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Abstract

Background: Methods for describing one's confidence in the available evidence are useful for end-
users of evidence reviews. Analysts inevitably make judgments about the quality, quantity
consistency, robustness, and magnitude of effects observed in the studies identified. The
subjectivity of these judgments in several areas underscores the need for transparency in
judgments.

Discussion: This paper introduces a new system for rating medical evidence. The system requires
explicit judgments and provides explicit rules for balancing these judgments. Unlike other systems
for rating the strength of evidence, our system draws a distinction between two types of
conclusions: quantitative and qualitative. A quantitative conclusion addresses the question, "How
well does it work?", whereas a qualitative conclusion addresses the question, "Does it work?" In
our system, quantitative conclusions are tied to stability ratings, and qualitative conclusions are tied
to strength ratings. Our system emphasizes extensive a priori criteria for judgments to reduce the
potential for bias. Further, the system makes explicit the impact of heterogeneity testing, meta-
analysis, and sensitivity analyses on evidence ratings. This article provides details of our system,
including graphical depictions of how the numerous judgments that an analyst makes can be
combined. We also describe two worked examples of how the system can be applied to both
interventional and diagnostic technologies.

Summary: Although explicit judgments and formal combination rules are two important steps on
the path to a comprehensive system for rating medical evidence, many additional steps must also
be taken. Foremost among these are the distinction between quantitative and qualitative
conclusions, an extensive set of a priori criteria for making judgments, and the direct impact of
analytic results on evidence ratings. These attributes form the basis for a logically consistent system
that can improve the usefulness of evidence reviews.

Background sions. The multifaceted nature of evidence, however, leads
Systematic reviews, technology assessments, and clinical  to varying degrees of confidence in how well the evidence
practice guidelines all incorporate evidence-based conclu-  supports conclusions drawn from it. For example, one is
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more confident in conclusions drawn from several well-
designed randomized controlled trials that find similar
effects than in conclusions drawn from a few poorly
designed trials with disparate results. Consequently,
methods for describing one's confidence in the available
evidence are useful for end-users of evidence-based docu-
ments. This confidence is embodied in strength-of-evi-
dence ratings.

In this article, we introduce a structured and transparent
system for rating the strength of a body of evidence per-
taining to a medical technology (see Note 1). We also
define the concept of the stability of evidence as distinct
from the strength of evidence. We identify the many judg-
ments inherent in the process of performing evidence
reviews, and then note how such judgments are incorpo-
rated within two prominent rating systems: the U.S. Pre-
ventive Services Task Force (USPSTF) system and the
Grades of Recommendation Assessment, Development
and Evaluation (GRADE) system [1-5]. Next, we describe
our system, and detail several of its unique attributes. We
present graphical illustrations of how our system provides
a logical framework to combine the judgments inherent
in evidence reviews. We then provide two complete exam-
ples to illustrate the system (one example for an interven-
tion and one for a diagnostic test).

Necessary Judgments

In performing an evidence review, an analyst must make
numerous judgments about the available evidence. For
many of these judgments, analysts at different centers
could reasonably disagree about the status of the evi-
dence. For example, one analyst may view a certain meth-
odological flaw as fatal, whereas another analyst may view
that same flaw as minor. This problem may be partially

Table I: A Guide to Terminology
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addressed through the use of standardized quality instru-
ments. However, different centers tend to use different
instruments, which can lead to different assessments of
the quality of trials [6]. In the absence of empirical evi-
dence on the extent to which a particular methodological
flaw influences the results, the assessment of study quality
necessarily entails judgment.

The challenge of conflicting judgment is magnified when
several studies are available for review. With multiple
studies, the analyst must also consider the degree of con-
sistency among studies' results. Again, judgments must be
made and different analysts may reasonably disagree. For
example, different analysts may define "inconsistency"
using different threshold values for I2 (which is a statistical
measure of the consistency of study results). Other com-
ponents of the evidence analysis also require judgments,
including quantity, robustness, and magnitude of effect.
Definitions of these terms appear in Table 1, and addi-
tional judgments that are made during systematic reviews
are listed in Table 2.

In addition to these individual components (i.e., overall
quality, quantity, consistency, robustness, and magnitude
of effect of all evidence being considered), still another
layer of judgment is required: how to combine each of
these five components to produce a rating of the overall
"strength" of the evidence. Different analysts may disagree
about the relative importance of each component and
their interplay. For example, if there is one small but well-
conducted randomized controlled trial, how should one
reconcile the high quality but low quantity of this evi-
dence base to produce an overall strength rating? Or, how
should one interpret very large effects observed in subop-
timal study designs?

Major components of evidence

Term Definition

Quality The extent to which studies are protected from bias

Quantity The number of studies and the number of patients

Consistency The extent to which different studies found similar results

Robustness The extent to which minor alterations in the data do not change conclusions drawn from that data

Magnitude of effect The effect size

Quantitative and qualitative conclusions

Type of conclusion: Quantitative

Qualitative

How well does it work?
Stability

Clinical interpretation:
Type of rating:

Interpretation of rating:
different effect size

Possible ratings: High, Moderate, Low, or Unstable

Confidence that future evidence will not indicate a

Does it work?
Strength

Confidence that future evidence will not indicate a different
direction of effect

Strong, Moderate, Weak, or Inconclusive
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Table 2: Judgments Involved in Systematic Reviews

Judgments pertaining to study quality assessment

* What method will be used to assess study quality?
* If a quality scale is to be used, what scoring method will apply?
* What is the threshold for excluding a study from analysis due to poor quality?

* How will the individual study quality ratings be summarized to yield a single overall rating of quality to the evidence base (High, Moderate, or
Low)?

Judgment pertaining to sufficient evidence for quantitative estimate

* What is the minimum number of studies required to permit a quantitative estimate?
* What is the minimum percentage of studies reporting accurate information (i.e., calculable effect sizes) required to permit a quantitative estimate?
* What imputation methods will be used for studies that did not report sufficient information for a calculable effect size?

Judgments pertaining to initial meta-analysis

* What effect size measure will be used?

* How will heterogeneity be measured (Q or [2)?

* What is the threshold for considering an evidence base heterogeneous!

* Will the summary effect size estimate be derived from a fixed-effects or random-effects meta-analysis?

Judgments pertaining to quantitative robustness testing

* What robustness tests will be used?

* If a cumulative meta-analysis is one of the robustness tests, will it be a fixed-effects or random-effects model?

* If a cumulative meta-analysis is one of the robustness tests, in what order will studies be entered into the cumulation?

* If a cumulative meta-analysis is one of the robustness tests, how many steps (i.e., study removals) will be examined to determine robustness?

* If a cumulative meta-analysis is one of the robustness tests, what threshold for a change in the summary effect size will be used to determine
robustness?

* If publication bias testing is one of the robustness tests, which method of testing for publication bias will be used?
* If confidence interval width is one of the robustness tests, how narrow must the interval be for the summary estimate to be considered robust?
* Will overall robustness be judged based on passing all of the robustness tests, or simply a majority, or what percentage!

Judgments pertaining to meta-regression

* What is the minimum number of studies required to perform meta-regression?!

* Which covariates will be included in multiple regression models?

* How many covariates are permitted in any given regression model?

* Does "explaining heterogeneity" require a statistically significant covariate, or the lack of resultant heterogeneity, or both of these?
* What robustness tests will be performed for the meta-regression?

Judgments pertaining to qualitative robustness testing

* What robustness tests will be performed?
* If a cumulative meta-analysis is one of the robustness tests, in what order will studies be entered into the cumulation?
* If a cumulative meta-analysis is one of the robustness tests, how many steps (i.e., study removals) will be examined to determine robustness?

Other judgments

* What is the size of a lowest possible effect that is still clinically important?

* What is the p value for statistical significance?

* What is the definition of a large magnitude of effect?

» How will qualitative consistency be defined (based on point estimates, confidence intervals, some percentage of studies, etc)?

