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CLINICAL SCENARIO

A 55-year-old man had his serum cho-
lesterol level measured at a shopping
mall 2 months ago. His cholesterol level
was elevated and he comes to you, his
primary care physician, for advice. He
does not smoke, is not obese, and does
not have hypertension, diabetes melli-
tus, or any first-order relatives with pre-
mature coronary heart disease (CHD).
You repeat his cholesterol test and
schedule a follow-up appointment. The
test confirms an elevated cholesterol
level (7.9 mmol/L [305 mg/dL]), but be-
fore deciding on a treatment recommen-
dation, you elect to find out just how big
a reduction in the risk of CHD this pa-
tient could expect from a cholesterol-
lowering diet or drug therapy.

THE SEARCH

There are a number of cholesterol-low-
ering trials, and instead of trying to find
and review all of the original studies your-
self, you use Grateful Med to find a re-
cent overview. On the first subject line
you select hypercholesterolemia or cho-
lesterol from the list of Medical Subject
Headings (MeSH) used to index articles.
On the second subject line you use the
MeSH term coronary disease, which you
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explode to capture articles that are in-
dexed with more specific terms that come
under coronary disease, such as myocar-
dial infarction. You limit your search to
English-language articles, and to find a
quantitative review, you use the term
meta-analysis on the line for publication
type. Titles and abstracts suggest two of
the nine references from this search are
definitely on target, and you decide to
examine both.}?

INTRODUCTION

Systematic overviews of the medical
literature that summarize scientific
evidence (in contrast to unsystematic
narrative reviews that mix together
opinions and evidence) are becoming in-
creasingly prevalent. These overviews
address questions of treatment, causa-
tion, diagnosis, or prognosis. In each case,
the rules for deciding whether the over-
views are credible, and for interpreting
their results, are similar. In this article,
we provide guidelines for distinguish-
ing a good overview from a bad one and
for using the results. In doing so, we will
ask the same key questions that we have
suggested for original reports of re-
search® Are the results valid? If they
are, what are the results, and will they
be helpful in my patient care (Table 1)?

Authors sometimes use the terms
“systematic review,” “overview,” and
“meta-analysis” interchangeably. We use
overview as a term for any summary of
the medical literature and meta-analy-
sis as a term for reviews that use quan-
titative methods to summarize the re-
sults. Investigators must make a host of
decisions in preparing an overview, in-
cluding determining the focus; identify-
ing, selecting, and critically appraising
the relevant studies (which we will call
the “primary studies”); collecting and
synthesizing (either quantitatively or
nonquantitatively) the relevant informa-
tion; and drawing conclusions. Avoiding
errors in both meta-analyses and other
overviews requires a systematic ap-
proach, and enabling users to assess the
validity of an overview’s results requires
explicit reporting of the methods. A num-
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ber of authors have recently examined
issues pertaining to the validity of over-
views.*” In this article we will empha-
size key points from the perspective of
a clinician needing to make a decision
about patient care.

You can use the first two validity
guides in Table 1 to quickly screen out
most published review articles.” The dis-
crepancies between the results of sys-
tematic meta-analyses and the recom-
mendations made by clinical experts in
nonsystematic review articles® reflects
the limited validity of most published
review articles. Archie Cochrane pointed
out the need for more systematic over-
views when he wrote: “It is surely a
great criticism of our profession that we
have not organised a critical summary,
by specialty or subspecialty, adapted pe-
riodically, of all relevant randomised con-
trolled trials [RCTs).”® The Cochrane
Collaboration, an international effort to
prepare, maintain, and disseminate sys-
tematic reviews of the effects of health
care, has evolved in response to this
challenge.’*!! As the Collaboration de-
velops, you will find more and more sys-
tematic reviews of RCTs addressing im-
portant issues in patient management.

ARE THE RESULTS OF THE
OVERVIEW VALID?

