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A systematic review is an overview that answers a specific clinical question and con-
tains a thorough, unbiased search of the relevant literature, explicit criteria for assess-
ing studies, and a structured presentation of the results. Many systematic reviews in-
corporate a meta-analysis, ie, a quantitative pooling of several similar studies to produce

an overall summary of treatment effect.1,2 Meta-analysis provides an objective and quantitative sum-
mary of evidence that is amenable to statistical analysis,1 and it allows recognition of important
treatment effects by combining the results of small trials that individually might have lacked the
power to consistently demonstrate differences among treatments. Meta-analysis has been criti-
cized for the discrepancies between its findings and those of large clinical trials.3-6 The frequency
of discrepancies ranges from 10% to 23%3 and can often be explained by differences in treatment
protocols or study populations or changes that occur over time.3

In conducting a meta-analysis, the authors
should recognize the importance of having
clearobjectives,explicitcriteria forstudyse-
lection, an assessment of the quality of in-
cluded studies, and prior consideration of
which studies to combine. These items are
theesssential featuresofasystematicreview.
Meta-analysesthatarenotconductedwithin
thecontextofa systematic reviewshouldbe
viewed with great caution.7

A systematic review can be viewed as
a scientific and systematic examination of
the available evidence. A good systematic
review will have explicitly stated objec-
tives (the focused clinical question), ma-
terials (the relevant medical literature), and
methods (the way studies are assessed and
summarized). The steps taken during a sys-
tematic review are detailed in Table 1.

Not all systematic reviews and meta-
analyses are equal. A systematic review
should be conducted in a manner that will
include all of the relevant trials, minimize
the introduction of bias, and synthesize the
results to be as truthful and useful to clini-
cians as possible. A systematic review can
only be as good as the clinical trials that it
contains. The criteria used to critically ap-

praise systematic reviews and meta-
analyses8 are listed in Table 2. In general,
these criteria are similar to the criteria used
to appraise the individual studies that make
up the systematic review. Detailed expla-
nations of each criterion are available.1

ASKING A CLEAR QUESTION

The validity criteria are designed to ensure
that the systematic review is conducted in
a manner that minimizes the introduction
of bias. Like the “well-built clinical ques-
tion”9 for an individual study, a focused
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clinical question for a systematic review should clearly ar-
ticulate the following 4 elements of the material under re-
view: (1) the patient, group of patients, or problem being
evaluated; (2) the intervention; (3) comparison interven-
tions; and (4) specific outcomes. The patient populations
in the reviewed studies should be similar to the actual popu-
lation most likely to benefit from the review results. The
interventions studied should be those commonly avail-
able in practice. Outcomes reported should be those that
are most relevant to physicians and patients.

SOURCES OF EVIDENCE
WITHIN A SYSTEMATIC REVIEW

The overwhelming majority of systematic reviews involve
therapy. Therefore, randomized, controlled, clinical trials
should be used when available for systematic reviews of
therapy because they are generally less susceptible to se-
lection and information bias than other study designs. The
quality of included trials is assessed using the criteria that
areusedtoevaluateindividual,randomized,controlledclini-
cal trials. The quality criteria commonly used include con-
cealed,randomallocation;groupswithsimilarknownprog-
nostic factors; equal treatment of groups; and inclusion of
all trialpatientsintheresultsanalysis(intent-to-treatdesign).

Randomizedcontrolledtrialsarerarelyareliablesource
of identificationofadverse reactions,unless thosereactions
are very common. Other evidence sources such as case-
controlstudies,casereports,andpostmarketingsurveillance

studies should therefore be examined. Systematic reviews
of treatment efficacy should always include an assessment
ofcommonandseriousadverseevents toreachaninformed
and balanced decision about the utility of a treatment.

