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Abstract
Objectives: The aim of article was to assess the risk for random errors in outcomes graded as high certainty of evidence (CoE).
Study Design and Setting: We randomly selected 100 Cochrane reviews with dichotomous outcomes rated as high CoE using Grading

of Recommendations Assessment, Development, and Evaluation. To detect increased risks for random errors, two investigators indepen-
dently conducted trial sequential analysis using conventional thresholds for type I (a 5 0.05) and type II (b 5 0.10) errors. We dually
regraded all outcomes with increased risks for random errors and conducted multivariate logistic regression analyses to determine predictors
of increased risks for random errors.

Results: Overall, 38% (95% confidence interval: 28e47%) of high CoE outcomes had increased risks for random errors. Outcomes
assessing harms were more frequently affected than outcomes assessing benefits (47% vs. 12%). Regrading of outcomes with increased
random errors showed that 74% should have been downgraded based on current guidance. Regression analyses rendered small absolute
risk differences (P 5 0.009) and low number of events (P 5 0.001) as significant predictors of increased risks for random errors.

Conclusion: Decisionmakers need to be aware that outcomes rated as high CoE often have increased risks for false-positive or false-
negative findings. � 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) [1] and closely related assessment
systems such as that of the Evidence-Based Practice Center
(EPC) program of the US Agency for Healthcare Research
and Quality (AHRQ) [2] have become commonly used tools
to convey the ‘‘certainty of evidence’’ (CoE; equivalent
terms are ‘‘quality of evidence’’ or ‘‘strength of evidence’’)
in systematic reviews. For decision-makers, such assess-
ments are crucial because they convey the confidence that
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reviewers have in the correctness of results and in where ef-
fects lie relative to particular thresholds that are relevant for
decision-making [3].

In a previous project, we assessed the predictive value of
CoE grades [4].We determined how reliably these grades can
predict whether observed treatment effects will change as
new studies are incorporated into an existing evidence base.
The current approach only partly fulfilled qualities of predic-
tive value. Specifically, more than 20% of outcomes graded
as high CoE substantially changed in magnitude of effect
as new studies were added [4]. Because high CoE, by defini-
tion, conveys strong confidence in the correctness of esti-
mates, such a high proportion of changing estimates raises
concerns for clinical and policy decision-making.

Conceivably, several factors might account for the
limited predictive value of grades of CoE. Important ones
include (1) lack of adherence of systematic reviewers to
published GRADE (or other) guidance, (2) problems with
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What is new?

Key findings
� Trial sequential analysis (TSA) detected that more

than one-third of outcomes rated as high certainty of
evidence (CoE) based on GRADE (Grading of Rec-
ommendationsAssessment,Development, andEvalu-
ation) have increased risks for type I or type II errors.

� Outcomes assessing harms were affected more
frequently than outcomes assessing benefits.

� Lack of adherence to guidance documents, partic-
ularly when assessing imprecision, appears to be
a major issue when grading CoE.

� Small absolute risk differences and low event rates
are statistically significant predictors of high risk
of random errors in outcomes rated as high CoE.

What this adds to what was known?
� Previous research indicated low predictive value of

grades of CoE. This study assesses the predictive
value of CoE and explores reasons for the low pre-
dictive value of high CoE grades.

What is the implication and what should change
now?
� Decision-makers need to be aware that a substan-

tial proportion of outcomes rated as high CoE us-
ing GRADE might have an increased risk for
false-positive or false-negative findings. Working
groups such as those of GRADE or the Agency
for Healthcare Research and Quality Evidence-
based Practice Center program need to consider
how they can better address these increased risks
of random error, particularly when assessing the
imprecision domain. They should also reflect on
how to reduce unwarranted variation in the use of
GRADE. Producers of systematic reviews need to
provide better quality assurance regarding grades
of CoE. TSA may assist in grading imprecision.