Primary Guides

Did the Overview Address a Focused
Clinical Question?—Unless an over-
view clearly states the question it ad-
dresses, you can only guess whether it
is pertinent to your patient care. Most
clinical questions can be formulated in
terms of a simple relationship between
the patient, some exposure (to a treat-
ment, a diagnostic test, a potentially
harmful agent, and the like), and one or
more outcomes of interest. If the main
question that an overview addresses is
not clear from the title or abstract, it is
probably a good idea to move on to the
next article.

Users' Guides to the Medical Literature section edi-
tor: Drummond Rennie, MD, Deputy Editor (West),
JAMA.
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Table 1.—Users’ Guides for How to Use Review
Articles

Are the results of the study valid?
Primary guides:
Did the overview address a focused clinical ques-
tion?
Were the criteria used to select articles for inclusion
appropriate?
Secondary guides:
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?
What are the results?
What are the overall results of the review?
How precise were the results?

Will the resuits help me in caring for my patients?
Can the results be applied to my patient care?
Were all clinically important outcomes considered?
Are the benefits worth the harms and costs?

L]

Many overviews address a number of
questions. For example, a review article
or a chapter from a textbook might in-
clude sections on the etiology, diagno-
sis, prognosis, treatment, and preven-
tion of asthma. While such broad re-
views can provide a useful introduction
to an area, they usually offer limited
support for their conclusions. Typically,
you will find only a declarative state-
ment followed by one or more citations.
You must then study the references in
order to judge the validity of the au-
thors’ conclusions.

Were the Criteria Used to Select Ar-
ticles for Inclusion Appropriate?—To
determine if the investigators reviewed
the appropriate research, the reader
needs to know the criteria they used to
select research. These criteria should
specify the patients, exposures, and out-
comes of interest. They should also
specify the methodologic standards used
to select studies, and these standards
should be similar to the primary validity
criteria we have described for original
reports of research?® (Table 2).

Inlooking at the effectiveness of low-
ering cholesterol on CHD, investigators
might restrict themselves to studies of
patients who did not have clinically mani-
fest CHD at the beginning of the study
(primary prevention), to studies of pa-
tients who already had symptomatic
CHD (secondary prevention), or include
both. They might include only trials of
diet therapy, only trials of drug therapy,
or both. They might consider several
different outcomes, such as nonfatal
CHD, CHD mortality, and total mor-
tality. With respect to methodologic cri-
teria, they might consider only RCTs or
include observational studies.

Differences in the patients, exposures,
and outcomes can lead to different re-
sults among overviews that appear to
address the same clinical question.” The
clinician must be sure the criteria used
to select the studies correspond to the
clinical question that led her to the ar-
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Table 2. —Guides for Selecting Articles That Are
Most Likely to Provide Valid Results*
L]
Therapy e Was the assignment of patients to
treatments randomized?
o Were all of the patients who entered
the trial properly accounted for and
attributed at its conclusion?

Diagnosis e Was there an independent, blind
comparison with a reference
standard?

e Did the patient sample include an
appropriate spectrum of the sort of
patients to whom the diagnostic test
will be applied in clinical practice?

Harm o Were there clearly identified
comparison groups that were similar
with respect to important
determinants of outcome, other than
the one of interest?

o Were outcomes and exposures
measured in the same way in the
groups being compared?

Prognosis e Was there a representative and
well-defined sample of patients at a
similar point in the course of
disease?

e Was follow-up sufficiently long and
complete?

L]

*From Oxman et al.

ticle in the first place. The impact of
cholesterol-lowering strategies, for in-
stance, differs in studies of primary vs
secondary prevention.!?

If the authors state their inclusion
criteria, it is less likely they will (as they
are wont to do) preferentially cite stud-
ies that support their own prior conclu-
sion. Bias in choosing articles to cite is
a problem for both overviews and origi-
nal reports of research (in which the
discussion section often includes com-
parisons with the results of other stud-
ies). Gotzsche, for example, reviewed
citations in reports of trials of new non-
steroidal anti-inflammatory drugs in
rheumatoid arthritis.”* Among 77 articles
where the authors could have referenced
other trials with and without outcomes
favoring the new drug, nearly 60% (44)
cited a higher proportion of the trials
with favorable outcomes. In 22 reports
of controlled trials of cholesterol lower-
ing, Ravnskov' found a similar bias to-
ward citing positive studies.