With all the judgments necessary, two different analysts,  exactly the same evidence base, may have different degrees
when faced with exactly the same clinical question and  of confidence in their conclusions. In some instances, this
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discrepancy could be so large that the two analysts reach
different overall conclusions. In a pilot study of inter-
reviewer agreement, the GRADE group asked 17 experi-
enced reviewers to rate the strength of the evidence for
each of 46 outcomes within 12 systematic reviews [4].
Complete agreement occurred for only three outcomes
(6%). The median kappa statistic of agreement was only
0.09, suggesting substantial inter-reviewer differences in
evidence ratings. Although this study was conducted
when the GRADE system was relatively new (and, there-
fore, these results may underestimate the true amount of
agreement), the results do illustrate that even experienced
reviewers can disagree about the strength of the evidence.

The subjectivity of judgments at several points in the sys-
tematic review process underscores the need for transpar-
ency. With transparent judgments, the end users of the
review (including other analysts) can decide for them-
selves whether the judgments are reasonable.

Currently Available Rating Systems

Numerous rating systems designed to assess the strength
of a body of evidence have been proposed. Several of
these were reviewed in a 2002 report from the Research
Triangle Institute-University of North Carolina Evidence-
based Practice Center (RTI-UNC EPC) [7]. This report
focused on three components of a rating system: quality,
quantity, and consistency. The report incorporated mag-
nitude of effect within the quantity category, and did not

http://www.biomedcentral.com/1471-2288/6/52

mention robustness explicitly. Below, we highlight two
major rating systems.

One prominent system is the Third U.S. Preventive Serv-
ices Task Force (USPSTF) system [1]. This system, which is
outlined in Table 3, employs ratings of the evidence at
each of three strata: the individual study, the group of
studies providing evidence on a single outcome, and the
full body of evidence on all outcomes. If the overall rating
at the third stratum is Good or Fair (i.e., at least some net
benefit), the USPSTF system then incorporates magnitude
of effect, separately for benefits and harms. Here, the goal
is to weigh the relative benefits and harms in order to esti-
mate the overall net benefit of the technology. Such
weighting requires yet another layer of judgment: the rel-
ative importance of several different outcomes. One criti-
cism of the USPSTF system, and several similar systems, is
the lack of transparency in judgments [2]. Although the
USPSTF system lists numerous factors one should con-
sider when making judgments, and narrative text is used
to explain these judgments, there is no formal mechanism
(e.g., a point system) that would allow end users to repro-
duce these judgments. Furthermore, the manner in which
judgments are combined in the USPSTF system is not
specified.

One major effort to create a formal point system is the
GRADE system [2-5] The GRADE approach (Table 4)
emphasizes the primacy of study design, which is used to

Table 3: USPSTF System for Evaluating the Quality of Evidence (Harris et al. 2002)[ 1]

Level of evidence: Individual study

Criteria for judging quality:

* Internal validity — based on a series of separate, specific criteria for systematic reviews, RCTs, cohort studies, case-control studies, and

diagnostic accuracy studies

* External validity — degree to which the study is generalizable to the population of interest and conditions of typical clinical practice

Level of evidence: Linkage (key question) in the analytic framework

Criteria for judging quality:
* Aggregate internal validity of studies addressing the linkage
* Aggregate external validity of studies addressing the linkage
* Coherence/consistency of studies addressing the linkage

Level of evidence: Entire preventive service

Criteria for judging quality:
* Quality of the evidence for each linkage in the analytic framework

* Degree to which a complete chain of linkages supported by adequate evidence connects the preventive service to health outcomes

* Degree to which the complete chain of linkages "fit" together 2

* Degree to which the evidence connecting the preventive service and health outcomes is "direct” b

a"Fit" refers to the degree to which the linkages refer to the same population and conditions. For example, if studies of a screening linkage identify
people who are different from those involved in studies of the treatment linkage, the linkages are not supported by evidence that "fits" together.
b"Directness" of evidence is inversely proportional to the number of bodies of evidence required to make the connection between the preventive
service and health outcomes. Evidence is direct when a single body of evidence makes the connection, and more indirect if two or more bodies of
evidence are required.
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set a starting quality grade. Then, other components are
considered which may increase or decrease the grade (see
Table 4 under quality of evidence for each outcome). The
GRADE approach results in one of four outcome-specific
grades: High, Moderate, Low, and Very Low. Definitions
of these terms are based on the likelihood that further evi-
dence will change one's confidence in the size of the
effect. The American College of Chest Physicians Task
Force recently described the use of a revised GRADE sys-
tem that combined Low and Very Low into one category
(Low) [5].

Within the various increments and decrements in GRADE,
several implicit judgments are necessary. For example,
what is a "serious" limitation in study quality or an
"important" inconsistency among effect sizes? Such judg-
ment is an inevitable part of performing systematic
reviews, as discussed earlier, and the GRADE group readily
acknowledges the need for judgment. Further, a key moti-
vation behind the GRADE effort was a need for "explicit
definitions" and "sequential, explicit judgments,"[2] and
the GRADE system represents an importance advance
towards transparency.

An explicit system for combining these judgments (i.e., a
point system) is a particular strength of the GRADE
approach. This system defines precisely how the various
aspects of the evidence are combined to arrive at an over-
all grade of the evidence for each outcome. Thus, if a user
made different judgments than the analyst, then the user
could apply the GRADE point system accordingly, and
possibly arrive at a different rating of the evidence. For

http://www.biomedcentral.com/1471-2288/6/52

example, suppose an analyst judged that there were
important inconsistencies in the data for a certain out-
come, but a user examined the same data and believed
that the inconsistency was unimportant. Using the
GRADE system, the user could then increase the final
grade by one level.

In addition to USPSTF and GRADE, several other promi-
nent systems for rating the strength of evidence have been
proposed by the American College of Chest Physicians
(ACCP) [8], the Australian National Health and Medical
Research Council (ANHMRC) [9], the Oxford Centre for
Evidence-Based Medicine (OCEBM) [10], the Scottish
Intercollegiate Guidelines Network (SIGN) [11], and the
U.S. Task Force on Community Preventive Services (UST-
FCPS) [12]. Each of these systems were reviewed by the
GRADE group, which concluded that these systems all
have important shortcomings [2].

A New System

We now describe a new system for rating the strength of
evidence. Like the GRADE system, our system emphasizes
the need for making judgments explicit, and uses the
equivalent of a formal point system for rating the strength
of a body of evidence. Our system, however, is unique in
several fundamental respects. Below, we describe the three
prominent areas of uniqueness: 1) the distinction
between quantitative and qualitative conclusions; 2)
extensive use of a priori criteria for judgments; and 3) the
direct impact of meta-analysis and sensitivity analysis on
evidence ratings. We then provide details on the system
itself, including graphical depictions of how judgments

Table 4: The GRADE System for Grading Quality of Evidence and Strength of Recommendations[2,5]

Quality of evidence for each outcome (high, moderate, or low) — based on the following criteria:
* Study design- grade of high or low assigned based on design (RCT = high, observational study = low)

* Study quality— Detailed study methods and execution.
1) Limitations in quality can decrease grade one or two levels.
2) Evidence of reporting bias can also decrease grade one level.

3) Grade can be increased one level if all plausible confounders would have reduced the treatment effect.
* Consistency of results— The level of similarity of estimates of effects across studies.

1) Important inconsistency can decrease grade one level.

* Directness of evidence- the extent to which the people, interventions, and outcome measures are similar to those of interest.
1) Some or major uncertainty about directness lowers the grade one or two levels.

* Other considerations

1) Magnitude of effect can increase the grade of evidence. Strong evidence of association (significant relative risk of >2 or <0.5 based on
consistent evidence from 2 or more observational studies with no plausible confounders) increases the grade by one level. Very strong
evidence of association (significant relative risk of >5 or <0.2 based on direct evidence with no major threats to validity) increases the grade

by two levels.

2) Evidence of a dose-response gradient increases the grade by one level.

3) Imprecise or sparse data can lower the grade by one level.