G. Gartlehner et al. / Journal of C
operationalizing the GRADE approach, or (3) ambiguous
statements in published guidance documents. Another
important factor may be the conceptual approach to grading
the CoE. The current approach may not adequately take
into consideration the risks for random errors (type I
[false-positive] or type II [false-negative]) when assessing
imprecision. Random errors can be increased in meta-
analyses that do not reach the ‘‘required information size’’
(equivalent terms are ‘‘optimal information size’’ or ‘‘meta-
analytic sample size’’) [5]. The required information size
indicates the number of participants necessary in a meta-
analysis to ensure that type I and type II errors are not
larger than prespecified (usually 5% for type I errors and
10e20% for type II errors). Meta-analyses that do not reach
the required information size have an increased risk of
over- or under-estimating a treatment effect and leading
to spurious inferences [5e7].

Although GRADE and related approaches consider
required information size (GRADE calls it ‘‘optimal infor-
mation size’’), they do not take into account between-study
heterogeneity within a meta-analysis and multiple testing
during updates of systematic reviews [2,8]. Methods
research, however, demonstrates that these factors can in-
crease the risk for random errors [5e7]. Simulation studies
indicate that repeated significance testing during regular up-
dates of systematic reviews can increase the risk for type I er-
rors to 30% or higher [9,10]. Cochrane reviews, for example,
are required to be updated at least every second year [11].

The goal of this research project was to identify factors that
could be responsible for the limited predictive value of high
CoE grades [4]. Specifically, we intended to determine
whether an increased risk for type I or type II errors could
be the reason for the low predictive value of high CoE grades.
2. Methods

Two specific research goals guided our project:

1. To determine the proportion of outcomes rated as
high CoE that have increased risks for type I or type
II errors.

2. To determine whether increased risks for random er-
rors can be attributed to inappropriate grading (e.g.,
authors do not follow current guidance) or flaws in
the conceptual approach of GRADE.

To achieve the first research goal, we tested a randomly
selected sample of high CoE outcomes with trial sequential
analysis (TSA) [6]. To accomplish the second research
goal, we closely examined outcomes that TSA determined
to have an increased risk for random errors. Table 1 defines
terms commonly used in this article.
2.1. Trial sequential analysis

TSA is a statistical approach that can reveal insufficient
information size and reduce spurious inferences from meta-
analyses because of type I or type II errors [14]. This
approach combines conventional meta-analyses with
methods to calculate information sizes and adjust trial
sequential monitoring boundaries for benefit, harm, and fu-
tility [12,14]. Factors that increase the risk for random er-
rors include sparse data, multiple testing, between-study
heterogeneity, or lack of required information size [12].
TSA establishes sequential monitoring boundaries using
the Lan-DeMets a-spending function with O’Brien-
Fleming type boundaries [12,14e16].



Table 1. Definitions of commonly used terms

Boundary of superiority (or inferiority): Adjusted threshold that
ensures that the risk of a false-positive conclusion (type I error)
is smaller than the prespecified a before a meta-analysis has
surpassed its required information size (RIS) [12].

Boundary of futility (or no effect): Adjusted threshold that assures
that the risk of a false-negative conclusion (type II error) is
smaller than the prespecified b before a meta-analysis has
surpassed its RIS [12].

Required information size: The required number of participants in
a meta-analysis to ensure that the maximum type I error is no
larger than a, and that the maximum type II error is no larger
than b when testing for statistical significance [8]. Stated
differently, it is the required number of participants required to
reject or accept a certain intervention effect based on the
chosen parameters.

Certainty of evidence (CoE): The degree of confidence that
estimates are close to the true effect [2]. Equivalent terms are
quality of evidence or strength of evidence.

High CoE: Assessors are confident that the estimate of effect lies
close to the true effect, and that the findings are stable, that is,
that another study would not change the conclusions [2].

Type I error (a): The incorrect rejection of a true null hypothesis. In
other words, the detection of an effect where none exists. The
significance level is the probability of making a type I error. By
convention, a is usually set to 5%, implying that a 5%
probability of incorrectly rejecting the null hypothesis is
acceptable [13].