Secondary Guides

Is It Unlikely That Important Rel-
evant Studies Were Missed?—It is im-
portant that authors conduct a thorough
search for studies that meet their in-
clusion criteria. This should include the
use of bibliographic databases, such as
MEDLINE and EMBASE, checking the
reference lists of the articles they re-
trieved, and personal contact with ex-
pertsin the area. Unless the authors tell
us what they did to locate relevant stud-
ies, it is difficult to know how likely it is
that relevant studies were missed.

There are two important reasons why
a review’s authors should use personal
contacts. The first is so they can identify

published studies that might have been
missed (including studies that are in
press or not yet indexed or referenced).
The second is so they can identify un-
published studies. Although the inclu-
sion of unpublished studies is contro-
versial,’® their omission increases the
chances of “publication bias”—a higher
likelihood for studies with positive re-
sults to be published'®® and the atten-
dant risk for the review to overestimate
efficacy or adverse effects.

If investigators include unpublished
studies in an overview, they should ob-
tain full written reports and appraise
the validity of both published and un-
published studies; they may also use sta-
tistical techniques to explore the possi-
bility of publication bias.?® Overviews
based on a small number of small stud-
ies with weakly positive effects are the
most susceptible to publication bias.

Was the Validity of the Included
Studies Appraised?—Even if a review
article includes only RCTs, it is impor-
tant to know whether they were of good
quality. Unfortunately, peer review does
not guarantee the validity of published
research.?! For exactly the same reason
that the guides for using original re-
ports of research begin by asking if the
results are valid, it is essential to con-
sider the validity of research included in
overviews.

Differences in study methods might
explain important differences among the
results.?2? For example, less rigorous
studies tend to overestimate the effec-
tiveness of therapeutic and preventive
interventions.? Even if the results of
different studies are consistent, it is still
important to know how valid the studies
are. Consistent results are less compel-
ling if they come from weak studies than
if they come from strong studies.

There is no one correct way to assess
validity. Some investigators use long
checklists to evaluate methodologic qual-
ity, while others focus on three or four
key aspects of the study. You will re-
member that in our previous articles
about therapy, diagnosis, and prognosis
in the Users’ Guides series, we asked
the question, “Is the study valid?” and
presented criteria to help you answer
these questions. When considering
whether to believe the results of an over-
view, you should check whether the au-
thors examined criteria similar to those
we have presented in deciding on the
credibility of their primary studies
(Table 2).

Were Assessments of Studies Repro-
ducible?—As we have seen, authors of
review articles must decide which stud-
ies to include, how valid they are, and
which data to extract from them. Each
of these decisions requires judgment by
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Table 3.—Assessments of Overviews From the Clinical Scenario*
C_______ ]

Criterion

Davey Smith et al,’ 1993

Silberberg and Henry,? 1991

Are the results of the study valid?
Did the overview address a
focused clinical question?

Yes: to examine effects of cholesterol lowering on
mortality in relationship to baseline risk of CHD death

Yes: to examine effects of drug treatment to lower cholesterol
in primary and secondary prevention of CHD events

Were the criteria used to select
articles for inclusion
appropriate?

Yes, although inclusion of triais of estrogen and surgery
can be questioned: single-factor (dietary interventions,
lipid-lowering drugs [including estrogen] or surgery)
RCTs of cholesterol lowering with 26 mo follow-up and
at least 1 death—35 trials, 57 124 patients

Yes, although exclusion of nondrug trials could be
questioned: single-factor RCTs of drug treatments
(excluding trials of estrogen and thyroxine)—9 trials, 26 609
patients

Is it unlikely that important
relevant studies were
missed?

Yes: MEDLINE, previous overviews, and personal contact
with investigators were used to identify studies

Can't tell: MEDLINE and previous overviews were used
to identify studies; investigators were not contacted,
non~English-language publications and unpublished
data were not included

Was the validity of the inciuded No No
studies appraised?
Were assessments of studies Can't tell Yes: data were extracted independently by two reviewers

reproducible?

