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The reading, writing, and arithmetic of the
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Objective: To offer suggestions that will help clinicians improve their scrutiny of the medical literature and apply these

suggestions to their own medical writings.

Data Sources: Literature searches began at the National Library of Medicine’s online database and were traced to primary

sources.

Study Selection: Studies were selected for their ability to provide historical background, discuss the aspects of study design
and statistical analysis, and explore important facets of reading and writing medical manuscripts.

Results: Physician readers will become more proficient in their skills as both users and creators of the medical literature.

Conclusions: Reading and interpretation of the medical literature requires a set of skills that can be learned. Similarly, good
medical writing skills can be developed. Achieving these skills will enhance the clinician’s practice of medicine.
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INTRODUCTION

Critical appraisal is the careful evaluation of the quality and
credibility of published research—encompassing the ratio-
nale, design, execution, interpretation, presentation, and ap-
plication of research findings.! Ideally, it is what peer review-
ers do. However, it takes time, training, and perspective to do
well, and it requires not merely reading or understanding an
article but studying and “dissecting” it. In view of the large
number of studies that have found high error rates in the
published literature, it appears that critical appraisal is not
done often enough or well enough. Thus, readers must eval-
uate the quality of an article on their own.

The problem with the scientific literature that critical ap-
praisal addresses is nicely illustrated by the following quotes
from 2 authorities in the field of biomedical publications.
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and health policy management at Harvard University, noted,
“When a well-done trial or experiment or observational study
is fairly, honestly, and thoroughly reported, it will have so
many warts and footnotes and exceptions that it may be hard
for the uninitiated to believe that the work was of high
quality.”? Drummond Rennie, a senior editor of JAMA, wrote,
“There seems to be no study too fragmented, no hypothesis
too trivial, no literature citation too biased or too egotistical,
no design too warped, no methodology too bungled, no
presentation of results too inaccurate, no argument too circu-
lar, no conclusions too trifling or too unjustified, and no
grammar and syntax too offensive for a paper to end up in
print.””3

Critical appraisal is the skill that allows readers to distin-
guish between the “warts and footnotes and exceptions” that
can accompany even high-quality research reports and the
“fragmented . . . trivial . . . biased . . . warped . . . bungled . . .
inaccurate” elements that can plague poor research reports. In
a larger sense, critical appraisal is the first step in practicing
evidence-based medicine (EBM). (In fact, EBM is in large
part literature-based medicine.)
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Evaluation of research reports should begin with a healthy
skepticism regarding research quality. Assume that research
is flawed, inadequately documented, and poorly presented
until you have evidence to the contrary, and do not be swayed
by the reputations of the researchers, their institutions, and
the journals in which their reports are published. In this
article, the last in a series of 3, I review some of the factors
that should be considered when evaluating research reports. I
offer suggestions that will help clinicians improve their scru-
tiny of the medical literature and apply these suggestions to
their own medical writings. All referenced material is based
on literature searches that began at the National Library of
Medicine’s online database and were traced to primary
sources. Studies were selected for their ability to provide
historical background, discuss the aspects of study design and
statistical analysis, and explore important facets of reading
and writing medical manuscripts.

APPROACHES TO EVALUATING
RESEARCH QUALITY

Hierarchy of Evidence
Critical appraisal is not the first or only method used to
determine research quality. In 1984, Green and Byar* pro-
posed a “hierarchy of evidence” for grading research (Table
1). In their schema, research designs are ranked by level of
confidence in the validity of results. For example, results
from randomized controlled trials generally carry more
weight than results from cohort trials, which in turn carry
more weight than results from case-control studies.
Randomized trials, however, have drawbacks. They are
time-consuming and expensive, and they cannot always be
used to study relationships of interest, such as differences
between medical and surgical treatments, rare conditions, and
chronic diseases. In addition, results from a well-conducted
retrospective trial may be more credible than results from a
poorly conducted randomized trial. Research design, by it-
self, is not sufficient for evaluating study quality.