THE HAZARDS OF “QUICK” SEARCHES

A sound systematic review can be performed only if most
or all of the available data are examined. Simply per-
forming a quick MEDLINE search using “clinical trial”
as publication type is rarely adequate because complex
and sensitive search strategies are needed to identify all
potential trials and because some clinical trials will be
missed if they are published in a journal not listed by
MEDLINE. Potential sources for finding studies about
treatment include the Cochrane Controlled Trials Reg-
istry, which is part of the Cochrane Library; MEDLINE;
EMBASE; bibliographies of studies; review articles and
textbooks; symposia proceedings; pharmaceutical com-
panies; and direct communication with experts in the field.

The Cochrane Controlled Trials Registry, the largest
and most complete database of clinical trials in the world,
includes more than 300000 controlled clinical trials. It is
compiled through several complex searches of the
MEDLINE and EMBASE databases and by hand searching
many journals, a process that is quality controlled and moni-
tored by the Cochrane Collaboration in Oxford, England.
Hand searching journals to identify controlled clinical trials
and randomized, controlled clinical trials was undertaken
because members of the Cochrane Collaboration noticed
that many trials were incorrectly classified in the MEDLINE
database. As an example, Adetugbo and Williams10 hand
searched the Archives of Dermatology from 1990 through
1998 and identified 99 controlled clinical trials. Nineteen
of these trials were not classified as controlled clinical trials
in MEDLINE, and 11 trials that were not controlled clini-
cal trials were misclassified as controlled clinical trials in
MEDLINE.10

MEDLINE is the National Library of Medicine’s bib-
liographic database covering medicine, nursing, den-
tistry, veterinary medicine, the health care system, and the
preclinical sciences. The MEDLINE file contains biblio-
graphic citations and author abstracts from approxi-
mately 3900 current biomedical journals published in the
United States and 70 foreign countries. The file contains
approximately 9 million records dating back to 1966.11

MEDLINEsearcheshaveinherentlimitationsthatmake
their reliability less than ideal.12 For example, Spuls et al13

conductedasystematicreviewofsystemictreatmentsofpso-
riasis. Treatments analyzed included UV-B, psoralen plus
UV-A, methotrexate, cyclosporin A, and retinoids. To find
relevant references, the authors used an exhaustive strat-
egy that included searching MEDLINE, contacting phar-
maceutical companies,polling leadingauthorities, review-
ingabstractbooksof symposiaandcongresses, andreview-
ingtextbooks, reviews,editorials,guidelinearticles,andthe
reference listsofall articles identified.Of665studies found,
356 (54%) were identified by MEDLINE search (30%-70%
for different treatment modalities).13

EMBASE is Excerpta Medica’s database covering drugs,
pharmacology, and biomedical specialties.1 EMBASE has
better coverage of European and non-English language

Table 1. The 6 Steps of Undertaking a Systematic Review

1. Asking a clear focused question
2. An explicit and thorough search of the literature
3. Data extraction
4. Critical appraisal of the quality of the primary studies
5. Quantitative pooling of the data if appropriate
6. Interpretation of the data, including implications for clinical

practice and further research

Table 2. Critical Appraisal of a Systematic Review*

Are the results of this systematic review valid?
Did the review address a focused clinical question?†
Were the criteria used to select articles for inclusion

appropriate?†
Is it unlikely that important, relevant studies were missed?‡
Was the validity of the included studies appraised?‡
Were assessments of studies reproducible?‡
Were the results similar from study to study?‡

Are the valid results of this systematic review important?
What are the overall results of the review in terms of magnitude

of benefit or harm?
How precise were the results?

Can you apply this valid, important evidence in caring for
your patient?

Can the results be applied to my patient’s care?
Were all clinically important outcomes considered?
Are the benefits worth the harms and costs?

*From Sackett et al.8

†Primary guides.
‡Secondary guides.
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sources than MEDLINE and may be more up to date.1 The
overlap in journals covered by MEDLINE and EMBASE is
about 34% (10%-75%, depending on the subject).14,15

PUBLICATION BIAS

Publication bias (ie, the tendency of easy-to-locate studies
to show more “positive” effects) is an important concern
for systematic reviews, and a useful analysis of this issue
can be found elsewhere.16 Publication bias results when is-
sues other than the quality of the study are allowed to in-
fluence the decision to publish. Several studies have shown
that factors such as sample size, direction and statistical sig-
nificance of findings, and investigators’ perceptions of
whether the findings are “interesting” are related to the like-
lihood of publication.17,18

Language bias may also be a problem: studies with
positive findings are more likely to be published in an
English-language journal and also more quickly than those
with inconclusive or negative findings.19 A thorough sys-
tematic review should therefore include a search for high-
quality unpublished trials and not restrict itself to jour-
nals written in English.