Were the results similar from
study to study?

Probably not (test of homogeneity not reported): baseline
risk of CHD death and percent reduction in cholesterol
levels hypothesized as explanation for variation in effect
of treatment

Probably not (test of homogeneity not reported), but pooled
ORs for primary and secondary prevention studies
respectively were similar: baseline risk hypothesized
as explanation for variation in absolute risk reduction

What are the results?
What are the overall results
of the review?

How precise were the results?

For total mortality, the OR (and 95% C!) was 0.74
(0.60-0.92 for high-risk groups {>50 deaths/1000
person-years in the control group]), 0.96 (0.84-1.09) for
medium-risk groups (10-50 deaths/1000 person-years),
and 1.22 (1.06-1.42) in low-risk groups (<10 deaths/
1000 person-years)

For CHD death, the OR (and 95% CI) was 0.85 (0.64-1.14)
in primary prevention and 0.84 (0.75-0.95) in secondary
prevention studies; the NNT to prevent one death from
CHD was 675 and 38 in the primary and secondary trials,
respectively

*CHD indicates coronary heart disease; RCTs, randomized controlled trials; OR, odds ratio; Cl, confidence interval; and NNT, number needed to treat.

the reviewers and each is subject to both
mistakes (random errors) and bias (sys-
tematic errors). Having two or more
people participate in each decision
guards against errors, and if there is
good agreement among the reviewers,
the clinician can have more confidence
in the results of the overview.

Were the Results Similar From Study
to Study?—Despite restrictive inclusion
criteria, most systematic overviews docu-
ment important differences in patients,
exposures, outcome measures, and re-
search methods from study to study.
Readers must decide when these factors
are so different that it no longer makes
sense to combine the study results.

One criterion for deciding to combine
results quantitatively is whether the
studies seem to be measuring the same
underlying magnitude of effect. In meta-
analyses, investigators can test the ex-
tent to which differences among the re-
sults of individual studies are greater
than you would expect if all studies were
measuring the same underlying effect
and the observed differences were due
only to chance. The statistical analyses
that are used to do this are called “tests
of homogeneity.”

The more significant the test of ho-
mogeneity, the less likely it is that the
observed differences in the size of the
effect are due to chance alone. Both the
“average” effect and the confidence in-
terval (CI) around the average effect
need to be interpreted cautiously when
there is “statistically significant” het-
erogeneity (a low probability of the dif-
ferences in results from study to study
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being due to chance alone, indicating
that differences in patients, exposures,
outcomes, or study design are respon-
sible for the varying treatment effect).

Unfortunately, a nonsignificant test
does not necessarily rule out important
heterogeneity. Hence, clinically impor-
tant differences between study results
still dictate caution in interpreting the
overall findings, despite a nonsignificant
test of homogeneity. However, even
when there are large differences be-
tween the results of different studies, a
summary measure from all of the best
available studies may provide the best
estimate of the impact of the interven-
tion or exposure.??

Neither of the two overviews identi-
fied in the scenario reported a test of
homogeneity. However, both of them in-
cluded graphic and tabular displays of
the results of the primary studies that
suggest differences in study results that
are likely to be both clinically important
and statistically significant. Both of the
overviews suggest possible explanations
for the observed heterogeneity (Table 3).

WHAT ARE THE RESULTS?

What Are the Overall Results of the
Overview?—In clinical research, inves-
tigators collect data from individual pa-
tients. Because of the limited capacity
of the human mind to handle large
amounts of data, investigators use sta-
tistical methods to summarize and ana-
lyze them. In overviews, investigators
collect data from individual studies.
These data must also be summarized,
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and increasingly, investigators are us-
ing quantitative methods to do so.