Quality Scores and Checklists

Another approach to determining research quality involves
quality scores, which are used to weigh the presence or
absence of certain features of research design, research ac-
tivities, and research reporting. Dozens of such scoring mech-
anisms have been developed,’® but results from 2 recent stud-
ies of the value of quality scores have found them wanting.

Table 1. Hierarchy of Evidence From Least to Most Valid

Anecdotal case reports of single patients
Case series without controls

Case series with historical controls

Analyses of clinical databases or registries
Case-control (retrospective) studies

Cohort (prospective) studies

Single randomized controlled trials
Confirmed randomized controlled trials
Meta-analysis of randomized controlled trials

In the first study, Balk et al® evaluated the presence or
absence of several “quality features” in studies identified in a
large systematic review of the literature. They found no
association between any feature and systematic differences in
the direction or magnitude of an effect.

In the second study, a meta-analysis of 17 trials, Juni et al’
used 25 different scaled checklists to identify high-quality
trials. Agreement among the checklists in identifying high-
and low-quality studies was low, and both the direction and
size of the pooled effect of the high-quality studies depended
on which checklist was used.

Checklists are an outgrowth of quality scores. Authors and
journal editors use checklists not to measure study “quality”
but to ensure that an article addresses at least the most
important elements of the study being reported. The CON-
SORT (Consolidated Standards of Reporting Trials) state-
ment for reporting results from randomized trials is probably
the most important of these checklists.®~1 Checklists pro-
posed for other trial designs include the QUORUM (Quality
of Reporting of Meta-Analyses) statement for meta-analysis
of randomized controlled trials,"' the MOOSE (Meta-analysis
of Observational Studies in Epidemiology) checklist for
meta-analysis of observational studies,'? and the STARD
(Standards for Reporting of Diagnostic Accuracy) statement
for reporting characteristics of diagnostic tests and details of
test development.'3 Quality checklists are essential in the
critical appraisal of research: the process for determining the
credibility of research and research findings.

Research Sponsorship

Corporate sponsorship of research studies has the potential to
affect the quality and credibility of an analysis. A large
pharmaceutical company that sponsors a study can control the
study design, investigators, and sites, as well as interpret
findings and present conclusions without independent review.
Many journals recognize this potential conflict, and address it
in their guidelines for authors. It is common for journals to
require a statement to the effect that “the authors had com-
plete control over what they published without interference
from the sponsoring agency.” Such statements are usually
provided on the title page of a submitted manuscript and
reiterated in the cover letter to the editor, but journal editors
are not required to publish the statement with the article.
Industry-sponsored research is not de facto biased. In many
cases, it is of higher quality than that conducted in academia.
Readers should look to the editorial guidelines of each indi-
vidual journal to find out how this issue is addressed.

KEY POINTS OF CRITICAL APPRAISAL
In critical appraisal of articles, the more that is known about
research designs and activities, statistical analysis, measure-
ment techniques, and the medicine relevant to the research,
the better. I describe several key points herein. Details are
available elsewhere.!4~!8

The issue that drives critical appraisal is the ability to
evaluate how much a study is affected by error and bias. Error
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is inherent in all studies. Types of error include random error,
the biological variation in the variable itself; sampling error,
which results from studying only a sample of the population
of interest; and measurement error, which is introduced
through imprecision in measurement instruments. Another
type of error, bias or systematic error, occurs when some
aspect of the study uniformly pushes results away from the
“truth.”

Random error, sampling error, and measurement error can
be quantified or estimated to determine their effect on results.
Bias or systematic error, however, is much more difficult to
detect, quantify, and prevent. Common biases are described
herein.

Pragmatic vs Explanatory Trials

If research is to be evaluated appropriately, its underlying
intent must be clear."”?° At one end of the spectrum are
explanatory or efficacy studies, which are performed to un-
derstand a disease or biological process. Such studies are
usually conducted under “optimal” or “laboratory” conditions
that allow tight control over patient selection, treatment, and
follow-up. Results from such studies may provide insight into
underlying biological mechanisms, but often they do not
generalize well to clinical practice, an environment that can-
not be tightly controlled. For example, allergy-challenge test
results are likely to differ from community-acquired exposure
trial results simply because the circumstances of exposure are
different.