Type II error (b): The incorrect acceptance of the null hypothesis,
that is, the failure to detect an existing effect. By convention,
the acceptable risk for type II errors is between 10% and 20%
[13].

52 G. Gartlehner et al. / Journal of Clinical Epidemiology 106 (2019) 50e59
When results in meta-analyses are statistically signifi-
cant according to the na€ıve 95% confidence limits, TSA de-
termines whether the findings can be attributed to an
increased risk of a type I error (relative to a prespecified
type I error, which is usually 5%) or to actual superiority
(or inferiority, based on a prespecified threshold) of one
intervention compared with another. When results are sta-
tistically nonsignificant, TSA assesses whether the lack of
statistical significance could be attributed to an increased
risk of type II error (relative to a prespecified type II error,
which is usually 10e20%) or to an underlying equivalence
of interventions (based on a prespecified, plausible relevant
difference in effect).

For this project, we used TSA to explore increased risks
of random errors in outcomes rated as high CoE. To adhere
to the current definition [17], any outcome rated as high
CoE should have robust TSA results that allow firm conclu-
sions about the presence or absence of an effect. Outcomes
rated as high CoE that TSA results do not support have an
increased risk for type I or type II errors.

2.2. Calculating sample sizes

Previous research indicated that up to 49% of statistically
significant meta-analyses were inconclusive when adjusted
for risks for random errors [18]. For our sample size
calculations, we assumed that at least 10% of outcomes rated
as high CoE could be affected. Based on this proportion and
90% power, a sample size calculation for a one-sample test
indicated the need for at least 85 high CoE outcomes.

2.3. Designing a sampling frame

To obtain a random sample, we allocated a unique
random number to each of the 1,565 Cochrane and 34
AHRQ systematic reviews that had been published in 2015
or 2016. We ranked the publications by random numbers
to avoid bias attributable to publication date. Following this
order, we then assessed each review for eligibility until we
had 100 eligible reviews that met the following criteria:

� The review included at least one dichotomous
outcome rated as high CoE;

� The high CoE outcome was based on a meta-analysis
of at least three randomized controlled trials (RCTs);

� The review presented sufficient data to replicate the
meta-analysis.

To avoid correlation effects, we included only one
outcome per review. We selected the first high CoE
outcome in each review that the authors had presented.
For computational reasons, we did not use continuous out-
comes because thresholds for clinical relevance are often
more difficult to determine. By chance, all randomly
selected systematic reviews were Cochrane reviews.

2.4. Extracting data from Cochrane reviews

One author extracted general information about the body
of evidence for each eligible outcome. This included the
type of intervention, type of outcome (assessing benefits
or harms), sample size, number of included studies, base-
line event rate, and other relevant information. A second
author checked extracted data for correctness. We received
RevMan files for each included Cochrane review from the
Cochrane Editorial Unit; this enabled us to import data
directly into the TSA program. To ensure correctness of im-
ported data, we reran meta-analyses in TSA and compared
our results with those in included reviews.

2.5. Applying trial sequential analyses

Two investigators independently conducted all TSA ana-
lyses using version 0.9.5.10 beta (Copenhagen Trial Unit,
Denmark). We resolved discrepancies by consensus discus-
sion. To conduct meta-analyses of relative risks, we used
random effects models (DerSimonian-Laird), except in one
case [19] for which we used a fixed effect model because
a random effects model did not seem appropriate. In this
analysis, the random effects model rendered a substantially
different effect estimate (and conclusion) than the fixed ef-
fects model that authors of the Cochrane reviews had used.

To determine the required information size, we used
conventional parameters for error probabilities: type I,
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two-sided a 5 0.05; type II, two-sided b 5 0.10; and the
diversity of the meta-analysis as the measure of the hetero-
geneity [7]. We estimated the proportion of participants
with an event in the control group based on the meta-
analysis of the respective Cochrane report.

