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Abstract

In the GRADE approach, randomized trials start as high-quality evidence and observational studies as low-quality evidence, but both
can be rated down if most of the relevant evidence comes from studies that suffer from a high risk of bias. Well-established limitations of
randomized trials include failure to conceal allocation, failure to blind, loss to follow-up, and failure to appropriately consider the intention-
to-treat principle. More recently recognized limitations include stopping early for apparent benefit and selective reporting of outcomes
according to the results. Key limitations of observational studies include use of inappropriate controls and failure to adequately adjust
for prognostic imbalance. Risk of bias may vary across outcomes (e.g., loss to follow-up may be far less for all-cause mortality than
for quality of life), a consideration that many systematic reviews ignore. In deciding whether to rate down for risk of biasdwhether for
randomized trials or observational studiesdauthors should not take an approach that averages across studies. Rather, for any individual
outcome, when there are some studies with a high risk, and some with a low risk of bias, they should consider including only the studies
with a lower risk of bias. � 2011 Elsevier Inc. All rights reserved.
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1. Introduction

In three previous articles in our series describing the
GRADE system of rating the quality of evidence and grading
the strength of recommendations, we have described the pro-
cess of framing the question and introduced GRADE’s
approach to rating the quality of evidence. This fourth article
deals with one of the five categories of reasons for rating
down the quality of evidence, study limitations (risk of bias).

The GRADE system has been developed by the GRADE Working

Group. The named authors drafted and revised this article. A complete list

of contributors to this series can be found on the Journal of Clinical Epi-

demiology Web site.
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Key points

� In the GRADE approach, both randomized trials
(which start as high quality evidence) and observa-
tional studies (which start as low quality evidence)
can be rated down if relevant evidence comes from
studies that suffer from a high risk of bias.

� Risk of bias can differ across outcomes when, for
instance, each outcome is informed by a different
subset of studies (e.g. mortality from some trials,
quality of life from others).

� Current systematic reviews are often limited in
their usefulness for guidelines because they rate
risk of bias by studies across outcomes rather than
by outcome across studies.

2. Rating down quality for risk of bias

Both randomized controlled trials (RCTs) and observa-
tional studies may incur additional risk of misleading results
if they are flawed in their design or conductdwhat other pub-
lications refer to as problems with ‘‘validity’’ or ‘‘internal
validity’’ and we label ‘‘study limitations’’ or ‘‘risk of bias.’’

3. Study limitations in randomized trials

Readers can refer to many authoritative discussions of the
study limitations that often afflict RCTs (Table 1). Two of
these discussions are particularly consistent with GRADE’s
conceptualization, which include a focus on outcome speci-
ficity (i.e., the focus of risk of bias is not the individual study
but rather the individual outcome, and quality can differ
across outcomes in individual trials, or a series of trials
[1,2]). We shall highlight three of the criteria in Table 1.
The importance of the first of these, stopping early for benefit,

has only recently been recognized. Recent evidence has also
emerged regarding the second, selective outcome reporting
[3,4]. Furthermore, the positioning of selective outcome
reporting in taxonomies of bias can be confusing. Some
may intuitively think it should be categorized with publica-
tion bias, rather than as an issue of risk of bias within individ-
ual studies. Finally, we highlight loss to follow-up because it
is often misunderstood.

Before we do so, however, we note one additional issue.
Recent evidence suggests that bias associated with lack of
blinding and lack of concealmentmay begreater in trialswith
subjective outcomes [5]. Systematic review authors and
guideline developers should consider this evidence when
making decisions about rating down quality for risk of bias.

4. Stopping early for benefit

Theoretical consideration [6], simulations [7], and
empirical evidence [8] all suggest that trials stopped early
for benefit overestimate treatment effects. The most recent
empirical work suggests that in the real world, formal stop-
ping rules do not reduce this bias, that it is evident in stopped
early trials with less than 500 events and that on average the
ratio of relative risks in trials stopped early vs. the best esti-
mate of the truth (trials not stopped early) is 0.71 [9].

Because in most cases the major contributor to the overes-
timation of treatment effects in trials stopped early for benefit
is chance, including stopping early as a source of bias is ques-
tionable. Nevertheless, the presence of stopped early trials,
particularly when they contribute substantial weight in
a meta-analysis, should alert systematic review authors and
guideline developers to the possibility of a substantial overes-
timate of treatment effect. Systematic reviews should provide
sensitivity analyses of results including and excluding studies
that stopped early for benefit; if estimates differ appreciably,
those restricted to the trials that did not stop early should be
considered the more credible. When evidence comes

Table 1

Study limitations in randomized trials

1. Lack of allocation concealment

Those enrolling patients are aware of the group (or period in a crossover trial) to which the next enrolled patient will be allocated (major problem in

‘‘pseudo’’ or ‘‘quasi’’ randomized trials with allocation by day of week, birth date, chart number, etc)

2. Lack of blinding

Patient, care givers, those recording outcomes, those adjudicating outcomes, or data analysts are aware of the arm to which patients are allocated (or the

medication currently being received in a crossover trial)

3. Incomplete accounting of patients and outcome events

Loss to follow-up and failure to adhere to the intention-to-treat principle in superiority trials; or in noninferiority trials, loss to follow-up, and failure to

conduct both analyses considering only those who adhered to treatment, and all patients for whom outcome data are available

4. Selective outcome reporting bias

Incomplete or absent reporting of some outcomes and not others on the basis of the results

5. Other limitations

Stopping early for benefit

Use of unvalidated outcome measures (e.g., patient-reported outcomes)

Carryover effects in crossover trial

Recruitment bias in cluster-randomized trials
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