At the other end of the spectrum are pragmatic or effec-
tiveness studies, which are performed to guide decision mak-
ing. These studies are usually conducted under conditions
similar to those of community medical care. Results from
such studies may be distorted by factors for which controls
are not implemented. Although the explanatory power of
these results may thereby be limited, their applicability to
clinical practice may be enhanced. For example, patients in a
pragmatic trial are more likely to be heterogeneous in demo-
graphic and clinical characteristics than are patients in an
explanatory trial (usually the latter must meet strict inclusion
criteria). As a result, treatment effects or group differences
are often smaller in pragmatic studies than in explanatory
studies.

Some researchers try to satisfy both explanatory and prag-
matic criteria and, as a result, do neither well. For purposes of
critical appraisal, criteria used to evaluate an explanatory trial
differ substantially from those used to evaluate a pragmatic
trial.

Sampling Bias
If sampling for a clinical trial were only as easy as sampling
a dinner wine! Unlike wine sampling, in which we are fairly
sure that a taste is representative of the remainder of the
bottle, a sample in a clinical trial may or may not be repre-
sentative of the population of interest.

There are many types of sampling bias. One of the most
important is referral-filter bias, which occurs as certain pa-

tients drop out of the sample pool while moving through the
health care system. For example, patients with severe asthma
successfully treated by local specialists are unlikely to be
included in an asthma study conducted at a tertiary care
facility, which accepts only those patients whose asthma is
refractory to most common therapies. Similarly, because of
referral-filter bias, a sample of patients at the tertiary care
facility is unlikely to be representative of patients with
asthma in general. For this reason, the CONSORT statement
recommends that the source of patients should be identi-
fied.3-10

Volunteer bias refers to the fact that patients who volunteer
for clinical trials often differ from those who do not. That is,
volunteers are more likely to take risks and to have more
confidence in the health care system. This bias may be
affected by study characteristics. For example, some patients
may not volunteer for a study in which they have an equal
chance of being assigned to a minimally invasive outpatient
procedure or to an open surgical procedure that requires
hospitalization.

Assignment Bias

In case-control and cohort studies, groups are defined by their
diagnosis or by their exposure to a given condition or inter-
vention. Not surprisingly, the most common source of bias in
these studies arises from differences in case definitions or
from ascertaining the nature or degree of exposure. For
example, how is exposure to secondhand smoke measured,
and how do we know if the measurement is accurate? In
retrospective studies, recall bias can be a problem because
memory is selective. Patients’ reports as to quantity and
duration of exposure are subject to recall bias. Even when
patients are followed forward in time, ascertaining the degree
of exposure can be difficult.

In experimental trials, the gold standard for group assign-
ment is random assignment. In random assignment, each
patient has a known and usually equal probability of being
assigned to either the treatment group or the control group.
Simple random assignment does not ensure that the groups
will be similar at baseline or that they will be of equal size.
(However, strategies such as blocking and stratification can
ensure these conditions.) Random assignment does ensure
that any differences between groups—known and un-
known—are the result of chance and not bias.

Random assignment alone is not sufficient to prevent bias.
Each study’s allocation schedule, a list of patient numbers
and group assignments, must be concealed from individuals
enrolling and treating patients. To ensure allocation conceal-
ment, investigators restrict access to the schedule: for exam-
ple, it may be kept at a central data coordination center and
seen only by the supervising statistician. When an investiga-
tor calls to enroll a patient in the study, the statistician, not the
investigator, assigns the group. Allocation concealment pre-
vents investigators from manipulating group assignments by,
for example, waiting to enroll a particular patient until a
desired group assignment becomes available. Indeed, effect
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sizes reported in some studies with inadequate or uncon-
cealed allocation have been up to 30% higher than effect sizes
reported in similar studies with adequate allocation conceal-
ment.?!