Studies with small samples are less likely to be pub-
lished than those with larger samples, especially if they
have negative results.17,18 This type of publication bias
jeopardizes one of the main goals of meta-analysis: to in-
crease power by pooling the results of numerous small
studies. Creation of study registers and advance publi-
cation of research designs have been proposed as ways
to prevent publication bias.20,21

Publication bias can be detected by using a simple
graphic test (funnel plot) or by calculating the “fail-safe
N.”22,23 These techniques are of limited value when fewer
than 10 randomized controlled trials are included.

For many diseases, the studies published are domi-
nated by drug company–sponsored trials of new expen-
sive treatments. This bias in publication can result in data-
driven systematic reviews that draw more attention to those
medicines. In contrast, question-driven systematic re-
views answer the sorts of clinical questions of most con-
cern to practitioners. In many cases, studies that are of most
relevance to doctors and patients have not been done in
the field of dermatology owing to inadequate sources of in-
dependent funding.

Systematic reviews that have been sponsored directly
or indirectly by industry are also prone to bias by overin-
clusion of unpublished studies with positive findings that
are kept “on file” by that industry. Until it becomes man-
datorytoregisterallclinicaltrialsconductedonhumanbeings
in a central registry and to make all of the results available
in the public domain, all sorts of distortions due to selec-
tive withholding or release of data may occur.

Generally, reviews that have been conducted by vol-
unteers in the Cochrane Collaboration are of better quality
thannon-Cochranereviews.24 However,potentially serious
errorshavebeennotedinuptoathirdofCochranereviews.25

DATA ABSTRACTION

In general, the studies included in systematic reviews are
reviewed by at least 2 reviewers. Data such as numbers of

people entered into studies, numbers lost to follow-up, ef-
fects sizes, andquality criteria are recordedonpredesigned
data abstraction forms by at least 2 reviewers. Differences
among reviewers are usually settled by consensus or by a
third-personarbitrator.Asystematic review inwhich there
are largeareasofdisagreementamongreviewersshouldlead
the reader to question the validity of the review.

POOLING RESULTS

Results in the individual clinical trials that make up a sys-
tematic review may be similar in magnitude and direc-
tion (eg, they may all indicate that treatment A is supe-
rior to treatment B by a similar magnitude). Assuming
that publication bias can be excluded, systematic re-
views of studies with findings that are similar in magni-
tude and direction provide results that are most likely
to be true and useful. It may be impossible to draw firm
conclusions from systematic reviews of studies that have
results of widely different magnitude and direction.

The magnitude of the difference between the treat-
ment groups in achieving meaningful outcomes is the most
useful summary result of a systematic review. The most eas-
ily understood measures of the magnitude of the treat-
ment effect are the difference in response rate and its re-
ciprocal, the number needed to treat (NNT).1,8,12 The NNT
represents the number of patients one would need to treat
to achieve 1 additional cure. Whereas the interpretation of
NNT might be straightforward within a single trial, inter-
pretation of NNT requires some caution within a system-
atic review because this statistic is highly sensitive to base-
line event rates. For example, if treatment A is 30% more
effective than treatment B for clearing psoriasis, and 50%
of people who undergo treatment B are cleared with therapy,
then 65% will clear with treatment A. These results corre-
spond to a rate difference of 15% (65−50) and an NNT of
7 (1.00/0.15). This difference sounds quite worthwhile clini-
cally. But if the baseline clearance rate for treatment B in
another trial or setting is only 30%, the rate difference will
be only 9%, and the NNT now becomes 11, and if the base-
line clearance rate is 10%, then the NNT for treatment A
will be 33, which is perhaps less worthwhile. In other words,
it rarely makes sense to provide 1 NNT summary measure
within a systematic review because “control” or baseline
events rates usually differ considerably between studies ow-
ing to differences in study populations, interventions, and
trial conditions.26 Instead, a range of NNTs for a range of
plausible control event rates that occur in different clini-
cal settings should be given, along with their 95% confi-
dence intervals.