Relative importance of outcomes — included outcomes should be critical or important (but not critical) to a decision
Overall quality of evidence — judged across outcomes based on the lowest quality of evidence for any of the critical outcomes
Balance of benefits and harms — classified as net benefits, trade-offs, uncertain trade-offs, or no net benefits based on the important health

benefits and harms

Balance of net benefits and costs — are incremental health benefits worth the costs?
Strength of recommendation — the extent to which one can be confident that adherence to a recommendation will do more good than harm
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can be combined (Figure 1, Figure 2, Figure 3, Figure 4,
and Figure 5).

Our system is designed to rate the stability and strength of
evidence for each outcome an analyst chooses to evaluate
(see Note 2), and is not intended to produce overall rec-
ommendations for (or against) a technology. By contrast,
both USPSTF and GRADE rate the strength of the overall
evidence for the technology (which is often based on sev-
eral outcomes), and the strength of a recommendation
about the technology. The first involves assessing the
overall net benefit by balancing the benefits and harms.
The second entails more judgments (listed in the USPSTF
methods article) about the importance and impact of cost,
ethics, law, patient expectations, and societal expectations
[1]. Also, unlike GRADE and USPSTF, our evidence rating
system focuses on only the internal validity of the evi-
dence. Questions about generalizability can be addressed
outside the scope of the rating system. We are currently
examining how well our evidence rating system can be
applied within the overall GRADE framework.

/

http://www.biomedcentral.com/1471-2288/6/52

Quantitative and Qualitative Conclusions

Our system draws a distinction between two types of con-
clusions: quantitative and qualitative (see the bottom half
of Table 1). The quantitative conclusion addresses the
question, "How well does it work?", and we refer to the
corresponding rating as a "stability" rating. By contrast,
the qualitative conclusion addresses the more general
question, "Does it work?", and we refer to the rating of the
evidence pertaining to this conclusion as a "strength" rat-
ing. Thus, a quantitative conclusion characterizes the size
of the effect, whereas a qualitative conclusion character-
izes the direction of the effect.

This key distinction allows one to draw a strong qualita-
tive conclusion in the face of quantitatively heterogeneous
data. Such a situation arises when the results of all studies
included in an evidence base demonstrate efficacy, but the
magnitude of measured treatment effect differs considera-
bly across studies.

This situation is illustrated in a recent systematic review
on drug-eluting stents for coronary artery disease [13].

%

Exclude Study

T~

Follow High
Quality Arm

Follow Moderate
Quality Arm

Follow Low
Quality Arm

(Figures 2
through 5)

Figure |
Entry Into System.
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Figure 2
Overview of the High Quality Arm.
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Calculate all possible effect size
estimates and note assumptions used

,
-

This review included 14 randomized trials that compared
drug-eluting stents to bare metal stents. Each trial reported
the percentage of patients in each arm who underwent tar-
get lesion revascularization (TLR) after stent implantation
(Figure 6). A homogeneity test of these data identified
substantial heterogeneity among trial results (Q = 59, p <
0.0001, 12 = 78%), and subsequent meta-regression anal-
yses did not explain this heterogeneity. Consequently, we
refrained from presenting an estimate of the size of treat-
ment effect. However, all trials found that TLR rates were
lower after implantation of a drug-eluting stent than after
a bare metal stent, and the random-effects meta-analytic
confidence interval demonstrated this clear direction of
effect (see the bottom of Figure 6). Thus, although one can
have little confidence in the accuracy of a single quantita-
tive estimate of the effect size, one can have high confi-
dence that drug-eluting stents are effective in reducing TLR
rates. Thus, the quantitative/qualitative distinction also
underpins two notions of consistency. The first is quantita-
tive consistency: do the studies report similar effect sizes?
The second is qualitative consistency: do the studies
report the same direction of effect?

Another important purpose of differentiating quantitative
from qualitative conclusions is to acknowledge the differ-
ent needs of those who utilize systematic reviews. Some
users are primarily interested in obtaining an estimate of

the amount of benefit (or harm) associated with a tech-
nology. Other users are simply interested in whether the
technology provides any benefit at all. If a systematic
review provides both kinds of conclusions, then both
needs are met.

No other system for rating medical evidence distinguishes
explicitly between quantitative and qualitative conclu-
sions. We believe the distinction is critical to ensure that
systematic reviews provide a full picture of the evidence.
The GRADE group defines their ratings as the likelihood
that further evidence will change one's confidence in the
size of the effect, which appears to be a purely quantitative
definition. The USPSTF system does not state whether its
ratings refer to quantitative conclusions, qualitative con-
clusions, or both.

In our system, stability and strength ratings are not inde-
pendent. Logically, evidence that permits a "highly stable”
estimate of treatment effect (e.g., an odds ratio of 3.25 in
favor of treatment) must also permit a "strong" conclu-
sion about the direction of effect (e.g., that the odds ratio
favors treatment). Thus, one built-in feature of our system
is that the stability rating sets a lower bound on the
strength rating. This means that "moderate" stability can
be accompanied by a strength rating no lower than "mod-
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Figure 3

High Quality Arm: Homogeneous Data.

Enter
«Yes
No=| See Figure 4 %
See Figure 5

erate", and "low" stability can be accompanied by a
strength rating no lower than "weak."

Crucial to understanding the results of a systematic review
is understanding whether the results are clinically impor-
tant; statistically significant results do not necessarily rep-
resent a clinically important effect. This has been
mentioned in many systematic reviews [14-18], and our
quantitative/qualitative distinction provides an analytic
approach. To address clinical importance in our system,
one first defines precisely the magnitude of effect that is
considered clinically important (e.g., a difference of 0.5%
in HyA, in treatments for diabetes). Then, clinical impor-
tance can be addressed as a qualitative question: "Is the
difference clinically important?" This question is
addressed analytically via a comparison of effect sizes to
an effect size predefined as clinically important.

Extensive A Priori Criteria for Judgments

Most systematic reviews use a priori inclusion criteria to
reduce the potential for bias in judgments about which
studies to include. Some also make an a priori judgment
about which instrument will be used to assess study qual-
ity. However, many other judgments are still susceptible
to bias. To reduce this potential, our system specifies the
use of a priori judgments wherever possible. For example,
the system requires that one specify a priori quantitative
definitions of "consistent" and "robust" effects. Also, the
analyst must pre-specify the minimum percentage of
included studies that reported the outcome of interest in
order to permit a meta-analytic estimate of effect size. If
only a small percentage of included studies reported the
outcome, selective outcome reporting may have occurred,
thereby biasing the meta-analytic summary statistic. For
study quality, the analyst must identify not only the
instrument to be used, but also the scoring system (if
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Test data set for
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High Quality Arm: Heterogeneous Data.
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Enter

=SB A

See Figure 5
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used) and the thresholds that define study quality catego-
ries (high, moderate, or low quality). Even the threshold
for statistical significance (which does not have to be the
conventional 0.05 in all contexts because some clinical
contexts may warrant greater or lesser concern about Type
1 errors) must be specified beforehand. To address the
question of clinical importance, the minimum level con-
sidered to be clinically important must also be deter-
mined a priori. These definitions, and others, are discussed
further in the section entitled "How the System Works".

Consequences of Meta-Analysis and Sensitivity Analysis

Many systematic reviews report the results of meta-analy-
ses, and some also describe sensitivity analyses. Often,
however, the results of these statistical analyses are not
explicitly tied to ratings of the evidence. In this section, we

describe how our system links analytic results to both sta-
bility and strength ratings.