Allocation concealment keeps each patient’s group assign-
ment secret before assignment. In contrast, blinding keeps
this information secret after assignment. Blinding prevents
bias during data collection and guards against situations in
which patients in the treatment group are watched more
closely for adverse effects or improvements than are patients
in the control group. In higher-quality studies, the success of
blinding is evaluated.’-1

Measurement Bias

Measurement bias occurs when measuring instruments sys-
tematically overvalue or undervalue a variable. In assays or
laboratory tests, this bias is prevented by calibrating the
instrument against an accepted reference standard and report-
ing the details in the “Methods” section of the publication.
When measurement involves researcher judgment, as in typ-
ing cells or interpreting medical images, measurement bias
can be quantified by testing the intrarater and interrater reli-
ability of the judges.

A more subtle form of measurement bias is lead-time bias,
which is introduced into a time-to-event or survival analysis
when the beginning of the period under study depends on
how that beginning is determined. For example, sensitive
equipment that can detect disease at its earlier stages in-
creases time to event not by prolonging the event but by
moving the beginning of the event backward.

Analytical Bias

Bias can also occur in analyzing and interpreting study re-
sults. For example, most studies have a few dropouts. When
the dropout rate is more than approximately 15%, however,
results should be interpreted with caution.'® However, pa-
tients may drop out of a study because of the intervention: it
is too painful, has adverse side effects, requires too much
time, and so on. Thus, analyzing only those patients who
completed the study can bias the results by ignoring the
negative effects of the intervention. Thus, in intent-to-treat
analysis, all patients (study completers and dropouts) are
analyzed within the group to which they were assigned; in
contrast, on-protocol analysis includes only study compl-
eters. Better studies may report both types of analysis: intent-
to-treat analysis to determine whether the treatment itself
might be harmful and on-protocol analysis to determine
whether the planned protocol was effective.

Another form of analytical bias is associated with the
baseline risk of an event. The event rate in the control group
is often used as a surrogate for baseline risk. In trials in which
the event rate in the control group is low, the treatment is
unlikely to decrease the incidence of the event in the treat-
ment group, regardless of how good the treatment might be.
That is, if the goal of treatment is to prevent death, someone

in the control group has to be dying simply to establish that
death was a possibility that could be prevented.

Confounding, the third type of analytical bias, occurs when
the effect of an exposure or treatment on an outcome is
distorted by the effect of another, usually unmeasured vari-
able. Researchers studying the effects of coffee, for example,
may be confounded by the fact that many coffee drinkers are
also smokers. If the variable of smoking is recognized in
advance, however, data on smoking behavior can be col-
lected, and the effect of this behavior on the outcome being
studied can be statistically “controlled.” The problem occurs
when data are not collected on potential confounding vari-
ables, usually because the effects of these variables are not
anticipated.

Reporting Bias

As mentioned in the second article in this series, reporting
bias may occur with subgroup analysis and post hoc analysis.
That is, investigators may selectively report study results
other than those for the primary comparison. Also mentioned
in that article is the difference between absolute risk reduc-
tion (ARR) and relative risk reduction (RRR). ARR is the
difference between the treatment group event rate and the
control group event rate, and RRR is ARR as a percentage of
the control group event rate. Thus, if 20% of control group
members and 5% of treatment group members experience
adverse events, then ARR is 15% (ie, 20%—5%) and RRR is
75% (ie, [20%—-5%] + 20%).

There are 2 problems with reporting results in terms of
RRR. First, because RRR is usually more impressive than
ARR (eg, 75% vs 15%), investigators may use the larger
percentage to “strengthen” select results. In fact, some drug
advertisements present RRRs for treatment effects and ARRs
for adverse effects, maximizing the perception of effective-
ness and minimizing the perception of risk.