2.6. Assessing concordance and discordance of trial
sequential analysis results with high CoE ratings

TSA classifies sequential monitoring boundaries into
boundaries of superiority (or inferiority) and boundaries
of futility. Boundaries for superiority (or inferiority) can
be interpreted as thresholds for ‘‘conclusions of effect’’;
by contrast, boundaries of futility can be viewed as thresh-
olds for ‘‘conclusions of no effect.’’

We assessed whether the cumulative Z-curve crossed the
required information size or any of the monitoring bound-
aries; in such cases, we viewed results as firm evidence
for an intervention effect or firm evidence for the absence
of such an effect, which is concordant with high CoE
grades.

Fig. 1 illustrates the concept of a TSA analysis. For
simplicity, we illustrate a one-sided test when the required
information size (adjusted for heterogeneity and multiple
testing) is not fulfilled. The meta-analysis of the included
trials is depicted as a cumulative Z-curve.

In Fig. 1, points AeD on the dotted lines of the Z-curves
illustrate four possible scenarios.

2.6.1. Increased risk for type I error
The cumulative Z-curve crosses the limit of conven-

tional statistical significance (P 5 0.05), but it does not
cross the boundary of superiority (scenario A in Fig. 1).
Fig. 1. Schematic of four scenarios of trial sequential analysis*. *For illust
Such a result indicates an increased risk for a type I error
and is discordant with precision and a high CoE grade.

2.6.2. Firm evidence of effect
The cumulative Z-curve crosses the boundary of superi-

ority (scenario B in Fig. 1). Such a result is concordant with
precision and a high CoE grade.

2.6.3. Increased risk for type II error
The cumulative Z-curve crosses neither the limit of con-

ventional statistical significance nor the boundary of futility
(scenario C in Fig. 1). Such a finding indicates an increased
risk for a type II error and is discordant with precision and a
high CoE grade.

2.6.4. Firm evidence of lack of effect
The cumulative Z-curve crosses the boundary of futility

(scenario D in Fig. 1). Such a result is also concordant with
precision and a high CoE grade.

For conclusions of no effect, we used three different
intervention effects (10%, 15%, and 25% relative risk
change) as margins of clinical relevance. When TSA did
not yield consistent evidence of lack of effect for all three
thresholds, two team members with clinical background
provided a judgment about the clinical relevance of the
relative risk reductions. For example, for patient-relevant
outcomes such as mortality, pain, or hospital admission,
we calculated absolute risk changes to determine whether
10% or 25% relative risk change should be viewed as a
threshold for clinical relevance.

For conclusions of effect (benefits or harms), we used
the observed treatment effect as a threshold to calculate
monitoring boundaries.
rative purposes, the presentation is one-sided (for beneficial effects).
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For sensitivity analyses, we explored the impact of a 20%
risk for type II error (instead of 10%). In addition, we deter-
mined whether using the effect estimate and the statistical
model in the original analysis of the Cochrane review (e.g.,
odds ratio, fixed effect model) would change results. Finally,
we omitted the TSA adjustment for multiple updates.
2.7. Exploring discordant results

To address the second research goal, we explored poten-
tial reasons for increased risks of random errors. To deter-
mine whether Cochrane authors adhered to current GRADE
guidance, two team members with experience and formal
training in GRADE independently rated the CoE for each
discordant outcome. We resolved discrepancies by
consensus or involvement of a senior team member. In
cases in which two investigators agreed that an outcome
should not be rated as high CoE, we explored possible rea-
sons for nonadherence to guidance by Cochrane authors.