The purpose of meta-analysis is not just to obtain a sum-
mary estimate of treatment effect, but also to test the data
for consistency (heterogeneity testing). This latter purpose
is typically accomplished using the Q-statistic, and more
recently, 12[19,20] If important heterogeneity is detected,
our system requires that, whenever appropriate (e.g.,
when the evidence base is large enough), the analyst
explore potential sources of this heterogeneity using meta-
regression. If heterogeneity cannot be explained by meta-
regression, then our system precludes one from present-
ing a single summary estimate of treatment effect (i.e., a
stability rating of "Unstable") (see Note 3). Some investi-
gators advocate the use of a random effects summary sta-
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Figure 5
High Quality Arm: Small Evidence Base.
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tistic in this situation. However, unexplained
heterogeneity could be due to differences in patient pop-
ulations, and/or the way a treatment is administered. Our
view is that computing a single summary estimate is not
warranted when the evidence demonstrates the existence
of multiple estimates.

Although our system precludes the use of random-effects
models in determining a single summary estimate of treat-
ment effect, the use of these models does have an impor-
tant role. This role involves a summary of the evidence to
support a qualitative conclusion. Even if there is substan-
tial unexplained heterogeneity, the evidence may still
indicate a consistent direction of effect. The confidence
interval (CI) around the random effects summary statistic,
which incorporates both within-study and between-study

variance, may lie fully above 0 or below 0 (see Note 4).
This CI, therefore, is suitable for determining whether the
data suggest a clear direction of effect.

Other systems, such as GRADE and USPSTF, are largely
silent on the role of meta-analysis in systematic reviews.
Our system uses meta-analysis and meta-regression
(when clinically appropriate) to increase statistical power
and employ precise study weights; furthermore, the sys-
tem is unique in incorporating the results of these analy-
ses into evidence ratings.

We now turn to the role of sensitivity analysis in our sys-
tem. In this context, consider that the goal of rating evi-
dence is to assess the likelihood that future evidence will
indicate something different than what current evidence
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Figure 6

Forest Plot Demonstrating the Quantitative/Qualitative Distinction. Plot showing the results of 14 randomized trials
that compared drug-eluting stents (DES) to bare metal stents (BMS) and reported the percentages of patients who underwent
target lesion revascularization after stent implantation. Sizes of the squares are proportional to study size, and 95% confidence
intervals are shown as horizontal lines. There was unexplained heterogeneity among the trial results, so we did not estimate

the size of the difference between groups. However, the random-effects meta-analytic confidence interval at the bottom of the

plot showed the summary statistic was statistically significant.

indicates. If a large amount of consistent evidence has
already accumulated, then future evidence is unlikely to
alter the overall strength or stability. Conversely, conclu-
sions based on only a small amount of accumulated evi-
dence may easily change when a single new study is
published.

Considered from this perspective, we argue that sensitivity
analysis (see Note 5) can substitute for certain judgments
about quantity. The idea is that if the conclusion from a
meta-analysis depends critically on only one or a few stud-
ies in that analysis (or if there is reason to suspect that not
all relevant studies are available), then the conclusion
may not be robust. Such dependence suggests that a future
study may alter conclusions based on currently available

studies. Consequently, our system downgrades the stabil-
ity or strength ratings accordingly. Although there is a
widespread sense that sensitivity analysis should be incor-
porated into an analysis, the system is unique in offering
explicit rules for how to gauge the impact of the results of
sensitivity analyses on one's confidence in the available
evidence.

Sensitivity analysis can obviate the need for certain subjec-
tive judgments about the magnitude of effect. Some rating
systems (e.g., GRADE) employ such judgments, and if the
observed effect is very large, the evidence receives a higher
strength rating. Presumably, this is because a very large
effect is less likely to be overturned by future evidence and
is therefore more robust. However, if there are sufficient
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Figure 7

Example of a Qualitative Robustness Test. Cumulative meta-analytic-test of the qualitative of seven randomized trials
that compared pharmacotherapeutic treatment for bulimia to placebo and reported mean purging frequency. We performed a
cumulative meta-analysis in which the study with the largest weight was entered first (the topmost horizontal segment in the
plot), and then the study with the next largest weight was entered (the second one from the top), etc. Each horizontal segment
in the plot is a 95% confidence interval around a random-effects summary Hedges' d, a standardized mean difference. (The
point estimates are not shown to clarify that the analysis focuses only on confidence intervals, not point estimates). In each of
the last five analyses, the effect was statistically significant in the same direction. This met our a priori definition of qualitative
robustness, which was that the qualitative conclusion must have remained the same after each of the last three or more studies

were added.

studies to perform direct robustness tests via sensitivity
analyses, then we advocate doing so, in lieu of making
judgments about effect sizes. A meta-analytic sensitivity
analysis incorporates effect sizes and confidence intervals
from all studies, so that the test is empirically-based.

As with consistency, the quantitative/qualitative distinc-
tion helps clarify two notions of robustness. Quantitative
robustness concerns the degree to which the summary
effect size from meta-analysis tends to change based on
relatively small alterations in the data. To assess quantita-
tive robustness, one can perform successive meta-analyses
and observe the relative changes in the summary estimate.

If the changes in the estimate exceed a predetermined tol-
erance level, then the original summary estimate is not
quantitatively robust. Qualitative robustness refers to
whether the evidence base yields the same qualitative gen-
eral conclusion upon alterations of the data. To assess it,
one can again perform successive meta-analysis, but in
this case the issue is whether the confidence intervals
around summary statistics consistently indicate the same
direction of effect.

For example, one qualitative robustness test we have
employed utilized cumulative meta-analysis [21]. In a
report on treatments for bulimia [22], we included seven
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randomized trials that compared the efficacy of pharma-
cotherapy to placebo and reported mean purging fre-
quency. A random-effects meta-analysis found that
medication yielded significantly greater effects than pla-
cebo (i.e., lower purging frequency). We tested the quali-
tative robustness of this finding in the following manner
(see Figure 7). The 95% confidence interval of the study
with the largest weight (as determined by the inverse of
the variance) in the meta-analysis was plotted first (the
topmost horizontal segment in the figure). Then we
added the study with the next largest weight, and plotted
the corresponding random-effects 95% confidence inter-
val for the two-study meta-analysis (the second segment
from the top in the figure). Then we continued adding
studies, one at a time, until all meta-analytic confidence
intervals were plotted. A priori, we had defined a qualita-
tive robust evidence base as one where each of the last
three cumulative meta-analyses yielded the same qualita-
tive conclusion. Therefore, we deemed this evidence base
to be qualitatively robust.

How the System Works
The system is shown graphically in five figures:

¢ Entry into system (Figure 1)

e Overview of the high quality arm (Figure 2)
¢ Homogeneous data (Figure 3)

¢ Heterogeneous data (Figure 4)

e Small evidence base (Figure 5)

An important feature of this system is that every question
illustrated in the figures requires a set of a priori criteria.
Nearly all of these a priori criteria are operational defini-
tions that are quantitative. The use of a priori criteria helps
to reduce bias and subjectivity, as discussed above, and
the use of quantitative definitions increases transparency.
This system assumes that the assessor has already applied
appropriate inclusion/exclusion criteria and has excluded
from the analysis any study with fatal flaws.

The initial entry into the system occurs with an assessment
of the quality of the evidence for a specific outcome (Fig-
ure 1), which we consider to be the most important aspect
of the evidence. Quality sets an upper bound on the sta-
bility and strength ratings (e.g., moderate strength is only
possible for data that is, at minimum, moderate quality).
Although quality evaluation can be performed with a
checklist or scale, any reasonable method for separating
the evidence base into different categories of quality will
suffice. After an evaluation of individual study quality,
studies are judged to be high, moderate, low, or very low
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quality. Studies of very low quality are always excluded
from the evidence base, and the analyst may also choose
to exclude low or even moderate quality studies as well.
The analyst must choose a method for aggregating the
quality of the individual studies to obtain an overall qual-
ity rating for the evidence base and then enter the high,
moderate, or low quality arm of the system. Within these
arms, the system further assesses the quantity, consist-
ency, robustness, and (in some instances) magnitude of
effect to determine the stability and strength of the evi-
dence.

Figure 2 through Figure 5 detail the high quality arm of
the system. The top half of each figure includes all of the
questions and decisions that impact stability ratings (and
quantitative conclusions), while the bottom half includes
all of the questions and decisions that impact strength rat-
ings (and qualitative conclusions). The moderate and low
quality arms of the system are not shown because all
aspects of this system are already displayed in the high
quality arm.