The other problem is that, as with reporting any percent-
age, the base rate is not always obvious. To take our example
again, if only 0.2% (vs 20%) of control group members and
only 0.05% (vs 5%) of treatment group members experience
adverse events, we could still report 75% RRR. Although this
percentage is still accurate, it refers to such a small absolute
difference that it may be clinically meaningless.

EVIDENCE SYNTHESIS

To synthesize evidence is to convert what is known about a
topic into useful knowledge. In the past, clinicians received
little guidance in this area, which is why traditional medical
care is sometimes called experience-based medicine. Now the
emphasis is shifting to EBM. Evidence synthesis in EBM
often involves 2 relatively new methods: systematic review of
the literature and meta-analysis.

Narrative vs Systematic Literature Reviews

In a traditional narrative review of the literature, an “expert”
selects articles deemed most relevant to a problem, draws
some conclusions about the problem (based on these articles
and on personal experience), and summarizes these conclu-
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sions in a review article (Table 2). In a systematic review,
strict criteria are used to conduct a thorough search of the
literature, relevant articles are identified, and data are com-
piled into evidence tables and are interpreted in the context of
all relevant studies. In contrast to a narrative review, a sys-
tematic review is a distinct, reproducible method.

Both narrative and systematic reviews may have the same
potential difficulties—quality evaluation problems, publica-
tion bias, and language bias. The problems associated with
objectively assessing the quality of a study have already been
described. Objective evaluation may be easier in randomized
trials than in other types of studies, because features such as
random assignment, allocation concealment, blinding, and
intention-to-treat analysis are standard and can be easily
evaluated. Case-control and cohort studies have far more
variation in design features and are thus much more difficult
to evaluate objectively.

One reason for conducting a systematic review is to iden-
tify higher-quality studies on a topic on the assumption that
valid results are more likely to come from such studies than
from lower-quality studies. As mentioned, however, objec-
tive quality evaluation remains elusive. Still, studies vary in
rigor of design and execution, and identification of higher-
quality research is usually possible.

Publication bias refers to the fact that publication is more
likely with “positive” studies (ie, studies with statistically
significant results favoring authors’ hypotheses) than with
“negative” or inconclusive studies. Publication bias is also
affected by sample size: larger studies are more likely to be
published, regardless of their results. Publication is less likely
with smaller, negative studies, and the number of such studies
must be sufficiently large if their results are to be used to
challenge previously accepted conclusions.

Until recently, it had been difficult to find reference to any
data that contradicted the conclusions of a published study or
were unfavorable to a particular pharmaceutical product.
Clinical trial registries are now in place to make such data
more accessible. It is too soon to tell how effective these
registries will be in maintaining up-to-date records of all
clinical trials, regardless of their findings.

Language bias refers to the possibility that relevant studies
published in nonnative languages may not be identified or

included in a review. English is commonly accepted as the
language of science. Given the difficulties inherent in iden-
tifying, retrieving, and translating large numbers of foreign-
language publications, many reviews are limited to studies
published in English and indexed in the major scientific
databases.

Meta-Analysis
Meta-analysis extends a systematic review by statistically
combining the numerical results from multiple trials into a
single outcome measure and confidence interval (Fig 1).2* By
combining the results from individual studies, meta-analysis
greatly increases the overall sample size, which increases the
statistical power of the analysis, as well as the precision of
estimate of the treatment effects. As in systematic reviews,
meta-analysis is conceptually attractive because results are
more credible when several high-quality studies, performed
in different settings, report similar findings.