In addition, we conducted multivariate logistic regression
analyses with backward elimination to detect factors that
Table 2. Descriptive characteristics of included reviews

Type of interventions (%) Pharmacologic: 70
Medical devices: 12
Surgical: 3
Educational: 3
Behavioral: 2
Infrastructure: 2
Physical: 2
Screening: 1
Complementary: 1
Complex interventions: 1
Radiotherapy: 1
Other: 2

Type of control interventions (%) Inactive: 57
Active: 20
Usual care: 23

Type of outcomes (%) Beneficial: 25
Harmful: 75

Number of included studies in meta-
analyses: median (range)

6 (3e52)

Number of included participants in meta-
analyses: median (range)

1,785 (37e43,290)

Number of events in meta-analyses:
median (range)

316 (14e3,871)

Percentage of participants with event in
control group: median (range)

16 (1e89)

Absolute risk difference (percentage
points) between intervention and
control groups: median (range)

Outcomes with conclusions of effect
Outcomes with conclusions of no effect

10 (1e58)
1 (0e5)

Relative risk difference (percentage)
between intervention and control
groups: median (range)

Outcomes with conclusions of effect
Outcomes with conclusions of no effect

44 (6e1,095)
7 (0e39)
predict increased risks for random error. We used the Stata
logit command to fit a logit model for a binary response by
maximum likelihood. We modeled the probability of a
discordant result given the following regressors: baseline
event rate, conclusion of superiority or no effect, absolute
risk difference, type of outcome (beneficial or harmful),
number of participants in meta-analyses, number of studies
in meta-analyses, number of events, type of intervention
(e.g., pharmacologic, medical devices, surgical, and behav-
ioral), and magnitude of effect. To assess the impact of
collinearity on the variance of the parameter estimates, we
calculated variance inflation factors. To estimate the
goodness-of-fit of the model, we used the Pearson’s
goodness-of-fit test. We conducted descriptive and regres-
sion analyses with Stata, version 13.1 (StataCorp, TX, USA).
3. Results

Overall, the included Cochrane systematic reviews pro-
vided data on more than 469,000 participants for the
selected outcomes. On average (median), eligible meta-
analyses included six RCTs with 1,785 participants; 65%
reported statistically significant results.

Table 2 summarizes descriptive characteristics of
included reviews. Supplementary File 1 presents detailed
characteristics of included reviews about populations, inter-
ventions, comparators, and outcomes.
3.1. Proportion of outcomes with increased risk for
random error

In the following sections, we refer to risks for type I er-
rors that are larger than 5% as ‘‘increased risks for type I
errors’’ and risks for type II errors that are larger than
10% as ‘‘increased risks for type II errors.’’ In all, we
had 25 outcomes assessing benefits and 75 assessing harms.

In 13 instances involving conclusions of no effect, TSA
resulted in inconsistent findings between 10% and 25%
relative risk changes. Because a prespecified threshold is
necessary for calculating the required information size in
TSA, two investigators with clinical background deter-
mined which of the two thresholds would lead to a clini-
cally relevant difference. In two cases (both on mortality),
they viewed a 10% relative risk change as clinically rele-
vant; in the remaining cases, they determined a 25% rela-
tive risk change as clinically relevant. We used their
decisions for all further analyses.

Overall, 38% (95% confidence interval [CI]: 28e47%)
of outcomes graded as high CoE in the Cochrane system-
atic reviews had increased risks for type I or type II errors
when we adjusted for between-study heterogeneity, lack of
required information size, and multiple testing. In other
words, at least 28% but up to 47% of outcomes that Co-
chrane authors had rated as high CoE had higher than
conventionally accepted risks of providing false-positive



Fig. 2. Proportions of increased risks of random errors in outcomes assessing harms or benefits. *Conventional risks for random errors are defined as
a risk for type I error of 5% and a risk for type II error of 10%; Abbreviations: k 5 number of studies.
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or false-negative results. Supplementary File 2 presents the
characteristics of meta-analyses of Cochrane reports with
increased risks for random error.

Increased risks for type II errors were more common in
our sample than increased risks for type I errors. Of 35 out-
comes with a conclusion of no effect (no statistically signif-
icant difference), 20 (57%; 95% CI 40e73%) had an
increased risk for a type II error. By comparison, of 65 out-
comes with a conclusion of an effect (statistically signifi-
cant difference), 18 (28%; 95% CI 18e40%) had an
increased risk for a type I error.