At the top of these pathways, one first considers whether
the evidence base is sufficient to provide a single quanti-
tative estimate of the effect size. We generally require at
least three studies, but other investigators may wish to set
this criterion higher (e.g., five studies). Additionally, the
system requires that a certain percentage of the studies
(e.g., 80% or more) must have calculable effect sizes (that
can be determined without imputation). If these criteria
are not met, then one proceeds to Figure 5 (small evidence
base). If these criteria are met, then one tests the quantita-
tive consistency of the data using a heterogeneity measure
such as Q or I2. Under homogeneity, one proceeds to Fig-
ure 3, whereas under heterogeneity, one proceeds to Fig-
ure 4.

Before detailing the steps in Figures 3 and 4, we must first
define the concept of "informativeness", a concept crucial
to interpreting the results of individual studies and meta-
analyses. Figure 8 illustrates four different effect sizes (A
through D) that are considered informative based on cri-
teria discussed in Armitage and Berry [23]. These effects
are informative because the confidence intervals around
the summary effect estimates support one of four qualita-
tive conclusions: A) the treatment is beneficial and the
effect is clinically important (i.e., the lower 95% confi-
dence interval around the meta-analytic summary statistic
is greater than the effect size deemed clinically impor-
tant); B) the treatment is beneficial but the effect may or
may not be clinically important (i.e., the lower 95% con-
fidence interval around the meta-analytic summary statis-
tic is greater than zero but less than a clinically important
effect); C) the treatment is beneficial but the effect is not
clinically important (the 95% confidence interval is
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between zero and the effect deemed clinically important);
or D) the treatment is not beneficial (the 95% confidence
interval overlaps zero and does not overlap the line of
clinical importance) (see Note 6). By contrast, example E
in Figure 8 would be considered inconclusive (non-
informative) because the 95% confidence interval over-
laps both zero and the line of clinical importance. Note
that this use of "informativeness" accounts for the statisti-
cal power of the evidence base, another unique feature of
our system (for a related discussion see Armitage and
Berry) [23]. Moreover, by incorporating clinical impor-
tance into the system, we provide clinical meaning for the
end-users of systematic reviews and other evidence-based
documents.

http://www.biomedcentral.com/1471-2288/6/52

In the homogeneous pathway (Figure 3), one performs a
meta-analysis to combine the study results. If the meta-
analytic summary statistic is not informative, then no con-
clusions are reached. If the summary statistic is informa-
tive, one tests the robustness of the findings through
sensitivity analysis (e.g., removal of one study at a time).
If the meta-analytic summary statistic passes the robust-
ness tests, the estimate is quantitatively robust. This pro-
duces a high stability rating for the quantitative estimate,
which leads directly to a strong qualitative conclusion.
The logic behind this implication is that if one is confi-
dent in the specific estimate of the effect, one is automat-
ically confident in the general direction of that effect.

Continuing within Figure 3, if the findings are not quan-
titatively robust, one re-examines the sensitivity analyses

! Informative?
oA | Yes
O— B Yes
—O—i C Yes
—O— D Yes
O— E No
: . ;
Clinically
Important
Effect
Effect size

Figure 8

Informative and Non-Informative Effect Sizes. This figure is adapted from Armitage and Berry.[23] Each open diamond
denotes a hypothetical meta-analytic summary statistic, and the horizontal segments denote 95% confidence intervals. The
dashed vertical line indicates the effect size that was determined a priori to represent the minimum effect size that is consid-
ered clinically important. A meta-analytic summary statistic is considered informative if its confidence interval either excludes 0
or excludes a clinically important effect (or both). Thus, meta-analyses A through D each show informative results, whereas

meta-analysis E shows a non-informative result.

Page 14 of 20

(page number not for citation purposes)



BMC Medical Research Methodology 2006, 6:52

to determine qualitative robustness (e.g., do any of the
last three analyses in a cumulative meta-analysis of a given
data set lead to a different qualitative conclusions?). Addi-
tional sensitivity analyses that can be used include remov-
ing each study separately or changing the effect size
statistic (e.g., using Cohen's h instead of an odds ratio).
We also consider tests for publication bias to be a form of
sensitivity analysis, although publication bias testing
requires a minimum number of available studies.
Whether the findings are qualitatively robust determines
whether one reaches a strong or moderate qualitative con-
clusion. Also, one can only reach a strong conclusion from
a high quality evidence base. In the moderate and low
quality arms, the qualitative conclusion can never be
stronger than moderate or weak, respectively.

Figure 4 illustrates the branch followed when an evidence
base has enough studies with calculable effect sizes to
potentially reach a quantitative effect estimate, but the
heterogeneity test indicates significant differences among
the studies. If this heterogeneity can be explained using
meta-regression, one can still reach a quantitative conclu-
sion. The quantitative conclusion is the conclusion
reached about the regression coefficients, including the
intercept. For example, if gender is the variable that
explains heterogeneity, one might have a conclusion such
as "treatment X improved symptoms twice as effectively in
women as in men". If meta-regression is not possible or
does not explain heterogeneity, no quantitative conclu-
sion is possible. However, one can still perform a random-
effects meta-analysis which, if informative, may allow a
qualitative conclusion.

Figure 5 illustrates what occurs when the evidence base is
too small or otherwise insufficient to allow a quantitative
conclusion. Some studies may not report effects sizes and
standard errors (nor sufficient information for the analyst
to calculate both measures). The analyst must acknowl-
edge and adjust for the existence of such studies. This
adjustment may require the estimation or imputation of
effect sizes in certain studies [24]. The full evidence base is
then assessed in a random-effects meta-analysis to deter-
mine if a qualitative conclusion can be reached.

If there are only two studies and both have calculable
effect sizes, one performs a random-effects meta-analysis
which, if informative, allows a qualitative conclusion. Of
note, meta-analysis of a two-study evidence base is not
required in the moderate quality arm, where a conclusion
would require both studies to have a statistically signifi-
cant effect. In the low quality arm, a minimum of three
studies is required to reach any conclusion. A qualitative
conclusion is also possible for two studies with imprecise
effect sizes (that cannot be combined) if both studies are
informative and show qualitatively consistent results. If
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two studies are qualitatively inconsistent or not informa-
tive when combined, the findings are inconclusive. If
there is only one study, a large effect size is required to
allow a weak qualitative conclusion (note that one cannot
reach a conclusion if the single study is of moderate or low

quality).

Examples

In this section, we provide two example applications of
our evidence rating system. In addition to illustrating var-
ious aspects of the system, we show how the system can
be used in conjunction with simple declarative conclu-
sions that are tied to the stability and strength ratings. The
first example involves drug-eluting stents (DESs) for the
treatment of coronary artery disease, and the second
example involves positron emission tomography (PET) in
the staging of lymphoma.

Example #1: Comparison between Drug-Eluting Stents and Bare-
Metal Stents for the Treatment of Coronary Artery Disease

In a 2006 report, we examined the evidence comparing
the safety and efficacy of drug-eluting stents (DESs) and
bare-metal stents for the treatment of angina [13].

Evidence base

We included 14 randomized trials that compared drug-
eluting stents to bare metal stents and reported the per-
centage of patients in each group who underwent target
lesion revascularization (TLR) after stent implantation.
The trials enrolled a total of 7,006 patients. We addressed
the quantitative issue of the size of the difference in over-
all TLR rates and also the qualitative issue of whether there
was any difference in overall TLR rates between the two
types of stents.

Study quality assessment

To assess the quality of the studies, we applied a quality
rating scale, and determined (using a priori definitions of
high, medium, and low quality) that the evidence base
was of high quality.

Sufficient data for quantitative estimate

In order to attempt a quantitative estimate of the effect, we
required a priori that there must be at least three studies,
and at least half of the included studies reported sufficient
information for us to calculate effect sizes and confidence
intervals. All 14 studies reported such information, so we
attempted to make a quantitative estimate.