The precision of the estimate of the differences among
treatments should be estimated. The confidence interval
provides a useful measure of the precision of the treat-
ment effect.1,8,12,27,28 The calculation and interpretation of
confidence intervals has been extensively described.29 In
simple terms, the reported result (known as the point es-
timate) provides the best estimate of the treatment effect.
The population or “true” response to treatment will most
likely lie near the middle of the confidence interval and will
rarely be found at or near the ends of the interval. The popu-
lation or true response to treatment has only a 1 in 20 chance
of being outside the 95% confidence interval.
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Certain conditions must be met when meta-analysis
is performed to synthesize results from different trials. The
trials should have conceptual homogeneity. They must in-
volve similar patient populations, have used similar treat-
ments, and have measured results in a similar fashion at a
similar point in time. There are 2 main statistical models
used to combine results: random effects models and fixed
effectsmodels.Randomeffectsmodels assume that thedif-
ferent studies’ resultsmaycomefromdifferentpopulations
with varying responses to treatment. Fixed effects models
assumethateachtrial representsarandomsampleofasingle
population with a single response to treatment. In general,
randomeffectsmodelsaremoreconservative (ie, less likely
to show statistically significant results) than fixed effects
models.Whenthecombinedstudieshavestatisticalhomo-
geneity (ie, when the studies are reasonably similar), ran-
dom effects and fixed effects models give similar results.

The key principle to keep in mind when considering
combining results from several studies is that conceptual
homogeneity precedes statistical homogeneity. In other
words,resultsofseveraldifferentstudiesshouldnotbecom-
bined if it does not make sense to combine them (eg, if the
patient groups or interventions studied are not sufficiently
similartoeachother).Althoughwhatconstitutes“sufficiently
similar” is a matter of judgment, the important thing is to
explicitly articulate the decision to combine or not com-
binedifferent studies.Tests for statisticalheterogeneity are
typically of very low power, so that statistical homogene-
ity does not mean clinical homogeneity. When there is evi-
dence of heterogeneity, reasons for heterogeneity between
studies such as different disease subgroups, intervention
dosage, or study quality should be sought.

Sometimes, the robustness of an overall meta-
analysis is tested further by means of a sensitivity analysis.
In a sensitivity analysis the data are reanalyzed excluding
those studies that are suspect because of quality or patient
factors, to see whether their exclusion makes a substantial
difference in the direction or magnitude of the main origi-
nal results. In somesystematic reviews inwhich a large num-
ber of trials have been performed, it is possible to evaluate
whether certain subgroups (eg, children vs adults) are more
likely to benefit than others. Subgroup analysis is rarely pos-
sible in dermatology because few trials are available.

Theconclusions in thediscussionsectionof a system-
aticreviewshouldcloselyreflect thedata thathavebeenpre-
sentedwithin that review.Theauthors shouldmake it clear
which of the treatment recommendations are based on the
review data and which reflect their own judgments. In ad-
ditiontomakingclinicalrecommendationsoftherapieswhen
evidenceexists,manyreviews indermatology find littleevi-
dence to address the questions posed. This lack of conclu-
siveevidencedoesnotmeanthatthereviewisawasteoftime,
especially if thequestionaddressedappears tobean impor-
tant one. For example, the systematic review of antistrep-
tococcal therapy for guttate psoriasis by Owen et al30 pro-
vided the authors with an opportunity to call for primary
researchinthisareaandtomakerecommendationsonstudy
design and outcomes that might help future researchers.

Applying evidence summarized in a systematic re-
view to specific patients requires the same processes used
to apply the results of individual controlled clinical trials
to patients.
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