Meta-analyses may have several purposes, including the
following!®:

e Summarizing a large and complex body of literature on
a topic

e Resolving conflicting reports in the literature

e Clarifying or quantifying the strengths and weaknesses
of studies on a topic

e Documenting the need for a major clinical trial

e Avoiding the time and expense of conducting a clinical
trial

e Increasing statistical power by combining many smaller
studies

e Improving the precision of an estimated treatment effect

e Detecting smaller treatment effects than have been re-
ported

e Investigating variations in treatment effects through sub-
group (stratified) analysis

e Improving the generalizability of known treatment ef-
fects

Because the data for meta-analyses usually come from
articles published in scientific journals, the quality of the
meta-analysis depends heavily on the quality of these studies,
how well their findings are reported, and whether they come
to the attention of the meta-analyst. Although most authori-

Table 2. Differences Between Narrative and Systematic Literature Reviews*

Step Narrative Review

Systematic Review

Literature search
Article selection Informal and subject to individual bias
Data abstraction Informal and subject to individual bias

Data aggregation
Data interpretation

Informal and subject to individual bias
Informed expert opinion

Often limited, opportunistic, and not reproducible

Extensive, systematic, and reproducible; governed by
a written protocol

Criteria based and reproducible; governed by a
written protocol

Systematic and reproducible; governed by a written
protocol

Reproducible; structured evidence tables

Evidence-based opinion informed by access to all the
evidence; sometimes meta-analysis

* Data are from Lang.??
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Conventional
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Source: Lau and others (1992).

Figure 1. Standard “forest plot” of results of meta-analysis. The point estimate for each study, usually expressed as an odds ratio or a risk ratio, is indicated
by a dot. The horizontal line extending from the point estimate is the 95% confidence interval. The pooled estimate and its confidence interval are traditionally

shown at the bottom of the plot.

ties now prefer systematic reviews to narrative reviews, meta-
analysis has generated more debate.

The focus of the debate is whether and how numerical
results should be combined statistically. Critics argue, cor-
rectly, that a good meta-analysis of poorly conducted trials
still yields a poor result. They also argue, with some justifi-
cation, that the variability in the clinical, methodologic, and
statistical aspects among studies should preclude combining
them. For example, can results from studies performed on
children be legitimately combined with those of studies per-
formed on adults? What about studies with different end
points, designs, follow-up periods, or settings or studies con-
ducted in different countries, in patients with different diag-
noses, or at different stages of disease progression? Can these
results be legitimately combined?

Proponents argue that because meta-analysis intentionally
acknowledges these differences, it makes explicit the process
of synthesizing research that is missing in traditional narra-
tive reviews and experience-based medicine. In addition, if
the results of a variety of studies all point in the same
direction, the treatment effect is more likely to be real and

robust and less likely to be caused by the unique conditions
of an individual study.

EVIDENCE-BASED MEDICINE

As already mentioned, EBM is largely literature-based med-
icine. The 3 building blocks of literature-based medicine are
(1) primary research studies, (2) systematic reviews and
meta-analytic syntheses of these studies, and (3) clinical
practice guidelines, treatment recommendations, and decision
analyses, which are based on syntheses of best evidence and
on explicit considerations of patients’ options and preferenc-
es.!3 I have described the need for critical appraisal in eval-
uating the quality of primary research studies and have com-
mented on the value of evidence synthesis in the form of
systematic reviews and meta-analysis. Rather than review the
role of clinical practice guidelines, however, I close with
some thoughts on EBM.

As a field of study, EBM is the “conscientious, explicit,
and judicious use of current best evidence in making deci-
sions about the care of individual patients. The practice of
evidence based medicine means integrating individual clini-
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Table 3. Steps in Practicing Evidence-Based Medicine*

1. Ask the clinical question. The clinical question should incorporate 3 elements:
a. The patient. Describe the patient as a member of a population in terms of age, sex, and ethnic group. Describe the clinical
problem in terms of the patient’s disease or general health condition.
b. The intervention. The intervention may be clinical examination, prevention, prognosis, cause, differential diagnosis, diagnostic

tests, or self-improvement.

c. The expected outcome. Ask, “What can | hope to accomplish?” “Have all clinically relevant options been considered?” “What

could the intervention really affect?”

2. Find the best evidence. The best evidence is found by following these steps:

a. Translate the clinical question into a usable search strategy.

b. Select an appropriate database resource.

c. Enter the search strategy according to the rules of the database selected.

d. Browse the located records to identify which are best.