Heterogeneity testing

A priori, we defined quantitative consistency based on
thresholds for Q and I2. These thresholds were a p value
for the Q statistic less than 0.10 (which would mean
quantitative inconsistency) and 12 < 50% (which would
also mean quantitative inconsistency). We used a p value

Page 15 of 20

(page number not for citation purposes)



BMC Medical Research Methodology 2006, 6:52

of 0.10 because of the known low power of Q. We used a
threshold of 50% for 12 because this value represents mod-
erate heterogeneity [19,20] For this evidence base, we per-
formed a meta-analysis using Cohen's h and found
substantial heterogeneity (12 = 78%, Q = 59, p value for Q
was less than 0.000001).

Meta-regressions to explain heterogeneity

Given the heterogeneity of effect sizes, we performed
meta-regressions in an attempt to explain why study
results differed. Not all potential covariates could be
examined because not all studies reported some covari-
ates. The three covariates we could examine were drug
type (paclitaxel or sirolimus), mean target vessel diameter,
and mean target lesion length. None of these three factors
were sufficient to explain the observed heterogeneity.
Therefore, we did not draw a quantitative conclusion for
the outcome of TLR rates. However, we proceeded to a
qualitative analysis using a random-effects model to
determine whether the evidence permitted a qualitative
conclusion.

Stability rating
We rated the stability of the evidence as Unstable, due to
the unexplained heterogeneity among effect sizes.

Informativeness

We performed a random-effects meta-analysis using
Cohen's h. The summary statistic was statistically signifi-
cant (lower TLR rates among patients who received DESs)
and dlinically important (because TLR is an important
patient-oriented outcome, we defined clinical importance
a priori as any statistically significant effect). This meant
that the evidence was informative.

Qualitative robustness testing

A priori, we defined a quantitatively robust evidence base
as one in which the confidence intervals of the last three
cumulative, random-effects meta-analyses remained fully
on the same side of zero after; 1) removal of the study
with the smallest weight (i.e., the lowest precision), and,
2) after the additional removal of the study with the sec-
ond smallest weight in the meta-analysis. Because the evi-
dence base met both of these criteria, we deemed the
evidence base to be qualitatively robust.

Strength rating

The strength rating of the evidence for a qualitative differ-
ence in TLR rates was Strong, because the meta-analysis
was of high quality studies, and was informative and qual-
itatively robust.

Wording of conclusions
The conclusions for this outcome were phrased in the fol-
lowing manner:
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The use of DESs (Cypher and TAXUS stents) leads to lower
overall TLR rates than use of bare-metal stents in patients
with angina at 6 to 12 months following stent implanta-
tion. (Strength of evidence: Strong)

¢ Due to unexplainable differences among the findings of
different trials, one cannot accurately determine how
much lower these rates are at 6 to 12 months following
implantation of a DES.

Example #2: Positron Emission Tomography for the Staging of
Lymphoma

In a 2006 report prepared by ECRI's Health Technology
Assessment Information (HTAIS) under contract to TRI-
CARE Management Activity (see Note 7), we assessed the
use of positron emission tomography (PET) in the staging
of lymphoma. The reference standard for determining
whether lymphoma has reached Stage IV is a bone mar-
row biopsy typically taken from the iliac crest. PET may
potentially help patients avoid the invasiveness of bone
marrow biopsy, depending on how accurately it detects
bone marrow infiltration.

Evidence base

We included five diagnostic cohort studies that performed
PET as well as bone marrow biopsy and also reported suf-
ficient information for the calculation of sensitivity and
specificity. The studies reported data on a total of 243
patients. Because our research question was to determine
a quantitative estimate of diagnostic accuracy, we did not
attempt to draw a qualitative conclusion. Therefore, the
text below refers only to the stability rating, not to a
strength rating.

Study quality assessment

To assess the quality of the studies, we applied a quality
rating scale, and determined (using a priori definitions of
high, moderate and low quality) that the evidence base
was of moderate quality. To rate the strength and stability
of this evidence, we used the moderate quality branch of
the system, which is not included in this paper, but is
structurally very similar to the high quality arm. The key
difference is an across-the-board decrease in both stability
and strength ratings (e.g., "Strong" in the high quality
branch corresponds to "Moderate" in the moderate qual-
ity branch).

Sufficient data for quantitative estimate

A priori, we decided that an evidence base could be consid-
ered sufficient to permit a quantitative estimate if there
were at least three studies and also if at least 75% of the
included studies had reported effect sizes or had provided
sufficient information for the calculation of effect sizes. In
this case, there were five studies, and both sensitivity and
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specificity were calculable for all five studies. Therefore,
we proceeded with the quantitative analysis.

Heterogeneity testing

A priori, we defined quantitatively consistent results as an
12 of less than 50% (see above). We computed the diag-
nostic odds ratio for each of the five studies, and the het-
erogeneity test revealed no heterogeneity (12 = 0%).
Therefore, based on the definition of quantitative consist-
ency, we deemed these findings to be quantitatively con-
sistent. There was a threshold effect in the data, however,
as evidenced by a plot of the data in ROC space and a
strong negative correlation between sensitivity and specif-
icity. We used the method of Littenberg and Moses [25] to
construct a symmetric summary ROC curve, and com-
puted a summary diagnostic odds ratio of 12.7 (95% con-
fidence interval 5.5 to 29.7). At the mean threshold in the
included studies, this estimate corresponded to a sensitiv-
ity of 64% and a specificity of 88%.

Informativeness

When evaluating this diagnostic, we attempted to reach
only quantitative conclusions, not qualitative conclu-
sions. Therefore, we did not consider informativeness,
and we automatically proceeded to quantitative robust-
ness testing for the summary diagnostic odds ratio (DOR).

Quantitative robustness testing

A priori, we defined a quantitatively robust evidence base
as one that met both of the following two conditions: 1)
the confidence interval around the summary DOR did not
contain a DOR 50% higher or lower than the summary
point estimate, and 2) a cumulative meta-analysis in
which studies were entered by precision (highest preci-
sion study first) found that all of the last three analyses
produced summary effects that were within 5% of the
overall summary diagnostic odds ratio. In this case, the
evidence base met neither of these conditions; therefore,
we deemed the estimate to be not robust.

Stability rating

Using the system, we assigned a stability rating of Low to
the estimated diagnostic odds ratio of 12.7 (95% CI 5.5 to
29.7). This rating was based on the fact that the studies
were of moderate quality, and the estimate was not quan-
titatively robust.

Wording of conclusions
The conclusion was phrased in the following manner:

For the detection of bone marrow infiltration, at mean
threshold PET has a sensitivity of 64% (95% CI: 43% to
80%), and a specificity of 88% (95% CI: 76% to 95%).
Stability of estimate: Low.
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Discussion

The rating system described in this paper has several
unique attributes. First, it distinguishes quantitative sta-
bility ratings from qualitative strength ratings. Second, it
makes extensive use of a priori judgments to avoid bias.
Third, it makes explicit the consequences of the results of
meta-analysis and sensitivity analyses for both stability
ratings and strength ratings. We have linked these
attributes, and many others, into a logically consistent sys-
tem intended to improve the process of systematic review.

Our system recognizes the fundamental role of judgment
in summarizing evidence. The system is best viewed as a
logical way to organize one's own judgments, not a prede-
fined list of required judgments. Because different analysts
can have different judgments, however, there is a critical
need for transparency. This allows the user to trace the
path of judgments that lead to a stability or strength rat-
ing. In fact, to use our system without making judgments
explicit would constitute a misuse of the system.

Explicitness in judgments has been advocated by the
GRADE group [2], but explicitness is not sufficient. Wher-
ever possible, judgments should be made a priori and
should be empirically-based. A priori judgments, a natural
extension of a priori inclusion criteria, may help reduce
bias by avoiding the influence of observed data on opera-
tional definitions. Also, basing judgments on empirical
analyses, rather than opinion alone, may reduce bias. For
example, judgments about quantity can be made empiri-
cally-based via formal sensitivity analysis.

