul resources on how w conduct reviews

CONSORT

CONSORT comprises a checklistand How diagram 1o

fitpeffwwnw consent-stateinent,org

help improve the guality of reports of RCTs The
website also contins QUORON. MOOSE and

STARD guidelines
Cvers” Guides 1o the Medical Literatie

Buook/CD versons of the popular Users” Gutde s series—

hnpedfvewa asersemides, org

provide the most detaled exposition of the concepts

necessiy entcal by appragse the medical bterure

Centre tor Evidence Based Medicine

Oxtond Centre tor Evidence Based Medicine, ums

Ittpedfwnnw cedmnet

promote EBM and provide iiming resourges
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