Simply comparing the number of posi-
tive studies with the number of nega-
tive studies is not an adequate way to
summarize the results. With this sort of
“vote counting,” large and small studies
are given equal weights, and (unlikely
as it may seem) one investigator may
interpret a study as positive, while an-
other investigator interprets the same
study as negative.? For example, a clini-
cally important effect that is not statis-
tically significant could be interpreted
as positive in light of clinical importance
and negative in light of statistical sig-
nificance. There is a tendency to overlook
small but clinically important effects if
studies with statistically nonsignificant
(but potentially clinically important) re-
sults are counted as negative.? More-
over, areader cannot tell anything about
the magnitude of an effect from a vote
count even when studies are appropri-
ately classified using additional catego-
ries for studies with a positive or nega-
tive trend.

Typically, meta-analysts weight stud-
ies according to their size, with larger
studies receiving more weight. Thus, the
overall results represent a weighted av-
erage of the results of the individual
studies. Occasionally studies are also
given more or less weight depending on
their quality, or poorer quality studies
might be given a weight of zero (ex-
cluded) either in the primary analysis or
in a “sensitivity analysis” to see if this
makes an important difference in the
overall results.
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Table 4.—Odds Ratio, Relative Risk, Risk Reduction, and Number Needed to Treat

Adverse Outcome*

Treatment or

I
Positive

Exposure Negative
Positive A B
Negative [ D

*When the outcome is undesirable, a relative risk (RR) or odds ratio (OR) of <1.0 represents a beneficial treatment
or exposure, with zero representing 100% effectiveness. An absolute risk reduction (ARR) of <0 represents a benefit,
and 100% effectiveness would be equivalent to the risk observed in the control group. The OR can also be expressed
as (A/C)+(B/D) (ie, the odds of a case having been exposed relative to the odds of a control having been exposed),
and both of these expressions are equivalent to (A-D-D)+(8-C). From the two expressions, if A is small relative to
Band Cis small relative to D, the OR and the RR are approximately the same.

Thus,

OR=(A/B)/(C/D)
RR=[A/{A+B))[C/(C+D)]

KRR reduction=1-RR
ARR=[A/(A+B)}-[C/(C+D)]
Number needed to treat=1/ARR

You should look to the overall results
of an overview the same way you look to
the results of primary studies. In our
articles concerning therapy, we de-
seribed the relative risk and the abso-
lute risk reduction, and how they could
be interpreted.®® In the articles about
diagnostic tests, we discussed likelihood
ratios.®! In overviews of treatment and
etiologic and prognostic factors, you will
often see the ratio of the odds of an
adverse outcome occurring in those ex-
posed (to a treatment or risk factor) to
the odds of an adverse outcome in those
not exposed. This odds ratio, illustrated
in Table 4, has desirable statistical prop-
erties when combining results across
studies. Whatever method of analysis
the investigators used, you should look
for a summary measure (such as the
number needed to treat®) that clearly
conveys the practical importance of the
result.

Sometimes the outcome measures that
are used in different studies are similar
but not exactly the same. For example,
different trials might measure functional
status using different instruments. If
the patients and the interventions are
reasonably similar, it might still be
worthwhile to estimate the average ef-
fect of the intervention on functional
status. One way of doing this is to sum-
marize the results of each study as an
“effect size.”® The effect size is the dif-
ference in outcomes between the inter-
vention and control groups divided by
the standard deviation (SD). The effect
size summarizes the results of each study
in terms of the number of SDs of dif-
ference between the intervention and
control groups. Investigators can then
calculate a weighted average of effect
sizes from studies that measured an out-
come in different ways.

You are likely to find it difficult to
interpret the clinical importance of an
effect size (if the weighted average ef-
fect is one half of an SD, is this effect
clinically trivial, or is it large?). Once
again, you should look for a presenta-
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tion of the results that conveys their
practical importance (for example, by
translating the summary effect size back
into natural units).* For instance, if cli-
nicians have become familiar with the
significance of differences in walk test
scores in patients with chronic lung dis-
ease, the effect size of a treatment on a
number of measures of functional status
(such as the walk test and stair climb-
ing) can be converted back into differ-
ences in walk test scores.