While our system allows different analysts to make differ-
ent judgments, it does place certain boundaries on judg-
ments. If there are only one or two studies, for example,
the evidence base must be judged insufficient to permit a
quantitative estimate of the effect size. Further, if these
one or two studies are of low quality, then no conclusion
is possible. If there is only one study, then it must have
been a high quality study observing a large effect in order
to permit any conclusion. These limitations for small evi-
dence bases are grounded in the principle of independent
replication of scientific findings.

The GRADE system also places certain boundaries on the
kinds of judgments permitted. In GRADE, one must give
high priority to randomization: RCTs are initially judged
as two levels stronger than observational studies, and
three levels stronger than other study designs. Also,
GRADE defines a "strong" association as a relative risk
between 2 and 5 (or between 0.2 and 0.5) and a "very
strong" association as a relative risk greater than 5 (or less
than 0.2) (see Note 8). Other judgments are left up to the
analyst, although GRADE recommends that all judgments
be made explicit.
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We next note some potential limitations of the system
described in this paper. First, the system is complex.
Understanding how it works, and more importantly why
it works that way, requires careful study. Second, the sys-
tem is resource-intensive, mostly because of the numerous
a priori judgments. The analyst is responsible for making
reasonable judgments before analyzing the data. For
example, the a priori definition of a "clinically significant
effect" is a critical judgment that can greatly impact the
conclusions of the review. One strategy we have employed
is to have additional clinicians and methodologists exam-
ine the analyst's a priori judgments for their reasonable-
ness, and then to resolve disagreements in conference.
These consensus judgments are then employed through-
out the step-by-step system to produce evidence ratings.
Whatever judgments are agreed upon, however, should be
made fully explicit in the review. Such transparency, as
emphasized throughout this paper, can enhance the flexi-
bility and usefulness of the review.

In summary, explicit judgments and formal combination
rules, as advocated by the GRADE group, represent two
important steps on the path to a fully reliable system for
rating medical evidence. Throughout this paper, we have
argued that many additional steps must be taken. Fore-
most among these are distinguishing between quantita-
tive and qualitative conclusions, making a priori
judgments to avoid bias, and directly linking analytic
results to evidence ratings.

Considered as a whole, our system constitutes a flexible
tool for incorporating the full complexity of the evidence.
Despite this complexity, the system outputs straightfor-
ward conclusions and ratings for medical decision makers
to employ as they encounter difficult evidence-based deci-
sions.

Summary

e Systematic reviewers inevitably make judgments about
the quality, quantity, consistency, robustness, and magni-
tude of effects observed in the studies identified

e This paper introduces a formal system for combining
these judgments in a logical, consistent framework

¢ Unique aspects of the system include the distinction
between quantitative and qualitative conclusions, exten-
sive a priori criteria for judgments, and the direct impact of
meta-analysis and sensitivity analysis on evidence ratings

e Stability ratings refer to the likelihood that future evi-
dence will indicate a different size of effect
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¢ Strength ratings refer to the likelihood that future evi-
dence will overturn conclusions about whether a device,
drug or procedure is effective (or harmful)
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Notes
1 — Throughout this paper, the word "technology" is used
generically to refer to drugs, devices, or procedures.

2 - The specific outcome could be a surrogate outcome or
a patient-oriented outcome.

3 - The presence of heterogeneity is a violation of the
assumption of fixed-effects models: that the available data
are sampled from a single distribution that describes a sin-
gle summary estimate of treatment effect.

4 - The use of 0 assumes that the effect size metric is cen-
tered around O (e.g., the standardized difference between
means). Other effect size metrics (e.g., relative risk, odds
ratio) are centered around 1, and for these one would
determine whether the random-effects confidence interval
were fully above 1 or below 1.

5 — We refer to an entire family of procedures designed to
assess the sensitivity of one's conclusions to certain
aspects of the data or certain analytic assumptions. Many
of these were listed in a paper by Olkin,[26] and some
examples include publication bias testing, [27-29] cumu-
lative meta-analysis, [21,30] and the removal of specific
subsets of the data.

6 - Although not illustrated in the figure, there are possi-
ble effect sizes corresponding to A through D that would
fall on the left side of the graph (below zero). Some of
these possibilities would lead to a conclusion that the
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treatment was either harmful or inferior to a comparison
treatment.

7 — TRICARE is the government agency under the Depart-
ment of Defense responsible for administering the health
benefits for the U.S. armed forces and their dependants.

8 — Note that the GRADE system's treatment of effect mag-
nitude does not specifically mention the confidence inter-
val around the effect. Instead the system addresses
imprecise or sparse data in a separate manner. Our system
considers an effect size and its confidence interval simul-
taneously.

Acknowledgements

Funding for this project was provided by ECRI, Plymouth Meeting, Pennsyl-
vania, USA. We thank Wendy Bruening, Ph.D., Richard Chapell, Ph.D.,
David Doggett, Ph.D., Matthew Mitchell, Ph.D., David Snyder, Ph.D., and
Karen Tappe, M.A,, for their contributions to the development of this rat-
ing system. We also appreciate the comments of peer reviewers, whose
comments enhanced the quality of the manuscript.

References

Harris RP, Helfand M, Woolf SH, Lohr KN, Mulrow CD, Teutsch SM,
Atkins D: Current methods of the U.S. Preventive Services
Task Force. A review of the process. Am J Prev Med 2001, 20(3
Suppl):21-35.

Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, Guyatt
GH, Harbour RT, Haugh MC, Henry D, Hill S, Jaeschke R, Leng G, Lib-
erati A, Magrini N, Mason |, Middleton P, Mrukowicz ], O'Connell D,
Oxman AD, Phillips B, Schunemann H], Edejer TT, Varonen H, Vist
GE, Williams JW Jr, Zaza S: Grading quality of evidence and
strength of recommendations. BMJ 328(74541490 [http://
bmj.bmjjournals.com/cgi/reprint/328/7454/1490]. 2004 Jun 19;

Atkins D, Eccles M, Flottorp S, Guyatt GH, Henry D, Hill S, Liberati
A, O'Connell D, Oxman AD, Phillips B, Schunemann H, Edejer TT,
Vist GE, Williams JW Jr, GRADE Working Group: Systems for
grading the quality of evidence and the strength of recom-
mendations I: critical appraisal of existing approaches The
GRADE Working Group. BMC Health Serv Res 4(1):38. 2004 Dec
22;

Atkins D, Briss PA, Eccles M, Flottorp S, Guyatt GH, Harbour RT, Hill
S, Jaeschke R, Liberati A, Magrini N, Mason J, O'Connell D, Oxman
AD, Phillips B, Schunemann H, Edejer TT, Vist GE, Williams JW Jr,
GRADE Working Group: Systems for grading the quality of evi-
dence and the strength of recommendations II: pilot study of
a new system. BMC Health Serv Res 5(1):25. 2005 Mar 23;

Guyatt G, Gutterman D, Baumann MH, Addrizzo-Harris D, Hylek EM,
Phillips B, Raskob G, Lewis SZ, Schunemann H: Grading strength
of recommendations and quality of evidence in clinical guide-
lines: report from an american college of chest physicians
task force. Chest 2006, 129(1):174-81.

Brouwers MC, Johnston ME, Charette ML, Hanna SE, Jadad AR,
Browman GP: Evaluating the role of quality assessment of pri-
mary studies in systematic reviews of cancer practice guide-
lines. BMC Med Res Methodol 5(1):8. 2005 Feb 16;

West S, King V, Carey TS, Lohr KN, McKoy N, Sutton SF, Lux L: Sys-
tems to rate the strength of scientific evidence. (Prepared by
Research Triangle Institute — University of North Carolina
Evidence-based Practice Center under Contract no. 290-97-
0011). In AHRQ Publication no. 02-E016 Rockville (MD): Agency for
Healthcare Research and Quality (AHRQ); 2002:199. (Evidence
report/technology assessment; no. 47).