Outcomes measuring harms had increased risks for
random errors more frequently than outcomes measuring
benefits (Fig. 2). Overall, 47% (95% CI 35e58%) of out-
comes assessing harms (k 5 75) were affected, compared
with 12% (95% CI 4e32%) of outcomes reporting benefits
(k 5 25).

We conducted two sensitivity analyses to explore the
robustness of our results (Table 3). We raised the type II er-
ror to 20% and used effect measures and statistical models
exactly as used in Cochrane reports. Overall, proportions of
outcomes with increased risks for random errors did not
change substantially.
3.2. Exploring reasons for increased risks for type I or
type II errors

3.2.1. Lack of adherence to guidance
Of 38 outcomes with increased risks for random errors

according to TSA, the reassessment of the CoE showed that
28 outcomes (74%) should not have been graded as high
CoE based on current GRADE guidance. Most commonly,
Cochrane reviewers deviated from guidance when grading
imprecision (24 cases).

For example, in one review, investigators examined the
comparative benefits and harms of transmyocardial laser
revascularization vs. medical therapy for refractory angina
[20]. Based on a meta-analysis of seven RCTs with 1,053
participants, authors concluded with high CoE that both
treatment options have similar risks of mortality at 1 year
(odds ratio 1.12; 95% CI 0.77e1.63). Although the effect
estimate does not show a statistically significant difference
in mortality, the upper limit of the CI encompasses a differ-
ence in the risk for mortality that most decision-makers
would probably view as clinically relevant (i.e., a 63% rela-
tive increase of mortality). Furthermore, the number of
deaths (n 5 123) across all trials in this meta-analysis
was below the required information size. The required in-
formation size, given a baseline risk of death of 11.9%
(calculated from the control group) and a relative risk dif-
ference of 25%, would be about 5,000 participants. In such
a case, current GRADE guidance recommends downgrad-
ing for imprecision [8].

An extreme case of a mistaken grade of high CoE was a
review on postexposure passive immunization with gamma
globulin vs. control for preventing rubella [21]. Authors
graded the outcome of ‘‘number of patients with rubella at
6e8 months’’ as high CoE although the available three
studies included only 37 participants (21 developing
rubella).



Table 3. Different types of analyses and corresponding proportions of
outcomes with increased random error

Analyses

Outcomes with
increased risk
for random
errors (%) Comments and interpretation

Per protocol
analysis

38% Analysis as specified in the
study’s protocol and reported
in Methods with relative risk
as outcome measure and
DerSimonian and Laird’s
random effects model when
appropriate; a 5 5%;
b 5 10%; fixed effect model
in cases in which random
effects were not appropriate.

Changing
threshold
for type II
error to 20%

33% Some analysts view a type II
error of 20% as acceptable.
We used the per protocol
analysis except that we
applied a less conservative
type II error of 20%. In five
cases, the risk for random
errors was not increased
anymore.

Using the same
effect measures
and statistical
models as
used in Cochrane
reviews

35% The choice of the outcome
measure (odds ratio or
relative risk) or the choice of
the statistical model
(random or fixed effects) can
affect statistical significance
or type I or type II errors. We
used exactly the same
outcome measures and
statistical models that
Cochrane authors used when
they graded the CoE. In three
cases, the risk for random
errors was not increased
anymore.

Fig. 3. Absolute risk difference as a predictor of randomerror. Likewise,
the number of events in a meta-analysis (Table 3) was strongly associ-
ated with an increased risk for random error. Outcomes with fewer than
700 events that had been graded as high CoE had a more than 45%
probability of having an increased risk for random errors (Fig. 4).
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3.2.2. Predictors of increased risks
To explore factors that might predict increased risks for

type I or type II errors, we conducted multivariate regres-
sion analyses.