3. Critique the evidence. Located articles must be evaluated according to a variety of criteria, including:

a. Is this evidence valid? Is it true, accurate, correct?

b. Is this evidence important? Is it useful in clinical practice? Strategies for determining validity and importance vary according to
the intervention being considered—diagnosis, causation, treatment, prevention, prognosis, or continuing education.

4. Apply the evidence. Integrate the evidence into clinical practice.

5. Evaluate the performance. Because evidence-based medicine is process oriented, you need to consider and evaluate your

performance as you progress from step 1 through step 5.

cal expertise with the best available external clinical evidence
from systematic research.”?* Few would argue that valid
evidence should not help guide medical decision making.
However, in practice, finding current, valid evidence that is
applicable to a given patient is not so easy.

First, although some studies have reassuringly found that
most patients do, in fact, receive evidence-based care, at least
in some settings,?>° many common diagnostic and therapeu-
tic procedures may not have been adequately studied for a
given patient population. Second, much of the published
evidence is not of high quality.>*'® Third, evidence still has to
be interpreted, which can be a subjective process.?’?° Finally,
applying evidence obtained from groups to decisions for
individuals is not always straightforward. Thus, EBM sup-
plements experience-based medicine—and does not, should
not, and cannot replace it.!

On the other hand, EBM has much to recommend it.
Medical science is distinguished from other forms of healing,
because it is supposed to rely on scientific evidence and
reasoning. The practice of EBM can improve the quality and
consistency of care.!> It seeks to make the best use of existing
knowledge and, in so doing, to reduce uncertainty about
treatment decisions (uncertainty is the most common cause of
medical errors).!” The explicit purpose of EBM is to improve
patient care; it is not intended to be “cookbook medicine” or
“cost-containment medicine.”

EBM can also be thought of as a process of lifelong,
self-directed, problem-based learning in which caring for
one’s own patients creates the need for clinically important
information about diagnosis, prognosis, therapy, and other
clinical and health care issues, in which its practitioners do
the following:

e Convert these information needs into answerable ques-
tions

e Track down, with maximum efficiency, the best evi-
dence with which to answer them

e Critically appraise that evidence for its validity, impor-
tance, and usefulness

e Integrate the appraisal with clinical expertise and apply
the results in clinical practice

e Evaluate their own performance’

The steps for practicing EBM are well defined (Table 3).
The value of habitually following these steps is clear for
several reasons. Physicians are ethically bound to provide the
best care possible, and, in medicine, best care should be
consistent with scientific evidence. Thus, new evidence can
and should change the way that medicine is practiced.'®
However, new evidence traditionally diffuses slowly through
the medical community. Physicians who practice EBM
should be able to access new evidence more quickly." In
addition, clinical knowledge and skills deteriorate over time,
and EBM can slow, if not stop, such deterioration.'

CONCLUSIONS

There is far more to critical appraisal of primary studies,
evidence synthesis, and EBM than can be included in a single
article (see Appendix for additional resources for conducting
systematic reviews). However, the concepts described herein
and the general skepticism that governs critical appraisal—
indeed, all scientific inquiry—should provide a sound intro-
duction to the practice.
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CME Examination
1-5, Mansfield L. 2006;96:7—16.

CME Test Questions

1. A well-done clinical trial must have:
a. no exceptions
b. exceptions
c. inaccurate results
d. a bad study design
2. Critical appraisal is a skill:
a. to distinguish high-quality research
b. To distinguish poor-quality research
c.aandb
3. The hierarchy of evidence is:

a. an organization of intellectuals
b. a means to give a value to the type of evidence pre-
sented
c. aterm that means higher-level evidence is always more
true than lower levels
4. Industry-sponsored research:
a. is less believable than academic studies
b. is not peer reviewed prior to publication
c. has to follow the same publication guidelines as other
research
5. Sampling biases include all but:
a. referral filter bias
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on protocol analysis
baseline risk of an event
confounding

reporting bias

b. volunteer bias

c. assignment bias

d. randomization biase
6. Analytical bias is not:

oo
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