Guyatt G, Schunemann H, Cook D, Jaeschke R, Pauker S, Bucher H:
Grades of recommendation for antithrombotic agents. Chest
2001, 119(1 Suppl):3S-7S.

National Health and Medical Research Council (NHMRC): How to
use the evidence: assessment and application of scientific
evidence. Canberra (Australia): National Health and Medical

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

http://www.biomedcentral.com/1471-2288/6/52

Research Council (NHMRC); 2000:91. (NHMRC handbook series on
preparing clinical practice guidelines; no. CP69).

Levels of evidence and grades of recommendation. [inter-
net] :4 [http://www.cebm.net/levels of evidence.asp]. Oxford Cen-
tre for Evidence-Based Medicine, University Department of
Psychiatry, Warneford Hospital [cited 2003 Apr 8]

Harbour R, Miller J: A new system for grading recommenda-
tions in evidence based guidelines. BM] 323:334-6.2001 Aug | I;
Briss PA, Zaza S, Pappaioanou M, Fielding |, Wright-De Aguero L, Tru-
man Bl, Hopkins DP, Mullen PD, Thompson RS, Woolf SH, Carande-
Kulis VG, Anderson L, Hinman AR, McQueen DV, Teutsch SM, Harris
JR: Developing an evidence-based Guide to Community Pre-
ventive Services— methods. The Task Force on Community
Preventive Services. Am J Prev Med 2000, 18(1 Suppl):35-43.
ECRI: Drug-eluting stents for the treatment of coronary
artery disease. Plymouth Meeting (PA):ECRI Health Technology
Assessment Information Service; 2006:124. (Windows on medical
technology; no. 134).

Fleming C, Whitlock EP, Beil TL, Lederle FA: Screening for abdom-
inal aortic aneurysm: a best-evidence systematic review for
the U.S. Preventive Services Task Force. Ann Intern Med
142(3):203-11. 2005 Feb I;

Hartmann K, Viswanathan M, Palmieri R, Gartlehner G, Thorp J Jr,
Lohr KN: Outcomes of routine episiotomy: a systematic
review. JAMA 293(17):2141-8. 2005 May 4;

McAlister FA, Ezekowitz JA, Wiebe N, Rowe B, Spooner C, Crumley
E, Hartling L, Klassen T, Abraham W: Systematic review: cardiac
resynchronization in patients with symptomatic heart fail-
ure. Ann Intern Med 141(5):381-90. 2004 Sep 7;

Wilt T, Nair B, MacDonald R, Rutks |: Early versus deferred
androgen suppression in the treatment of advanced pros-
tatic cancer. In Cochrane Database of Systematic Reviews 2001 [inter-
net] Issue 4 Hoboken (NJ): John Wiley & Sons, Ltd. . 2001 Oct 23
[updated 2001 Aug 16]. [cited 2006 Jul 10]. [Art. No.: CD003506].
Available: DOI: 10.1002/14651858. CD003506.

Kane RL, Saleh K], Wilt T}, Bershadsky B, Cross WW Ill, MacDonald
RM, Rutks I: Total knee replacement. (Prepared by Minnesota
Evidence-based Practice Center, Minneapolis, MN). In AHRQ
Pub. No. 04-E006-2 Rockville (MD): Agency for Healthcare Research
and Quality; 2003:150. (Evidence report/technology assessment; no.
86).

Higgins JP, Thompson SG: Quantifying heterogeneity in a meta-
analysis. Stat Med 21(11):1539-58. 2002 Jun 15;

Higgins JP, Thompson SG, Deeks JJ, Altman DG: Measuring incon-
sistency in meta-analyses. BM| 327(7414):557-60. 2003 Sep 6;
Lau J, Schmid CH, Chalmers TC: Cumulative meta-analysis of
clinical trials builds evidence for exemplary medical care. |
Clin Epidemiol 1995, 48(1):45-57-59-60.

ECRI: Bulimia nervosa: efficacy of available treatments [technology assess-
ment report] 2006:623 [http://www.ecri.org/Patient Information/

Patient Reference Guide/Default.aspx]. Plymouth Meeting (PA):
ECRI Health Technology Assessment Information Service

Armitage P, Berry G: Statistical methods in medical research.
3rd edition. Oxford, England: Blackwell Scientific; 1994:620.

Pudar Hozo S, Djulbegovic B, Hozo I: Estimating the mean and
variance from the median, range, and the size of a sample.
BMC Med Res Methodol 5(1):13. 2005 Apr 20;

Moses LE, Shapiro D, Littenberg B: Combining independent stud-
ies of a diagnostic test into a summary ROC curve: data-ana-
lytic approaches and some additional considerations. Stat
Med 12(14):1293-316. 1993 Jul 30;

Olkin I: Diagnostic statistical procedures in medical meta-
analysis. Stat Med 18(17-18):2331-41. 1999 Sep I5;

Begg CB, Mazumdar M: Operating characteristics of a rank cor-
relation test for publication bias. Biometrics 1994,
50(4):1088-101.

Duval S}, Tweedie RL: A non-parametric 'trim and fill' method
of assessing publication bias in meta-analysis. | Am Stat Assoc
2000, 95(449):89-98.

Egger M, Davey Smith G, Schneider M, Minder C: Bias in meta-
analysis detected by a simple, graphical test. BMJ
315(7109):629-34. 1997 Sep |3;

loannidis JP, Contopoulos-loannidis DG, Lau J: Recursive cumula-
tive meta-analysis: a diagnostic for the evolution of total ran-
domized evidence from group and individual patient data. |
Clin Epidemiol 1999, 52(4):281-91.

Page 19 of 20

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11306229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11306229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15205295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15205295
http://bmj.bmjjournals.com/cgi/reprint/328/7454/1490
http://bmj.bmjjournals.com/cgi/reprint/328/7454/1490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15615589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15615589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15615589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15788089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15788089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15788089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16424429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16424429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16424429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15715916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15715916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15715916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11157639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11157639
http://www.cebm.net/levels_of_evidence.asp
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11498496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11498496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10806978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10806978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10806978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15684209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15684209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15684209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15870418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15870418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15353430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15353430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15353430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12111919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12111919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12958120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12958120
http://www.ecri.org/Patient_Information/Patient_Reference_Guide/Default.aspx
http://www.ecri.org/Patient_Information/Patient_Reference_Guide/Default.aspx
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15840177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15840177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8210827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8210827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8210827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10474143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10474143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7786990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7786990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9310563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9310563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10235168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10235168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10235168

BMC Medical Research Methodology 2006, 6:52

Pre-publication history

The pre-publication history for this paper can be accessed

here:

http:

www.biomedcentral.com/1471-2288/6/52

repub

http://www.biomedcentral.com/1471-2288/6/52

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 20 of 20

(page number not for citation purposes)


http://www.biomedcentral.com/1471-2288/6/52/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Discussion
	Summary

	Background
	Necessary Judgments
	Currently Available Rating Systems

	A New System
	Quantitative and Qualitative Conclusions
	Extensive A Priori Criteria for Judgments
	Consequences of Meta-Analysis and Sensitivity Analysis
	How the System Works
	Examples
	Example #1: Comparison between Drug-Eluting Stents and Bare- Metal Stents for the Treatment of Coronary Artery Disease
	Evidence base
	Study quality assessment
	Sufficient data for quantitative estimate
	Heterogeneity testing
	Meta-regressions to explain heterogeneity
	Stability rating
	Informativeness
	Qualitative robustness testing
	Strength rating
	Wording of conclusions

	Example #2: Positron Emission Tomography for the Staging of Lymphoma
	Evidence base
	Study quality assessment
	Sufficient data for quantitative estimate
	Heterogeneity testing
	Informativeness
	Quantitative robustness testing
	Stability rating
	Wording of conclusions



	Discussion
	Summary
	Competing interests
	Authors' contributions
	Notes
	Acknowledgements
	References
	Pre-publication history