We detected two statistically significant predictors of
increased risks for random errors: small absolute risk differ-
ence (P 5 0.009) and few events in a meta-analysis
(P5 0.001). Type of outcome (harmful or beneficial), number
of studies in a meta-analysis, type of intervention, baseline
risk, and statistical significance of results were not signifi-
cantly associated with an increased risk for random errors.
A large magnitude of treatment effect (defined by GRADE
as a relative risk ofO2 or !0.5) significantly predicted that
the risk for random errorswould not be increased (P5 0.012).

Fig. 3 depicts the risk for increased random errors by ab-
solute risk differences based on an extrapolation of results
from the multivariate regression analysis. Outcomes with
small absolute risk differences (!10% points) had a more
than 70% risk of having an increased risk for random error.
The risk fell below 5% when the absolute risk difference
was larger than 27 percentage points.
4. Discussion

4.1. Overview of findings

To our knowledge, our work is the first attempt to assess
whether outcomes rated as high CoE in systematic reviews
have increased risks for random errors. Our findings revealed
that 38% of high CoE outcomes in randomly selected sys-
tematic reviews, which all happened to be Cochrane reviews,
had higher risks for type I or type II errors than is conven-
tionally acceptable. These results are particularly worrisome
because decision-makers who rely on systematic reviews
expect that outcomes rated ‘‘high CoE’’ provide a solid ev-
idence base for decisions. Decision-makers rely on these as-
sessments to develop clinical practice guidelines or other
recommendations, make clinical or health policy decisions,
or create decision aids or patient information materials. Out-
comes rated as high CoE are often the justification for strong
recommendations in clinical guidelines and for insurance
coverage, public health, and other important health policy
decisions. Finding that more than one-third of outcomes
graded as high CoE have an increased risk for being false-
positive or false-negative is concerning.

Exploration of the reasons for the increased risk of
random errors revealed that in a considerable majority of
cases (78%), investigators rating the CoE did not adhere to
current guidance, particularly to guidance about imprecision.
Most likely, many of these outcomes should not have
received a high CoE grade. Grades of CoE always have an
element of subjective judgment, guidance for the impreci-
sion domain, however, offers a framework for downgrading
that is sometimes challenging to implement but relies on



Fig. 4. Number of events inmeta-analyses as a predictor of randomerror.
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quantitative thresholds that can be calculated [8]. Better
guidance, training, and quality assurance during review pro-
duction might have prevented some of the incorrect grades.

In 22% of the 38 discordant outcomes, reviewers
adhered to current guidance; nevertheless, outcomes still
had increased risks for type I or type II errors. This finding
implies that the conceptual approach to grading CoE has
deficiencies. The current approach may not adequately take
into consideration between-study heterogeneity and
repeated updates of meta-analyses. Methods research shows
that these factors can raise the risks for type I and type II
errors [5,7]. In particular, based on our results, guidance
might not be adequate for studies with small absolute risk
differences or with fewer than 700 events in a meta-
analysis. This observation is in accordance with simulation
studies by Thorlund et al. [22]. Frequently, authors of sys-
tematic reviews drew a conclusion of no effect based on a
nonsignificant result with an increased risk of being false-
negative (type II error). This was particularly common for
outcomes assessing harms. In some cases, results will
indeed be false-negative; when this is the case, decision-
makers using the systematic reviews might draw incorrect
inferences about the balance of benefits and harms.

The fact that 75% of randomly selected outcomes rated as
high CoE assessed harms might indicate that systematic re-
view authors are more careless in assigning high CoE grades
when drawing conclusions about harms, particularly when
drawing conclusions about similar risks of harmful effects.
Negligence of harms is common in clinical research [23,24].