Although it is generally desirable to
have a quantitative summary of the re-
sults of a review, it is not always ap-
propriate. For example, there may be
unexplained heterogeneity in study re-
sults or the studies may be of such poor
quality that the overall results would be
uninterpretable. In these cases investi-
gators should still present tables or
graphs that summarize the results of
the primary studies, and their conclu-
sions should be cautious.

How Precise Were the Results?— In
the same way that it is possible to es-
timate the average effect across stud-
ies, it is possible to estimate a CI around
that estimate; ie, a range of values with
a specified probability (typically 95%) of
including the true effect. A previous ar-
ticle in this series provides a guide for
understanding CIs.*

WILL THE RESULTS HELP ME
IN CARING FOR MY PATIENTS?

Can the Results Be Applied to My
Patient Care?—One of the advantages
of an overview is that since it includes
many studies, the results come from a
very diverse range of patients. If the
results are consistent across studies,
they apply to this wide variety of pa-
tients. Even so, the clinician may still be
left with doubts about the applicability
of the results. Perhaps the patient is
older than any of those included in the
individual trials summarized by the over-
view. If studies using different mem-
bers of a class of drug have been com-
bined, one might question whether one

of the drugs has a larger effect than the
others.

These questions raise the issue of sub-
group analysis. Detailed guides for de-
ciding whether to believe subgroup
analyses are available.®®?” One of the
most important guides is that conclu-
sions that are drawn on the basis of
between-study comparisons (comparing
patients in one study with patients in
another) should be viewed skeptically.
For example, meta-analysis of the ef-
fectiveness of B-blockers after myo-
cardial infarction found a statistically
significant and clinically important dif-
ference in effect between trials of
B-blockers with and without intrinsic
sympathomimetic activity.®® This re-
sulted in clinical recommendations that
only B-blockers without intrinsic sym-
pathomimetic activity should be used.
However, the addition of two subsequent
trials eliminated this difference in the
overall summary.” In fact, a large num-
ber of subgroup analyses exploring dif-
ferences in either patients or the
B-blocker regimen used suggest that any
apparent differences are probably due
to chance.?

Other criteria that make a hypoth-
esized difference in subgroups more cred-
ible include a big difference in treatment
effect; a highly statistically significant
difference in treatment effect (the lower
the P value on the comparison of the
different effect sizes in the subgroups,
the more credible the difference); a hy-
pothesis that was made before the study
began and was one of only a few hypoth-
eses that were tested; consistency across
studies; and indirect evidence in support
of the difference (“biological plausibility”).
If these criteria are not met, the results
of a subgroup analysis are less likely to
be trustworthy and you should assume
that the overall effect across all patients
and all treatments, rather than the sub-
group effect, applies to the patient at
hand and to the treatment under con-
sideration.

Were All Clinically Important Out-
comes Considered?—While it is a good
idea to look for focused review articles
because they are more likely to provide
valid results, this does not mean that
you should ignore outcomes that are not
included in a review. For example, the
potential benefits and harms of hormone
replacement therapy include reduced
risk of fractures and CHD and increased
risk of breast cancer and endometrial
cancer. Focused reviews of the evidence
for individual outcomes are more likely
to provide valid results, but a clinical
decision requires considering all of them.

Are the Benefits Worth the Harms
and Costs?—Finally, either explicitly
or implicitly, when making a clinical de-
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cision the expected benefits must be
weighed against the potential harms and
costs. While this is most obvious for de-
ciding whether to use a therapeutic or
preventive intervention, providing pa-
tients with information about causes of
disease or prognosis can also have both
benefits and harms. For example, in-
forming a woman about potentially tera-
togenic exposures might result in her
reducing her risk of exposure (with po-
tential benefits), and also cause anxiety
or loss of work. Informing an asymp-
tomatic woman with newly detected can-
cer about her prognosis might help her
to plan better, but also label her, cause
anxiety, or increase the period during
which she is “sick.”

A valid review article provides the best
possible basis for quantifying the expected
outcomes, but these outcomes still must
be considered in the context of your pa-
tient’s values and concerns about the ex-
pected outcomes of a decision. In the next
articles in this series we will address this
issue in the context of decision analysis
and clinical practice guidelines.
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