Our findings are consistent with other methods research as-
sessing random errors in meta-analyses. Turner et al. found
that most Cochrane meta-analyses were underpowered [25].
In a series of cumulative meta-analyses, Imberger et al. de-
tected false-positive findings in 7% of Cochrane meta-
analyses [26].ApplyingTSA to systematic reviewsof anesthe-
siologic interventions revealed that only 12%ofmeta-analyses
had a power of 80% or higher [27]. Likewise, 72% of appar-
ently conclusive meta-analyses on neonatal topics had
increased risks of random errors [18]. A recent review of
100 Cochrane systematic reviews revealed low adherence of
authors to GRADE guidance when grading imprecision. In
addition, most authors did not adequately report reasons for
downgrading for imprecision [28].Noneof these studies, how-
ever, focused on highCoEoutcomes that, by definition, should
not have increased risks of random errors because they are the
cornerstone of clinical and health policy decision-making.
4.2. Potential study limitations

First, our sample might not be representative of most sys-
tematic reviews that grade CoE. We randomly sampled Co-
chrane and AHRQ reviews because both institutions are
known for rigorousmethods and extensive internal and external
peer reviews [29,30]. Conceivably, the lack of adherence to
guidance documents might be more prevalent in systematic re-
views that do not use such high methodological standards.

Second, TSA modeling requires choices in effect sizes
that are the basis for the calculation of the required informa-
tion size. We chose general thresholds for clinical relevance
based on our clinical understanding of outcomes; still, being
certain that these choices are correct is impossible. For
example, we used a relative risk reduction of 10% for out-
comes that we deemed highly patient-relevant (e.g., mortal-
ity, pain, serious adverse events) and 25% for other outcomes
that may be less important to patients. Clinicians or patients
might reasonably disagree with these choices.

Third, we used DerSimonian and Laird’s random effects
models for most of our TSAs (in one case, we used a fixed
effect models because the random effects model did not
seem appropriate), although TSA offers other options. We
chose the DerSimonian and Laird’s [31] method because
it is still the default choice in most software packages.
We are aware of the limitations of this method for meta-
analyses of inconsistent effects [32].

Fourth, we used relative risks as the measure of associ-
ation for all meta-analyses even if authors of an included
review used odds ratios. In sensitivity analyses, we
explored the impact of the choice of the statistical model
and the measure of association. In a few cases, results
regarding increased risks of random error changed, but
the overall finding remained the same.

Finally, TSA focuses only on random error. Systematic er-
ror (bias) and selective reporting of outcomes and studies can
have a substantial impact on effect estimates. In our study, we
relied on risk of bias and selective reporting assessments that
the Cochrane authors made. Because author groups differed
across these systematic reviews, heterogeneity in approaches
and varying adherence to the Cochrane Handbook regarding
risk of bias is likely [11].
4.3. Approaches to assessing certainty of estimates

Over the past decade, GRADE and closely related systems
such as that of the EPC program of AHRQ have evolved as
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widely used approaches to convey the certainties and uncer-
tainties inherent in research. Their conceptual frameworks
use information about factors that most researchers would
intuitively consider when assessing the confidence in findings
based on a body of evidence. Compared with other ap-
proaches, these systems have clear advantages because they
make decisions about the CoE transparent and explicit [33].

An increased risk for random errors in more than one-
third of outcomes graded as high CoE is, however, concern-
ing. Partially, this conclusion is grounded in the concept of
GRADE but mostly in the way the instrument is operational-
ized. The GRADEWorking Group needs to reflect on how to
reduce unwarranted variation in the use of GRADE, but it
also may want to reconsider its current approach to rating
imprecision. Jakobsen et al. suggest how results of TSA
could be implemented in rating CoE [34]. In addition, incor-
porating a tool such as TSA into the GRADEpro Guideline
Development Tool (www.guidelinedevelopment.org) would
give investigators valuable information about the required in-
formation size. This step might lead to more consistent as-
sessments, especially of the imprecision domain.

Finally, future methods research needs to explore how
systematic reviewers can better capture uncertainty in
meta-analyses that produce only small absolute risk reduc-
tions. Of particular importance would be exploring these
factors in the context of current approaches to grading CoE.
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